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ABSTRACT

In this study, the steady and incompressible flow:
between rotating, coaxial, finite disks is solved by the
Finite Element Method. In the analysis velocity and pressure
formulation is used. An iterative procedure which permits
linearization of the govérning equations is applied. Axi-
ASymmetrical-ring elements with triangular cross sections are
used to discretize the domain and the Galerkin Method 1is
applied to derive the element equatlons. A computer program
is develooed and the flow between a rotating disk and a sta-
tlonary shroud and the flow inside a cylinder rotating about
its axis of symmetry is investigated. It is observed that
secondary flows exhibit a single-cell structure for the flow
between a rotating disk an a stationary shroud and a double-
cell structure for the flow inside a cylinder'which rotates

about its axis of symmetrv.



iii

UZET

Bu c¢alismada, eksenleri gakisgik olarak d&énen iki
sonlu diskin arasindaki, zamana bagimsiz ve sikistirila-
mayan akisgin, sonlu elemanlar metodu ile niimerik ¢ozimi
amaglanmlstlr. Hiz ve basing formiilasyonu kullanilmis
ve denklemler iteratif bir ¢6ziim metodu uygulanarak
lineerlestirilmistir. ¢8ziim alani liggen kesitli, eksensel
simetrik elemanlara bdliinmiis ve eleman denklemleri
- Galerkin Metodu uygulanarak bulunmustur. Bir kompiliter
programai gelistirilmis; dénen bir disk ile duran bir.
muhafaza arasindaki akis ve dénén bir disk ile d&nen
bir muhafaza arasindaki akis problemleri incelenmisgtir.
tkincil akislarain ddnen bir disk ile duran bir muhafaza
ara51ndaki'akls igin tek hﬁcreli, simetri ekseni etrafin-
~ da ddnen bir silindir igiﬁdeki.akls igin ise iki hiicreli

bir yapi gésterdi§i izlenmisgtir.
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NOMENCLATURE

Disk spacing

Interpolation functions for pressure

‘Natural area coordinates:

Interpolation functions for velocity

Pressure

=p/pr3522 ' Nondimensional pressure

Disk radius |

=r29/v, Reynolds number based on disk radius
= dZQ/v, Refnolds number based on disk spacing
Velocity component ‘in r-direction |
=u/rosz, Nondimensional Velocity component-in :
r-direction '

Velocity componént in g-direction

=v/roQ, Nondimensional velocity component in

—direction

Velocity component in z-direction

=w/dq, Nondlmen51onal velocity component in

z—directionv

any field variable .

Nodal values of the field variable
Dynamlc v1sc051ty

Rotatlonal veloc1ty of the dlSkS

Density



INTRODUCT 10N

Due to its applications in turbines and lubrlcation-
of thrust bearings, the flow between £two rotatlng disks

has attracted continued attention.

A survey of the available literature shows that
con51derable information exists on fluid flow induced by
a rotating infinite disk in an infinite medium, but less
1nformatlon igs available about a rotating disk enclosed

in a chamber of finite dimensions.

'A. Free Disk

Fluld flow adjacent to a rotating disk is a subject
of widespread practical interest in connection with
‘steam and gas turbines, pumps and other rotating fluid
machinery. The modeling of the rotating elements as a
plane circular disk frequently has been found to be
useful The motion associated with rotation of the disk
in an infinite medium -the so called- "free—dlsk" is
. an example for which analytical solutions of the Navier-
stokes equations dre possible. For this_reaéon, ample
attention has been giVen to the analysis of the free
disk flow. ' |



Figure I.l- Flow in the Neighbourhood of a Disk Rotating in
a Fluid at Rest.

The first solution was presented by Von Kérmén(l) It

is shown that if the axial velocity of the flow is assumed
- to be 1ndependent of the radial distance, then the
Navier-Stokes equations can be reduced to a system of
nonlinear ordinary differential equations. Later the

solution has been improved by some other authors(5).

B. Shrouded Rotating Disk With Radial Throughflow

A shrouded rotating disk with radial inflow has been
studied by Soo (6). Later canover (7) has studied this
preblem experimentally.



Figure I.2- shrouded Rotating Disk With Radial Outflow

Mitchell and Metzger (8) have investigated the same problem
both analytically and experimentally.'Unfortunately'the
agreement between the ekperiment and the analysis'was'

not satisfactory. Investigations regarding the case of
radial outflow may be credited to Bayley and owen(9) .

Q} Enclosed Disk

Since most fluid machinery have an internal geometry
where non-rotating surfaces are located in close proximity
+o rotating surfaces, the case of a plane disk rotating A
in concentric cylindrical hbusing has received some
attention. The flow was investigated by SchultzQGrunow(S)
‘and Soo(6) . paily and Nece(10) have studied the problem
both experimentally and theoréﬁically for Reynolds numbers.
around lO5 to 107. They.also4considered various types of.
throughflow between the shroud and the tip of the disk as well

as no thréughflow case.



Figure.I.3- Enclosed Disk

Later the flow is studied by Senoo, Y , Hayami, H.,(II)

The solutions are obtained by maklng use of the boundary
layer theory. Mellor, et.al.(12) obtained a solutlon by
assuming infinite disks and reducing the governlng equatiol
to a set of ordinary dlfferentlal equatlons by using Von -
Karman's hpyhotesis, that the axial component of the velocity
is independent of the radial distance. In this case, the
Navier-Stokes equatlons can be reduced to a set of ordinar
differential equations. Nguyen, Rlbault and Florent(2),
Roberts and Shipman(3) are some other authors who studied

the problem of two infinite rotating disks.

Solution for the flow between a rotating'disk and a
_statlonary casing for intermediate Reynolds numbers,
using full Navier-Stokes equations,could not be - found

in the avaliable literature.



In this work, laminar flow due to a rotating disk
enclosed in a casing without fhroughflow is‘investigated.
A mathematical model of the problem is developed without
the use of any boundary-laYer approximations and the
resulting formulation is presented in chapter II.

The equations are solved numerically by using the Finite
Element method. The Finite Element formulation is

discussed in Chapter III.
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FORMULATTION

A. Governing Equations

For axisymmetrical and steady flow of an incompressible

fluid, the Navier-Stokes equations and the continuity

equation become(14) 2

2 - ; 2 : 2
u v, pu.-_-13 p7u . D 3 u
Uy -+ Wiy S 3t + v{a 5 * ar(r) + 2} (1.a)
r 32
2V, &Y 4 wdD = Y e ) o+ 2%y, (1.b)

9 9T T 3z v . or 'r az2 .

. ow . oW _ _ 1l 3p ., v{azw + 1 iﬂ + azw} (1.c)
U 3y Y3z Y g2 T OT 222 , .
3u ,u, %W _ o , - (1.9
9r ¥ 3 o ,
where u, vV, w are components of velocity in r, 6, and 2z

dlrectlons respectlvely and p 1s the pressure.



The Navier=Stokes equations are non-dimensionalized as:

2 : 2 PIR
a' v'T u' p' 1 1 3 13"
u' %}_'_ —"'I:.T""W' _g_;_= —%§T+—I@ {_2;%4'51:—(1") (.__) 3_‘_15} (2.2)
' . 3z’
2
' avl u'vl |EV' - l 2 Vl a Vl
u ar’ v 32" Re { \2 i * ) ,2} (2.b)
T 32
r
LA oW o _ 023 . 1 (aw 13N 0,2 3
T Yz i a3z’ Re ¢ )2 T or' M- 2z 5} (2.0
with the non-dimensional quantities:
z
r' = "'r'_r , 2' = g’ u' = _rug [ v' = —r—VQ , W= ’a%l P" = g 2 (3)
(o] o (o) 'pro Q

The following independent parameters in the non-dimensional

Navier-Stokes equations effecf the flow characteristics.

1- Reynolds Number- (Re .= ro(roQ)/v) = A flow parameter
r

2- The ratio (—75) = A geometrical parameter.

Where, r = disk radius, d = disk sbacing, Q = rotational

velocity of the disk (See Fig.II.1l).
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Fig.I1I.1l. A Rotating Finite Disk Enclosed in a Casing



B. Boundary Conditions

In this work, two different problems are treated

Problem (a) : Rotation of a disk enclosed in a stationary

housing

Problem (b) : Rotation of a circular eylinder about

its axis of symmetry.

_ since second order partial‘derivatives of u, v, and
w with respect to r and 'z appear in the equations, one
needs to prescribe two boundary conditions in both r and

- directions for each velocity component.

The boundary conditions for rotation of a disk enclosed

in a stationary housing are :

Boundary Conditions in r-direction

u _ 9v _ 3w _ ' _ '
—a—r- = —a*i_' = —a-—r- = 0 at r = 0 , ‘ (4a)
ua=w=0;v=0 - at T =r (4b,c)

Boundary Conditions in z-direction

a=w=0;v=20 - at'z = 0 (44, e)
(4£,9)

ua=w=20 ;v Qr at z
prescribed velocity conditions are the so-called

no slip conditions, whereas the conditions involving

first order derivatives are due to the symmetry about

the axis of rotation.
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Figure II.3- Boundary Conditions for Rotation of a Circular Cylinder
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For problem (b) the conditions (4c) and (4e) become °

(see Fig.II.c) :

Qro - at r==ro (4h)

<
1]

v = Qr at z=0 (49)

In both of the above formulations, centerline
conditions are based on symmetry considerations. The
boundary conditions along the -axis are of the Neumann's
type (Eg.4.a). Alternately, pDirichlet's type of conditions
may be prescribed, along the axis. Axial symmetry necessitates
that

u=v-=2~0 at r=0

and evaluation of the continuity equation (Eg.l1d) along the
axis gives
3w

- =0 at r=0

Which implies that

w = constant along the axis of rotation

s

Since we have the boundary conditions
w=20 ' ~ at z=0 and z=d
' This constant must necessarily be equal to zero.

Therefore, the Neumann‘s‘type of boundary conditions of
theAévae formulation can bé'replaced by the following
set of Dirichlet's type of boundary conditions
a=v=w=20 ' at r=0 (4h)
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Eq. (4h) will be used in the present study

Now, the formulation of the problem is complete.
This type of‘formulation which has the primary variables
velocity and pressure as dependent variables is known as
the velocity-pressure formulation. It is possible to
develop an alternate formulation by introducing a stream
function and the vorticity. This kind of.formulation is
called the stream function-vorticity formulation and
supplies two coupled equaﬁions in terms of thé streém
function and the vofticity. In this work, the velocity-.
r,pressure formulation is preferred since the corresponding
equations are of lower order. Another advantage of the
'velocity—pressufe formulation is that the pressure field
igs obtained directly from the coupled equations, whereas
in the stream function-vor?icity formulation, the pressure

field must be evaluated by solving a Poisson equation.
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FINITE ELEMENT FORMULAT ION

The governing equations are solved numerically with
the Finite Element Method. The concepts of discretizing
the continuum into a finite number of elements, and

expressing the variation of the field variable within
each element through interpolation functlons are two basic

ideas of the finite element method.

A. Domain Discretization

In the Finite. Element Method, the continmm jg divided
into a finite number of elements. Each element has associated
nodes and the values of the field. varlables at these nodes
are searched for. For the problem of rotating disks, the:
domain is axisymmetric. Therefore, axisymmetric-ring
‘elements with triangular cross- -sections are used. The
‘elements are interconnected at the nodal points. The
number of nodes can increase with the order of approx1matlon

.accofdingly (See Fig. IIr.1 and 2).



Discretized Damain
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B. Interpolation Functions

In the Finite Element method, the unknown field

" yariable is approximated by:

3

.¢(e_) -

[ ]
Z‘;’
o

i= iti | v (5)

where Ni . are the selected inﬁerpolation functions,
¢i are the nodal values of the unknown function, and
m is the number of nodes associated to that element.

"The domain is discretized with axisymmetfical-ring
elements having triangular cross sections. The triangular
cross sections are selected with six nodes, three on
the corners, three in the middle of the sides (see Fig.
ITI.3). The velocity 1is approximated'quadfatically
by considering six of the nodes and the pressure is
approximatedvlinearly by considering the corner nodes

only.

r

—=>

(o}

Figure III.3—'A.Triangular Element With Six Nodes
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The use of natural coordinates in deriving the
interpolation functions is advantegous because special
closed form integration formulas can be used to evaluate
the integrals in the element equations. Detailed
information about the natural coordinates and the seiected

interpolation functions are given in Appendix A.

C. Element Equations

The field variables, u, v, w, p are approximated

as follows :

u = N.u.
J 3]

v = N.v.
= N.w.

v 33
p = Hypy

Where uj, Vj’ wj and pk are unknown nodal values of the

functions and Nj and Hk are interpolation functions. Nj

are quadratic functions whereas H, are linear.

To approximate the non-linear convective terms,
an iterative procedure is used. The convective terms
are approx1mated by using the previous ‘solution and the
iteration is carried until the solution converges.

