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SUMMARY

The analysis of irrotational incompressible flow field
in the stator unit of a radial inflow turbine is presented.
The solution in the combined scroll-nozzle assembly is
complicated by the domain geometry and by its multi-
connectivity. This model is necessary however in order to
provide a better understanding of the mutual interaction
effects of these two components on the flow field. The
finite elemen£ method is used in the solution which is
limited to the two dimensional case. A substructuring
technique is adopted in the compuational procedure and results
in considerable savings in both computer time and core storage
requirements. The results are presented for the flow velocity
magnitude and direction in the scroll and through the various
nozzles, for two nozzle blade geometries. In addition, the
mass flow rates in the different nozzles are computed and their

deviations from the mean value determined.

INTRODUCTION

In many industrial applications where low power output is
required, radial gas turbines can offer many advantages over
the axial flow turbines. The large clearances at the rotor
tip, compared to the blade size, have a smaller effect on their
performance, and they are also simpler to fabricate. A survey
of the literature reveals that in recent years, several
studies [1-5] have been concerned with improving the performance
of small radial inflow turbines. Most of the investigations of
radial inflow turbine performance, have been based on simplified
one dimensional flow analyses in the scroll, and empirical
relations for loss prediction [6-8]. Some studies [9] assumed
free vortex flow in the scroll and vaneless nozzle, to evaluate
the radial turbine performance parameters. The authors have

obtained a solution to the three dimensional inviscid flow




field in a radial inflow turbine scroll using the finite
element method [10]. To our knowledge, this is the only three
dimensional flow solution in this turbine component at present.
Because of the complexity of this flow field, very few experi-
mental measurements of the flow in the scroll, such as those
reported in references [11] and [12] can be found in the
literature. Reference [13] reports a detailed experimental
and analytical study of the losses in both the vaned and
vaneless regions of a radial inflow turbine nozzle. It was
found in that study that in addition to the boundary layer
parameters, the losses are influenced by the flow angle at the
vaneless nozzle exit and the pressure distribution over the
nozzle blades. These flow parameters can be determined from

a nonviscous flow analysis in the turbine scroll nozzle
assembly such as the present one.

It is important to have a thorough understanding of the flow
behavior in the different turbine components for further
performance improvements. For that purpose, and in order to
account for the mutual effects of the scroll and. nozzle vane
geometry on the flow behavior, a detailed study of the flow in
a radial inflow turbine scroll nozzle assembly is presented
here. Through this analysis, numerical results were computed
to show the effect of the nozzle vane shapes and setting on
the magnitude and direction of the flow velocity at exit from
the nozzle. The actual mass flow between the different vaned
nozzle channels was also determined to check its variation

from the uniform ideal distribution.

ANALYSIS

The flow in the turbine scroll and nozzles is actually
three dimensional, as confirmed by the experimental flow
measurements at inlet to and exit from the vaned nozzle region
in reference [11l)l. Even if the viscous effects are not taken

into consideration, the continuous mass discharge to the turbine




nozzles, will result in a three dimensional flow field in the
scroll [10]. 1In a different but parallel investigation [14],
the three dimensional scroll flow was analyzed to determine
the resulting velocity components in the scroll cross
sectional planes, which are associated with various through
flow velocity profiles. If the mutual effects of both scroll
and nozzle blade geometries on the flow are to be investi-
gated, it is necessary to consider the flow field in the

whole scroll nozzle assembly, which is shown schematically

in Fig. 1. Because of the difficulties that would be involved
in satisfying the boundary conditions in such multiply
connected domain, the analytical solution of such flow field
would not have been possible before the development of the
finite element methods in the field of solid mechanics and its
later applications to flow problems. Therefore, it is natural,
that careful problem formulation is necessary for the
effective handling of the complicated boundary conditions in

the above described flow field.

Problem Formulation

The potential function was chosen as the primary dependent
variable in the following formulation, since it is more suitable
than the stream function, for handling the boundary conditions
involved in the present problem. The difficulty in using the
stream function as the primary dependent variable, in flow
fields with several immersed bodies, lies in not knowing the
mass flow between every two of them a priori. Some investi-
gators [15] suggested the superposition of several stream
function solutions to satisfy the tangency condition at the
different boundaries, in the finite element solutions of such
probiems. “That app;géch”iéﬁnotrsuitabié for ou£ probiem
since its complexitv increases with the increased number of
blades. In selecting the appropriate formulation to be usedv
in our problem, careful consideration should be given to
handling the boundary conditions effectively and with no extra
complications. 1In the potential function formulation,

3




natural type boundary conditions, i.e. zero normal potential
gradients, are specified at the boundaries of these bodies,
which greatly simplifies the solution procedure. It has also
been found in flow problems that solutions obtained using

the finite element method, with straight sided elements
approximating generally curved boundaries, are more accurate
when Neumann rather than Dirichlet type boundary conditions
are involved [16]. ’

Governing Equations

The irrotational flow field can be described by the velocity
potential function ¢, with the velocity vector V, expressed

in terms of ¢ as follows:
V=V (1)

The equation of conservation of mass, in terms of the velocity
potential, for steady state is given by:

V-(pV9) =0 (2)

In this case, the isentropic relations can be used to determine
the compressible flow density op.

The Boundary Conditions

The flow velocities normal to the flow field boundaries
are zero at the solid surfaces and are related to the mass
flow across the nonsolid domain boundaries. It is well known
that the Joukowski condition must be satisfied for potential
flows around airfoils. Blade-to-blade turbomachine flow
computations, using both finite element and finite difference
methods have reportedly been using the stream function
formulation [17, 18]. In these cases, the far downstream
flow angle is modified during the iterative solution, until
the flow velocities at the airfoil trailing edge are egual on
both suction and pressure sides. When the velocity potential

formulation is used, the boundary conditions involve instead




the velocity component in the direction normal to the exit
station, which is solely related to the mass flow in the
turbine. This situation is not peculiar however, since the
potential function is actually multi-valued in the flow field,
if any tangential forces are exerted by the blades.

The 1lift or blade loading itself is related to the change

of momentum in the direction of the cascade front.

Permiable boundary surfaces, which are separated by
infinitesimal width, were therefore introduced in the vaneless
space of the solution domain at the trailing edges of all the
nozzle vanes as shown by the dotted lines in Fig. 1. The
magnitudes of the jumps in the value of the velocity potential
across these'splitting surfaces were introduced as new variables
in the solution. By guaranteeing the continuity in flow velo-
cities across the corresﬁonding boundaries of each two elements
on the opposite sides, these variables were determined in the
finite element solution.

Referring to Fig. 1, the boundary conditions can therefore

be expressed in the following general form:
3% -
= = (3)

where f = 0 on the solid boundaries;
f = Vl at inlet to the scroll;
f = Vn at exit from the turbine nozzle;

and f is continuous but unknown across the splitting
boundaries extending from the nozzle blades.

The Finite Element Method

The three basic steps involved in the finite element
method are the domain discretization, the integral statement
of a problem and the local approximation of the function in
each element. Several approaches such as variational principles,
weighted residuals, and least square methods which are described

in references [19-22] can be followed to arrive at the integral



statement of the problem. Although a classical variational
statement exists for the potential flow problem, the element
equations are derived using Galerkin's method,
This approach is followed here, since it makes it easier to
view the finite element discretization procedure as a simple
means of finding finite approximate solutions for the governing
differential equations, and boundary conditions of the
problem.

The unknown velocity potential solution can be approximated

in each element by:

% = ] N9, = MI1{6}° | (4)

1

where {¢}e is the column vector of the potential function values,
¢i’ at the nodes of the element e, and [N] is the row vector of
the interpolation functions N.. The value of N is one at
the node i and zero at the other nodes.

The integral statement of the problem is obtained by
requiring the weighted average of the error resulting from
the substitution of eguation (4) into equation (2) to vanish
over the domain D. The weighted residual techniques differ in
their choice of the weighting functions. In the Galerkin's
method, the weighting functions are chosen to be the same as N.,
leading to the following equation:

[ N, Ve(pV¢) dv = 0 (5)
i
D
The boundary conditions are naturally introduced through inte-

gration by parts, which leads to the following relation:

é VN, (0V9) = alf) N, pV, ds . (6)

where Vn is the flow velocity component perpendicular to the
boundary, 8D, of the domain D. The right-hand side of equation

(6) can be recognized as the weighted average of the mass flow




across the boundary 9D. This equation holds for the entire
solution domain as well as for any arbitrarv subdomain, or
element, of the whole region. This last choice results in the

desired element equation:

[ N - (eVINI{$})dav = [ N,pV dS (7)

De SDe

where the potential function representation $€ within the
element, as given by equation (4) has been used in the left-
hand side of the above equation. For incompressible flow,
only the interpolation functions, Ni’ are dependent on the
space coordinates, and the following expression is obtained
for the element's equation:

BN, BN, 0N AN, BN; Ny
é[ax % T oy Tz 3 by
e
= [ N, V_ds (8)
3D 1 n
e

Once the element shape, and the set of approximation
functions are chosen, these equations can be written explicitly
for each element. The resulting equations are then assembled
for all the elements in the flow region and their solution
results in the desired values of the nodal potential functions.

With the large number of nodal points that are required
in the flow field discretization, it has been necessary to
restrict the solution to the two dimensional case at the present
time. The element's equation reduces to the following form
in this case:

aN. ON, ON. ON.
i 3 i

I + —11 ¢, dxdy = [ N, v_d: (9)
De dxX 9x dy 9y j 3D i n

e

where dI is the differential arc length along the boundary.




It is well known in finite element applications that
better accuracy can be achieved at the cost of problem cate-
gories to be solved for a given computer capacity [23]. Since
no similar solution of flow problems in terms of the degree
of domain connectability is known by the authors to exist in
the literature, a discretization procedure using the simplest
linear straight sided elements was followed. The domain
discretization is shown schematically in Fig. 2, where small
size elements are used in the nozzle channels, with the size
of the elements increasing gradually toward the outer portions
in the scroll, to reflect the expected variations in the
flow field [14].

The solution domain is divided into a number of continuous
nonoverlapping triangular finite elements as shown in Fig. 2.
After assembling all the elements equations, the integrals
of the normal velocities over the elements sides will cancel,
with the exception of those that coincide with the permeable
boundaries, where the normal velocities are specified. The
resulting set of algebraic equations can be written in the
following form:

[RK]1{6} = {F} | (10)

where [K] is the stiffness matrix of coefficients, whose elements
depend solely on the elements shape for a given interpolation
function, and {¢} is the column vector of unknown potential
functions. The vector {F} depends on the specified flow velocity
component, perpendicular to the boundaries at inlet to the

scroll and exit from the nozzle. Although the stiffness matrix

in finite element solutions is usually symmetric and banded,

the introduction of the splitting lines in the flow field downstream
of the nozzle blades result in a nonsymmetric, nonkanded sparse

stiffness matrix.




The Substructuring Technigue

In a general potential flow problem involving large numbers of
unknown nodal values, the classical method of assembling the
finite element equations can be lengthv and costly in terms
of computer time. This prbblem can be alleviated through
using a technique in which the solution domain is divided
into a number of subdomains called substructures. The basic
idea behind the substructuring technique lies in eliminating
the unknown field variables associated with nodes inside each
substructure (termed interior nodes). The number of unknowns
is hence reduced to the number of nodes existing on the
boundary and the interfaces between the substructures which

are referred to as the exterior nodes.

Illustrative Example

In order to illustrate and explain the substructuring
techniques, let us apply it to a simple potential flow problem
with a simply connected domain shown schematically in Fig. 3a.
For this purpose, the global equation (10) is rewritten in

the following form:
[al] {x} = {B} (11)

where, [A] 1is the global stiffness matrix,
{x} is the column vector of the unknown nodal values
of the velocity potential, and
{B} is the overall load vector.

Let the solution domain be divided into three substructures
as shown in Fig. 3b. The stiffness matrix [A] in equation (9)
is now partitioned in conjunction with the substructured domain

giving rise to the following set of equations:




[S;,] {x} + [S,,] {Xl} + [845] {X2} + [S1,] {X3} = {R}
[s,,] {X} + [s,,1 (X} = 0
[S5,] {X} + [S35] {X,} = 0

| (12)
[S4l] {x} + [544] {x3} = 0

where, {X} stands for the column vector of the potential discrete

_ values at the exterior nodes of all three substructures,

{Xi} is the array of the potential values at the interior

nodes of the ith substructure (1 < i < 3); and

[Sij] refers to the different partitions of the stiffness

matrix.

It can be seen from equation (12) that only the exterior nodes
are associated with nonzero partitions of the load vector. Next,
the unknown vectors {x,} (1 < i < 3) are eliminated from the
system of equations (12) resulting in the following 'reduced' set

of equations,
[A] {X} = {R} (13)

where [A] is the reduced stiffness matrix which can be expressed

as follows:

3
(Al = U830 = L 08y 5000 84y 50} (854, 4] (14)
This expression can be further simplified for a symmetric
global stiffness matrix [A] as follows:
3
X1 = - -1 t
(A1 =813 = 0 181,301 08540 5] 708 5] (+3)

10




The effectiveness of the substructuring technique, in computer
storage requirements, is dependent on the relative dimension
of the matrix [A] compared to [A]. The improvement becomes
more pronounced as the ratio of interior to exterior nodes in
each substructure becomes substantially higher than one.

Upon the solution of the reduced system of equations
represented by equation (13), the unknown vectors {Xi} at
the interior nodes of the various substructures can be

evaluated through a back substitution process as follows:

-1

{x.} = - [s 1 7 [s

£ -
i i+l, i+l 17k, 113 (16)

1,i+1

The extension of the foregoing procedure to a total of
'N' substructures is straight forward. In this case, the
reduced stiffness matrix takes the following form:

N
- -1 t
(Al = 83,1 - iél (51,3413 08541, 141 151,142 (17)
The nodal values of the potential at the interior nodes of
the ith substructure can similarly be computed as follows:
{x.} = - [s ]_.l t{- 1 <i<N (18)
it = i41,341] Sy, 540] (X <ics .

Application of the Technique to the Flow Field in the Stator Unit:

Figure 2 shows the substructuring and the discre-
tization model used in the present analysis. Each sub-
structure consists of a blade-~to-blade nozzle channel and its
corresponding downstream vaneless nozzle and upstream scroll
passage sections. The first substructure includes only the
scroll inlet portion. The nodes, which are on the splitting
lines, represent in this case exterior nodes for the various
substructures. When applying the substructuring technique to
our problem, special handling of the multiply connected region

is required. As explained in the analysis, the pairs of permeakle:

11




boundaries that extend from the trailing edges of the nozzle
guide vanes to the flow exit station, reduce the solution
region into a simply connected domain. These are treated as
fictitious boundaries across which the potential is allowed
to be discontinuous while the continuity of the velocity vector
is introduced as a detailed boundary condition [24]. The
discrete values of the velocity components along the splitting
lines were taken as unknowns. The same velocity components
were also used to evaluate the boundary term associated with
the finite elements on both sides of the splitting boundaries.
The basic difference from the simple example discussed earlier
is in the assymmetry of the stiffness matrix introduced by
the splitting boundaries. With the exception of the set of
equations representing the compatability conditions at these
boundaries, the rest of the matrix of coefficients is
symmetric. '

The same principles discussed in the preceding chapter
are applied to this latter matrix giving the following

equations:

N
[Sll] {6} + izl [sl,i+l] {¢i} + [G] {v} = {R}
[5,71 {6} + [S,,1 {4} = 0
[s 1 {3} + [s 1 {¢..} = 0

N+1,1 N+1,N+1 N (19)
(2] {¢} ' + [T] {V} = 0

where, N 1is the total number of substructures,

{5} is the column vector of the nodal values of the

function at the exterior nodes of all substructures,

{¢i} 1 < i< N, is the column vector of the potential

values at the interior nodes of the ith substructure.

12




{v} is the column vector of the discrete values of the
velocity component normal to the splitting lines
and potential discontinuities; and

[G] is the rectangular matrix of coefficients corresponding

to the normal velocities in {V}.

In this case, the reduced stiffness matrix can be written as

follows:

N+1 1

= _ _ - 1
[A] = [S4,] {jzz [slj][sjj]

t -
(5141} - (61 (717" (8] (20)

13




RESULTS AND DISCUSSION

A computer program was developed which discretizes the
solution domain, generates the stiffness mat;ix, and solves
numerically the resulting set of equations. The input to the
program includes geometric data such as the inlet scroll width,
the inner and outer diameters of the vaned region, the number
of blades and their configuration. A particular operating
condition, i.e. volume flow rate, is specified by the given
inlet velocity, from which the radial velocity component at
exit is calculated in accordance with the principle of mass
conservation. Different exit station locations were tried in
the numerical solution, and the one chosen was just far enough
from the blades, that any further inward radial displacement
did not influence the rest of the flow field. A listing of the
program, a glossary of the main program and subroutine
variables, and a description of the input and output are given
in the appendix.

The results are presented in nondimensional form, with

*
the normalized potential, ¢ , defined as follows:

* ¢
d) =
Vil
where Vl-is the uniform inlet flow velocity, and Ly is a charac-
teristic dimension at the scroll inlet. The resulting velocity
potential distribution is then used to determine the flow
velocity, g, which is also presented in the following dimen-

sionless form:

where vy is the gas specific heat ratio, R is the gas constant

and Tt is the total temperature.

14




The incompressible two dimensional flow field computations
were carried out for an assembly of linearly varying area
scroll with two different nozzle blade configurations. The
inner and outer radii of the vaned nozzle region, the number
of nozzle vanes, as well as the scroll geometry were kept the
same, while two different nozzle blades were investigated.

The chord length was equal to 0.048 meters for both cambered
and symmetric blade geometries, with thirteen blades in the
vaned nozzle region between the radii of 0.0725 and 0.0885
meters. In both cases it was found sufficient to place the
exit station at three gquarter the radial chord downstream of
the vanes trailing edges.

All the geometrical data, with the exception of the un-
cambered blades was taken similar to reference [13]. The actual
scroll area variation was converted into an equivalent two
dimensional passage to be consistent with our two dimensional
analysis. As a result of the linear variation in the scroll
width from the inlet value of 0.1875 meters the scrolls outer
boundary made an angle of 80 degrees with the radial direction.

The normalized velocitv potential and flow velocity dis-
tributions are shown in Figs. 4 and 5 for the middle three
channels between the cambered nozzle blades. The exit flow
angle from the radial direction station was found to be equal
to 74 degrees in this case. It must be noted that the flow
velocities are inversely proportional to the sine of this angle
in the case of incompressible flow. The results, obtained for
the case of symmetric nozzle vanes are shown in Figs. 6 and 7.
Both symmetric and unsymmetric nozzle vanes had the same chord
length and setting angle. Comparing Figs. 4 and 5 with Figs. 6
"and 7, it can be seen that higher flow velocities are generally
observed in the vaned nozzle region, and at the exit station in
the case of symmetric nozzle vanes. The flow direction is also
different in the two cases, and the flow exit angle of 78 degrees
from the radial direction resulted in the case of symmetric

vanes.

