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ABSTRACT

A finite element formulation is ueed to solve the’depth
avefaged pollutant conservation equation for & river. Two
newl§ developed highef order upwinding elements are tested
against'standard methods- These mew elements performed well
ln one and two dimensional ourely advection tests. Their
performance was a great deal better .at higher Peclet nnmbers[
in their ability‘to predict flows'skewed to the mesh. The
application oftthese new elements to both ideal and practical
'31tuat10ns is restrlcted due to the large demands they make

on computatlon effort
Y

The model was used to better underetand the variation of
eddy diffusivity on the characteristics of plumes. The
performance of the model was adequatevwhen‘it'was applied to
the solutiqn of a plume in the Grand River, neaf ﬁitchener,

Ontario. The application to the slug test was not'as good,

as the physics of the processes involved are not yet -

understood. L
AL o
' ~

A
Y v

In conclu31on the flnlte element appllcatlon to iver:

.~? <.

*‘was found to be an excellent tool due to 1ts

flexlbllity in 1ncorpo%at1ng arbltrary geometries, and its

higher accuracy in a general case.
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1. INTRODUCTION

The urbanization Qf‘dur society in-fhé recent centyry
has brouéht with it the immense prbblem of liquid waSté
disposal. A common fofm of disposal currently used is to
dilute the'waéte in a large body of water, wﬁich'would then
with time decompose in the water. To design diéposal systems
on a river the engineer must understand the phys;cal behavio;
of pollutants in rivers. This understanding reauires the
develo?hent of effiqient and accurate methods of analysis.
This thesié attémpts to further the use of the finite element
method as a vital and essential ;pol in the-engineers'ability
to effectively predict the behévior of passive pollutants in

rivers.
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’ S 2. LITERATURE REVIEW
2.1 Depth averaged Pollutant Conservation Egquation

This section presents the derivation of the depth
averaged adve'tion'diffusion equation which describes the
behavxor of a pa551ve pollutant in rlvers.' A brief
1ntroductlon to the phy51cal processes important in the

modelling of plumes is also “included.
2.1.1 Pollutant Conservation Equation

_The behavior of a conservative passive pollutant in an

1ncoqpre551ble laminar fluid flow can be shown to be

deacrlbed differentially by the expression,

" 3¢ ‘9 _ 0 dc |
bTS + uy 5;: = 5;: Dij(szg) + p . (2.1)

In this expfession c is the concentiration of the poilutant, u
is the velocity of the fluid, D is. the moleoulaf diffusion

coefficientﬂand P represensgfg source or a siok of pollutant!
The index i tep;esents the summation over the turee Cartesian

coordinate as Shown in Figure 2.1.

-

This equation is only applicable to laminar flow, but it

~also represents the conservation of pollutants in turbulent

e

flows at an instant in time and space. The time and space

interval over which this equation is valld is so small that,

{augtlenew faster supercomputers are avallable, solution of

this equation for a turbulent flow situation is 1mp0331ble

¥
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In general this equation is time averaged to arrive at an
equation applicable to turbulent flows. To‘time average
Equation)le, the variable at an instant of time is expressed
T as a'SB;‘of its time averaged and fluctuating components,
stated as u; = u; + u' and ¢ = S+ c'. The time averaged
Equation 2.2 is arrived at after substituting into Equation

2.1 these expressions\and simplifying.

% - 9 9 — 0 —|0c | =

. -In this equation the bars denote time averaged quantities
. . . ) .
defined as

+T

, |
() == (.) dt, | (2.3)

o

and the primes indicate fluctuating components of the
respective quantities. The additional term on the right hand

side u;'c’', represents the turbulent flux of fluctuating

“concentrations carried by the fiuctuating velocity field.

e

These terms describe the dominant mixing processes which

dilute the effluent in the river.

'S

" There exists no general solution,for Equation 2.2 for

situations that are of concern to the engineer. The engineer

is forced to devise an approxihate solution” for problems he

is concerned with. : \



~

2.1.2 Depth ‘ﬁbq?aged, Equations

a'practical alternative that has been used in the past
is to solve the depth averaged equation andiapply it to
‘situations where the mixing with reggect to the depth is .
fully accomplished ( Beltaos‘1978; Fisher et al 1979, Hardeﬁ
et al 1979, Krishnappan et al 1983 and S%?re 1973). The
depth averagea equation can be derived by integrating
Equation 2.2 with respect to the depth and divicing the
resulting equa£i0n<6y the depth. The resulting depth averaged

equation is

oc . 3¢ ac_i(-.—. )
5{ + U % f A\ 5; = % - u'c' - ugcd +

g%'(— v'ec! - vdcd) + 2 (2.4)
In this equation C, U, V, and P are the depth averaged

h' -
quantities defined as %‘f (.) dy. The: depth averagggg
0 .

dispersion terms usCq and v4Cy represent the effect of the

non-uniform velocity distribution with respect to the depth.

The quantities uy, vy and ¢4 are’ the deviations from the

— - - 1.
average for each quantity. The terms -u'c'’ and -v'c' are the
N

b

depth and time averaged turbulent fluctuations.

2.1.3 Diffusion Proceaesses

. ) " c .
The time and depth averaging results in two new terms,
-u'c’ and - cT, thét %epresent'the mixing caused by the
turbulent fluctuations. In his pioneering paper, G. I.

- v

N\

¢
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Taylor (1921) showed that’ momentum turbulent fluctuatlons can
be modelled as a Flcklan behavior, glven that the turbulent
time scale is much smaller than the tlme scale of the general
flow. Similarly the flucruating cdhponents in the time
averaged pollutant conservatlon equation can also be modelled
assuming Fickian behavior. This Flcklan process 1mp11es that
the,fluctuation components can be modelled by a simple
<

gradient law expression'3uch as shown below (Elhdi et al

1984) , R .\

¥ £ | |
—me=£u'a:;-' | L (2.9

Where Eb'represents the eddy dlffu31v1ty in the three

respective directions. \ From dimensional considerations it
can be deduced that the eddy diffusivity is a product to a
length scale and a vélo@ity scale (Krishnappan and Lau 1977)
The length scale used generally is either the depth or the

w1dth of the river and the velocity scale used is either the

‘xeach'average‘velocity or the shear velocity U.E?VgRSf.

-~ -

2.1.3.1 ¥ransverse Diffusion

The most important factor governing the mixing process
in a steady plume in a river is the transverse mixing of the .

plume in the fluid flow. This diffusive process voverns the
“ T oA,

rate of lateral spreading of the plume. X

N,

—

Through the use of dimensional arguments a relationship
. N .. \
that governs the behavior of €,, the transyverse -eddy

i



diffusivity, was looked at in great detail by Krishnappan and

P

Lau (1977). They concluded that the Dbest fit to the

experimental values documented is given by the relationship

8; /U W
UN f(u, ’ h) (2.6)

| 3
where W is the average width of the river and h is the reach ~

average depth.- Figure 2.2 shows a plot of this relationship

!

“

?reglven by Krlshnappan and Lau“(1977) The original plot
P

sented by Krishnappan and Lau shows that there is a- strong

.

dependence on frictl n factor. A convenlent expression theé
- }
accodunts for this 's

ughness' effeéffoan be derived if the
bid +
« :

expression

U 12R .
5o =.2.51n% k) y _ (2.7)

AN Y
is used to incorporate the relationship petwken the hydraulic
>

radius R ( = h for a river )and the conveyance coefficient

U :
C. =y, - ;In thlS equatlon, k is the roughness height of the <

channel bed. A possibie dimensionless relationship resulting -
from this is
g, k | '
Uw___f(w) | ‘ . S (2.8)
) a . ?, t
The expeﬁimental data is plotted again using this new

A A
relationship in Figure 2.3 . - This plot suggests that an

approximate value can be obtained from the linear regression

line, - : (Q

-v:/"

—tie
oW = 0.00065§8M+_0.0}95 (

= |~
N
~
O

.\\ ' | '- -' . ‘
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2.1.3.2 Longitudinal -~ffusion

Longitudinal difoSLVity‘can also be thought to followla
similar relationship as the transvefse diffusivity. Even
though t*i has not been studied in as extensive;y as the
transverse ;iffusion; studies done by Sayre and Chang (1968)

suggest that it is two to three times larger than the

transverse diffusivity. The longituainal diffusivity can be

approximated in a similar manner by the expression

3

£ _ o‘ 0006538 + 0.0293 LS " ‘(2 10).
UwW : . ‘ W .

2.1.4 Dispersion Processes

The depth averaged concentration equation hides the
effects of any variation of properties in the vertical’
direction. One important distortion resulting from depth

averaging is the smearing of pollutant in' plan by -the nomn=

10

uniform vertical yelocity'distribution. Take the case of the -

refease of a trace of pollutant in an infinitely.widef
channel, which has a loéa;ithmic velocity.distributioﬁ.in the
vertical. The tracer will be advected downstream at
different velocities depending on its the distapce above the
bed.. The result is that the cloud disperses in the
horizontal plane, as illustrated in Figure 2.4. This
diépersion manifests itself in the depth averaged | K

concentration measurements, by showing a distinct skewness to

the depth averaged concentration distribution. = After a long

\
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/line source

Advected
line %our

(b) Advection of a line source by the logarithmic
velocity distribution.

(c) Skewed distribution .of the depth averaged
concentration resulting from a
non-uniform velocity distribution. :

Effects of a logarithmic velocity
distribution on the Depth averaged

Figure 2.4
concentrations.
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period of time this skewed distribution deteriorates into a
Gaussian distribution. The effects of this behavior is
incorporated by modelling the two dispersion terms , uuCy and

v,Cq, which result from the depth averaging.

There exist two distinct regions of interest in the
modelling of these dispersion terms. They consist of the
initial developi:  region and a final 'steady' region.

2.1.4.1 Final 'Steady' Dispersion

R

JIn the final 'steady!' stage of diépersion of the f@
pollvtent, it is believed that the variance of aistfibution
grows linearly with time (Fisher et al. 1979). G. I. Taylor
(1921) showed that if the variance éan be thoﬁght_of as
growing linearly with time, that is

doc
a; = constant, (2.11°

AN

then it follows that the process can be modelled -as a Fickian

behavior. Thus the dispersion terms can be modelled as,
v o

dcC dC
- udCd =*= Kyx a' - Kyz d—z_ an
. dcC dcC
VgCyg & sz dx - Kzz dz ) (2.12)

‘.where K is defined by the fol;owing integrals,

[ 1
Kyx = - ud.f'z j uy dy dy dy,

J .

r
Kyz = _VJ udf':?j vy dy dy dy,

r 1 s ‘ )
Kex = — Vd.f'—-J u; dy dy dy and

o € ——,



\,

’ 1 .
Ky = - J Va f _E- J‘ vy dy dy dy, (2-173)

In these integrals € is the vertical turbulent eddy diffusion.
Elder (1959) showed that for a logarithmic velocity
distribution in the vertical direction in an infinitely wide
channel, the corresponding expression for the dispersidn

coefficient in the x direction is

N

Kye = 5.93 U, h~ (2.14)

@

. J :
where U, is the shear velocity and h is the depth.

{

- «This final region is defined to be after the cloud has
travelled a characteristic length, after which the 6ﬁly
dominant process is one dimensional dispérsion. For a river
this occurs after the slug occupies the full cross section.

FisHer (1979) suggests that this occurs after a length,

1.8 W'2 U : :
Li=_'h—U*_' o ‘ . . . (2.15)

~

where W' is the distance to the farthest bank from the center
of the slug and U is the cross-sectional average velocity.
Prior to this initial region, the use of a Fickian

approximation is invalid.
2.1.4.2 1Initial Transient Dispersion

N B . B
In the initial region of the slug movement, there has
not ‘been any physically sound analysis performed. An attempt

was made by S. Beltaos(1980) to definé this region using arn

v A ,
empirical fit to predict the behavior of the slug variance

J

~

(9%

‘
4

1S



™~

for the initial region. Though his method of analyses is
guite firm, thé use of an empirical relation that has no

physical basis makes the analyses unattractive. -
L

. 4
The lack Qf a sound predictive model for the physical
behavior of ?gsper31on limits the ablllty of numerical
&
methods in predicting the measured values for river slug

tests.

[N

2.1.5 Modelled Egquation

The depth averaged equation modelled after the
simplificatic. made for the dispersion and eddy diffusivity
terms 1is

ac ac 8 . ac -
5"{:— + Uiax axi Eij an - P = O (2.16)

where E;y is the total diffusion defined as
. Elj = Eij + Kij . ) : (2.17)
N 4
Equation 2.16 is applicable to situatiohslwhere the

plume is well mixed in the vertical direction and the

i
\

longitudinal dispersion can be neglected.
2.2 Past -Solution Techniques

The ful{\three dimensional equation of conservation of a
passive pollutapt has no general solutipn for any 51tuatlon
The solutlon technlques vary from the 31mple analytlcal

SOlUthDS for idealized 51tuatlons, to the more complicated

14



finite element discrete solution of a géneral river reach.
The strategies that have been employed by the engineer to
solve the v - lem can be divided inﬁo two basic categories,
namély analytical solutions and numerical solutiong of

simplified forms of Equation 2.1.
2.2.1 Analytical Solutions

. Analytical solution may not be as precise in reflecting
the behavior in a general river as some &f the other
numerical solutions, but they do provide an excellent tool'iq
asseésing initial investigations. Basically the analytical
solutions can be categorized into two groups, namely one

dimensional and two dimensional solutions.
'2.2.1.1 One Dimensional Solutions

Genéral%y the one dimensiqﬁal solutions are used to
predict the behavior of a slug test. In‘a slug test a large
dose of pollutant’ié introduced into the river. fhe dilution
of the'slgg due to diffusion and dispersion can be predicted
using a Qné‘dimensional solution. Once the slug has occupied
the entire channel width'the‘dominant processes that are of

interest are those of advection and longitudinal dispersion

of the slug as it travels downstream.

To solve for this situation, the full equation has to be
averaged over the cross section to arrive at the unsteady one

dimension advection diffusion equation,



/

dC - dC d_ —|ac | . '
oc U ox;  Ox, E”(axiJ (2.18)

In this equation C, U, and ﬁ; are quantities averaged over the

LY

cross section. The averaged terms are defined as

W
h

C = JEdy dz ' : (2.19)

0

and E, is the longitudinal dispersion defined as

E—xz_"'_p_l,_lo___c_o C . (2.20)
9
X

where uj and c, are the deviations from the :ross-sectional

average values. This dispersion due to the velocity profiles
, ‘ v
can only be modelled as a diffusive process using gradient

laws if they behave in a Fickian manner. As mentioned

A

‘earlier in Section 2.1.4.1, the distance after which this
P

analysis is applicable is Lj.

The analytical solution to Equation 2.18 is . /

-
- (%-U t)
- M e 4 Ex t

C=2A\jn§x—t

where M is the total quantity of tracer introduced into the

(2.21)

river, and A is the average cross-sectional area.

e e Y

2.2.1.2 Two Dimensional Solutions

Analytical solutions to problems based on solving the

depth averaged equation similar to Equation 2.4 exist for

16



17
steady plumes from line and point sources. Equation 2.4 is
for a Cartesian coordinate system. However, no natural rivet
is ever going to follow such an orthogonal coordinate system
To overcome this problem, Yotspkura and Sayre (1976)
introduced.a coordinate system fitted to the general shape ot
rivers, known as a.body fitted curvilinear coordinate system,
shown in Figure 2.5. The depth averaged equatioh ih this
cdordinate eystem aecording toprtsukura and Sayre can be

expressed as,

c . 2 2 y 8 (M 3c o
mm, 35+ 5’;(sz€) + é—;(mxvc) =‘§; (';—‘x' E, 8_;) . J
\ - 2 m, éc | "
C . | + 5 G . az) (2.22)

in which E, and E; are the sum of the turbulent diffhsiyity‘
and dispersion coefficients, ﬁg and m, are metric coefficients
to account for the coordinateé system transformation and all

capitalized variables are depth averaged quantities.

‘The solution tdquuetion 2.22 may berobtained,.but it‘
would be of little benefit due to the large data base
required. River.velocity surveys seldom give V velocity’
‘measurements and for the purpose of preliminary analysis it
has_ llttle effect. Tﬁe solution generally used is a solution-
to a steady state 51tuat10n where the longitudinal dispersion
has llttle effect, 51nce it is dependent on the longltudlnal
gradient which is very small. Applylng these 31mp11f1catlon,

to Equation 2.22;'the resulting equation can be stated as,
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0 (Mx _ 2 '
a%;(szC“) =a_z_c-r-1_EZ§gz_)' | ' (2.23)

z

Introdhcing.the cumulative discharge concept defined as
; .

- J' m,hU dz (2.24)
0

in place of z, Yotsukura and Sayre (1976) show that Equétion
2.23 is the same as ‘
oC 9 aC
2 LS
55 = 5q (U h? m, E, aqc) . (2.25)

The analytical solution of Equation 2.25 for a point source

located at the bank, with constant E, over the whole domain of

the channel is

o0

c __2 (ﬂi) Z( (—<2rﬁ-n>2) | (—(2m+n)7))
C”.=_\/2n§ e 28 ¥ € 2 t e 2k ,

m=1
(2.26)
‘ M
Where Coo = 6;
et 1 : - . :
n-= Q ! the normalized cumulative discharge;
2Uh2m,E x . '
and & = o7 , a dimensionless distance.

A 31m11ar SOlUthﬂ shown below exists for a ll@e source

extending from the bank to where the cumulatlve discharge, is -

equal to rQ,

c JL.[ r-ny - r+n . { 2n+r- n | 2n¢r;n
Coo _ 2r |ert 2k erf 28 E rerf \f;g— \[;g'}

2n-r-7 2n+f—n } } : ‘4'“
~ erf ( \Eé_) - erf ( \fz-) <?-27>}

>
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where the variables are defined as for the point source
equation above.

Both of these solﬁ%ions are only applicable to idealized
situationg where the transverse diffusivity is constant over
the domain and the flow consists of U velocity only. The ‘;
domain‘of the solution would also have an average wel .city -
that is not'radicaily different between various longitudinal

¥

distances.
2.2.2 Nume;ical- Solﬁtions

The analytical solutions discussed earlier have
restrictions, in that the velocity and eddy diffusivity are
- averaged over the domain and the solutions cannot account for

any irregularities in the flow field. To find solutions that

! .

.

give an accurate picture of the behavior in a ndtural—"

L2 .
channel, a numerical solution is necessary.

There are many numerical schemes, both finite difference
and finite element, that have been applied to solve the
general depth averaged Equation 2.13. Schemes that have been
used in the past have been tested by trying to find an
approximate solution as close as possible to the exact
solution of the simple hyperbolic equation

aC aC . ' -
-a-;:-+ U$= 0 (2.28)
) . - - » = ’
The exact solution to this equation is simply

CtpewrX) = CltgqrX—X), (2.29)



t
where x; = J U(t)dr.
. 0

2.2.2.1 Artificial Diffusion

\
The problem of solving Equation 2.28 using any one of

. é?e many numerical methods available, is that to get a'stable
liblution, the method generally introduces artificial

. diffusion. To understand why it is that a numericélls%lution
should exhib%; some artificial diffusion for a stable{
éolution, we must first look at a solutjon algorithm that

. \ ]
shows no artificial diffusion. One'such‘algorithm can be

N\
\

derived by using a theta implidit finite difference ¢
N

approximation for the time derivative and a centered finite
' |

difference approximation for the spatial derivative. Afger

some simplifications, the resulting discrete form of Equation

4_2.28 is, » . - j?
¢n+1 E e n+l n+l _ n E e nv n : 2. O‘
R [Cm - ci_l] - ¢ -3 (- )[ci+l - ci_l] (2.30)

v -

n+l
U, At
where p is the Courant number defined as Az ! and 9~i§ an

implicit coefficient to determine where the space derivative .

" is evaluated. @ = 0.5 for a Crank Nicholson approximation, ©
= 0.0 for an explicit algorithm and 6 = 1.0 for a fully

implicit aigorithm.

)

o
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2.2.2.1.1 von Neumann Stability Analysis

The stability of any algorithm like Equation 2.30 <an be

explored using the von Neumann stability analysis (Lapidus

o B

and Pinder, 1982). This analysis is restricted to discrete
forms of the equation,}hich are a linear representation at an

ordinary point.

The analysis essentially consists of 1ldoking at one mode
of the solution as expreésed by a Fourier series

approximation. The general Fourier series solution to

Equation 2.28 can be expressed as T

N
L L
-

B

Clx,t) = zyme (i oax)- (2.31)

m=—o0

Where Y, are coefficients that are dependent upon the initial

conditions imposed- on Equation 2.28, i is the complex number

) . “ ) 2 T . , , .
V-1'and @ is the wave number. defined aS'ET in which A is the

N
WaYelength of % particular modevof’the solution. The series
solution representé a continuous solution, where as for a.

difference formula the solution is only solved for discrete

poiné@h The solgtion at any one discrete point(node)-is,

n (bKiAx))

C] = C(iAx,nAt) =Y " e (2.32)

]

- Substituting expressions analogous to 2.32 into a

discrete form and simplifying usually results ins?Y bein@ a

complex function of the wAx. The real and imaginary parts of

thg complex function can be looked at by observing the .

—_
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behavior of its magnitude and phase components. The -

magnltude r and relative phase ¢ are given by the general

expressions

T = \/ ’Yrealz + Yimaginaryz and v : (2.33)

tan-1 ]ﬁmﬁglﬂiEL ‘
{
’Yreal .

¢ = oA . (2.34)

. Xp \‘
, To observe the behavior of these components, two plots

N4

v

are constructed, one of r verses N and another of ¢ verses N,

where N is defined as Phy51cally N defines the number

X

~

of nodes used to represent an initial perturbation in the
domain. The two plots physically represent the
dissipation{r) and dispefsion(¢) exhibited by the discrete

representation of perturbati‘r using N nodes.

- , . .
A value of 1.0 for g.and ¢ represent an ideal discrete

N

algorithm which will propagate the perturbatiohs at the exact.

speed (¢=1.0) with no modifications to their magnitude

‘ » : ’ v ' »
(r=1.0). Algorithms that exhibit r > 1.0 indicate an

-~

unstable "solution since any perturbations would be amplified

where a&s in the case for r <. 1.0 they will damped out. For

which exhibit values of ¢ < 1.0 show dispersion

»

where/waves of high frequency(small wavelength) will be

algorit

traveling at speeds lower than the exagt.

Substituting appropriate expressions analoc us to

Equation 2.31 into the discrete Equation 2.30 14 simplifying

¢
w

using the identity

! ‘ ’\ .

W



24
e(""”“) = cos (WAx) =/ sin (0Ax) , (2.35)

results in the following expression for Y

_ Yreal + 1 YimaQinarY

Y (2.36)

Ydenominator

where

Yreal =1 - e(l-e) (p Sin((l)AX) ) 2,
’ ¢

’Yimagina.ry = -p (Sin {WAXx) ) and

1+ (6 p sin(mAx))2

Ydenominator <

.

The corresponding expression for r and.¢ of the ‘discrete form

2.30 can be interpreped‘an_

[

) r = V [ "Yreal - ]2 4 |: ’Yimaginarx ]2 o (‘2:37) “
Ydenominator. Ydénominator » .
and”
‘ tan_l !imagin’arx .
| i g Yreal i T . ‘
¢ = . . . - .. (2.38)
wWAxp - :

" Figure 2.6 shows the two plots of and ¢ verses N for 0
= 0.5 with Courant numbers varying from 0.1 to 1.25. These
. plots show that this particular- formulation exhibits no

~ '

dissipation,_but doesgprbduCeﬁsome dispersion. The inability

. ¢ .
. - .. " '.k .
of algorithms such 'as the_central difference algorithm to -
~restrict dispersion is .thg ptincipal reason why they fail.

L4 :
IRV R
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Figﬁre 2.6 Dissipation and Dispersion
for Central Difference
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The effe~ of the excessive dispersion shown by the
algorithm can be attested to the fact that as N approaches a

value of 2, ¢, which reflects the amount}of dispersioh, goes

to zero. This implies that’pe;turbations which can be

vdefined by 2 nodes will noﬁ move at allt The result of this
harsh restriction is clearly shown in.Figure 2:7 which shows
the results from using this algorithm for the advection of a

géuss type wave. The propagated wave leaves a trail of

oscillations behind due to this dispersion.

If.a similar analysis is undertakeh f?r a scheme which
has some artificial Aiffusion, such as an elgorithm based on
an upwinded finite difference approximation for the advectioh
term, the distortions shown by the central difference

algorithm will disappear. The algcrithm for such an upwinded

approximation is

i i-1

1 1 1 ' : :
et p e[c“+ - c_;‘fl} =cl -p (1—6)[c2 - ¢} } . (2.39)
‘ A
and the corresponding terms for the von Neumgnn analys.s that

fit into Equations 2.38 and .2.39 are

v = (1 - .p:(l—e) (l-icos(a)Ax))') (1 +p 6(1—‘cos(0)Ax)))
| - 6(1-6) (psin(wAx) ) ° | I
Yimaginary = (1 = p (1-8) (1-cos (@Ax))) 8 p (-sin(wAx))

+ (1 +p 6(1—cos(_mA'x))J) (1-0) p (-sin(0Ax) )

+

26
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and

= (1 +p8 (1-cos(@Ax)) )’ + (8 p sin(wAx))” ..

Ysenominator
Figure 2.8 shows the plots for dissipation and

dispgrsion the case when 6 = 0.5, a Crank Nicholson
algorithm. fhe difference approximatién has introduced
artificial diffusion as iilustrated by the facttthat the
dissipation(r) is less than one. However fo; cases other
than p = 1.0, the algorithm shows dispersidn greater than
zero. This implies that any perturbatié%s that may exist at
the low frequencies wili be dissipated as they are being‘
advected. The dissipation produced by the algorithm can be

seen in Figure 2.9 which shows the advection of a gauss wave

at a p = 0.24 whose peak is reduced by sixty pertent.

.

2.2.2.1.2 Taylor Series Analysis
The stability analysis discussed above shows that the
upwinded schemes introduce dissipation in the soiutibn.’

'

However to stipulate that this dissipation is in the form of

diffusion, a further analysis must be undertaken. ‘By looking

y X
. ‘at the Taylor Series représentation of the discrete form,

based on a general expression such as

lo =l agr e GESE o0t a0

[

the actual equation modelled by the discrete form can bel‘

deduced. The Taylor series representation of the upwinded-

f\.

28
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finite difference scheme, as given by Equation 2.39, shows

that the equaE@on modelled is actually

oC 9C  UAx 92C 9ic ,
Pl U5; = —35'5;; + U (Ax)2§;§ . o . (2.41)

"From this equation it is evident that the modelled equation
has an additional diffusion term which is dependent on the

velocity'and the discretization. Though this upwinded scheme
. ) . -. . ’:. az ‘ -
shows that it has diffusion (ie‘s;%), upwinding schemes based

1

on higher order approximations don't necessarily exhibit this

artificial diffusion.
\'2.2.2,2 Popular. Finite Différehce‘séhemes

Many finite‘difference schemes that have been developed
to overcome the difficulties presented by the advection
diffusidn equation. This section will discuss two such
schemes that have been. used in the analysis;of-the pollutant
conservation“eéuation as applied to natural iivers. One
" method that ‘has been used in_highly fecognized programs, such
as TRSMIX(G. Putz, 1984) and RIVMIX (Krishnappan and Lau,
1983)( is-tﬁé method developed by Stone and‘%rian(1963),
Another method deQéloped recently that has been used to

SimuIéte.pollutaht diéchargestthrough a network of rivers is

.. the Holly-Preissmann method (Sauvaget 1985). Though these

_méthodS'we}e used to solve two different problems, namely

steady state transverse diffusion and unsteady longitudinal

31



32

dispersion, they can be shown to be solving the same

differential equation, with the aid of a transformation.

- L4

2.2.2,2.1 Stone and Brian Method

Tﬁe method developed by Stone and Brian(1963) has.been
used to solve the.problem of transverse diffusion of a river
'plumé. Generally the process of transverse diffusion in a
steadi‘plume as cast. into fhe depth averaged form{%or a
curvilinear coordinate system is given by'the equation

J 9 90 (Mz  dC\, 0 (Mx . 9C
3, (mUC) + 3-(mVC) = a—XG E, ax) + 5 GZ E, az). (2.42)

X

Since most case$ involving field measurements of velocities,
the V velocity is impossible to measure and the effects of
longitudinal diffusion are only important over very long

7
reaches, these terms are neglected in the analysis. The

y
-simplified equation as derived .in detail by Krishnappan and
Lau(1983) is then stated as
o, . d % aC
ax(szC) = 3 (22 E, az)' . (2.43)
Investigators such as G. Putz(1984) and Krishnappén and
Lau.1983) have gone on to introduce a coordinate

- transformations which r=2sults in the equation

oc aC i~

I + V 5;‘= Dgﬁ; (2.44)

where ' ) , ’

hat VERAS

z .
1 } ‘
n = == | m; h Ufdz (2.45)
Q Q J z |
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h? m, E, '
D = ('U—F'—") ) (2.47)

~,
%,

Equation 2.44 is now in the advection diffusion form, Wwhich

(U nh? m E,) and ) ' (2.46)

is subsegquently solved using the numerical algorithm
presefited by Stone and Brian. ' .

L

To develop a sufficiently accurate algorithm for
Equation 2.44 Stone and Brian employed a éene 1 difference

'equation which is dependent on weighting coefficients. The

difference equation developed was

).
1 0 . }.
Ax'g(ci+1,j - Ci ) T(Chuy g = Cyyng) F mUChyy g m Cp )t
v, [ € -
AN al(Cy g0 = Cyg) + FA(Cy = Cy ) F 13(C%+1,1f1 T Gy v
S )
d(Csip,5 = Ciay,y-1) | = 2An2[(ci,j+1 - 2C,y v Cy)

-

(Cis, 442 ~'2Ci+1,j + C;-+1,j~1)] (2-4'8)

s

€
where the coefficients a, > b, and d are weighting

. . , ac .
coefficients to evaluate the derivative == and g, Ey Y
Y/

. ' . oC
are for evaluating the 'time' derivative §=. For a

ox

meaningful approximation the coefficients have to satisfy the
conditions
E ) R .
a + > + b +d=1.0 and : (2.49)

0
g+5'+m=1.0. v (2.50)

and m %,
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. 2 ' . .
The diffusion terﬂ)%#% is approximated using a Crank-Nicholson
difference formula.

- -
Stone and Brian go through a series of analyses,

includihg the von Neumann Stability analysis, to arrive at

-~
.optimum values for the coefficients:

9
2

1 E 1
g‘=%im= —gia-b=-d=5=7. (2.51)

The resulting simplified difference equation from these

optimum coefficients is
6 S R e DR A0 A R

'Cijl,j-l (6‘)' - 4 ZPP{) i+1’j(3p,l ZPQ) ' i+1"j+1 (6p' 4 zpe)
+ C ._——:L-_ l._ l + C i+ .l_ + C __1_+ l_ 1

1, 3-1 (GP' 4 2Pe) 1'3(3;)' 2Pe) RS (6p. 4 2Pe)

.= 0.0 ' .

. , . 1 (2.52)
_ ‘ ,go . V. Ax
where p' 1is a numerical urant number define as and Pe
V; sAx
is the Peclet number defined as»—hg——.

Figure_2.10 shows the resulting plots for the.
dissipation and dispersion resulting fromléhe von Neumann
stability analysis. This algorithm, like the centered
difference algorithm,.shows no dissipation and-a similar
dispersion behavior. The solution of the advectioﬂ of a -
gauss_shaped wave 1is shown in Figure 2.11 for a p' of 0.24.
Though this solution sho&é\some oscillations, they are a

great deal smaller than those observed for centered

L3
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for Stone and Brian
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difference. A Tayidr series analysis shows that this .

implicit algorithm models the equationw

o
g% + V'%% =D gﬁ% + O(AN)? + O(Ax)?2. : /(2.53)

This algorithm is satisfactory in most applicazfons as the

Lo : VAx
effective Courant number ( ),used is very small,

2.2.2.2.2 The Holly—Preissmann; Methcd ° \

pone of.the newer metgods to be applied to the'solutién»
of pollutént conservation in %}ver systems is the Holly-'
Preissmann method‘(gbuvaget 19é5). ‘Basically their method
involves the use of Hermite Pol@nomials to interpoiate .
concehtrations and co;cehtration gradients, which are
'subsequently advected by the Characteristic method to the new
time step. Due tb_the iterative nat?re of the solﬁtion
algorithm, a simplified version for the case of constant
&elocity'field was used to sglve for the égygctidn of the~oné '

_dimensional pulse. E | 'éf(f

, £ E . A
The results of this test is shown in Figure 2.12 for a

7:;% 0.24, as was done for the other meﬁhodsy The plot shows

Tat though the pulse is advecﬁed at thé‘rbght spéed, there
does appearsrgf‘be’some dissipation of the peak. There is
also tPe persistence of a pair of small.wiggle§ on either
side attached to the pulse. Theserbservatiohs tend to
indicate that *hough<§i%,solﬁtion aigorithm shows very little

dispersion, niqh frequency disturbances still produce B

ey “o- N
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oscillations, even at this low a Courant number(0.24). There
also_appéars to be .some dissipation of the peak.

2.2.2.3 Finite Element Methods

-~

Generally the finite element method has been restrictedi‘

to use.by the mathematicians due largely to its complexity.
However fecently a number of ihvestigatdrs have aéplied the
«. Finite Bleméht formulation to solvé_baSic hydraulic problems.,

One of the first to apply this method to the co servation “

equation was Leikuhler et al. (1874). The formulation of the

~finite element consisted of the,Methdd of Weighted Residuals

using triangular ‘elements. These linear triangular elements,
i - . _ ] o !
at 60 =.0.5 , give exactly the same results as for one

.dimensional advection of a gauss type wave using tlhe Stone

and Brianfméthod discussed earlier.

N

The results. from their

study ihdiCate‘that the prospect of getting a viable solution
: E are,t : . - :

iusing the Fihite;Eiemgnt'method seem to be very good.

q

W
0O



3. FINITE ELEMENT METHOD

fhe*advancement of Computational Fluid Mechanics is
‘hindered by two basic restrictions. bne limitation is the.
qomputing power available to‘perform the ‘calculations and the
other is the accuracy of the method, whiéh is related to its
complexity. bModellng fluid flow for practical applications
requires that a belénce be achieved betheen the degteelof
discretization‘and.the'complexity of the algorithm used. Due
to thesevlimitatiohs the ‘modeler has to develop new and
"generally more complicated models to accurately model the
,behavior inqdestibn: o .

"The hydraulic engineer is further faced with the
fuhdamentel.problem of irregular boundaries which do not ,
conform to any orthogonal coprdinate system. A method that
has the ability to overcome the limitations of boundary
“fitted coordinatersystemsvis the Finite Element Methddf(FEM).
I the Finite Element Method the domain of a problem is |
dlg:reglzed into a number of elements that can be of varying
"shdpe, size, orlentatgpn, and numerical accuracy. The
;dlscretlzed domaln 1s subsequently fordulated into a matrix
'whlch is solved for the de51red unknowns.