To apply this procedure Equations (2a,b,c) are cast

into the following form
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%1%_\_7_’37_+w*2_u= _ % +.L{?EB+_§_(E)+(Z:2)2- 3211}
- I z 92 Re ar2 or T d 822
u*.31+1_§’f+w*.§2.=~ 1 {§_21+_§_ Ly + (f_g_)2 32v> (7)
or r 3z Re o 2 9o T d —__Tg
. r . 82
2. 2
ow oW 029,11 (37w 1 ow 0.2 3w
K2 % YV = - OV 4 — [+ — = — AN
Yar VW52 (d ) Bz*.Re {3r2*' r or * d ) 2 }

Where primes denoting nondimensional guantities are. dropped
for convenience and u*, v¥, w* are the velocity components
corresponding to the last iteration. u*, v¥, w* are

assumed to vary llnearly over an element as follows:

~

*
u® _ ulLl + u2L2 + u3L3

<
%
"

v Ly * Volp ¥ V3l3 . (7a)

CwE o= Wy ¥ wol, * W3l

;Where ul, Uy u3 eee e etc. are the velocities at corner

nodes and Ll’ L2, L3 are the natural coordinates. The
element equatlons are obtained by applying Galerkin's
method and by integration by parts of the terms containing
the highest order derivatives of the field variable.
Detalles of thlS derivation is explained in Appendix

B. The element equatlons can be put in a matrix form

which is called as element matrix



18

T ] ' 1 ar r
6 x6 ! 6 X 6 I 6 x 6 I 6x3 M
KP,. + C .+ | . \ '
1] ij I Azlj { 0 }A41k uj Ri
UNM1j E E i *
———————————— =—————————————T—_—_—___._...’T_._—— -—— | -
6 x 6 | 6 X 6 ! 6 x 6 |6x3 2
a2, PPy P Gyt l vilRi
131 TunM, . ' 0 1 0
| 13 | :
————————————— lr-————————————-:;————————.——T————-'—-:—-—l—— (8)
! .
6 x 6 ! 6 x 6 ! 6 x 6 | 3
0 B 0 lkp. +c.. 15%3 W4 Ry
! 1) i3] '}A3ik
"'"--"-_-—"'"-."ll' ------------ + —————————— T -
] ] ]
i i :
3 x6 | 3x6 1 3x6 13x3||P
AS I | I kij 0
L_ kj 0 Poae . ! L
. J . - - -
(21 x 21) (21x1) (21x1)
The elements of the submatrices are given by the
following integrals ;
~ 1 3 i BN:J ro 2 BNi 9 i :
ks - /| owlw) mo o T (82)
D(e)
AN aNj '
= 1 u* - *
Cij\ J Ni 5T u*r + Ni 57 w¥r dr dz (8b)
D (e)
1. NiN5
UNMij = %& il = dr dz N (8c)
D(e). ’
A2.. =-f NN, vxdr dz (8d)
ij 1] : -

' D(e)_
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_ ) - } k B - .
A4ik = D. g = r dr dz (8e)
-z 3H. ,
A3. = (—1— . k
ik = _
5e). Ni 5 r dr dz (8£)
Z—Nj
A6kj = ol E, 0 T dr dz (89)
- Ny ' ‘ :
Askj = D. . . = = r + Hk Nj dr dz \ 8 (h)
1 ) . _ 3u To,2 3u
R. = . N.r ¢ dz + (=) S N.r — dr 8(1)
i s = iT zr d s (e) i~ %z
2 . . =v To,2 v
R. = . n.r - dz + ('——) ;]  N.r —/— dr 8(:])
i s = i -r d s (e) i 3z
g2 = w.or ¥ az+ (i‘l)2 N Mar sk
i S‘= it o3r d S(e) i 9z
_To evaluz== t—hese integrals over triangular elements,
" the follcwz=—z fcrmula is used : " ‘
- - V !B v
;oo z. =, aa'® a: B Y. (9)
a(e) 1 - 3 ‘ (a + B+ Y+2)!
Wwhere 2& == :3& éeterminant of the Jacobian of
transform==zcn from the global coordinates to the area
coordinac=s {Ref 13).
Since the --zecrals involvéd in U_NMij do not fit the
‘fofmula‘aﬁtfe, +nese integrals are evaluated numerically

by Newtoz—-czes formulas (Ref.13) . The formula used in
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this case is : . -
s -f(Ll,Lz,Lj)dA(e)= éﬁ [}7f(l/3,l/3,1/3)-+8(f(l/2,1/2.0)
A(e) ‘ , ,

- + £(1/2,0,1/2) + £(0,1/2,1/2))
+ 3(£(1,0,0) + f(o,l,0)+-f(0,6,l)):] (10)
D. Soluﬁion Procedure
To solve the system of equations (Egs 8) a FORTRAN
- program ‘is developed. The program comprises the following

- steps.

System topology, code—numbers, necessary constants

")
I

and boundary conditions are read as input.

2- The linear part of the element equations for all

elements are formed.

3- The iteration number is set to one and all nodal

values of the velocity field are initialized to zero.

4- Using the velocity field u*, v*, and w* the convective

~part of the -element equafions is formed.

5- The linear part is added to -the convective part to

form the element equations.
6- The system matrix. is assembled.

7- The system matrix is modified by applying the

poundary conditions.

8- The system of equations is solved by using 1ibrary

program LEQTIF.
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9- New values for the velocity field ié compared
with the previous one. If the convergence criterion
is not satisfied, the new values of the velocity ‘
field is replaced by the old ones and set to
be new u*, v¥ and w* and iterative procedure continues
from item 4 and repeats until the convergence

criterion is satisfied

A description of the program is presented in Appendix C.
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IV

‘RESULTS AND DISCUSSION

A - Verification of the Model

The Finite Element solution of the Navier-Stokes
equations is obtained for laminar flow between two disks
at low and intermediate Reynolds numbers. To test the validity
of the results obtained by the present method, the results
have been compared with the solutions available at certain

limiting conditions.

One of the limiting cases is the low Reynolds number
flow (Stokes'flow)'where the inertial forces are
negligible compared to the viscous forces. In the limit,
the Reynolds number goes to zero and the motion of the
fluid is governed by viscous forces alone. Since the
convective terms are negligible, the equations become
11near and the 6 component of the momentum equatlon is

uncoupled

Stokes flow solution of the problem of flow inside
of a rotating cylinder (Problem b) is compared with
the analytical solution,‘which indicates that the fluid

assumes a solid body rotation, i.e. u=w=0, v=wr throughout
the domain. The computer code results are in a good agreement -

with this solution.

'For the case of Stokes' flow between a rotating disk
and a stationary shroud, the motion is imposed only by
the rotating disk. The boundary conditions are given
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in Equation (4). The computer results are shown in
Fig.IV.1l (a) and‘Fig;IV.l (b). For a constant z, téngential
velocity of the fluid increases as r increases, due to

the rotating disk but after a point it_étarts to decrease
in order to satisfy the zero boundary condition on the
shroud. As z increases (i.e. as the rotating disk is
‘approached) the peék tangential velocity’occurs nearer

to the outer casing.

The present model is not applicable for the other
limiting case of Re-«=, where the resulting flow is of
boundary layer type and consequently the governing:
equations are parabolic. The additional fact that hlgh‘
‘Reynolds number flows between disks are generally _
turbulent, makes the present model unrealistic for such

an application.

For comparison with Schlichting's solution of flow
near an infinite rotating disk, a finite portion of
the flow geometry lying near the rotating disk is
considered. The conditions along the boundaries of
the selected subregion aie parrowed from Schlighting's(14)
exact solution and are used in the present model to
calbulate.thé velocities in the subregion. The '

results are in good agreement.

The velocity field solution obtained by the model
is shown in Figure IV. 2 and Figure IV.3. In Figure Iv.3,

the results are compared with the exact solution.

In Figure IV.2 as well as in Figures Iv.5-9,18, and
19, the flow field on 6 plane is represented by nondimensi-

onal wvelocity vectors, which are the resultant of u' and

w' (defined by Eg.3).
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Tangential Velocity Profile at Section a-A for
Stokes Flow of an Enclosed Rotating Disk
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Fig Iv.4 (a,b) shows the effect of the number of
elements used for the Stokes' flow inside a rotating
cylinder. In Fig. IV (a) tangential velocity at r/r =0.5
is plotted agalnst the number of elements used. The
variation of percentage error between the analytlcal
solution-and the numeplcal colution is shown in Figure
iV.4 (b). As the number of elements 1is increased, percentage

error decreases.

B - Flow Between a Rotating Disk and a Stationary Shroud

The effect of the Reynolds number on the secondary
flows (flow in r-z plane) is shown in Figs IV 5-9 for the
flow between a rotating disk and a stationary shroud.

It is noted that the intensity of secondary flows

increase with increasing Reynolds number-

Tangential, radial and axial velocity‘profiles for
various Rejnolds numbers at different cross sections are
shown in Figures iv.10, 11,.12 respectiveiy. In Figure
Iv.10 it is seen that the tangential velocity profile
becomes steeper as Reynolds number increases. At the
‘same time, radial veloc1ty profiles develop in
magnitudes and gradients with increasing Reynolds number

"as shown in Flgure iv. ll

With this model and storage capacity it becomes
difficult to predict large velocity gradients and to
achieve convergence. Since velocity profiles have
larger gradients ‘at higher Reynolds numbers, it is a
more realistic approach to make ‘the boundary layer

approximations.
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Nondimensional Velocity Scale : 1 cm = 0.05
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Axial and tangential velocity profiles for various
Reynolds numbers are shown in Figure IV.12. Increase of
the axial velocity with increasing Reynolds number can
be observed from Figure IV.12 (a).Furthermore it éppears
that the secondary flows start to develop around Re = 10.
Tangential velocity profiles at section B-B is shown in
Fig. IV.12 (b). They preserve similar profiles but decrease
in magnitude with increasing Reynolds number, as in Figures
Iv.1 (b) and 10. S |
Radial, axial and tangential velocity profiles at
several cross sections are shown in Figure IV.13. It is
noted that radial velocities and gradients increase
as one moves away from the axis of rotation. axial and
téngential velocity profiles are also similar but
increase in maghitude towards to the rotating disk.
The peak tangential velocity occurs nearer to the outer
casing. Pressure distributions on the rotating disk
and the stationary shroud are shown in Figure IV.14.
Due to the lack of appropriate experimental data
present results are compared with the experimental
results obtained by BAYLEY, F.U., MORRIS, WtP., OWEN,
J.M., and TURNER, A.B. (9) at very high Reynolds numbers,
where the flow is turbulent (Fig IV-15). Tangential
‘velocity profiles obtained experimentally for
"Re = 1.7x106 and Re = 3.4x106 are shown together with
the profiles calculated by the present model for _
Re- = 100 and 200. The profiles obtained both experimentally
‘and numerically show similar trends, and they also show
" an agreement as far as the magnitudes are considered.
They get steeper as Reynolds number increases as stated

vvearlier in this chapter. This comparison shows that the
tangential’velocity profiles obtained by the present

~model are in agreement with the experimental results

obtained for the turbulent case.
. In Figure IV.16 the streamlines at Re =100 are shown

for the flow between a rotating disk and a stationary .
shroud; As it is seen from the figure, the flow shows
a single-cell structure. Figure IV.17 gives a qgualitative

illustration of flow bpetween a rotating disk and a

stationary shroud-
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Figures IV.1l8 and 19 show the effect of the
parameter r_/d. In Figure IV.18, the velocity field
at Re = 60 and ro/d = 1 is shown. Figure IV.19,
»,shows the velocity field at Re = 60 and ro/d==4.

As observed from the figures, the axial velocity
”components are negligible throughout the domain,
and the resulting flow field can be represented by a

two layer flow model for large values of ro/d.

As an examplé for low ro/d} the case of ro/d = 0.25
is investigated, and it is observed that, since the
disks are far apart, the effect .of the rotating disk

is not felt. Secondary flows are confined to the region near

the rotating disk. It may be deduced that the prominence
of secondary flows will diminish as r /4 is réduced.

To further investigate this point, a portion lying

close to the rotating disk should be conéidered using‘

a finer mesh structure.

Tangential and radial velocity profiles are -shown
for ro/d = 1 and ro/d = 4 at Re = 60 in Figure 1IV.20,
As'ro/d increases the tangential velocity profile
becomes flatter as shown in Figure IV.20 (a). The
correspOnding radial velocity profiles are shown in
Figure IV.20 (b). Théy decrease in magnitude, and become

symmetric about the axis z' = 0.5 as-ro/d increases.,

In Figure IV.21 avcomparisdn between the solution
given by the presertmodel and the I}mrerical solution obtained
by JAWA, M.S.(l5) is presented. Jawa's numerical solution
is obtained for flow between two infinite rotating disks.
To approximate infinite disks with the present model,
‘the solution for ro/d = 4 is considered where Re = 80.
Since the ReynoldS'number'used by Jawa is based on the disk
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spacing, Re = 80 which is based on the disk radius is
g= 5.
The radial velocity profile for ro/d = 4 and Re.= 5 at

converted and found to be equivalent to_ Re
d
mid-section (to avoid the end effects) is plotted,
together with the solutions obtained by Jéwa(lS) for
Reg'= 5 in Figure IV.2l. In Figure IV.22, the tangential
velocity profile, presented by the model, for Red= -5
and ro/d = 4 at mid section is compared with Jawa's(lS)

profiles obtained for Re = 5. The trends are similar.
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C - Flow Inside & Circular Cylindet, Rotating about

its Axis of Symmetry

Fig IV.23 shows the calculated velocity field at
Re = 100 for flow inside a  cylinder, rotating about
its axis of symmetry. For the case of Stokes' Flow the
£luid assumes a solid body rotation, i.e. tangential
velocity is proportional to the radius. As the Reynolds
number is increased, tangential velocity starts to |
change in the axial direction as well. It is this
variation that causes secondarY‘flows. At low Reynolds
numbers, the axial variation of the tangential velocity
is not significant enough to cause apprecieble secondary
flows. Secondary flows start to become visible at
relatively high Reynolds numbers and are considerably
delayed in this case as compared to the flow between a
rotating disk and a stationary shroud, due to the
_different characters of their tangential velocity
profiles. On the other hand, it became difficult to
achieve convergence for Reynolds numbers, higher than
‘100, with the present model. Therefore the flow at

Re = 100 is investigated.

Tangential velocity profile atAmid-section is shown
iﬁ Figure IV.24.The profile is parabolic and symmetric
about the axis z' = 0.5. The radial velocity profile,
shHown in Figure Iv.25 is also symmetfic about the
axis. Two different'radial'velocity profiles at two different'
sections are shown in Figure IV.25. The profiles are
similar but the one nearer the outer casing has lower
" yvelocities due to the no slip condition on the shreud'
Ax1al and tangential veloc1ty profiles at various sections .
eare presented in Figure IV.26,Axial and tangential ‘

velocity profiles reach thelr mlnlmum values along the
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axis z' = 0.5 and are symmetric about this axis.

The pressure distribution over the disk énd the shroud
is- shown in Figure'IV.27.vThe streamlines of the flow
are shown in Figure IV,28. Due to symmetry abou£ the
axis z' =-0.5, a.double—cell structure is obserﬁed.

A qualitative sketch of the velocity profiles is

shown in Figure IV.29.

The case of flow between a rotating disk and a

- rotating shroud is also investigated where the shroud

rotates with the half velocity of the disk. In this
case, the flow qharecteristicséﬂe found. to be similar
to that of the flow between a rotating disk and a

stationary shroud.
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of Flow inside of a Rotating Circular Cylinder

~ Figure IV.29- Illustration




»—CONCLUSIONS AND  RECOMMENDATIONS

The flow between a rotating disk and a stationary
shroud, and the flow between a,rotéting disk and a
rotating shroud have been studied by using the
Finite Element Method. '

For the flow between a rotating disk and a stationary
shroud, as Reynolds number is increased secondary
flows become more significant and velocity gradients

increase,

For the flow inside of a rotating circular cylinder,

secondary flows are not observed for Re < 100.