15




In the numerical solution, the flow velocities, as well
as the velocity potential were célculated throughout the
whole flow field. The mass flow through each nozzle channel
between two consecutive blades was also determined, to find
out the deviation from the desired uniform distribution.
The mass flow distribution between the thirteen nozzle
channels is shown in Fig. 8. The mass flow in each channel
of that figure is normalized with respect to the wvalue that
would pass in each channel, if the total mass flow was
equally divided between all the nozzle channels. From the
computed results shown in this figure, it can be seen that the
largest deviations are observed in the first and last nozzle
channels. More mass flow passes in these two channels than
in the rest. The least deviation from the average value is
observed at the middle flow channels. Practically the same
mass flow distribution was also observed in the different
channels between the symmetric nozzle blades. This leads
us to believe that the deviations are mostly affected by the
geometry of the scroll, rather than that of the nozzle vanes.

The effect of using the substructuring technigue on reducing
the computer time and storage requirements was investigated.
This effect is demonstrated by comparing these computer
requirements when the substructuring technique is used to
those when it is not. 1In both cases, partially packed arrays
were used to store the non-zero elements of the matfix of
coefficients [25]. The results of this comparison are presented
in Table 1, from which it is clear that a drastic reduction
in both the core size and CPU time is achieved when the sub-
structuring technique is used. In the present study we have
not tried to maximize this reduction, which is generally
dependent on the ratio of the number of interior to exterior
nodes in the substructures. This technigue becomes more
effective as the ratio is increased. The choice of the sub-
structures in our problem was strongly dictated by the domain
geometry and its multiconnectivety, which in turn is determined

by the number of nozzle blades.
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CONCLUSIONS

The results presented here were obtained from two dimen-
sional incompressible flow computations. The analysis can be
extended to the compressible flow case without a drastic
increase in computer core storage reguirements. The generali-
zation to the three dimensional flow will require careful
considerations in order to maintain the core requirement at
a reasonable level. The two dimensional flow results presented
here, can provide a fair description of the nozzle flow at the
vanes midspan plane. The computed velocity distribution over
the nozzle vane surfaces, and the flow exit angle can there-
fore be used to evaluate the performance of the different

vane shapes.
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NOMENCLATURE

the solution domain

the value of the flow velocity component normal to

the boundary

the load vector

the stiffness matrix

inlet width of the two dimensional scroll

the direction normal to the boundary

the column vector of the elemehtsjinterpolation

functions -

flow velocity vector

flow velocity

flow density

the flow velocity potential

Subscripts

1

2

refer
refer
refer
refer

refer

to

to

to

to

to

conditions at inlet to the scroll
conditions at exit from the nozzle
a finite element

variables at the node i

the direction perpendicular to the solution

domain boundary

Superscripts

e

*

associated with the finite element

nondimensional parameters
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Method of
Assembling
F.E. Equatic

From Contributions

of Elements
ns

From Contributions
of Substructures

CORE USED

CPU SECONDS

KILOBYTE-MIN

1,052 K

507

UTES 18,605

588 K

234

6,246

TABLE 1.

EFFECT OF USING THE SUBSTRUCTURING TECHNIQUE

ON COMPUTER TIME AND STORAGE.
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FIG. 1. STATOR UNIT OF A RADIAL TURBINE.
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FIG. 2. THE FINITE ELEMENT DISCRETIZATION HODEL.
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APPENDIX

A FORTRAN COMPUTER PROGRAM FOR CALCULATING

THE FLOW FIELD IN THE SCROLL-NOZZLE

ASSEMBLY OF A RADIAL TURBINE

The computer program discretizes the solution domain and
provides the finite element solution and the flow properties.
The user can conveniently specify adequate mesh size in the
different portions of the flow region through the discretization
input parameters in the input data. A schematic of the finite
element discretization model is shown in Fig. 2, with the
substructures consisting of a nozzle channel and the corresponding
scroll and vaneless portions. This model is used in all but
the first substructure, which consists of the scroll inlet
portion.

The program consists of several subroutines which are
called by the main program. First the subroutine 'DATA' reads
all the input data including the stator unit basic dimensions,
the finite element discretization parameters and the operating
conditions. The spatial distribution of the nodal points and
the system topology are computed by the two subroutines 'CORDNT'
and 'DISCRT'. In subroutine 'MAP', all the nodes are renumbered,
with the degrees of freedom corresponding to the exterior nodes
going first, followed by the interior variables. Considering one
substructure at a time, the subroutine 'SUBSTR' computes the
corresponding stiffness matrix. Subroutine 'SUBSTR' also
develops the functional relations which assure a locally compatible
velocity vector across the splitting lines downstream of the
nozzle vanes. This is accomplished by calling the three sub-
routines 'CONTRB', 'PLACE' and 'INTRNL'. The 'load vector"' 1is
computed is subroutine 'DERFAI' by assembling all the mass flux
contributions of all the designated boundary segments. Sub-
routinel'MODIFY' stores the resulting finite element equations
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in partially packed arrays. These equations are solved for the
potential values at the exterior nodes, in subroutine 'EQSOLV'.
The potential values at all interior nodes are evaluated in
subroutine 'SOLVE' by a back substitution process. The flow
velocity and thermodynamic properties in the entire domain

are computed in subroutines 'PHYS' and the mass flux in the
various nozzle channels are determined in subroutine 'MASFLW'.

Glossary of Program Variables:

The following section contains the definition of the
principal variables in the main program and subroutines, and
includes all the common variables. The names of all dimensional
arrays are followed by the variables that determines what
their dimensions should be. An asterisk is used to denote

the variables in the program input data.

A (NPT,NNN) The partially packed array containing the
nonzero elements of the reduced stiffness
matrix [matrix [A] in eq. (20)].

AAA (NNN) The array where the nonzero elements of the
pivotal row are temporarily stored in the
process of solving the set of finite element

equations.

B (IMAXI,NRED) The matrix Sij in eq. (20).

BB (3,3) The finite element stiffness matrix.

C (NRED, IMAXI) The matrix Slj in eq. (20).

DENS The stagnation density (kg/mt3).

FAI (MTQT) The velocity potential at the nodal points
(mtz/sec).

GAMA* Ratio of specific heats.

GAMM* (IDN) The angular spacing between the blade convex

and concave surfaces (Yl, Yor... etc. in Fig. A2),

(radians).
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INTERN (KT@T, IMAXI)

IMG (MT@T)

*
IK

IBANDW (NPT)

ICOL (NPT,NNN)

IDN

IMAXB
IMAXI

*
ISTEP

*
ISTRT
ILG (NPT)

KT@T

KT

L,M and N (NT@T)

The nodal numbers of the exterior nodes

in a substructure.

The array used for storing the nodal numbers

in the substructured solution domain.

The number of blade-to-blade scroll cir-
cumferential stations to be used in the
discretization (N5 in Fig. Al).

The array containing the number of nonzero

elements in the rows of the array [A].

The partially packed array of the column
indices corresponding to the entries of
the array [A].

The number of radial stations in the nozzle
vaned portion, not including that at the
nozzle blades trailing edges [N3 in Fig. Al].

The maximum number of exterior nodes in

any substructure.

The maximum number of interior nodes in

any substructure.

The number of nodes existing on a radial
line in the scroll passage (Nl in Fig. Al).

The number of cross sectional stations in

the scroll inlet portion (N2 in Fig. Al).

A temporary storage array for the column
indices of the nonzero elements in any row

of the [A] array.
The number of substructures = !BLD + 1.

The number of radial stations in the scroll

curved portion.

The numbers assigned to the nodal points of

a finite element.
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LBC and MBC
(LTOT)

LQOQ and MQQ
(IMAXI)

LT@T

MAXWID

MT@T
MINV

*
NBLD

NNC@L (NPT)

NNN

NPT
NPIV (NPT)

NRED

The numbensassigned'to the nodal points of
a boundary segment where the normal derivative
of the potential function is specified and

not equal to zero.

Temporary integer arrays used in
inverting of the matrix [Sjj] in eqg. (20).

The number of boundary segments where the
normal derivative of the velocity potential

is specified.

An output parameter referring to the column
dimension of the arrays (A) and (ICOL)
actually used in the equation solver.

The total number of nodes in the finite
element model.

An IBM library program used for inverting a
square matrix.

The number of nozzle vanes.

The array of column indices of the entries
in any row of the arrav [A].

The dimension for the columns [A] and [ICOL]
arrays which should be greater than the maximum
number of nonzero elements in any row of '

these arrays.

The dimension for the rows of the [A] and
[ICOL] arrays.

The array of column indices associated with

the entries of the [AAA] array.

The total number of exterior nodes for all

substructures.
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NSUBB (KTOT) The number- of exterior nodes_in each sub-

structure.
NSUBI (KT@T) The number of interior nodes in a substructure.
NT@T ] The total number of finite elements in the

solution domain.

*
NUNV The number of radial stations downstream of

the nozzle vanes (N, in Fig. 7).

P (NPT) The load vector in the system of finite

element equations.

PROP (MTOT, 7) Temporary storage for the computed flow
thermodynamic properties averaged at each
node.

* " 2

PSTG Stagnation pressure (Newtons/mt™)

*
R The gas constant (Joules/kg °K)
*

RI The inner radius of the vaned nozzle (mt)

rRO* The outer radius of the vaned nozzle (mt).

S (IMAXI,IMAXI) The matrix [Sjj] in equation (20).

STOR (IMAXI) The nodal values of the potential function

at the interior nodes of a substructure.

*
STRTL The length of the scroll entry portion
(L, in Fig. 1) (mt).
*
STWDTH The width of the scroll passage at the inlet
station (Ll in Fig. 1) (mt).

TEM (NPT) Temporary storage for the nonzero elements in
any row of the matrix [A].

*
THET (IDN+1) Angular coordinates of the nodes on the
convex surface of the first nozzle blade

(61, 62, ...etc. in Fig. A2) (radians).
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*
TSTG

Ul (NT@T)

vl (NT@T)

*
VN1

VN (LTOT)

WDTH (KT)

X (MTOT)
XY (MTOT)
Y (MTOT)

ZTEST

Stagnation temperature (°K)

The x-velocity component in the finite
elements (mt/sec).

The y-velocity component in the finite
elements (mt/seci.

The inlet flow velocity (Vl in Fig. 1) (mt/sec)

The nonzero normal derivatives of the
potential function at the boundary segments
(mt/sec) .

The scroll passage width at the designated
stations (mt).

The x-coordinates of all the nodal points (mt).
Temporary storage for both [X] and [Y] arrays.
The y-coordinate of all the nodal points (mt).

The minimum allowable value for any of the
entries of the array [AAA] before it is
considered a zero element.
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A FORTRAN COMPUTER P RCGRAM

FOR CALCULATING THE FLOW FIZLD PARAMETERS
IN THE SUBSTRUCTURED DOMAIN OF A RADIAL TURBINE STATCR UNIT

REAL#*8 Xs,Y,AA,BB

COMMON/WAG/A{457:80) +S(33533)+B(33+s379)+C(379,33)-INTERN(14,33)
Xs IBOUND(14,33),LQQ(33),MQQ(33)»IMG(8171.1D
COMMON/PAR/KTCT s NRED» IMAXBs IMAX 14+ NREQ
COMMON/MNL/ZLMT(78) sLNT(78)}
COMMON/SMAZXY {817 )+P(457)+sSTCRI33),ICOL{457+80)
COMMON/MIL/RsGAMA SPSTGsTSTGySTWDTHSSTRTL.VNL VN2
COMMON/ESM/WOTH(100) »RI +RU»DRN+DANGsDTHET »DENS
COMMON/NWL/ ICCMP» IFORMsNITRINPRNT» IPRINBLD KT
CCMMON/WAD/IK JISTEPISTRT+JSTRT«NSTPS+IDN
CCMMON/ZAK/THET(9)-8BET(9) »GAMM(S)
COMMON/TRZ/MTOTsNTOT.LTOT sNBW s NBW 1 s NBWP
CCMMON/SPC/X(817).Y{(817)

CCMMON/LOC/ISTaNWsIL sKMM,TUL1,IST2
COMMON/ALT/IEL, ITAs IINSLINyIN1yIN2,1IU2
COMMON/HAP/IDNI s IM1 +I1M2,IA, I8 MATCH,MATCH1
COMMON/ALF/MTOTPsMTOTMsMRsMCs JELE,JEL IM,JCCL
COMMON/BAT/ZTEST s IMA,IMBsMTCT1sMTOT2 » MRMy IMM, MAA
COMMON/GAM/MTOKM, ITER+MTM.LBC(84) »MBC(84)
CCMMON/TAG/L(1812)sM{1812),N(1812)

C CMMON/BOL/AA{3,3),BB(3,3),RHC(1812),VN(84),FAI(1246),EPS
COMMON/SI A/NSUBB(14)sNSUBI(14)

CCMMON/ZADL/NU

COMMON/DEL/IDUMINR,SNC

COMMON/SHO/LZ +MZsNZ
COMMON/MAX/PIVROWPIVCOL»OPRCW, 1Y
COMMON/GAW/ICTY

COMMON/EEW/1IQD

CCMMCN/MAR/TEM(457), ILG(457)
COMMON/RTH/AAALA4S7) +IBANDW(457) +NPIV(457) +NNCOL (457 ) » NPT, NNN
COMMON/NAL/QUANT s IRRs ILL

CCMMON/ZFF/7D1IS(84)

COMMON/EZZ/7U1{1812),v1(1812)

COMMON/FLT/IRAD

COMMCN/ACM/PRCP(817,7)

CALL UNDFLW

CALL DATA

CALL CORDNT

CALL DISCRT

CALL MAP

CALL DERFAI

CALL SUBSTR

CALL EQSOLV

CALL SOLVE

CALL PHYS

CALL MASFLW

STAORP

=ND
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SUBROUT INE DATA

REAL*8 XsYs»AA,B8B

COMMON/WAG/A{ 457 +80)+S(33+33),8{(33+,379),C(379+33)sINTERN(14,33)
X+ IBOUND(14,33),LQQ{33),MQQ{33),IMG{817),1ID
CCMMON/PAR/KTCT s NRED» IMAXBs IMAXI o NREQ
COMMDON/MNL/ZLMT(78)sLNT(738)

COMMON/SMAZXY (B817)sP(457)»STOR{33)»1C0L(457+80)
CCMMON/MIL/RsGAMAPSTGs TSTG+STWDTH»STRTL»VNL1,s VN2
COMMCN/ESM/WDTH(100)»RI sRO+sDRNsDANGsDTHET sDENS
COMMON/NWL/ ICCMP, IFCRMsNITR+«NPRNT s IPRsNBLD KT
COMMON/WAD/IKISTEP,ISTRT»JSTRTNSTPS»IDN
CCOMMCON/ ZAK/THET(9) +BET(9) + GAMM(S)

CCMMON/ TR Z/MTCT sNTOTsLTOT »NBW,NBW 1, NBWP
COMMCN/SRC/X(817) +Y(817)
CCMMON/LOC/ISTaNWsIL o KMMs IU1,IST2
COMMON/ALT/IEL, ITASTINSLINs IN1,IN2,1IU2
COMMON/HAP/IDNL »IM1sIM2,IA,IB+MATCHsMATCHL
COMMON/ALF/MTOTP s MTOTMsMRsMCs JELESJELIM,JCOL
CCAMON/BAT/ZTEST s IMASIMB+MTCT1.MTCT2 s MRM 4, IMM, MAA
COMMON/ GAM/MTOKM, ITER sMTM,LBC(84) ,MBC(84)
COMMON/TAG/L(1812),M(1812),N(1812)
COMMON/BOL/AA(3+3)+.88(3,3),RHC{1812),VN{84),FAI(1246),EPS
COMMON/STA/NSUBB(14)sNSUBI{14)

COMMON/ZADL/NU

COMMON/DEL/IDUMsNR4NC

COMMON/SHO/LZ +MZsNZ
COMMON/MAX/PIVROWSPIVCOLsCPRCW, 1Y
COMMON/GAW/ICTT

CCOMMON/EEW/1QD

COMMON/MAR/TEM{457),1LG(457)
COMMON/RTH/AAA{457) s IBANDW(457) ,NPIV{457) +sNNCCL (457) sNPT oNNN
COMMON/NAL/ QUANT s IRRs ILL

CCMMON/ZFF /DI S{84)

CCOMMON/DOM/CONS

COMMON/FLT/IRPAD

READ & PRINT THE INPUT DATA

WRITE(6+200)

READ(5+100)Rs GAMA+PSTGs TSTGs VNI
WRITE(65210)

WRITE(6+220)R +sGAMASPSTG+sTSTGy VNI
READ(5+110)STWOTHSSTRTLsROsRI
4RITE(6,230)
WRITE(6+240)STWOTHsSTRTL»RO LRI
READ(54+120)INBLD,ISTRT» ISTEP » IDNsNUNV 4 1IK
WRITE(6.,250)
WRITE(63260)NBLD» ISTRTY» ISTEP » IDN,NUNV s IK
READ(S5s130)(THET(I),I=1,1IDN)
WRITZ(6+270)(THET(I)+I=1.IDN)

IDOM=IDN-1
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READ(S5s130) (GAMM(I)+I=1-1IDM)
WRITE(5+280) (GAMM(I)},1I=1,1IDM)
READ(5+140)NNN
WRITE(6 +290 INNN

CALCULATE THE PROGRAM CONSTANTS

10

20

30

IK=IK+1

I1RAD=IK

ISTRT=1STRT~-1

NSTPS=IDN+NUNV-1

ISTEP=ISTEPRP+!