L
e

The follow1ng is a general 1ntroduct on o the FEM as

+

applied to the depth averaged conservation equation (Equatidn

-

2. 16) v %n 1ntroductlon to the use of a new type of upw1nd1ng

Qelements is presented The flow chart of the program
S
ddeyeloped tp implement these*hew elements is also discussed.

40



3.1 Method of Weighted Residuals

A l;terature review of the Elnlte Element Methods would.

.‘,/.

‘reallze a varlety of dlfferqpt formulatlons that. all result
in the. dlscretlzatlon of the domaln of the problem 1nto:;
flnltgﬂelements.' Due to its 51mp11c1ty and elegance, the?
.general formulation of the method of Weighted Residuals wae*
) ueed for the ?resent:investigation.

Basically the premise of any finite element method as
,.related:to solyinéﬁaifferentialfequations is to_reduce the
4eonStraintsrof}the problem so that a set of simple'algebEEie

functions ii9 describe the solution over a discrete élement.

3.¥i1 ~Tﬁg Weakv.Statement

41

The first step in the Method of Welghted Reémduals is to -

derive the weak statement of the governlng equatlon vThe

method requires that the solution should be approximated over

the finite element by a setbbf basis functions, so that
L (', : ’
C(t,x,2) Z oF (t) £5(x,2), _’ | (3.1)

)1"’ ‘ rs
where Cj(t) are the noda; values of the concentration as a

function of time,vfj(x,zi are .a set of basis functions, and N

"is the number of unknowns. .
- ; . ) . ‘s -

If the:basis functions are substituted into the original

S

partial differential’ equatlon the result would be that a

re31dualbw1ll exist. This re51dual would represent the error.

due to the .approximate solution not ne)ng the exactfsolutlon.
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The residual is weighted to a local domain specific to each
element by multiplying the residial by a set of weight or
test functions. This Qeight residual 'is then integrated over

the domain to represent an’ average re31dual over the whole

domain. The resultlng 1ntegral can be stated as,

Q[vixx,z) L(C) 49 - Global Residual T (3.2)

where L(C) is the.partial diffefential equation fot the
discrete representation éiVen_by 3.1, Vi (x,z) are theetest
functions and Q is the domain of‘the,problem. - The, equatidns
needed to solve for the,diScrete_solutienxéj=arelgenefatedtby

forcing the‘Global,Residual'to-be zero.

The advantage-of suchxa formulation is';ts‘ability‘to'
reduce the restrietions~on the basis functions. The oriéinal
differential equation would generally have a second ‘
derivative. This would 1mply that for the ba31s functlons to-
represent_the solution, even over a 81ngle element, they,
would have to have contlnuous flrst derlyatlve, meanlng that
the second derlvatlve ex1sts ThiS'restriction.would
eliminate the use of smmple llnear funetlons, sineeftney“have
a discontinuous first derivative;'7HbWever'withfthe”pse Qf_an
simplified weak statement,ﬂthiégrestrtettgnlean:be‘relaxed so

as to allow broad range of‘pqssible functions.

The resultlng integral equatlon 3 2 can be 51mp11f1ed by
u31ng the Green-Gauss theorem to remove thlS restrlctlons

- The general Green-Gauss theorem can be ‘stated as, /.



9B,

JBi aXJ dQ = JBl((’)k Onj) d]r - x(_j—_o (Dk dQ (‘3-\3)
r - ‘ ' '

v

where Bi are 'a set of scalar fdhctionst ®, are the basis
functions, ny is the normal vectdr, fl is' the domain of the

%groblem and F is: the boundary portlon of the doma}n

‘Thq resulting‘simplified‘statemeht*is\termed the weak
. statement since the:solution restrictions df‘the weak
statement are‘less than those of the orréihaindirferehtiai
equationz' Originally the Solutidnfdohaihfreqpired»that a
‘second.derivatiVe of the7fdnctiehal of the sdiutioh mdstf

exist The new statement requlres that the flrst derivative

a

43

: of the functlonal need only be square 1ntegratable ~Thus the

v

solutlon~doma1n of the orlginaldequation is a sub-set of the

solution domain of the weak statement. .

Applylng thlS ~technique to the depth averaged
concentratlon equatlon 1n1t1ally results 1n the 1ntegral
equatlon-shownvbelow,

(II). (I11) _ (V)
ac aC 3 ac T
LSe ViU B - vigEELge - v P)dn = 0, (3.4)

‘

where v, are.the test functions, and Qy, is the domain ‘in the

two dlrectlons By applying the Green-Gauss theorem to the

thlrd term, 1t can be simplified to the equation shown below,

a oC , aC | L ‘ ,
- J‘J- Vi Wl]ax dxi = = f Vi(Eijg}-\c—j [o] nj) dr X ) .

. Qxi ’ in o o ,



aC '
J:{ dox, ® Eijaxj-dxl . (3.5)

The bounda:y‘integral in the above equatﬁbg is'termed_the-

natural boundary condltlon The reason ft is natural, is that

the flux boundary condltlggs can be incorporated 1n the-
original weak statement automatlcally Thus there is no need

' , to use Qny‘eXtra formulation for - flux boundaries.

The simplified weak statement of Eduation’2.16 is

Lo dc i ac -
Jf '— + Vi Ui axi an o Eijaxi - Vi P ) dxl
- f vi(Eijaaf ny)-dl = 0 (3.6)
I_,x i . . 3

3!
*3.1.2° Semi-Discrete Form . =

- The discrete representatioh'expressed by the nodal
. values and the basis functions arefSﬁbstituted into the weak
statement to derive'the semi-discrete form of the equation
shown below, s . S
| aC of Of .\
J.l: vy £y a—ti+ vy (Cj Ujjxi+ Cy ijl)
Q oo ' ‘

z

3, A
*,axf-(gxﬂch ox t Bxx

ax,
Jz -
dv ( Of | of B -
4_.8; (sz)jcj?ﬁﬁ + (Ezz)jcj:ﬁf ) +t vy Py J dzdx .~

‘This statement can be further simplified by‘performing'

the integral-in’tWo parts. The first integrate over each

44
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element, then to sum the element integrals over the whole

. 5 ‘ '
~domain. Each integral in theé statement has an associated

matrix as classified below?@?A
. the mass magrix: : ' v y
[M] = IVi £y dzdx;

] o

X

the stiffness matrix: -

2

- CgodEy L dEnN  dvy  Ees o of, N
= Jo (05 v 5y T e ¢ B 5 )

\ » QZ . . . P

Q, e

avi of . -~ of
—1 —1 .
. + a_Z( (sz)jax_ + (Ezz)jaz )dzdx ;
ana the force matrix: C[F) = J jvl Py -dzdx.
: o g ‘ .

X

Thus the semi-discrete fofmscan be simply expressed as
dcC; R : g '
, =4 . - _ :
[M]‘{dt} +‘[K§{Cj‘:}_ + [F) = {0}. -. - (3.8)
"3.1.3 Coordinate Transformation

The finite element method has the,advsntage of being
able to incorporate a mépping 3ystem‘into its basic
‘formulatién.A‘In a general case, any arbitrary shape of
domain can be dissretized into a number of elements of
different shapevas% siée. Each element”in the domain has to

be‘mappedfinto;a simple normalized local domain of ‘a general

‘elements, shown in Figure 3.1.

>



The mapping is accomplished by using a set of parametric

functions such that the coordinates can be expressed as,

Nn Nn

n o= :E X; g;(r,s) and z = }E Zy gizr,s).

i=0 Wl i=0

/
In these ®xpressions X, and Z; 3rg
s X .
SN2

:epresént ﬁhé loca),’ coml
represent £he>loca) cap

_nodal coordinates, r and s

geometric transformationfgpiﬂ i
. ‘ g5 Y : P
nodes in the element.

The present formulation uses basis functions as the

ar

geometric functionsf;¢WSing the above mapping .method,. the
transformation from global coordinate system to local system

is expressed by the relationsh¥p,

Jf, 9f, 9%, a,

19r 3% 9r2a| Jow 3.9,
of of of of, :
-4 dnr ! i
os ds 3 a;zj dz

(J]
However the transformation needed is usually the reverse,

-

that is from local to global, which can be determined by the

transformation expression shown below,

ofy of
= | =
ﬁ = [J)-1 _afl (3.10)
oz Js

46
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3.1.4 Time Discretization ,

-

Theré are a number @f different methods available to

discretize the unsteady term in the partial differential

equation. - The mo:. commonly used is the 6 implicit method.

The O implicit method applied to Equation 3.8 results in

the discrete equation shown below,

. B ]
[M]{c?”} - [M]{cf} +

ES

At [K]{cf”}# (1-0) At [K]{c’i‘} % At{F} = {0} (3.11)

[

3.1.5 Boundary Conditions

The current thesis incorporates in its formulatiocon a
general method whereby a variety of boundary condition can be

.-specified on any arbitrary boundary. -

To incorporate any general boundary con@ition the
boundary integral resulting from the inEégration by parts of
the second derivative was substituted with anlafbitrary

penalty expression, as show below,

g—%:.Ac+B. : (3.12)

. By adjusting the values of the coefficients A and B, one can
provide for a fixed flux boundary condition, fixed wvalue

boundary condition, or a combination of both.
L
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The resulting expressions substituxéd into the weak form
. P .

are
Q_l ‘ '
J ion J(Aj v;Cyfy = vy By) dl = 0. . (3.13)

r r
In this equation n indicates that only the portion that igs,
normal to the boundary of the integral survives.

N
Y
\

3.1.6 Discrete Equaéion

In summary the discrete equation, for each element,

coded into a progran?can be expressed as the fdllowing:

v

(M) {c’i’” - ci} +oeat (K + (K, ]){ “”}

+ (1-0)At ([K,] + [K,]) {c’i‘} + At (F)

+ At[Ka]{c’i‘”} + At'{Fs} = {0} ' (3.14)
where,
w1 = (£ t9)dsdr ;o
QS

Q .
of ov v of
- -1o—1 w14 I Rl §
) Jf R =R ICAR U NEREE -

. Qs
Q, :
[T ~ ’ ) aV af .
‘:\'.. + I[JX] —ls-r_i-(Exz) j [JZ] _15.3_-15 [J] -1 der H
ot dv o,
[K,I = f Vi Vj [Jz]_lsgi + [J,]° las E,.) j[Jx] ar
[ Q .

P s

[
F

: dv, o,
+ [J,] la S(E,,)  [3,1° =2 (91} dsdr

49
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(F) =" f vy Py [J)7! dsdr ;
Q

s

r

[Kn] = .[Aj vifj dn and
r

.[Vi By dn

r

{Fs}

° )

[[Jx]‘l] _[ (3,,)°Y [J,,1°0 ]_ .
(3,071 =L 19,070 19,0 £ U

zzZ

'

3

3.1.7 The Solution Algorithm

The solution scheme for a general ca®e of the finite

element method proceeds as the following:

. : 4
1) The weak statemeﬁt is evaluated for each of, the

element using the appropriate set of functions

(Equation 3.13);

' “3§2}QThe element matrices are assembled intaq a global

matrix;

3) This global matrix of linear algebraic éet of

equations is éolved using any particular method.

Theiglpbal set of linear algebraic equations for the

finite elemenﬁ formulation can be stated as,

[K']{C‘I”} = (F'), . (3.15)

- in which,

In the above eépréssions the followingvconvenience was used,

50
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S — | ' !

N
[K'] = Z (M1 + BAL ((K+1K,1) ),

N' 1“

(F'} = 2 ((1—.9)At (‘1K1 4 (K, ) {cg‘} N At{F})

i=1

Nb -

+ 2 ([Ka]{c’i‘}; {FB}) : “

i=1
.

Where N is the number of elements, and Nb is the nymber of
i

boundary elements in the problem.

» “
Though tHe above algorithm is well behaved, it does-

require a>large block of meméry to execute, even.thougb Sky-=

iined storage scheme was used. In addition, the limits put on

the available‘coﬁputational effort forced t;? addition ot the
i

alternating direction formulation discussed?in some detail by

.

Baker (Baker,1983).

iy
3.2 Choice of Test and Basis Functions

Theisolution algOrithm‘developed to this point is sﬁiil
incomplete since.the teéé and basis fJnctiQns have not been
chosen. 1In the finite element method the choice of these
functions have been categor&zed into two distinct‘graups.
When the_choiée of the tést and basis functions is the same
then the formulation is térmed the Bubnov Galerkin -
formulation. However if the test and basis.functions are

different then-the method is termed a Petrov Galerkin

formulation.

n : ?
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i

- . )

The Bubnov Galerkln formulatlon results in absquare
matrly, and fo%kthe partlcular case when llnear elements are
used its behavror is 51mllar to the centered flnlte
dlfference-formulatlons. o -

o | o
The Petrov Galerkfh formulatlon has generally been based
on the use of hlgher order upw1nd1ng functlons as estf .
"functlons and 81mpler functlons as ba51s functlons The test
functlons are generally developed by welghtlng the ba51s

7
functions in an upw1nd manner T

Recently’ however a paper by Steffler (1988) presented

the use of hlgher order upw1nd functlons as the ba51s

'fUﬂCthﬂS The reasonlng behlnd thls approach is- that for ‘

,'convectlon domlnatlng varlables, the value‘at a-new-polnt

should have a heav1er dependeﬁce én the precedlng p01nts than

" the p01nts in its surroundlng The result of thls,,"'

formulatlon is a scheme that reflectsfthe behavror'observedg'

using the popular QﬁICklfinite volume~schemes'(Leonard,

1979y, . B e g
i :

The current 1nvest1gatlon will® have two major purposes

in mlnd One is the judge the behav1or of these new

\upw1ndlng baSlS functions in a. .series of numerlcal tests, and

the- other is to observe thelr behav1or in some 81mple o
practlcal problems To under take such -an 1nvest1gatlon
o .

'._three dlfferent levels of accuracy were tested for the

‘nUmerlcal,tests.»
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. 9 ' .
.3.2.1 Choi.e of Basis and Tesﬁﬁﬁhnctigns
. L .
. b .
~ The numerlcal tests were based on the follow1ng ch01ceq
) . 2. o
for the test and basis functlonskﬁ

,Y : L hf‘f.

ws .

P
bt
-

1) LBG : Llnear Bubnov Galerk&m w; ) o ‘vV g

<‘.—'ix -

"‘"-“:’L

—uses llnear test and basgs functlon aS

J'. L

stabed below for the one dlmensaqnal

_case:

(1+4r) ‘
3 " 2 ‘
f(r) = (1-r) ;. E. (-1,1) ‘ . (3.16)
2 N

2) QUPG': QuadraticéUpwinding Petrov Galerkin,
-uses -quadratic basis functions as shown

below for the one dimensional case, and
Z,
Z

the linear tﬁst functions 3.16,

3+r) (1~r
. . VR ' -
- {1l+r) (3+4r) ' .
f(r) = 1+rg Shas . ; re (-1,1) (3.17) .
—-(1l-r) (1+r) ' '
- 8

3}y CUPG : Cubic Upwinding Petrov Galerkin,
-uses cubic basis functions as shown
below for the one dimensional case, and

the linear test functions 3.16,



( (5+r) (3+r)-(1-r) )

16
(1+r) (34+r) (5+r)
48
£(r) = 9 (1-f) (14x) (54p) [ ¢ T € ("L (3.18)
~_J T
—(1-r).(1+r) (3+r)
- 48 .

54

The surrounding elements that influence the general two

dimensional element, as well as the specialized element near

the boundaries, are shown for LBG, QUPG, and CUPG in Figures

! 3.2, 3.3 and 3.4 respectively.

3.2.2 The ‘Program

v

The program was written originally by Dr. P. M. Steffler

.

at the University of Alberta on an Apple Macintosh computer,

using the C programming language. This version of the
program was modified to include the solution for the depth
averace concentration in rivers and, expanded to include the

2
Cubic basis functions.

A _general flow chart of the program is shown in Figures

3.5 to 3.9. This flow chart is meant to be a guide and_aid

. . - . .P' .
in the use of the program in a user friendly environment.

The flow chart indicates the flexibilify incorporaﬁed into

the program to solve problems posed in a variety of different

: . ’ . H r , , ,
ways. These range for the solution for plume in an idealized

rectangular domain, to the laborious solution of a slug test

in a general river reach.

R 8



Versions of the»broéramfﬁére built for the Amdahl
mainframe, IBM PCﬁand Aéplé Macintosh machines. Two
specialized versions of the program Qére developed, one
general enough‘EQ3gse_on any machine, and another based
solely dh,pﬁe user friendly environment of the Apple
Macintosh‘machine. ‘

P2\ listiﬁg of the general program is also included in

Appendix 1. The program was written in the C language due to

its ability to allow ‘dynamic allocation ,of memory.

»
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£
<

Generate a Mesh
of the desired
. -Element Type in a domain of

x € (-1,1)
z € (-1,1)

K]

Map the Coordlnates and Magnltude
of each value, using either linear
or quadratic mapping

7

»Calculate normalized q over
eagh Cross- sectlon

1

Using the g find the direction of
flow (stream tube approuch). >

-v

Adjust g, v, Elmm,and E;.. to the ’
principal direction of the flow.

g

e

3

. Figure 3.6 Flow Chart 1 b, Generate a Mesh fitted
"to a.River Reach
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?@?

v

———/

Y

Inform the program
if you want a transient
account of the result ?

Return Control

to the User

Y .
< Output /" Assemble Matrix
[KU], [KL], and [F)
' See Flow Chart 2 asb
END -

Y

Solve using a
Sky-line Storage
Direct Solver

Y

" Output Interm Results
if Transient Results
code is on.

i

\ ( Output-i )

Figure 3.7 Flow Chart 1 c, The Programmed
Solution Algorithm
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Flow Chart 2a. Assembling of Global Matrices Part I '

\

Initialize the Globa Matrices
[KU}, [KL], and {F}.

of Eleme. :s

For no.

Initialize the Element Matrices-
[KE], [SE], and {F}

Y

Pick the Direction of Element
Upwinding if required
(Quadratic and Cubic)

Y

Pick the appropriate:
-Quadrature Gauss. Points, -and
-Shape Functions for Test and
Basis Functions

Y
Calculate the Coordinate

Transformation to evaluate
det [J] for Geometry

Y N

Evaluate [KE], [SE], and {F) using
the Coded Weak Statment.

Y

< Continued to Part II__>

Figure 3.8 Flow Chart 2:-a, Assembling of Global 7
Matrices, Part I (



Y

EValuate:
[KE]new = [SE] + OAt[KE].
{F}) = {F} - (1-0)At[KE]]

new

Y

Place the Element Matrices into
the appropriate locations in the
Global Matrices (Stored in
Skylined manner)

For no. of
Boundary Elements

Same procedure as for the
Elements, éxcept in one
dimension. The weak statement
. coded is the boundary weak
statment. .

i

' ; Continue

~ Figure 3.9 Flow Chart 2 b, Assembling of Zlobal Matrices,
Part II




4. NUMERICAL TESTS

The performance of the upwinding bésis functions
R . ‘&'..”‘\
introduced earlier has not yet been fully evaluated. The use
N .- ‘ M
. \
of the these new elements was evaluated by performing a set

I3

of standard numerical tests. A comparison is presented in
this chapter between the upwinding basis functions elements
and other commonly used methods, -in the analysis of pollutant

discharges in rivers.
4.1 One Dimensional Comparison

. The first comparison performed on these new elements was
to test their behavior against the finite difference. and
. f.l

finite element metheds mentioned in Section 2.2.2, using an

one dimensional test.

One of the most important characterist£¢ desired of any
numericai method bﬁilt to solve the advection diffusion
equation is its ability to accurately predict the beﬁaviér of
advection dominated flows. A problem that will test this
behavior is 'the solution of the ﬁp§teady advection Eqﬁation
2.28. All three methods formulated ﬂere were tested to

determine their behavior in the solution of this equation.
4.1.1 LBG

The use of linear test and basis functions in the
solution of Equation 2.28, results in the discrete‘equétion

“shown below,
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l ep}rﬁl .2 n+l (_];_ ep):n+1v
(6"2 -1 7 3% gt fia
(1 (1_e)p}§r) 2.n (1 (l"e)p}:n
SR G ay  ST- R ey SR -

The resulting Tayldr series expansion of this discrete

equation for 6 = 0.5 is g
g—fv* U.%’ = 0(Ax)2 + O(At)?2. (4.2)

The Stone and Brian method discussed earlier in Section

2.2.2.2.1 is identical to this case when 6 = 0.5,

~

The dispersion and dissipation diagféms‘fdr this method‘-*_'

are shown in Figure 4.1. It is apparent from the diagrams as

rzaylor Serles expansion that this method

shows no diS@isk : but does show dispersion for the

&
Eperturbations._ These small perturbations
would persif in the solution, since there is no selective

dissipation of them. The result of such an solution

algorithm is the realization of oscillatory solutions.

-This is shown in Figure 4.2, which is the solution for

p = 0.24, off the advection of a Gaussian:shaped pulse.
| .

4.%.2 QUPG

The use o§ Quadratic basis functions and linear test

functions results in the following discrete equation,

(-_1_' + n+1 (2 390}:1141 (17 ep}:nn (l 590 nel
24 12 8 12 /i

. \’
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.

(:&. (1-0)p\ o (i 3(1—6)p):nf‘ .\ (g_ _ (1—9);))Cn
=Za " Tz f2 T a7 T -1 Y \2g g
" (1. 5(1-0)p\ n A

A (g - T fun | | o (4.3)

) J

The modelled equatién by this discrete equation is

dc . . 9c  Aw@ e, 3\, Al aC
TR 12 ox2| dt 0x 24 0x3| ot ox
' : . . .
N .
Ax19' / dC ac Ax? _ 95C N
A et v ) o U me t 0 =0, e
which can be seen to be fourth order accurate. The expansion

of this equation would shows that no diffusion(that is the

second .derivative) is introduced by this equation. However

there is some selective dissipation due to the higher order
terms. . The dispersion and dissipation diagrams for this

method are shown in Figure 4.3. These diagrams show that

though there is dispersion shown by the method, this

. dispersion is dissipated away. This implies’ that though the

~
.

oscillation are present they disappear with time
. . N - !

" This is shown in the example solution of the advection

of a Gaussian shape pulse at p = 0,24, illustrated in Figure
4.4. This solution shows the presence of a .-small wiggle
. - d &

trailin@ the pulse and the‘peak-value.is shoWn to be

‘dissipated. Howevgr'thereAis‘poﬁ the large amplified

dscillationS]seenkih'the LBG method, as.these'’arc dissipated

. N
away as soon as they appear. ’

. A

6f
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4.1.3 CUPG

The discrete solution to Equation 2.10 at .a particular
node using Cubic basis functions and Linear test functionsAis

o

represented by the equatioo,

(L _gp_ n+l + (:i ) ep}nﬂ 22 e n+1l (67 59p n+l
45 ~ 24743 7 G5 (60 )C T2 M

J , .
(29 39p)cn+1 (_1__ (1-0)p n (_—_4_ (1-6)p
,+_:(180 | i1 7 Y T2a fis Ty T T g fi-

3. :

s, CRNEITE e>p
* (6@ Nt O)p)c ( 50 ~

3 <1§;6)p
k

(4.5)

The modelled eqﬁatlon by this discrete equation is:

3 P 7Ax4 94 £ aC ac
' ot T U ox T 120%2 ot T UV ox ) * 240ax4 ot * U ox )
. Axs 35 [ BE ac Ax5 / 95C _

. T F5 940 5@* U 3 ) 70 ﬁ's—g + O{AxS) = 0, (An6)

-

which can be seen to be fifth orderiaccufaté Agafn the
expaq;;on of this equatlon shows ‘no dlfoSlOD and llttle

e dlspersxon@§>The dlsper51on and dlSSlpatlon diagrams for this

method ‘are shown in Figuré 4.5, whlch shows smaller

dispersion and dissipation tes at the lower wavelengths

than those by QUPG. A peculiapity of CUPG is that there
: <4 . s . o . ' .
o éppéarg;toibé an optimum.value for the Courant number.which

. o e _ ¥ .
would give xhe. almost no ‘dispersion (0.25 < p < 0.5). This

'showswan~ahility of the elements to accurately: produce, phgf.
. N - ( . .

exact solution at such a Courant number. One can also .
o - ; )
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observe that at Courant numberéuiess than'lQO, the small
wavelength perﬁurbatioﬁsgwill-be édQécted at phase speeds
greater'thah exact, This, implies the presence of wiggles

ahead of the main pulse.

'A’piot“bf the solution for the advection of a Gadssiag
shaped pulse is shown in Figure 4.6 for p = 0.24. This
illustfation shows a peak value higher than the QUPé and the
presehce of a wiggle trailing the pulse, whfkh is again
smaller than that fbr'QUPG. It also show the .presence of a
ﬁiégle in front of the pulse due to the dispersion mentioned

earlier.

An éverall comparison of the these threé and the féur
';finite difference Aethods is shown in Figure 4.7. The .

indicators used to judge the behavior of the.mephod are the
L2 discrete norwi ghe maximum value, and- the minimum value,

each 1nd1cat1ng the accuracy the dissipation and the

dispersion respectively. The discrete L2 is defined as

E(C = Cexact) ?

%2, Total Mass ! - (4.7
whicb @ a value of zero for'antéxacp solutionw rhe.maxin
| ’ o . .
value fé the e:act sdlutibn'should‘be 1. O and tbr minimum
should be aero. '

e
Peadii
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the methods tested is CUPG.

. A similar conclusion can be derived for the charts of”&”~%f,
the maximum values. While for the minimum values, are the
upwind finite difference method is the best, due to its

\

artificial diffusion. » ,

It should be noted that though a Courant number df 0.24
}}
}
is representative of the type of value used in a gener@al
case, it does not represent the optimum choice for any

particular method. However to model any general problem,

which icould conceivably have a range of different Courant

1

numbers, the test can't be restricted to %pecial Courant

numbers. As a conclusion it is evident from the this
analysis that the finite element method gives L, far the best

results in the one dimensional case.
4.2 Two Dimensional Tests /

The previous anaiyses showed that the finite élement
method gives the best results in the one dimensional cases
and sinéelﬁhe scope of this thesis is to apply the fipite
element method to river problems, the remainder of the thesis
will restrict itéelf to the evaluation 6f the th dimensional
finite element method. Two twgudimensional ﬁumerioal test

were perfcrmed to judge the advantages gained from new

a

element types. The first was to, look at the behavior of trn
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new elements in simple advection equation in two dimensions.

The second consisted of looking at the steady state behavior

of a plume in skewed meshes.
"4.2.1 Two Dimensional Advection

To look at the distortion resulting from a given choice

of element types in a simple two dimensional advection, the
equation

%, e, 3 _

, x t U 3 TV dy - 0 , ‘ (4.8)
33 was solved. The mesh size, velocity field and initial
7y

.scondition used for the test are as follows,

N i
Il A

Ax = 200 m; Ay = 200 m; x € (-3400,3400); y € (-3400,3400);

U=WwWzx V=0y,;, O=

(_ (X_xo)§+ (y'_yo) 2]
CO(XIY) = e V .2 0'02

where x, = 0.0, y, = -1800.0, and G, = 264.0. The boundary
conditions used for this case were all fixed value of 0.0 on

L

all the boundariesf;

The velocity vectors and the contour plots, as well as
other salient information, for the solutions using the three
different element types for median Courant numbers of 1.9 and

0.19, are shown in Figure 4.8 and 4.9 respectively.

Table 4.1 symmaries the indicators used to judge the

behavior of the the methods for both the Courant numbers.
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The “indicators used to make the judgemeﬁ% are, phe L2 error

Norm defined by the expression:

J(Cnum\—cexact) 2 dQ ) ’ , :
Q ‘ ) ' o . : s
L2 = - ; . - - (4.9)
‘ »J'Cexact' dQ2 - , . : ' ) .
Q o i S : -

< - . N
. 3

error in peak (Max), which should have an ekact value of 1.0;
) ; ; » - ;
error in minimum'(Min), which should have an exact value of

~

0.0; error in the position as indicated by the value %i,the

peak's radius and rotation compared to the exact solut on;~‘f

\ - . X . . . } v;'./
the discrete L2 norm as. defined by Equation 4.7; and-finally

B

inf error, whicf is the mhximum difference between the exact

and the wnumerical solution:

It is apparent from‘the_cohtour plots for the test at a

S

Courant number of 1.9, that all three element types give a

SN :
similar type of dlstorted,gblutlons This implies that at .

: such a hlgh Courant number the use of upwlndlng basis

‘functlons is of no\added advantage. The same conclusions can
i

" Be derived from poor performance shown by the bar_char;s of
- N or . - ,

ﬁhe error measures for the three methods shown in Figure
: - “ » ' . . T N

4..10.
. At a medlan Courant number of 0.19, the solutlons look

“ﬁogbejvery'reasonables LBG shows its w1ggles behlnd the

'pulse, whlle QUPG shows a nice smooth solutloq Also evident
;1‘ . BN
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from the contout plots and the bar charts of the error
' measures in-Figure 4.11 lS that QUPG shows sllghtly more
‘dissipationdthan CQPG} Wthh is in agreement w1th reshlts

" found for the one dimensiohaI sol&tioh. The L2 horm seems to.
“deoreaseyin intervals of a third with each increaSe in order
accuracy of the elements. Thatlis it is.reduced by a third
'from LBG to QUPG and a thlrd fOrm QUPG and CUPG. The inf

- norm reduces in a simdlar manner, expect it seems. to decreasev

-
R i

in 25%uincrements."Thereyis an improvement in the size of
wiggle (Min.) from LBG to QUPG (about 75%), however there
only a slight improvement from QUPG to CUPG.. The peakhis
~ preserved the best by CUPG. ‘Generally the best performance;
is. again given by CUPG.

& o
4.2.2 Steady Plume in Skewed Meshes’
. . . . > N .

One of the moit 1mportant factor that 1nd1cate ‘the
appllcablllty of a numerlcal method in practical 31tuatlons
is 1ts ablllty to solve accurately Iﬁ/meshes that are skewed -
to the’ flow direction. A method that has thlS ability can

acCurately\predlct solutions in flows that are not aligned

with the mesh such as circulations.

To compare the behav1or of the new elements in a skewed
mesh 51tuatlon a steady problem was used. The problem
con51sted.of a plume;o;scharge 1nto a body of water which had
- a constant velocity in a given direction.

‘..’
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Two different cases were looked at to'study,this
behavior. One in which the plume was solved for'in.fourgi

different directions skewed to the mesh, using the’Same

4method While second case consisted of the use St the three

element types to solve for a- plume in a“given direction of

flow to the mesh. , . N 'T“'.'

4.2.2.1 Case 1

To infer the behaVior to a natural channel Situation, aﬁ»"»'

. N
'1nfinitely w1de channel of constant depth of 2 0 m,: slope

of O 0005 Cx of 25 O and veloc1ty of 2 475 m/s was used

,-

‘ USing a grid 31ze of l O m and both the longitudinal and the

O

~

lateral difquion given by O 2hU* ;_0.0391, results in cell

' ~ UA ey
Peclet, (Pé,z Ex) number of .63.3. The, flow was-skewed_to the

mesh at angles of 0°, 30°p'45é an 60°.

" The resulting concentration contours from us}ng LBGhare.
showm>in Figure 4 12. The best solution is realized when the
skew angle is zero and if the angle is changed a.similar.“
solution should be obtained \*However, since, the LBG method

L]

prefers to .have the flow in a favorable direction (ie 0° or

R

,1g;A§95"'th6§e are osc1llation produced A summary of ti

‘v\“v
|

salment features in prééented in .Table 4 2. Of interest in

\ ,\ . ,‘l—‘,

this case is the high nc ative concentrations for the 30° and
§p°.skew angle, which are in complete error. The test shows
‘that LBG has a preference in the direction of the flow with

respect to the mesh.

AN

I



Skew angle = 0°

5 -

. Skew’aﬁgle - 45°

t

Az = 1:0 m

$',Skew angle = 606

bk = .4 Contour Info:
Ay =1,0-om A= 0,05 =
Slope = 0.0005 - ' pashed lines
U =2.475 m/s .4ndicate
Ezz = Eyx = 0.2hU. = ‘values < 0.0

depth = 2.0 m -

. C.=25.0

Pe = 63.3
Figure 4.12 Solutions
.Using LBG

¥

“For more info.
' . sea Table 4.2
[

r different Skew angle
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- 4.2.2.2 Case 2

The comparison of LBG to QUPG and GUPG in their ability
to handle skewed mesh, was performed by lookiﬁg at the

solution given by each element type for a skew angie of 60°.

The ‘P, was also hiked up so as to increase the difficulty each

method has to resolve the solution. This was accomplisﬁed by

A <

. increasing Ax and Ay to 100 m, which results in a 100 fold
{

increase in the cell Peclet number to 6330. The strength of

the source was also increased to 5.0 g/s so as to present a

=
reasonable plume.

The contour plots of thé resulting'soLﬁtions are_showﬂ
with the related defails in Figure 4.13. Table 2b summaries
the error measures used to judge the solutidnsz ~The maximum
ahd minimum concentrations reach by each method indicaté that

LBG perférms very poorly, as expected. However these

.

&

indicator look considerable better for the case of CUPG.
Thus the new elements seem to handle skewed meshes with far
better success that the standard linear ones.

L
This conclusion can also be seen from Figure 4.14, which

)

‘éhows'the concentration profile through the source in the y

g?directioﬁ._1From this plot it is evident that QUPG and CUPG

both'shdwﬂoné'Wiggle behind-the core of the plume, while the -
. A A A He PALUNE ‘

rest of the aomain is free from the large oscillations, which .

are so dominant in LBG.-

A

~ . . B
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VA A e
Ve
LTSS LY
[/
LSS LA LS
[ LTI LT
//Velo%ity Vectors

Quadratic Elements

angle .x 100'0 m'
Ay 100.0 m

‘Slope = 0.0005

U = 2.475 m/s

o

Ezz = Exx = 0.2hU.

dept’ £-0m
Co= .. ) o
Pe = 6330

Cubic Element's

Contour Info:
A =20.0
Dashed lines
indicate
values < 0.0

For more info. -
see Table 4.2

Figure 4.13 Solutions for different Methods for 60°
skew angle, Pe = 6330 o
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4.3 Conclusion of Numerical Tests .
[ - . . .

The tests perfbrmed here on the new elements indicate
that their performance is better than the standard LBG
method. However it should be noted that this increase in
accuracy means an increase in the ‘computational effort
required. The-QEe of bUPG and CUPé increases’the computing

time and the storage requirements for a given problem.