The flow between a rotating disk and a stationary

,shroud exhibits a single-cell structure, and the

flow inside of a rotating circular cylinder

exhibits a double-cell structure.

For the flow between a rotating disk and a stationary
shroud, it has been shown that for increasing r /8

axial velocity vanishes except the ends. As the

distance between the discs is increased , the velocity -

'Aédmponents decrease except near the rotating disk.

The use of the boundary layer theory is
recommended for the calculation of high Reynolds

nqmberlflOWS;
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APPENDIX A

NATURAL COORDINATES AND INTERPOLATION- FUNCTIONS

The basic purpose of a natural coordinate system
is to describe the location of a point inside an element
in terms of the coordinates of the nodes associated to
‘that element. The ﬁatural_coordinates Li are functidns
of the global cartesian coqrdinates in which element
is defined. For a triangular element three natural

coordinates, denoted by Ll’ L2, L3 exist.

A convenient set of coordinates Lqv L2,_L3»for a

- triangle can be defined by the following linear

' relationships between these and the cartesian system:

-
n
=
i
+
!

z=LZl+Lr + L,z ’ (11)

To every»sét of Li, Loy L3 (which are not independent
but are related by the third gquation) corresponds a uniqgue
set of Cartesian coordinates. A linear.relationship between
the new and Cartesian coordinates implies that the contours
of L, equally spaced straight'lineé parallell to side
2-3, on which Ll:= 0 and at po;nt 1, Ll:= 1, L2 = .0 etc.

. (see Fig.A.l). ‘ R




L; =355 'a; ¢+ bir *c,z (i =1,2,3) (12)

_ \
(r,z) N Ly=05

. : _Ar o
Figure A.l- Natural Coordinates for a Triangular Element

and
1 z
1 1A . o
A =—5— detj 1l r, 2z, |= Area of the triangle (12b)
1 I3 z4

Quadratic interpolation functions for a triangular
finite element can be expressed in terms of the natural

coordinates as follows :

N, = L1(2Ll-1)

Ni = Ly(2L,-1) |

Ny = Ly(2L3-1) L | (13)
N, = 4L)L; - ' -

N5 = 4L1L2

N6 = 4L2L3

More 1nformat10n about the natural coordlnates and

1nterpolatlon functlons can be found in Ref. 13

59
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APPENDIX B

DERIVATION OF THE ELEMENT EQUATIONS

Element equations are derived by using Galerkin's‘
method. Galerkin's method is a branch of weighted
residual methods, which is a technique for obtaining

approximate solutions to linear and non-linear partial

differential equations.

Applying .the method of weighted residuals involves
ba51cally two steps. The first step is to assume the
general functional behaviour of the dependent field
variable to approximately satisfy the given dlfferentlal
eqdatlon and the boundary conditions. The error resulting

from substitution of this approximation into the original

differential equation and the boundary conditions is

called a residual. This residual
lution domain. The second step is to

is required to vanish

over the entire soO

solve the equatlons resulting from the first step.

Consider the differential eguation :

(14)

L(¢) - £ =0 )
he function

in the domain D pounded by the surface I.
f is a known function of the independent varlables and

‘proper poundary- conditions are descrlbed on . Let's

approximate the dependent varlable ¢ by ¢ as follows:
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m

¢ =i£lNiCi . - (15)

where Ni are the assumed functions and the Ci are the

¢

e

unknown functions of the independent variables. The Ni
are usually chosen to satisfy the global boundary

conditions.

Substituting (14) into (15).

L($)4 f =R ‘ ) _ (16)

wherekR is the residual or error resulting from the
approximation. The method of weighted residuals

seeks to determine the m unknowns Ci by minimizing

the error R over the solution domain. This is
accomplished by forming a weighted average of the

error and then forcing this weighted average to

vanish 6ver the solution domain. The weighihg functions
(Wi) are chosen as the interpolation functions (Ni) in

‘Galerkin's method. Thus, Galerkin's method requires,that

fQ‘[L(é) - f ] N, dp =0, i= 1,2,...,m | 7).
D R .

consider the r-directional momentum equation (Eq.2a).

‘When Galerkin Method is applied, it becomes:

‘ 2
2
au v Ju . p 1 .3%u
fON.(u 2 - +w—) dz. =S No(- =+ = (2
-__D(e) 1 or r 9z D(e) 1 3r Re ar
| r 2. .
] u 0,2 3V

92
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dav = r ‘ds dz dr

Integrating over 8,

au
SN (u 2 - v wl rdr az
D(e) 1 ar r 32 D(e)

U

I
H
2
N

wlw
iaflige]

2

2

+._l_ { _—azu
Re ar2

r
.+1(L—1) + (-dg)2 au-}rdrdz

YA

To introduce the natural boundary corditions, it is conven
to integrate by parts the highest ordered derivatives i

the viscous part.

2 N:
Il = . f Nir % dr dz = [ N.'r%ufdz - f -g—‘;(%—i-rmi)
D(e) r S (e) D(e)
by 2 r r
o= 5 (O Darae L RN Pa- s DY
-D(e) YA S(e) , D(e)
ou ro Ju
I, +I.= f Nxr(z=)dz + 5 (=) N.r-g—- dr -
1 772 s(e) i~ ter® s(e) d i” 3z
N r oN. .
- 34 du 0,2 s i
D{e) (SFr e M) G ()T 5 g T dradz

‘Back substituting these integrals and inse;ting the

- aproximations for velocity and pres;ure‘(Eqs. 8 and 10)

‘into the Eg.l3.

ient

n

dr dz

ami ,
—=r dr dz
°Z
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ON. VEN.V. ON.

f N. (u* j u. - J J + w* j u. dr d =
3
J r N -—I—‘I:k—pk)
= D(e)
aN, AN, BN N.N.

L i Joaye 3 __ij
+.Re{ (G Tl * G adr 5= NyVy= 4

r 3N. 9N, ‘ r
R A LR L
2 o s(e) s(e)
Rearranging,
N AN, | N, N, N,N.
‘ —3 3 RSP S RSSO e R
Df(e){ uj [Ni ar © r* Ni 3z Wi+ Re(ar r o r

-
u J (__9_)2 -audr

N.r —
s(e) r” g 4 1t oz

8 and z dlrectlonal components of the element

equations are obtalned similarly. The contlnulty

equation 1s weighted by linear :Lnterpolatlon functions.
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~

I COMPUTER PROGRAM FLOWCHART

START

READ INPUT DATA
l

FORM THE LINEAR
PART OF THE ELEMENT

MATRICES
| .

FORM THE CONVECTIVE
PART OF THE ELEMENT
MATRIGES

ASSEMELY THE SYSTEM MATRIX

MODIFY FOR THE .
BOUNDARY CONDITIONS

I

SOLVE THE SYSTEM

| MATRIX

|
CHECK THE CONVERGENCE

64



65

2. COMPUTER PROGRAM LOGIC

The computer program is consist of a main program

and six subroutlnes.

SUBROUTINE INPUT : Reads some parameters, neceésary
constants and the boundary conditions as input data. A~
uniform mesh structure can be automatically generated
by this 'subroutine by 1nput1ng the number of meshes in
r- and z- directions. If a non-uniform mesh structure
is desired, the coordinates of nodes and number of
nodes belonging to each element must be given as input,

The mesh used in this. work is shown in Fig._A.4.

SUBROUTINE SMATR : This subroutine generates the code
numbers and modifies them according to the given
boundary conditions. Using these new code-numbers it
assembles the system matrix, by calling the subroutines
EMATR, PRCON and CONVEC which form the element equations,
for each element. Then the system matrix is modified

according to the boundary conditions, ‘

a) Assembly of the System Matrix

' At each corner node, there are four unknowns u,v,w
and p whereas at each side node there are three unknowns
~u,v; and w. In the global system, a spesific number

is assigned to each of these variables, which are called

code-numbers.
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243 9.'~|2 : 240

‘ ' : 236 25
44?162 171161 160 (_Vm 458 (_1/157 156 *T/w; 15
81 Y68 255" ™ & 264
o 2 28 227 22
o S e 3 e 3| B
67 6 & b4 |
222 221 220 29 218 247
5 $
216 |
L
s |
207
"
45
258[
498
‘j}ﬂﬁ
3% 4
189
77
25
180
99
18 '
AT o
g 90 ]
; "l 7 6 , 5 4, 3 2 1

2'48" T 7 246 . . 25 . : 244

Figure A.2- Code Numbers
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2l. The global node numbers for thé

-’_
—r—
+
+—
1
e
[
|
!
—&
T

243, 245 ... M9

163 A KSATAT3 A8 ...,

852 83.8% . #M492.. 400, .......

1,2,3, .....
-element are recovered from the paramefer Codenumber

Since each element has 21 unknowns, local node numbers

axe 1

(Element, i)

. By means of this parameter, each of the

local node numbers are related to system code humbefs.

Forexample, lst-element in Fig. A.2 assembles into the

. system matrix as in Fig. A.3.

Tr T 71
__ [
1 . I
1 . JE IR S U
.I&.Trl_rn..nnlr._..x...fllun|T_;_‘.+flfl..|l.._~.+..+l-..l
| | —— e
Tt - Hrer - - el o R 11t
O T T I T _ :
AN Hae R e
Fhe | Ly 1 I b 1y | Ly
L I lgr 1 (I I [ T I
SIS SN S SN I (R i A
N ey i ;
- ————— ot b b - g ——
R T — - - — Tt - ——— gy ————
b e — —— b d - — ——
BOSED-S AN SEinb. arrr H|||H43|3.JHHHHMMH1HHH
RASSES ohn Rl 1RSSR 0 Nk Aininintah & & 0 6 Sl - |
L I T O I T I rr e Py
I I T I T e b [ T R T T 1|
LEr oy NN R R
(N I IO L U I I Y B tor |
T S T RS S S LI R S
P _
Pt — — — — bbb o A
BSSshsainaintaiuinh an sk o shn sinininiele & o th & ae sindintle o g Snbetats
¢¢f+v+|||..+.1.f1w.nuuun CIr oo A3Ti oo
$82 2050 SRt 155 ¢ ofs epmiutures § 155 o Supuiutul &t st
AL IR RN .
ey REEE S b
PR T I R B R BRI L O I ol
U I N | B | { e o1t | ’ 4 I
g bbby ———— e e ——— e e ————dp b —
«m__ﬁ_ I .___.‘_T.T_llll 11l _Mlh.lll.l.rnrlfll.ll
&1 B e S R e 5 (S 6 O R
n.&ﬁ?iT.ﬁHHHHMHﬁ+T.+HHHH .Hﬂ..l.«lll...ll.HHJ..f — -
R D i iR S T
123.:”“...” .......... &““...ﬂ”...m .......... mmm..m ...m cesesetsee : m..w ...m

Figure A.3- Assembling Into System Matrix
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81 80 79 78 77 76 75 74 73
@ @3
4 < ¢ ' p
72 7.,‘, 70 69 . |68 €7 _ |66 65 |64
€) @) | ®
63 62 61 60 59 58 57 56 55
@ D)
[ ¢ ® [ ) )
54, 53 52 51 50 49 48 47 L6
@ @ @
L5 7 43 W2 i 20 39 38 37
@@ © | ®
[ ] ¢ [ ] -9 - ¢
36 35 34 33 3R 3 0 29 28
@ @ ® ® |7
27 26 % 2% 2322 A 19
| ® ® @ /|
18] 17 Tis 15 b 13 | 7 To
@/ 6 |/ O
9 8 7 6 5 . 3 2 :
Flgure A.4- The Mesh Used
b) Modification of the Boundafy Conditions
For Neumann's type of boundary conditions, RiAintegrals

| must be evaluated and added to the right- hand side of the.

system equations as forc1ng functlons.
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The procedure to modify for the Dirichlet's'type
of boundary conditions is as follows If i is the
subscript of a precribed nodal variabie, then the ith
row and ith column of the system matrix are set equal
to zero and k,, is set to unity. The term R, of the
right-hand side vector is replaced by the unknown
value of X Each of the n-1 remaining terms of the
right-hand side vector (R) is modified by substracting
from it the value of the prescribed nodal variable
multiplieg by the apprdpriate column term from the
original system matrix. This procedure is repeated for
each prescribed X; until all,of them have been included.

To illustrate the procedure, one can consider the

following simple example with only four system equations:

The final equations will have the form :

- - ey

kip k1p ki3 Kyl %11 Ry

kop Kog ko3 Kogfl %2 | R2

kyp k3p K3z Kagfl X3| | %3

Lk41 kg2 K43 *gq L'X4 R4J
- : J 4 L

Suppose fof this hyphotetical system, nodal variables

' x, and x5 are specified as : :

When these boundary conditions are inserted according

to the procedure descrlbed above, the equatlons become:
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koo Kou || %5| |Rakpi8 17K,383

]

R,-k -k

475418 1754383

Since there is no need to solve for xl and x3, their
equations are deleted from the system matrix and a 4x4

matrix is reduced_to,a 2x2 matrix.

Discarding the prescribed nodes from the'system matrix
also saves valuable computer core. To achieve this type
of modification, the code-number array, relating the
local numbers of unknowns to the global numbers 1is
modified to give a new code-number array. For the
prescribed values two code numbers are set to.zero and
" the remaining numbers form the new code number array.
Since prescribed nodes are not solved for, the

equations are modified according to the above procedure.

If there are also Neumann's type of boundary conditions

. 2
prescribed on a surface, the surface integrals Ri, Ri’ R3

(Chapter III) must be evaluated for the elements staying‘
élong this surface. The nodes on this surface must then
be solved together with the interior nodes. For the
elements which are not on this boundary thesurﬁace

integrals mentioned above vanish'automatically.

SUBROUTINE EMATR AND SUBROUTINE PRCON : These subroutines
form the linear part of the element equations. To
evaluate integrals contalned in the element equations,

the functlons numbered from 1 'to 22 are called by subroutine

EMATR
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SUBROUTINE CONVEC : This subroutine forms the convective
part of the element equations.

SUBROUTINE LEQTIF : Solves the system matrix.

SUBROUTINE ITER : Checks the convergence by comparing

the last velocity field with the previous one. If the
given convergence criterion is not satisfied, it replacesl
- the new velocity field with the previous one. If '
convergence is achieved, it prints out the results and

stops the program.