IDN=IDON-1

IDNM=IDN+1

NUNV=NUNV -1

KTOT=NBLD +1

NRED=({ (NBLD+2)*{ISTEP=1))+( (NSTPS—-1)*2%NELD)
X+ { (IK=3)ENSLD*2)+{((NBLD-1)%3)+((ISTRT-1)*2)
KT=NBLD*{ IK—-1)

IMAXB=((ISTEP+NSTPS=2)%2)+( (IK=3)%2)+3
IMAXI=((ISTEP+NSTPS—-4)*{(IK-3))+1STEP-3
NCONT={ {(NSTPS-IDN-1)%2)*NBLD

MC=NNN

DRN={ R0O-R1)/1IDN

IDNL=IDN+2

IL=IK-1

DO 10 I=IDNL,NSTPS

THET(I)=THET( IDNM)

DO 20 1=1,IDN
BET(I)=(6.283185-(NBLD*GAMM(I)))/(NBLD*(IL~-1))
DO 30 I=IDNMsNSTPS
BET(1)=6.283185/(NBLD*{IL-1))

DANG=BET(1) '
DTHET=GAMM( 1)

IL3=1IK-1

JSTRT=ISTEP-1

IST=ISTRT*JSTRT

KMM=NSTPS-IDN .
MTOT=((ISTEP=1)*ISTRTI+{((ISTEP-2)+NSTPS) *(IK~1)*NBLLC)~-( (NSTPS—
XIDN)%(NBLD=1) )+NBLD—-1+(KMM% (NELDO=1))
NTOT=({((ISTEP=-2)%({ISTRT+KT=1))+{(IK=2)%(NSTPS—1)%*N3LD)) *2) +
XNBLD-1

LTOT=(( IK=2)%NBLD)+ISTRT=-1

NW=MTOT-NSTPS+1

1Ul=ISTEP=-2

IST2=( (ISTRT+1)*JSTRT)+1

IEL=JSTRT+NSTPS=-2

ITA=IEL-1UL

TIN=(IUL®ISTRT%2) +1

LIN=IST+1

INI=IEL +1

40




OO0 00

NBW=IN1+2
IN2=IK=-2
Tua=1ul+1
IMLI=IST2+IDN-1
DENS=PSTG/(R*TSTG)
TA=KMM+1
IM2=MTOT-KMM+1
I18=IA+KMM=~]
NBWIi=NBW+1
NBWP=NBW+2
MATCH=KMM+1
MTOT3I=MTOT+KMM=1
MATCHLI=MATCH-1
MTOTP=MTOT+ (NBLD* (KMM=~1)*2)
MTOTM=MTOTP-1
IMA=IM2+1
IMB=MTOT~1
MTOTL=MTOT+1
MTOT2=MTOT+2
IMM=IM] +KMM=1
MAA=NBW1+KMM
MTOTKM=MTOT-KMM +1}
NU=MTOTP
MR=(2%NBW)+2
MRM=MC-1
ZTEST=10e0%%(=-40.0)
ILL=1IK-2

| ISM=IST+ISTEP-=2+NSTPS
CONS=STuWD TH*VYN1 *DENS
NPT=NRED+ (NBLD¥ (KMM=1)%2)
NRED1I=NRED+1
NINT=MTCT-NRED

CALCULATE THE SCROLL PASSAGE WIDTH AT THE APPROPRIATE
TANGENTIAL LCCATIONS

I=1
ATHET=0.0

25 JK=1

27 WDTH(I)=STWDTH%(1.0-(ATHET/6.283185))
I=I+1
IF(1«GTKT) GU TO 29
JK=JK+1
IF(JK«GT.IL3) GO TO 28
ATHET=ATHET+D ANG
GO TO 27

28 ATHET=ATHET+DTHET
GO TC 25

29 CONTINUE
WDTH(1 )=STWDTH
WOTH(KT)=0.1%(R0O-RI)
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CALCULATE THE NCODAL NUMBERS oF THE END PCINTS CF THE INLET
AND EXIT BOUNDARY SEGMENTS

=1
LBC(I)=1
63 MBC(I)=LBC(I)+]
I=1+1
IF{l1.GT&«IUl) GO TO 64
1.8C(I)=MBC{I-1)
GO TO 63
64 I1=IU1+1
Jw=1
I1CH=1
LB8C(I)=1ISM
61 MBC(1)=LBC(I)+ISTEP-2+NSTPS
I=1+1
JW=JW+1
IF{(JW.GTILL) GO TO 62
LBC(I)=MBC{I-1)
GO TO 61
62 ICH=ICH+!
JwW=1
IF(ICH.GT «NBLD) GO TO 69
LBC(I)=MBC(I-1)+IN1+1
GO TO 61
69 VN2=({VN1%STWDTH)/(6.28318S%(RI-{ (KMM=1)#*DRN) )})
DO 70 I=1,1U1
70 VN(1)==1.,0%VNI1
DO 80 I=1U2,LTOT
80 VN{I)=VN2
WRITE(6+350)
WRITE(H6 360 IMTOTs» NTOT sLTOT+sKTOT+NREDs NPT s IMAXB s IMAXI
WRITE(6,370)KT
DO 83 1=14+KT
83 WRITE(6:380)I,wWDTH{(I)
88 DO 90 I=1,.NTOT
90 RHO(I1)=DENS

ASSIGN ZERO VALUES FCR ALL ELEMENTS OF THE OTHER ARRAYS

DO 92 I=1,.NPT
DO 91 J=1+NNN
A(l»J)=0.0
ICOL(I,J)=0
91 CONTINUE
92 CONTINUE
DO 93 I=1,.,NPT
93 P(I)=0.0
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S4
95

96
97

98
99

192

8202

DO 95 I=1sIMAXI
DO 94 J=1+IMAX]
S{(I+J)=0.0
CONTINUE
CONTINUE

DO 97 I=1.,IMAXI
DO 96 J=1+NRED
8(I+J)=0.0
CONTINUE
CONTINUE

DO 99 I=1,NRED
DO 98 J=1+IMAXI
C(I+J)=0.0
CONTINUE
CONTINUE

00 192 I=1,IMAX]

LG@Q(1)=0
MQQ(I)=o0
CONTINUE

DO 8202 I=1.NPT

AAA(I)=0.0
IBANDW(I)=0
NPIV(II=0
NNCOL(I)=0
CONTINUE

FORMAT STATEMENTS

100
110
120
130
140
200
210
220
230
240
2590

FORMAT (5F10.0)
FORMAT(4F10.0)
FORMAT (615)
FORMAT(8F1040)
FORMAT(IS)

FORMAT (1H1/10X» *INPUT DATA?/10X»10("%")/)

FORMAT (21 X+*R*911XsGAMA? 411 X3*PSTG! 311X+'TSTG' 412X *VN1?)
FORMAT(7X+s5(3XeE12.5)/)

FORMAT (16X " STWOTH? »10Xs*STRTL*513X,s*R0O*, 13X, *RI*")
FORMAT(7X+4{(3X+E125)7/)

FORMAT (11X *'NBLD® +s3Xs*ISTRT¥5s3Xs"ISTEP*+5Xs? IDN?' 34X, *NUNV?

Xe6Xs* IK?Y)

269 FORMAT(7X.6(3X.,15)//)

270 FORMAT{(10Xs*ARRAY THET:*37( 1X+sE12.51})
280 FORMAT(10Xs* ARRAY GAMMI*,7({ 1X+sE1245))
290 FORMAT(//712X+'"NNN'/10X+15///7/10X,

X*E N D C F

I NPUT D AT At)

350 FORMAT(1H1/10X.? PROGRAM PARAMETERS AS CALCULATED FROM THE INPUT DA
XTA'/10Xs52(*%%)/)

360 FORMAT (10X s *MTOT=9,15/10Xs? NTCT=*5I5/10X+?LTOT=",15/10Xs*KTQT=",15
X/10Xy *NRED=? ,IS/10X s " NPT=1,15/10X+* IMAXB=*,1I5/10X, *IMAXI=*,15////
XS5Xs 'NOTE: '/5X sS("%*)/10Xs AT THIS STEFP s IT IS IMPORTANT TO CCMPAR
XE THE PRECEEDING VALUES WITH THE DIMENSIONS CF THE ARRAYS IN THE C
"XOMMON STATEMENTS?® /10X, 'THE LATTER SHOULD BE CF GREATER OR » AT LEA
XST » SQUAL MAGNITUDES?)

370 FORMAT (1H1/40X, *ARRAY 0OF THE SCROLL PASSAGE WIDTH?

X/460Xe33( "% ) /48X tAT? s15,2X»*STATIONS* /48X»17(*%1)//45X

Xe *STATICN ', 12X "WIDTH?*/)

FORMAT (47 X+ IS +sS5XeE1265)

380

RETURN
END
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nOOOO

SUBROUTINE CORDNT

REAL*¥8 XsYsAA BB

COMMON/WAG/A{ 457 380)9S(33+33)+8(33+4379)sC(379+33)+ INTERN(14,33)
Xs IBOUND(14,33),L3Q0(33)MQAQ(33),IMG(817)s1ID
COMMON/PAR/KTCT 2 NREDs IMAXB, IMAXI.NREQ
COMMON/MNL/LMT{78) s LNT(78)
COMMON/SMA/ZXY{81T)sP(457)sSTRR{33)+ICOL(457+80)
COMMON/MIL/Rs GAMASPSTGeTSTGsSTWDTHsSTRTLsVN1+VN2
COMMON/ESM/WDTH(100) »RI +RCs DRN,DANGsDTHET +DENS
COMMON/NWL/ICCMP s IFORMsNITR sNPRNT +IPR s NBLD KT
COMMON/WAD/ IK s ISTEP s ISTRT+JSTRTSNSTPSs IDN

C CMMCON/ZAK/THET (9) +BET(9) sGAMM(5)
COMMON/TRZ/MTOT +NTOTSLTOT SNBW NBW1,NBWP
COMMON/SPC/X(817),Y(817)

COMMON/LOC/ISToNWsIL KMM,IUL1,IST2
COMMON/ALT/ZIELs ITAs TINSLINs IN1sIN2,IUZ2
COMMON/HAP/ION] s IML sI1M241A5 IBy,MATCHsMATCHI1
COMMON/ALF/MTCTP»MTOTMsMR ¢MC s JELE »JELTIM,,JCOL
COMMON/BAT/ZTEST s IMAs IMBsMTOT1+MTOT2sMRM s IMMsMAA
COMMON/GAM/MTCKM, ITER,MTM,LBC(84),MBC(84)
COMMON/TAG/L{1812),M(1812)N(1812)
COMMON/BOL/AA(3:3)+,88(3,3)sRHC{1812):sVN(B4)sFAI(1246)EPS
CCMMON/SIA/NSUBB{14)sNSUBI(14)

COMMON/ZADL/NU

CCMMON/DEL/Z IDUMsNR,NC

COMMON/SHO/1LZ +MZ 4+ NZ
COMMON/MAX/PIVROW P IVCOL +CPROWL1IY
CCMMON/GAW/ICTT

COMMON/EEW/IQD

COMMON/MAR/TEM(A57),ILG(457)
COMMON/RTH/AAA(457 ), IBANDW(457) s NPIV (457)sNNCUOL(457) sNPTsNNN
COMMON/NAL/QUANTSIRR,,ILL

COMMON/ZFF/DIS(84)

CCMMON/FLT/ IRAD

CALCULATE THE NODAL COORDINATES CF THE SCROLL CURVED PCRTION

388

99
101

1Z7=0

I1ZF=ISTEP-2

DO 388 1J=1,12ZF
1ZT=1ZT+1J

I=1

JwW=0

JK=0

GO TO 101

JK=JK+1
IF(JKLEQL,JSTRT) GO 7O 102
12D=1ZF-JK
IF(JKeEQ.IZF) GO TO 91
IPLC=0

DO 89 1J=1,120




89

91

92

102

103

N oo

93
593

208

10

14

IPLC=IPRPLC+I
Y(I)=RO+({IPLCkxSTWTHI/IZT)
GO TOQ 92

Y(I)=RO

CONTINUE
X(I)=STRTL=((J¥%STRTL)/JSTRT)
I=1+1

G0 TDO 99

Jw=Jdw+1l
IF(JW.EQ.ISTRT) GC TO 103
JK=0

GC TC 101

IST1=1IST+1

IL1I=IK=-2

KM1=0

J=1

ANGL=14570796

IN=0

I1CT=0

RA=RO+WDTHI{J)
IF{I1.GT«NW) GO TO 14
X{I)=RAXCCS{ANGL)
Y{I)=RA*SIN(ANGL)
ICT=ICT+1
IF(ICT.GT-IVU1) GO 7O B
I=1+1

1ZD=1IZF-ICT

IPLC=0

IF(IZD«EQe0) GO TO 593
DO 93 1J=1,12Z0D
IPLC=IPLC+IJ

RA=RO+{ (IPLC*WDTH(J))I/ZI2ZT)
GO TO 7

IF(KM1.NE-1) GO TC 208
I=1I+1
ANGL=ANGL-(DTHET/2.0)
RA=RO
X{I)=RA¥COS{ANGL)
Y{I)=RAXSIN(ANGL)
IN=IN+1

IF(INGT«IL1) GO TO 10
J=J+1

I1=I+NSTPS

ANGL=ANGL +DANG

IF(KM]1 sEQel ) ANGL=ANGL+(DTHET/2.0)
KM1=0

GC TO 6
ANGL=ANGL+DOTHET

J=J+1

I=I+NSTPS

KM1=1

GO TO 2

CONTINUE




o000 n

CALCULATE THE NOZZLE VANES NODAL COCRDINATES

IDNN=IDN+1
21 IKi1=IK-1
KM2=0
1=15T2
IND=0
ALFA=THET (2)
15 IM=0
18 J=1
16 IF(JeGE el «AND oJ LT« IDN) ALFA=THET(J+1)+(IM*BET(J*1))*(IND*(((IK
X=2)%BET(J+1))+GAMN(JI+1)))
IF(JeGE e IDNAND s JeLELITA) ALFA=THET(J+1)+(IM*BET(J+1))*(IND*(((IK
X=2)*¥BET(J+1)) ))
IF(JeGTSITA) GO TC 17
IF(JsGT.IDN) GO TO 9998
RN=RO=( J%XDRN)
GO TO 8889
99938 RN=RO=( IDN%*DRN)~=( {J=1IDN)*DRN)
8889 IF(1.GT.MTOT) GO TO 221
X{I1)=RN*COS(ALFA)
Y{I)=RNXSIN{ALFA)
J=J+1
I=1+1
IF({KM2eEQel eAND+JeEQ.IDN) GO TO 37
GC 7O 16
17 IM=IM+1
IF(IM.EQe.IK1) GO TO 19
I=1+15TEP~-1
KM2=0
GO TC 18
19 IND=IND+1
I=I+ISTEP
KM2=1
GO TO 15
37 IBX=I-IN1-1
IB8Y=18X+KMM=1
ICX=1
ICY=ICX+KMM~—-1
DO 38 JK=1ICX, ICY
I=JK
JL=JK~=-ICX+18X
X (JKY=X(JL)
Y{ JKY=Y(JL)
38 CONTINUE
I=1+ISTEP
KM2=0
IM=IM+1
GO 70O 18
221 CONTINUE
T WRITE(6.9977)
DO 9900 I=1+MTOT
9900 WRITE(H6,9988)1+X(1),Y{(I)
9977 FORMAT(1H1//741X,* NODAL CODRDINATES'/41X'17('*')///32X"NODE'09X
Xy *X—-COORD®s7Xs?'Y=-COCRD?*/)
99813 FORMAT(31XOIS'ax’5120592X)51205)
RETURN 46
END



OO0

SUBROUTINE DI SCRT

REAL%8 XasYsAA,BB8
COMMON/WAG/A(QS?,SQ)95(33033)05(33'379)9C(379933)0INTERN(14’33)
X;IBOUND(l4,33)9LQQ(33):MOQ(33)nIMG(SI?):ID
CUMMON/PAR/KTCT,NRED’IMAXB,IMAXI;NREQ
COMMDN/SMA/XY(BI?)¢P(457)ySTOR(BB)cICDL(457,80)
COMMON/MIL/R.GAMA.PSTG'TSTGoSTwDTH;STRTLsVNl’VN2
COMMON/ESM/WDTH(I00);RI;RD,CRN’DANGQDTHET,DENS
COMMON/NWL/ICCMP'IFORM'NITRsNPRNT'IPR.NBLD.KT
CCMMON/WAD/IK.ISTEP,ISTRT;JSTRToNSTPS.IDN
COMMON/ZAK/THET(9) +BET(9) »GAMM(S) -
COMMON/TRZ/MTDToNTOT.LTCToNBW’NBWIsNBWP
COMMON/SPC/X(817)sY(817)

C OMMON/LCC/ISTaNW 4ILsKMM, IU1,1ST2
COMMON/ALT/IELs ITASIINSLINSIN1,IN2,IU2
COMMON/HAP/IDNIoIMl'IMZoIA,IB.MATCH.MATCHI
COMMON/ALF/MTOTP.MTOTMqMR.MC,JELE.JELIM.JCDL
COMMDN/BAT/ZTEST,IMAoIMB'MTDTloMTOTE,MRM,IMMgMAA
COMMDN/GAM/MTCKM,ITER.MTM’LBC(84)3MBC(84)
COMMON/TAG/L(lBlZ)gM(lSlZ)qN(lSlZ)
CDMMON/BOL/AA(3'3)988(3,3)vRH0(1812)9VN(84)'FAI(1246),EPS
COMMON/SIA/NSUBB{14)sNSUBI{14)

COMMON/FLT/IRAD

COMPUTE THE ORDERS OF EACH TRINGULAR ELEMENT THREE NOCES

ISTEN=1STEP~-1
KAB=0
I1U3=1Ul-1
I=1
t1=1

2 1C€0T=0

3 L(I)=L1
M(I)=L1+JSTRT
N{I)=L1+1
J=I+1
L{J)=N(T)
M(J)I=M(T)
N(J)I=M(TI)+1
ICOT=ICOT+1
IF(ICCT«EQ.IU1l) GO TO 4
I1=J+1
Li=L1i+1
GO TO 3

4 I=J+1
IF{l1.EQ.IIN) GD TO S
Li=L1+2
Gg TC 2

5 NSTP=IDN+KMM-1
KM3=0
I=1IN

47




7727
27

28
38

225

20

21

KX=IDON+IU1l+1

KY=IDN+1IU1

L1=LIN

1Qa=0

1COT=1

GO TO 38

ICOT=ICOT+1

L(I)=L1

M(I)=L1+INL

IF(KABeEQel s ANDeICOTWLE«ISTEN) M{TI)=M(TI)+1
N(Il)=L1+}1

IF(KAB+EQel +ANDICOTEGeISTEN) NCI)=N(I)+1
J=1+1 ’
L{J)=N{1)

M(J)=M(T)

N(JI=M{(T)+1

I=u+1

IF(1.GTNTOT)Y GO TO 232

IF{ICOT-IEL) 20.,21,21

Li=L1+1

IF(KABeEQel e ANDICOTLEQ.ISTEN) L1=L1+1
GO TO 28

IQ=1Q+1

IF(IQ.EQsIN2) GO TO 22

- KAB=0

22

26

23

Li=L1+2

Go To 27

1U=0

Li=L1+2
L{I)=L1
M(I)=L1+INI1
N{I)=0L1+1
J=1+1
L(J)=N(I)
M{J)=M(1)
N({J)=M(I)+1
I=4g+1

Iu=1U+1
IF(IVU.EQ.IU3) GO TO 23
Li=L1l+1

GO TO 26
Li=L1+1
L(I)=L1
M(I)=L1+INL+2
N{TI=L1+1
J=1+1

L{Ji)=L1
M{J)=L1+IN1
N{JI)=L1+INL1+2
K=J+1
L{K)=L1+IN1+2
M(K)=L1+IN1

CON(K)=L1+INL+1

232

I=K+1
L1=L1+NSTPS+1
KAB=1

GO To 7727
RETURN

END
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SUBROUTINE MAF

REAL¥8 X Y.AA 88

COMMON/WAG/A{457+80)35(33+33)58(33+37G6),C(379+33)5 INTERN{14,33)
Xy IBOUND{14,33),LCA(33),MQQ{33),IMG(817),1ID
COMMON/PAR/KTCT ,NRED s IMAXBs IMAXI4sNRZEQ
COMMCN/SMA/XY (817 )sP{457)+STOR(33)+ICCL(457,80)
COMMON/MIL/Rs GAMA 4PSTG,TSTG ,STWDOTHsSTRTL s VNL , VN2
COMMON/ESM/WDTH(100)+RI»R0Os DRNsDANGDTHET sDENS
COMMON/NWL/ICCMP, IFORM,NITR,NPRNT s IPRyNBLD KT
C OMMON/WAD/IK sISTEP, ISTRT s JSTRTSNSTPS,IDN
CCMMON/ZAK/THET(9)sBET(9) +GAMM(S)
COMMON/TRZ/MTCT sNTOT sLTCT sNBW s NEW1 4 NBWP
COMMON/SPC/X{817)-Y(817)