Figure 4.15 show that in the solution of a 20 by 20 mesh

using banded storage, the storage required increases by a
factor of 2 and 3 for the QUPG and CUPG elements E

respectlvely. The computatlonal tlme on a Mac1ntosh II

.

machine 1ncreases by 3 and 6 .times for the two element types.

l

The use of a partlcular type of element must be welghted

‘ between the accuracy required and the computatlonal«resources

available for a given situation. ; S
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5. APPLICATIONS

Igeal and practical problems'were solved using ;he
numerical model to understand and‘feihforce the‘physical
aspects of gffluent discharges into naﬁukal channel;. The
idealized investigation consisted of studyiné the “
‘relationship between bluﬁe characteristics and modelling
techniques used to access the variation of eddy diffusivity
in a river channel. The sécond set of studies looks ét the
apblication of the numerical model to a practical/;iver

P
L

channel situations.
5.1 Variation of Eddy Diffusivity.

‘Oﬁe of the hardest parameters to determine for a plume
diéch;réed into a river is its diffusive behavior. Generally
it is believéa-that the simplifying assumption made, such as
the use of constaﬁt eddy diffusivity is sufficiently accuraic
for practical analysis. Howeve: by making this assumption
what importént two dimensional éharacteristics are we
ignoring ? To answer such a question two study problems were
solved. One was to look at the discharge of a plume in the
center of a channel having a cross-section shaped like a
triangle..The other consisted ofla cide discharge into a

trapezoidal shaped channel. —

93
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5.1.1 Center Dischargaes

~

The first inveétigation consisted of the discharge of a
p{gyé“in the center of'a channe€l with a triangular shaped
cfoss—Section. A triangulgr shape was chosen so as to
exaggerate the effects, and to infer the behavior to'a cross-
éection similar shape in the bends of rivers. The channel |
width was chosen to be 50 m énd.a maximum-depth of 1.0 m @as
set on one side, resulting in an aspect ratio of 50. The
length of the channel was chosen to be 8 km: The ,source of
the plume was discharged into the river centered around the.
27.5 m. The mesa used to model this plume was 20 elementé

long by 30 elements wide which set Ax = 400 m and Az = 1.67

m. The slope of the channel was set to 0.0005 m/m. The

40000 278

resulting cell Peclet numbers were n and n in the x and

z direction respectively, where h .is the depth.

The mesh was solved using the LBG formulation. There

dids not exiéf a need to use higher ordered elements since the
discretization was Qéll graded. As well the cell Peclet
number‘were relatively small, particularly in.the z
direction, where the large changes are taking place. In .
addition thé mesh was aligned to one of thé preferred

direc .ons, so that the solution woul§.not introduce any’

3

errc s due to mesh being skewed to the direction of flow.

The two solution were performed, one with the use of E,,

I3

as a function of the depth, and another with E,, being

~
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2,

constant across the channel width. The E,, as a function of

theadepth was given by the equation

_E,, = 0.15*n U, -, - (5.1
2 ‘ T o S
and the -average value given by the expression
. . s+ Na &y . ’ v : B
1 : - . v C

E.. = Ja > (0.15hU.); . o (5.2

- . i“l P bl -
where Na:is number of nodes across the channel(31l). In both P

- cases the value of E,, was set by the expréssion,

’

E,, = 0.25h U. . . s

Figure 5.1 show the distributions of E,,, E,,, and U aéross

the channel resulting from these conditions. ¢

“ - \\ 3?"f
- N T
The resulting contours from the tw0‘solutiqns aS'wg;llas 
a plot of the mesh and velocity vectors is shown in Figufg
5.2. FiéureJS.B sho%s‘the spréading chafacteristicslof.the
plume half width long thé channel: From the contou;s'ploés
as well as the conéentration profiles, it is évidénﬁ,that:phe
use of an_éverage eddy diifusivity acréss the channel alters
the §pr¢ading rate of the plume. The plot shows tﬁat in the
case where ah average diffusivity is used, the ;preadingviS;
larger in the shallow portion of the channel, while in the
déep portion the spreading is smaller. This is Adue tqltﬁe'

distribution of the diffusivity across the channel. 1In the -
"‘ K i .

sHallow portion E,, is larger thafi E,, and thus themspreading

Lo

is larger. While in the deep portion E,, is smaller than E,,

: ‘
and therefore the plume spreads less. For comparison, the

spreading rate of a point sourceLETk@n by the integral

oo

. ; \ .
— L .. . . . N °
oL N Lo © o N
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A £ 8 km 3

,oource o L Ax = 400 m : -

11;0 Hg/s Ay = 1.67 m Pe, i 40000/h

from ‘ Slope = 0.0005 Pe, = 278/h .

25m to 30m C. = 25.0

Velocity
_Field:
Used

&

Ak

Solution with a variable E,,

z

‘Byy = 0.25hu. E,, = 0.15hu

Solution with an average E

Exx = 0.25hu’ Ez; = 1/n(20.15hu)

s

I

Figure 5.2 Result_‘s' for T‘J':iangu:l‘ar, Channel

.
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solution is also included in the plot (Rajaratnam, 1970).
This solution fits nicely into the middle of the profiles,

indicating its integral nature.

The longitudinal diffusion characteristics of the plume

is shown in)Figure 5.4, which shows a plot of the center line

cohcentration»along the channel. ' From thi's plot it is

evident that the use of E,, exaggerates the épreéding‘rate,

as indicated by the lower concentrations than those for the

case of when E,, was used.

In’general, it can be concluded that for a plume

situatéd in the center of the channel the use of .E,, across

the channel.will result in smearing of any.anomalies that may

exist’ due the the variation of the depth.

-

5.1.2 Side Discharges

The'éééond situation studied was that of a side’plume
discharge into a channelkwiPh cross—sectgon shaped like a
trapezoid. The parameterS'qsed were the same as ﬁor the
triangular channel. However the depth was kept—at a value of
1.0 m for distance of 36.0 m from_B.O m onward. The slope of
tge trapezoidal side was chosen as 3 horizontal to 1

vertical. The discharge was modelled by introducing a source

of strength 1.0 Hg/s over the sloping portion of the channel
. A\ .

o )

99
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of the mesh. An illustration of the mesh, velocity vectors,

and a summary of the salient features is showh in Figure 5.5.

" The problem was solved for the four different cscenarios

shown below,

(a)|] E,, = £(h) By = £(h)
(b)j E,, = Constant E.x = f(h)
(c)| E,, = Constant E,x = Constant
(d)}] E,, = Constant E, = 0.0

4

Case (a) and (b) were used‘to observe the behavior dume to the
variation of E,,, while (b), (c) and (d) were perfoymed to
Bbserve the behavior due to E, .-

i

The. contour pldts for each of the above case are shown
in Figure 5.6. 1In addition a close-up of the contours for

cases (a) and (b) are shown in Figure 5.7. A plot of the

101

half-width(b,) is also shown in Figure 5.8, and a plot of the

“concentration profile along the bank is shown in Figuré‘5.9.

These plots clearly show the difference between using a

_constant En and a variable E,,. As was found for the case of

" the center discharge earlier, the spreading rate of the plume

>

is increased when an average value is'used for E,,. As a
consequence‘the concentration on.the bank is a great deal
higher for case '(a), than fér case (b). The close-up of the
contour plot shows another visual diffgrépce betweén the two

cases. The use of a constant E,, results in numerical result
e

where the concentration contours are orthogonal to the
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boundary. However when'E,, v°s allowed to vary with the

depth, which implies that E _s zero on the bank, the

resulting contcurs are no longer orthogonal to the bank.

It is evident from the”longitudinal profile and from the
spreading rit: slot as well as the close-up, that the use of
E

., results in the diffusion of the concentration in the

bank. This implies that when a constant E,, is uSed the

maximum concentrations predicted are generally on tge non-—-

conservative side.

Thé specification of the E,, is generally believed to be

un%mportant in the solution. This was reinforced by the
analyses pegformed'he;e. It is cleariy appafént from the
c5ntour plots that different models of E,, results in ver§
little difference in the solution. This is also shown in the

plots Qf the concentration on the bank, in Figure 5.10.

-
>

5.2 Application to River Plume Discharges

] .

A plume spudy was done to modei a riQer reach surveyed
Hpy Krishnappan and Lau (1982) on the Grand River.near
Kitchener, Ontario, Canada, to judge thefperformancé of the
‘numggical model in real river situation . A sketch of the -
_fiver reach plan view, as-weli4a3‘a-rOUgh sketch of the:
cross—sections wﬂere da£a was‘measured is show in Figuré

5.11.
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Krishnappén and Lau performed the plume test, where by /a
constaht,dischafge of Rhodamine B dye was introduced into a
tributa;y just downéﬁream of Willow Lake. They subscquently
measured the concehtrations in the river at the cross-
sections shown in Figure 5.11. They élsd measured the depth
and a. depth averaged velocity at each cross-section, at about

N
3.0 m intervals across the channel. The general rive.

‘characteristics and pertinent datas are reproduced in Tablc
5.1. The measured transverse diffusiviyy fitted tHe

expression,

7y
@

E. = 0.26 h U, (5.0

acdording to Krishnappan and Lau.

The above river reach was discretized into a 40 long by
20 wide elements meéhi\using quadratic‘mapping it interpolate
the interﬁ%diate elements. The resulting mesh and velocily
vectors are plqﬁted in Figure 5.12; The. eddy diffusivitics

were experimented with unﬁil the best solution was thdiﬁod.

The values settled upon were given“by‘thé-expressignxh

i

E

77

0.25 h U, and | _ N o

Il

E, = 0.375 h U, . . . R N2

XX

1

The solution for the plumg was undertaken bybimposing
the measured-concentgation distribution at =x = 213 m as a
giveﬁ_boundary conditipﬁ éﬁ'the“left side of phe mexh; “Thie:
numérical model was used to solve for the Stéady state:

‘solution which resulted in the concentration contours shown

Lo

<
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in Figure 5.12. The concentration distribution across the
channel at each cross-section is shown in Figure 5.13. As a
comparison to¢  he concentration profiles were also plotted

against the measured results in Figures 5.14 to 5.1%9,

The results from the numerical solution se?m to be in
agreement with the measured values. The discrepancies seen
at x ¥ 963 and x = 1213 are largely due to the fact that the
channel reach is not straight. With a curved channel it is
almost impossible to describe the behavior of the velocity
field by any known method. The magnitude of the velocity
vectors derived here are only representative at the given
cross-sections. Due to the fact that &he direction is not
known, the velocity field used here is only a best estimate
of the actual field. The model used here to interpoclate the
Eirection is only applicable to well bchaved river reaches.
In reaches such as this one Whe;e theré is a substantial
curvature.the model has difficulties. The ability to

M

» ,"' + ‘ (3 0
accurately p;@dlct the measured concentration field is

hampered by tHe lack of velocity direction information.
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5

5.2 Application‘tovRiver Slug Tests

One of the most important concerns that the "engineer is

faced with is the accidental release of a contaminant into a

‘river. The result of such a release is the possibility of

large concentrations of pollutant entering the drinking water

inlets situated oo the river. To understand ahd predict the
behavior, a 'slug test' is performed on most commerciall§
used rivers. The ability to predict the behavior of such
releases ioto the river by a numerical model is very

desirable However the physrcs of the processes 1nvolved in

the predlctlve models is not yet fully understood

“

. An important'component of the -physics that is yet to be

_understoOd is the proceSs?of_dispersion. - Although there-are

models available such as the Elder model for logarithmic

velocity profiles discussed in Section 2.1.4.1 (1959), they

are limited to the final’region. S. Beltaos(1980) also

§

proposed a model to predict the dispérsive‘behavior of a slug

in the ipiﬁial region which could reconstructe;he skewed »
distribution found in reality. However his model basically
amounted to an empirical‘fit’to the processes‘ooserved,
onrélated to any physical argumeoes. S |

(5
This lack of physical understandlng of the dispersion

h‘
processes has made it 1mpos§}bre to reproduce the measured

skewed d}strlbutlons. However for the sake of application,

the current finite.elemeﬁt model was applied to such a case.

Jpe— R -
S
Lo
g
-
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S. Beltaos at Alberta ﬁesearch Counc . . undercook a
series of tests on,the Athabasca River below Fort McMQa;ry.
Among these was a test performed, under an ice covered river
ﬁeach. The detailed information on thiszparticﬁlar test was

reported in a Alberta Research Cpuncil Report (1978).

The reach considered in this report was discret{zed into

! 3
a mesh 9 elements wide by 100 elements long. The discretized
|

- reach is shown in a plot in Figure 5.20. 1Included in Figure

5.20 is a .plot of the depth averaged velocities derived- from

measurements and interpolation. A plot of the i..itial

concentration slug is also shown in this figure.

A summary ofythe hydraulic data and the model used for

the eddy diffusivity is shown in Table 5.2. Using the reach

averaged velocity of 0.49 m/s, an average Ax = 118 m and a

Courant number of 07125, a time intérval of 30 seconds was
réalized. An increased level of accuracy was'needed due to
thevﬁnsteady nature of the.problem. Earlier .investigations
(Sectionu4.1) had shown that QUEG gave an'adequately éccunate
solution té the unstéady advection of a pulse, ﬁhus QUPG was

used to solve this problem. CUPG was not used due to a

limitatidnéop the memory available to solve the problem,

The contour plots for the résults'at times 100 min., 200
min., and 300 min., are shown in Figure 5.21. A plot of the

history of the concentration across the channel at x = 6330

-

is shown in Figure 5.22.

L4 .
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The results 5’ ow the potential of numerical solution to
the unsteady prob.em in its abilit§ to provide the enginéer a
wealth of data. The model allows the investigétor to observe
anomalies such as of pockets of relatively large |

*

concentrations attach to some banks as)the one shown in

Figure 5.21 on the left bank.

There exists a need to develop. a physicélly sound
“analysis for the modelling of dispersion in rivers. Without
this base, the advaﬁceheﬁt in the>use of numerical solutions
in aiding the engineer in assessing behavior of transient

] v 1] 1] ] ‘ ) ‘
slugs in rivers 'is limited.

o
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6. CONCLUSIONS

The use of the finite element method to solve the depth
averaged pollutant équation gives the engineer an added

degree of freedom in his ability to accurately present the

picture of the behavior of pollutants in rivers.

ooy
~.

The new upwinding elements, developed by Dr. P. M.
Steffler, were found to be far superior than most of the
'standard finite difference schemes used in the modelling of
the pollutant conservation equation. They were also found to
be better than the standard linear finite elements. However
the userf these elements has to be justified by a need to,
model flows with high Peclet pumbers, as they require extra

computatiocnal effort to solve.

,

‘The solutions of the two dimensional advection equation
for a circular flow field, suggests that the elements are
best suited fgr conditions where the direction of the lew is
not known at the Start. The abilitylof these elements to
upwind in any desiréd direétibn is best realized by
circulation problems. A situation like this exist in the
modelling of effluent dischargé§ in coaétal waters, where the
majority of the fi;wvfield is inlcircular motion<and in an -
alternating direction. It is:recommended.that these new
elgments be applied to prdbleﬁs of outfall discharges in

~¢coastal waters.

127
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The use of a variable eddy diffusivity in an idealized
channel was found to produce a more realistic solutions than
an average\Fddy diffusivity. The finite element model with
the freedom to specify a variable eddy diffusivity, proved to
ge adequate in reproducing the measured coﬁcentrations for

the Grand River reach. e

The need to develop a firmiphysical understanding of the
dispersion pfbcesées in a river slug test, was pointed out by
the results of the numerical mbdel éppii?d to a 'slug"test.
The solution presented by the model sHerd the‘large

potential *it has in providing the engineer with a wealth of

information.
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APPENDIX 1
Program CDFEM Listing
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feio.c ... '...; ...... R LRI 140
.'feCOre;c ........... “...7..f{i ........................ 149
vfeinitial.c...ﬂ.................t ..... e ... 165
fecom.c.......f...; ................................. 167
fetest.c ...l e e +o... 180
fe NUPf.C ... e e e 194
fegqauss.C ........ @ ettt et e e T, 209
FESTUEE.C vnnnennnnns e g L..221
FEStUFEL . C it ettt it iine ettt >...".......L227
feStUff2.C uvunnn.. P e e 241
FOSTUEE3LC v v et e e e e e 249

S 1 =Y=) oA OB s - H o 254
feStuff5.c ... .... e ......258

Example Input file for Generation of a River Mesh ... 260

Example OQutput of a Mesh .. ... ittt it 263
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fe.h

#include "math.h"

long Fr
char

#define
#define
#define
#define

#define.

#define
#define
#define
#define
$define

truct

struct

struct

struct

eeMem() /*
*calloc{), ‘lmalldc() ; /* NON STANDARD FUNCTION
MNSF 36
MRNSF 4
MDOF 144
MGPTS 16 .
NDIMS 2
NPARAMS 8 . J
NBPARAMS 2
NVARS 1
NKEQNS 20
MNXS 40
struct shapefuncs {
v int dof ; *
double f[MNSF] ; . . -
double dfdr [MNSF)] ; ’
double dfds[MNSF)] ;
double dfdt [MNSF] ; N
}og Y
goviuncs |
int dof ; o !
double detJ ; o
double w ;
double p[NPARAMS] ;
. double f[MNSF] ;
double dfdx{MNSF] ;
double dfdy{MNSF]-.;
double dfdz[MNSF]
boq
gausspts ( .
double x ; . "
double y ; '
double z ;
double w ;
) og
node { \
int n ;
int i
int ui ; .
int fxc ; X
double x [NDIMS) ;
double u[NVARS] ; a0
float p [NPARAMS]) ;
float f [NDIMS) H
struct'ngge *nextnp ; . .
Y 5 '
element {
int n ;
int vtype ;
int ‘gtype ; N
int nnds ;
struc- *nps [MNSF];
float pINPARAMS] ;

 #include "stdio.h"

NON STANDARD FUNCTION */
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fe.h S ' 135

64 double *matrices ;
65 . float elinfo ;
66 'struct element *nextelp ;
67 )
68 : b
69 struct belement (-
70 . int n
71 int ‘vtype ;
72 int gtype ;
73 int . . nnds ;
74 struct node *nps (MRNSF] ; -
15 double pINBPARAMS]" ;.
16 int bcs (NVARS] ;
71 struct be: .ment " *nextbelp ;
78 R .
79 ’ ’ - '
80 struct control { - :
81 int trans ;
82 int dims ; ' : : -
83 : int vars ; : >
84 . int params ;
85 - “int bparams ; .
86 int Keqns [NKEQNS] ;
87 - Ant nodes ;
88 S int elms ; ’ ’ '
89 - int - belms ; ) P
90 int frnds ; .
91 : int ukns ;
92 int sym ; ° .
93 } o e
94 .
95 struct eqgnset { .
96 double *Kp ;
97 doubl *Lp ; R
98 | double *Fp ; ’ . !
99 o long, *diagp ; i o .
100 int negns ;
101 b
102 ‘
103 struct pointers {
104 struct node *N
105 - ) struct element *El ;
106 " struct belement *B’;
107 . struct node . **iptrs ;
108 ' double *S
109 double LM .
110 : } H
111 . ‘
112 struct elmpointers |
113 double *ﬁ ;
114 double *F ; .
115 : double *S ; : ’ .
116 - double *M ; ‘ s*
117 int n ; . ’
118 :
119 .
120 struct fxnodes {
121 o int iy
122 - int J [MDOF ]
123 double k{MDOF: a
124 - double f ;
125 ) ;

126
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fe.h

struct

struct

.

struct

struct

transient ({

int nsteps ;
double dtfac ;
double t ;
double dt ;
double. theta ;
}o

RegMesh {

int nx ;

int ' ny

int nbx ;

int . nby

int elsinbx [MNSF)
int elsinby [MNSF)
int eltype ;

int maptype ;

struct control
struct blockmap
}oq

blockmap {

float Xnodes [MNSF]
float ynades [MNSF)
float h[MNSF] ;
float u[MNSF} ;
float V([MNSF] ;
float E._x[MNSF] ;
float E_y[MNEF] ;
float E_xy[MNSF] ;
float E_yx[MNSF] ;
}od

cross_section {

float

float

float -
float

float .

float )

float

struct cross_section
b

;

‘

con ;

*firstmap ;

x [MNXS]
z [MNXS]
h [MNXS]
u [MNXS)
v [MNXS])

‘

’

’

’

E_long [MNXS]
E_lat [MNXS! ;
*next_x ;

.



ool B R R I

NOR R RS RS R AT RO N b e e e b e
QXN BWN OO @SN D WN 2 OWw

29

30

31
32
33
34
35
36
37

38

39
40
41
42
43
44
45
46
417
48
49
50
51
52
53
54
5

%
57
58
59
60
61
62
63

'

femain.c
¢#include
#include

"fe.h"
"time.h"

char *strcat{), *strncat();

main (}
{
char ain ;- .
long t_bytes ; . ¥
int nin, errcode, 1 ;
long . int tl, t2 ;
void MaxApplZone () ;/*NON STANDARD FUNCTION */

MaxApplZone ()

>

\

init gp) :

printf (™ input command (s;t,i,n,m,1,b,0,p,t,c,r,y) and number\n")

afin =

th .

¢ while(ain '= "g'){

time (stl)

t_bytes = FreeMem() ;/* » = NON STANDARD FUNCTION */
printf (" Total Memory Available =%1d\n";t_bytes) ;
printf ("> ") ) &

scanf (" %c %d",&ain,&nin) ;

switch (ain) {

case 's' :

errcode = steady_state(nin,1) ;
break ;
case 'i!'
errcode = Iinput(nin) ’ .
break ; ’

» case ‘n' .
: errcode = test_mesh(nin) ;
. break ; ' T
case 'm' :
errcode = test _map(nin) ;
break ;

case 'l'

‘/errcode = list_vars{nin) ;
. break ; »
case ¢b' : :

o “errcode = set bc(nin) ;

~ break ;
“dase’ ‘o' :
F ) errcode = output{nin) ;

¥

9

break ;
ppw o case ‘p' o s .
errcode = special out (nin)
break ;
case 't°'
errcode = test_trans(nin) . ;
break ;

case 'c' :
errcode = test_contour (nin) ;
break ; ‘

case '‘r' .
errcode = test_real_stream(nin) ;

137
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femain.c

char s[63] ;

a

if{code == 1) ({

printf ("\n Inpﬁt Output File

- scanf (" %s",s) ;

fp = fopen(s,"w"} ;

else if (code == 2)
fp = fopen ("CDFEM1.
else if{(code == 3)
. fp = fopen("CDF§M2.
else if(code.-=="4) i
fp = fopen ("CDFEM3.
else 1if (code == 5) .
fp = fopen ("CDFEM4.
else 1f (code == 6)

fp = fopen {"CDFEMS.
else if (code == 7%
fp = fopen ("CDFEM6.

&
out™, "w")

out", "w")

OUC","W*)
out", "w")

out”, 'w)

'g

out"™, "w")

else ~
fp = stdin ; -
1

return( fp )
) H
int StartMes (astr.bstr,cstr,dstr)
char *astr, *bstr, *cstr, *dstr ;
{

break ;
case 'y' :
errcode = test analytigal(nin) ;
break ; 3
)
) time(&t2) ; /* NON STANDARD FUNCTION */
s printf (" Time = %s",ctime(&t2)) ; : )
) p WA _NON STANDARD FUNCTION */
e ; ‘ i
) . . s
“x w o
FILE *get fptr (code) '
int code ;
{ N
FILE ~fp, *fopen() :
i char s['63] ; ‘
if{(code == 1) {
printf ("\n Input Data File Name "} ;
scanf (" ‘¥s*,s) ; ’
2 fp = foben'(s,"r") ;
' ) . . 5
else
fp = stdin ;
', creturn( fp } ;
REE , A A
FILE  *put_fptr (code) .
int . code ;
{ Co
FILE *fp, *fopen{)

Nare Y}

ECS



T~

femain.c 139

127 printf ("%s\n%s\n%¥s\n%s\n",astr,bstr,cstr,dstr) ;
128 return(0);

129 }

130

131 int UpDateMes (astr,bstr, cstr, dstr)
]3? char *astr, *bstr, *cstr, *dstr ;

133

134 {

135 printf (“%s\n", dstr) ;

136 return (0);

137 }

138

139 Int EndMes ()

140

141 {

142 return(0); '

143 } .

144 int InsertMes(astr)

145 char *astr ; .
146

147 {

148 printf ("%s\n",astr) ;

149 return{(0); - ) /

150 }

151
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feio.c
1 #include "fe.h"
2 #include "ctype.h"
3 .
4 extern struct control N ;
5 extern struct pointers gp:
6 extern struct transient tvals ;
7 extern struct RegMesh N Mesh ;
8
9 uint 5 Nndéo, Nelmso,'Nbelmso, Mesh code ;
10 ;y
wﬁlh “int input (niny
124% “int nin ;
13
14 { . :
15 int] err,i,. fer ; v
16 CFIL *fptr, *get_ fptr()
17 ’
18 if((fptr = get_fptr(nin) ) != NULL) |
19 if( (err = get_control (fptr)) == 0) {
20 .put_control (stdout) ; ’
21 for (i=0; i<N.nodes;i++
22 get_node(fptr,i) ;
23 for(1=0;i<N.elms;i++)
24 get_elm(fptr,i) ;
25 for ({=0;i<N.belms;i++)
26 get_belm(fptr,i) ;
27 if(fptr != stdin) fclose(fptr) ;
28 set_bvalues () ;
29 }
3Q else )
31 printf (" Control Variable Error s$d\n",err) ;
32 : .
33 if((fer = ferror(fptr))!= NULL || (fer !n».,e)//)(
34 printf (" Read error in routine InpﬁL \n Frror ");
35 clearerr(fptr) ;
36 if (fptr != stdin) fclose(fptr) ;
37 return(fer) ;
138 } '
39 )
40 else {
41 printf (" Unable to open that file\n")
42 err = -1 ;
43 return(err);
44 )
‘45 )
46 “a
47 iﬁkﬁ?y et _control (f) .
48 FIfghWig 7
49
50 {
51 int i, 3, k, in, i1 ;
52 long bigint ;
53 char *calloc(), *1lmalloc{) ; /* NON STANDARD FUNCTION */
54 -
55 j =0
56 for(i=0;1<1;1i++) { .
57 J++ ;
58 N.trans = get_int(f) ;
59 if(N.trans < 0 || N.trans > 1) break ;
60 J++ )
61 if(N.trans == 1) )
62 get_trans(f) ; !
63 N.dims = get_int(f) ;
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Lf(N.dimg < 1.1| N.dims > NDIMS) break :
Jj++ 1“;?

N.vars = get_int(f) ;

1f(N.vars < 1 || N.vars > NVARS) break K
j++ ;

for(ii=0;ii<((N.vars+1)*N.vars);ii++%
N.Kegns(ii] = get int (f) ;

J++ ;
N.params = get_int(f) ; , :
if(N.params < 0 || N.params > NPARAMS) break ;:
J++ o '
N.bparams := gg};gﬂt(f) ; e
A1f (N.bparams < 0)
: Mesh_code = -1 ;
N.bparams *= -1 ;

B

}
else
Mesh code = 1 ; :
1f(N.bparams < 0 .{] N.bparams > NBPARAMS) break
I+ ;7 '
if(gp.N !'= NULL) {
clear_data{() ;
free(gp.N) ;
free(gp.iptrs) ;
}
N.nodes =-get_int (f) ;
Nndso = N.nodes ;
bigint = (5 * N.nodes)/4 * sizeof (struct node *) ; .
' if(N.nodes <.2 I'l (gp.iptrs = (struct node **) lmalloc(bigint))
== NULL) break ;
i bigint = (long int)N.nodes *(long int)sizeof(struct node) ;

if(N.nodes < 2 || (gp.N = (s8truct node *) lmalloc (bigint)) ==
NULL) break ;/* NON STANDARD FUNCTION */ ‘
SRS

N.elms = get_int(f) ;
Nelmso = N.elms ;
blgint = (long int)N.elms * (long int)sizeoﬁ(struct element) ;

if(gp.E1 !'= NULL)
free(gp.El) ;
if(N.elms < 1 Il {gp.El = (struct element *) Imalloc(bigint)) ==
NULL) break ;/=* NON STAND@RD FUNCQION */
J++

N.belms = get_int (f) ;
Nbelmso = N.belms ;
bigint =(long int) N.belms *(long int) sizeof (struct belement) ;
if(gp.B != NULL)
free(gp.B) :
if(N.belms < 1 || (gp.B = (struct belement *) 1lmalloc( bigint}))
== NULL) break ;/*.  NON STANDARD FUNCTION *x/

if (Mesh_code == -1 )
get_mesh_info(f) ;

printf (" Memory left - An",FreeMem()) ;/* NON STANDARC#
FUNCTIQN = */ - . ; :2‘ .
. ‘&/“2
j-O; . . . N
¥
return(ij) ;
) ' .
int get_mesh_info(f)

FILE f; '
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feio.c

( -

int
FILE

int

int
FILE
int

Mesh.nx = get_int(f) ;
Mesh.nbx = get_int(f) ;
Mesh.ny = get_int (f) :
Mesh.nby = get_int(f) ;
return(0) ;

\

getitrans(ﬂ
*f

double get_dbl() ; ,/
tvals.nsteps = get_lint (f) ;
tvals.dtfac = get_dbi(f) ;
tvals.t = get _dbl(f) ;
tvals.dt = get_dbl(f) ;
tvaL&.theta = get_dbl(f) ;
return(0)

°
$

clear_data() - .
$

int B O

struct node *npl, *np2 ;

struct element *elpl, *elp2 ;

struct belement *belpl, *belp2 ;

npl = gp.N ;
for(i=0;1<N.nodes;i++) {
np2 = npl->next )
if (1 >= Nndso) WS
free (npl) ;
npl = np2 ;.
)
belpl = gp.B ;
for(i=0;i<N.belms;i++) {
belp2 = belpl->nextbelp ;
if (i >= Nbelmso)
free(belpl) ;
belpl = belp2 ;
}
elpl = gp.E1l ;
for(i=0;i<N.elms;i++) (
elp2 = elpl->nextelp ;
if (elpl->matrices != NULL)
free (elpl->matrices) ;
if(i >= Nelmso)
free(elpl) ;
elpl = elp2 ;
}
return(0) ;

get node(f,1)

tf -

i 4
1 .

int j o

double get_dbl ()

{»

14
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int
FILE

element $%$d\n",n,elmntp->n) °;

nodep->n
- return(0) ;

struct node’ *nodep ;
nodep = gp.N + 1 ;
nodep~->n = get_int(f) ;
nodep->1 = i ;
nodep->fxc = 0
gp.iptrs{l] = nodep ;
for( jrg; j<N.dims; j++)
shadep->x[J) = get_dbl(f) ;
i J<N.params; j++) )
- ‘nodgp->pl]] Myget dbl (f) ;
for (=0, ¢ Jvars; jﬁg
" na&dep->uf j\ﬂ.\ =,__@_ +
tnp = nodep +51

for {

> 5,

i ; o ‘a
get_elm(f,1)
*f '

u

int j, 33, nnds, n, rc ;
struct element *elmnfp.; .
struct node -*np ; ' . . B
elmntp = gp.El + 1 ;
rc = 0 ;
elmntp->n = get int(f) ; & .

elmntp->vtype = get int(f);
elmntp->gtype = get int (f);

elmntp~>nnds =
nnds =

1f (elmntp->vtype. ==
elmntp~>nnds
if (elmntp->vtype ==
elmqip—>nnds
if (elmntp->vbype ==
elmntp-&nnds
1f(elmntp->vtype ==
elmntp->nnds
i1f(elmntp->vtype ==
elmntp->nnds

‘if(elmntp—>vtype ==

elmntp->nnds
1f (elmntp->vtype ==
elmntp->nnds

nsf(elmntp->vtype) ;
nsf(elmntp->gtype);
1f (nnds > elmntp-~>nnds)

elmntp->nnds = nnds ;
228)

=6;

229) .
= 16 ;

233)

= 8 ;

230)

=6;

239)

= 36 ;

129)

= 4 ;

139)

=6 ;.

for (j=0; j<elmntp->nnds; j++) { o
1f((n =.get _int(f)) >= 0) |

np =

gp.N ;

for (jji=0;3Jj<N.nodes; 3j++) {

)
if(np

)

else

if(np->n == n) )
break . "
np = np->nextnp ;

== NULL) {
printf (" Non-existent node %d referred to in

’
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253 elmntp->nps{j}] = NULL :

254 } )

255 for(j=0;}<N.params;j++)

256 elmntp->p{Jj] = get_dbi(f) ;
257 elmntp->matrices = NULL ; ) %
258, 7 1f(i < N.e.ms -~ 1) ’

25&‘ elmntp->nertelp = elmntp + 1 ; )

260 else : 1 ;
261 elmntp->next«lp = NULL ;

262 return(rc) ;

. 263 -}

264 '

265 int get_belm(f, i)

266 FILE *f

267 .

268 {

269 int j,’jj, nnds, n, rc ;

270 struct belement *belmntp ;

271 struct node *np;

2@\2; ) .

273 belmntp = gp.B + i ; N
274 rc = 0 ;

275 belmntp->n = get_int(f) ;

276 belmntp->vtype. = get_int (f); ?

277 belmntp->gtype = get int (f); )

278 belmntp->nnds = nsf(belmntp->vtype) ;

279 nnds = nsf(belmntp->gtype);

280 if(nnds > belmntp->nnds) belmntp->nnds = nnds ;

281 for (j=0; j<belmntp->nnds; j++) {

282 n = get_int(f) ;

283 : np = gp.N ; ) . ‘

284 for(3j=0; ji<N.nodes; jj++} { 2 . g
285 if (np->n == n) .
286 break ; :
287 np = np->nextnp ;

288 } )

289 if {np == NULL) {

290 printf (" Non-existent node %d referred to in element
291 $d\n", n,belmntp->n) ; !
292 ] rc = -1 ; )

293 }

294 belmntp->nps(]j] = np ;

295 }

296 for (j=0; j<N.bparams; j++)

297 belmntp->p({j] = get_dbl(f) ;

298 for (3=0;j<N.vars; j++) { ,
299 belmntp->bes (3] = get_int(f) ; ’
300 }

301 if(i < N.belms - 1)

302 belmntp->nextbelp = belmntp + 1;

303 else

304 belmntp->nextbelp = NULL ;

305 geturn(rc) ;

306 ) '

307

308  double get _dbl(fptr)

309 FILE *fptr ;

310 -

311 { : ’ /

312 . char  s[25) | |

313 int n ; :

314 double atof():

315
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316 n  =.getnumstr({fptr,s) ;

317 . return( atof(z) ) ¢

318 }

319 .

320 int get Q’f’r‘xutpcr)

321 FTLE “fptr ; R

322 .