_ In the allowed computer tﬂma,converéence may not
be achieved, In this case the computer program must be
run in sequences. After the last iteration of the first
sequence, the non-converged velocity and pressure values
. are written on.a disk, and the next seéuence starts by

reading these values from disk.

Definition of the variable names used in the program.

" PARAMETERS

NNN, NTE - Total number of elements

NTN - Total number of nodes

_NNM, NVB - Total number of boundary conditions
N,NNI,NTU - Total number of unknowns

NTT - Total number of variables

‘NPB - Total number of pressure boundary conditions
NNIP - Total number of unknown pressures

VARIABLES

‘ERR - - Acceptable relative error for the converged

solution .



ELM
FAC
- IBEGIN

IDISK
ITR
JNCODE
NOD
NODCOR

NER
NEZ

NEL
NTCN
NTSN
NNT
NET

. NCODE
OoM-

> ,
RNOD
ZNOD
RHS
ST,S
STE
UVWP
U,V,W

Element matrix 7 | s

Aspect ratio

A control parameter.‘When given as “O"‘the
velocity field is initialized. Otherwise the
values are read from the disk

Number of iterétions required for each sequence
Iteration number '

Code numbers

The associated node numbers for each element.

The associated numbers of the corner nodes

~ for each element

Number of elements required in r-direction if
automatic mesh generation will be used

Number of elements required in z—direction if
automatic mesh generétion will be used
Element number . |

Total number of corner nodes

'Total number of side nodes

Total number of nodes

Total number of elements
Modified code numbers
Relaxation constant ‘
Nodal wvalues of the préssure
r—-coordinates of the nodes
z-coordinates of the nodes
Right-hand side matrix

System matrix

Element matrix

Right-hand side matrix

'Nddal'valués of the velocity components

UP,VPJﬂ?-Natﬂivalues of the velocity components from :

the previous iteration

Us,Vs,Ws - Nodal values of velocity components from the

previous iteration for each element

V#ﬂ;yBND-:Prescribed values at the boundary nodes
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Input Description :

1-

Aspect ratio ’ . .
Format: (F -12.10)

The first number given in this set controls the automatic
mesh generation if it is given as "1" the mesh is
generated automatically. If it is given as "2" the

node numbers of the elements and nodal coordinates

must be given in the data. The second number controls

the print out of the element matrices. When given as

"l" the element matrices of each element is printed'

on the output. Format: (2 15).

- A small value to shift from the axis of rotation to

‘avoid singularity.

Format: (F 12.10)

‘Some control parameters are given in this group. The

first one defines the number of iterétions to be

carrieé out in each sequence. The second is given
as zero for the first sequence and as "1" for
the other sequence. The third one is the number of

variables on which the convergence test is to-be

applied fourth are is the relaxatlon constant. Whererea

the fifth is the relative error tolerance.
Eormat: (3 15, 2 FlO.5).

Reynolds number and number of elements required
in r and z directions if automatic generation is
preferred. ﬁ
Format: (F 10.5, 2 15)

Number of nodes at which a boundary condition is
prescribedland-the_prescribed values at these nodes.

Format: (8 (13, F 7.5)).
on the output, nodal values of radial, tangential

~and axial components of the velocity and the preséurés'[A

~are listed. . : - I

_Format: (12 FlO 5) .
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3. LISTINGS - - “ :

MAIN PROGRAM ' o o ' , .

PARAMETER NNN=32,NTN=81,NNM=97 ,N=171

COMMON R R2,R3,KP(6,6),UNM(6, 6).STE(21,21).RNOD(~TN) ZNOD(NTN)
l”OD(NNNnbf.“PT(N“”).VAL(NN“).ST(N.N JRHS (N, 11 ,NODS(6) INCORS(3),
2NCOR(NNN, 31, NOQDCOR(NNN,3),FAC, RE.IPRINT UN,RO

DIMENSION WKAREA(N)

CALL IHPUT

CONTINUE

CALL SMATR
CALL LEQT F(StT,1,H,N,RHS,D, WKAREA,IER)

CALL ITER
Go To 10
END
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-SUBROUTINE [HPUT

PARAMETER NTE=32,HMTN=g],NVB=97, NNI'I?I -

COMMON R~ R24yR3,KP (6, 6,,UNM(6.6) ELM(21,21),RNOD(~THN) ,ZNOD(NTN),
INODIHTE, 6, NVELS(NVB)‘VBND(NVB).S(NNI,NNI)ouVWP(hNI). NODS(6),
2MCORS (3) ,NCOR(NTE,3) ,NODCOR(NTE13) ,FAC,RE, IPRINT ,UN,RO

COMMON/IN/OHM,ERR, IREGIN,1TR, IPISK,NOC,NER,NEZ

REAL KP

1TR=

READ(5,149)FAC

ARITE(6,149)FaAC

READ(S.SB)HOP,IPRI”T

WRITE(6,55)N0P, IPRINT

READ(5,149)EPS

WRITE(6,149)EPS
-READ(S.ISQ)IDISK.IBEGIH.NOC oM ERR

. WRITE(6,150)1DISK,IBEGIN,! oc,OM-ERR
150 FORMAT(315,2F1Nne5)
149 FORMAT(F12,10) |

IF(NOPL,EQ,2)GD TO 9111

- READ(5,564] )RE, NER,NEZ
5661 FORMAT(FIDe5,215)

ZMAX=NERs® 2

RMAX=NEZe) e

NNMB=(2#NEZ+1)e(22HNER) +]

NNM= @

DO 7746 1=],2eNER%+]

DO 7766 J=],2sNEZ+]

RNOD (HHNM) =Ja1

ZNOD{NNM) ==l

NRITE (61 ) HHHM, RNOD(NNM),ZHQD(NNM)
7766 NNH“WNM+1

MNT=NNM=1 ,

NET=NERsMpZe2 .

NTVB=4eNER+2

NTPB=NER+NEZ+1

NTCN=(NER+]1)®(NEZ+])

NTSN=NNT=NTCN -

WNRITE(6,1212)RE,NER, NEZ.NNT NETyNTVB,NTPB,NT

1212 FGRMAT(F10.5,815). CHANTSN
READ(5,624) (NVELS(I),VEND(]),I=1,NVB) .
hRITE(b,bzq)(NVELS(I).VBND(I)oI=1,NVB)

624 FORMAT(B(13,F7,5))

DC 5555 1= ,NER

Me(l=j)e(2+4eNEZ)+] :

DO 6446 Ngl= Z-NEZ-(1-1)*1.2-NEZ'l.2’

- NOD(HEL,1)=M

NOD(NEL 2 )=4NEZ+2+M

NOD(NEL,3)=2+M| ~

NOD(MEL 4= +H | . .

NOD{NEL,5)=2¢NEZ+] +M ‘ '

NODIMNEL,6)=2¢NEZ+2+N

NOD(NEL+}),1)3Me2

NOD(NEL*I 2)=q.NEz+z+M
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NODINEL+1,3)=4eNEZ+44pM |

NOD(NEL+]1,4)22¢NEZ+34M

NODINEL+],5)=2eNEZ+2+M

) NODI(HEL+] ,6)=4eNEZ+3+M

6666 M=M+2
Me(l=lle(yEz*]1)+1 , ,
DO 6545 NEL=2¢NEZ.(1~1)01,26NEZ¢1,2 . ’ *
NODCOR(NEL ,1)=M , :
NODCOR(NEL,2)=NEZ+]+M
NODCOR(NEL,3)=M+1
NODCOR(NEL+1o1)-”+1
NODCOR(N£L+1,2)-NEZ+1¢H
NODCOR(NEL+113)-NEZ*Z*M

6565 MM+

5555 CONTINUE . : , o
WRITE(6,6) ((NOD(L,U),d=1,6),1=],NET) oo

6 FORMAT(615) -
GO TO 91} ' .

9111 NOP2=3

I=n ‘
READ(5,1010)RE
. WRITE(6,1010)RE

1010 roRNAT(zrlo 5,15)

LAD(’,II)WNT NET,NTVB NTPB,NTCN NTSN

WRITE(b.lI)HhT NET,NTVB NTPB NrCN.NTSN
11 FORMAT(614) o]

READ(5, 1 )INNM,RC,ZC

PRITE(6, 1) UNM,RC,ZC
1 FORMAT(I4,2F10,.5)

RNOD(NNM)=zpC

INOD (NNM)=2ZC

I=1+)

IF(lsLTeNNT)IGO TO |p

9112 CONTINUE
DO 1INt NNM=1 NNT
jRNOD(uNM)-PNOD(NNH)/ZMAX .

CIF(RNOD(NNM)+EQeD, )RNOD (NNM)=EPS"

- JINOD(NNH)=ZNOD(NNM)/ZMAX: o)

1011-WRITE(6,1)NNM,RNOD(NNM),ZNQD (NNM)
IF(NOP.LCQ, 1)Go TO 9113 :
]-
20~READ(5 Z)NEL,NODS NCORS

VRITE(é,z)HFL NODS NCORS

2 FORMAT(1l4, 614 314)

_ b0 25 J=],

25 NoD(HgL, J)=NODS(J)
DO 26 J=1,3 - !
26 NCOR(HNEL, J)=Nc0RS(J) j
I=l+1 o
T IF(lLLToNETIGO TO 20
55 FORMAT(215) .

9113 CONTINUE '
UN=1./RE ' ’
RO=1.,

RETURN )
DEBUG SUBcHK
_END

-
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SUBROUTINE SMATR

“eseasTHE ELEMENT k MATRICES OF ALL ELEMENTS. ARE ASSEMBLED
BY NODgS, THE -PRESCRIBED BOUNDARY CONDITIONS ARE.
INSERTED,AND THE FINAL SYSTLM MATRIX EQUATION 1S
OBTAINEDevewe

PARAMETER NHN=32,HTN=81,NNM=97, N—171 NTT=268

COMMON Rl,Rz RI,KP(6s6),UNM(6, 6),5TE(21;21).RNOD(NTN).ZNOD(NTN
INOD (NNM, 6),NPT(NNH),VAL(NNM),ST(N N} ,RHS(N,1),NODS(6) NCORS{3)

JzNCoR(NNN 31, NODCOR(NNN,3),FAC, RE.IPRINT

280
290

370

281

282

COMMON/CODL/NCODE {NNN, 21),JDEF(NTT)’JNCODE(NNN'ZI!
DIMENSION Q(21).F(21)

DO 290 L=1,N

DO 280 J=1,N

ST(1,J)=0,0

RHS(1,1)=0.0

L=0

K=0 :

Do 370 Noor—t uyv

L=lL+]

DO 310 =1, HNM
"IF(NODE=NPT¢1))310,370,310
CONTINUE

KsK+ 1

JDEF (L) =K

CONTINUE

DO 360 MM=] , Nyt

Do .281 K=1,3

Do 281 I=1,6

JNCODE (MM, (h-x).b*l)-NOD(MH,I)+(K'1)*NTN
Do 282 /1=1,3
JNCODL(MM.1+1a)-Nooc0R(MM.1)+3sNTN
WRITE(6, 1110 (1N, JNCODC(MM Jlydsl,21)
FORMAT(22]15)

CALL EMATR{HM)

DO 320 l=1,21

JN=JNCODE (M, 1)

Q(1)=0.0

© DO 330 J=1,HNM

330
320

340

350

IF(JNWMESNPT(J)) GO TO 330
QeI)=vAL({J)

CONTINUE

NCODE (MM, [1=JOEF (JN)

Do 340 I=1,21

Fi1)=0.0

DO.340 J=1,21
F(x);f(1)+STE(I.J)-Q(J)

Do 350 l=1,21 ‘
1F(NCODE (MM, 1),EW, 0 GO TO 350
K=sNCODE (MM, 1) _ : '
RHS (K, 1) =RUS (K, 1) =F (1)
CONTINUE

DO 360 I=1,21 v
IF(NCODE(MN,1).E&,0) GO TO 360
K=NCODE (MM, 1) ' '

0o 360 J=1,21
IF(NCODE(MM,J)EG,N) GO TO 340
L=NCODE (MM, J) '



60

61
62
63
64
65
66
67
68

STAKILI=SSTIKa I+STE(1 2 J)
360 CONTINUE
WRITE(6,10)

WRITE (6, 111)(1,(NcoDE<x,J).J 1,21).1:1 JNNN)

10 FORMAT(//,1X,«THE ELEMENTS AND THE[RO'
S*NEW CODE NUMBERS¢,/) :
RETURN
-DEBUG SUBCHK
- END

78
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SUBROUTINE LMATR(NEL) a

PARAMETER HTE=32,NTN=8],NVB=97 ,NNTI=171 . ‘

COMMON R1,R2,R3,KP(6,6),UNM(6,6) ,ELM(27,21),RNOD(nTN) ZNODINTN),
1N00(NTL.6),NVELS(NVB),vBND(NVB).S(NNI.NNI):UVWP(NNII.NDDS(6)-
2NCORS(3) yNCOR(NTE,3) ,NODCOR(NTE,3),FAC,RE, IPRINT, uN RO

REAL KP

N1=NOD(NEL,})

N2=NOD(NEL,2)

N3SNOD(NEL,3)

B)=ZHOD(N2)=ZNOD(N3)

' B2=INQDIN3)~ZNOD(NIT)

B3=IZNODI(N])=ZNODI(N2)

C1=RNQD(N3)=RNOD(N2)

C2=RNOD(N|)=RNODI(N3)

C3=RNOD(N2)=RNODI(NI)

R1=RHNQD(N])

R2=RNQD-(N2)

R3I=RNQOD(N3)

A=0e5e (RNOD(N])®(ZHOD (12)=ZNOD(N3) )*RNOD(N2) e
1(ZNOD (N3 )=ZNOD(N1))+RNOD (N3 )« (ZNOD(NJ)=~ZNODIN2)))

A=ABS (A)

KP(l.1)—UN-((BluBl+FAc-FAc¢c1'c1)/(20~A))~(3-R1+R9+R3)'

KP(1,2)3=UHe( (R *B2+FACSFAC#C12C2)/(60¢A))*(20R)+2#R2+R3)

KP(1,3)5=UNe((Bl1*B3+FACSFAC2C14C3)/(600A))* (2R +R2+2eR3)

KP(1, q):UN.((31/(60.A))a(Rla(3&81+14'B3)*R2'(-81#3083)+R3¢('2'Bl*
13033))*(FACOFAcccl/(bnﬁA))t(Rla(3aCl+1HOC3)*R20(9c1+3.C3)+
2R3%(=2¢C14+3¢C3)))