COMMON/LOC/ISTeNA s ILsKMMs IU1, IST2
COMMON/ALT/IELsITA,IINSLINs IN1,IN2,IU2
COMMON/HAP/IDNI ,IM1,IM2,IA,18sMATCHsMATCHI1
COMMON/ALF/MTOTP» MTCTMsMRsMCs JELE S JEL IM,JCOL
COMMON/BAT/ZTESTsIMA,IMB,MTOT1+sMTOT2 +MRM s IMM,MAA
C OMMON/GAM/MTOKMs ITER sMTM,LBC(84) +MBC(84)
COMMON/TAG/L(1812),M(1812),N{(1812)
C OMMON/BOLZAA (3,3)+8B(3,3),RHC(1812) s VN(84),FAI(1246)+EPS
COMMCN/SI A/NSUBB(14) +NSUBI( 14)
CCMMON/FLT/IRAD

COMPUTE THE ENTRIES OF ARRAY (NSUBB)

OO0

NSUBB(1)=((ISTEP~1)%2)+((ISTRT-1)%*2)
NSUBB(2)=(({ ISTEP+NSTPS~2)#2)+({IK=3)%*2)
DO 7001 IJ=3-KTOT

7001 NSUBB(IJ)=((ISTEP#NSTPS=-2)%2)+{((IK~-2)x%2)+1

COMPUTE THE ENTRIES CF ARRAY (NSUBI)

nOoOnnn

NSUBI(1)=((ISTEP—3)*(ISTRT—1))
NSUBI(2)=({ISTEP+NSTPS—-4)*{1IK=-3))
DQ 7002 IJ=3sKTOT

7002 NSUBI(IJ)=(ISTEP-3)+NSUBI(2)

COMPUTE THE ENTRIES OF ARRAY (IMG)

o000

I1TG=IK=-3

ISTRTT=1ISTRT~-1

1SE=1STEP-3

ISTERP1=ISTEP-1

DO 7003 I=1,ISTEPRPL
7003 1M4G(I1)=1




7004

7005

7006

7007

7008

7009

7010

7110

7011

7012

I=ISTEP1+1

ITANG=1
1I1=ISTEP+((ITANG-1)%2)
JJI=NRED+ ({ ITANG—1)*(ISTEP=-3))+1
IMG(I)=11I1 :

I=1+1

I11=1

12=11+ISTEP-4

DO 7005 I=I1,12
IMG(I)=JJ1+1I~-11

I=12+1

IMG(I)=I11+1
ITANG=ITANG+1
IF(ITANG.EQsISTRT) GO TG 7006
I=1+1

GO TO 7004

I=1+1

TI1=111+2
ILEN=ISTEP+NSTPS-2

11=1

I2=I1+IL=ZN-1

po 7007 1=11,12
IMG(I)=1I11+1I-11

I=12+1

ITANG=1

CONTINUE

II1=IMG(I-1)+1
JJ1=JJI1+ISTEP-3

IF(ITANG«GTs1) JI1=JIL+ILEN-ISTEP+1

IMG(I)=111

I=1+1

11=1

12=11+ILEN-3

DO 7009 I=Ile12
IMG(I)=JJI1+1-11
I=12+1

IMG(I)=ITI1+1
ITANG=ITANG+1
IF{ITANGeGT.ITG) GO TO 7010
=1+1 :
GO TO 7008

I=I+1

ICHNL=1

CONTINUE
II1=IMG(I-1)+1

11=1

12=I11+ILEN-1

Do 7011 I=I1,12
IMG(I)=II1+I-11
IF(ICHNL.EQ.NBLD) GO TO 7019
I=12+1
1I1=IMG(I-1)+NSTPS+2
JJ1=JJ1+ILEN=-2

50




7013

IMG(1)=1I1
I1=1+1

11=1
I12=11+1SE-1

DO 7013 1I=11,12
IMG(I)=JJ1+I-11
I=12+1
KK1=111-NSTPS
IMG(I)=KK1
I=1+1

"IMG(I)=KK1l-1

7014

7015

7016

o000

7017

7018

7019

I=1+1

II11=KK1+1

I11=1
I12=11+NSTPS=-2
DO 7014 I=I1,12
IMG(I)=111+1-11
I=12+1
I1I11=IMG(I-1)+2
JJ1=JJ1+1SE
IMG(1)=111
I=1+1

11=1
I2=11+ILEN-3
DO 7015 1I=1i1,12
IMG(I)=JJ1+1-11
I=12+1
IMG(I)=1I1+1
I=1+1

ITANG=1
I11=111+2
JJ1=JJ1+ILEN=-2
IMG(I)=II1
I=1I+1

I11=1
I12=I1+ILEN-3
DO 7017 I=11,12
IMG(I)=JJ1+]I-11
I=12+1
IMG{I)=111+1
ITANG=ITANG+1
IF(ITANG.EQ.1TG) GO TC 7018
I=I+1

GC To 7016
ICHNL=ICHNL +1
I=1+1

GO0 TO 7110
CONTINUE

CALCULATE THE ENTRIES OF ARRAY { IBCUND)
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7020

7021

7022

7023

7024

7025

sNeNeNeNe

7026

7027 INTERN{(I»J)=I1+J-1
I=1I+1
IF(I.GTKTOT) GO TDO 7028
I1=I2+1
GG 7O 7026
7028 CONTINUE
C
C
C CHANGE THE SYSTEM TOPOLOGY IN ACCORDANCE WITH
¢ THE SUBSTRUCTURED FINITE ELEMENT MODEL
C
C
Cc
C
C MAP THE SYSTEM TOPOLCGY INTO THE DESIRED FeEos
Cc

I=1

NS=NSUBB(1)

I 88=1

DO 7020 J=1,NS
IBOUND(1sJ)=1BB+J-1
I=1+1

NG=NS

NS=NsuUBB(1)
IBB=1IBOUND{I=-1,NG)=-ISTEP+2
DO 7021 J=1,NS
IB0UND(1IsJ)=1BB+J-1
I=I+1

NG=NS

NS=NSUBB(1I)
I1B8B=1IBOUND(I-1sNG)=-ILEN+1
DQ 7023 J=1,1STEPI
IBOUND(1I,J)=1BB+J-1
J=1STEP1I

JI=ISTEPL+1

J2=NS

1 8B=1B0UND{ I, J)+NSTPS

DO 7024 J=J1,J2
IBOUND(1,4)=1BB+J-41
I=1+1

IF(I.GT.KTOT) GO TO 7025
GO TO 7022

CONTINUE

CALCULATE THE ENTRIES CF ARRAY

I=1

I 1=NRED+}
12=11+NSUBTI(1)-1
NSUBII=NSUBI(1I)

DO 7027 J=1,NSUBI1

{ INTERN)

52
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10

13

14

15

16

17

18

DO 13 I=1.MTOT
IMGG=IMG(1I)
XY{IMGG)=X(1)
CONTINUE

DO 14 I=1+MTCT
X(I)=XY(1)

DO 1S5 I=1+MTOT
IMGG=IMG(I)
XY{IMGG)I=Y(1)
CONTINUE

DO 16 1=1..MTOT
Y{I)=XY(I)

DO 17 J=1,NTCT
La=L( J)
MQ=M(J)
NQ=N(J)
L{J)=IMG(LQ)
M(J)=IMGIMQ)
N{J)=IMGINQG)
CONTINUE

DO 18 K=1,LTOT
LBCC=LBC(K)
MBCC=MBC(K)

LBC(K)=IMG{LBCC)
MBC(K)=IMG(MBCC)

CONTINUE
RETURN
END
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Do anon

CcO
Cco

10

29

30

40

S0

SUBROUT INE CONTRB(J)

REAL*8 XsYsAA,BB

CCMMON/ WAG/A{4573580) +S(33,33),B(33,379)»C(379+33)sINTERN(14:33)
X» IBOUND{14,+33)»LCQ(33),MQQ(33), IMG(817),1ID
CCMMON/PAR/KTCTsNRED» IMAXBs IMAXI s NREQ
COMMON/SMA/XY (817)sP{457) +STCR(33),1C0L{(457,80)
CCOMMON/MIL/R s GAMASPSTG»TSTG s STWDTHLSTRTLs VN1 VN2
COMMON/ZESM/WDTH(100) sRI +ROs CRN+DANG,»DTHET 4LENS
COMMON/NWL/Z ICCMP, IFCRMsNITRsNPRNT s IPRINBLDHKT

C OMMON/WAD/IK sISTEP+ISTRT s JSTRTyNSTPS, IDN
CCMMON/ZAK/THET(G) 8ET{9) +GAMM(S)
COMMON/TRZ/MTCT +NTOT»LTOT +NBWsNBW1s NBWP
CCMMON/SPC/X(817) ,Y(817)
COMMON/LOC/ISTeNW»IL»KMMeIUL,IST2
COMMON/ALT/ IELs ITAS IINLLIN, IN1,IN2,1IU2
COMMON/HAP/IDNL 4+ IML ,IM2,IA, IBsMATCHsMATCHI
COMMGN/ALF/MTOTP s MTOTM MR yMC s JELE s JEL IM, JCOL
COMMON/BAT/ZTEST s IMA, IMBsMTOT1sMTOT2+MRM s IMM, MAA
COMMON/GAM/MTCKM, ITER MTM,LBC(B4) +MBC(84)
COMMON/TAG/L(1812)sM(1812),N(1812)
COMMON/BOL/AA(3+3)988(3,3),RHC(1812),VN(84),FATI(1246)+EPS
COMMON/SIA/NSUBB(14) +NSUBI( 14)

COMMON/SHO/LZ +MZsNZ

COMMON/GAW/ICTT

CCMMCON/EEW/IQD

COMMON/DOM/CCNS

C OMMON/FLT/IRAD

LZ=L(J)

MZ=M(J)

NZ=N(J)

MPUTE THE CONTRIBUTION MATRIX OF THE TRIANGULAR ELEMENT UNDER
NSIDERATION

AR=DABS{( X{MZIXY(NZ) ) =(X(NZI*RY(MZ) I+ (X(NZ)*Y {LZ)I-(X(LZ)*Y(NZ))
X+ (X(LZ)*Y (MZ))=(X(MZI*Y(LZ)))*0.5
B1=Y(MZ)=Y(NZ)

B2=Y(NZ)=-Y(LZ)

B3=Y(LZ)=Y(MZ)

CL1=X(NZ)=X(MZ)

C2=X(LZ)=X(NZ)

C3=X(MZ)=XI(L2Z)

GO TO(20s30,40),1ID
BB(1s1)=(({B1*81)+{C1%xC1))*CONS)/(4.+0%*AR)
BB(1+2)=(((B1%82)+(C1%C2))*CONS)/(4+0%AR)
BB(1+3)=(((B1*83)+(C1%*C3))*CONS)/(4+0%AR)
GO TO S0
BB(2+1)=(((B2%B1)+(C2%C1))*CONS)/(4.0%AR)
BB(2,2)=(((B24B2)+{C2%C2) )*CONS)/ (4+.0%AR)
BB(2+3)=(((B2*%B3)+(C2%C3))*CONS)/(4.0%AR)
GO TO SO
BB(3,1)=(({B3%B81)+(C3*C1))*CONS)/(4.3*AR)
BB(3,2)=(((83%B82) +(C3%C2))*CCONS)/ (4+0*AR)
BB(3+3)={ ({B3%B3)+(C3%C3))*CONS)/ (4.0%AR)

RETURN
END
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NDON0OON

CA

SUSROUTINE DERFAIL

REAL*8 X,YsAA 88

COMMON/WAG/A (457 ,80) 345033333 sB(33+379),C{(379,33), INTERN(14,33)
Xs IBOUND(14,33)+LGA(33),MAQ{33),IMG(817),1ID
COMMON/PAR/KTCTsNRED» IMAXBs IMAXTWNREQ
COMMON/SMA/XY {B817)sP(457),STOR{33),I1C0L(457,80)
COMMON/MIL/RsGAMA WPSTGsTSTG+STWDTHL,STRTL s VN1 s VN2
COMMON/ESM/WDTH{100) s RI+RO+ CRN+sDANG,DTHET sDENS
COMMON/NWL/ICCMPs IFORMsNITRsNFPRNT s IPRy NBLDSKT
COMMON/WAD/IK 4ISTEP s ISTRTsJSTRTWNSTPSSIDN
CCMMON/ZAK/THET (9 )+ BET(9) s GAMM(S)
COMMON/TRZ/MTOT 4NTOT,LTCT +NBW.NBW1 , NBWP
COMMON/SPC/X(817).Y(817) '
COMMON/LOC/ISTsNWeILsKMM, IUL, IST2
COMMON/ALT/IEL, ITASIIN,LIN,IN1,IN2,1IU2
COMMON/HAP/ IDN1 » IM1+sIM2,1IAs IBsMATCH,MATCH1
COMMON/ALF/MTCTP, MTOTMs MRy MC s JELELJEL IM,JCCL
COMMON/BAT/ZTEST»IMAIMB,MTCT1sMTCT2, MRM,IMM,MAA
COMMON/GAM/MTCKM, ITER+MTMsLBC(84)+MBC(84)
COMMON/TAG/L(1812)+M{1812),N(1812)

COMMON/BOL /AA(3,3)+.8B(3,3)»RHC(1812),VN{84),FAI(1246),EPS
COMMON/ST AZ/NSUBB{14)sNSUBI(14)

C CMMON/FLT/IRAD

DC 50 I=1,LTOT

LCULATE THE LOCAL LUAD VECTOR CORRESPONDING TC A BCUNCARY

SEGMENT WHERE THE VALUE OF THE MASS FLUX IS PRESCRIBED

30
40

50

LB=LBC(1)

MB=MBC(1)

DX=X(MB)=X{LB)
DY=Y{MB)-Y(LB)
DX1=ABS{(DX)

DY1=AB8S(DY)
DIST=({DX1%%2.0)+{DY1%%x2.0)3}%%*0.5
CONST=05%VN( 1) %DIST*DENS
P{LB)=P(LB)+CCNST
P(MB)=P(MB)+CCNST
CONTINUE

RETURN

END
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SUBROUTINE SUBSTR

REAL%¥8 XsYsAA B8

CCMMON/WAG/A( 857 580)25(33,33)+8B(33,379)»sC{379+33)» INTERN{14+33)
X, IBOUND(14,33),LQQ(33),M3Q(33),IMG(817),1D
COMMON/PAR/KTCT 3NRED» IMAXBs IMAXIsNREQ
COMMON/MNL/LMT(78)sLNT(78)
COMMON/SMA/XY(817) ,P(457) ,STOR(33),ICCL(457,80)
COMMON/MIL/Re GAMAsPSTGeaTSTGySTWDTHsSTRTL VN1 s VN2
COMMON/ESM/ZWDTH(100) sRIsR0s DRN,DANG» DTHET sDENS
COMMON/NWL/ICCMPsIFORMINITR sNPRNT s IPR+NBLDSKT
COMMON/ WAD/ IK s ISTEP s ISTRT+JSTRT+NSTPS+ IDN
COMMON/ZAK/THET(9) +sBET{(9) »GAMM(S)
COMMON/TRZ/MTOT sNTOT+LTOTsNBWsNBW1 sNBUWP
CCMMON/SPC/X(817),Y(817)

COMMON/LOC/ISToNWIL 4KMM,IUL,IST2
COMMON/ALT/IELs ITASIINSLINSIN1,IN2,IU2
COMMON/HAP/IDN1 s IM1 5 IM2,1A, IBsMATCHs MATCH1
CCMMON/ZALF/MTOTP s MTOTMs MR 4MC, JELE ,JELIM,JCOL
COMMON/BAT/ZTEST + IMA, IMB+MTOT1+MTOT2sMRM, IMM,MAA
COMMON/GAM/MTCOKM, ITER,MTM,LBC(84),MBC(84)
COMMON/TAG/L(1812),M(1812),N{1812)
COMMON/BOLZAA(3353)+:BB(3,3)sRHC(1812)sVN(B8A4).FAI(1246)+EPS
COMMON/SI A/NSUBB(14),NSUBI(14)

COMMON/ZADL/NU

CCMMON/GAW/ICTT

CCMMON/EEwW/1QD

COMMON/MAR/TEM(A57) » ILG(457)
COMMON/RTH/AAA(457) s IBANDW(A4S5T)4sNPIV(457) sNNCOL(457) sNPT+NNN
COMMON/NAL/ZQUANT . IRR.ILL

COMMON/FLT/IRAD

DIMENSION RKR8(33,33)

CONSTRUCT THE REDUCED STIFFNESS MATRIX

NUNV=NSTPS~IDN-1
NCRD=1DN
DO 520 K=1,KTCT
KSUB=NSUBBI(K)
DO 120 II=1.KSUB
Iw=0
1Z2=0
I=IBOUND(K, II)
IF(K.EQs,1) GC TO 215
IMTT=0
KKJJ=K-1
DC 201 1J=1.KKJJ
I1I1SUB=NSUBB{(1J)
DO 200 IK=1s11SUB
IF(I+NE.IBOUND(IJ,IK)) GO TO 200
IMTT=1

203 CONTINUE
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201 CONTINUE
IF({IMTT«SEQe1) GO TO 120
215 DO 110 J=1+NTOT

I w=0
1Z2=0
IF(I-.NE.L{J)) GO TO 50
10=1
DO 40 NN=1+NRED
IF{IWeEGQel«sANDeIZEQel) GO TO 110
IF(M(J)NE.NN) GO TO 30
Iw=1
I10=1
CALL CONTRB(J)
IF(IZ.EQel) GO TO 29
IRR=1
ILL=I
QUANT=BB8(1,1)
CALL PLACE

29 1RR=]
ILL=M(J)
QUANT=BB(1.2)
CALL PLACE
GO TO 40

30 IFIN(J)«NEeNN) GO TC 40
1z2=1
ID=1
CALL CONTRB(J)
IF(IWeEQel) GC TO 31
I RR=1
ILL=1
QUANT=BB(151)
CALL PLACE

31 IRR=I1
ILL=N(J)
QUANT=BB(1.3)
CALL PLACE

40 CONTINUE .
IF(IWeNEeOeORCIZ4NE.O) GO TO 110
CALL CONTRB(J)
IRR=1
ILL=1
QUANT=BB(1,1)
CALL PLACE
GO TO 110

50 IF(I.NE.M(J)) GO TO 890
I1D=2
DO 70 NN=1,NRED
IF(IWEQe2,ANDs1ZEQ.2) GO TO 110
IF(L(J)«NE«NN) GO TO 60
I1D=2
Ia=2
CALL CONTRB(J)
IRR=1
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60

61

70

80

90

ILL=L(J)
QUANT=BB(2,1)

CALL PLACE
IF(IZ.EQ.2) GG TO 70
IRR=1

ILL=1

QUANT=BB( 2,2)

CALL PLACE

TF(N{J)«NE«NN) GC TO 70

10=2

1z=2

CALL CONTRB(J)
IF(IW.EQ.2) GO TO 61
IRR=1

ILL=I

QUANT=BB( 2, 2)

CALL PLACE

1 RR=1

ILL=N(J)