323 { Y

324 char 5(25]

325 int n; N

326 B double atof (), d;

327

328 n = getnumstr (fptr,s) i

329 d = atof(s) ;

330 return( (int) d ) ;

331 }

332

333 int getnumstr (fptr, s) L

334 char *s

335 FILE *ftptr ;

336

337 {

338 register-int ¢ ; >

339 a register char *cs ; ‘ -

340 ’

341 cs = 5

342 whi! ! (¢ = getc(fptr)) != EOF) ({

343 1f((isdigit(c) '= 0) [] (c == "'".') || (c == '="} || (c' == '+')) {
+ 344 *Ccs+t+ = C X

345 while( (¢ = getc(fptr)) != EOF) {

346 L1f((isdigit(c) '= 0) I (c == *.') || {c == 'e") ||

347 (c == 'E') || (c == '=") || (c == "4+") )

348 ' *cs++ = C ;

349 else

350 ey break

351 ) !

352 *cs = '\0' ;

353 break ;

354 . '

355 }

356 return(cs - s) ;

357 ) o

358 N . . )

359 inmt set_bvalues ()

360

361 {

362 int i, 3 ;

363 struct node *nptr ; .

364 .

365 j =0 ; .

366 . nptr = gp.N ;

367 for (1=0;1<N.nodes;i++) {

368 nptr->i =1 ;

3695 gp.iptrs{i] = nptr ;

370 ) nptr = nptr->nextnp ;

371 )

372 N.ukns = N.nodes * N.vars ; .

373 /* printf (" Number of unknowns = $d\n",N.ukns) ; */

374 return{j) .

378 } , . |

376 -

377 . int output (nin) o~

378 int nin ;
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Variables\n\n");

146
4> -
int err,i,fer ; .
FILE - *fptr, *put_fptr() ;
struct node *np ; . °
struct element *elp ;
struct belement *belp ;
if((tptr = put fptr(nin) ) !'= NULL) {
if( (err = put_control (fptr)) == 0) {
fprintf (fptr, "\n Node Information \n");
fprintf(fptr,"\n Node #, Coordinates, Parameters, o

np = gp.N ;

for (1=0;1<N.nodes; {++) {

- put_node (fptr,i,np) ;

}

fprintf(fptr,"\n
elp = gp.El1 ;

for(1=0;i<N.elms;

np = np->nextnp ; N

\fprintf(fptr,"\n Element Information \n");

Element #, vtype, gtype, nodes\n\n");

1++)y (4

8 put_elm(fptr,i,elp) ;

elp = elp-

}
fprintf(fptr,"\n

boundary condition codes\n\n");

int
FILE

else

belp = gp.B ;

for (i=0;1<N.beims;i++) {
put_belm(fptr, i,belp) ;
belp = belp->nextbelp ;

else
printf (" Control

printf (" Unable to open

if((fer = ferror(fptr))!= NULL

*f

a
o

R

. st
put_control{fy:

printf (" Write error in
clearerr (fptr) ;

if(fptr != stdin) fclose(fptr) -

return{fer) ;

return (err);

il

At

,X‘.'

i, 14 ;

if(fptr != stdin) fclose(fptr) ;

>nextelp ;

Bounaary Element #, viype,- gLype, nodes,

<

Variable Error %d\n"
that file\n")

Il (fer t= 0) ){ \ ’
routine Output \n Error ");

-

fprintf (f," Transient analysis = %td\n",N.trans) ;

if(N

.trans == 1) {

fprintf (£, "™ Number of Time Steps = sd\n",tvals.nsteps) ;
fprintf(f," Delta t Acceleration Factor = %5.3f\n",tvals.dllar; ;

fprintf(f," Time = %7.5f\n",tvals.t) ;

(3

fprintf(f," Delta t = %7.5f\n", tvals.dt) ;
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447 ) fprintf (f," Theta = %5.3f\n", tvals.theta) ;
44 - } » _
444 fprintf(f,"” Dimensions = %d\n",N.dims) ;
445 fprintf(f," Number of Variables = %d\n",N.vars) ;
446 fprintf(f," [K]) governing equation numbers \n") ;
447 for (1=0;i<N.vars;i++) |
448 for(ii=0;1i<N.vars;ii++) {
449 fprintf (f,"\t %3 ",N.Kegns[i*(N:vars+l):+ 1ii])
450 }
451 ’ fprintf (£, "\t\t %d \n",N.Kegns[i*(N.vars+l) + N.vars}) ;
452 }
453 ' fprintf(f," Number of Parameters = $d\n",N.params) ;
454 fprintf(f," Number of Boundary Parameters = %d\n",Mesh code*N.bparams)
455 ) fprintf (fggl' Number of Nodes = %d\n",N.nodes) ; .
456 fprintf(f," Number'of Elements = %d\n",N.elms) ;
457 fprintf{f," Number of Boundary Elements = %d\n",N.belms) ;

2 458 if (Mesh_code == -1){ . :

459 fprintf (f," Number of Element in X direction = %d\n",Mesh.nx) ;
460 fprintf (f," Number of Blocks in X-direction = %d\n",Mesh.nbx) ;
161 fprintf(f," Number of Element in Y dinection = %d\n",Mesh.ny) ;
462 fprintf (f," Number of Blocks in Y direction = %d\n",Mesh.nby) ;
463 } _ : S
464 fprintf(f, " \n") ;
465 :
466 return (0) ; o
467 )
468
469 int . put_node (f, i, nodep)
470 FILE *f o
471 inc ) 3
472 struct node  *nodep ; 4, .

{

int o

put_int (f, nodep->n) H

for (jJ=0; jJ<N.dims; j++)

) put_dbl(f, (doublg) nodep~>x{jl) ; -

for(j—O'j<N params; j++) . ‘
put dbl(f,(double) nodep->plijl) :

for(j =0; jJ<N.vars; j++)
put_dbl(f, (double) nodep->ul(j})

fprintf (£,"™ \n"); -,

return{0) ;

int put_elm(f,i,elmntp)

~int i;

FILE *f 5

g;ructielément " *elmntp ;
int” 7, 3;

i\

put_int(f,elmntp->n) ;
put_int(f,elmntp->vtype);
put_int(f,elmntps3gtype);
for(j O j<elmntp->nnds; j++) {
'1f (glmntp->nps(j] != NULL
put_int (f, (elmntp->nps{j})->n) ;
else )
put,,int(f,-1) ;
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505 for (j=0; j<N.params; j++)
506 : put_dbl(f, (double) elmntp->p{il) ;
507 fprintf£(£f,"™ \n");
508 ) return{0) 3
509 }
510 A .
511 int\\ put_belm(f,i,belmntp)
512 int i .
513 FILE *f
514 struct belemen} *belmntp ; ) -
515 ’
516 {
517 int i
518 :
519 put_int (f,belmntp->n) ; .
520 put_int (f,belmntp->vtype): N .
521 put_int (f, belmntp->gtype); . o et V%
522 . for (j=0; j<belmntp->nnds; J++) _
523 put_int (f, (belmntp->nps[3))->n) ;
524 for (j=0; j<N.bgarams; j++) )
525 put_dbl (f, (double) belmntp->p(j}) :
526 for (j=0; j<N.vars; j++)
527 put_int(f,belmntp->bcs{i)) ;
528 fprintf (£,™ \n"); . ’ .
529 return(0) ;
530 }
531
532 int put_dbl (fptr,d) )
533 FILE *fptr ; - . A
534 double d; - . -
535 . . : R
536 { '
537 fprintf (fptr, "\t%$14.5g9",d) ;
538 . return{0) ; : .
539 } : -
Mo B .
541 int gie _int (fptr, i)
542 FILE  *fptr ;
543 int iy
544
545 | (- <
546 : fprintf (fptr, "\t%d",1i) ;

547 return(0) ; . ’
548 } s )
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#include "“fe.h" . : .

#define KE (A, B) ( *(ep.K + ep.n*A + B) )
#define SE(A,B) ( *(ep.S5 + ep.n*A + B)')
#define ME(A,B) ( *(ep.M + ep.n*A + B) )
¥define FE(B) il ( *(ep.F + B) )
#defin~ Min_mem 20000
struct control” N 3
struct polnters gp; )
struct RegMesh ) Mesh ; ’
atruct fxnodes’ *first fnp, *next_fnp ;
struct transient tvhls ; )
int - B Nukns, Nrfixed, Fac, *BFnodes ;
struct elmpointers ep ;
struct egnset egnsets (4] ;
int BandWidth , Max_iter, nx_s = 0, steady_code;
double uchénge H
float x_s’(10] ;
extern double defndp , defelp ; : .
i init_gp() .
{ ‘
int i

gp.N = NULL ;
gp.El = NULL ; % -
gp.B = NULL ; ) :
gp.S = NULL ;
gp.M = NULL ;
for(i=0;3i<4;1i++) |
" _ -egnsets[i].Kp = NULL ;
eqnsetsli].fp = NULL ;
egqnsets(i].diagp = NULL ;
egnsets[1].negns = NULL ;
} . :
ep.K = NULL ;
ep.F = NULL ;
ep.S = NULL ;
ep.M = NULL ;
first_fnp = NULL ;
J Mesh.nx = 10 ;
Mesh.ny = 10 ;
Mesh.nbx = 1 ; -
Mesh.nby = 1 ;
Mesh.eltype = 211 ;
Mesh.maptype = 211 ;
Mesh.firstmap = (struct blockmap *) calloc(24,sizeof(struct blockmap))-;
Mesh,firstmap->xnodes[0] = 100. ; Mesh.firstmap->ynodes(0) = 0.0 ;
Mesh. firstmap->xnodes|1] 100. ; Mesh.firstmap->ynodes{l] = 100. ;
Mesh. firstmap->xnodes(2] 0.0 ; Mesh.firstmap->ynodes(2] = 100. ;
Mesh.firstmap->xnodes[3] 0.0 ; Mesh.firstmap->ynodes (3] 0.0 :
tvals.nsteps = 10 ;- !
tvals.t = 0.0 ; .
tvals.dt = 10. ; . . -

o
N ;

Lo db

L]

L]

tvals.theta = 0.5 :
tvals.dtfac = 1.0 ; ,
N.sym = 1 ;

int Mk LapMesh (theMesh)
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64 struct RegMesh *theMe ; . ' o
65 B : s ! @
66 { : o ’ - N
67 N.trans = theMesh->con.trans = 1 ; L
68 N.dims = theMesh->con.dims = 2 ;
69 N.vars = theMesh->con.vars = 1 ; . ; N
70 N.Keqns (0] = theMesh->con.Kegns[0) = 1 ; . -7 ,
71 N.Keqns[1] = theMesh->con.Kegns(l] = 1 ; . :
72 N.params = theMesh—>‘on.params -8 ;. v
73 N.bparams = theMesh->con.bparams = 2 ;
74 ‘defndp = 0.00 :
75 defelp = 0.00 ;
76 MakeMesh (theMesh) ; L
77 _ return(0) ; . e
18 ) w ) o
B 79 . ¢, : §
80 int steady_state(nvar, elcode) & BT
81 int nvar, elcode ; ’ ’
82 { .- -
83 int iy : .
B84 char t-= 'n'; “
.85 . A
% ge » N.trans = 1 ;
i 87 - tvals.dt = 1000000000000000. ;
88 tvals .t += tvals.dt ; , N
89 tvals.theta = 1.0 ;
80 tvals.dtfac = 100. ;
91 BandWidth = 1 ; N
92 steady.code = 1 ;
93 , . \
94 printf (" Do you want to usg@ 'banded storage' {faster)?\n") ;
95 scanf (" %c",&t) ;- ‘
96 if(t == 'y"){ .
97. = printf (" Input the Bandwidth of.tdHe Mesh ?\n ->"
98- scanf (" %d", sBandWidth) ;
99 . printf (" %d\n", BandWidth) ;
100 }
101 else )
102 . printf (" Using skylined storage(slow!)\n") ;
103 )
104 ; printf ("' Now Solving\n") ,
105 . , .
106 assemble(nvar,0,0,0) ;
107 solve(nvar,1,0) ; -
108 printf(" Solved First step\n")
109 7 tvals.t += tvals.dt ;
110 assemble(nvar,0,0,0) ;
111 solve(nvar,1,0) ;
112 printf (" Done \n") ;
113 R
114 return(0) ;
115 } T
116 j O .
‘117 int ¥ <" "eransient {nvar, elcode) ;
118  int PRI qva&,elcode :
119 ot T ,
120 ¢ . ‘ :
121 int int~coge =0 ,1i, 3, nin, k, n_code = -1, in, L {nt;
122 struct node *np ;-
123 struct element *elp ;
124 : JFILE *f, *f2, *put_fprr{)
125 char t .

126 float X, Y ; ) ]
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127 double X_p ;
128
129 BandWi{dth = 1 ;
130 steady_code = 0 ; 3
131 N.trans = 1 ;
132 nin =1 ;
133 ‘
134 ; printf (" Do you want to use 'banded stqrage'(faster)?\n ->"y ;
135 N/ scanf (" %c",&t] ; . R
136 TE(t == ty"){
137 printf (" Input the Bandwidth of the Mesh 2\n  ->"} ;
138 scanf (" %d", ¢BandWidth) ;
139 : printf (" $d\n",BandWidth) ; °
140 )
141 else ’ )
142 printf (" Using skylined storage(slow!)\n") ; . 4&
143 ' C
144
145, t = 'n' ;
146
147 if(tvals.theta == 0.5)(
148 . printf (" Do you want to set up a Slug as an initial condition 2\n
149 ->my i v > ’
150 ) scanf(".%c",st) ;
151 if(t == 'y")
152 set_slug() ;
153 . t="'"n';
154 - printf (" Do you want output at certalqytlmes (mdx 5)2\n =>'") ;
155 scanf("‘%c" &t) ;
156 1f(L == 'y'){
157 int_code =1 ;
158 printf (" Input the interval between output?\n ->")
159 ' scanf (" 4d",&in) ;
160 ’ printf (" Output will be generated every %d steps\n”,in) ;
161 ) )
162
163 printf(" Do you want a time history of the results 2\n ->") ;
164 scanf (" %c",&t) ;
165 ' }
3.66 Cif(e == 'y | . ‘
167 f = put_fptr(l) ;
168 printf (" Input the interval at which to output?\n ->") ;
169 scanf (" %d",t_int) ;
170 printf (" Input the number of x stations where you want the
. 171 © results (max 10)2\n =->") ;

172 scanf (" %d",&nx_s) ;
173 printf(" Input the x_coordinates\n");
174 for (k=0;k<nx_sik++) {
175 printf (" Input %d point?\n ->u,k) ;
176 . scanf (" %f",&(x_s(k])) ‘ ;
177 " printf (" Output will be generated at x ="$f\n",x_s(k]) 7
178 } ‘
179 fprintf(f,"‘Delta,t =\t %7.5f\t", tvals.dt) ;
180 fprintf (f," Theta =\t %5.3f", tvals,theta) ;
181 ’ fprintf(f," Time =\t %7.5f",tvals.t) ;
182 : fprintf (£, "\nNode # \t\t\t") ; \
183
184 for (k=0;k<nx_s:k++){
185 . o ) np = gp.N ;
186 : for {j=0; j<N.nodes; j++) {
187 if( np->x[0} == x_s{k] ){

’ 188 ‘ , - fprintf (f, "\t%d", np->n) ;

189 }
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190 np = np~>nextnp ;
191 }
192 ) . -
193 ’ Pt
194 fprintf (f, "\wnX \t\tie")
195 for (k=0;k<nx_s:k++){
196 . “ np = gp,N ;
197 for (j=0; §<N.nodes; j++) {
198 : S 1£( np->x[0} == x_s{k] ){
199 R S fprintf (£, "\tsf", np->x(0]) ;
200 . . }
201 .fﬁ np = np->nextnp ;
202 [ } .
203 } .
204 ' fprintf(f, "\nY \t\t\t") ;
205 for (k=0;k<nx_s;k++) {
206 - np = gp.N ;
207 for (§=0; j<N.nodes; j++) {
208 L£¢ np->x({0]) == x_s{k] ){
209 fprintf (f,"\t%{", np->x[1])) =
210 _ - )
211 np = np->nextnp ; '
212 }
213 ’ }
214 ) fprintf (£, "\nC init \t\t\t")
215 for (k=0;k<nx_s;k++) { . >
216 ) np = gp.N ;
217 " for (§=0; j<N.nodes; J++) { .
218 — 1f( np->x[0]) == x_s[k] ){ )
219 . ' fprintf (£, "\t%f", np->u(0])) ;
220 ] }
221 np = np->nextnp ;
222 } : ’ )
223 } . B .
224 } . . BN
225 o
226 A
227 Mesh.eltype = (gp.El)->vtype ; . .
228 ‘ o \ : R
229 printf("\n Now Solving !\n") ; T : . :
230 for (i=0;i<tvals.nsteps;i++) { s R ‘ NS
. 231 D . - S
232 tvals.t += tvals.dt gf'
233 assemble(nvar,0,0,0) ;
234 .solve(nvar,1,0) ;
235 ' A . 5 - e,
236 ST ko= (int) (tvals.t/tvals.dt) -
237 if (int_code == 1 && nin < 7} { -~
238 TUAEF((141) ¥1in == 0) (
239 3} ’ nin 4= 1 ; . ’
240 ) sutput (nip) ;
241 : } T
2472 - } : .
243 : R N, 4
244 : 1f(t == 'y' & 1.5, )¢
245 : if (i % t_ipf == 0)
24%6 . . o put_results(f) ;
247 T ' .
248 - ) ‘ ,\f -
249 printf (" Time = %1f Finished %d 'Rf.%d time steps Wt Au
250 %¥g\n",tvals.t,i+1, tvals.nsteps, uchange ) ;
251 } ' ' :
252 if(t == 'y") . .

Iﬂ@
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fclose(f) : u

return(0) ;

int set_slug()

( -
int 3
float ‘ x_loc, y_loc, sigma_x, sigma_y, mag ;
struct node *np ;

printf (" Input the x and y coordinates for the location of /the Slug

Center?\n ->") 7

scanf (" %f %f",&x_loc,éy_los)

printf (" Input the sigma_x and sigma_y of the dlstribution’\n ->")

scanf (" %f %f",&sigma_x,&sigma_y) ;
Lprintf(" Input the magnitude of the Maximum value @ Center of the

on?\n  =>") ; .

Esganf(" %", &mag) ;
i’l.x .‘

,.Hf., ﬂp = gp.N ;

: " for (j=0;j<N.nodes; j++) {. !

np->u{0) =mag * exp(-{ (np—>x[b]—x_lqc)*(np—>x[0]—

x_loc) /(sigma_x*sigma_x) ’

+ (np->x{1l}-y_loc)*(np->x{1]-
y_ loc)/(siqma y*sigma_y) 1/2.) »
- if(np->u (0] < 0.00000000001)
np->u(0] = 0 ;

AY

np = np->nextnp ;
)
cprintf (" Updated the Mesh !\n")
return(0) ; -

-

int put_results(f)

FILE *f ;
{ . .
int ‘ 4 J, k ; .
. struct node *np ; i L
- ;loat . X, Y

are

¥ fpryvtt(f "\n")
‘fprlntf(f " Time =\t%7. 5f\t ",tvals.t) ;
* fprintf (£, " C\t")
for (k=0;k<nx_s;k++) {
‘ . Ap = gp.N ;
for (3=0; j<N. nodes,:++)(
if¢ np->x(C! == x_s[k] ){
) fprintf (f,"\t%f",np->u[0])} ;
} L
np = np->nextnp ;

}
return(0) ;

(-4
4 : ’
int updatg_PGKe (gbfp,gtfp,nbf,ntf, np, vcode)
int nbf, ntf, vcode ; M
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316 struct node *npl] : ) -~

317 struct govfuncs *gbfp, *gtfp ;

318

319 { -

320 int err, n ;

321 register int i, 3, nk

322 register struct govfuncs *f, *v.;

323 register double *Kep, *Sep, *Fep ;

324 double " /. diff, conv;

325 .

326 if(vcode<0)

327 n = N,vars ;

3284 else '

329 ‘ n=1};

330 y

331 _ nk = ep.n ; C ?5

332 f.= gbfp ; TN

333 v = gtfp ;

334 . Kep = ep.K ;

335 ’ Sep = ep.S ; Y

336 Fep = ep.F ; ‘ .

337

338 i=ntf ; 4

339 -while(--i >= 0) {

340 j = nbf ;

341 while{(--3 >= 0) {

342

343 ., .
344 ) *(Kep + nk*i + 4)-+= (v->£[1] * (L->p[0] * f->dfdx|[]] + t-
345 >pll1] * f->dfdy(j])

346 /* weak statement */ ) + v=>dfdx (L] * (f->p{2] * t->dtdx{j] + -
347 >pl(3] * f->dfdy[]]) .
348 . + v->dfdy(i] * (f->p[4) * f->dfdx[]] '+ -
349 >p[5] * f->dfdy(]]) §* f->detJd;

350

351 {f(N.trans > 0) .

352 . *(Sep + nk*l + J) 4= (v->f (L] * [=>{]]]) * t->dct,l
353 ; . E ) .
354 ) . : i
355 5 N
356 *{ep.F + 1) += ( f->p(6] * v->f[i] ) * f->detdJ ; -
357 . i ‘

358 }

359 return(0) ;

360 "}

361 . )

362 int update_BKe(élmntp,gbf,gtf,nbf,ntf,np,nvar,dS)

363 int nbf, ntf ;

364 double ds ; ’ . . _

365 struct node *np(} : - -

366 struct belement . *elmntp ; | ’ ’

367 struct shapefuncs *gbf, *gtf ;

368 :

369 { . o

370 .+ int £, 3, n; '

371 double BoundK(), BoundF() ;

372

373 " n = N.,vars ;

374 for (i=0;i<ptfsit+) ( s

375 for{fi=0; j<nbf; J++) | -

376 KE(i*n, j*n) += BoundKlelmntp,i, j,gbf,qtf,ds) ; ~

377 } ' ‘

378 /fﬁ FE(i*n) += BoundF (elmntp,i,qtf,dS) ;
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doubic
int

double
struct
struct

)

double
int

double
struct
struct’

int
int

A}
BoundK (belp, i, j, fgp, ftp,ds)
1,3
ds ; ’
shapetfuncs *fgp, *ftp ;
belement *belp

if (belp->gtype == 1)
return (belp->p(0]) : . o,
return (belp->p(0]}* fgp->f (i} * ftp->f(j] * dS y .

Y4 A e .
BoundF (belp, i, fgp,dS) o : .t
i ‘ e : R s
shapefuncs *fgp ; o oo LT
belement *belp ; . S b
. ) ) o .
N : v SOy
if (belp->gtypge == 1) ) o
return{ -belp->p(l]) = e = Lo
return{ -belp->pll] * fgp->f{i] * dS ) ; ~ : . ) o
assemble(varnum,code,nset,elcodé) ,%
varnum! code, nset, elcode ; o
N
double *K_init (), *L_init(),*F_init( ; . . - .
struct fxnodes *fn_init{); .
struct element *elp, tel ; ST B N
struct belement *belp, tbel ; : . ' o s
double *p
int i,3j,ns,ntf, istart,iend,ind
long 13 . ‘ )
char ) ’ ml (255}, m2(255), m3([255], m4(255] ;
istart = 0 f

lend = N.elms ;

{f(N.trans == 0) ‘
tvals.dt = 1.0 ;

uchange = ¢,0 ;

1f(code< 2) { .
if (egnsets[nset]}.Kp != NULL)

free (eqnsets[nset] .Kp) ;

1£¢ (eqnsets[hset].Kp = K_init(varnum, segqnsets{nset)}.diagp, code))

‘== NULL )

return(-1) ; ’ R
if(N.sym != 0) |
- .i1f(egqnsets[nset].Lp != NULL )}
free(egnsets[nset].Lp)
. if( (eqnsetsi{nset].Lp =
L_init (varnum, ¢éeqnsets([nset].diagp, code)) == NULL )

. return (-1}
}

wt.
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le
egnsets[nset].negns = Nukns ; &“‘w
if(steady_code == 1) {
sprintf(ml," Assembling K matrix .nd ¥ v« ~tor ");
/ sprintf{ (m2," Number of equations o be s: ived « 8d

",Nukns) ;
sprintf(m3," Elements in K matrix - %ld
", *(egnsets|nset}.diagp+Nukns-1)+1) ;
sprintf(m4," ") ;
StartMes (ml,m2,m3,m4) ;
}

if(ec. 'sets(nset].Fp != NULL) {
free (eqnsets[nset].Fp) ;

}
if( ( egnsetsinset).Fp = F_init (Nukns) ) == NULL )
. return(-1) ;

}

else if (code == 2) ({

. ind = 0 ; .
for (i=0; i<N\nodes;i++) { .

gp.iptrs({i]=->ui = ind ;
W . ind++ ;

,)
if(coé; < 1) { '

if( (ep.n = ep init () ) == 0 )
return{-1) ;
} . )
for(i=0;i<eqnset§[nset].neqns;i++)
*(eqnsets{nset].Fp + i} = 0.0 ;

elp = gp.El ;
for{i=istart;i<iend;i++) {

if( i % 10 == 0 & steady code == 1 ) { -
sprintf(md4," Assembling Element # %d of %d ", I,N.clu.) ;
UpDateMes (ml,m2,m3,m4) ;
}
ns .= get PGKe(elp, &étel, varnum,elcode,&ntf) ;
put_Ke(ns,ntf, &tel,varnum,eqnsets|nset].Kp, eqnsets{nset}.Lp, eqnsctsinset

) .Fp,eqgnsets{nset).diagp, code) ;
. elp = elp->nextelp ;
Q ) . t

‘' if( steady_code == 1) {
sprintf(m4," Assembling Elements done !");
UpDateMes (ml,m2,m3,m4) ;
) .

belp = gp.B ;

for(i=0;i<N.belms;1++) { -
ns =1qet~bKe(belp,&tbel,vafﬁbm,elcode,&ntf) ;
if(ns > 0 ) -

put_Ke(ns,ntf,belp,varnum;eqnsets[nset].Kp,eqnscLs[nscn].Lp,uqauu'«’
}.Fp,eqnsets[nsetj.diagpﬁﬁpde) H
C (4§e1p = belp~>nextbelp ;
o) o ) . ’
if (sfeady_code == 1}
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int

double

int

ﬁonq
{

)

"sprintf(m4," Assembling Boundary Elements done !");

UpDateMes (ml,m2,m3,m4) ; ,

it {code. < 2)
EndMes () ;

return(0) ;

ep_init ()
int i, ns, nsm ;
struct element - .- *elp ;
if(ep.K != NULL)

froe{ep.K) ; *
elp = gp.E1 ¢ :
nsm = 0 ;

for(i=0;i<N.elms;i++) {

nsm = ( (ns = nsf(elp->vtype))} > nsm ) ? ns

elp = elp->nextelp ;

nsm *= N,vars ;

{f( (ep.K = (double *) calloc(nsm*nsm, sizeof (double)) )

return(0) ;
if (ep.F != NULL)
free(ep.F) ;

if( (ep.F = (double *) calloc(nsm, sizeof{double}) ) ==

return(0) ;-
{f(N.trans > 0) {
if(ep.s !'= NULL)
free(ep.S) ; :
if( (ep.S = (double *) calloc(nsm*nsm,

nelem = 0 ;
for(i=0;i<N.nodes;i++) {

157

slzeof (double)) ) == NULL
return(0) ;- .
) ) -
if(N.trans > 1) (. : . o
if (ep.M != NULL)
free(ep.M) ; ‘ -
if( (ep.M = (double *) calloc(nsm*nsm, sizeof (double)) ) == NULL
return{0)" ;
}
return(nsm) ;
*K_init (nvar,thediagp, code)
nvar, code ;
* (*thediagp) ; “ -
a
iﬂc_ nj, i, Jj, nf , ind;
. double *kp, *dp ;
unsigned elsize ;
long - bigint, nelem,*diagp, il ; N
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’ gp.iptrs[i]->ui = 9999 ;

nelem++ ; B

n "
Nukns = nelem ;
if(*thediagp != NULL)

. free(*thediagp) ; A
"if((*thediagp = (long int *) calloc({int)nelem,sizeot {long))) ~= NULIL
. return (NULL) ; o
' diagp = *thediagp ;

‘ o ;

’ -

s

wiptrs[0]->ul = ind ;
i=1;i<N.nodes;i++) {
3 gp.iptrs{i]->uil = ingd ;
ind++ ; ’ _
if(code == 0)( , ’
if{ BandWidth == 1j &
nf = (mpd_i(i,nvar) + 1) * N.vars :
else | ’
if (ind < BandWidth)
nf = ind ;
else
nf = BandWidth;

)
else if(cede == -1)
nf =1 ;
else if(code == 2} {
if{ind == 1)
‘nf =1 ;
else 1f (ind == 2)
nf =2 ;
else
nf = 3 ;
}
else o
nf = 2 ;
if(diagp != *thediagp)
*diagp = *(diagp-I) + nf ;
diagp++ ;
} .
nelem = *(diagp-1) + 1 ;
elsize = sizeof (double) ;

bigint = nelem * {long) elsize ;

. }ﬁ((kp = dp = (double *) lmalloc(bigint))==NULL) { /* NON
616 STANDARD FUNCTION */ /* NON STANDARD FUNCTION CALL */
617 printf (" Insufficent Memory avaliabl~")
618 ' exit (0) ;
619 }
620 for(il=0;1l<nelem;il++)
621 : *(dp++) = 0.0 ; - .
622 return (kp) ;
623 }
624
625
626 int mpd_i(ind,nvar)
627 int ind , nvar;
628
629 {

630 int {,3,n,mpd,td ;
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631 register struct element *elmntp ;
632
633 mpa I
. 634
635 if{N.dims == 1)
636 return(3) ’ \
637 elmnip = gp.El ; )
638 for(i=0;41<N.elms;i++) {
639 n=-1; ”\\>
640 for (j=0; j<elmntp->nnds; j++) {
641 if (elmntp->nps(j] != NULL) {
642 tf(gp.iptrs(ind]->n == Imntp->nps(jl)->n
643 : n = gp.iptrs(ind »>n ;
644 } ! :
645 ) .
646 if( n >= 0 ) {
647 o for (§=0; j<elmntp->nnds; j++) {
648 ~ ) if{elmntp->nps[j] !'= NU_L {
649 . if((elmntp->nps(jj, ->n >= 0)
650 ’ td = d_i(ind, (elmntp->nps(j])->1) ;
651 mpd = (mpd > td ) 2 mpd : td ;
652 }
653 . )
654 : ¥
1@55 elmntp = elmntp->nextelp ;
656 } ’
€57 return (mpd)
658 }
659
660 int d 1(nl,n2)
661 int nl, n2 ;
662
663 { )
664 return{nl - n2) ;
665 ) ’
€66
667
668 double *L_init (nvar,thediagp, code)
669 int nvar, code ; . a .
670 long *(*thediagp), ; ,
671 C,/
672 {
673 int nj,, i, 3, nf , ind;
674 double *kp, *dp ;
675 unsigned elsize ;
676 long . bigint, nelem, i1, *diagp ;
617
678 diagp = *thediagp ;
679 for(i1=0;1i<N.nodes;i++) {
680 if (isvarfixed(i,nvar) == 0) {
681 diagp++ ; -
682 }
683 }
684 . : .
685 nelem = *(diagp-1) + 1 ; : i
686 elsize = sizeof (double) ; )
687 bigint « nelem * (long) elsize ;
688 if((kp = dp = (double *) 1lmalloc(bigint))==NULL) {
689 /* NON STANDARD FUNCTION CALL */ .
690 printf(" Insufficent Memory avaliable") ;
€91 exit (0) ’
692 )

693 for (il=0;il<nelem;il++)
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694 *(dp+a) = 0.0.; '
695 return{(kp) ;
696 }
697
698
699 double *F_init (num)
700 int ’ num ;
701 . * -
702 {
703 double *p
704 unsigned nel. n, elsize ;
705
706 nelem = num ;
707 elsize = sizeof (double) ;
708 p:= (double *) calloc,(nelem,elsize) ;

709 return(p) -

710 é/} -

711 4

712 !

713 .

714 int put_Ke (ns,nt,elmntp,nvar, Kp, Lp, Fp, diagp, code)

715 int ns, cocde ;

716 double *Kp, *Lp, *Fp ;

717 struct element *elmntp ; '
718 long " *diagp ;

719

720 { i

721 int i, in, 3, 1i, 33, dn, frow, fcol, row, col, t}, isv
722 struct node *inp, *jnp :

723 struct fxnodes *the_fnp ;

724 -

725 for (1=0;i<nt;1++4) {

726 . inp = elmntp->nps(i] :

727 frow = inp->1 * N.vars ;

728 for (§=0; j<ns;j++) {

729 jnp = elmntp->nps(]) :

730 fcol = jnp->1 * N.vars;

731 for(ii=0;1i<N.vars;ii++) {

732 row = frow + 1i ;

733 ) for{33=0; Ji<N.vars;jj++) |

734 } col = fcol + 33 ;

735 : L1£( (col >= row) (& ( code < 2 ) & ( code o
736 -1) ) |

137 if(N.trans = 0)

© 738 ) *(Kp + *(diagptcol)y - col
739 row ) += KE(i*N.vars+ii, j*N.vars+3j) : :

740 else )

741 w - *(Kp + *({diagptcol) - col
742  row ) += SE(i*N.vars+ii, j*N.vars+jj) ;

743 _ }

744 1f( (col <= row) && (N.sym !~ 0 ) ) |

745 : if(N.trans == 0)

746 *(Lp + *(diagpirow) - row
747 col ) += KE(i*N,vars+ii, j*N.vars+jj) ; '

748 : : else M .