KP (1 5)-UN,((51/(60.A))u(R‘-(3-81#1q~82)*R2~(-2.81+3¢Bz)0n3-(-81*
13-52))+(FAC*FAC*C1/(60tA))-(Rlﬁ‘JQCI*IH'CZ)*Rz:(-20C1+3'C2)*
2R3*(=C1+3eC2)))

KP(1, 6)—UN»((81/(6D~A))‘(R1¢3'(52+83)~R2¢(52+z¢83)'R30(2¢82*83))*
_‘I(FAC’FAC.CI,(bo.A)).(Rl.gu(cz+c3)-Rz-(Cz+z'C3)~R3-(z-cz*C3")

KP(2,2)5UNe((B2¢B2+FAC«FACC2%C2)/(20*A))e (R +3eR2+R3)

KP{2, 3)-—UNn((BZ*BB*FAC&FAC*CZ»C3)/(60‘A))‘(Rl*Z*R2+20R3)

KP(2,4)=UNe ((B2/(60+A))#(=R1*(Bl+2sB3)+R2e3¢(B+B3)mR3e.(2,B1+B3))
s(FACQFACuCZ/(bniA))l(-Rlb(CI*ZQC3)+R203'(CI*C3)‘R3‘(Zﬂcl*c3)))

KP(2, 5)~UN¢((BZ/(bUdA))'(R1*(3m81-2182)*R2'(14&81+3n82)*'
1R3-(3;Bl'82))+(FAC'FAC;C2/(6U'A’)a(RI'(3’C1‘2‘C2)+R2¢(lq'Cl*3‘c2)
2R3%{3«Cl=c2))) :

KP(2y6)aUN®((B2/(60N*A))*(R]*("B2+34B3)+R2%(3B2+14%B3)+
IRS'(‘Z*BZ+3*53))+(FAC¢FAC-C2/(&D-A))‘(th('cz+3~C3)¢
2R2*(34C2+14sC3)+R3e(=24C2+32C3) 1))

KP(3,3)=UN#((B38B3+FACeFAC«C3%C3)/(20#A))#{R1+R2+38R3)

KP(3,4)=UMs((B3/(60%A))*#(R1e(34B1-28B3)+R2*(34B1=B3)+
~1R3.(1q.81+3~83))+(FAc-rAc-C3/(6O-A))-(Rl~(3-c1 ~29C3)+R2%(18C1=C3)
2R3*(14#C1+34C3)))

KP(3, 5)-Uh‘((BB/(éO*A))-(anﬁ(bl+2¢Bz)~R2¢(2bBl#bz)+30R3.(Bl*82))
L (FACOFACSC3/460N%A))a(=R]1*(C1+22C2)=R2u(2¢C1+C2)+34R3e(Cle¢c2)))
KP(3,6)=UNe((B3/(602A))#2(R]+(3uB2=B3)+R2e(3eB2~2sB3)+ i
1R3w(1q.82+3.83))+(FAC~FAC¢C3/(6O-A))~(R1a(3'c2~C3)*R2ﬁi3-cz-2'C3)
2R3*(144C2+32C3)))

KP(4,4)5UN#(2/(15¢A))e(R1»(BjeB]1+2eB|eB3+3%B34B3+FACOFACe(ClaC}e
lZﬁCl»c3+3.c3-c3))+R2¢(51.Bl+81¢B3+B3¢83*FBC0FAC¢(Cl,Cl*C1¢C3*C3~C
2))+*R3# (308 #B] +2¢B19B3+B3eB3+FACKFACK(39C1*C1+24C 6C3+CI0C3)))

KP(4,5)=UN#(1/(15¢A))» (R (B1eB1+2eB]4B2+42°B1aB3+,#B2eB3+FACSFACS

1(C1eC +20C | #C2+2%C 1 #C3+62C24C3))+R20(20B1eB14BjaB+24B#B3+2462e8
Z*FAC!FACO(°¢C1'C1+C1aC2+2iclcC3*2aC2aC3))*R3o(2‘8108102'B|'82*Blo
AB3+2#B2B3+FACHFACH(28C1eC1+2%ClaC2+ClaC3+29C2C3)))

KPP (4, 6)_UN,(1,(15.A)).(Rl¢(2-81taz*sl.B3+2'82.B307'B3oB3+FAC'FACt

-



80

1(Z'Cl~C2+c1*C3+2*c2'c3+2¢C3~c3))+Rz-(2~Bl-82+2¢B1c53+32033+2~33-sz

-

' 2+FAC*FAC*(2*C1-C2+2*C1¢C3+c2GC3*2-c3¢c3))+R3¢(6081652+2t3i083t2n32

3-83+B3.83+FAC.FAC-(6tc1qcz+2~C1‘C3*2~C2¢C3*C3~C3))) \
-KP15.51=UN~(2/(15-A))-(Rl-(81081+2i8|»BZ¢3'82~82+FAC¢FACa(C1¢C1+
12.c1»c2+3.c2ch))+R2-(3.51‘Bj*ztal.82*82-82+FACoFch(3.C1QC1+20C1c

'3c2+cz.c2))+R3q(BxcBl+81.&z+Bz*BZ+FACcFAC~(Ct.c1+cI~g2¢c2-g2)))

111
10

KP(5.6)=UN~(1/(15~A))c(R1ﬁ{81-82+2¢81~83+2'Bzuez+épaz.ea+gACcFaéc
1(Cl*C2+2-c1oC3+2-c2ch+2-£2-C3))+R2~(z-Blchwb.Bl.83+52082+2082o83

~

J*FAC'FAC'(Z'Cl¢C2+6*C1-CJ*CZ*CZ*ZﬁCZUCS))*RBQ(2081¢32+2~Bi08352082
4082‘82*83+FAC¢FAC¢(2¢C1&C2+2-C1'C3+2¢C2tC2*C20c3))) c
KP{6.6)=UN-(2/(15.A))a(Rlu(Bz-82182u83¥83¢53+FAc.EAé.ic2‘22+c2.c3o
lc3aC3))+R2¢(BZ.Bz+2-82.83+3&83¢33+FAC¢FAC1(C2¢C2*20C2¢C3f1¢C3¢C3))
2+R3‘(3‘BZ-Bz+2‘32'B3*83¢53+FACﬁFAC0(30C2¢C2+2aC20é3¢C30C31))
1F(F220(e33,,33,¢33),EQ,0,160 To 1§ R
IF(F22(00,45145)EQ40,1G0 TO 111

IF(F22(+5,0,)¢5)eEQ,0,)G0 TO 111

TF(F22(45,454041¢EQ,0,)1G0 YO ‘111

IF(F22014,0,)0e)eEQW04)GO TO 11

IF(F22(U¢,14404)0EQ.D,)160.TO 111

IF(F22(00¢,0,114)¢ER.D,)G0 TO 111
60 TO 12

WRITE(6,108)

8 FORMAT(?*SINGULARITY?)

STOP

112,UNM(x.l)=un-(27~?1i.33,.33,.33)*a.(rl(;5,.5,0)¢F,;0.;§;,5,+#1(,5,0

Ly oS 143w (F1l1,,04,00)04F1(00s1ss0s)*F1(04,04,1,)0)/60, .
UNMUL 20 =UNe(270F20,33,433,,33)%89(F2(,5,45,014F2(0,,5,+5)4F2(;5,0
Lo o5 )a3en(F201,+04,0,14F2004,149040+F2(0,,04,1,111/60,
UNMLL,30=uUNel270F3(433,4¢33,,33)*%R0(F3(,5,,5,0)4F3(0,.5,+514F3(,5,0

'l..5)7*3-‘(F3(1;’0..0.)*FS(D..l.:0;)*F3(0}}0-\l;)))160;

UNM(I,H)=UH¢$27*F5(.33,.33,.33)*8¢(Fq(;5,.5,g)+Fq(0,;5;.5)*F4(;5.g
1,,5)3*3.*(Fq(1..0..o.>+F4(o..l..n.)*Fq(U..U..x;)))lbo. .
UNM(I,5)=UN'(2?‘FS(.33,.33,,33)*89(F5(.5,55,0)fFS(O,;$,¢5)*FS(;5$U
1.05)’*3"(F5‘lr’00)0c)*FS‘OQOL.’0|)+F5‘Goponyl.)’?/60. T
UNM(l,6)=un-<z7‘F6(.33,.33..33)+ay(F6<.5,.5,g)yre(u.;§;.5,frb1;s,o
l||5)’*30'(F6(11|DQ'00)+F6(Oo!lo’00)+F6(00000.10)))/6D!‘
UNM(2,2)=uNw(z7-F7(.33..33,.33)+a-(F7(.5..5.Q)fr7}0.;5,.5)fr7(;s;o
1.05))*3"(F7(10000’0-)+F7(Uovloino)*F7(00'00.2.)))/60. ;
UNM(2,3)=uNﬁ(27'F8(.33,.33,.33)*8‘(FG(.5,.5.q)*Fato,;s;;S)*FB(.S,n
L0 aST1)4300(F8(1010440.)4FBI04,1e104)14FB(04,00,1,1))/60,
UNM¢2,4)éuN~(27'F9(.33..33;,33)+a9(r9(.s,.S,q)fF9(u;;5;;5)+F9(;s,u
1,05f713-'(r9(1.10o;0c)*F9(U.o1100.)*F?(U..U-,l.)))/60, )
UNM(2,5)=UN-(27~F10(.33..33..33)+8~tF;0(,5..s.o)fglg(o;.s;.sltFlo(
I.S.Q.,.S))+3.*(F10(1..0..U.)*FIU(D..l..U.’*FIO(O.,D.,l.)))/60.
= » sF11(,3 ) S ) . :

R R I R I S S I ST SIS LT IRl
UNH(3,3)=UN0(27*F12(.33,.33,.33)+8¢(F12(.5..5,0)*F12(0'.5:.5)*F12(
1.5,0.,.5))+3.;(F|z(1..o..o;)+F12(o..1..0;)+F12(o;,0;.1.))1/60. ‘
UNM(3,4)=UN¢f27-F13(.33,.33,.33)+8~(F13(;Sj.5,0)+F1310,.5:.5)+F13(

-

1,5,0.,.5))+3.*(F13(1.,o..o.)+F1;(o;.1..0.)+F13(o;,o;,1,));/bo.
UNM(3.5)=UH*(27*F14(.33'-33,.33)+8§(F14(;5'.5,d)fflﬁ(0'.5:.5)fqu(
1,5,0;,.5))*3.¢(Fl4(l.,0..0.)*qu(O.,L..U.J*FIQ(O.,U.,IQ)))/600
UNM(3,6)=UN-(271F15(.33..33,.33’+8&(F15(.5:'S;D)ffl§(0,05:05)fF15(
1e5900 0501430 (FI5014,00,040%F15(0,,14,0,)*F1500,,0.,1,)))/60,
UNM(q,q):un-(z7*F16(.33,.33,.33)+avtr16(;5..5,0)¢r1§(0'.5:;5)+rla(
1.5.0.,.5))+3.-(F16(1..0..D.)+F16(0..l..O.)‘Flb(O.,O..l.)))/60.
UNME4 5 =ulie(272F170,33,,33,033)488(F17(,5,,5,004F17(g,+5,¢5)+F |71
].5,0.'.5))+3.!(Fl7(1..0.,0.)*Fl7(0.,l..0.)*F]7(Q,'0..],)))/60(
UNM!4,6)=UN-(27*F18(.33,.33..33)+8«(F18(§5..s.o)thg(g,.sz.S)*ant
1e5304 050 ) 430w(F18014,0000e)+F18(0,,1¢,0¢)*F18(04,00,162)117/600



8l

UNM(5,5)=U”~(27tr19(.33,.33,.33)+85(F19{;5o-5.0)f§l9(0..5:.5)*r19
1.5.0...5))+3.~0F19(1.,0.,0.)*qu(o..l..ﬂ.)+F19(0;:U;.1;)))/60{'

, ~UNM(5‘6)=UN1(27*F20(.33,.33,.33)#B!(FZD(,B..5.0)?520(0..5"5)fF20
v1'5'0‘..5))+3.“F20(1..0'.0.,+F20(0.’l.'O,)*FZO(D..D.'!’)))/60.'
UNM(6,6)=UN¢(27‘F21(.33..33..33’}8*(F21(.SnoS:D)fFZI(Q,.S:QS)fFZI
1.5,0.,.5))+3.0(F21jl,'0,,0.)+F21(0;.1;.0;)*F21(0"0;’1.)),/60.
D0 621 JU=2,46 ‘ ’ ‘
Do 621 I=y,u~1 . . :
: KP(Jy1)=KP(1)yJ) | , '
621 UNMIJ, 1)=yNM(],J) . )
DO 623 1=},21
. DO 623 J=},21
623 ELM(1,J)=0,0
DO 622 K=1,2
DO 622 1=s},¢
DO 622 J=1,6
ELMOT+(K=1)eb,J+(Ke])wg)=KP(1,J)4AsUNM(T,J)
622 ELMUI+12,0+12)=3KP(1,J) ' ' .
. IF(IPRINT.EQ.x)WRlTstb.al)((KP(I.J),UNM(I,J),J=,;6):1.1,6,
81 FORMAT(12F1005) :
CALL PRCON{NEL)
CALL CONVEC({NEL)
RETURN
DEBUG SUBCHK
END
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_ SUBROUTINE PRCON (NEL)

PARAMETER NTE=32yNTH=8],NVB=97 ,NN1=17]}

COMMON R1,R2,R3,KP (6, 6).UN“(6 6) ELM(21,21),RNOD(NTN);ZNOD(NTN) -
INOD(NTE, 6),NVELS(NVB),VBND(NVB)-S(NNI,NNI).UVWP(NNI).NODS(b),
2NCORS(3) yNCOR(NTE,3),NODCOR(NTE»3),FAC,RE,IPRINT, UN RO

DIMENSION A41(6, 3),A3(6 3).A5(3 6),A6(3,6)

Nj=NOD(NEL,1)

N2=NOD(NEL,2)

N3I=NOD(NEL ,3) -

BL1=ZNOD(N2)-ZNODIN3)

B2=ZNQOD(N3)=-ZNODINL)

BasZNQD(HN])wZNODIN2)

- C1=RHQOD({N3)=RNODI(N2)

C2=RNOD(N| ) =RNODIN3)

C3=RNQD(N2)=~RNOD(NI1)

R1=RNQD(Ny)

R2=RNOD(N2)

R3=RNQD(N3)

Aanosc(RNoD(Nl)¢(ZNOD(N2)~ZNOD(N3))+RNOD(N2).