QUANT=BB(2»3)

CALL PLACE

CONTINUE
IF(IWeNE.O«ORIZ.NE.O) GO TO 110
CALL CONTRB(J)

1RR=1

ILL=1

QUANT=BB(2,2)

CALL PLACE

GO TO 110

IF(I.NE«N(J3) GO TO 110
I1D=3

DG 100 NN=1,NRED
IF(IWeEQe3+ANDe1ZEQe3) GO TO 110
IF(L({J)NE.NN) GO TO SO
1D0=3

I1w=3

CALL CONTRB(J)

IRR=1

1LL=L(J)

QUANT=BB(3,1)

CALL PLACE

IF(1Z.EQe3) GC TO 100

I RR=1

ILL=I

QUANT=BB( 3, 3)

CALL PLACE

IF(M(J) «NE<NN) GO TO 100
ID=3

12=3

CALL CONTRB(J)

1RR=1

ILL=M(J)

QUANT=BB(3,2)

g




100

110
120
520

10
20

22

24

8304

8200

135

140

150

CALL PLACE
IF(IW.EQe3) GG TUO 100
IRR=1

ILL=1
QUANT=8B( 3, 3)

CALL PLACE
CONTINUE
IF(IWeNE«O«ORIZ«NE.,O) GO TO
CALL CONTRB(J)
IRR=1

ILL=I
QUANT=BB{(3,3)

CALL PLACE

GO 70 110
CONTINUE

CONTINUE

CONTINUE

CALL MODIFY

DO 620 K=1.KTCT
DO 20 1J=1,IMAXI
DO 10 IK=1,s IMAXI
S{IJ»IK)=0.0
CONTINUE

CONTINUE

DO 24 1J=1,1IMAXI
DO 22 I1K=1:NRED
B(IJsIK)=0.0
CONTINUE

CONTINUE

DO 3 1J=1+NRED

DO 2 IK=1,IMAXI
C(IJsIK)=0.0
CONTINUE

CONTINUE

DO 8304 1J=1, IMAXI
LAQ(IJ)}=0
MQQ(IJ)=0
CONTINUE

CALL INTRNL(K)
NSUBI 1=NSUBI(K)
CALL RECIP{RBsNSUBI1l)
DO 140 1J=1sNRED
DO 135 IK=1,.NSUBI1
C(IJWIK)=B(1IK.IJ)
CONTINUE

CONTINUE

DO 170 1J=1sNFRED
DO 150 IQ=1,IMAXI
STOR(IQI=C(TIJ-IQ)
C(lJ»1IQ)=0.0

DO 160 IK=1,NSUBI1
SUM=0.0

DQ 155 IL=1,NSUBII

110
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SUM=SUM+{STOCR(IL)*S(IL,IK))
155 CONTINUE
C{(lJsIK)=-1.0%SUM
160 CONTINUE
170 CONTINUE
DO 7200 I1J=1.NRED
DO 190 IK=1.NRED
SUM=0.0
DO 180 IL=1,NSUBI1
SUM=SUM+(C(IJsIL)*B(IL,1IK))
180 CONTINUE
IRR=1J
ILL=IK
QUANT=SUM
CALL PLACE
190 CONTINUE
7200 CONTINUE
620 CONTINUE
CALL MCDIFY.
DO 210 I=1+NRED
DO 205 J=1sMC
IF(ICOL(I+J)EQ.D) GO TC 207
205 CONTINUE
WRITE(6+,206)
206 FORMAT(1H1//40X,* THE COLUMN DIMENSION CF THE MATRICES (A).(ICOL) I
XS T0OO SMALL '/40Xs *INCREASE THE VARIABLE NNN?*)
STOPR
207 IBANDW(I)=J-1
210 CONTINUE
4003 CONST==0,5%xDRNXDENS
NUNVP=NUNV+1
DO 1620 I=1,.NBLD
IF(IeGTel1) GO TGO 570
NSUBB1=NSUBB(KTOT)
J1I=IBOUND(KTOTs NSUBB1 )=NUNV
J2=J1+NUNV
DO 540 J=J1.J2
INDX1=I1IBANDW(J) +1
INDX2=IBANDW( J)+2
IF(JeEQeJ1eOReJeEQeJ2) GO TO 530
A(J.INDX1 )=CONST
ICOL(J,INDX1)=NRED+J-J1
A(J+INDX2)=CONST
ICOL(JSINDX2)=ICOL(Js INDX1)+1
GO TO 540
530 IF(J«EQed2) GO TO 535S
A{JLyINDX1 )=CCNST
ICOL(JsINDX1)=NRED+1
GO TO 5S40
535 A(J,INDX1)=CONST
ICOL(JINDX1)=NRED+NUNV
540 CONTINUE
K1=IB0UND (2,1 )+ISTEP+NCRD-2
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550

555

560

570

572

573

580

585

590

592

595

K2=K1+NUNV

DO S60 K=K1sK2

INDX1=1BANDW{K)+1
INDX2=IBANDW(K)+2
IF{KeEQeK1+CRKEQeK2) GO TQ 550
A(KsINDX1)=-10%CONST

ICOL(K « INDX1) =NRED+K-K1
A(KsINDX2)=-10%CONST
ICOL(K«INDX2)=ICOL{(K»INDX1) +1

GO TO 560

IF(KsEQeK2) GC TO 555
A{KsINDX1)=-10%CCNST
JICOL{KsINDX1)=NRED+1

GO TOD 560

A(K,INDX1)=-1 «0%CCNST

ICOL (K9 INDX1)=NRED+NUNV
CONTINUE

GO TO 1620

NSUBB1=NSUBB( 1)

J1=IBCOUND(I NSUBB1)=NUNY
J2=J1+NUNV

DO 590 J=J1s:J2

D0 572 1J=1,.,MC
IF(ICOL(J+1J)EQ.0) GO TO 573
CONTINUE

WRITE(6+206)

sToP

INDX1=1J

INDX2=1J+1
IF(JeEQe.J1e0ReJEGeJ2) GO ' TO 580
A{JsINDX1)=CONST
ICOL{J+INDXL)=NRED+{(I-1)*NUNV*2)+J~J1
A(JsINDX2)=CONST

ICOL{Js INDX2)=ICOL(JsINDX1)+1

GO TO 590

IF(J.EQ.J2) GO TG 588
A(JsINDX1)=CONST
ICOL{JyINDX1)=NRED+((I-1)%NUNV%2) +1
GO TO 590

A(J+INDX1)I=CONST

ICOL( Js INDX1)=NRED+{( I~1)%NUNV%2)+NUNV
CONTINUE

K1=J1+NCRD+NUNV +2

K2=K1+NUNV

DO 610 K=K1.K2

DO 592 IJ=1,MC
IF{ICOL(K+1IJ)eEQe0) GO TO 585
CONTINUE

WRITE(65206)

sTOP

INDX1=1J

INDX2=1J+1
IF{KeEQeK1eOReKeZGaK2) GG TT 600
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A(KsINDX1)==1+0%CONST
ICOL(Ks INDX1)=SNRED+{( I-1) #NUNV*2)+K-K 1
A(KsINDX2)=—1,0%CONST
ICOL{K» INDX2)=ICOL(K,sINDX1)+1
GO TO 610
600 IF(K.EQ.K2) GO TC 605
A(K+sINDX1)=-1+0%CONST
ICOL(K, INDX1)=NREC+((I-1)*NUNV*%2)+1
GO TO 610
605 A(KsINDX1)=—10%CONST
ICOL{Kos INDX1)=NRED+( ( I-1)%XNUNV*2)+NUNV
610 CONTINUE
1620 CONTINUE
DO 660 I=1,NBLD
IF(1.GT«l1) GO TO 640
NSUBB1=NSUBB(KTOT)
J1=IB0UND {KTCTsNSUBB1 )=NUNV
K1=IBOUND(2+1)+ISTEP+NCRD-2
DO 630 J=1sNUNV
IFRI=J1+J-1
IFR2=IFR1 +1
IRER1=K1+J-1
IRER2=IRER1+1
IRO1=NRED +J
I1R0O2=1R0O1 +NUNV
A(IRO1,1)=1.0
ICOL{IRO1,1)=1IFR1
A(IRO1+2)==1.0
ICOL{IRD1,2)=1FR2
A(IRDL1+3)=140
ICOL(IRO1 ,3)=NRED+NUNV+J
A{IRD2s1)=1.0
ICOL(IRD2,1)=1IRER1
A(IRO2+2)==1.0
ICOL(IRO2+2)=1IRER2
A{IR0O2,3)=1.0
ICOL{IR02,+3)=ICCL(IRO1+3)
630 CONTINUE
GO TO 660
640 NSUBB1=NSUBB(1I)
J1=IBOUND(I+NSUBB1)+NCRD+2
K1=IBOUND(I 4NSUBB1)-NUNV
DO 650 J=1sNUNV
IFR1=J1+J-1
IFR2=IFR1+1
IRSRI=K 1+J~1
I RER2=1RER1 +1
IRO1=NRED+( {I-1)%NUNV%2)+J
I RO2=IR0O1 +NUNV
A(IRDLl +1)=140
ICOL({IRO1 s1)=1FR1
A(IRD1s2)==-1.0
ICCL(IRCL2)=1IFR2
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A({IRD13)=1.0
ICOL{IROL +3)=NRED+((I-1)¥NUNV*2)+NUNV+J
A(IRO2s1)=140
ICOL{IR0O2,1)=1IRER1
A{(IRD2s2)=-1+0
ICOL(IRO2+2)=1IRER2
A{IRD2,3)=1.0
ICOL{(IRD2+3)=ICOL(IRO1+3)

650 CONTINUE

660 CONTINUE

9000 RETURN
END
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NOOODNO

EV
IN

130

210
140

150

SUBROUT INE INTRNL(K)

REAL*¥8 Xs:YsAA,8B
COMMON/WAG/A(A457,80) 4S(33+33) +B(33+s379)+C(379+33)+INTERN(14,33)
Xs IBOUND(14+33),LCA(332-MQQ(33)5IMG(817)51D
COMMON/PAR/KTCT.NRED, IMAXB, IMAXI,NREQ
COMMON/SMA/XY (817 )+P(457)sSTOR(33),ICOL(457,80)
COMMDN/MIL/Rs GAMASPSTGsTSTGs STWDOTH,STRTL s VN1 sVN2
COMMCN/ESM/WOTH(100) s RI+RCy DRN3sDANG s DTHET ,DENS
COMMON/NWL/ ICCMP + IFORMsNITR sNPRNT »sIPR sNBLD KT
CCOMMON/WAD/ IK 3 ISTEP s ISTRT s JSTRTsNSTPS, IDN
CCOMMON/ZAK/THET(9) +BET(9) +GAMM(S)
COMMON/TRZ/MTOT oNTOT o LLTOT +NBWsNBW1 s NBWP
CCMMON/SPC/X(817),Y(817)
COMMON/LOC/ISTosNW,sILKMM,IU1,IST2
COMMON/ALT/IELs ITAs IINSLINSs IN1,IN2,1IU2
COMMON/HAP/IDNL s IM1 »IM2,1As18,MATCH,MATCH!
COMMON/ALF/MTOTP s MTOTMsMR ¢MC s JELE s JEL IM4JCOL
COMMON/BAT/ ZTEST s IMA, IMB8sMTOT1+MTOT2sMRM s IMM 4 MAA
COMMON/GAM/MTCKM, ITER+MTM.LBC(84),MBC(84)
CCMMON/TAG/L(1812)+M(1812)sN(1812)
COMMON/BCL/AA(3+3),BB8(3,3)sRHC{1812)sVN(84),FAI{1246),EPS
COMMON/SI A/NSUBB(14) +NSUBI(14)

COMMON/ADL/NU

COMMON/GAW/Z ICTT

CCMMON/EEW/1QD

COMMON/NAL/QUANT, IRR,s ILL

COMMON/FLT/ZIRAD

ALUATE THE CONTRIBUTION SUBMATRICES CORRESPONDING TO THE
TERIOR NCODES OF THE K{TH) SUBSTRUCTURE

JSUB=NSUBI(K)

LSUB=NSU3B(K)

DC 430 JJ=1,J8UB

I=INTERN(KyJJ)

DO 421 J=1,NTOT

ILD1=0

ILD2=0

IF(TINE«L(J)) GO TO 220

ID=1

DO 210 MM=1,LSsSuUB
IF(M(J).NE.IBOUND(K+MM)) GO TC 130
ILD1=1

IF(N(J) «NE. IBCUND(K+MM)) GO TC 210
ILD2=1

CONTINUE

IF(ILD! sEQe0+ANDSILD24EQe0) GC TC 150
GO TO 160

ID=1

ICO1=I-INTERN(K+1)+1
ICO2=M(J)—INTERN(Ks1)+1
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ICO3=N{(J)=INTERN(Ks1)+1
IRC=ICO1
CALL CONTRB(J)
S{IRO,IC01)=S(IR0,I1CO1)+BB(151)
S(IRULICN2)=S{IRC,IC02)+BB(1.:2})
S(IRD,IC0O3)=S({IRC,ICO03)+3B( 1,3}
GO TO 420

160 IF(ILD]1 EQeslANDLILD2,.,EGQs1) GCT TO 170
GO TO 180

170 1D=1
ICO1=1I=-INTERN(Ks1)+1
1C02=M(J)
IC03=N(J)
IRO=1CO1
CALL CONTRB(J)
S(IRO,ICO1)=S(IRC,ICC1)+B88(1,1)
B(IR0O,IC02)=B(IR0,ICC2)+38B(1,2)
B(IRO,ICO03)=B(IR0sICO03)+BB(1+3)
GO TO 420

180 IF(ILD2+EQ.l) GO TO 190
GO TO 200

190 ID=1
ICO1=1-INTERN(K,1)+1
I1C02=M(J)-INTERN(Ks1)+1
I1C03=N(J)
IRC=ICO1
CALL CONTRB({(J)}
S{IRC,ICO01)=S(IR0O,ICC1)+88B(1,1)
S{IRD,IC02)=S(IR0C,IC02)+8B(1:+2)
B(IRO,ICO3)=B(IRC,L,ICC3)+B8(1,3)
GO TO 420

200 1ID=1
ICO1=I-INTERN(Ks1)+1
IC02=M(J)
ICO3=N{J)—-INTERN{Ks1)+1
IRC=ICO1l
CALL CONTRB(J)
S{IROL,ICC1)=S(IRC,ICC1)+88B(1,1)
S{IR0C.,I1CO03)=S(IRC,ICC3)+88(1,3)
B{(IRD,1C02)=B(IR0,I1C02)+88(1,2)
GO TO 420

220 IF(I.NEM{J)) GO TC 320
I1D=2
DO 310 MM=1,LSUSB
IF(L{J) «NEIBCUND(KsMM)) GO TC 230
ILD1=1

230 IF(N(J) «NE+IBCUND(KsMM)) GO TC 310
ILD2=1

310 CONTINUE

240 IF(ILD]1 cEQeD0eANDILD2+sEQe0) GC TC 250
GO TO 260

250 ID=2
ICO1=L{J)-INTERN(Ks1)+1
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ICO2=1-INTERN{(K,1)+1
ICO3=N{(J)-INTERN(Ks1)}+1
IRO=ICO2
CALL CONTRB(J)
S(IR0,ICO1)=S(IR0O,ICC1)+BB(2,1)
S(IRD,IC02)=S{IRC,ICC2)+B8B(2,2)
S(IR0,IC03)=S{IR0C,ICC3)+88(2,3)
GO TOo 420

260 IF(ILD1.EQel«ANDILD2.EGeal) GC TUC 270
GO TO 280

270 I10=2
ICO1=L(J)
I1C02=I-INTERN(K,s1)+1
IC03=N(J)
IR0O=ICD2
CALL CONTRB{J)
S({IR0O»IC02)=S(IRC,IC02)+B8B(2,2)
B(IRC,ICO1)=B(1IRC,ICO1)+BB(2,1)
B8(IRD» ICO3)=B(IR0,IC03)+BB(2,3)
GO T0o 420 .

280 IF(ILD2.£Qe1) GO TO 290
GO TO 300

290 1D=2
ICOI=L{J)-INTERN(K,1)+1
ICO2=I-INTERN(Ksl)+1
IC03=N(J)
IRD=1CO2
CALL CONTRB(J)
S{IRO,IC01)=S{IRC,IC01)+BB(2,1)
S(IRD,ICO2)=S(IR0,IC02)+8BB(2,2)
B{IRO+IC0O3)=8(IRC,ICC3)+8BB(2,3)

GO To 420
300 ID=2
I1Co1=L(J)

I1CO02=I-INTERN{K,1)+1
ICO3=N(J)=INTERN(K,1)+1
IR0O=ICO02
CALL CONTRB(J)
S{IRD,ICD2)=S(IR0,1CO2)+3B{(2,2)
S(IRO,ICO03)=S(IRC,ICC3)+BB(2,3)
B(IRD,ICO1)=B(IR0,IC0O1)+8B{2,1)
GO TO 420

320 IF(I.NEN(J)) GO TO 421
1D0=3
DC 410 MM=1,LSUB
IF(L{(J) «NE.IBCUND(K,MM)) GO TC 330
ILD1I=1

330 IF(M(J)NE.IBCUND(KsMM)) GO TC 410
1LD2=1 '

410 CONTINUE

340 IF(ILD1EQeO0«ANDILD2,EQs0) GC TO 350
GO TO 360

350 1D=3
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ICO1=L(J)-=INTERN(Ks1)+1
IC02=M{J)~INTERN(Ky1)+1
ICO3=I-INTERN(Ks+1)+1
IR0O=ICO0O3
CALL CONTRB(J)
S(IRC,ICO1)=S(IRC,IC01)+3B(3,1)
S(IRO,ICC2)=S({IRC,ICC2)+8B(3,2)
S({IRC,ICO3)=S(IRGC,ICC3)+8BB(3,3)
GO TO 420

360 IF(ILD1.EQe]1+AND.ILD2.EQ.1) GC TO 370
GO To 380

370 10=3
ICO1=L(J).
ICga2=M(J)
ICO3=I-INTERN(K»1)+1
IRO=1C0O3
CALL CCNTRB(J)
S(IRD.ICO3)=S{IR0,ICO03}+BB(3,3)
B8(IR0Os ICO1)=B({IRC.ICC1)+8B(3,1)
B(IR0O,ICO2)=B{(IRGC,IC02})+8B(3,2)
GO TO 420

380 IF(ILD2.EQel1) GO TO 390
GC TO 400

390 ID=3
ICOI=L{J)-INTERN(Ks1)+1
1C02=M(J)
ICO3=I-INTERNI{K,s1}+1
IR0O=ICO03
CALL CONTRB(J)
S{IRO,ICO1)=S({IRC,IC01)+88(3,1)
S(IR0,IC03)=S(IR0,ICC3)+8B(3,3)
B(IRD, ICO2)=B(IR0,1C02)+38B(3,2)

GO To 420
400 ID=3
I1CO1=L(J3)