749 ' ) *(Lp + *(diagptrow) - row
750 col ) += SE(i*N.vars+ii, j*N.vars+i3j)

751 }

752 if( (col == row) §& ( code == -1 ) ) !
753 - if{N.trans == 0

754 *(Kp +« r ) -

755 - KE(i*N.vars+ii, j*N.vars+ijj) ;

756 else

v
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757 L *(Kp + row ) +=
798 . SE(i*N.vars+ii, j*N.vars+jj) ;
759 )
760 if({ ({code == 2 ) || code == -1 ) {
761 *(Fp + row ) += -~
762 KE(i*N.vars+1ii, j*N.vars+jj} = jnp->u (3]} ;{\
763 ' } o ’
764 } . v '
765 } A8
766 } . ’
767 . for{(ii=0;14<N.vars;ii++) {
768 " row = frow + 1ii ;
769 . . *{(Fp + row) += FE(i*N.vars+ii) ; -
170 } ' ™
771 )
172 }
773
774
775 int get PGKe (elmntp,theElp, nvar, code,ntf)
776 struct element *elmntp, *theElp ;
171 int | nvar, code, *ntf ;
778
779 { -
780 struct gausspts g {MGPTS] ;
- 181 struct shapefuncs bf, tf, *fgp:;
182 s struct node *np [MNSF] ; . i
783 struct govfuncs gbf, gtf ; !
784 . int ! i, 3, nbf, ni, nm, dir ; .
785 double tdt, mtdt ;
786 double ’ *fptr “ =
787 . . '
788 initm(ep.K,ep.n*ep.n) ;
789 " {f(N.trans > 0)
790 initm(ep.S,ep.n*ep.n) ;
791 initm(ep.F,ep.n)
792 i .
793 ElPick (elmntp,theElp, ntf, 6dir) ;
794 nbf = theElp->nnds ; ,
795
796 if (code > 0 || elmntp->matrices == NULL) {
797 ni = get_gspts(theElp->vtype,q) ;
798 for (j=0; j<theElp->nnds; j++)
799 np{1) = theElp->nps{jl;
800 '
801 . for(i=0;1<ni;i++) | !
802 ] get _shape (theElp->vtype, &g[i},sbf) ; ' .
803 get_shape(theElp->gtype,&g[i],&tf) H
804 get PGgf (theElp, &égbf, &gtf, &bf,etf, np,g(i].w)
805 . update PGKe (&gbf, &gtf, nbf, *ntf, np, nvar) ;
806 . ) '
807 if(code != 2 && (FieeMem() > Min_mem)) {
808 if (elmntp->matrices != NULL)
809 ’ free (elmntp->matrices) ;
810 nm = *ntf * (nbf 4+ 1) ;
811 . . if(N.txans > 0)
812 nm += *ntf * nbf ; : .
813 if ({elmntp->matrices = (double *)calloc(nm
814 ,sizeof (double)) ) == NULL)
815 return(-1) ;
816 . fptr = elmntp->matrices ; - '
817 ) for (i=0;i<*ntf;i++)
818 ’ . for (}=0; j<nbf; j++) {

819 - *fptr = KE(i,3) ;
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>nps(jl)->ulnvar} ;

int
struct
int

fptr++ ;
)
for (i=0;i<*ntf;i++){
*fptr = FE(1);
g, fptr++

if (N.trans > 0) {
for (i=0;4i<*ntf;i++) |
for (3=0; j<nbf;3++) {
"oxfptr = SE(i,

v

fptr++
}
}
)
. }
}
else |
fptr = elmnt%-)matrices H
for (i=0;i<*ntf;i++)
for (jJ=0; j<nbf; j++) {
KE(i,3) - ={ptr ;

fptr++ ;

} .

for (i=0;i<*ntf;i++) {
FE(i) = *fptr ;
fptr++ ; .

}

*}Q(N.trans > 0) |

TAjl BLor (1=0;ic<*ntf;{+4) |

s for (j=0; j<nbf; j++) {

SE(i,J) = *fptr ;
fptr++

if(N.trans > 0) {
tdt = tvals.theta * tvals.dt ;
mtdt = tvals.dt * (1.0 - tvals.theta) ;-
for (1=0;i<*ntf;i++) {:

FE(1) *= tvals.dt ; - A
fpr(j=0;j<nbfaj++) {
FE(1) += (SE(i,]) - mtdt =

SE(i,3) += tdt * KE(i,}) ¢

}

return{nbf) ;

ElPick (elmntp, theElp, ntfp,dirp).
element *elmntp, *theElp : '
*ntfp, *dirp ;

int 3z
*dirp = 1 ;
if (elmntp->vtype == 229)

return(QUelPick (elmntp, theElp, ntfp,dirp))
else if (elmntp->vtype == 239)

-

o

KE (i, §))

‘

(Lhekip-
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8873 return (CU2DPick{elmntp,theElp, ntfp,dirp)) ;

884 clse if (elmntp->vtype == 233) )

885 . return(CU_Stream_Pi‘ck(elmntp,theElp,ntfp,dirp)) H

886 B .

ag8? i

868 .

889 *ntfp = nsf(elmr "p->gtype} ;

890 *theEip = *elmntp ; '

891 return(0) ; )

B92 )

893 .

894 int get_PGgf (elp,gbfp,gifp,bfp,tfp, np,w) »

895 . struct element ’ *elp ; ’ :

89¢€ struct shapefuncs *bfp, *tfp :

897 struct node *npl] i

898 - struct govfuncs *gbfp, *gtfp ;

899 double w

900 e : _ C

901 { . . .
902 double J[NDIMS] [NDIMS], get J() ; . £

503 int i, 9 4o |

904 ‘ .

905 %{p—>dof = bfp->dof ;

906 gtfp->dof = tfp->dof ; -

907 : ‘

g908- for(i=0;i<N.params;i++) ({

904 5 gbfp->pli] = elp->pli] :

910 for (j=0; j<gbfp~>dof; j++)
1911 : gbfp->p(i] += bfp->f(j] * np[jl->pli] ;

912 } s

913 for (3=0; j<bfp->dof; j++) s

914 alb gbfp->f[j] = bfp->f(]] ;0

915 for (j=0; j<tfp->dof; j++) )

916 G a gtfp->f(j] = tfp->£(}] P ' - .
917 : : _ . , -

918 gbfp->detJ = get J(np,bfp,J) ; - \

919 ‘gbfp7>w = W ; ' s

920 invertJ(J, gbfp'—>detJ) ;

921 7 .~

922 ‘for (13=0; j<bfp->dof; j++) {

223 s :

924 : ST switch (Nudims)yo (.

925 ' : ) o ‘a o

926 . case 1 : ? o .

927 " gbfp->dfdx{3} = J[0][0] * bfp->dfdr[jl-:’~

928 - ‘ gbfp->dfdy(j] = 0.0 ; ,

929 : , - gbfp->dfdz[j] = 0.0 ; ) .
930 A break ; . ' ’ ) ‘
931 L ) i . o . :

- . . N

932 case 2 : 1 ) . Lt
933 o ) [ gbfp->dfdx (3] = J{0}1([0} * bfp->dfdr(j] + J[0}(1l] *, /
934 bfp->dfds[j] : o S

935 . . . gbfp->dfdy[J] = J[1][0). * bfp->dfdr{j] + J[1)1[1} *
936 bfp->dfds(]] ; o ' . -

937 - o gbfp->dfdz[j] = 0.0 ;

938 .- ' i break *; ’ . ) -

el . .

939 N s - : , . ‘
940 - - case 3 : P , ' : S 2 \K
941 gbfp->dfdx (3] = J[0]{Q) * bfp->dfdr[j]) + J(O)[1} *

942 - bfp->dfds[j] + J(0](2) *bfp->dfdt(j) ; . i
943 ' : gbfp->dfdy[j] = J[1)[0] * bfp->dfdr(i] + J[1][1} *

944 fbfp—>dfd5[j] +.‘ JL1) (2] *bfp->dfdt{j) :
‘ A ;
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bfp->dfds (3]

)

tfp->dfds(]j)

tfp->dfdsj]

tfp->dids(j]

164

. gbfp->dfdz(j)] = J{21]0} * btp->dfdr{i] + J{21[1) =

+ J[21[2) *bfp->dfdr|]) ;

break ;
| -
- [
for (j=0; j<tfp->dof; j++) {
switcﬂ (N.dims) {
case 1 _—

- gtfp->dfdx(j] = J[O)(0) * Ltp-“did\ii);
gtfp->dfdy (3] = 0.0 ; N
gtfp->dfdz{j] = 0.0 ; :

N break ;
case 2
. gtfp->dfdx (3] = J{0] (0] * tfp->dfdr[]J] + J(O][1] =

gtfp->dfdy(J] = J(1)[0] * tfp=->dfdr{j} + J1](}]
gtfp->dfdz{j]\= 0.0 ;
break ; *g

case»3
gtfp->didx{J] = J[O} (0] * tip->didr[j] + J[O][1] »

+ J(0){2] *tfp->dfdt(i] ; )
! gtfp=->dfdy (3] = J(1]1(0) * vip->dfdri{i} + J(1]{1]

tfp->dfds{i]

tfp->dfds{j])

+ 3111 12] *tep->dfdt(§] : ‘ ‘
.  gtfp->dfdz (3] = J(2](0] * tfp->dfdr (]} + J[2)(1] *
+ J12112) *tfp->dfdt (3] ;

break ; . .
- } ' : .
r
}
gbfp—>det§ *= gbfp->w ; »‘
return(0) ; > , . 0N
}
! 9
<
i ) “
~ N I
A
.I\ 3
\ . .
\ k- 3
< - 1 -
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42
43
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54

55

56

57,
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59
60
61

62

63

feinitial.

(o

#inrciude “"fe.h"

/*

t/'
extern struct
extern int

~

int

-struct node

{

np->p{0] =
np->pl(l] =
np->p(2] =
np-3p(3]

np->p(4] =
np->p[5] =
np->p(6] =

pl0] = u
pil] = v
pl2] = Exx
pl3] = Exy
pl4} = Eyx
pl5} = Eyy
plé] =P

transient tvals;
BandWidth

nodevalues {np)
“np ; f

OO0 000
o OO O OO O

return(0) ;

)

int

strucl element

elvalues (elp)

*elp

return(0) ;

}

int

bottomb (belp)

struct belement *belp |

{

.

belp->bcs (0] = 2 ;
belp->p{0]) = 0.0 ;
belp->p(1) = 0.0
returng0) ; -

int topb (belp)

struct belement *belp ;

belp->bes’ (0] = 2
.- . belp->p[0] = 0.0 ;
belp->p(l) = 0.0

return(0) ;

}

.,yl

Jint’

leftb(belp)

struct belement *belp ;

belp->bes(0) =3 ;

pelp->p[0]

=3
0.0 ;

’

e
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64 ‘ belp->p(l) = 0.0 ; ‘
65 return{0) ;
66 }
67
68 int rightb(belp) .
69 struct belement *belp ; ‘

71 {

72 : belp->bcs (0]
- 73 belp->p[0] =
74 belp->p{l] =
75 return{(0) ;
76 }

77
78 .
79 double uexact (nvar/'/x,y, z,p)
80 int nvar ; ’
81 double X, Y, 2, p 7
82 '
, 83 {
84 double t ;
85 .
86 t = exp(-((x-6800.0)*(x~-6800.0))/(2.*264.%264.)) ;
87 return(t) ; :
88 ) o
89
90
91 int update_p (np)
g2 struct node *np ;

o O

«

return(0) ;
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1 finclude "fe.h"
2 A
3 tdefine KE (A, B) ( *(ep.K + ep.n*A + B) )
¢l #define SE (A, B) ( *{ep.S + ep.n*A + B) )
N 5 #define ME (A, B) ( *(ep.M + ep.n*A + B) )
6 #define FE (B) ( *(ep.F + B) ) ¢
7
8 extern struct control YN
9 extern struct polinters gp:
10 extern struct RegMesh Mesh ; ‘
11 extern struct fxnodes *first_fnp :
12 extern int Nukns, steady code ;
13 extern struct elmpointers ep ;
14 extern struct transient tvals ;
15 extern struct egnset eqnsets[4] ;
16 exte:: double uchange ;
17 o
18 ) ‘!
19 int varindex (ndindex, var)
20 int ndindex, var ; _ {
21 . N ‘:.
22 { e
23 ) int i, vi s
24 ! '
25 vi = gp.iptrs(ndindex]->ui ; '
26 tor (i=0;i<var;i++) { . o
27 ; if (isvarfixed(ndindex, i) == 0) : o
28 vi++ ;
29 ) ’
30 return(vil) ;
31 ) . -
32 -
33 int isvar fixed (ndindex, var) M
34 int ndindex, var ;
35 -
36 { ‘
37 int fixcode, rc ;
38
39 : rc.= 0 ;
40 fixcode = (1 << var) H )
41 1f( (fixcode &. gp. iptrs[ndindex]—>fxc) 1= 0)
42 rec = -1 ;
43 o return(rc) ;
49 ‘
45 <
46  int solve (nvar, code, nset) ’
47 int : code, nvar, nset ; o
48 b ' L. AR i 3 i e
149 { ' . . i
50 | int i, -3, ind, solvecode ;
51 double *dp ; , !
50 _ ;
53 if(code > 1) '
54~ solvecode = 1 ; . .
5% Tt velse: . "
56" _ ' solvecode = code ; ’ o s ,
$7 . . if(code <.0) { IR ' : W A o
58 .. v .., solvecode = 2 ; S o -
59 o codex= - code ; - . - ¢ J . T
* 60 ) ' / O :
61 1f(steady code ==.1) ~ . I '
62. . o printf{"” Nowssolving ..."™ ; -~ - T ’
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64 if((N.sym == 0) I (code == 3))
. 65 \ ' actcol(eqnsetsfnset].Kp,eqnsets[nsct].Fp,eqnsots[nsnl].dimnn
66 eqngets(nset].neqns, solvecode) ; '
67 ' else
68 '
69 uactci(eqnsets[nset].Kp,eqnsets[n§et}.Lp,eqnsets[nsel].Fp,cqnsnls[nsoll.
70 diagp, eqnsets[rset].neqnsﬁM§olvecode) H
71 . - o , '
72 if (steady code == 1)
73 printf (" All done !\n") ;
74 ' .
75 ' ‘
76 dp = eqnsets(nset].Fp ;
77 if((code > 0) && (code != 3}) {
78 if (nvar >= 0) {
79 ind = 0 ;
80 /* "uchange = 0.0 ; */
81 . for(i=0;1<N.nodes;i++) {
82 ) if(code == 1) { ) , .
83 ’ uchange += fabs(gp.iptrs(!]->uinvar] - ‘dp)“”-
84 [AGEE ; . :
85 A . gp.iptrs(i]->ulnvar] = *dp ;
86 - c ) y
87 o : "1f(code == 2) {
88 e '(eqnsets[ﬁset&l].Fp 1 Ind) =
89 *(egnsetsinset).Fp + gp.iptrs[i)->1) ;
ot . 90 /f .
;'”f? 91 EE A
3 0 92
’ 93
T . . Ky
95 \ ’ S iWhode == 4) i
96 - ' /* : o
97 . * printf (" % ~%f\n",gp.iptrs{i)->u(nvar],
98 -+ *dp); . !
¢ 99 : */ B
100 ! uchange += tabs(*dp) ;
101 . g gp.iptrs{i]->u[nvar] += *dp ;'
® $02 /7 o
: 1203 5 . dp++; =
® 104 ‘ ' inds+ ; ) (
, 105 <) ) . ' 7
106 ) R : :
107 ‘ . else { C S R
.1o08 . " for(i=0;i<N.nodes;i++). {
109 7* for4j=0;j<N.vars{j++) {
. 110 Lo ﬁ§5 ;o *ifi{code == 1)
. 4 111 . = - . . ‘ gp.iptrs{i)->u(j) = *dp ;
- J112 . o [ if (code == 2) |
113 . N . gp.iptrs(il->ul(3d] +- *dp ; -
114
115 . }
116 . } <
117 } :
118 w - }
©-119 £ return(0) ; ) R
. v 120 - B . 0 e o : ‘ ‘. .

T - 1/57\\§' e o - SN
LR 122 : ' , -

JAptrs(il=>pfa} = *(egnsets[nset].Fp

dp++;

e

. int vabtéol(Kp,Fp,diaqﬁ,ne&ns,coqe)
123 double . Kp, *Fp': o
124 . long. ., ° *diagp ;
125 int . - .* negns, code ; R )
126 O : ¢
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158
159
160
161
162
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189 .

fqcom.c

o
int i, 3,
double dot (),

nf, id, n, ni, ni ;

*ip, *idp,, t ;

char ml[255), m2([255]); m3(255), m4(255] ;

i1f (steady code == 1){
sprintf(ml," Now factoring equation & ") ;
sprintf(m2,” 0 ")

sprintf(m],"‘") H
sprintf(n4,” ") i

StartMes (ml,m2,m3,m4) ;

for (j=1;j<neqns; j++) |

e,

e

) .

% 10 == 0) && (steady_code == 1)) ({

sprintf(m4," %d ", ) ; &
UpDateMes(Tl,m2,m3,m4) ;

nf = *(diagpri) - *{diagp+j-1) :
if(code < 2) {

- 1))y ? nj : nil ;

)

ip = Kp + *(dicgp+j-1)_++1 ;

‘id = §J - nf + 1 ; °

for(i=1;i<nf;i++) { ) N

169

n = ((nj = i~1) < (ni = *{(diagp+id) - *(diagp+id-1

s o
idp = Kp + *{dlagp+id++) ;
*{p++ -= dot (ip-n-1,idp-n,n) ;
} .
ip = Kp + *(diagp+3j-1} + 1 ;
id = j = nf + 1 ;
idp = Kp + *(diagp+j)
for (i=1;i<nf;i++) { '

t = *ip ;
\ *ip /= *(Kp + *(diagp+id++)) ;

*idp -= t * *ip++ ; ¢
} .

ip = Kp + *(diagp+j—1) + 1 ;

id = 4 ~ nf + 1-;

if (code > 0)

G

' } Lo
-Qi if(code == 0)

*{Fp +vjb -= dot (ip, Fp+id, nf-1) ;

{

EndMes ()} ;
return(0) ;

3.

for (3=0; j<neqgns; j++)- ) !
*(Fp + J) /= *(Kp + *(diagp+J)) :

, L
for (j=negns-1;3>-1; j--) | -
CAf(3 == 0) B
. - nf = 1;
else ’ .

nf = *(diagp+j) - *(diagg~i-1) ;

‘ for(iél;i<nf;i++) {

*(Fp + j - nf +'i} -= *(Fp + 3) * *(Kp + *(dlag
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int

double

long -

“int

~1f(code < 2)

EndMes () ;
return(0) ;

'__uactcl(Kp;Lp,Fp,d
*Kp, *Lp, "'Fp ;‘
*diagp ;
negns, code

‘int i, 9, nf, id, n,
double dot (), *ip, *ilp,
char ml (255}, m2[255]),

’if(steady_code == 1) {
sprintf(ml," Now~
sprintf(m2,™ 0 ")
sprintf{m3,"™ ")
sprintf(m4,"™ ™)
StartMes (ml, m2,m3

}

for (j=1;i<meqns; j++) {

1f( (3 & 10 == 0)
sprintf(m4

nf = *(diagp+j) -

if (code < 2) {
ilp = Lp +
id = 3§ - n

. for(i=0;1<
£ f‘)}.,, ‘n o=
nj : ni ;

iaqp,neqns@c&de)

ni, nj ;
*idp, t ;
m3(255), m4[255] ;

factoring equation LA I

,mé4)

§& (steady code == 1)) |
,u $d u,j) ;

UpDateMes (ml,m2,m3,m4) ;

* (diagp+3j-1) ;

*(diagp+ij-1) + 1 ; 3
£+ 1 ;

nf-1;1i++) ( .
({nj = 1) < (ni = ~(dlagp+id) - *(diagp+id-1) =~

idpb- Kp + *(diagp+id) ;

1d++
*1Lp = (*ilp - dot(iLp~-n,idp-n,n))/ *idp ;
iLp++ ;
} ‘ _
ip = Kp + *(dlagp+j-1) + 1 ; .
id = 3 - nf + 1 ; ‘ : '
cfor(i=0;1i<nf;i++) {
) ) n o= ({n3 = 1) §£7(nl = *(diagp+id) - -(diagprid-1)
rnf o oni g . o . . :
i idp = Lp + *(dfagp+id) ; * . T
id+s : -
*{p -= dot (ip~n,idp-n,n} ;
. ip++

L - *ldiag

- ot

R S RIS SN U

t
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o
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)

Lr

}

-

return{0)

for(j:neqns—1;j>—1;j;—) {

*(Fp + jJ) /= *(Kp + *(diagp+3j)} ;

if(j == 0)
nf = 1;
else

nf.ﬁ * (diagp+j) - *(diagp+j-1) ;

for{i=1;1i<nf;1++) {
*(Fp + 3 — nf + 1)

{f(code < 2)

-~ .EndMes () ;

return(0) ;

}

: double dot(pl,p2,n)

double *pl, *p2 ;

int n ;

{ s
register double t=0.0 ;
while(n-- > 0) { -

}

-= *(Fp + 3)

Lt += *p14¥ * Ap2++

return(t) ;

)

int

struct element

*elmntp ;

struct gausspts *pt ;
int nvar ;
double *ddx, *ddy, *ddz ;

{

get_Derivs(elmntp,pt,nvg
E}

)
Tt
Ry

struct shapefuncs tv;
struct pode *np [MNSF] ;
struct govfuncs ) gf ;
hE j%ﬁﬁv' -1, 3, ns, ni, nm ;

+ NS =

nsf (elmntp->vtype) ;

for(3=0; j<elmntp->nnds; j++)

nplil = elmntp->nps{j) ; *

get _shape (elmntp->vtype,pt, &fv)
get _gf(elmntp,egf,&fv,efv,np,pt->w) ;

*ddx

- *ddy = *ddz = 0.0 ;

for (§=0; j<elmntp->nnds; J++) {
) *ddx += gf.dfdx(3} * nplil->uinvar) ;
*ddy += gf.dfdy({3] *~“np{ji->u{nvar]

‘*ddz ¢ gf.dfdz{3i] * npiil->sinvar] ;

I
*ddx
*day
yar

ety

- gf.piCi ;
- gt p1cY
ve gf.pil' ;

RSO S I

’

*

o

* (Kp + *(diagp+j-1)

' Bdx,ddy, ddz)

L 171
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struct shapefuncs

struct node

*fvp, *fgp ;

*np (MNSF] ;

struct govfuncs

double

w7

*gfp ;

double J[NDIMS] [NDIMS], get_ J() :

int

i, 3

gfp->dof = fvp->dof

’

for(i=0;i<N.params;i++f_(f:' )

gfp->pli] = elp->p[i] ";

for (3=0; j<fvp->dof; j++)y *
gfp->pli) += fvp=>£(3] * npli1->pli] ;

}

for (§=0; j<fvp~>dof; j++)
gfp-fgjj] = fvp->f(j] ¢

gfp->detJ =

qgfp->w

(s

= W ;

. invertJ(J, gfp->detJ)

get_J(np, fgp,J}

’

for (j=0; j<fvp->dof; j++) {

fvp->dfds [ i]

fvp->dfds{j]

'

fup~>dfds|q]

fvp->dfds | i}

fvp->dfdsii)

‘>

gip->detd
r

switch

case 1

case 2

case 3

J(0] (2] *fvp-

Jirh(2]

Ji21(2)

"break ;

(N.dims) {

éfp—)dfdx[j!

gfp->dfdy[]]
gtp->dfdz|j)
break i

gfp->dfdx(j])-

) gfg—>dfdy[j]

gfp->dfdz[j)

gfp—>df$x[j]

>dfdt (3] ;
gfp->dfdy (]}

*fvp->dfdt [ ] ;

gfp->dfdz{j}

*fvp->dfdt (j}. ;

" break ;-

*mogip-ow

eTurni{dl) .

v

o

JLo110]
0.0 ;
0.0 ;
Jlol(o]
- J(1](0)
0.0 ;
J(0]10]
J(11(0)
J(2110]

A\

{Vp—>dfdr|)]

fvp->dfdr#i]

fvp->dtdr | j)

fvp=->dtadr{}l]
fvp->dfdr{ i

fvp-»dfdr; i}

v

+

¢

4

JLO

JUITI]

e B
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for(i=0;1<N.dims;1++) . o8
for (3=0; j<N.dims; j++) Lk
J1L113) = 0.0 ; 7 o
for ({=0;1<fgp->dof;i++)
J(0]{0] += fgp->dfdr(i] * np(i])->x(0] ; W
1f(N.dims == 1) : o
return( J[0] (0] ) ; LA
for(i=0;1<fgp->dof;i++) {
J(0)[1] += fgp=->dfdr(i] * np(i]->x[1])
J[1110]) += fgp->dfds([i] * np{i]l->x{0] ;
J(.V ') += fgp->dfds(i]) * npii]l->x[1] ;
}
1f(N.dims == 2) !
return( J[0](0) * J{1)(1} - J[O)(1l} * J[1}(0) ) :
for{(i=0;1i<fgp->dof;i++) {
J(0}[2] += fgp->dfdr(i] * npl(i]->x[2] ;
J[1])[2] += fgp->dfds[i] * npli]->x[2) :
J[2)[2] += fgp->dfdt(i] * np(i)=->x(2] ;
J{2] (0} += fgp->dfdt{i) * np{i)->x[0] ;.
J{2]111] += fgp->dfdt{i} * np(i)->x[1} ;
}
return( J{O0} ({0} * (J[1)[1] * J[2]{2) - J[1}(2) > J{2]1(11 )
- JIO][1) * (J(1)(0) * J[2}(2) - J[(2){0) * J(1]1(2) )
+ J(0j(2) * (J(1)(0] * J{2)([(1) - J(11(2) * J(2)(x} ) )
} i
int invertJ(J,detJ) \ \
/double J[NDIMS] (NDIMS,, detJv; i
{ .
double K[{NDIMS] [NDIMS] ; 7l
int i,9
for (1=0;1<N.dims;i++) ¢
for (3=0; J<N.dims; j++)
K41 (3) = J1i1(3)
switch (N.dims) {
/
case 1
J[0] (0} '= 1.0 / K{O}({O) :
break ;- %
‘ -
case 2 : ' .

J[0]{0} = K[1)[1) / detyd ;

J[0){1] = -K(0] (1) / detJd ;
J(1]1{0] = -K[1)[O} / detd ; y
J(1){1} = K{O0)(O0}) / detd ;
break ; .
case 3

SICH{0) = ( K[I)1{1] * K{2]{2} - K[1)[2) = K[2!!1) ) / detJ
U001 . ( K(01({2) E K(2)41) = K{GM[1i * K:i21121 ) / de-t

L

- R S0 120 o« 1 K{C) il o Rﬁé!( VS KM ITD r K02 )./ deul

—

NY]
3

PCT o RELYIDD Y R{2VICD - KILYICE v EIZIDT Y deunt
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441 JI11{1) = ( K{O}[O) * K([2]12) = K{O)J[2}) * K(2]1Q] ) / detd
442 ; ' -
443 J(1][2]) K{1) [0} * K[O}[2) - K[O)J{0)] » K{1][21 b /7 deta
444 H
445 J[(2)(0)
446 ; '
447 Jr2) 1)
448 ; [
449. Jf2)[2)
450 : -
451 break ;
452 } -
453 return(0) .;
454 )
455
456
457 int get _bKe (elmntp, theElp, nvar, code, ntf)
458 struct belement *elmntp, *theElp ; .
459 int nvar, code, *ntf ;
460 i
461 {
%262 ;
%%53 . struct gausspts g [MGPTS])
Hhe4 struct shapefuncs fv, ft, *fygp ;
~&65 struct node *np [MNSF] ;
466 struct govfuncs gf, gtf ;
467 int i, 4, 19, ns, ni, dir ; .
4€5m . float *fptr ; e
469 - double Joo, Joi, ds, tdt, mudt
470 -
471 - if(nvar < 0)
472 . ns = nsf(elmntp->vtype) * N.vars ;
473 .else "
474 ns

"

K[1)(0) * K[2){1) = K(1){1) = K(21{01 ) 7 detd

Kfol[ll * K[2110) - K[O][0) * K{2}[1] ) / detJ.

[
—_

K[O] (0] * K[1]([1] - K(O]J{1] * K[1}[O] ) / detd

Il

nsf (elmntp->vtype) ;

475 : initm(ep.K,ep.n*epin)’ o
476 if(N.trans > 0) - ’
477 initm(ep.S,ep.n*ep.n) ;
478 initm(ep.F,ep.n) ;
479 *theElp = *elmntp ;
480 if(code > =1:) {
481 ni = get_gspts(elmntp->vtype,qg) ;
482 © for (J=0; j<elmntp->nnds; j++)
483 . np{i] = elmntp->nps{i) ;
484 4 .
485 i for(ig=0;iggni;ig++) { .
486 get _shape (elmntp->vtype, &égliqg], 6fv) ;
487 ) get shape (elmntp->gtype, &qg(ig],sft) ;
488 if(nvar < 0) ~
489 *ntf = ft.dof * N.vars ;
490 else
491 *ntf = ft.dof ;
492 » if ((elmntp~>bcsnvar) %= 3) §&& {(nvar >- 0})) |
493 for(i=0;i<*ntf;i++) {
. 494 d - KE(i{,i) = 1.0els ;
495 . FE(l) = 1.0el6 * npl{i]->u(nvar] ;
496 }
497 : break ;
198 } .
499 .
5C¢C J00 = J01 = 0.0 ;
501 > tgp = &fv ;
5¢2 for (1=0;i<fgp->dof;i++)

5C3 - J00 += fgp->dfdril] * apfli-oxi%]
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504 ' JO01 += fgp->dfdr(i]) * npiil->x{1) ;
505 ' } .
506 v . 'd5 = g{ig].w * sqrt(JOO * JOO + JO1 * J01) ; "
507 : update BKe (elmntp,&fv,&ft,ns, *ntf,np,nvar,ds) ﬂ&
508 L ! }
509 ! ‘\) .
510 if(N.trans > 0) { .
511 tdt = tvals.theta * tvals.dt ;
512 mtdt = tvals.dt * (1.0 - tvals.theta) ;
513 for (i=0;i<*ntf;i+4) |
514 . FE(i) *= tvals.dt ;
515 ) ) for (3=0; j<ns; j++) {
516 - FE(i) += (-mtdt * KE(i,3)) * (elmntp->nps(j})-
517 >ulnvar] ; :
518 SE(1,3) = tdt * KE(i, 3)
519 } :
520 . '
521 i . .
522 return(ns) ;
523 )
524 .
525 '
526 int initm (K, n)
527 double *K ;
528  int no;
529
530 i
531 :
532 : register int 1 ;
533 :
534 for{(i=0;1<n;:i++)
535 *(K++) = 0.0 ;
536 - returni{ty ;
537 }
538
539 .
540 int NdinEl (n, elpp) :
541 int _ n; - ' N
542 struct element *(*elpp) ; ' iy
543 :
s44 | - .
545 int i, re; ~
546 o struct element *selp ; N :
547 ) .
548 “rc =0 ;
549 . selp = *elpp ;
550 ' while(selp '= NULL) {
551 for (i=0;1<selp->nnds;i++) {
552 1f(n == (selp->nps(i})->n) {
553 rc = 1 ; )
554 . *elpp = selp ;
555 break ;
55%6 } )
557 ) ’
558 Coif(re == 1)
559 return{i) ;
560 ) selp = selp->nextelp ;
561
562 creturn(-1)
563 b
564
565

S¢é DR GOTU L el e L, TN L, r oy, nvarn, o M.
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567 int . niv, nvar ;
568 double x1[}, yl(), tol, cval ;
569 struct element *elp ; . ?
570 - <,
571 { L .
572 int i, 3, nipts, rc ; ’
573 Rd double . X, Y. Dx, Dy, dfdr, dfds ;
574 struct node _ *np [MNSF] ) .
575 struct shapefuncs st ;
576 struct gausspis Xqg
577 ‘
578 ° if(niv == 0)
579 “tol = -1.0 ;
580 ’ nipts = isvalinel (elp, np, cval,nvar, tol &dfdr, &dfds x1, yl) H
“ 581 . switch (nipts) {
%82 case 0
583 o break
584 ) case 2 .
S 585 Dx = x1[1]) - x1[0} ;
j 586 o Dy = yl[l] - yllo] ;
587‘. x1[(niv+1l} = x1{1] ;
588 v yl(niv+1l] = y1(1] ;
589 for(i=l;i<=niv;i++) { -
590 = x1[4) = x1[i-1] + (xllniv+li - x1{i=17) * 1 / (niv
591 - i+2) 5 : '
592 yl(i] = ylii-11 + (yllniv+1] - yl[i-1}) * 1 / Aniv
. 593 - i+ 2) ; ,
. . 594 o find _2Dloc(np,nvar+N.dims,elp-
595 >gtype, cval, tol, Dx, Dy, dfdr, dfds, &xl{i],&jl[il) P
596 } .
597 _ Xg.z = 0.0 ; SN
598 xg.w = =-1.0 7 ) o : ”
599 for (1=0;i<=niv+1;1++) { o
600 *»g.x = xL[1i] ; R
601 xg.y = ylli] ; X
o 602 - : rc = get_shape(elp->gtype, éxq,&s51) ;
S " 603 - x1(i) = yl[i] = 0.0 ; f
' 604 ’ , for (4=0; j<sf.dof; j++) »
605 ) x1([1} += sf.f[3) *» np[jl->x[0] ;
606 _ yl(i]) += s£.¥(3) » apli)l->xI1] ;
607 < }
* 608 }
60% break ;
610 } -
611 -
\ 612 ° return{nipts) ;
. 613 }
C‘é{: 4 ,
: 61% int .isvalinel (elp,np,cval, nvar,tol,dfdr,dfds, x1,yl)
) 61€ Int ] nvar ;
617 double x1{!, yl{}, tol, cval, *dfdr, *dfds ;
618 ‘S:YUCL node *npli -
€19 STruct element “elp ;
62C
62 o ’
ey int i, k, nbps, mLyp, ng, next, prev, ncpts, ajlMNSE],
603 2K MNSE ' ' .
. [ i * Dx, Sy, T, s, t, £, fr, Is, ft ;
° Gaussphls g (MGPTS]
Y

nopn :wz-d*C(clp—>gtypa) H
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630 npij]l = elp->npslj) ;
631 prev = (cval <= np{nbps-~l]->ulnvar}) 2 1 : -1 ;
632 rs = 0 ; :
633 for (j=0; j<nbps; j++) |
634 next = (cval <= nplj}->ulnvar)) ? 1 : -1 ;
635 if (next != prev) { '
636 ) ajincpts) = 3 ; ) . N
637 . 1f( 4 == 0
638 ) : ak [ncpts]. = nbps-1 ;
639 . + V else
640 » ak[ncpts] = § - 1 ; f
641 . : N ncpts++:; .
642 - . }
643 prev = next ; - ~
644 }
645 1f((ncpts > 0) && (tol > 0.0) ) {
646 ) ng = get_gspts(etyp,g) ;
647 *dfdr = *dfds = 0.0 .; ‘
648 far (j=0; j<ng; j++) {
649 r = g[j].x ; .
650 ) s = glil.y : - .
651 ‘ - t =gljl.z; ’
652 : © get value(np,nvar etyp,r,s,t, 2, &f sfr,&fs, &ty
. 653 *dfdr += fr ;
654 : *dfds += fs ; .
655 }
656 *dfdr /= ng ; .
657 *dfds /= ng ; ’ _
658 } ’ .
659 for (j=0; j<ncpts; j++) {
6607,
661 . GetIPointtaj(j},ak(]},np, etyp,cval,nvar, &xl[j],&yl[j],&Dx §Dy)
662 : 0 if(tol > 0.0) - - . R RS
663 . T : - ‘ -
664 - o 'find;ZDloc(hp,nvar+N;dims,ptyp,cvaL,tol,Dx;Dy,‘d[d{,'drds,&xi{j],&yl[)H
T 665 -7 T , S ’
666 . . ) R,
J667% - 1 - returnincpts) ; R
668 ) - Lo ,
669 . L
690 - int GetIPoint(j k, np,eltype U, n, xp, yp,Dx Dy)
671 double *Xp, *yp, *Dx, *Dy, u : . SR
672 int. j, k, n, eltype; : : R e
673 struct node *np{) . -
674 : ST
615 { . s
‘676 * ‘double x1, yl, x2, y2 ;
677 ,
678 get _nlcs(eltype,k,&xl,é&yl) ;
679 get;nlcs(elﬂype,j,&x2,&y2) H .
680 . . *xp = x1 + (u - np[k]—>u[n])/(np[j ->u{n] - nplki->uf{n])*(x2 - x1) ;
681 : ’ *yp = yl + (u - np[k]—)u[n])/(np[j]-)u[n] - nplkl->u(n])*(y2 ~ yl) ;
682 ©*Dx = y2 -yl ; ‘ )
683 *Dy = x1 - x2.; - ’ i -
684 return(0) ;
685 * ) : ' v
686 . ~ , : /- :
687 int” " find_2Dloc (np, nvar,eltype, fc,tol,’Dr,Ds,dfdr,dfds, r, =)
688 double . fc, tol, Dr, Ds, dfdr, dfds, *r, *s ; =~ -+
689 int . eltype, nvar ; : . : .
690 struct node *!npf{} o ) ’ ) '
691 | g §
692 { o
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€93 int i, eq, imax =.100 ; )
694 double t, f, ddr, dds, dfdt, df, dr, ds, sl ;
694 - I ‘ . .
696 .printt (" in find_2Dloc...") ; :
€97 . ' Lo . ’ v
698 t =.0.0 ; . ' v g
699 -{f(fabs(Dr) >= fabs(Ds)) { . : o .
700 T eq = 27
701 : sl = -Ds/Dr ; ’
102 } . C N
763 ~ else { o v - «
704 “ eq =1 ; )
705 sl = -Dr/Ds .
706 )
707 for (i=0;i<imax;i++) | N
708 1£( get_value(np,nvar,eltype,*r,*s,t,2,§f, &ddr, &dds sdfdr) t=0)
709 - return{- 1), . N
710 if(fabs(df = £ - fc) < tol) {
711 ’ printf(" fc &f f L34 df sf tol s%f\n", fc, f,df, tol),
712 . break ; —
713 ¢ } ' ‘ C O
714 Vif (eq == 2) | T3
715 . &8 = df / (ddr*sl + dds) ;
716 . dr = sl*ds ; ’ o .
717 L L) - . : ) Q
718 . else { : . ) ' o
719 . dr = df / lddr + sl=*dds)-;’ ‘ ' :
720 . ds = sl * dr ; .
721 } " . , L :
722 - i1f (fabs(dr) -> 0.5 || fabsids) > .0.5) { . .
723 ' ifteq == 2) {
724 #  ds = df / (dfdr*sl + dfds) ;
725 ‘dr = sl*ds ;
726 Yoo _ ) s -
727 . - else { . ’
728 dr = df /  (dfdr + sl*dfds) ;
729 ‘ ds = sl * dr ;.
130 } _ R .
731 y > T ’ J .
732 - if(fabs(dr) > 0.5 || fabs(ds) > 0.5) s
733 . ‘ return{-2) ;
734 *r -= dr ;
"735. ) *s -= ds ;’ - -
736 , - . printf( sd ", i) ;
737 STy SRR
738 - - printf(" ...out\n") ; N
739 ' return(i) ;
740 ) ’ :
741 . : ; /
- 742 int - get value(np,nyar elt ype,r,s, t code £, dfdg,dfds dfde) -
143 double *f, *dfdr, "dfds, *dfdt, r, s, t ;
744 ire ", _eltype, nvar, code j
145 ©  struct node “*npl) . . \
746 8 : -
747 - | )
748 . . odnt e i, re ;
- 749" - . struct shapefuncs st
L0750, struct ‘gausspts. | x ;oL R
51 = .
752 0 - XWX w=°x ¥ o .
753 Koy =5 2 X
154 Xoz =ty b -
755 x.w =70.0.,; ' .
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756 if (code == 0) : \
157 . . XuWw = -1.0 ; ¥
758 2 rc = get_shape(eltype, &x,&sf) ;
159 . ) ’
760 switch (code) { . _—
761 case 3 ’ ) -
762 ‘ _ *dfdt = 0.0 ;
763 - for (i=0;i<sf.dof;i++) : ,
764 *dfdt +~=.sf.dfdt(i] * np(l)->x(nvar} ;
765 R case 2 b
766 - *dfds = 0,0 ; i