(ZNOD(N3)-ZNOD(N1))*RNQD(N3)-(LN00(N1)-ZNoD(NZ)))
A:ABS(A)

A4(1,41)=B|«(2«R1="R2-R3)/(120¢R0O)"

A4{142)=B22(2sR1-R2~R3)/(120%RQ)

A4(1,3)=B38(2eR1=R2=R3)/(120*R0)

A4(2,1)1=B1*(~R1+2¢R22R3)/(120*R0)

A4(2,2)=B2« (=R} *2+R2~R3)/(120%R0)
‘A4(2,3)=B3s(=R|+24R2~R3)/(120¢R0O)

A4(3,1)=B1«(~R}=R2+2«R3)/(120*R0O)

A4(3,2)=B2e("R1~R2+2eR3)/(120*R0O)

A4(3,3)=B3»("R|=R2+29R3)/(]120¢R0)

A4(4,1)=B1s(2#R1+R2+2#R3)/(30*RO)

-~ A4(4, g)=82¢(2-R1+R2+2'R3)/(30‘R0)

- AQ(“,J)— 3¢ (2«R1+*R2+2%R3)/(30+RO).
A4(5,1)=B1e(2eR]+2¢R2+R3)/(30eR0O) o
AH(5,2)=B2# (24R1+2%R2+R3)/(30+RO)
A4(5,3)=B3»(2«R1+2¢R2+R3)/(30*K0)
A4(6,1)=B#(R1+2#R2+2eR3)/ (30%R0)
A4(6,2)5B2w(R1+2#R2+24R3)/ (30RO
A4(6,3)=B3s (R +2%R2+2sR3)/(30%R0O)
A3(1,11=C1e(2#R]=R2-R3)/(120#*R0)
A3(1,2)5C2e¢(2¢R1=R2=R3)/(120%Rp)
A3(1,3)=C3«(2«¢R1~R2-R3)/1120%R0)

© U A3(2,1)5Cla(=R]+2#R2=R3)/(120#*R0)
A3(2,2)=C2e(=R1+2eR2=R3)/(120*K0)
A3(2,3)=C3e (=R} +2eR2=R3)/([20%R0O)

"A3(3,1)5C e (~R1=R2+28R3)/(120*RO)
A3(3.2)-cz¢(-R1-R2+2¢R3)/(120~R0)
A3(3,3)=Caw(-R1~R2+2¢R3)/(120%R0O)
As(q,1)-clu‘ZuR1+R2+z-R3)/(30'R0)
A3(4,2)=C28(2sR1+*R2+24R3)/(30*R0O)
A3(4y3)=C3#(2sR1+R2+2+R3)/(30%RO)
A3(5,1)=Cie(28R1+2#R2+R3)/(30%K0)
A3(5,2)3C2%(2sR1+2%R2+R3)/(30*R0O)
A3(5,313C3#(28R1+2%R2+R3)/(3U*K0)
A3(6,11=Cle(R}1+2*R2+2#R3)/(30RO)

A3(6,215Coe (R1+2%R2+24R3)/(302R0)
A3(6,3)-C3*(Rl+2‘R2+2¢R3)/(3U*R0)
Do 818 I=1,6

DO 8Blg J=1,3



818

89

83

A3UI1J)SFACSFAC*A3(14d)
AS(1,1)=Ble((149¢R|+30R2,3%R3)/120,)+A/30,

AS(1,2)1=B2% (~2eR1+38R2=R3)/120=A/60
A5(1,3)15B3¢(~2#R1~R2+43eR3)/120=A/§0

AS (1, q):(Rl.(2.81+6¢B3)+R2.(Bl+2083)+R3‘(2‘81+2'83))/30+2'A/1:
Ast1.s)-(Rx~(z.01+e.ez)+Rz-(2~Bl+z-Bz)+R3-‘81+2*Bz))/30*2-“/1‘
AS(1,61=(R1e(20B2+2083)+R2e(B2+2eB3)+R39(2%B24B3)1/30+A/15
AS(2,11=B e (3sR1=20R2=R3)./120~A/60,
A5(2,2)=B2#(3«R1+]4#R2+34R3)/120+A/3D

- A5(2,31=B3#(~R)~2#R2+3eR3)/120=A/60

AS(2,4)=(R1»(By+2eB3)+R2+(2sB1+2¢B3)+R3I*(2%B[+B3)1/30+A/ 15
A5(2t5"‘R1‘(Z'Bl+2'82)*R2-(6'Bl*2082)+R3-(2.81+Bz))/30+2.A/p
As(2, 6)"(Rlc‘82*2'93)+R2‘(2032+6u83)+R3.(2*8202QB3) )/304-2.[\/1:
A5(3.l)=81*(3~R1'R2 2%R3)/120=A740

AS(3,2)=Be(=R]+3#R2=24R31/120=A/bQ
A5(3,3)1=B3¢ ((3sR1+3eR2+14eR3)/120)+A/30°

A5(3.q)-(R1~(z~51+2ﬁ33)*RZO(Z'Bl+B3)+R3'(6'91*2¢B3))/30*2¢A/U
AS(3,51=(R1#(B1+2eB2)+R20(2+4B1+B2)4+R3e(20B1+2482))/30+A/15

A (3, 6)~(R1~(2-82*83)+R2~(2*82+2.83)*R3~(6*Bz+2a83))/30*2.A/l
Ab(lyl)—Cl*(14¢R1+31R2+3aR3)/120-
Ae{l,21=C2%(=2aR1+3%R2=R31/120,
A6{1,3)=C3e(=-2#R1=R2+3sR3)/120, _
A6(),4)=(R1e(28C1+64C3)+R2(C1+22C3)+R30(2%C1+24C3)1/30

AG6(1, 5)=(R1¢(2¢Cl+6-C2)+RZ¢(Z'CI*ZuCZ)*R3¢(C1*2'C?))/30
Ab(l.6)-(Rl*(2~C2*?~C3)*R20(CZ*ZOCS)#R3‘(2‘C2+C3))/30
A6(2,1)=C1e(3eR1~2%R2~R3)/120=0»
A6(2,2)15Coe(3eR1I+14%R2+3+R3) /120,

.A6(2.3)-C3-(' R1~2eR2+3eR3) /120

Ab(2, q)=(R1¢(C1+2»C3)+P2'(Z*C1*2¢C3)*R3*(2‘C1*C3))/30
_A6(2,5)-(R1-(2¢Cl+2tC2)+R2¢(6*C1+2¢C2)+R30(2‘C1+C2))/30

A6l2, 6)=(R1-(C2*2¢C3)+R2'(Z*CZ*b*C3)*RJ‘(Z‘CZ*Z'C3))/30
A6(3,1)=C1a(3'R1'R2 -2%R3)/120 T
A613,2)3C2e(~R]*38R2-24R31/120, -

A6 (3, 3)=C3¢(3:Rl*3*R2+1H*R3)/120.

A6(3.q)=(R1-(th1+2*C3)+R2¢(2-C14C3)+R3-(6'C1*2~C3))/JDv

K6(3,5)=(RI%(C1+20C2)1+R2#(24C1+C2)+R3e(2eCl+28C2))/30

AbLL3, 6)—(R1~(2-C2+C3)+R2~(z*LZ*Z-C3)+R3'(6'Cz+zoC3))/30
bo 89 I=1,6 ’
Do 89 J=1, :

AQ(I;J)-'AS(J.I)

A3 (1, J)~'A6(J,I)

Do 88 I=1,s . : .

Do 88 J=1;3 ‘ , : - . .
ELMUT,J+lal=Ad(1,d)

ELM{I+12,0+18)=A3(1,J)

ELM(J+18,1)=A5(Jy1)

88 ELM(J+18,1+12)1=A6(J,1)

81

IF(IPRINT EQui)WRITE(6,810 ((AY (T, J) A3 LT, J)yABIJ, T AGIY, T,

1d=1,31,1=71,6)
FORMAT(12F1005)
RETURN - '
DEBUG SUBCHK

END
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~suBROuTINE CONVEC(NLL) |

PARAMETER HTE=32,NTH=81,NVB=97 NNI-17 NBN=3

“COMMON R1,R2,R3,KP(6,6),UNM(&,6), ELM(;{|21’.§NOD(NTN),ZNOD(NTN),
INOD (NTE, 61 ,NVELS (NVE) , VBND (HVD) S (NN, NNT) UVHP (NNT),NODS(6),
ZNCORS (3) \NCOR(NTE,3) ,NODCOR(NTE+3) \FAC,RE, IPRINT ,UN,RO" |
COMMON/IN/OMyERR, IBEGIN,ITR,1DISC,NOC
COMMON/CON/US(NTE.3>,VS(NTE.s),WS(NTE,s)

DIMENSION C{6,6)1A2(6)6) ‘ '

IFCITR.EQ, I)Go T0 1|

Go TO 3

lF(IBEGlN.EQ.o)GO TQ 2

Go To 5
DO 4 1=1,3
USINEL,11=0,0
VS(NEL,I)=0.,0
WS(NEL,1)=0,0
DO 423 J=1,NBN
IF(NVELS(J).EQ NOD(NEL,I))GO TO 424

GO TO 4

WRITE(6,87)J

FORMAT(1G)" :

US(NEL, 1)=sVBNp(J)

VSINELy1)=VBND(J+NBN)

WS(NEL.I)aveND(J+2-NBN)'

CONTINVE

Go TO 3

READ(8, 331)(US(NEL,I).VS(NtL.l).WS(NFL x),1=1,3)
FORMAT(3E]S5e4)

CONTINUE : o
WRITE(b.IO)(US(NEL,I),VS(NEL,l),WS(NEL.I),l=1;3,
FORMAT(3F10,5)

UL =US(NEL, 1)

uz= US(NEL 2)

Ua=US(NEL,3)

V1=VS(NEL,1)

V23VS(NEL,2)

vasVS(NEL,3)

Wwi1=WS(NEL,1)

wz=Ws (HEL,2)

W3=WS(NEL,3)
N1=NOD(NEL4 1)

N2=NOD(NEL,2)

N3=NOD (NEL ,3)

81=ZNOD(N2)-ZNDD(N3)

B2=ZNOD(N3)<«ZNODINT)

B3=ZNOD(N] )=ZNODINZ)
c1-RH00(N3)-RNOD(N2)
c2=RNoD(ti})=-RNOD{N3)
C3=RNOD(N2)-RNOD(N1)
R1=RNQO(NY) S o
R2=RNQOD(N2) . »

R3=RNOD(N3)
A=0.5.(RN09‘N1)c(ZNOD(PZ)-ZNOD(N3))+RNOD(N2)¢

1(ZNQD(N;;).ZNOD(M))+RNGD(N3)*(ZNOD(N1)-ZN00(N2)H
A=ABS (A)
A2(1,1)--A¢(5¢V1+V2*V3)/210

CR2(1,2)=As(4eyLFleV2 “V3)/1260

A2(1,3)=Ae(l®V]" V7+4nV3)/1260
AZ(l'H)--Ai(B-Vl'VZ 2*V3)/315
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Az(1'5)='A*(3*V1'2'V2~v3)/315 85

A2{1,6)=As(V]143¢V2,3eV3)/315

A2(Z2,2)==aw(Vi+50V2+V3) /210

A2(243)=Au(=V]+49V2+48y3)/1260

A2(2,4)=A«(32V])+V2+3eV3)/315

A2(2,5)=Au(2%V1=34V2+V3)/315

A2(2,6)=Aa(V]a3eV2+2eVv3) /315

A2(3,3)==a4(V]1+V2+54V3)/210

A2(3,4)=Ae(2%V|+V2=38V3)/3]15

A2(3,5)=Ae(3eV]+3a8V2+V3)/3]5

A2(3,6)=Ae(V1+2¢V2=3eV3)/315 -

A2(4,4)==(BwA/315)e(3ay]+V2+3ey])

A2(H,45)3" (4ab/315)x(3ay]|+2eV2+2eV7])

A2(H46)15=(48A/315)%(2eV]+24V2%32V])

A2(5,5)5=(BaA/315)s(3eV]+3eV2+Vy3)

A2(5,4)5=(HeA/315)%(28V]1+3eV2+2ey3)

A2(6,6)==(8¥A/315)8(V]+38V2+3%V3) - ' ‘
CC{1y11=(B1/840)# (Rl (342U +4sU2%qey3)+R20(4oUjezeu24Ua)+" '
1R3&(q-ul+uz+2-u3))+(C1/840)O(Rx'(3ch1+quw2+q¢W3)+R2.iq-wT#Zch+
2W3I)*R3I*(Yalll+V2+2eW3)) ,

Cl142)==(B2/2520) ¢ (R1#(3DsU1+BeU2+4eU3)+R2®(8aU]+220U2+593) 4R3e
1(q‘ul+5¢U2-2iU3))n(CZ/zszo)a(Rl-(30.W|+BpW2+q¢W3)+R20(8.w]¢22¢w20
25eW3)+R3# (Vi +5¢W2=24¢3)) L '

C(1,31==(B3/2520)# (R]e(30*U1+4eUp+82U3)+R2%(4eUym20U2+5%U )+ ,
2R3¢(8uU1+5¢U2+22'U3))-(C3/2520)‘(R1'(3D'Wl*“‘W2+8¢W3)*R3‘;4'W1'2‘
2W2+5+ W3 ) +R3e (BaW]l+56W24220W3))