ICO02=M(J)-INTERN(Ks1)+1
ICO3=I-INTERN(K.1)+1
IRO=ICO3
CALL CONTRB({J)
S{IRBCs ICO02)=S(IRC,IC02)+8B(3+2)
S{IRO+ICO3)=S(IRC,IC03)+BB(3»3)
B(IRO»ICO1)=B(IRG,ICC1)+8B{(3,1)
420 CONTINUE
421 CONTINUE
430 CONTINUE
RETURN
END
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SUBRDUTINE RECIP{RBsNSUBI1)

REAL¥*8 XsYsAA 8B
COMMON/WAG/A(457+80)5S(33+33)+8(33+379)+C(379+33)+INTERN(14+33)
X9 IBOUND(14533)»LGQA(33)+yMQQ(33)+ IMG{(817)+1D

DIMENSICN RB(NSUBI1sNSUBI1)

INVERT THE MATRIX S(IsJ)

DO 200 1J=1.NSUBI1I
DO 100 1IK=1,NSUBI1
RB{IJ»IK)}=S(1Js1IK)
100 CONTINUE
200 CONTINUE
CALL MINV{RBsNSUBI1,AF,LQQ»MQQ)
DD 400 1J=1,NSUBI1
DO 300 IK=1,NSUBI1
S{IJeIK)=RB(IJyIK)
300 CONTINUE
400 CONTINUE
RETURN
END
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SUBRCUTINE PLACE

REAL*8 XsYsAA,BB

COMMON/WAG/A{A457,80) sS(33+:33),8(33,379),C(379, 33)9INTERN(14133’
X+ IBOUND(14+33),LCQQ(33)sMQQA{33)+IMG{817),1ID
COMMON/PAR/KTCT s NREDs IMAXBs IMAX I, NREQ
COMMON/ZMNL/LMT(78) 4LNT(78)
COMMEN/SMA/XY (B17)+P(457) 4STOR{(33)+IC0OL(457+80)
COMMON/MIL/RsGAMA sPSTGesTSTGs STWDTHISTRTLsVNL VN2
COMMON/ESM/WDTH(100) +RI yRU4 CRN,DANG»DTHET »DENS .
COMMON/NWL/ICCMP, IFORMyNITR s NPRNT ¢ IPRsNBLDsKT
COMMON/WAD/ IKsISTEPsISTRT»JSTRTSNSTPS s IDN
COMMON/ZAK/THET{9) +BET(9) +GAMM(S)
CCMMON/TRZ/MTOT +NTOT SLTOT +sNBWsNBW1 s NBWP
COMMON/SPC/X(817) +Y(817)
COMMON/LOC/ISTasNW s IL s KMM, TU1,1IST2
COMMON/ALT/ IELs ITAsIINLLIN, IN1,IN2,IU2
COMMON/HAP/IDNI s IM1 ,IM2,1A,IB,MATCH,MATCH1
COMMON/ALF/MTOTPsMTOTM MR sMCH JELE o JEL IM,JCOL
COMMON/BAT/ZTEST » IMA, IMBsMTOT 1, MTOT 2 MRMs IMM, MAA
COMMON/GAM/MTCKM,ITER ,MTM,LBC(84) +MBC(84)
COMMON/TAG/L(1812)+M(1812),N(1812)

COMMON/BOL/ AA(3+3)+sBB(3+3),RHC(1812),VN(84)+sFAI(1248),EPS
COMMON/SIA/NSUBB8(14) sNSUBI( 14)

CCMMONZADL/NU

COMMON/DEL/IDUMsNRSNC

COMMON/SHO/LZ sMZ,NZ
COMMON/MAX/PIVROW,PIVCOL sOPROWs 1Y
COMMON/GAW/ICTT

COMMON/EEwW/1QD

COMMON/MAR/TEM(A457)+ILG(457)
COMMON/RTH/AAA(457) » IBANDW(457) ,NPIV{457) »NNCOL (457) + NPT o NNN
COMMON/NAL/QUANT,, IRR s ILL

COMMON/FLT/IRAD

ACE THE ELEMENTS OF A LOCAL STIFFNESS MATRIX IN THE PROPER PLACES

IN THE PARTIALLY PACKED ARRAYS IN WHICH THE GLCBAL REDUCED STIFFNESS

MA

10

1000

100

20

30

S0

TRIX IS TO BE STORED

IF{QUANT+EQeD+0) GO TO 90

DO 10 J=i1.MC
IF(ICOL({IRRsJIEQSILL) GO TO 20
IF(ICOL(IRR+J)+EQ.0) GO TO 30
CONTINUE
WRITE(6+1000) IRR, ILL s QUANT
FORMAT(//10Xs'IRR=? 4154+2X s ILL=,1542Xs"QUANT=?,E12.5)
WRITE(6+100)

FORMAT(1H1//40X,*MC IS TOO SMALL'")
STOP

A(IRRsJ)=A({IRRsJ)+QUANT

GO TO 90

A(IRR, J)=QUANT

ICOL(IRR.JI=TLL
RETURN
END
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SUBROUTINE MOOIFY
RZAL*8 X.Ys,AA,BB8
COMMON/ WAG/A(A457+80)9S5(33+33)+8(33+4379)+C(379+33)+ INTERN(14,33)

X+ IBOUND(144+33)-LCQ(33),MQC(33), IMG(817),1D

COMMON/PAR/KTCT +NRED» IMAXB, IMAXIsNREQ
CCMMON/ZMNL/LMT{78)sLNT(73)

COMMON/SMA/ XY (817)+P(457) +STOR(33)ICCL(457,80)
COMMON/MIL/RysGAMA sPSTGs TSTG s STWDTHSSTRTLSVNL1 VN2
COMMON/ESM/WOTH(100)»sRIsROs CRNsDANGsDTHET sDENS
COMMON/NWL/ICCMP,IFORMsNITRsNPRNT ,IPR«NBLDSKT
COMMON/WAD/IKsISTERP s ISTRTsJSTRTsNSTPSSIDN
CCMMON/ZAK/THET(9)+sBET(9) s GAMM(S)
COMMON/TRZ/MTOT +NTOTHLTCT NBW,NBW1 s NBWP
COMMON/SPC/X(817)+Y(817)
COCMMON/LOC/ISTesNWsILsKMM,IUL ,IST2
COMMONZALT/IELsITA»IINLLINSIN1I,IN2,IU2
COMMON/HAP/ IDN1» IM1 ,IM241A, IBsMATCHsMATCH1

C OMMONZALF/MTCTP s MTOTMs MR sMC s JELEJELIM,JCOL
COMMON/BAT/ZTEST» IMA+IMBsMTOT1+MTOT2 s MRMsIMM, MAA
COMMON/GAM/MTCKM, ITER +MTM,,LBC(84),MBC(84)
COMMON/TAG/L(1812).:M(1812),N{1812)
COMMON/BOL/AA(3:3)+BB(3,3)sRHO(1812)+VN(84)FAI(1246)+EPS
CCMMON/SIA/NSUBB(14)sNSUBI(14)

COMMON/ZADL /NU

COMMON/DEL/ IDUM sNRyNC

COMMON/SHC/LZ sMZs NZ

COMMON/MAX/PI VROWL,PIVCOL ,O0PROW,1Y
CCMMON/GAW/ZICTT

COMMON/EEW/IQD

COMMON/MAR/TEM(457) ,1LG(457)
COMMON/RTH/AAA{4S7) s IBANDW(457) s NPIV(457) sNNCOL(457) sNPT s NNN
COMMON/NAL/QUANT » IRRs ILL

COMMON/FLT/IRAD

REARRANGE THE CONSTRUCTION OF THE PARTIALLY PACKED ARRAYS

IN

40

60

80
70

75
100

SUCH A WAY THAT THE NONZERO ELEMENTS IN 'EACH ROW COME FIRST

DO 100 I=1,NRED

DO 40 IJ=1,MC

TEM(IJ4)=0.0

ILG(1J)=0

CONTINUE

1CD=0

DO 80 J=1,NRED

DO 60 K=1sMC
IF(ICOL(I.+K)«EQe0) GC TC 60
IF(ICOL(I+K)eNEeJ) GO TO 60
ICD=ICD+1

TEM(ICD)=A(I,K)
1LG(ICD)=ICOL(I,K)

CONTINUE

CONTINUE

DO 75 lJ=1.MC
A(T1,1J)=TEM(IJ)
ICOL(I»IJ)=ILG(IJ)
CONTINUE

CONTINUE

RETURN 70
END




OODOO0OOOCONOOO0O0N0N

SUBROUT INE EQSOLV

REAL*8 X,Y,AA .88
COMMON/WAG/A(457+80)9S(33,33),B(33+379)+C{379¢33)sINTERN(14,33)
Xs IBCUND(14,+,33),0LQQ(33),MGG(33),1IMG(817),1D
COMMON/PAR/KTCT+NRED +» IMAXB, IMAXI,NREQ
COMMON/MNL/LMT(78)sLNT(78)
COMMON/SMA/XY(817)sP(A457)+STOR(33),1CCL{(457,80)
COMMON/MIL/RsGAMAsPSTGsTSTG +STWDTHSSTRTL » VN1 4 VN2
COMMON/ESM/7WDTH({100)sRI+sR0Os DRNsDANGs DTHET »DENS
COMMON/NWL/ICCMP, IFORMsNITRsNPRNT s IPRyNBLDsKT
COMMON/WAD/IK +ISTEP s ISTRT sJSTRT+NSTPS»IDN
CCMMON/ ZAK/THET (9 ), BET(9) +sGAMM(S)
COMMON/TRZ/MTOT oNTOT+LTCT sNBW s NBWL o NBUWP
COMMON/SPC/X(817)»,Y{817)

COMMON/ZLOC/ ISTeNWIL s KMM, IUL, IST2
COMMON/ZALT/IEL,ITASIINSLINSINISIN2,IU2
COMMON/HAP/ IDN1 s IM14+IM2,TA» IBsMATCHsMATCH1

C CMMON/ALF/MTCTP+ MTOTMsMRaMC» JELEL. JEL IM, JCOL
COMMON/BAT/ZTEST s IMALIMBsMTOT1sMTOT2 +MRM s IMMsMAA
COMMON/ GAM/MTOKMs ITER+MTM,LBC(84) +MBC(84)
COMMON/BOL/AA(353)4+8BB(3+3),RHC(1812)+VN(B4),FAI{1246),EPS
COMMON/STI A/NSUBB( 14) »NSUBI( 14)

+ COMMON/ ADL/NU

COMMON/DZL/IDUMSNRs NC

COMMON/SHO/LZ sMZ+NZ
COMMON/MAX/PIVROWsPIVCDL sOPRCOWe IY
CCMMON/GAW/ICTT

COMMON/EEW/1QD .
COMMON/MAR/TEM(457),11L.G(457)
CCMMON/RTH/AAA{457) s IBANDW{457) s NPIV(457) »NNCOL(457) NPT 4 NNN
COMMON/FLT/ IRAD

THIS SUBRCUTINE FOLLCWS THE SAME COMPUTATIONAL PROCEDURE
AS IN REFERENCE (16)

S O0OL VE T HE REDUCTETD SY STEM C F EQUATTIOCNS

INITIALIZE THE BAND WwIDTH COUNTER

IF(ABS(ZTEST) «GT«0+0001) ZTEST=0.0
NSTOP=0
MAXWID=0
DO 1 I=1,NPT
I3ANDW(I)=0
1 CONTINUE
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DO S I=1.NPT
DO 2 J=1sNNN
NC=ICOLA{I,J)
IF(NC.EQe0O) GC TO 3
IBANDW(I)=J

2 CONTINUE

3 IF(MAXWIDeLTeJ) MAXWID=J
IF{JsNEs1) GO TO S
WRITE(6s,4)1

4 FORMAT(*ALL ELEMENTS IN ROW®,.IS5,'ARE=0.0,PRCGRAM IS STOPPED"')
NSTOP=1
GO TO 9988

S CONTINUE

9988 IF(NSTOP.EQ.1) STOP

NPT1=NPT-1
DO 23 LL=1.NPT1

FINDING THE ROW WITH MINIMUM BANDWIDTH

KK=100000
DO 6 I=LL NPT
IC=IBANDW(I)
IF(IC.LE.D) GC TO 6
IF(ICGE.KK) GC TO 6
MINROW=I
KK=IC

6 CONTINUE

INTERCHANGE ROWS —=-— MINROW WITH LL

LM=IBANDw (LL)
M=MINROW
DO 7 I=1.LM
NNCOL(ID)=ICOL(M,I)
ICOLIMSI)=ICOL(LL,I)
AAA(I)=A(M,1)
A(MyI)=A(LL,1I)

7 CONTINUE
SAVE=P (LL)
P(LL)=P(M)
P{M)=SAVE
I BANDW(LL )=IBANDW({M)
I BANDW (M) =M

FINDING BIG A IN MINROW

NC=IBANDW{LL)
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NNCOL (NC+1)=0
MINROW=LL
Al1l=0.0
I=MINROW
DO 8 J=1sNC
AAB=ABS(AAA(J))
IF(AAB.LT A1) GO TO 8
A1=AAB
1Y=J

8 CONTINUE
MAXCOL=NNCDOL({ 1Y)
NPIV(LL)=MAXCQL

NORMALIZE THE MINRCW

O0O0n00 N

XX=AAA(1lY)
IF(ABS(XX)elLTe0e000001) WRITE(6,8701)LL,MINROW,NCsIY +XXsNNCOL(IY)
8701 FORMAT(2Xs*AT ELEMe STEP NO«'¢I15+*ROW NO.?'5I5+*HAVING MIN ENTRIES
XOF?® ,15/2Xs* THE ELEM NCe®+15,'IN THIS RCOW IS?,E12.5,'AND IT 1S IN C
XOL NO.?*,I5)
DO 9 J=1,,NC
AAA(J)=AAALJ) /XX
ICOL(MINRDW, J)=NNCOL(J)
9 A(MINROW,J)=AAA(J)
P{MINRCOW)=P(MINROW) /XX
A{MINROW,1IY)=1.0
AAA(IY)=1.0

C
C
C FINDING THE RDWS WHICH CONTAIN MAXCOL
C
C
LL1=LL+1
DO 22 I=LL1 NPT
IF(IBANDW(I).EQe0O) GO TCO 22
NC=IBANDW(I)
DO 21 J=1,4NC
IF(ICDL(I +J)—-MAXCCOL)21,10,22
C
C
C 1IF ICOL(I,J) IS EQUAL TC MAXCOL THEN ROW CCNTAINS THE VARIABLE
C NOPROW=THE ROW BEING OPERATED ON
C
C
10 NOPROW=Y
JKOP=1
JKPI=1

CA=-A(NOPROW+ J)

P(NOPROW)=P{(MINROW) *CW+P(NOPRCW)
11 CONTINUE

IF(NNCOL{JKPI)«EQ.,0) GO TO 22
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IF{ICOL (NOPROW, JKOP)4EQ.0) GO TO 12
IF(NNCCL({JKPI)-ICCL{NQPROWsJKCP))12,144+20
12 IBANDW(I)=TBANDW(TI)}+1
IF(MAXWID LT+ IBANDW(I)) MAXWID=IBANDW(I)
IF(MAXWID.GT.NNN) GO TC 31
II=IBANDW(I)
JKL=JKOP+1
13 IX=11-1
A(NOPROW,TII)=A(NOPROW,IX)
ICOLI{NCPROWSsII)=ICOL(NOPROWsIX)
II1=1IX
IF{IXeGE«JKL) GO TC 13
A{NOPROW, JKOP )=AAA(JUKPI)%*CW
ICOL({ NOPROW s JKOP) =NNCOL (JUKPI)
IX=ICOL(NCPROWs JKCOP)
GO TO 19

MINROW AND THE ROW BEING CONSIDERED CONTAIN THIS ELEMENT.
SHIFTING OF BOTH ROWS IS DCNE AND NOPROW 1S OPERATED

14 IX=ICCL(NOPROW, JKCP)
IF(IX.EQe.MAXCCL) GO TC 15
XX=AAA(JKPI)*Cw+A (NOPROW,JKOP)
A (NOPROW, JKOP )=XX

TESTING TC SEE IF ANY CTHER ELEMENTS WERE ELEMINATED OTHER THAN
MAXCOL IN THE NOPROW

ATEST=ABS(XX)}-ZTEST
IF{ATESTGT «040) GO TO 19
15 IBANDW(NOPROW )=IBANDW(NCPROW)~-1
IF(ISANDWI(NOPRDW))16+,156,17
16 WRITE(6+29)MINROW MAXCOL s NOPRCW
STorP :
17 I X=IBANDW(NOPROW)
DO 18 NK=JKDOP,IX
A(I+NK)=A(T 4NK#+1)
18 ICOL(I+NK)=ICCL(I ,NK+1)
IX=IX+1
ICOL{I»IX)=0
A(l.IX)=0.0
JKPI=JUKPI +1
GO TO 11
19 JKPI=JUKPI+1

MINROw DOES NOT COCNTAIN THIS ELEMENT SHIFT NOPROW AND CCNTINUE

|
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20 JKOP=JKDOP+1
GO 70 11

21 CONTINUE

22 CONTINUE

23 CONTINUE

ELEMINATE MINROW AND MAXCCL FROM BEING CONSIDERED AGAIN

LY

NPIV(NPT)=ICOL(NPT,1)
WRITE{6+35)MAXWID

BACK SUBSTITUTION

DO 24 1I=1:NPT

24 AAA(I)=0.0
D0 27 1I=1,NPT
II=NPT-I+1
LM=IBANDWI(II)
NP=NPIV(II)
IF(NP.EQ.0D) GO TO 27
DO 26 J=1,LM
NN=ICOL(I1,3)
IF(NN<EGQeNP) GO TO 25
P(II)=P(II)—=AAA(NNIXRA(ITI,J)
GO TO 28

25 1J4=J

26 CONTINUE
AAA(NP)I=P(ITI)/7A(TI1,14)

27 CONTINUE

STORE THE SCLUTICN IN THE FIRST COLUMN OF THE MATRIX (A)

DO 28 I=1,NPT
A(I,1)=AAA(T)
28 CONTINUE
GO TO 33
29 FORMAT(//*MATRIX 1S SINGULAR? /*MINROW=',I5,*MAXCOL="', 15, *ROW OPERA
XTED'.15//) :
31 WRITE(6+32)I,LL
STOP
32 FORMAT( *COLUMN DIMENSICNS OF NCOL AND A EXCEEDED IN ROW',IS
Xs "WHILE THE NUMBER CF ROWS CPERATED WERE®,IS
X///710Xs *INCREASE THE VALUE CF THE VARIABLE (NNN) IN THE INPUT DATA
X?/10Xs *AND ACCORDINGLY THE COLUMN DIMENSION OF THE MATRICES (A) &
X(ICOL) *)
33 RETURN
35 FORMAT(1H1////10Xs"NOTE*/10X>4(*%%)//14Xs'THE VALUE CF THE INPUT V
XARIABLE (NNN) IS SUFFICIENT FOR THE SOLUTION PROCESS!