767 . L for(im0;i<sf.dof;i++) N
768 ’ . *dfds += sf.dfds[i] * np[i])->x[nvar] }
769 . case 1 o .
770 & . *dfdr ='0,0 ; :
771 . 7’}5 for (i=0;1<sf.dof;i++) _
772 - N *dfdr += sf.dfdr(i]) * np{i}->x[nvar) ¢/
773 © case 0 ) L, -
174 - » *f = 0.0 ; .
775 . : for (i=0;i<sf.dof;i++)
7176 *f 4= sf.f[1) * npii); %¥(nvar} :
777 . } . H - Y
778 Teturnire) ;

719" ) - T
. C .
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#include “fe.h" - o oo y n \

#define
#define
#define
tdefine
$¢define

extern
extern
extern
extern
extern
extern
extern
extern
extern

AN
\

int
int

int
int

KE (A, B) (- * (ep.K + T _
SE(A,B) (\*(ep.S + ep.n*A + B) ) o ol
ME (A, B) ( *(ep.M +

- *

FE (B)
TRUE
struct
struct
struct.
struct

int

struct

struct
sBruct

A 3 .
ep.n*A +.B) ) = -
ep.n*na +'B) V S e
" { *(ep.F +'B) ) . R
+~ "1 - '

control N ;

pointers Cgp; . -

RegMesh Mesh ;

fxnodes ’ N *first_fnp ; )

) : ", Nukas ; T L .
elmpointers ep ; o {
transient - ' tvals ;
RegMesh - Mesh ;

unsigned long = - d_time ;

int
struct
FILE

‘nvar .,

. . ‘ . .
list_vars(nvar) ¥ DN

u

i, 3.

‘node *np ;

*fp, *put_fptr() ;

fp = put_fptr(l) 7

fprintf(fp,” Node\t- Value \n\n");-

for (1=0;1<N.nodes; L++) {

}

printf("ok after variables\n") ; o //ffﬁ\\
fclose(fp) ; . ‘ - a

return

int
dquble
struct

a

for (3=0; j<N.dims; j++) R e R
put_dbl(fp, (double) gp.iptrs(i}->x[3j]) ;.
for(3=0; j<N.vars; j++) ) :
put_dbl{fp, {double) gp.iptrs{il->ulj])
fprintf (fp,"\n") ; ‘ ' .

v - . . N

test_contdur(code)
code ;

nelm,niv,nvar, ni, i.;
tol, x1[10], yl[1lQ)}, cval ;
element ’ *elp ;

printf (" Input el®, #iv, $var, vélue, tol \n") : . _,'

* scanf(" %d - Ad %d SL1f S1f", §nelm,&niv,&nvar,scval,stol) ;

for(i=0;1<N.elms;1++) {

y o

,vif(elp—>n == nelm)

break ;
elp = elp->nextelp ;

.

ni -‘get_cline(elp,d&é},n}v,nva:,;ol,xi,yl) H
printf (" number of inteisections = %d\n";ni) ;



fetest.c - . i .18
64 Lf(ni == 2) { - : IR S
65 ’ - printf (" c¢ontour line\n") ‘ :
BT o . for(i=0;i<niv+2;1++) o .
67 ' ‘ ©oprintf{"™ sf &f \n",x1[i),yl({1)) ;.

687 . o) o ' - : ' ~

69 N ~ return(0) ; . ) : . ! . v

70 ) : ‘
71

72 . ‘ . , R
73 - int - - test_trans(nvar) . - ' : \
74 int nvar ; o , :
'7.5 . ’ ’ . o . .
6 (- S '
17 . int i, nt; . ' L
78 . . ' —
.19 'N'-prlntf(" Time = %1f \n", tvals.t) H

80 ' printf (" Input theta, delta t and magnification factor \n“) H
81 - . scanf (™ %1f %1f $1f",&tvals. theta,stvals.dt,&tvals.dtfac) ;
-82° . printf (" Input number of time steps \n") ;

8} B scanf (" %d",s&tvals.nsteps) ; - . .
84 transient (0,1) 7 .
85 - return{(0) ;

86 RE

87 : ' v
88 © int ’ . " test_mesh(eltype)
89 int ’ - eltype ;

«t

91 { .
92 - int , i, ni ;
93 ' " struct elemént o T+elp ;
94 7,
95 Mesh.eltype = eltype ; o
9¢ printf (" Input nx, nbx, ny, nby \n") ' ¢
97 ' scanf (" %d %d %d %d",&Mesh. nx, &Mesh nbx, &Mesh ny &Mesh nby) ;
) 98 ' ni = MkLapMesh(&Mesh) ;
99 cprintf(" return code = %d\n",ni)
100 . return{(0) ;
101 }
102
103, : : : ro
104 int 'test_map(maptype) ) . N
105 - int - . maptype ; ) O
106
107 { ) : )
108 . int i, n, k, 1, numrows, numcols ;
109 struct blockmap *theblock ; N
110
111 ’ . Mesh.maptype = maptype ;
© 112 theblock = Mesh.flrstmap ; .
113, oL for (k=0;k<Mesl nby;k++) (. -
114 : for(1l=0; il<Mesh.nbx;1++) { N
115 printf (™ Input macro element nodes x,y coord. pairs\n") H
116 n = nsf(maptype) ; ‘
117 for(i=0;i<n;i++) { a :
118 : scanf (" &f %f", & (theblock->xnodes[i]), ¢ (theblock-
119 >ynodes([1i])) ;' ’ :
120 ’ ) - .
121 , : map_mesh (theblock,Mesh.maptype, k, 1) ;
122 ' theblock++ ;
123 ) .
124 } » ‘ ' A
125 - return{0) ; B — .
126 ) IR : » ' -
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127 : :

128
S 129.
130
131 {. @
132 int
133

134

135,

136

137

138 ra

139

140

141

142

143

144

145

146 -

147
"148-

149

150

151

152

153

154

155

156

157

158

159 ,
160

161 . -

162

163 °

164

165

166 -

167

168 )
169 ;
170 }
171

172

173 int
©174 int eltype ;
#175 {

@76

177 "n
©178

179 e R
180 .. "7 T Tide -
181 ;5grucz
182 stxuc:
183

FRLE
© 184

int
int

struct

“while

int
n_z;

_x' .
int

double

)
Lde

return(0) ; -

test_real_stream{eltype}

set_bc (code)
code ;

. bestart,
. bvalue ;

belement _*belp ; B /

{(TRUE) (-

printf(".lnput first,

beend, i,

last boundary elements,

3, bctype ;'

182

code and, value\n")

scanf(“ 8d %d %d llf",&bestart &beend &bctype, &bvalue)

if(bestart <= 0)
break _;.
belp = gp.B ;
for (1=0; 1<N.belms;i++) { :
if(belp- n == bestart)
break ;'
‘belp = belp >nextbelp ;

. MY

if (bctype == 0} {.
belp->bcs (0]
belp->bcs (1]

=0 ;
=1 ;

for (j=0; j<belp->nnds; j++)" {

}

else { .- ‘
belp->becs (0] = 1 ;
belp->bcs[1) = 0 ;

: }
} RN
if(belp >n == beénd)
; break; .
belp = belp->hextbelp ;

s -

-
while (belp->n <= N.belms) ;

o : ;

maptype, get_int (),

' ' L’ .8

AQde

) *np,”“node u’;
b&ockmap B A i

. *theblogk ;
t-f.

(belp->nps(3])->ull]

" for (3=04 j<belp->nnds; j++) " {
© (belp->nps{j])=->u(0]

o R ;' actuai ébx‘r

»

rget fptr(),*put fptr ()

= bvalue

is,

’

stxuct V"-:‘Qggk_all
.185 e

double
86 double
87 E_long, E_lat ;
8 P double
1 : double

CIOSS~SéqtiOﬁ~' ’

x1

*x_c,

. X0,
constant =

*x_n’

‘get_dbl() :
diag_l, 'dx_ave,

yl,

*x_n'n ;
dy_ave,

y0, x2,

100.0 ;

='bvalue ;

.

X3,

.

>~%{'j, k,. 1, numrows, numcols, ni, = -

iend, off_ser

co, si,

y2, y3;

T A
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( . .
if{maptype == 22) && (actual nbx % 2 != 0))
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<
.

char smooth*code = 'n'

printf( " Input the type of mapping desired (2Lk, 221)\n=->"); -

_scanf (" %d", émaptype) ;

lf(maptype == 211){ .
¢ off set =0 ; \ o :
prlntf(" Using linear mapping\n") )

} . . . y
else - { ) . )
’ * printf(" Using quadratic mapping\n®);

‘off _set = 1:-;

}° e
printf (" Do you want smoothing 2 An ->") ; \
scanf (" %c", &smooth_code) ; '

f = get_fptr(l) ; , ' .
Mesh.eltype = eltype- ; >
Mesh.maptype = maptype ;
Mesh.nx = get_int(f) ; . . ‘.
actual_nbx = get_int(f) ; ‘ -
if((x_all = (struct cross_section =) lmalloc( .
(long int) {actual_nbx+1)*sizeof (strugt cross_section) }) == NULI4 /*
NON STANDARD FUNCTION */ ‘

" return(-1) ; :
if( actual nbx % 2s== 0 && maptype == 221%) L o : .
Mesh.nbx = ‘actual_nbx / 2 ;

else .
Mesh.nbx = actual_nbx ;
Mesh.ny = get int(f) ;
Mesh.nby = get_int(f) ;
free (Mesh,firstmap); : w7
Mesh firstmap = (struct blockmap *)calloc(Mesh.nbx*Mesh.nby
o ,sizeof(“‘\mt

. L
<)
printf (" Generation 2 mesh with %d by sd blocks\n" Mesh. nbx Mesh.nby) ;
ni = MkLapMesh(&Mesh) H . B
if(ni != 0)
exit (0) ;

-

ni =First_map(&Mesh) ; : !

if (maptype == 221){" R
if (actual nbx % 2 == 0) - ;
off set. = 0 ; '
else { , .
Mesh.nbx /= 2 ;. . )
off set =1 } o v
. - Mesh.nbx = off_set.;
N .
:x = actual_nbx + 1 ;
n_z = Mesh.nby + 1 ; .
for(i 0: i<n_x i++)( Lo I
x c = x_ all + 4 '
for(j-O j<n z; 304 {
x_c=3x[j] = get_dbl (f)+constant ;
x_c->z[]3] = get_dbl(f) +canstant ;
¥ x_c->h[3] = get_dbl(f)+constant ;
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x_c~>u(j} = get_dbl(f)+constant ;

x_c->v([(3} = get_dbl(f)+constant ;

x:c—>E_long[j] = get_dbl(f)+constant ;
’ x_c->E_lat[j] = get_dbl(f)+constant;

)
X_c->pext_x = x_c + 1;

b

fclose (£) .;

Mesh.maptype = maptype ;

theblock = Mesh.firstmap ;
. x c = x_all ; o

for (k=0;k<Mesh.nbx;k++) { -
X_n = %_c->next_x ;
if(kx > (Mesh.nbx-2) && off_set ==.1)
. . . Mesh.maptype = 211 ;

.

1

"printf(;l mapping type =v%d\n";Mesh.maptype).}

: for(l=0;l<Mesh.nby;l++i {
switch(Mesh.maptype) {
. case 211

theblock->xnodes{0] .=

theblock~>xnodes{1]
theblock->xnodes (2]
theblock->xnodes (3]

: ‘theéblock~>ynodes|[0]
- o theblock->ynodes{1)

tﬁeblock—)ynodes[2]

theblock->ynodes (3]

theblock->h[0] =
theblock->h(l] =
theblock~>h (2]
theblock-%h[3]

theblock->u [0}
theblock->u(l]:
theblock->u(2]
theblock->u{34 =

theblock->v (0] =
theblock->v{l}] =

theblock->v{3) =

‘theblock->E x{1])
. . theblock~->E_x[2]
® theblock™>E_x[3]

theblock->E_y[0]
theblock->E ty (1]
theblock->E_y[2].
theblock->E_y (3}

® ‘theblock->E_xy[0T
. theblock->E_xyl[1)
: - theblock-}E~§y[2]

= x:c—>x[l+11
= x_c->x[1]

= x_n->z{1]

= x_n->z[1+1

x_n->h (¥ ;
x_n=>h{l+1]
x_c=>h[1l+1]
x_c->h([1l] ;

x_h->g[l] ;
x_n->ull+l]

x_c=>u{l+l]

x_c->ull} ;

x_n->y(1l) ;
X_n->v{l+1l]
_theblock->v[2] = x c->v[1+1]
x_c->v(1l) ;

= x_n—>E_iat{l]’;
= x_..->E_lat{1+1]
x_c->E_lat(1%1] ;
x_c->E_lat{l] ¢

constant.
constant ; f&

constant

’

’

= x_c->z{1+1
= x_c-»2z[1]

)
)

‘

'~

‘

v

;

’

theblock->E_x[0] = x_n->E long{l] ;
= x_n->E_long(l+1},;
= x_c->E long(1+1] ;
x_¢->E_long(l] ;

184
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>x[1+11) /2. ;

>x(11)/22 ;

>z [(1+1)) /2. ;

>h[l+l])/2.';

>hll))/2. ;

>ull+l)) /2. ;

>ufljy/2. ;

)

FSV(1%11) /2. 5

>vi(1i1/2.

<

theblock->E_xy[3] =

theb}ock—>E_yx[0] -
theblock=->E_yx[1l] =
theblock->E_yx[2] =
thebloc&;)E_yx[3] -

break ;

case 221 :
X_N_Nn = X_n->next_x ;

theblock->xnodes{0]
theblock->xnodes (1]

theblock~>xnodes (2]

theblock=>xnodes{3)
theblock->xnodes[4]
theblock=->xnodes (5]

theblock->xnodes [ 6]
theblock->xnodes (7]

theblock->ynodes{0)
theblock->ynodes (1)

theblock->ynodes[2]
theblock->ynodes[3)

rtheblock->ynodes|[4]

theblock->ynodés[5]

theblock->ynodes |6}
theblock~>ynodes{7]

185

constant ;

constant ;
constant ;
constant ;
constant ;

x_n_n->xfl] ;
(x_n_n=?x[1]4+x_n n-

X_n_n-px[1l+1] ;
x_n=>x[1+1) ;
X_c->x(%+1] :
(x_c->x[1+1] + x -

x_c->x[1) ;
x_n->x[1) ;

x_n n->z[1] ;
(x_n_n->z{1l]+x n n-

Xx_n n->z(1+1] ;

“x_n->z[l41] ;

x_c->z[1+1} ;
(x_c->z{1+1]) + x_c-

x_c-»z{1) ;
x_n=>z[1] ;

theblock->h(0) = x _n_n->h{l] ;
theblock->h (1] = (x_n_n->h[l]+x n n-

theblock->h[2)

x_n_n=>h{l+1} ;

theblock->h([3] = x_n->h[l+1] ; -
theblock->h(4] = x_c->h{l%l] ;
theblock=>h (5] = (x_c->h(1+1] + x c-

theblock->h([(6] = x_c->h[1l] ;

theblock->h[7)

x_n->h[l] ; ) i

theblock->u(0) = x_n-n->ufll] ;
theblock->u[l) = {(x_n_n->u[l}+x_n_n~-

theblock->u(2] = x_p_n->u(l+1l] ;
theblock->u(3] = x n->u(l+1} ;
theblock->u[4} = x_c->ull+l] ;
theblock->u[5] = (x_c->u{l+1] + x c-

theblock->u{6] = x_c->u(l] ;
thgblock—>u[7L3-'x_n->u(l] ;

theblock->v(0] = x_n_n->v[l] ;
theblock->v (1] = (x_n_n->v(1l]+x_n n-

theblock->v{5]}

" theblock->V[2] = x_n_n->v{1+1] ;
~theblock->v{3] '~ x_n=>v[1+1] ;

thebloek=>¥{4] = x_c->v[1+1} ;
(x_c->v[1+1] + x c-

A

pid
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) 379 - ) theblock->v[6) '= x_c->v[1l] ;
. 380 ’ - theblock->v[7] = x_n->v(1] ;
381 . ' .
382 Lo theblock-3E x[0] = x_n_n->E_long(l] :
383 theblock->E_x[1] = (x_n_n->E_long(l]+x_n_n- _
384 >E_long[l+1])/2. : ’ 1 . coL :
© 385 - * ‘theblock~>E_x[2] = X-n_n->E_long[1l+1]) ;
386 v ‘ . theblock->E_x (3] = x_n->E_long[1+1] :
387 . . ' theblock->E_x[(4) = x_c->E_long[l+1] ;
388 ) theblock->E_x[5] = (x_c->E_long{l+l] + x_c-
389  >E longll])/2. ; - ' oo '
390 : theblock->E_x{6] = x_c->E_long(l] ;
391 ‘ theblocke>E_x[7]). = x_n->E_longTk] ;
392 - - ) v, ' ) ? )
393 ) theblock->E_y[0] = x_n_n->E_latAl] ;.
394 . : ' , theblock->E y[1] = (x_n n=->ExYat{l])+x_n n-
395  >E_lat([1411)/2. ; o o o o _
- 396 - S - théblock->E_y[2] = x_n_n->E_lat[1+1] ;
397 ' , . theblock->E_y{3] =.x_n->E_lat{l+1] ; .
398 . - ., " theblock->E_y[4] = x_c->E_lat([l+1] ;
399 - ' _ ‘ . theblock->E_y[5) = (x_c->E_lat{l+1}/+ x_&-
400 >E_lat(l])/2. % oL ~ R
401 7 theblock—>E_y[6] = x_c->E_lat (1] 7
402 . ' . - theblock->E_y([7] = x_n=>E_latfl] ;
403 ' . ’ T
404 ' : 2 : théblock->E_xy[0] = constant ; .
405 : K . : . theblock~>E_xy[1l]) = constant ; . SN
406 ’ \ theblock;>E_xy[2] = constant ; '
407 ' theblock->E_xy[3] = constant ; .
408 N theblock->E_xy[4] = constant ; o
409, : : theblock->E_xy[5] = constant ; '
410 o theblock->E_xy[6] = constant ;
411 . ’ (BN theblock->E_ky{7] = constant ; '
412 v : o P . _ oo
413 - t ) R 8 theblock->E_yx[0] = constant ;
414 ‘ T theblock->E_yx[1] = constant ;
415 : o theblock->E_yx([2] = constant ;
416 : - i theblock->E_yx[3) = constant ; .
417 . ' * theblock->E_yx (4] = constant ; , oo
418 _ _ . thebloeck->E,yx[5] = constant ; '
419 ' - ) theblock->E._yx[6] = constant ;
420 / . theblock—>E;yx[7].= constant ;
421 : . ‘ : . e T B
422 . ' break ; : . . -
423 > s \
424, : oo L : . PR
425" . map_spream(theblock,Mesh.maptybe,l;k) H
426 ' ~ theblock++ ; . )
427 : g ) ‘ - ' -
428 . o ' ' o
429 1f (maptype == 221)
430 : X_C = x_nr>next_x ;
431 else - ’ .o !
432 : X_c = X_c->next x ; , ' .
433 7 Yy _ . - - -
434 : L . ) ,
435 np = gp.N ; . ' ' 1
436 for (i=0;i<N.nodes;i++) {
437 - - np->x[0) -= constant ;-
438 ‘ - np->x{1] -= ¢ apt ;.
’ 39 np->p(0] -="cun ant ; 7
440 np->p(1l) ~-= constant ; . o ; -

441 np->p[2] ~-= constant ;
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442 . np~->p[3r -= constant ; .
443 . np->p(4]} -= constant ; . Vo
444 . . np—>p[5] -= constant ;
445 np->p{7} == constant ; . : !
446 \' o np = np->nextnp ; . _ T
447 : } . .
448 .

449 }% = G%#ivel_véck) ; e #.
450 S\ F

451 oif( §mooth_code == Tyt){
452 ’ printf (" Performing Smoothing !\n")
453 ‘ L for (1=0;1<5;1++) J
454 . Smooth_Mesh(actual_nbx,Mesh.ny) ; ~
455 ) ad
456 ) .
457 free(Mesh.firstmap);
458 '
459 . . return(0) ;
460 } :
261 . L3
462 int Smooth_Mesh (nx, ny)
463 int nx, ny ; »
464 { '
465 t register int. 4,3,k =
466 . *  int index, 1_1,1 2,1 3,1 4 ;
‘467 - : ' :
468 for(i=2;4i< nx;i++){ ' \
469 Cfor (3=2;3< ny;3++) {
470 . index = (i-1) * (ny+l) + § - 1 ;
471 11 = i*(ny+l) + =1 ; .
472 = (1-1) * (ny+1) .+ 3§ ; ' ) -
473 (1-2)*(ny+1) + 3 -1 ;
474 = (1-1) * (ny+l) + § - 2 ;
175 % ’ o -
476 ' gp.iptrs(index]>>x{0} = ( gp.iptrs(i 1]->x[0} / 2}
477 | . : + gp.iptrs(i 2]1->x[0}
478" ) + gp.iptrs(i_3]->x{0] /
479 o + gp.iptrs{i_4]1->x(0] )
480 : ) : gp.iptrs{index}->x[1). = { gp.iptrs(i_1)->x[1]
481 v ‘ ‘ : ’ gp.iptes(i_2]->x[1] / 2.
482 o D N Lt gp.iptrs{i 31->x{1), -,
483 _ : + ggfiptrs[iA4]—>xlll /2. 7
484 3.0 ; '
485 )
486~ . for (k=0;k<N.params;k++) {
487 | - gp.iptrs(index]->p(k] = {( gp.iptrs{i 1]->p(k}
488 ’ : + gp.iptrs(i 2)->p(k]
489 . . . + gp.iptrs(i_3)->p(k]
4390 : : + _gp.ipt s (i_4)->pik} ) /
491 " 4.0 ; . - 3 . ‘
492 ' } :
493 ) )
494 ) :
495 re u~:(0) ; o . ;
496 } . . : . X
497 : . o . '
498 - i ) ¢ .
499 int Get_vel vec() i : '
500 - . . T
501 | int - i, 3. x, 1, ni, n_x, n_z, nm ;
502 .- ‘int. | ) get_int (), is, iend, off sct,
503 index,nl,n2 ; a 7
504 register struct rnode *npl, *np2 ;

]

|
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529
530
531
532
533
534
535

536

537
538

© 539

540

541

542

v

543
544
545
546
547
548
549
550

551.

552
553
554
5585
556
557
558
559
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L4
double diag_l, dx_ave, dy_ave, co,
E_lat ; ‘
double o - x1 , x0, yl, y0, x2,.x3, y2,
. ' ' 7

register struct element *elp ; i . :
double tcl, x1(10}, yl[l0]), cval ;

J

1
for(i=1;i<=(Mesh.nx+1);1i++) {
g _old = 0.0 ;
for (j=1; j<=(Mesh.ny) ; J++) { _
index = (i - 1) * (Mesh.ny+l) + 3 - 1:
npl = gp.N ; '
for (k=0;k<N.nodes;k++) {

- s if(npl->n == (index+1})
break ;
else
i npl,J npl->nextnp ;
} o - .
np2 = npl->nextnp ; ' : . N
x1 = npl->x[0]; ¢

x2 = np2->x[0}

yl = npl->xI[1];

YZ = np2->x[(1]);
: diag_l = sqrt{(x1-x2)*(x1-x2)+(yl-y2} *(yl-y2)) ;

-

si,

yal

188

" : q_old += (npl->p[0)+np2=>p{0]). RN
! *diag_l*(npl- >p[7]+np2 >p[7])/4 0
. ‘ p
np2->u(0] = q_old ;- ; -
). . . o o
} oL -, o - ’ . o
for(i=1;i<=(Mesh.nx+1);i++) { : . : s
q olg = 0.0 ; S ‘ v ’
‘lend = (1~1) "*( Mesh.ny¥1)wi3Mesh.ny H ’ .
bnp2 = gp.N ; o s . 7
for (k=0;k<N.nodes;k++) {
1f (np2->n==(iend+1))
" ‘break ; o Al
" else . # .
. np2 = np2 >nextnp ; B
} '
for (3= 1‘j<-(Mesh ny+1),j++)( * .
: _index'= (i - 1) *(Mesh ny+1) + 3 ~1;
- . npl = gp.N ; -
for (k=0; k<N nodes; k++){
if(npl >n=~=(index+1)) :
) ) break; >
: else . R ‘ .
- . npl = nplL>néxtnp H _ gl
) ; ‘
npl->u(0) /= np2->u(0] ;
Sy S g S _
), v\“ v . '. . At . w

printf (" Finished Obtaifing g\n").;

npl = gp.N ;

for (k=0;k<N.nodes; k++)(
npl- =>ui = 0
elg = g&aEl ;

for (1=0;1i<N.elms;i++){

e -

'y
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—

atan (dy_ave/dx_ave)

- : for (3=0; j<elp->nnds; j++) {
- if((elp >nps{3))->n
npl->ui- += 1
- }
elp = elp->nextelp ;
) oa :

npl = npl->nextnp ;

tol = 0.0001 ;-

elp = gp.E1l";

for (i=0;i<N.elms;1++)1
for (§=0; J<4; §++) {

N

- npl n)

nl = get cline(elp (elp >nps[j])—>u[0],0 0,tol,xl, yl) H

dx_ave = x1(1]) - x1{Q]
dy_ave = yl[1] - yl1[0}’
if ({fabs (dx_ave) > 'tol && t
-switch(ni)(
A" ] Case. 2:

| ' breax" ;
}
b
elp = elp->r ‘telp ;
}
is = Mesh.ny + 1 ; .
iengy = N.nodes - Mesh.ny -1 ;

.np2 = gp.N ; ' -

for (i=0;i<iend;i++) { .
) ifd > is ss np2->ui != 1)
T np2->plé] /= 2.
np2 = np2->nextnp-’; ’
} .

np2.= gp.N ;

for(i 0;1i<N.nodes; 1+4) ¢
co = cos(np2->p{6]) ;
si = sin(np2->p(6]) ;

E_long = np2->p[0] ; .
E lat = np2->p(1] ;

np2->p[0] = E_16hg * co - E:lat *
npg->p[1] = E_long * si + E_lat *

E_long = np2-»p[2) ;
E_lat = np2->p(5] ;

np2->p (2] E_long *co*co + E lat
* np2->p[3) = np2->p(4] = (E_long -
np2->p{5] E_long *si*si + E_lat

~np2->u(0] = 0.0 ;
np2->p(6] = 0.0

I

np2 = np2->nextnp

Lo (elp->nps(§))->pl6] +~

T

)

~

uJS(dy ave) > Eb)))(

IS

printf (" Finished Obtainin& the angles\n") ; —

<

7

si ;

co ;

¢
o

*gi*si ;
E_lat) *si*co ; /
*co*co ;
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}

return(0) ;
),

map;stream(theblock,mun‘Vpe,rownum,colnum)

)

.

>nby), sizeof (struct blockmap)}

new_nbx = theMesh->nbx/2 ;

if(new_nbx*2 == theMesh->nbx)

int
int ‘maptype, rownum, colnum ;
‘struct blockmap *theblock .
{ .
struct node *np-; '
., Struct gausspts q ;
struct shapefuncs, sf ;
int i, 3
np = gp.N
g.z'= 0,0 ;
g.w = -1.0
for (1=0;i<N.nodes;i++) {
g.x = np->x[0] - 2.0 * colnum ;
g.y = np->x{1} - 2.0°* rownum ;
if (get_shape (maptype, &g, &sf) == 0) {
: np->x (0] = 0.0 ;
np->x[1) = 0.0 ;
np->p(0] = 0.0 ;
np->p{l) = 0.0 ;
np->p(2] = 0.0 ;
np->p{3]) = 0.0 ;
* np->pld] = 0.0 ;
np->p(5) = 0.0 ; .
np->p(7) = 0.0 ;
for (§=0; j<sf.dof;3++) ( e
np->x{0] += sf.f(3] * theblock->xnodes{j] ;
np->x[1] += sf.f[j] * theblocks>ynodes(j]' ;'
N np->pl0] += sf.f[j] * theblock->uljl
— np->pll) += sf.f[{J) * theblock->v[j] ;
np->pl(2] += sf.f[j] * theblock{>E_xI{3] ;
np->p(3] += sf.f[3] * theblock->E_xy[]] :
np->p(4] += sf.f(j] * theblock->E_yx[])
np~>pi5) += sf.f[{j] * theblock->E_y([]} 7
. np->p(7] %= sf.f(3j] * theblock->h{j] ;
)
)
np = np->nextnp ; .
) : °
return (0) ;
int First_map(theMesh)
struct RegMesh *theMesh :;
( .
(int i, n, kX, 1, numrows, numcols, new_nbx,
off_se ;
Er{uct blockmap - *theblock ;
flonat ks, ﬁi\i,
struc node *nodep ;

_theblogk = (struct blockmap *)calloc((theMesh->nbx*theMesh-

190
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int
int
{

Prrrerietl

191
~return(0) ;
else
off _set =1 ; -
for (k=0;k<theMesh->nbx;k++) { <
‘for (1=0;1<theMesh->nby;1l++) {
} ‘ks = 100 + (float) k ;
ls = (float) 1.;
theblock=->xnodes{0) ks H
theblock->xnodes{1) ks
theblock->xnodes |2} ks - 1. ;
theblock->xnodes (3] ks ~ 1. ;.
if(k == (theMesh->nbx-1)){

- theblock->xnodes (0] ks + 1. ;
theblock->xnodes|1] ks + 1. ;
theblock->xnodes(2) =~ ks - 1. }
theblock->xnodes|[3) ks - 1. - .

)
theblock->ynodes (0] 100, ¢+ 2.%1s -1
theblock->ynodes|[1] 100. +2.*1s +1.
theblock->ynodes (2] 100, +2.%1s +1,
theblock->ynodes|[3] 100.-+42.*%1s -1,
map_mesh (theblock,211,1,k) ;
theblock++ ;
) ¢
}
‘nodep = gp.N ;’
for(i=0;1<N.nodes;i++) {
nodep->x[0) -= 100.0 ;
nodep->x[1] -= 100.0 ;
nodep = nodep->nextnp ;
)
free (theblock) ;
return (0) ;
test_analytical (nvar)
nvar ;
int i, 3, X, d_n ;
double eta, Q, neta, w, w_m_n, wp n ; -
double erf(), value, first x ;
struct belement *belp ;
struct node *nodep ;
<
print (" (111 HITI . WARNING
\n\n") . ‘
printf(" 1||] You are about to solve for the Analytical Solutionlllii\n") "
printf "he rest of this program will treat p[2] as the \n*")
print. 7 ! on-dimensional cummulative discharge !\n") ;
print: ' Please input the dischargé and the fraction for the Line

source?\n->") ;
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LY coanf(" s1f %1f", &Q, &w) ; P ' '

758 © printf (" Discharge = %1f and w = %1f\n",Q,w) ; ,~J/

759 . .