C(1,4)=(R|®(Uje(3sB]+35¢B3)+U2s (=B +3eB3)1+U3e(m2431+3B3)W1e(3eC}
[ +369C3)+Wou (=C1+3eC3)+W3s(=20C +3eC3))+R20(Uje (=B +3B3)+1 2% (=3B}
2.2f83)*U3.(-3,31—B3)+w1¢(~cl+3:C3)+W2.(-3~C1-2§C3)*W30(PS-CI'CB))*
3R3*(U1¢(-2:81+3&B3)+U2t(-3081-83)+U3¢(49051'2i83)+W10(P20E1*3'C3’*
qW2e (=3¢ClaC3)+W3*(~9eC|=-2¢C3)))/630 : ‘

c(1,5)=(R1¢(U1¢(3~B;+36~82)+U20(-2031*3'BZ’+U30(-SxosnBZ)twl'(3'Cl
1 +360C2) +Vpw (=28C1+38C2)+W3u(=C1+34C2))+R2e (U a(m2,B1+30B2)4U20 (=9
251~2¢32)+u3.(.3081-82)*w1c(52'C1+3-C2)+Wz~(°90£1—2~C2)*W3¢(“3*C1'
362))*R3~(ux.(-Bl+3*Bz)+U2-(*3*81-82)ﬁUJ‘(-3'Bl-2'92)*Wl";Cl*3'C2’
4rW29 (=3#C1=C2)+W3e(=3eC1=2C2))) /630 ~ " '
c(l 6)=(R1&(Ul.3*(83+83)+U2~('82-2~B3)*U3“‘2'32'83l*Wi‘3~(C2*C3)¢
lwzgz-cz-z.c3)+W3*(~2-C2-C3))+R2*(Uld(-BZ-2‘83)¢Uzc(-3:82-9'53)+U3-
2(~3%B2~3uR3)*W ¢ (~C2222C3)+W2%(~30(2~ : o
598C3)+VW3e(~38C2=3C3))+RIe (U] - L
3o (=2#02-B3)+U2s (=3482-3¢B3)+U3s(~9eB2-38B3)+W e (=20C2=C3)+W20 (30
4C2~3#C3)+W3n(=92C2=30C3))1/630 ’ . )
((zil)=-(Bl/2520)¢(th(ZZ*Ul*B-U2*S'U3)*RZ"8'U1*30‘U2*4‘U3"R3‘(5
1-u1+q.uz-z-u3>)5(C1/2520L=(RL'(22-W1*8-W2+5~wa)+R5'(8-W1+30'W2*“‘
2W3)*TR3e(SeW ) THeW22eW3)) . . '
C(2'2)=(32/840,-LR1.(z.ul$q~U2+U3)+R2-(H-Ul+3q~U2+4-U3)*R3'LU1*4'
1U2+2*U3))+(C2/BQU)«(Rl;(znw1+chz+w3)+R2s(4!W1+34.W2+q&w3)*R3!(Wl*
24eW2+28W3)) o . .
C(2.3)='(Bl/2520)f{R1*("Z'Ul*”*U2+5*U3)*R2"4*U1+30‘U2*8’U3)*R3'(5
lcU(*BuUZ*zsza))'(C3/2520)y(R1.(-zcwl+H~W2*50W3)+R20(q¢W1+300W2*80
2?%5?5};}3;9}5?:?333 Iﬁ3253)+U2¢(-81-3083)*U3;(-3081;3‘BB)OWI'('3'
JC =99C3) +W2e(=Cl=20C3)+W3n(~30Cl-32C3))*R2%
5(Ul*(=Blm2eB3)+U2e(30B) -
2+3¢B3)+U3e(=2¢B1=B3) ¥ e (=C1=20C3) 420 (30C1+32C3) +W30(~20clmC3) 00

3R2.(U1.(-3,51_3683)+U2Q(-2081‘83)+U3'('9031-3683)+N10(-30r1-3ﬁc3)f1

a{m2eC -c3)+w3*(n9~c1-3~c3)))/630 ) } ) . )
qg%ZIS%;(é[‘(Ulﬁ(‘2081-9l82)*U2l(3‘81'2.82)*U3!l-81'3.32)‘Wl‘('ZQCl

1.9;C2)+w2.(3»c1-2.cZ)+w3~(-Cl‘3‘C2)’+RZ'(U1'(3'81;2-82)*Ué‘(36'51*
23-82)+u3-(3-81~82)»w1-(3'C1'Z‘C2’*WZ"36‘C‘*3'C2’*W3"3‘¢1'C2"*R3¢
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3O‘U10(~B1~3!BZ)+U2¢(3.81-82)+U3¢(,2.81~3.BZ)‘Wl‘i_Cx”s'czt*wzéja.
4C3mC2)+W3n (=2eC1=3%C2)))/630 _ 4 LR
C(Z'b)?(Rl‘(Ul”(i3‘82'2'83)+U2'('BZ*3‘B3)*U3Ckv3082;53l*WiQ("30C29i
12.C3)"HZ. (NCZ#3‘C3)*W3.(-3.C2~C3) )*BZ‘(Ul‘('8203'83)*U2'(3'32"36'
2B3)+U3e(~24B2+39B3)+W e (=C2+3%C3)+W20(39C2+3450C3)+W3a(m2ec2*30C3))
3+R3‘(Ul‘.('-a‘BZ"BJ,*UZ‘("2‘82"3’83)*U‘3.(-9'82'2.83)"Wl.""3.C2"C'3"
4y2e(=20C2430C3)+W3n(m9eC2~24C3))) /630 ' o ‘
C‘Jvl’:"81/2520’~(R1«(22¢u1+5.u2+e-u3)+Rz*(5au1-5.uz¢q.U3)tR3o¢a
JeUl+4eU2+304U3))=(Cy/2520) 0 (Rlel24W +50W2*BeW3)+R20(GeN a2oWN 2t oW,
23)+R3e (BeW ] +4aW2+30eW3)) 2 i 2 3 2e (512 2,“ |
C(342)==(82/2520)¢{Rj#(=2+U]+5eU2+4eU3)+R2%(5aU1+22sU2+80U3) 4RI (4
1eUl+8aU2+30U3))=(C2/2520)#(Rle(~2aW|+50W2%4aW3)+R2e(50W]422eW2+88
2W3)FYR3e(HaW)+B8eW2+300N3)) : |
€(3,3)3(B3/840)*(R1e(20U1+U2+4eU3)+R24 (V1 o
529U2+4eU3 ) +R3e (42Ul +4uy2+4344U3 ' \ 3
1))+4C3/840) 0 (R1e(28W]+W2+42W3)+R2u (W 42002+ 4aW3)+RI(4eW]+4eW2+34n
2u3)) : . |
Cl3s4)=(Rje{U w(=26B1w5eB3)+U20(mB|=3eB3)+U3e(3eBm20B3)¢W]1e(=2+C]
x.9¢C3)+w2.(.Cl-3-ca)+w;‘(3-cl-z*c3))+Rz'(Ul-(-81-5~83)+U29(*2!51'3
28B3)+U3%(30B1=B3)1+W] e (=C1=3sC3)*W2e |
G (=2eC|m3eC3)*W3s(36C]=C3))+RIe | . e
3U e (3eBlwpeB3)+#U2w (3B =B3)+U3w(36eB1+3eB3)+W e (34C1w20C3)+W20(30C
41nC3)+W3e(36%C1=3%C3)))/630 . , ] SR S
C(B.S)=(R1¥(U1Q(-3t81-9-82)*UZ.(-3.81.3-Bz)+u3.
G(~Bl1~2eB2)+W]e(=3sC]~ ! ‘ B . |
19#C2)+W2e (n3#C1=34C2)+W36(=C1=29C2) ) +R28(Ul# (=3B "30B2)%y2e (=78
2"3'82)*U3-(42i81‘32)*Wl‘(‘3'cl~3-C2)+W2'('9*C1~3'C2)fWS'(fCl’Z'CZl
3)+R$*(U1b(~81-2-82)+Uzn(*2081-82)+U30(3~81*3.Bz)*yx;(-C1fzaCz)sz-
Y(e28C}~C2)+vide(3eC1+38C2)1)/630 , , ' 1
C(J,b)=(Rlv(Ulc(-2c82-3083)*U2m(—Bz-3-83)+ . |
5U3#(3eB2=B3)+W]e(m2sC2m30aC ‘ |

|

1
13)+W2¢(-C2-3fC3)+W3~(30C2-C3))+R20(U1u(-3:53.82)+u2¢(-ét82-9¢83)+{
230(*2.B3+3#BZ)+W1.(-Bz-3bB3)*WZ?(-20C2-90C3)+ ' T |
EW3* (3eB2=2eB3))+R3e(Uje ' . ;
3(3&82n83)1U2'(3*32-2¢B3)#U3t(36‘82+3a83)+wl¢(30C2-C3)¢W2ii3‘€2-20q
43)+W3w(36#C2+3%C31))/630 _ ) e |

C(qal)=Bl*(R1'(27‘Ul+5*U2*10'U3)+R2*(5‘U1*U2*U3)+R30(100U1fU2*;aU1
1))/630*61»(R1~(27~W1+5-w2*r0*w3)+R2'(s-W1+W2+W31+R3s(1ofwn*wz+3.w:
2))/630 ’ . L, |

C(H.2)=32~(Rl'('9'U1+U2-6'U3)+R2a(Ul+5¢U2*U3)+R3'('60U1+U2'9‘U3))4
1eao+ca-(R1~(-9-W1*WZ-a-wa)+R2-(W1+5‘wz+W3)+R3-(-6,w1+wz-9.wz))/63@

C(4,3)=83bﬁRl0(3‘U1*U2+1D*U3)*R20(UI*UZ*5.U3)+R30;10*U1*5.U2+270U

1)/63p+C3n(Rye(30W +w2+|g~W3)*R2¢(W1+W2*5~W3)+R30(10'W1*5~W2*27'Wi
11)/7630+C3x (R} ! : ‘
2117630 : . ' ‘ |

C(q,4)=2l(Rlc(Ul-(Bl+12'83)*UZ-(2«31,3083)+U3:(6.31*6.33)+wl.(6.c
1+12:c3)+w2~(z.Cx+36C3)+W3'(6*C1*6-C3))+R2"Ul-(2'81+3-83’+U20(ZoB
2+2¢83)+U3.¢(3OBI"'2¢B3)*W]' (2!(1+3¢C3)+Wz¢(z‘cl+2¢C3)+W3.(3.C1*Z.C3%
3,+R3.(ul.(6,31+6¢53)+uan(3-81+2'83)+U3~(12'B|+6¢83)+w1-(6.C1*6-C3

) C Ca)+W3e(12eC1+69C3))) /315 . . |
e G TR v V1013481120021 *U26 12081 +30B2)+U3al2eB46vB2)¢W 0 (s

ICI*IZ-CZ)*Wz*(2'C1*3*C2)*WS*(Z'Cl*b'Cz)"Rz‘(UIO(é‘Bl+3'BZ’*U2"&
281*2'82)+U3-(2*31*2-82)+w1-(2-C1+3¢C2)*W30(3:C1*2¢Cz)+W3t!20C1+2y
32,)+R3¢(U1¢(2-81+6-Bz)+U20(2'Bl*2‘82)*U3*(3081*6¢BZ)+W1'l2¢C1*6'C
4)+W2% (20C  +29C2) +W3#(32C1*+62C2))) /316 _ . , |

c(q'6)=2'(Rlé(Ul*(6'52*3'03)*U2‘(2'BZ* .
528B3)+U3s (6#B2e2eB3) +W s l6wC2 : R U
13.C3)+WZ,(,.C2+2¢C3)+W3¢(6&C2+2‘C3))*Rz'(Ul'(chz+2qB3)*Uz'(ZGBZﬁ
2.93)+U3»(3Iaz¢zc83)+wl'(2'C2*2'C3’*WZ"Z'C2*3‘C3’*W3'!3‘52‘2'C3°’
3R3¢(U1-(6¢67+2¢53)*U2'(3'52*2*53)*U3'(12’52*3¢B3)+W1¢(6*C2*20C3)«

qzu(3¢cz+2«C3)+w3*(12‘C2*3'C3))’/315

:
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C(Sy1y=Ble(RI®(27vyls] , b e
Ney2+5 :
l))/630+C1'(Rl’(27¢wl+10'%2:5:331+R2‘(10‘u1*3‘U2+U3)*R3'(5‘U1*U2+U3
Z)nggﬂ ‘ ‘3 +R2'({chl+3-w2+W3),R3'(5¢wlwwz‘w3
C(592)uB28 (Rle(3%U]4] . : , : : |
os=U : - .
1))/630+c2,(R1‘(3.wl:lU’W§:§3;:hz'(10'U1+27‘U2*5'U3)+R30(U1*5-U24u3
2))/630 O#B2%W3 R2# ( (0ot *+27°Woeceliz)+R3e (W +5eW2eW3
C(513)=B3s(Rla(=FnU . : : : : |
- ) ' =6 - . |
L630%5Cae (R et oontilnaanorn2 Yl ke tabelins e N2tUalsRan iUl b2usal3l 1/
C(B,4)%= ; 6 1=9eWo+Wa)+R3e (Wi +W2+5eW3) )63
( é ) 2*(Rl‘(Ul‘(s.al‘,lz.us).’.uz. . R o 0:
-5(2#B]1+6%B3)+U3e(24B)1+34B3)+W 1w (3 : . T
1C1+12eC3)#M2n (20C +58C3) W ) ' .
5‘“1‘(2'31+6.B3)+u§.(3,3’ 3+(20C1+30C3) ) +R20
2B1+64B3)+UIn(28B1+24B3)+W e - L.
3 33))+R3g(ul.(Z,Bl+33;3?1U2::;f;fi;:;g?iagzﬁé3nc1+60C3)*W3D(20C102¢C
- -. ‘
. q)*wz’(z’cl\"'z'cfi""‘.'130(3.C‘+ ‘(_3)) ( .81*2.53)"w1'(2ﬁc“.’3.(:3
c(5p5)=2*(R .(Ul‘(é B E )+ Y7315 o
\ 1 #B+120820%U2e (2 eB  +6eB2)eUse (9B +39B ) +N s (4
1C1+12eC2)+¥2e (peC+eeC2)+W3e(2e¢C ) +30C2))+R2w 2 2 IRAX-L
2c81+6.Bz)+u3a(3.31*2,52,,wl.‘6‘ci*2ic§)*wz‘:(Ux-(6'81f6'82)+U2o(12
3'C2)r*R3'(U1"2'31*3‘32’*U2¢(3o81+2-52)+u3.(;f;citfacz,;w3:(3‘cl‘z
Hc2)+w2‘(3'CI+Z.C2)*W3n(2.(1+2¢c2)))/315 : 142 21+l e 20C1¢3’
C(546)=2+(Ry®(UL*(3sB2+6#B3)+U; U :

2% (2aB2+4eB3) +
‘2"6“3’*”2*‘Z'Cz*b'C3’+W3~(z-Cz*z-csf)+sz(u?i?éf;gf;f;g?i;gl:”;c
2+129B31+U3#(20B2+30B3)¢W v (20C2%5eC3)+W20a (30 : b
33))+R3s(Uje(2eB2%42603)+U2e 2002+ (39C2+12eC3)+W3e(20C2430C

, 26 (2982+32B3)+U3s(39B2+24B3)+W*(20C2%20C]
qé:r:z‘(2;C2*3'C3)*'WJ"(3Q_C2+2¢C3)))/315 . . . ‘
11)=B18(R1a(59U1+U24U3)4R2% (U=9wU26eU3)+R30 (1]= :
1630'+c1.(Rli‘S'Wl*WZ*“3)*R2*(W1'9~W2—6¢W3)+R3t?&;22:§.2§c;;??,Z/ .
C(6,2)=Bél(Rln(Ul+5~U2+U3)+R2*(5¢U1*27uU2+10.u3)+R3,(5l¢lD.U2£3335
1)1/7630%C2% (R (Wy+ o ) : v ‘
231176300 2 (Rpe(Wy+5au2#W3) +R24 (GaW]1+27W2+100W3 ) +R3e (Wl 00W2430

C(b,3)=B38(R1s(UI4U2+52U3)4+R2*(VU 3 '
_ 1+3%U2410*YU3)4R3I¢ (5l U
6 . - ( 1+10eU2427%V
;;;:/z2;+ca*(Rl‘(wl+w2*5'w3’+R2"W1‘3'W2*10'W3)*R3.(5¢w1*1o-wz+z7u
. .
C(byH4)=2% (R1*(ULS(2¢B]1,3#B3)+U2% (248 .