X/714X+* THE ACTUAL VALUE NEEDED 1IS',I5)
END
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SUBROUTINE SCLVE

REAL*8 XsY9+AA BB
COMMON/WAG/A(457380)9S(33+33)+8B(33+,379)+L(379933)s INTERN(14,33)
X+ IBOUND(14+33),LQQ(33),MQQ(33),IMG(817),1D
CCMMON/PAR/KTCT o NRED s IMAXBs IMAXIsNREQ
CCMMON/MNL/LMT(78) s LNT(78)

COMMON/SMA/XY(817)sP(457) +STOR(33)sI1CCL{(457,80)
COMMON/MIL/Rs GAMASPSTGsTSTGsSTWDTHsSTRTLSVNL VN2
COMMON/ESM/WDTH(100) +RI»R0O DRNsDANGsDTHET ,DENS
COMMON/NWL/ICCMP s IFOCRMsNITR sNPRNT sIPR 4NELD»KT
COMMON/WAD/ IK s ISTEP s ISTRT s JSTRTsNSTPS s IDN
COMMON/ZAK/THET(9) +BET(9) sGAMM(S)
CCMMON/TRZ/MTOT sNTOTSLTOT sNBW 4NBW1 s NBWP
COMMON/SPC/X(817),Y(817)
CCMMON/LOC/ISTsNWsIL+KMM,IUl1,IST2
COMMON/ALT/ IELs ITA»TINSLINs IN15IN2,IU2
COMMON/HAP/IDN] s IM1 4 IM241A, IB,MATCH, MATCHI1
COMMON/ZALF/MTCOTPeMTOTM MR +MC s JELE »JELIM,JCOL
COMMON/BAT/ZTEST» IMAsIMBsMTOT1sMTOT2sMRM s IMM,MAA
COMMON/GAM/MTCKM, ITER+MTM,LBC(84),MBC(84)
COMMON/TAG/L(1812),M(1812),N(1812)
COMMON/BOL/AA(3+3),8BB(353),RHO(1812),VN(84)sFAI(1246),EPS
CDMMON/SIA/NSUBB(14)'NSUB'(14)

COMMON/SHO/LZ sMZWNZ

COMMON/MAR/TEM(457),1LG(457)
COMMON/RTH/AAA{AS7) s IBANDW({457) +NPIV{457) +NNCOL(457) 4 NPT 4 NNN
COMMON/NAL/GUANT» IRR» ILL

COMMON/FLT/IRAD

DIMENSION RB(33,33)

KNOWING THE VELOCITY POTENTIAL VALUES AT THE EXTSERNAL NODES,
CALCULATE THE VALUES ASSOCIATED WITH THE INTERNAL NODES INSIDE
EACH SUBDOMA IN

DO 19 1I=1,NRED

19 P(I)=A(I»1)
DO 80 1=1,.KTOT
DO 20 IJ=1,IMAXI
DO 10 IK=1+,IMAXI
S{(IJ+IK)=0.0

10 CONTINUE

20 CONTINUE
DO 40 IJ=1,IMAXI
DO 30 IK=1sNRED
B(1JsIK)=0.0

30 CONTINUE

40 CONTINUE
K=l
CALL INTRNL(K)
NSUBI1=NSUBI(KXK)
NUM=NSUBI 1
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CALL RECIP{RB,NSUBI1)
1500 DO 41 IJ=1,NUM
DO 241 1Q=1,,NRED
TEM(IQ)=B(1J,1Q)
241 CONTINUE
SUM=0.0
DO 242 1L=1,.NRED
SUM=SSUM+{(TEM(IL)*P(IL))
242 CONTINUE
B(IJs1)=SUM
41 CONTINUE
DO 50 IJ=1,IMAXI
50 STOR(1J)=0,0
DO 51 1J=1sNUM
SUM=0.0
DO S3 IL=1.NUM
SUM=SSUM+(S{IJ,IL)*B{ILs1))
53 CONTINUE
STOR(IJ)=SUM
S1 CONTINUE
DO 60 IJ=1+NUM
60 STOR{IJI=—=1.0%STOR(IJ)
PLACE THE NODAL VALUES OFTHE VELGCCITY POTENTIAL INSIDE THIS PARTICULAR
SUBDQOGMAIN IN THE PROPER PLACES OF THE GLOBAL CCOLUMN VECTOR FAI(1)

DO 70 IJ=1s.NUM

IJJ=INTERN(K,1J)
70 FAI(IJJ)I=STOR(IY)
80 CONTINUE

PLACE THE NODAL VALUES CF THE VELOCITY POTENTIAL ALONG THE DIFFERENT
BOUNDARIES IN THEIR CORRESPONDING LOCATIONS IN THE GLOBAL VECTGR

DO 90 IJ=1,NRED
90 FAI(IJ)=P{IJ)

RETURN

END
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SUBROUT INE PHYS

REAL%*8 X,YsAA 8B
COMMON/WAG/A{857:80)3S(33+33)+8(33+379)+C(379+33)+INTERN(14,+33)
X IBOUNDI(14+33)sLGG(33),MAQ(33),IMG(817)51ID

C CMMON/PAR/KTCT«NRED« IMAXB, IMAXI 4 NREQ
COMMON/SMA/ZXY(817)sP(457) +sSTOR(33),IC0L(457+80)
COMMON/MIL/RsGAMAIPSTGeTSTGsSTWDTHsSTRTLsVNL1sVN2
COMMON/ESM/WDTH(100) »RI sR0s CRN,DANG+DTHET ,DENS
COMMON/NWLZICOMP» IFORMsNITR sNPRNTsIPR+NBLDsKT
COMMON/WAD/IKsISTEP S ISTRT ¢+ JJSTRT+NSTPS+ IDN
CCMMON/ZAK/THET(9) +BET(9) s GAMM(S)
COMMON/TRZ/MTOT s NTOT s LTCT +NBWsNBW 1« NBWP
CCMMON/SPC/X(817) »Y(817)
COMMON/LOC/IST+NW sIL oKMM,IUL,1IST2
COMMON/ZALT/IELs ITAs IIN,LINs IN1,IN2,sIU2
COMMON/HAP/IDNL s IM1 4 IM2,1A, IB,MATCHsMATCHI1
COMMON/ ALF/MTOTRP s MTOTMsMR3MC s JELE +JEL IM,JCOL
COMMON/BAT/ZTEST » IMA, IMBsMTOT1.MTOT2+s MRMy IMM, MAA
COMMON/GAM/MTCKM,ITERSMTM,LBC(84) ,MBC(84)
COMMON/TAG/L{1812),M(1812),N{1812)
COMMON/BOL/AA(3+3)+48BB(3+3)sRHC{1812),VN(BA)»FAI(1246)EPS
COMMON/SIA/NSUBB(14),NSUBI(14)
COMMON/EZZ/U1(1812),V1(1812)

C OMMON/FLT/IRAD

COMMON/ACM/PRCP(817,7)

THIS SUBROUTINE COMPUTES THE FLOW PHYSICAL AND THERMODYNAMIC
PROPERTIES +NAMELY THE VELOCITYsTEMPERATURE,MACH NUMBERPRESSURE
AND DENSITY

TRANSFORM THE SYSTEM TOPOLOGY BACK TO THE UNSUBSTRUCTURED MCDEL

DO 1003 I=1,MTCT
1003 XY(1)=0,.0

DO 1004 I=1+MTOT

IMGG=IMG(1I)
1004 XY{(I)=X(IMGG)

OO0 1005 I=1+MTOT
1005 X{(1)=XY(1)

DO 1006 I=1,.MTOT
1006 XY{1I)=0.0

DG 1007 I=1.MTOT

IMGG=IMG(I)
1007 XY(I)=Y(IMGG)

DO 1008 I=1,MTCT
1008 Y(1)=XY(I1)

DO 1009 I=1,MTOT
1009 XY(I)=0.0
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DO 1010 I=1,MTOT
IMGG=IMG(I)
1010 XY(I)=FAI{IMGG)
DO 1011 I=1,MTOCT
1011 FAI(I)=XY(1)
DU 11 I=1,NT0OT
L1=L(1)
M1=M(1)
N1=N(I)
DG 4 J=1,MTOT
IF(L1.EQ.IMG{J)) GD TC 5
4 CONTINUE
S L(I)=J
DO 6 J=1,MTOT
IF(M1.EQ.IMG(J)) GO TO 7
6 CONTINUE
7 M(1)=J
DO 8 J=1,MTOT
IF(N1.EQeIMG(J)) GO TO 9
8 CONTINUE
N{(I)=J
11 CONTINUE

O

CALCULATE THE AVERAGED FLOW PROPERTIES AT EACH NODE

IK=IRAD
DO 10 I=1.MTOT

10 FAI(I)=FAI(I)%STWDTH*VNI1
WRITE{(H6:600)
DO 437 I=1,.MTCT

437 WRITE{6+610)1 ,FAI(I)

DO 13 I=1+MTOT
DO 12 J=1,7
PROP(1+J)=0.0

12 CONTINUE

13 CONTINUE
WRITE(6,601)
DO 30 I=1NTOT
LA=L(1)
MA=M(I)
NA=N(I)
Bl=Y{MA)=-Y(NA)
B82=Y(NA)-Y{(LA)
B3=¥{LA)~=-Y(MA)
Cl=X{NA)-X(MA)
C2=X{LA)=X{NA)
C3=X{MA)Y=-X(LA)
AR=0eS* ({ XUMA )XY (NA) ) =(XINA)XY(MA)I+( X(NAIRY (LA) )=(X(LA)XY(NA)) +
X{X{LA)®Y(MA))=( X{MA)%RY{LA)))
AR=ABS ( AR)
UL(I)={(B1*FAI(LA))+(B2*FAI(MA))+{B3%FAI(NA)))I/(2.0%AR)

79




VI{I)={(CL2FAI(LA))F+(C2*%FAI (MA))I+(C3%FAI(NA))} )/ (2.0%AR)
U2=ABS(U1(1))
v2=ABS(VI(I))
V=((U2%%2,0) +{V2%%2,0))%%0e65
IF(UL(T )eGT «0«000ANDeV1{(I)eGTe0+000) GO TO 40
IF(ULI(T)elLTe0e000ANDeVI{(I)GT<0.000) GC TO SO
IF(ULI{(I)eLTe0e000eANDeV1I{(I) L T«0+000) GC TO 60
IF(UL{T)eGT a0 4000 ANDeV1(1I)sLT0000) GC TO 7O
IF(UL{I)eEQe0+000ANDV1I{1)eGTL0.000) GO TO 8O
IF(UI{I)eEQe0e0004ANDV1I{1) L Te0«000) GC TO 90
IF(UL(I1)eGT e0eD00«AND«V1I{(I)eEQe0.000) GO TO 100
IF(UL(I)elTe0e000AND+V1I{(T) .EQG.0000) GC TO 110
IF{ULI(I)eEQe0e000sANDV1I{(1)eEQeD000) GC TO 120

40 ANGLE=(ATAN{(V2/U2))%57.296
GO0 TO 130

50 ANGLE=(3142-{ATAN(V2/U2)))*57.296
GO 70O 130

60 ANGLE=(3142+{ATAN(V2/U2)))*57.296
GO TO 130

70 ANGLE=(6.283~(ATAN{V2/U2))) ¥57.296
GO TO 130

80 ANGLE=90,0
GO TO 130

90 ANGLE=270.0
GO TO 130

100 ANGLE=0.0
GO TO 130

110 ANGLE=180.0
GO To 130

120 ANGLE=0.0

130 TLOC=TSTG={ ((VE%2 40 )*(GAMA=1+0))/ (2.0 *GAMAXR) )
AMAK=V/{({GAMAXRXTLOC) ¥%¥0.5)
POWER=1+0/({GAMA~-1.0)
RHO(I)=DEN$/(1.000+(((GAMA—I.000)/2.000)*(AMAK**2.000)))**POWER
QLOC=RHO( I)*R*TLOC
TLOC=TLOC/TSTG
DENST=RHO(I ) /DENS
QLOC=QLOC/PSTG
AMAK=V/ABS{VN1}
PROP(LAS1)=PRCP(LAL1)+UL(]I)
PROP{MA+1)=PROP{MA,1)+UL(I)
PROP(NA,1)=PROP(NAs1}+J1(I)
PROP(LA2)=PRCP{LA+2) +AMAK
PROP{MA+2)=PRUOP (MA» 2) +AMAK
PROP{NA,2)=PRCP(NA»2) +AMAK
PROP(LA+3)=PRUOP(LA+3) +Vi{(I)
PROP(MA,3)=PRUOP(MA,3)+V1(1)
PROP(NA +3)=PRCP{NA,3)+V1{1)
PRCP(LA4)=PRCP(LA,43)+TLOC
PROP{MA 4 )=PRCP{MA,4)+TLOC
PROP(NA 44 )=PRCP{NA,4) +TLOC
PROP{LA +5)=PRCOP(LA»S)})+QLOC
PROP{MA,+5)=PRCP{MA,S5) +QL0OC
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30

340

PROP(NA,5)=PROP (NA,5)+aL0OC
PROP(LA+6)=PRCP (LLA,56) +DENST
PROP({MA 6 )=PRCP (MA+6) +DENST
PROP{NA+5)=PRCP(NAs6) +DENST
PROP(LA +7)=PRCP(LA+7) +1a0
PROP{MA 7 )=PRCOP{(MA-+7)+1.0
PROP(NA 37 )=PRCP{NA+7) +1.0

WRITE(6+8202)I,L({I)sM{I)eN(I)sVsAMAKsANGLE» TLOC +»GLOCsDENST

CONTINUE
WRITE(6+630)

DO 350 I=1,.MTOT
DD 340 J=1+6
PROP(I+J)=PROP(I,J)/PROP(I,7)
CONTINUE
ULl(I)=PROP(I,1)
VI{I)=PROP(I,2)

U2=ABS{UL(IVYY -7

vaz=ABS(VLI(E)Y . e

8040

8050

8060

8070

8080

8090

8100

8110

8120
8130

IF{UL{I)eGT e0+000eAND«V1(1) eGTs04000)
IF(UL(I)elTe0e000sANDSV1I{(I)eGT0.000)
IF(UL(I)elLTe0e000+sANDeV1I{]) L T0.000)
IF(UL({T1)eGT a0 000 ANDeV1(1I)sLTe0.000)
IF(ULI{1)eEQea0e000«ANDeV1I{1)eGT0000)
IF(UL(T)eEQa0e000sANDeV1I{(I) oL Ta0s000)}
IF(UL(I)eGT ¢0 4000 e¢AND aV1{1)eEQs0+000)
IF(UL(I)elTeO0e000sANDeV1I{1)eEQe0.000)
IF(ULI(I)eFEQe0e000AND,V1I(1)eEQeQe000)
ANGLE=( AT AN(V2/U2))*¥57.296

GD TO 8130
ANGLE=(3+142-(ATAN(V2/U2))) %57.296
GO TO 8130
ANGLE=(3.142+(ATAN(V2/U2)) ) %57 296
GO TO 8130
ANGLE=(6.283-(ATAN{V2/U2))) %57 +296
GO TO 8130

ANGLE=90.0

GO TO 8130

ANGLE=270.0

GO TO 8130

ANGLE=00

GO TO 8130

ANGLE=180.0

GO TO 8130

ANGLE=0.0

CONTINUE

Uul=utl (1)

VVi=Vi(1I)
PROP(I+1)=C((UUL1XUUL)I+(VV1%XVV1)}))*%0,5
PROP{1I +»3) =ANGLE
WRITE(6+620)1+(PROP(I,K)sK=1,4€)

350 CONTINUE

600 FORMAT(1H1//4SX,*VELCCITY POTENTIAL DISTRIBUTION'/

GC
GO
GC
GO
GC
GO
GO
GG
GC

X45Xe31("%*)//46Xs INODE"* 45X "POTENTIAL*/)
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T0
TG
TC
TC
T0O
TO
TC
TO
T0

8040

8050 -~ -

8060
8070
8080
8090
8100
8110
8120

P




610 FORMAT(45X+1544X9E1245)

601 FORMAT(1H1//39X+*FLOW PHYSICAL AND THERMUODYNAMIC PROPERTIES®
X/ 39X 42(* %7 ) /53X, *INSIDE ELEMENTS?*/53Xs1S("%%)///

X3Xs'ELEMs NOe®s13Xe'NCDAL NUMBERS*,10Xy*'V MAGNITUDE®+2Xs "V/INLET V
XELe® 34X+ VELe ANGLE? ,3X+* TEMPERATURE? 47X, {DENSITY? ,56X, tPRESSURE?
X/ 22Xs *OF ELEMENT VERTICES'//)

8202 FORMAT(6X21558X33{1X+15)+8Xs6(2X+E12.5))

630 FORMAT(1H1//39X,*FLOW PHYSI CAL AND THERMODYNAMIC PROPERTIES*/39X
X»42(*%%)/50Xs YAVERAGED AT EACH NODE®*/SO0Xs21(**°%)///24X+*NODE*
Xe3Xe*V MAGNITUDE® s2X+*V/INLET VELe's4Xs*VELe ANGLE',3Xs ' TEMPERATUR
XE®,7Xs "OENSITY' 36X, "PRESSURE*//)

620 FORMAT (23X 15s6(2X+sE1245))

140 RETURN

END
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nonnn

SUBROUTINE MASFLW

REAL*8 Xs;Y,AA+88
COMMON/WAG/A(457,80),5(33‘33),8(33’379)9C(379v33)vINTERN(14933)
Xs IBOUND(14,33),LQQ(33).MAQ(33),IMG(817),1D
COMMON/PAR/KTOT sNRED s IMAXB, IMAXIs NREQ
COMMON/SMA/XY (B17)sP{A4S7)+STOR{33),1C0OL(457,80)
COMMON/MIL/RsGAMAPSTGsTSTG+sSTWDTH,STRTL » VN1 s VN2
CCMMON/ESM/WDTH(IOO)tRI'ROiDRN,DANG,DTHETQDENS
COMMON/NWL/ICCMP, IFORMINITRaNFRNT s IPR, NBLDLKT
COMMON/“AD/IK.ISTEP’ISTRT’JSTRT’NSTPS’IDN
CCMMON/ZAK/THET (9 )sBET(9)s GAMMILS)
CCMMON/TRZ/MTCT+sNTOT,LTOT NBW,NBW1 « NBWP
COMMDM/SPC/X(817)+Y({817)
COMMON/LCC/ISTsNWeIL sKMM, IULl, IST2
COMMON/ALT/IELsITASTIINSJLIN, IN1,IN2,IU2
COMMON/HAP/IDN] s IM1+IM25sIAs IB,MATCH,MATCH1
CCMMON/ALF/MTOTP s MTOTMsMRsMC s JELE S JEL IM, JCOL
COMMON/BAT/ZTEST s IMASIMB s MTOT1 MTOT2 , MRM,IMM, MAA
COMMON/GAM/MTOK M, ITERsMTMLBC(84) ,MBC(84)
COMMON/TAG/L(1812) +M(1812),N{(1812)
CCOMMON/BOL/AA(3,3),BB(3,3)s RHC(1812),VN(84) sFAI(1246).EPS
CCMMON/SIA/NSUBB{14)+NSUBI(14)
COMMON/EZZ/UL1(1812) ,v1{1812)

COMMCON/FLT/IRAD

COMMON/ ACM/ PRCP (817+7)

CALCULATE THE FLOW DISCHARGE THROUGH EACH OF THE NOZZLE CHANNELS

WRITE(69170)

JON=IDN+]

JDN=1

IN3=IN1+2

IK=IRAD

IL1=IK~-2

IST3=IST+IULl+1

KI=IsT3

RK=R0

00 10 I=1.NBLD

FLW=OQO

NDSCT=0

IF(IeNEel) KI=MK2+IN1

DO 20 J=1,1IL1
K1=KI#+{(J-12%IN1)

IF(I.NEel sANDsJeNES1) KI=KI+{((J=1)*IN1)+1
K2=K1+ 1INl

IF(leNEeol sANDsJoEQel) K2=K2+1
MK2=K2 e

T DGI30 K=1.NTAT

TF(L(K}sZGe KI.AND.N(K}.bQ.KZ) GG TQ'#O

39 GUNTINUE:
43 KF=RY
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UOY-f(hl
(“EY*”DY))**O.~
XQ—XL/RD
YC=YC/RC:
-Diau-~1.04DOL*L(XC*UL\AJ))+{YC¥V1(KJ)))
FLia=srLw+DISG
23 COMTINUE
FAI(I)=FLw
19 COMNTINJE
SEM=00D
CC 1005 I=1h8LD
SUM=SUM+FATI (I}
3505 CONT-INUE:
DO IO 0 ST =y NBLD
Fal{l)= Al(l)/SLM
FAI(T )= NBLD*FAI(I)
WE 1TSS e 1?5 ) Le&ALIL Y
1010 CONTINLE
170 FORMAT(1HL1//35X+'RATIC OF CALCULATED T& THEORETICAL FLOw DISCHARGE
X IAEX ,aG( +%1) /43X, + THROUGH EACH OF THE NOZZLE CHANNELS1/43X,3S(**x?
X )l dokr ZX e UINCZZE B ChANNEL':BX,'FLCh~&ISCHARGE!/)
17 Q”P#AT{54X}IS;3X,51205)
RETURN
END
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Input Data

It is relatively easy to prepare the program input which
consists of only a few cards. The input data is classified
and described in Table Al, with the corresponding formats in
the correct order. Figures Al and A2, illustrate the wvarious
input parameters, and Table A2 provides one set of sample
input data in the appropriate units.
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Number of

Classification Type of Input Data Input Variablés Format Cards

1 The stator unit operat- R, GAMA, PSTG, TSTG, VN1 (5F10.0) 1
ing conditions

2 The flow domain major STWDTH, STRTL, RO, RI (4F10.0) 1
dimensions

3 Finite element model NBLD, ISTRT, ISTEP, IDN, (6I5) 1
discretization para- NUNV, IK
meters

4 Nozzle vane geometry [THET(I), I=1, IDN+1] (8F10.0) [IDN+1) /8]

5 Nozzle vane geometry [GAMM(I), I=1, IDN] (8F10.0) [IDN/8]

6 Column dimensions of NNN (I5) 1

the partially packed
arrays [A] and [ICOL]

TABLE Al.