760 . “.don.= -10000007; .

761 belp = gp.B ;

162 for (1'=0;1<N.belms;L++) {

763 . " - T if{(belp->nps(0]->n - belp->nps(l]->n) > d_n)

764 ’ . d_n = (belp->nps(Q}->n - belpr>nps(l)->n) ;
765 . belp = belp->nextbelp ; (/
166 b, )
767 N :
768 first x = gp.iptrs(d_n]->x[0) - gp.iptrs(0]->x[0] ;
769 : X, - ,
770 printf (" source at x = %1f\n",first_x) ;
771 : o , " _
772 . . e
773 N nodep = gp.N ;
174 for (1=0;i1<N.nodes;i++) {
775
776 : if( i % 10 == 0.0 )
777 printf(" Finished %d nodes\n",i) ;
778 . , , ‘
779 neta = 4.*nodep->p[5] * (nodep->x[0]-first_x)/ Q/Q :
780 R S
781 ' o,
182 y if(neta <= 0.0) . A
783 ° . goto SKIP ;.

784 . T . ] .
785 eta = 'sqrt(fabs{neta)) ; .

786 w_m n = w - nodep->p(0] ;

187 w_ p n = w + nodep->p(0] ;

788 .
789 : printf(" for node %d, neta = %1f, eta = %1f, w_m n = %1f, w p n =
790 slf\nv, - ' v

791 7 - i, neta, eta, w_m_n, w_p_n) ; Lo

792 /* printf(" value = $1f \n",value) ;

793 */ .

794 value = erf(w_m n / eta) + erf(w p n / eta) } . .
795 ' for (3=1;3<3; j++) | -
796 value += ( erf((2*j + w_m n) / eta) + erf((2*j + w_p_n)) /
797 eta ) ; . N

798 ‘alue -= ( erf((2*3j -"w_p n) / eta) + erf((2*j - w_m_n)) /
799 eta) . i e

800 ) )

801 . -

802 nodep->u (0] = value / 2. / w ;

803 SKIP . o

804 ) ‘nodep = no‘ep—>nextnp H

BOS ) ’
806 return {0)
807 ) .

808 o . ‘ . ) -
809 double erf (x) .o
810  double X :
811 { e C

812 double v, result, fact = 1.0, delta::;
813 " :
814 delta = 0.0001 ;

815 )

816 . ve=10.,0; |

817 if(x < 0.0){"

818 fact = -1.0 ;

819 - ] x *= fact ;

{
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820 } #

821 '

&22 resylt = 0.0

823 while( v <= x ) { ;

824 result +=2/1.772453851*del£a'(éxp(—v'v)fexp(r

. 825 {(videlta) = (videlta))) /2. ; )

826 . delta .*= 1.001 ; : .

827 \Y delta ;

828 , } :

829 ' return(result*fact) ; . -

830 ) . S :

831 ST , - :

832 \ T T ‘ . ' .

833 int special out(min), - o ‘ we

834  int nin; e

835 { IR

B36 int err,i,dir ;

837 FILE . *fptr, *put_fptr() ;

838 struct node *np ;

839 struct element *elp ;

840, - © float val;

841. . . char - . 1 dir;

842 IR :

843 if (' (fptr = put_fptr(l)) != NULL){

844 ) ‘printf ("Please input the direction along which the output is
845 desired!"); o

846 : ‘ )

847 T _ Printf{("\n >"); '

848 0 T - scanf(" %c", 6l dir);

849 - CAf (lodir we Tx')Y S ‘ .

850 ) printf("\n Input the y ‘coordinate.*);

851 ‘ ‘ air = 1; : ) :

852 ‘ } , - ‘ :

853 . else { M ’ . o

854 printf("\n Input the x coordinate.");

855 dir = 0; L

856 ‘A . KJ
857 ) printt ("\n >%); -
858 scan? (" ¥ ", &val);

859 np = gp.N;

860 for (i1=0;i<N.nodes;i++){

861 1f (np->x[(dir] == val){

862 ’ 1f (nin == 1} {

863 printf (" SENLRFNLRFN\N", np->x{0}, np-
‘864 >x{1),np->ul0]); %

865 ‘ ) : .
866 ‘ .~ fprintf(fptr," SE\LRL\L®20.14g\n", np->x{0], nj.-
867 >x (1), np->uf0}]); .

868 o }

869 . ’ np = np->nextnp; —

870 }

871 o if (nin == 1 || nin == 2){

872 . fclose({fptr); .

873 return(l); Y '

874 1 } -
. 875 return(l); //

876 } -

877 , else { o

878 ’ printf("Couldn't open the specified file");

879 return(-1); - : -
880 } '

881 }

882 -
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*/

qO}¢= (np(0}->p[0}+np(1]->p(0}) /2% (np (.}
4+ (np(0)=>p{l)+np(1)=->p (1)} /2* (np[l)->x[1]-np(0]->x[1])

}

Qinclude "fe.h"
“extern struct control N i
int QU1DPick (elmntp, theElp, ntfp,dirp)
struct element 'elmntp,,*theElp ;
int *ntfp, *dirp ;
{ i
int 3;
double’ q0l R
struct node *np [MNSF]
- theElp->gtype = 111 ;
. *ntfp = 2y
for (j=0;j<elmntp- >nnds J++)
) " nplj) = elmntp->nps{i] ;
for(j-O;j<N.params;jtf)
theElp->p[3) = elmntp->p(j) ;
/* - :
. g0l = np[0]->p[0] * (npl[1l]->x{0])-np{C " -.i{%"])
+.0pt0)->p[1l] *(np{l]->x[1]-r .0]->x{:

{q01 >= 0.0) {
if(elmntp->nps(2] == NULL ) {

else

else {

. theElp->vtype = theElp->gtype =

theElp->nnds = 2 ;

. theElp->nps{0] = elmntp->nps(0}]

{

theElp->nps (1] = elmntp->nps(1l]
return(0) ;

theElp->vtype = 129 ;
theElp->nnds = 3 ;
theElp->nps{0] = elmntp->nps(0]
theElp->nps[l] = elmntp~>nps(1]
theElp->nps[2] = elmntp->nps(2]
return(l) ;

if (elmntp->nps (3] == NULL )(

else

theElp->vtype = theElp >gtype =
theElp->nnds = 2 ;
theElp—>np§[0] = elmntp->nps|[0]
theElp->nps([l] = elmntp->nps([l}
return(0) ; T

( .
theElp->vtype = 128 ;
theflp->gtype = 111 ;
theElp->nnds = 3 ;
theElp->nps{0] = elmntp->nps(0]}
theElp->nps(l) = elmntp->nps(1]
theElp->nps{2] = elmntp->nps{3}
return{l) ;

nog

"N 0)-np(0]

111

111

->x[0])

e

194
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int
struct element

ks
{

s int

}

int

double
struct node

)

195

CUlDPick (elmntp, theElp, ntfp,dirp)
*elmntp, 'theElp ;

*ntfp,

*dirp ;

¥
q01 ;
*np [MNSF) ;

theElp~>gtype = 111 ;
*ntfp = 2%
for (J=0; j<elmntp->nnds; j++)

. npl(3l = elmntp->nps(]]

for (3=0; j<N.params; j++)

qO01 =

theElp->plj] = eimntp—>p[j] :

’

:

-

(np[0]=>p[0]+npl1]1->p(0]) /2% (np[1]->x{0)-np(0]->x10])
+ (np(0]=->p[1]l+np(1])->p[(1])/2* (np(1)->x[1]=-np{0]  »x[1})

1f (q01 = 0.0) (

}

else

¢

if((elmntp->nps(2]

== NULL) || (elmntp->nps(3] =« NULL) }){

theElp->vtype = theElp->gtype = 111 ;
theElp~>nnds = 2
theElp->nps (0] = elﬁntp—?npslol H
= elmntp->nps(l] ;

theElp->nps[l]

. .
’ ~-

return(0) ;
}
else { '
theElp->vtype = 139 ;
theElp->gtype = .111 ;
*ntfp = 2;
theElp->nnds = 4 ; Y
theElp->nps (0] = elmntp->nps[0] ;
theElp->nps(l] = elmntp->nps(l] ;
theElp->nps([2] = elmntp->npsi{2])
theElp->nps (3] = elmntp->nps (3] :
return(l) ;
. i
if ((elmntp->nps({4] == NULL) || (elmntp->nps[S] == NULL) }{
theElp->vtype = theElp->gtype =~ 111 ; '
theElp->nnds = 2 ;- .
“ theElp~>nps{0] = elmntp->nps[0] ;
theElp->nps (1] = elmntp->nps(l] ;
° return{(0) ;
4y ,
else {

theElp->vtype = 138 ;
theElp->gtype = 111 ;

*ntfp = 2;

theElp->nnds =
theElp->nps[0)
thaElp->nps{l)
theglp->nps (2]
theElp~>nps (3]
return{l) ;

.

)

elmntp->nps (0] ;
elmntp->nps{l]) ;
elmntp->nps(4] i
elmntp->nps (5] ;

‘
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1217 o

128 | ’ s

129 /* return(=-1) ; */

130 ) .

131 )

132 ‘ :

133 int QUelPick (elmntp,theElp, ntfp,dicp)

134 struct element .‘elmntp, *theElp

135 int '*ntfp, *dirp ;

136 , o .

137 { , ' ' ' N

138 int bH v

“139 double q01, ql2, g23, g30 ;

140 struct node *np [MNSF] ; ’

141 . :
142 theElp->gtype = 219 ; i

143 ’ *ntfp = 4;

144 - - for (§=0; j<elmntp->nnds; j++)

145 nplj] = elmntp->nps(i] ;.

146 > .

147 . for (-jJ=0; j<N.params; j++) , : '

148 theElp->p(j) = elmntp->plj) ;

149 e

150 q01 = (np(0)~->p(0)+np[1l])=-%p[0])/2*(np(0)->x[1]-np[1l]->x[1])

151 - (np(0]=->p[1)+np({1]->p[1]}) /2*(np[0}->x{0]-np[1]}-=>x{0]) :
152 % ql2 = (np(1]->p(01+np[2]~>p(0))/2*(np(1)->x[1)=np{2]->x[1])

153 - (npl1]->p[1l)+np[2)->p[1])/2*(np[1]~>x[0}-np[2]->x(0}) :
154 g23 = (np[2]}=>p(0]+np[3}->p(0]))/2*(np(2])->x{1]-np[3]~->x[1)) -

155 - (npl2]->p{ll+np(3)=>p(1]}/2*(np(2])->x[0]-np(3]->x(0]) :
156 q30 = (np[3]->p(01+np[0]->p[0]))/2*(np{3)->x{1)-np[0]->x(1])

157 e - (np(3]->p[l]+np(0)->p[1]) /2% (np[3}->x[0])-np{0]->x[0}). ;
158 , , ‘ .

159 1£((q2B>=q01) &6 (q30>=ql2)) { -
160 ' if((elmntp->nps[14) == NULL) || (elmntp->nps{15] == NULL) ) {
161 w & if ((elmntp->nps{11l} == NULL) || {(elmntp->nps{l12] == NULL)
162 ) .

163 o : theElp->vtype = theElp->gtype = 211 ;

164 theElp->nnds = 4 ; '

165 “ . theElp->nps (0] = elmntp->nps(0] ;

166 ) theElp->nps[l] = elmntp->nps(l])

167 Y theElp->nps{2] = elmntp->nps|(2] ;

168 theElp->nps([3) = elmntp->nps{3] ;

169 return (0) 7

170 }

171 else { -

172 theElp->vtype = 228 ;

173 theElp->nnds = 6 ;

174 : i theElp~>nps{0] = elmntp->nps(0] ;

175 ) ~theElp->nps{1l} = elmntp->nps(l] ;

176 - theElp->nps (2] = elmntp->nps(2] ; N

177 ) theElp->nps (3] = elmntp->nps{3] ;

178 . theElp->nps{4] = elmntp->nps{1ll] ;

179 . — theElp->nps[5] = elmntp->nps{12] 3

180 return(1l) ; '

1817 . } ‘

182 } '

183 else

184 : if((elmntp~>nps[11}] == NULL) || (elmntp->nps(12] == NULL)
185 ) '

186 " theElp->vtype = 228 ;

187 theElp->nnds = 6 ; ’

188 . theElp->nps[0] = elmntp->nps([l] ;

189 theElp->nps [\gl/’:.w elmntp->nps (2} ;

R v éw o
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190 ' : theElp->nps(2) = elmntp->nps([3) ’
191 : theElp->nps(3) = elmntp->npsi0] ;
192 . theElp->nps[4] = eimntp->nps(14].;
193 L LeS1lp=->nps (5] = e§m&;p~>nps[151 ;
194 - irn (1) ,
v 195 Yoo )
196 ’else if (e1mntp—>nps[131 ww NULL) J{_ﬁ
187 : theElp->vtype = 224 ; ,
198 . theElp->nnds = 8 ; -
199 -theElp->nps (0] = elmntp->nps(0} ;
“200 theElp->nps{l]) = elmntp->nps(l]) ;
201 . theElp->nps(2] = elmntp->nps[2] ;
202 theElp->nps{3]) = elmntp->nps{3 ;
203 - theElp->nps(4) = elmntp->nps(l1] ;
204 theElp->nps(5] = elmntp->nps(12) ;
205 - E theElp->nps{7] = elmntp->nps(14] ; -
206 . - theElp->nps{8] = elmntp->nps(15]) ;
207 _ return(2) ; :
208 }
209 . else {
210 - theElp->vtype = /229 ;
211 theElp->nnds = 9 ; ,
212 . ! \ theElp->nps(0] = elmntﬁ—)nps[O] H
213 . } theElp->nps(l] = elmntp->nps(l]) ;
214 . . theElp->nps(2]) = elmntp->nps[2] ;
215 theElp->nps (3] = elmntp~>nps{3] ;
216 - theElp->nps(4) = elmntp->nps(ll] ;
217 ' . theElp->nps(5) = elmntp->nps(l2}) ;
218 theElp->nps(6] = elmntp-~>nps(13] ; - ’ o
219 . theElp~>nps(7] = elmntp->nps(14] ;
220 ¢ o theElp->nps(8] = elmntp->nps(15) ;
221 ‘ & ‘ return(3) ; i ‘ \
222 B } '
223 ) - :
224 } : .
225 if((q23>=q01) && (q30<ql2)) {
226 .o /if((elmntp-$nps[11] == NULL) || (elmntp->nps(12] == NULL) ){
227 , T w. 1f(telmntp->nps(8] == NULL) (| (elmntp->nps(9] -= NULL} ) {
228 kK HaN " * theElp->vtype = 211 -
229 . 'theflp—>nnds -4 ;
"~ 230 ’ To theElp->nps[0] = elmntp->nps(0] ;
“231 Lo . theElp->nps(1] = elmntp->nps|(l] ; v
232 : . theElp->nps[2) = elmntp->nps{2] ;
233, - theElp=>nps(3) = elmntp->nps(3] ;
234 . o rgrurn(0) ; - : .,
235 yoooL :
236 else { IR .
237 - ‘. - ‘theElp->vtype = 228 ;
' 238 N thgglp->nnd5 -6 ;
239 theEdp->nps{0] =~ elmntp->nps(3) ;
<240 theElp->nps{l] = elmntp->nps(0) ;
241 theElp->nps{2] = elmntp->nps{l] ;"
242 theElp->nps[3) = elmntp->nps|2]) ;
243 . theElp->nps(4] = elmntp->nps(8) ;
244 | theElp->nps[S] = elmntp->nps(9]) ;
L 245 ) . return(l) ; R .
246 } - . R :
247 } ' -
248 . else { .
249 " ’ if ((elmntp~>nps[8) == NULL) ! (elmntp->nps(9} == NULL) ){
250 theElp->vtype = 228 ;-
251 theElp->nnds = 6 ;

252 ) . theElp->nps(0] = elmntp->nps(0] ;:

]



253
254
255
256
257

258

259
260
261
262
263
264

265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

© 298
299
300

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

.
) .
1f((g23<q01)

.

else

)

theElp->nps(l]
theElp->nps (2}
theElp->nps{3]
theElp->nps{4)
theElp->nps(5]
recturn{l) ;

elmntp->nps (1]
elmntp->nps (2]
elmntp->nps (3]
elmntp->nps(11]
elmntp->nps (12}

else if (elmntp->nps(10] == NULL) (
theElp->vtype = 224 ;
theElp->nnds = 8 ;

else {

theElp->nps (0]
theElp->nps(l)
theElp->nps(2])
theElp~->nps([3]
theElp->nps (4]
theElp->nps[5]
theElp~->nps(7]
theElp->nps (8]
return(2) ;

elmntp->nps (3]
elmntp~>nps (0]
elmntp->nps (1]
elmntp->nps (2]
elmntp->nps [8]
elmntp->nps (9]
elmntp->nps[11]
elmntp->nps {12]

\

theElp->vtype = 229 ;

;
‘

.

’

’
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theElp->nnds = 9 ;
theElp->nps[0) = elmntp->nps(3) ; )
theElp->nps[1] = elmntp->nps{0]) ; <
theElp->nps[2) = elmntp->nps(l] ;
theElp->nps(3] = elmntp->nps{2] ;
theElp->nps(4) = elmntp->nps(8] ; -
theElp->nps[5) = elmntp->nps(9]) ;
theElp->nps[6]) = elmntp->nps(10) ;
theElp->nps(7) = elmnth->nps{1l] ;
‘theElp->nps[8] = elmntp->nps{l2] ;
return(3) ;
}
& (q30<ql2)) {
if((elmntp->nps (8] == NULL) 1| (elmntp->nps{9] == NULL) ){
if ({elmntp->nps (5] == NULL) || (elmntp->nps{6] == NULL)
theElp->vtype = 211 ;
‘theElp->nnds = § ;
theElp->nps{0) = elmntp->nps (0] ;
theElp->nps[l] = elmntp->nps(l)
theElp->nps[2] = elmntp->nps{2] ;
theElp~>nps{3] = elmntp->nps (3]
return{0) ; .
)
- else { .
theElp->vtype = 228 ;
theElp->nnds = 6 ;
theElp->nps {0} = elmntp->nps(2] ;
theElp->nps(l] = elmntp->nps(3] ;
theElp->nps([2] = elmntp->nps{0]
theElp->nps (3] = elmntp->nps([1l] :
theElp->nps{4) = elmntp->nps(5) ;
theElp->nps[S] = elmntp->nps(6] ;
return{l) :
), b3
{ , -
if ((elmntp->nps[5) == NULL) |} (elmntp->nps[6] == NULL

theElp->vtype =, 6228 ;
theElp->nnds = 6 ;

)

) {



316
317
318
319
320
321
322
323
324
325
326
327
328

329

330 -

331
332
333
334
335
336
337
338
339
340
341
342

- 343

344

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

© 373

374
375
376
377

}

}

1f ((g23<q01)

else |

}

else if (elmntp->nps{7]

&&

else {

. theElp->nps[7] =

theElp->nps (0] =
theElp->npsil]
theElp->npsi{2] =
theElp->nps{3) =
theElp->nps{4) =~
theElp->nps (5] =
return(l) ;

elmntp->nps (3]
elmntp->nps (0}
elmntp->nps|l)
elmntp->nps {2}
elmntp->nps (8]
elmntp~->nps|[9]

== NULL) {
theElp->vtype = 224 ;
theElp->nnds = 8 ;
theElp->nps[0] = elmntp->nps{2)
theElp->nps(1l]) =~ elmntp->nps.[3]
theElp->nps(2] = elmntp->nps (0]
theElp->nps (3] = elmntp->nps{l)
theElp->nps(4] = elmntp->nps|(5]
theElp->nps (5] = elmntp->nps|[6)
theElp->nps[6] = elmntp->nps(8}
theElp->nps(7) = elmntp->nps(9)
return(2)

theElp->vtype = 229 ;
theElp->nnds = 9 ;
theEYp->nps{0] = elmntp->nps{2]
theRlp->nps[l] = elmntp->nps[3]
theElp->nps (2] = elmntp->nps|0]
theElp->nps(3] = elmntp->nps|l)
theElp->nps{4] =~ elmntp->nps(5)
theElp->nps(5]) = elmntp->npsi6]
theElp->nps[6] = elmntp->nps(7)
elmntp->nps|[8)
theElp->nps (8] = elmntp->nps|(9j
return(3)

(q30>=ql2)) {
if((elmntp->nps(5)
1f ((elmntp->nps([14]

== NULL) || (elmntp->nps{é6

== NULL) ||

theElp->vtype = 211 ;
theElp->nnds = 4 ;
theElp->nps([0] = elmntp->nps{0]
theElp->nps(1l} = elmntp->nps|1])
theElp->nps[2] = elmntp->nps(2]
theElp->nps(3] = elmntp->nps|3)
return(0) ;

~

theElp->vtype = 228 ;
theElp->nnds = 6 ;
theElp->nps{0] = eimntp->r
theElp->nps{il: =
theElp->nps (2] =
theElp->nps(3] =
theElp~->nps (4} =
theElp->nps[S] =
return(l) :

(1)
elmntp->nps (2]
elmntp->nps|(3)
elmntp~->nps{0]
elmntp->nps{1l4)
elmntp~>nps[15]

’

== NULL)

(elmntp->nps[15]

‘

’
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== NULL)



. . 0
378 if ((elmntp~>nps(14) == NULL) {| (elmntp->nps{l5] == Nﬁ
379 )i )
380 theElp~->vtype = 228 ;
381 theElp~->nnds = 6 ; T
382 theElp->nps[0} = elmntp->nps(2] ;
383 theElp->nps{l] = elmntp->nps[3] ;
© 384 theElp->nps(2] = elmntp->nps{0] ;
385 theElp->nps[3]) = elmntp->nps(l] ;
386 theElp~->nps(4] = elmntp->nps{5] ;
387 theElp->nps{5) = elmntp->nps(6]) ;
388 return(l) ;
389 . }
390 ’ else if (elmntp->nps(4] == NULL) {
391 theElp->vtype = 224 ;
392 .theElp->nnds = 8 ; )
393 theElp->nps{0] = elmntp->nps(l] ;
394 theElp->nps{l] = elmntp->nps(2]
395 theElp->nps(2] - elmntp->nps{3] ;
396 theElp->nps(3] = elmntp->nps{0} ;
397 theElp->nps(4] = clmntp->nps(14] ;
398 theElp->npsi5) = elmntp->nps{li5]
399 theElp->nps(6] =.elmntp->nps(5] ; .
400 theElp->nps{7] = elmntp->nps(6] ; \@
401 return(2) ; 2
402 . }
403 else { .
404 - theElp->vtype = 229 ;
405 theElp->nnds = 9 ; .
406 Sl theElp->nps10] = elmntp->nps(l] ;-
407 * theElp->nps(1l] = elmntp->nps{2] ;
408 theElp->nps[2] = elmntp->nps([31._;
409 ' N theElp->nps{3] = elmntp->nps(0] ;
410 theElp->nps(f] = elmntp->nps[1l4} ;
411 theElp->nps{5] = elmntp->nps(15] ;
412 theElp->nps([6) = elmntp->nps(4] ;
413 theElp->nps[7] = elmntp->nps[5) ;
414 theElp—>npsQ{] = elmntp->nps[6] ;
415 return(3) ; ’
416 )
417 ) :
418 )
419 return(-1) ;
420 }
421 : , , ,
422 int CU_Stream_Plck (elfntp, theElp,ntfp,dirp)
423 struct . element *elmntp, *theElp ;
424 int *ntfp, *dirp ; :
425 it
426 theElp->vtype = 233 ;
427 theElp->nnds = 8 ; =
428 : theElp->nps[0] = elmntp->nps(0] ;
429 theElp->nps{l} = elmntp->nps|l] ;
430 theElp->nps{2]) = elmntp->nps(2] :
431 theElp->nps (3] = elmntp->nps|(3]) ;
432 theElp->nps{4] = elmntp->nps[4] ;
433 theElp->nps (5] = elmntp->nps(5]) ;
434 theElp~->nps 6] = elmntp->nps(6] ;
435 theElp->nps(7) = elmntp->nps(7] ;
436 ‘ , '
437 if (elmntp->nps(S) == NULL || elmntp->nps(6) == NULL) {
438 theElp->vtype = 230;
439 theElp—>nnd§ = 6 ;
440 . theElp->nps[0] = elmntp->nps{0] ;
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441 theElp->nps (1] = elmntp->nps(1] ; ,
442 theElp->nps (2] = elmntp->nps(2] : ’
443 theElp->nps (3] = elpntB->nps(3] ;
444 theElp->nps (4] = elmntp-)pps[4] H
445 theElp->nps (5] = elmntp->nps{7) ;
446 }
447
448 if(elmntp~>nps{4) == NULL || elmntp->nps(7] == NULL) {
449 _ .theElp->vtype = 211; ;
450 theElp~>nnds = 4
451 theElp->nps[0] = elmntp—>nps{0] H .
452 theElp->nps[l] = elmntp->nps|l1] ; Y
453 theElp->nps{2] = elmntp~>nps|[2} : )
454 . theElp->nps[3] = elmntp->nps{3]’; »
455 ) .
456 ‘ &
. 457 return(-1) ; "
458 ) , C
459
460 int CU2DPick (elmntp, theElp, ntfp,dirp) i
461  struct element *elmntp, *theElp ; N
462 int *ntfp, *dirp ; . ’
463 K .
464 | , _
465 int je
+ 466 doublerg0l, ql2, g23, q30 ; . -
464 struct node *np [MNSF] ; .
468 int node_hands[MNSF) ; S‘
469
470 theElp->gtype = 211 ; o
471 *ntfp = 4;
472 for (j=0; j<elmntp->nnds; j++) \
473 np(j] = elmntp->nps(j] ;.
474 ) : /
@475 for(j=0;j<N.params;j¢i)
476 theElp->p(3j] = elmntp->p[]] ; 3.
4™ - ‘
478 q0l = (np[{0]->p[0)+np(1]=->p(0)}/2* (np(0]=->x{1])~-np{1]->x[1])
479 ' - (np[O]->p41]+np[l]->p[1])/2'(np[0]—>x[0]-np[]]—>x[0]) ;
480 < ql2 = (np[l]—>p[0]+np[2]—>p[0])/2*(np[1]—>x[1] ~npl2]->x[1]}
481 . = Anp(1l}=>p[l]+np(2)=>p[1])/2*(np(1]->x[0]-np(2}->x10])) ;
482 q23 = (np(2])->p[0)+np(3]->p(0]))/2*(np(2]~>x{1]1-np[3]->x[1]}
483 . - (np[2]—>p[1]+np[3]->p[1])/2*(np[2]—>x[0)—np13]—)x}01) H
484 q30 = (np[3)->p[0]+np[0]->p[0]) /2*(np{3]~>x(1])-np[0])~>x{1])
485 = (np{3}->p(1)+np(B)->p(1])/2*(np(3)->x[0}=npl0]~>x]G!) ;
486 ™ . o .
487 1£((g23>=q01) && (qQ30>=ql2)) { =~ ) .
488 . nodebhands[OJ = 0 ;
489 . node_hands([1l] = 1°;
490 node_hands (2] = 2 ;
491 node_hands [3] = 3 ;
192 ‘node_hands[4] = 11
493 node_hands [5]) = .28
494 node_hands[6] = 29
485 node_hands[7] = 12
496 node Hands[8] = 30 ;
497 node_hands [9] = 13 ;
498 node_hands{10) = 14 ;
499 node_hands{11] = 15 ;
500 node_hands (12} = 31 ;
501 node. hands (13] = 32 ;
502 ‘node_hands (14] = 33 ; !
503 node_hands [15] = 34 ;
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504 }

505 1£((g23>=q01) && (g30<ql2)) { -

506 ' node _hands{0] = 3 ; , -
507 node_hands{l) = 0 ; 7 '

508 node_hands(2) = 1 ;

509 node_hands([3]) = 2 ;
" 510 node_hands(4) = 8 ;
~511 ' node_hands([5] = 23 ;:

512 node_hands{6] - 24 ; -

513 node_hands[7) = 9 ;

514 . node_hands[8] = 25 ;

515 node_hands (9] = 10 ;

516 node_hands[10] = 11 ;

517 node_hands([11) = 12 ;

518 : node_hands[12] =_26 ;

219 , node_hands(13) = 27 ;

S20 . node_hands (14} = 28 ; -
21 - node_hands (15} = 29 ; ’
522 }

523 . 1f((q23<g01) && (g30<qgl2)) {

524 node_hands Q] = 2 ; B

525 . i node_hands (1] = 3 ; ‘

526 node_hands (2] = 0 ;

527 node_hands[3] =1 ;.

528 node_hands (4] = 5 ;

529 node_hands{5] = 18 ;

530 node_hands([6] = 19 ; . o
531 hode_hands (7] = 6 ;

532 . node_hands([8] = 20 ;

533 - node_hands[9] = 7 ;

534 node_hands(10] =.8 ;

535 _node_hands[11] = 9 ;

536 . Tode_hands[12] = 21 ;

537 . node_hands([13] = 22 ;

538 node_HKands[14) = 23 ;

539 node_hands[15) = 24 ;

540 } ) : 0

541 + 1£((g23<g01) &&¢ (g30>=ql2)) {

542 " node_hands[0] = 1 ;

543 node_hands(1l] = 2 ;

544 node_hands{2] = 3 ; N
545 . node_hands(3] = 0); -
546 : - node_hands(4] = 1% ;

547 node_hands (5] = 33 ;

548 - node_hands{6) = 34 ;

549 . node_hands[7] = 15 ;

550 node_hands (8] = 35 ;

551 node_hands (9] = 4 ;

552 . i node_hands{10! = 5 ;

553 node_hands[1l] = 6 ; ~

554 . node_hands[12] = 16 ;

555 "\ node_hands[13] = 17 ; -

556 ' node, hands{14) = 18 ;

557 ‘node_hands{15] = 19 ;

" 558 } ' ‘
559 reall nodes_CU2D( elmntp, theElp, node_hands) ;
560 | .

561 return(-1}) ; ~e

562 ) T

563

564

565 int . reall_nodes_CU2D (elmntp, theElp, n_h)
566 struct element ~ *elmntp, *theElp
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576
517
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579
580
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582
583
584
585

586 |

587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603

604 -

605
606
607
608

609+

610
611
612
613

614 -

615
616
617
618
619
620
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622
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624
625
626
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628
629

fe_nupf.c

int

{

n_h[MNSF] ;

1f((e1mn:p->npsf%jh{1211
theElp->vtype = 238 ;

theElp->nnds =
theElp->nps|[0])
theElp->nps (1]
theElp->nps([2]
theElp->nps (3]
theElp->nps (4}
theElp—)nps[S]
theElp—)nps[ﬁl-

. theElp->nps|(7]

"theElp->nps (8]

" theElp->nps (9]

else {

}

if ((elmntpw>nps[n_h(13]]

theElp->nps |10}
theElp->hps[11]
theElp->nps[12]
theElp->nps (13}
theElp->nps(14)

18

== NUDBL)) {(

N7

elmntp->nps(n_h{0})
elmntp->nps(n_h(1)}
elmntp->nps(n_h{2])
elmntp->npsin_h{3]]
elmntp- >nps[n h{4))
elmntp >nps[n h{S]]
elmntp->nps[n_h(6])
elmntp->npsin. h([7]]
elmntp~>nps(n_h(8})
elmntp->nps(n_h(9}])
elmntp->nps{n h[10)

elmntp->nps [n_ K113]],'

elmntp->nps{n_h(14];
eLmntp—>ﬂps[n_h[15]
élmntp3>nps[n_hflln

theElp->vtype = 239 ;

theElp->nnds =
theElp->nps [0]
theElp->nps (1]
theElp->nps (2]
theElp->nps (3]
theElp->nps[4)
theElp-)nps[S]
theElp—>nps[6]
theElp->nps (7]
theElp->nps (8]
theElp~>nps{9]
theElp->nps{10]
theElp->nps[11]
theElp->nps[l12]
theElp->nps(13]
theElp->nps(14]
theElp->nps (15}

16 ;

elmntp->nps{n_h[0]]
elmntp->nps(n_h{l)]
elmntp->nps(n_h{2]}
elmntp->nps(n_h(3)}
elmntp->npsfn_h([4]]
elmntp~5np§(n;h[S]]

elmntp->nps(n_h(6]]

elmntp->nps{n_h{7}]
elmntp->npsin_h[8]}
elmntp->nps(n_h(9]]
elmntp—>nps[n h[lO}]
elmn’p >npsin_h(12]]
elmntp->nps{n_h([13]
elmntp->nps(n_h{l4]]
elmntp->nps(n_h(15]]
elmntp—>nps[n_h[1yH

== NULL) } {

theElp- >uty§e = 2371
theElp->nnds = 14 ;

‘

theElp-)nps[O]
theElp->nps (1)
theElp->nps (2]
theElp->nps (3]
theElp->nps (4]
theElp->nps (5]
theElp->nps (6]
theElp->nps (7]
theElp->nps (8]
theElp~>nps{9]

-theElp—)npsjﬁO]

theElp->nps (11}
theElp~>nps[12]
theElp->nps(13)

LY

elmntp- >nps[n h[Ol
elmntp->nps(n_h(1l}]
elmntp->nps{n_h([2]]}

elmntp->nps{n_h{3]}.

elmnto~>nps(n-h[4}]
elmntp->nps{n_h (5]

=_elmntp->npsin_h(6]]) ;
=+ elmntp->nps{n_h{(7]]) ;
* elmntp->nps(n_h{8)}:
= elmntp->nps(n_h(9)] :

-
-
v

-

elmntp->nps{n_h{10}]
elmntp->nps{n_h[14]))

~

‘

‘

.

elmntp->nps(n_h[15}] ;

elmntp->nps(n_h(11)]

-
~

L



630
€31
632
633
634

635 |

636
637
638
639
640
641

642

643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
. 660
661
662
663
664
665
666
667
668
669
© 670
671

672

673
674
615
676
677
678
679
680
681
682
683
684

685 .-

686
687
688
689
690
691
692

fe _nupf.c

NULL) ) {

NULL) ) {

BN
NULL)

i

}
if

)

if

}

if ((elmntp->npsi{n_h(8]]

((elmntp->nps(n_h{8]) == NULL))({

- 204

theElp->vtype = 2372 ;

theElp->nnds =
theElp->nps (0]
theElp->nps (1]
theElp->nps (2]
theElp->nps (3]
theElp->nps (4]
theElp->nps (5]
theElp->nps (6]
theElp->nps (7]
theElp->nps (8]
theElp->nps{9)
theElp->nps[10]
theElp->nps[11]
theElp->nps[12]
theElp->nps (13}

((elmntp~>nps(n_h[14]] == NULL)

theElp->vtype = 2361;

theElp->nnds =
theElp->nps[0])
theElp->nps[1l])
theElp->nps (2]
theElp->nps (3]
theElp=->nps (4]
theElp->nps (5]
theElp->nps(6]
theElp->nps (7]
theElp->nps (8]
theElp->nps (9]
theElp->nps [10]
theElp->nps (11}

14 ; \

= elmntp->nps(n_h[0]] ;

= elmntp->nps(n_hil]] ;
_mntp->nps(n_h(2]] :
matp->nps{n_h(3]] ;
.mntp—>nps[n_h[11]] ;
lmntp->nps[n_h[15]] ; ‘

~ elmntp->nps[n_h(14]} ;

= elmntp->nps[n_h(10])]}

= elmntp->nps(n_h{13]] ;

=.elmntp->nps(n_h([9}] : |

= elmntp->nps{n_h[7]] ;

= elmntp->npsi{n_h(6])]

= elmntp->nps{n_h[S])]

= elmntp->nps{n_h(4]] ;. ’

{1 (elmntp->nps{n_h{15}] ==

’

12;

= elmntp->nps{n_h[0]] ; 7
= elmntp->nps[n_h{1l])]

= elmntp->nps(n_h[2]]

= elmntp->npsi{n_h[3]] ;

= elmntp~>nps(n_h([4]] ;

.= elmntp->nps([n_h[3])] :

= elmntp->nps(n_h[6]] ;

= elmntp->nps(n_h(7]] ;

= elmntp->nps(n_h(8]] ;

= elmntp->nps{n_h(9]] ;
= elmntp->nps(n_h[10]] ;
= elmntp—>nps[n_h[ll]] ;

((elmntp—>nps[h_h[5]] == NULL) |} (elmntp->nps(n_h[6]] ==

theElp->Vtype = 2363;

theElp->nnds =
theElp~->nps[0]
theElp->nps (1]
theElp->nps (2]
theElp->nps([3]
theElp~>nps (4]
theElp->nps (5]
theElp->nps (6]}
theElp->nps{7)
theElp->nps (8]
theElp->nps[9]

\

12;

= elmntp->nps(n_h[0}) ;

= elmntp=<>nps{n_h{1l]] ;

= elmntp->nps{n_h([2]] ;

= elmntp->nps(n_h([3]]) :

= elmntp->nps{n_h(1l1l]] ;
=.elmntp->nps[n_h([15]] ;
= elmntp-3nps(n_h[14]] ;
= elmntp->nps{n_h(10])] ;
= elmntp->npsin_h(13]] 7
= elmntp->nps[n_h{9}] ;

theElp->nps[10] = elmntp->nps(n_h[7}] ;

theElp->nps{11]

= elmntp->nps{n_h[4 ' ;

s

== NULL) && ((elmntp->nps(n_h[l1l4]] ==

| (elmntp->nps(n_h{15]] == NULL))){
theElp->vtype = 2351;

f
\

theElp->nnds =
theElp->nps[0]
theElp~>nps(1]

11 .
= elmntp->nps(n_h{0]] ;
= elmntp->nps(n_h([1]]) ;



693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728

729
730
731
732
733
734
738
736
737
738
739
740
741

742°

743
744
745
746
747
748
749
750
751
752
753
754
755

fe_nupfﬁc

NULL)

NULL) ) {

~

}
if

}

theElp->nps{2)
theElp->nps (3]
theElp->nps (4]
theElp->nps (5]
theElp->nps (6]
theElp->npsi{7]
" theElp->nps (8]
theElp->nps |9}

=

elmntp->nps{n_h{2}]
elmntp->nps(n_h{3])
elmntp->nps{n_h(4]]
elmntp->nps(n_h(5])
elmntp->nps(n_h{6])]
elmntp->nps(n_h{7]]
elmntp->nps{n_h{9]]

elmntp->nps(n_h([10}}

;
‘
.
’
‘
’

:

theElp-->nps(10] = elmntb<39ps[n_h[11]] ;

((elmntp->nps|n_h{13]] == NULL) &&

.