; 2B 1+2*B3) U3 B 8 .
2+30B3)+U3u (6B +2%B3)+W1s(2¢C1+20C3)+W20(62C 1 +30C3)+W30(64C1+20C3
"3)+R3w (Ui (34B]+2%B3)+Upe(b6obB]*22B3)+U : - ‘

3el{y12%B,+ |

4en2e (4eCleosC)+W3e(120C1+30C3))) /315 ! ‘l 3eB3)+W e (3,01 +2eC3

C(6.5)=2*(th(ul-(3;82+2.n')+U-¢ Bo+awBi) - ;

12+2-C1)*N20(20C2f3qcl)+W3;%2-C§+§321$)2§21(Glija:ésg,gz;ga?glaglzézs

. 2+124011+U3s(2eB2+6eB] ) +H»(29C2*30C 1+ N20(30C2¢124C] )¥W3a(20C2¢00

3100 *R3e (U] v (20824281 1+U20 (2062444 R1)1+U3e (308244081040 e (20C2¥20C

*4)+W2f(2'C2+6'C1)+w3-(3¢cz+bac1)))/315, ‘ 4 |

sg‘é'b)‘z‘(Rl'(Ulf(2*53*2'32)*92‘(3n83+2'82)+u3¢(2983+3.Bz)¢w1¢(2,

l"!é&CZ)*\NZ*(3*C3+2uC2)+W3-p(2;C3+3.C2))#sz(Ui.(3.33..2.82),,“2.(IZ.B

2+6.BZ)+U3'(&‘B;‘.é*uz).’Wl'('}‘c'—j*‘z'cz)"wz‘(12'C3"6’62)*W31‘('(,0C3+6.c‘

3"*33"Ul*(2'53*3*52)*Uz*(b-ﬁ3*6r82)wU3-(6‘83+12¢Bz)+w1~(i-cs+3.c

4)+W2w (62C3+60C2) +W3a(6eC3+122C2))) /315 .

' 00 9 l=1.J"l B
9 A2(Jy11=A2(14J)

‘ELM(I.J*6)=A2(I.J)
ELM({+6’J)=ﬂA2(l’J) ‘
DO 90 K=1,3 ' _ .
90 ELM(1+(K-1)-b,J+(K~1)-6)=ELM(I+(K~1)-6.J+(K—1)-6)+C(I§J)
IF(IPRINT,EQol)WRITE(b.BL)((AZ(I.J),C(I,J).J:l.bq.xglzb)

" B1 FORMAT(12F10e5) | , ,

o RLTUET,
=5 ELD



2223

81
82
83
84
85
86
87
88

89

SUBROUTINE [TER

PARAMETER NTE=32,NTH=81 ,NVB=97 NTU NNT=
kP(b 6%.“““(6 ¢ sfé?én.z{)“9

COMMON R1,R2,R3,

J

88

NNIPE24,
OD(NTN).ZNOD(NTN).

1N00‘NTEo61.NVELafNVB).vaND(NVB).S(NTu JNTU) JUVWP (NTU) ,NODS (&),
2NCORS(3),NCOR(NTE,3) ,NODCOR(NTE,3),FAC,RE, IPRINT,UN, RO

COMHMON/ZIN/OM,ERR, IBEGIN,ITR,IDISK ,NOC ,NER,NEZ

COMMON/CON/US(NTE 3),VS(NTE,3) ,WS(NTE .3),PBND(NPB) -

COMMON/INP/IPR.IUS,IVS WS, 1PS

DIMENSION U(NNI)vV(NNl).W(NNI),P(NNI),UP(NNI),VP(NNx).WP(NNI),

IPSTUNNI) yINTUHNT)

NET=NTE

IF(ITRWEQ, )60 TO |

Go TO0 3 ,

IF(IBEGIN,EGe0)GO TO 2

‘60 TO 5,

DO 4 1=],NNT

UP(1)=0.0

VP(1)=0,0

WP(1)=040

Go TO 3 \ .
READ(8,3301(UP (1), VP{I1}),WP(1)y151,NNT)
REWIND 8 '

CONTINUE
WRITE(b.lo)(UP(I).VP(I).WP(I)vI~l.NNx)
FORMAT(3F10,5)

Do 202° d=1 0N

00 203 =) ,NNIP

WR!TE(6.2223)(U(I),x=1,NN1)
WRITE(6,2223) (V1) I=1,NN])
WRITE(6,2223)(Wil),1=1 NNI)
WRITE(642223)1(P(1),I=] NNIP)

FOR"AT(IZFonS)

Iusl

[v=1

Tw=l

Do 433 1=} ,NN] ,
IF(U(])eEQeQe IGO0 TO B -

GO TO &6 i

IF(UP({1)4£Q,0,)GO0 TO 82

Go T0 87 . @

IF(V(I)+EQ,De)GO TO 83

GO TO 88 B

IF(VP(1).EQ, 0.)60 TO 84

G0 TO 89 |

IF(W(1)eEQeD+)GO TO 35

Go TO 90

IF(WP{I)eEQ, 0.)30 TO 433

GO TO 91 ]
IF(ABS((U(I)*UP(I))/U(I)).LE ERRYTUSTIU+]
G0 TO 82 @ )
JF(ABS((U(T)=UP(I))/ZUP(]I)) o LECERR)YIU=1U+}
GO TO 82 R

1F(ABS ((v(d)-VP(I))/V(I)).LE FRR)IV“IV*I
60. TO g4 n|

IF(ABS((V(I)'VP(I))/VP(I)).LE-hRR)IV-IV*l



GO TO 84

90 IF(ABsS ((W(I)~WP(I))/N(I)).LE ERR) IW= W4t
GO TO 433 .
921 IF(AHS((W(1)-uP(l))/WP(I)).LE.LRR)IW 1W+1.
433 CONTINUE
223 wRITE(b.Zouz)IU,lv ]
2002 FORMAT(31g) . :
: IF(CIU+IVHI) ,GEeNOC)GQ TO - 224

Do 331 I=)1,NN]
UP({I)=UT1)

o VP(X)-V(I)
331 WRPLLY=WI(Ty
DO 5991 J=],2eNEZ~]
DO 5991 I=],2eNERm]
5991 INT((I=1)e(2°NEZ=1)+J)=1s(2+NEZ+|)ad+]
WRITE(G, 1101)(INT(I).1=1 NNT)
1101 FORMAT(26123)
' DO 225 NEL= LyNET
Do 225 J=1,3
=NOD(NEL ,J)
DO 5142 IM=1,uN1 :
5142 IF(McEQ.lNT(IM))GO TO 5143
Go TO 225
5143 US(NEL, J)-(1.+0M)cU(1M)-0M»US(NEL J)
VS(NEL,J)={1++0M)aV(IM)=0OMaVSINEL,J)
WS{NEL, J)-(l.»oM).W(1M)~0MoWS(NEL,J)
WRITE(6412)US(NEL, J).VS(NEL JY WS (NEL,J)
225 CONTINUE )
WRITE(6.10)(UP(l).VP(I),WP(I):I=1,NNI)
NKT=NTH
WRITE(6,8765)NNT4NTHN
8765 FORMAT(21%) .
WRITE(6,111 ] )NTN,NNT ,NER,NEZ
1111 FORHAT(qxq) '

TTRSITR+1
IF(ITRWEQ,IDISK}) GO .TO 224
RETURN '
224 WRITE(6,2223)(ull), 1= NNI)
S WRITE(6,2223) (V1) ,I=1 NNI)
WRITE(6,2223)(ull),I=1 ,NNI)
WRITE(6,2223)(P(1),I=1 ,NNIP) —
) wRITE(o,22°3)(PSI(I JHNT) |

v (1,J) ) iS (141 +d=1,30,1=1NTE)

[
~— -

: RITE(B,332)((USI(],
332 FORHAT(3515.4)
WRITE(8,330)(U(1), V(L)Y W(l), 151 ,NNT)
330 FORMAT(GE}5,4)
~REWIND B8
syoP
" DEBUG SUBCHK
END



[ RUREE S A O,
.y .

Culthan rELZR2.R3
PRINT = y K1, X2,X3

,_EFL~X1»71¢(2*A1P1)..z /(Rch1+R2*X2+R3Wx3)
erTURN o

CURURGTION 21 ,X2,%3) M
SCOMHDN R1,R2:R3 : : T :
Fp= xl*XZ*(?“l'l)ﬂ(Z‘XZ-I)/(Rl&XI*RZ*xz*RBiXS)

"?Mkflm‘rn(n,x2x3)

FUNCTION FleX1,X2,x3)

EN
e

RF T u R Iy , B . ) S
END A SRR

TFUNCTION F3(X],X2,X3) - |
CCOMMON R1,R2,R3 | e

COHNON KI,R2,R3 B
Fq-q*x1:%1bx3.(2tX]-l)/(hl¢X1+R2‘X2*R X3,f
RETURN
EHD

FUNCTIONL FS(X],42,%3)

CuMMON K1 ,R2,R3 . e
F‘”4*X1~x1*A?*(2~71—1)/(hl»x1+P2*xz+R3‘X3)*

RETURpN

EHD

FUNCTION FoiX],X2,%3) \ -
"CUMHON K1,R2,R3 R

Fo= HﬁXlnXZ*AS*(Z*X1~1)/(kltX1+R2~X2*R3‘X3)
RETURN

END

TFUNCTION F7(81,%2,43)

CoHiloN K1,RZ2.R3 e
r/=x2.xg~(z-xz-1)~~z/(R1*x1+R7-Xz+k3*X3)
CRETURN

END i

TFUBCTION FB(X1,X2,X3)

coton K1 ,RZsR3 : e
ru-xz‘xst(z‘X7-1)-(z-xJ-x)/(Rl*xl*RZ*XZ*RB*X3)
RLTURN ,

END 4 . -t

F3= AllXJilétﬂlﬁl)*(2~X3-1)/(R1¢X1+R2tXZ+R;¢X3}1
“RLTURN o TR



Se

CFUNCTION FO(X1 X2 X3) .

~ RETURN .
END

COMMON R1/R24R3 a -
Faz u*xl*X2*x3*(2*x?-1)/(Rl*x1+R2*x2+R3 x3)

FUNCTION F10(X1,X2¢X3)
COMMORN R1+R29R3

-.F1o-a*x1*x2*x2*(2*X2-1)/(Rl*x1+R2*X2+R3*xz)

RETURN

S END

FUNCTION F11(X1sX2?X3)

- COMMON R1/¢R29R3 . L
F11-u*Y2*X2*X3*(2*X2w1)/(Rl*X1+R2*x2+R3*X3’

RETURN
END

e . \

FUNCTION F12(X1,X2¢X3)

COMMON R1+/R29R3

. F12=X3%X3% (2%X3= 1)**2 /(R1*x1+R2*x2+R3*XS)

— e

RETURM
END

CFUNCTION F13(X19X27X3)

COMMON R1/R29R3

F13= q*x1*x3*x3*(2*X3n1)/(Rl*X1+R2*X2+R3#X3)‘

RETURN
EnND

FINCTION F1u (X1 X?'X3)
COMMOMN - R1+R21R3S

”'i Filu= u«x1*x2*x3*(2*X3-1)/(Pl*X1+R2*X2+R3*X3)

“RETURN
END

......

CFUNCTION F15(X1,X2¢X3) R

COMMON R1,R2,R3
F15= u*XQ*Xs*X3*(0*X3— ) 7 {R1%#X1+R2*X24+R3*X3)
RETURN

- END

FINCTION F16(X1sX2?7X3) |
COMMON R1+R2sR3
Fle= 16*x1*x1*x3*x1/(Rl*x1+R2*x?+R3*x3)

. RETURN

EMD

.

CFUNCTION. F17(X1¢X2?X3)

CNMMON R1+/R29R3 : T

- F17= 16*X1*X1*x2*x3/(Rl*X1+R2*x2+R3*x3)

RFTURN
END

_al‘ :



~FULCT [ OL Fla(XI,xz X3)
{COIHUN K1,RZyR3
TPRINT « x;,xz X3

F;b-le*x;yxstxz.X3/(RT.X1+uz-X2+R3§X3)?

"RETUKN
Z_END

FUBCT]ON F19(X1,Xg X3)

"COMMUN K1,RZyR3

'FZG-I6¢X10X2'X21X3/(thXl*h2!X2+R3#X3) o

F19—1e¢xx*X1*x2~X2/(Rl'Xl*hz*X°*R3'x3’
RETURN
LhD

Ve g e s

FUNCTION F20(X1,X2 x3)
COMMUN R14R24R3 -

RE.TURN

END A e
) ':.

FUMCT IO F21(X1,%2,X3)
COHEON Ki,R2,R3 -

Fgl-leuxz‘xz'x3~x3/(H1~x1+n2¢xz+n3tx3)

RETUKN
EfC

FblLIlon F22(X1,XZ x3)
Culion K1 ,RZ,R3

Fz2= 91¢X1+R2'A?+P3¢x3
PETUR

CEND

92
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