DESCRIPTION OF THE INPUT DATA.




TSTG

AMH

“ o]
SR

o

G

0

A

1¢) ||
B[712(6,6]

PstTo

Ro

olelels] ||| oi-|olrj2s| || ki

.

AMH
0

]

G

1}5/0,00{0]- 0

o

5

GAMA

STRTL

voui | |

;

r$TEP| IDN

o)

el |

U

i . _ : > ! _ _7 o3

I . b~ L Ol haTs =

I T ¥ P =T IRioy: i~
- ©__ IR~ Yo I¥= ; <
- &y q_© ™ 1L~ T =X o
- ~_ IRT=T | =T8N~ <O |z@ 1o
i Hoa) T . m_ H I (& X T . _|w
= ~ s T = S %! !
,nm * 1=

o)
~3

TABLE A2, SAMPLE INPUT DATA.




F1G, Al. DETAILS OF THE FINITE ELEMENT MODEL
(NUMBERING SCHEME AND INPUT PARAMETERS) .
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FIG. A2, THE VANED NOZZLE REGION INPUT PARAMETER,



The Program Output:

A sample output is given which corresponds to the input data
of Table A2. Only the first few lines of the various output
sections are reproduced, since the complete output is very 1long.
These sections have been numbered to correspond to the following
description:

(1) The first section is a list of the input data as it
appears in Table A2.

(2) Calculated program constants which include the variables
to be used in discretizing the solution domain.

(3) A listing of the array WDTH which is calculated in
subroutine DATA. ’

(4) The arrays X and Y containing the coordinates of the
nodal points (only parts of these arrays are shown) .

(5) This note gives the value of the variable NNN which
was actually needed to solve the final set of equations.

(6) A listing of the potential discrete values (only part
of the array is shown).

(7) A listing of the flow physical and thermodynamic
properties inside the finite elements which includes the velocity
magnitude (mt/sec), the nondimensional velocity (normalized
with respect to the stator inlet velocity), the velocity angle
in degrees (the inlet velocity Vl in Fig. 1 has an angle of 180°),
followed by the thermodynamic properties (temperature, density
and pressure) all normalized with regard to the stagnation values.

(8) The same flow properties as in (7) averaged at the
nodes.

(9) A listing of the mass flow rate through each blade-to-

blade channel (nondimensionalized with regard to the mean value).
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INPUT DATA
KRS REEEE

f
0.2B7005+403

STWDOTH
0.18750E+00

NOLD ISTRT
13 6

ARRAY THETZ
ARRAY GAMMZ

NNN
80

S ND o F

0.15708F+01
0+.34907E-01

GANA
0.14000C+01

STRTL
0.104007400

PSTG
0.15000F +06

RC
0.88500E~01

ISTEP IDN NJUNV

5

HNPUT D

Ce
0+10646E4+00

5 4

171 91E¢01} 0. 183262401
0.87266E-01

AT A

TSTG
0.2B8900E¢03
fil

0. 72500E~01

VN1
0«32300E402

0.1968TE+01 0.21328E¢01
0.45379€E-01



PRCGRAM PARAMETERS AS CALCULATED FRCM THE INPUT DATA
LRSI RS AR S R N N R R R R A N R I R R R R AT SR R R 2

MICT= 817
NTOT= 292
LTOT= S50
KTO0T= 14

NRED= 379
NPT= 457

IMAXD= 33
IMAXT = 33

NOTE 2

LN K2 2N
AY THIS STEZP » IT 1S IMPCRTANT TO COMPARE THE PRECEEDING VALUES WITH THE DIMENSICNS OF THE AKRAYS IN THE CCMMDN STATEMENTS
THE LATTER SHOULD BE CF GFEATEP OR « AT LEASY , EQUAL MAGNITUDES



€6

-

ARFAY OF

THE SCROLL

PASSALEL WlLTH

CAEARERARSR SR ERRE RS ARAN AR SR A &
AT 65 STATIONS
EEEBEERREEKEXEN IS

STAT ION

S NN UN -

60

o2
623
64
6S

wWiDTH

0.18750£+00
0.18415£+00
0+18081E+00
0. 17746E+00
0.17412E400
0.17308C+00
0.16973E+00
0+16639E 400
0.16304E400
0«15970E¢00
0.15B65€400
0.15531E+400
0+15196F +00
0+14862€ +00
0.14527E400
0.14423E400
0.14089E +00
0.13754€+00
0«13419E+00
013005400
0.12981E+00
0« 12646E¢00
0.12312F+00
0.11977E+00
N0+110643E400
0«1153BE+00
0.11204E400
0« 10869E+00
0105356 +00
0.,10200F*00
0+ 100906E+00
0.97616E-01
0.94271€-01
0+90926E~01t
0.87580E-01
0.86539E~01
0.83193F-01
0+.79848E~01
0.76503E-01
0.731S7E-01
QGe72116E~-01
0.68770E-01
0+65425E-01
0.62080E~01
0.58734E-01
0.57693E~01
0.54347E-01
0.51002€-01
0447657E- 01
0.44311FE-01
0.43270€~-01
0+ 39924E-01
0436579E-01
0.33234E-01
0.298848C-01
0.28847E-01
0.25501£-01
0.22156E-01
0.18811F~01
0.154656—-01
0+14424F-01
0.,11078€E~-01
04773295-02
0.43875C0-02
0+16000€-02



143

Zz
[=]
o
m

QONOWO & WN=-

43
44
45

47
a8
49
50
St
w2
53
S4
585
S6
57
$8
59
60

NCODAL CODRDINATES
(TR ST R R SR R

X~COORD

0.104300400
0.104000400
0.104000¢00D
0.10420D400
0.104000+00
0.832000-01
0.83220D-01
0.832000-01
0.83200D-01
0.832000-01
0.624000-01
0.624000-01
0.62400D0-01
0.62400D-01
0.622000-01
0.41600D-01
0.416000-01
0.41600D0-01
0.416000-01
0.416000-01
0.20800D<01
0.20800D-01
0.208000-01
0.208000-01
0.208000-01
0.34986D-06
0.254790-06
0.10349D0-06
0.13595D~06
0. 11218006
-0.124860-01
-0.20835D-01
-0.296430-01
-0.346340-01
~0.36502D-01
-0.343710-01
-0.422390~01
-0.30501D-01
-0.222610-01
-0.16081D-01
~0.119600-01
~0.990030~02
-0.202930-01
~0.2H420D0-01
—0.371710-01
~0.45747D-01
~0.432230-01
~0440699D-01
~0.30175D-01
-0.598760-01
-0.43796D-01
-0.317360-01
~0.236960-01
~0.19676D~01
-0.27919D-01
“0.357260-01
-0.4425aD-01
-0.521930-01
~0.493130-01
~0.4464340-01

¥Y-CCORD

0.27600D400
0.201000+00
0.14475D0400
0.10725D400
0.88500D-01
0.276000400
0.20100D+00
0.12475D+400
0.107250+00
0.885000-01
0.27600D+00
0.201 000400
0.1447504+00
0.107250+00
0.885000-01
0.27600D0+00
0.20100D+00
0.14475D400
00107250400
0.885000-01
0.27600D+00
0.2010004+00
0.14475D400
0.10725D+00
0.885000-01
0.276000400
0.20100D0+00
0.14475D400
0.10725D400
0.885000-01
0.935720-01
0.777570-01}
0.705230-01
0.613490-01
0.5796aD-01
0.545790-01
0.51194D-01
0.27094D+00
0.19774D4+00
0.14284D+00
0.10624D+00
0.A79450=01
0.820270-01
0.75316D0-01
0.668620-01
0.56245D-01
0.531410-01
0.%00380-01
0.469350-01
0.26257D400
0.19206D+00
0.13917D+00
0.103910¢00
0.862850-01
0.79754D-01
0.721380-01
0.624000-01
0.50320D0-01
0.47544D=01
0.447680-01



S6

NCTE
LA RS

THE VALUE OF THE

INPUT VARIABLE (NNNM)

THE ACTUAL VALUE NCEDED 1S 76

IS SUFFICIENT FDR THE SOLUTION PROCESS



VELOCITY POTENTIAL DISTRIDUTICHN
SERE SRR A IR AR R ORI EE K SRS
NQOE POTENT 1AL

1 ~0.1614BE+02
2 “0+1597T4E£402
3 ~0.1S751E+402
4 -0.15654E+02
5 -0.15641E+402
6 ~0.15489€C+02
7 -0.15308E+02
;] ~0+.15072E402
9 ~0.14960E402
10 -0+ 18954E402
11 -0+ 18859E ¢02
12 -0.14653E€402
13 ~0.14381€E402
| ~0+.1A250E+02
ts -0.18231E¢02
16 ~0.184260E402
[ &4 -0.14012E¢402
18 ~0.13678E+02
19 -0.13493£¢02
20 -0.13463E¢02
21 -0+ 13699E402
22 -0e13388E+02
23 ~0+12965E402
24 -0.12686E¢02
25 “«0,12621€C+02
26 -0.131A7E+02
27 ~0.12T7BO6E+02
6 28 ~0.12251E+02
E 29 -0.11818€+402
30 ~0.11617E+02
31 -0.,10825¢E ¢02
32 ~0.10246E4¢02
33 =0.96655E+01
33 -0.90357€+0)
a5 -0.89924E401
36 ~0.89400E+01
37 -0.88801€+01
38 ~0«12473E¢02
39 -0.121484E4¢02
40 ‘=0.11689E+02
41 ~0.11298E402
42 -0.11067€4+02
a3 ~-0.10404E£¢02
44 -~0.93636E+01t
45 -0.92850E+01
46 ~0.85643L+01
a7 ~0.95060F+01
48 ~0.04465E+01
49 -0.A3845C+401
S0 ~0.11802E¢02
51 =0« 11520E¢02
52 -0 .11 12CE+02
53 -0.10773L+02
54 -0.10552C¢02
55 -0.10013C+02
S6 =0+95059E+01
57 ~0.38832E401
58 ~0.,40696L+01
59 ~0«80095E401
L 60 -0s 7T2ABOLE+O1




L6

ELEM,

NDeo

O NDPUVS W -

10

12
13
14
15
16
17

19
20

o~
<

23
24
25
26
27
28
29
3o
31
32

34
as
36
kY
38
39
a0
41
42

43

as
46
47
49
a9
50
S1
52

5S4
55
S6

58
59

ofF

COVCONND2VEDELUNN -

NODAL NJMDERS
ELEMENT VERTICES

39
39
40
40
41

a2
42
43
43
44
44
A5
443
46
46
a7

42
N
43
3z

a3
45
3Ja
AL
a5
a7
36

INSIDE ELEMENTS
SEEEEE RN ES R

V MAGNITUDE

0+31742E+02
Q.32131E+02
0.+32284E402
0.32ATTE+02
0.3271254¢02
0.33117€+02
0.33006E+02
0.33966E¢02
0e«30a11E+02
0.316501E402
0+31757E+02
0+33576E+02
0+33184E+02
0+346B6E¢+02
0.34517€E402
Q0.34739E¢02
0.28921€+02
0.30997E4+02
0431196E402
0+34335E+02
0433999E4+02
0+36700E¢+02
0+36382E402
0.36964E+02
0.27158E¢02
0+30277E402
0+30572E¢02
0.3S085E402
0+434621E¢02
0039523%¢02
0.,38851E+02
0.40657E+02
0425001E¢02
0429410E402
0.29884E+02
0«35599E+02
0.35103E€¢02
0+43316F+02
OCe.41889E4+02
0.49416E+02
0+2147E¢+02
0.28751€¢02
0.29049C4+02
0,35625E+02
0+35516E402
0.424876E4+02
0.43861E¢02
0.57615E402
0« 59021E402
0.55533E¢02
0.+56991€+02
0+51236E4¢02
0509536402
0.47558E¢02
0.45077€+02
0539446402
0.54366%+02
0.61555E¢02
0.59589E+02

V/ZINLET VEL .

0.98274E +00
0.994T6E+00
0.99952E 400
C«10179E¢01}
0.10127F +01
0.10253E+01
0.10219E+01
0.10237E+01
0.93151E+00
0978356400
0.98320E 100
0.10395C+01
0.10323E+01
0.10739E+01
0.1068B6F +01
0.10755+401
0.89538E400
0.95967E¢00
0.96582E+00
0«10630E+01
0.10526E+01
0,11362E401
0.11264E¢01
O0.11543E401
0.84080E+00
0.93736E4+00
0.94651E 400
0.10862E£401
0.10719CE¢01
0.12237E+01
0.12028E+01
0.12587€E+01
0.77402E+00
0.91053E¢00
0.92520F ¢00
0.11021E+0tL
0.10868E+01
0«1341154+01
0.12969C+01
0.15299C 01
0.71664< 400
0.890143E+00
0.89936E 400
0.11029¢01
0.10996L¢01¢
0.13893E4+01
0.13579E¢+01
0.17837L2401
0.18273E+401
0.17193:+01
0el76GaALC0 1
0.15862C +01
0e15775E¢01
0.14724E401
0.15194L301
0.16701E+01
0.10831F 101
0+.19057L.#01
O0.18440E401

FLOW PHYSI CAL AND THERMODYNAMIC PRCPERTIES
Ott#t#tttttt‘tt‘.?ttt‘bkt‘t‘tl’tt“.t.‘t!t

VEL+ ANGLE

0+« 18421E+03
0.18435E+03
0. 187T09E+03
0. 1A733E+03
0.18454%4+03
0. 18486E+03
0.,18121E4+03
0.18132%+403
0.18459E+ 03
0.18501E+023
0.18759E+03
0.18829E+03
0.18482E+0]
0.18582E£+013
0.18127€4+03
0.18165E403
0.18547E403
0.108615E+0)
0.18893£+¢03
0. 18998E¢03
0.18594E+03
0.18772E£+403
0.18158E+03
0.18252E¢03
0.18702E+03
0.18791E+03
0.191225¢403
0.19230E+03
0+18819E+03
0.19087%4¢03
0. 18240E£4+03
0¢18494E403
0. 18958BE+03
0. 19048E+03
0.19460F£¢03
0. 19552E+4 03
0419226E4+03
0.19551%¢03
0.1B479C+03
00 19252E¢03
0.49335E+03
0. 19536E+023
0.19913E+03
0.19981E4+03
0.19903F+03
0.20014E+403
0.19414E+03
0.19901E+03
0.20328E403
0.20855E£+ 01
0.21276€4+0]
0.21839E+01]
04 21752E403
0.22307E+03
0.22812E4+01]
Ne21929E¢03
022368E4+03
0.232856403
0.22495E 401

TEMPERATURE

0.99026E4¢00
0.99822£+00
0.99020E+00
0.99814E6+400
0.998165+400
0.99811E¢00
0.99812E400
0.998125+00
0.99821€+00
0.99828E+00
0.99826E+00
0.99806E400
0.99A08S+00
0.99793E400
0.99795E+00
0.99792£400
0.99856E+00
0.99835E+00
0.99832E+00
0.99797E4+00
0.99B0LE+00
0.9976BE#$00
0.99772€400
0.99765E+00
0.99873E400
0.99842E+00
0.99839C 400
0.99788E+00
0.99794E400
0.99731E+00
0.99740E4+00
0.997155400
0.99892E400
0.99851E400
0998465400
0.99782E4+00
0.99788E+00
0.99677F+00
0.99698E+00
0.59579€+00
0.99908£+00
0.99858E+00
0.99855E4+00
0.99781C+00
0.S97BIE+0D
0+99653E+00
0.99669E400
0.99428E400
0.99400C 400
0.99469E+00
0.99441C+00
0.99543E400
0.99553C+00
0.9961 05400
0.99585€E4+00
0.99499E400
0.994915+00
0.99347C+00
0.99388C+030

DENSITY

0«993193E+00
0.99379E+00
0.99373E400
0.99350E+¢00
0.99356F +00
0.99340E+00
0.99345E+00
0.99342E+400
0.99444E400
0.99399E+ 00
0.99393E+00
0.99322E+400
0.99331F+00
0.9927TE+00
0.99284E+00
0e992TA4CZ400
0.99497E+00
0.99422E+00
0.99414E+00
0.99291E400
0.99305E¢00
0«.99190E+400
0.99204LC+00
0991795 +00
0.99556E+00
0.99448E+00
0.99438%+00
0499260E4+00
0.99279E400
0.99062E£400
0.99093E¢00
0« 99007F+00
0.99624E400
0.99480E+¢00
0.99463F¢00