Il (elmntp->nps(n_h{6}] == NULL))
theElp->vtype = 2353;
theElp->nnds = 11 ;

theElp~->nps[0]-
theElp->nps[1]
theElp->nps (2

theElp->nps (3]

elmntp->nps(n_h(0}"
elmntp->nps(n_h{l}]
elmntp->nps{n_h{24
elmntp->nps{n_h{3))

’
‘

’

theElp->nps (4] =
theElp->nps[5] =
theElp->nps (6] =
theElp->nps(7] -=

elmntp->nps{n_h(11]] :
elmntp->nps(n_h(15)]
elmntp->nps(n_h{14])
elmntp->nps(n_h[10]]

theElp->nps (8]
theElp->nps (9]
theElp->nps[10]

= elmntp->nps(n_h[4})

elmntp->nps{n_h{9}}
elmntp->npsin_h{7])

’

v

) {
A

((elmntp->nps(n h(5]

if ({elmntp->nps(n._h(B8)]) == NULL) && (elmntp->nps(n h[13]] -~

}

theElp->vtype = 2362 ;
theElp->nnds = 13 ;

theElp->nps (0]
theElp->nps[l]
theElp~>nps (2]
theElp->nps (3]
theElp->nps (4]}
theElp->nps (5]
theElp->nps[6)
theElp->nps (7]
theElp->nps (8]
theElp~->nps{9]

elmntp->npsin_h(0]]
elmntp->nps(n_hi{l]]
elmntp->nps{n_h{2]]
elmntp->nps(n_h{3]]
elmntp->nps(n_h{4]]
elmntp->nps[(n_h[5]]
elmntp->nps{n_h{6]]
elmntp->nps(n_h(7}]
elmntp->nps{n_h(9]]

elmntp->nps{n_h(10]}

;
;
‘
’
‘
v

v

’

theElp->nps(10] = elmntp->nps{n_h(14}]
= elmntp->nps(n_h(15]]
= elmntp->nps(n_h([11]]

theElp->nps[11]
theElp->nps[12]

1f ((elmntp->nps(n_h{9)]
theElp->vtype = 2352 ;

theElp->nnds =
theElp->nps (0]
theElp->nps (1]
theElp->nps(2)
theElp->nps (3]
theElp->nps (4]
theElp->nRs(5)
theElp->nps (6]
theElp->nps (7]}
theElp->nps{8)
theElp->nps (9]

12

== NULL)) {

elmntp~->nps(n_h([0}]]
elmntp->nps(n_h{1l)]
eimntp-)nps[n_h[Z}]
elmntp->nps(n_h(3}]
elmntp->nps{n_h([4]}]
elmntp->nps[n_h{5]]
elmntp->nps(n_h(6}]
elmntp->nps(n_h(7]]

elmntp->nps{n_h(10]]
elmntp->nps(n_h[14]]) ;

’
’
‘
’
’
I
’

’
’

:

theElp->nps(10) = elmntp->nps{n h{15]}}
theElp->nps(11] = elmntp->nps(n h{11l]]

;

’

v



hel

156
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
12
713
714
715
716
RN
718
779
780
781
782
783
784
785
186
787
788
789
790"
791
792
793
794
795
796

b4 nupf.c
977 P

= NULL)

.

>nps{n_h{15])

NULL))

T -= NULL))

T97——— —_
798 ’
799

800"
801
802
803
804
805
806
807
808 —~
809
810
811
812
813
814
815-
816
817
818

NULL))

»

>

el. -

4 ((elmntpﬂ;éps[n_h[14]]

== NULL))) {
theElp->vtype = 232 ;

}

if(((elmntp->nps(n_h[14]] == NULL) ||

theElp->nnds =
theElp~>nps{0)
theElp~->nps 1]
theElp->nps (2]
theElp->nps[3]
theElp->nps (4]
theElp->nps[5}
theElp->nps (6]
theElp->nps (7}
theElp->nps (8]

9

= elmntp->nps(n_h[0]]

f(({(elmntp->nps(n_h([6]] == NULL) I

2

elmntp->nps([n_h(1]]
elmntp->nps(n_h(2]]
elmntp->nps{n_h([3}]
elmntp->nps(n_h(4]]}
elmntp->nps(n_h(7]}
elmntp->nps([n_h(9])
elmntp->nps[n_h(10]}]

== NULL) 1|

’
’
’
;
‘
2

’

206
(elmntp->nps(n_h{5]]

{elmntp-

‘

elmntp->nps [n_h[11]] ;

646 (elmntp->nps(n_h{9]] == NULL) ) {

theElp- vtype

theElp->nnds =
theElp->nps (0]
theElp->nps (1]
theElp->nps{2]
theElp->nps (3]
theElp->nps (4]
theElp->nps (5]
theElp->nps (6]
theElp->nps (7]
theElp->nps[8]
theElp->nps (9]

10

= 2341 ;

elmntp->nps(n_h(0]])
elmntp->nps(n_h({1}]
elmntp->nps{n_h(2])]
elmntp->nps(n_h(3])
elmntp->nps([n_h(4]]
elmntp->nps{n_h([5]}
elmntp->nps{n_h{6]]
elmntp->nps(n_h([7]]
elmntp->nps(n_h(10]
elmntp->npsin_h{1l1l]]

if ((elmntp~>nps{n_h[6]] == NULL) 1l

(elmntp->nps(n_h[15])]

’

}

)

theElp->vtype = 2311

’

’

’

(elmntp->nps{n_h[5]}

theElp->nnds =
theElp->nps[0]
theElp~->nps[1]
theElp->nps (2]
theElp->nps (3]
theElp->nps(4)
theElp->nps[S)
theElp->nps|[6]
theElp->nps (7]

elmntp->nps{n_h{0]]
elmntp->nps(n_h(1}]
elmntp->nps(n_h[2]}]
elmntp->nps(n_h([3])
elmntp->nps(n h{4]]
elmntp->nps(n_h{7]]
elmntp->npsi{n_h[10]]
elmntp->nps(n_h([1l1l]]

’

’

if(((elmntp->nps[n_h[6]) == NULL) b

&4 (elmntp->nps(n_h[9]] == NU' j{
theElp->vtype = 2342 5
10 ;

theElp->nnds =
theElp->nps (0]
theElp->nps (1]
theElp->nps (2]
theElp->nps (3]
theElp->nps (4]
theElp->nps (5}
theElp->nps (6]
theElp->nps (7]
theElp->nps (8]
theElp->nps (9]

elmntp—>nps[n_h[0]]
elmntp->nps{n_h[1l]}]:
elmntp->nps([n_h([2]]
elmntp~>nps(n_h{2]]
elmntp->npsin_h{11]]
elmntp->nps{n_h{15]]
elmntp->nps(n_h{14]]
elmntp->nps(n_h[10]]

.elmntp->r;:s[n_h[7])

elmntp->nps[n_h([4])

{elmntp->nps(n_h{5]]

’

=

’

‘

‘



i~

819
820
821
822
823
824 o
825"
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
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NULL)) {

== NULL)) {

NULL) ) ¢

}

if((elmntp->npsin_h(10]]

== NULL) {1

theElp->vtype = 233 ;

theElp->nnds =
theElp->nps (0]
theElp->nps (1]
theElp->nps[2)
theElp->nps[3]
theElp->nps (4]
theElp->nps (5]
theElp->nps[6)
theElp->nps[7]

if

({elmntp->nps[n_h(6]]

elmntp->nps{n h{0]]
elmntp->nps(n_h(1]]
elmntp->npsin_h(2]]}
elmntp->nps(n_h{3}]
elmntp->nps(n_h(4]]
elmntp—>nps[n[ﬁ[5]]
elmntp->nps(n_h(6]]
elmntp->nps(n_h(7]]

== NULL) I

(elmntp->npsin

theElp->vtype = 230;

theElp->nnds =
theElp->npsi{0]
theElp->nps(1)

'theflp—>nps[2]

theElp=->nps (3]
theElp~->nps (4]
theElp->nps (5]

6

elmntp-~>nps|{n
elmntp->nps(n
elmntp~>nps|n
%lmn&p—>nps[n
elmntp->nps(n
elmntp->nps|{n

}

if((elmntp—>nps[n_h[4]]‘== NULL) .| (elmntp->nps|n h[7}]]

e |

theElp->vtype = 233 ;

theElp~->nnds =
theElp->nps (0]
theElp->nps|[l]
theElp->nps (2]
theElp->nps[3)
theElp->nps (4]
theElp->nps (5]
theElp->nps (6]
theElp->nps|{7)

if

>nps{n_h[15]} == NULL)) {

NULL) )

== NULL))) {

8

= elmntp->nps{n_h[1}]

((elmntp->npsin_h(14])]

elmntp—>nps’n_h[2]P
elmntp=->npsi{n_h[3]]

elmntp->nps(n_h(0)]

elmntp->nps{n_h(10})
elmntp->nps(n_h(14])
elmntp->naps(n_h{15})
elmntp—>nps[n_h[ll))

== NULL) |

theElp->vtype = 230;

} .
if (({elmntp->nps(n_h[10]] == NULL) || (elmntp->nps(n h{ll]} =~~

}

&&

theElp->nnds =
theElp->nps {0}
theElp->nps(1]
EheElp->nps[2]
theElp->nps|{3]
theElp->nps(4]
theElp->nps (5]

theElp->vtype = 211;

6

’

hill]]

’
‘
’

‘

‘

(elmntp->np5(nAh|5]]

_hiol] :
RURSEE
_hi21)
_hi31] ;
_hian
himyy o

=

‘

‘

;

‘
.
‘
’

; N

(elmntp-

= elmntp->nps(n h[1]}

elmntp->nps(n_h(2]] ;
elmntp->nps{n_h(3]) ;
elmntp->nps(n_h[0}] :
elmntp->nps(n_h(10]} ;
elmntp->nps(n_h{11})]

((elmntp->nps[n_h{7]] == NULL) 11

theElp->nnds =
theElp->nps (0]
theElp->nps(l}
theElp->nps (2]
theElp->nps (3]

4

elmntp->nps{n_h(0])
elnntp->npstn h{l]]
elmntp->nps{n_h(2])]
elmntp->nps(n_h(3]}

{elmntp->nps(n hi4]}

’
’
I

; ~



882
883
884
885

fe_nupf.c
}

return{-1)

’
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fegauss.c
$include "fe.h*

int
int

struct gausspts

{

int'n

switch

;

get_gspts'(l_type,q)

i _type :
gll 7

(1_type) {

‘ case

case

case

case

case

case

case

case

case

case

case

1

n = gs_pt(g) ;

break ;

111
n = gs_1D2(qg)
break :

119
n = qu_1D2(qg)

break ;

118 :

n = qu_lDfr(g) ;

‘break ;

128
n = gs_1D2(q)
break ;

129 4

n =~ gs_1D2 (q)
break ;

121
n = gs_1D3(qg)
break ;

131
n = gs_1D3(qg)
break ;

138 :
‘n = gs_1D3(g)
break ;

139 :
n = gs_1D3(g)
break ;

149
n = gs_1D3(qg)
break ;

159 :
n = gs_1D3(q)
break ;

169 :
n = gs_1D5(qg)
break ;

.

’

A

’



64
65
66
67
68
69
70
71
72
13
74
15
16
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

94
95
96
97
98
99

100

+ 101
102 .

103
104
105
106
107
108
109
119
111
112
113
114
115
116
117
118
119
120

121 -

122
123
124
125
126

fegauss.c

case

case

case

case

case

case
¢t

case

case

case

case

case

case

case

ca«c

case

case

179 ¢
n = gs_1D5(q)
break :

175
n = gs_1D5(g)
break ;

210 :
n = gs_2t2(qg)
break ;

220 :
n = gs_2t2(qg)

break ;

211

n = gs_2D2(g) :

break

216 2
n = gs_2D2(g)
break ;

221
n'= gs_2D2(q)
_break ;

226 :
n = gs_2D2(qg)
break ;

222
n = gs_2D2(g)
break ;

227
n = gs_2D2(qg)
b;eak H

219
n-= qu_2D2(qg)
break :
~
228
n = qu_2D3(g)
break 7

229 : .

n = qu_2D3(g}
break :

231
n = gs_2D3(qg)
break ; .

230 :
n = gs_2D2(qg)
break ;

2311
n = gs_2D2(g)

’

’

¢

2

’

’

'

’

~

B

~

’

.

210
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127. B break ;

128

129 case 232 :

130 ’ n = gs_2D2{(qg) ;
131 . break ;

132 .

133 ' case 233 :

134 ' n = gs_2D3(g) :
135 : break ;

136 )

137 case 2341

138 n = gs_2D3(qg) ;
139 break ;

190

141 case 2342

142 n = gs_2D3(qg) '}
143 break : §
144 ¢

145 . case 2351

146 n = gs_2D3(qg)
147 ] break :

148 ’

149 case 2353

150 n = gs_2D3({(q) ;
151 * . break ;

152 . S
153 case 2352

154 n = gs_2D3(q) :
155 break ; - s
156 : N

157 case 2361

158 ' _ n = gs_2D3(g) ;
159 . break ;

160 .

161 - case 2363 :

162 n = gs_2D3(qg) ;
163 . greak H

164 ) .

165 case 2362

166 n = gs_2D3(q) ;
167 : “break ;

168

169 case 2371 =

170 . " n = gs_2D3(q)
171 break ; i
172

173 case 2372

174 n = gs_2D3(q) ;
175 break ;

176 .

177¢ case 238 :

178 ) ) n = gs _2D3(q) :
179 break ; g
180

181 : case 239

182 n = gs_2D3(g) ;
183 break

184 ’ i
185 case 235 :

186 n = gs_2D2{g) ;
187 : : ' break ; Co
188 '

189 case 911 :°



249 ~ g(0].

fegauss.c 212
190 ) n = gs_1D5(q) ;
191 break ;
192 )
193 case 918 :
194 n = gs_qulD5r(g) ;
195 ‘ . break ;
196
197 case 919 : ’
198 n = gs_qulDS(g) ;
199 ) break ;
200
201 case 921 .
202 n = gs_1D5(q) ;
203 break ;
204
205 case 929 : . ) i
206 n = gs_qulD5(g) ; ‘
207 . break ;
208
209 case 922 _
210 n = gs_2D4(g)w;
211 break ;
212
213 default
214 n=0;
215 7 break ;
216 }

“~

217 l) return(n) f
}

\

218
219
220 int gs_pt(qg)

221 struct gausspts . gll
222 -
223 {

224 gl0].
225 glO].
226 g(0].
221 gl(o}.
228 7
229 return (i) N

230 }

231 .

232 . int i gs_1D1l(g)

233 struct gausspts gll :

234 ' ‘
235 K

236 . glo0].
237 ©gfo]).
238 g(o].
239 g(0]).
240

241 return(l) ;

242 }

243

244 int gs_1D2(q) .
245 struct gausspts gll »

246

24% {

248 . g(0].

s

£ N X
]

[N eNe)

oo oo

£ NN X
| |
N O OO
O O oo

-0,577350269189626 ;
0.0

250 gl0]. 0.0 ;
251 g(0]. 1.0
252

£.N < X
L}

.
’



253
254
255

7256

[

257
258
259
26Q
261
262
263
264
265
266
267
268

269 -

270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

299

300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

fegauss.c

int
struct

)

int
struct

}

int
struct

gll].x =
g(ll.y =
gll].z =
gl{l]).w =
return{2)
gausspts
g[0].x =
g(0]).y =
g[0).z

gl{0].w =
g{l].x =
gll)l.y =
gll).z =
gf{l].w =
return(2)
gausspts
gl0).x =
gl0].y =
g(0].z =
g[0}.w =
gll).x =
gll}.y =
gl{l].z

gll).w =

return(2)

4

gausspts

g[0].
glo].
g(0].
gl0].

gll].
gfl].
gi1).
gfl].

£ N X

gl2).x

£ N W X

gl2].y =

gl2).z
gl2).w

return{3)

= O O O

’

O O OO

-0.788675134594813

~0.211324865405187 ;

’

0
0
0
0

’

o oo

oo o

o OO O

.57735026918962¢
.0
.0 ;
.0 ;
qu_1D2(qg)
gl} :
.788675134594813
0 ;
.0 ;
5. ;
.211324865405187
.0 ;
.0
.5
qu_1D2r (q)
gll s

‘

’

n oo

;

’

’

nm oo

’

gs_1D3(g)
gf] 7

.774596669241483

.0 ;

.0

.55555555555;556
‘v

888888888889

.774596669241483
.0 ;

.0 ;
.555555555555556

’

’

’

’

’

e



317
318
319
320
321
322
323
324
325
326
321
328
329
330
331
332
333
334
335
336
337
338
339
340
341
-342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378

fegauss.c

int . gs_1D5 (g}
‘struct gausspts gll
{
gl(0}.x = -0.906179845938664
g{0}.y = 0.0 ;
g{0}.z = 0.0 ;
Q{O].w - 0.236926885056189
gl(1l).%x = -0.538469310105683
glll.y = 0.0 ;
glfl].z = 0.0 ;
gl{l]l.w = 0.478628A70499366;
gl2].x = 0.0 ;
- " gl2l.y = 0.0 ;
gf2l.z = 0.0 ;
gl2)].w = 0.568888888888889
g(3).x = 0.538469310105683
g(3).y = 0.0 ;
g{3]l.z = 0.0 ;
gl3].w = 0.478628670499366
gld4}.x = 0.906179845938664
gla).y = 0.0 ;
.gl4).z = 0.0 ;
gl4].w = 0.236926885056189

return(5) ;

int - gs_qulD5(q)
struct gausspts gfl :
{

g{0].x = 0.046910077030668

g{0]l.y = 0.0 ;
gl(0}.z = 0.0 ;
g{0].w = 0.118463442528945

’

’

‘

12

IR

’

’

’

.

gll].x» = 0.2307653449471585" ;

g{l).y = 0.0 ;
g{l).z =~ 0.0 ;
g[llfw = 0.239314335249683;

g({2).x = 0.5 ;

g(2l.y = 0.0 ;

gl2}.z = 0.0 ; :
g(2).w = 0.284444444444445

gl3].x = 0.7692346550528415
gl[3l.y = 0.0 ;

g{3).z = 0.0 ;

gl3).w = 0.239314335249683

gld4].x = 0.953089922969332
- gl4).y = 0.0 ;

gl4).z = 0.0 ; .

qgl4].w 0.118463442528945

return(5) ;

.

’

’

’



* fegauss.c

379 ) N
3_%0 .
38% int gs_qulD5r (qg)

- 382 struct gausspts gl] ;

3 83 '

' 384 {

. 385 gl0].x = -0.046910077030668 ;
386 g{0).y = 0.0 : N
387 gf(06l.z = 0.0 ; .
388 g(0].w = 0.118463442528945 ;
389 '
390 gll).x = -0.2307653449471585 ;
391 g{ll.y = 0.0 ; °
392 gll).z\= 0.0 ; :
393 gll}.w = O.23931433§249683;
394, . ’

© 395 _/gl2]l.x = -0.5 ;
396 @' g[2].y = 0.0 :
397 gl2).z = 0.0 ;
398 gl2].w = 0.284444444444445 ;.
399
400 gl[3].x = -0.7692346550528415 ;
401 g{3].y = 0.0 ;
402 g(3}l.z2 = 0.0 ;

403 gli3).w = 0.239314335249683 ;
404

© 405 gl4}.x = -0.953089922969332 ;
406 . gl4).y = 0.0 ; :
407 /gld4)l.z = 0.0 ;
408 o gf4].w = 0.,118463442528945 ;
409 ’ :
410 retlrn(5) H
411 }
412
413 int :‘ gs_2tl(qg)
414 struct gausspts gf]
415 f
416 {
417 g{0).x = 0.3333333333333 ;
418 gl0).y = 0.3333333333333 ;
419 g(0)J.z = 0.0 ;.
420 g(0)l.w = 0.5 ;
421

- 422 return(l) ;
423 )
424
425 int gs_2D1l(q)
426, struct gausspts gl]
427 .
428 {
429 g[0)l.x = 0.0 ;
230 gi0).y = 0.0 ;
431 gi0).z = 0.0 ;
432 g(0].w = 4.0 ;
433 ’
434 return(l) ;
435 Yoo
436 :
437 int gs_2t2(q)
438 struct gausspts gl ;

439 {
440 { — '
441 Do g[lO] X = 0.5

Py f

™,



442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

‘471
472
473

" 474

475

476

477

478

479

480

481 -

482
483
484

485 -

486
487
488
. 489
490
491
492
493
494

495 .
496 .

497
498
499

500 -

501
502
503
504

fegauss.c

}

int
struct

\
!

{ !

int
struct

~

66666666666667

= O oW
-

; 4

gs_2D2(q)
gll ;

0.577350269189626
-0.577350269189626
0.0 ;

1.0 ;
0.577350269189626
0.577350269189626
0.0 ;

1.0 ;

-0.577350269189626
'0.577350269189626
0.0 ;

1.0 ;

~0.577350269189626
~0.577350269189626
G.0 %
1.0 ;

’

qu_2D2(q)
gll

0.7886751345
0.2113248655
0.0 ;
0.25 ;

~

~

0.7886751345 ;

gll].y = 0.7886751345 ;

gf{o].y =
g(0).z =
glo).w =
gll]).x =
gll).y =
gll].z =
gll].w =
gl2).x =
gl2).y =
gl2).z
gl2].w =
return(3)
gausspts
g(0).x =
gl0}.y =
gl(0).z =
gl0).w =
g[l]tx =
gll].y =
gf{l}.z =
gll].w =
gl2)].x =
gl2).y =
gl2).z =
g(2).w =
gl{3].x =
g{3].y =
gl3).z =
g(3].w =
return (4)
gausspts
gl0).x =
glofyy =
g(0).z =
) g{0}.w =
gll).x =
glll.z =
g[l]ﬂw =
gl2].x =
gl2].y =
gf).z =

gl2).w

0.0 ;
0.25 ;

0.2113248655

"0.7886751345 ;
0.0 ;. .
0.25 ;

~

.166666666666667 ;

v
66666666666667 ;

218



505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525

526"

527
528
529
530
531
532
533
534
535
- 536
537
538

. 539

540
541
542
543
544
545
546

547 .

548
549
550
551
©552
553
554
555
556
557
558
559
560
561
562

563 -

564
565
566
567

fegauss.c

int
struct

int.
struct

S

g{3).x = 0.2113248655 ;

gl3}.y = 0.2113248655 ;

gl3).z = 0.0 ; Vo
w = 0.25 ;

9{3].
return(4) ; \

v

!
gs_2D3b2(g)

gausspts gl)] ¢
. e

g(0).x = 0.774596669241483 ;
.g[0).y = -0.577350269189626 ;
gl(0).z = 0.0 ;

gl[0).w = 0.555555555555556 ;
gll].x = 0.774596669241483:;
gll).y = 0.577350269189626 ;
g(l}.z = 0.0 ;

gll}.w = 0.555555555555556 ;
g[é].x = 0.0 ;

gl2).y = -0.577350269189626 ;
g{2).z = 0.0 ;

g{2].w =  0.888888888888889™;

’ ~

gl3}.x = 0.0 ;

g{3}.y = 0.577350269189626 ;
gf(3).z = 0.0 ;"

g[%&.w = (0,888888888888889 ; -
}4@1.x = -0.774596669241483 ;
g{d].y = -0.577350269189626 ;
gf{d4).z = 0.0 ;

gld).w = 0.555555555555556 ;
g[S)].x = -0.774596669241483 Amngs>
gl5).y = 0.577350269189626 ;
gl5]l.2 = 0.0 ;

g[5).w = 0.555555555555556 ;

return(6) ;

' R . '*

' gs_2D3(g)

gausspts” -1 0

gl0l.x = 0.774596669241483 ;
gl0}.y = =0.774596669241483 ;

g[0}.z = 0.0 ;
gl0).w = 0.3086419 ;

gf{l).x = 0.774596669241483 ;

gll).y = 0.0 ;
gll).z = 0.0 ;
gl(l).w = 0.4938271 ;

gl{2}.x = 0.,774596669241483 ;
gf{2]l.y = 0.774596669241483 ;

gl2)l.z = 0.0 ;-
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A gl2).w = 0.3086419 ;
e )
H7( g{3)].x = 0.0 ; ) .’
N gl3l.y = 0.774596669241483 ; :
572 gl3].z = 0.0 ; R
573 g(3).w = 0.4938271 ; ‘
574 '
575 gl4).x = 0.0 ;
576 gl4).y = 0.0 ; - o
577 gld4}.z = 0.0 ;
578 gl4).w = .0.7901233 ;
579
580 gl5].x = 0.0 ; ' -
581 g(5].y = -0.774596669241483 ; )
‘582 g{5)l.z = 0.0 ; . .
589 g(5].w = 0.4938271 ;
584 .
585 ; gl6].x = -0.774596669241483 ; : , ,
586 gl6).y = -0.774596669241483 ; 4
587 glé).z = 0.0 ;
588 gl6).w = 0.3086419 ;
589 ' '
590 , gl71.x = -0.774596669241483 ;
591 g(?)l.y = 0.0 : :
592 ' gl7).z = 0.0 ;
- 593 g{7].w = 0.4938271 ;. )
~594, o , . '
595 g(8].x = -0.774596669241483 ;
596 gl8l.y = 0.774596669241483 ; . ‘ N
597 : gig8l.z = 0.0 ; , ' '
598 - gl8].w = 0.3086419 ; o
'599 ‘ R
600 return{9) ; C
601 yo ‘ _
602 int v qu_2D3(g) : . )
603 struct gausspts gl) - ’
" o j .. 2D
. 605 .| , .
606 g{0].x = 0.112701665379259 ;
607 "g(0).y = 0.112701665379259 ; °  «
608 - gl0}.z = 0.0 ; )
609 gl0).w = 0.077160475 ; '
610 :
611 gll).x = 0.112701665379259 ; .
612 : glll.y = 0.5 , e
613 gll)l.z = 0.0 ;. . B x
614 : ‘g[1).w = 0.12345678 ; o
615 I ' . ~
616 g{2).x = 0.112701665379259 ;
617 © gl(2).y = 0.887298334621741 ;
618 gl2).z2 = 0.0 ;. S
619 gi2].w = 0.077160475 %
620 :
621 g(3}.x = 0.5 ;- ) -
622 gl3).y = 0.112701665379259 ;* - Do,
623 * gl3l.z = 0.0 ;- , :
- 624 g(3].w = 0.12345678 ; St '
625 . S
626 gldl.x = 0.5 ; . , s
627 gla).y = 0.5 ; L )
628 gldl.z = 0.0 ; A
629 . gl4).w = 0.197530825 ;

630




631
632
633
634
635
636
637
638
639
640
641

642
643
644
645

646
647

" 648
649
650
651
652
653
654
655
456
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
670
€80
681
682
683
684
685
686
687
688
689
690
691
692
693

fegauss.c

}

int
struct

‘g18).

g{5]}.
gl(s].
gls].
gitl.

£ N X

o].
g(6}.
gl6].
glé].

£ N X

g(7}.
gl7].
gl[7].
gl7].

£ N X

g(8).
g(8].

£ N X

gf8).

return{9)

gausspts ,

g(0).x =
glo}.y =

gl0}).z
gf[0].w

L]

gl{l}.x =

gll).y
gll).z

lg[l].w

gl2].x
gl(2].y
gl2].z
gl2].w

gl(3].x
gl[3].y
g(3).z

~gl3).w

gld4].x
gld]).y
gld)z
gl4].w

N

n

g{5].x =

gfl5).y
gl5).z
g[S5].w

glé].
glé6].
gle).
gl(6].

£ N X

g{7].

x

[l

n

L]

.5
.887298334621741
.0 ;

.12345678 ;

o O OO

.887 3334621741
.112701665379259
0
,077160475 ;

[« el oo

.BB87298334621741
.5

.0 :
.12345678 ;

ol el elNe)

.BB7298334621741
.B87298334621741
0 g :
.07716C475 ;

ococoo

gs_2D4({qg)
gll

.861136311594053
.861136311594053
.0

.1210029932 ;

1
o O o o

0.861136311594053
—b.33998§p4358485
0.0 ; L
0.2268518518 ;

.861136311594053
.339981043584856
.0 ;

.2268518518 ;

[elNelRe o)

.861136311594053
.861136311594053
.0 ,
.1210029932 ;

oooo

0.339881043584856
0.861136311594053
0.0 ;
0.2268518518 ;

~0.33998104358485
0.861136311594053
,0.0 ;
0.2268518518 ;

-0.861136311594053
0.861136311594053
0.0 :
0.1210029932 ;

-0.861136311594053

’

f
b

’

6 ;

~

6 ;

. £

s
.
’

’



694
695
696
697
698
699
700

701

702
703
704
705
706
707

" 708

709
710
711
712
713
714
715
716
117
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737

738

139
740

fegauss.cC

gl7).y = 0.339¢81043584856 ;
gl(?7).z = 0.0 ;

G{7).w = 0.2263518518 ;
g(8].x = -0.861" % 311594053 ;
gl8].y = -0.335 .043584856 ;
gf8l.z = 0.0 ;

g(8)].w = 0.2268518518 ;
gl9).x = -0.861136317594053 ;
gl(9].y = -0.861136311594053 ;
g(9).z = 0.0 ;

‘ gl9].w = 0.1210029932 ;
g[10).x = -0.339981043584856
g(10]).y = -0.861136311594053
gl10].z = 0.0 ;’

g{10].w = 0.2268518518 ;
gJ11].x = 0.339981043584856 ;
'g111).y = -0.861136311594053
‘g{ll).z = 0.0 ;

gl11].w = 0.2268518518 ;
g{12].x = 0,339981043584856 ;
gil2}.y = ~0.339981043584856
g(l2).z = 0.0 ;

gl12).w = 0.4252932019 ;
q(13].x = 0.339981043584856 ;
g(13].y = 0.339981043584856 ;
gi13).z = 0.0 ; .

g{13].w = 0.4252933019 ;
g(14}.x =~ -0.339981043584856
g(l4].y = 0.339981043584856 ;
gll4).z = 0.0 ;

g{l4].w = 0.4252933019 ;
g{15}.x = ~0.339981043584856
g{15).y = -0.339981043584856
g{15}.z =' 0.0 ;

g(15).w = 0.4252933019 ;

return{leé)

’

’

’

.

’

220
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
q1
42
43
44
45
46
47
48

49

50
51
52
53
54
55
56
57
58
59
60
61
62
63

o

festuff =

IR I

extern

int
int
struct
struct

struct control N ;

gausspts
shapefuncs

int err

get_shape (el type,x,psf)
el _type ;

'psf';

switch (el type) {

case

case

case

case

case

case

case

‘case

case

case

case

- case

210
err =
break

211
err =
break

216
err =
break

220
err =

. break

221 :

err =’

break

226
err =
break

222
err =
break

227
err =
break

228
err =
break

229
err =
! break

224 :
err =
break

219
err =
break

*x

shap_2tl(x,psf) ;

’

shap_2sl(x,psf) ;

;

shap_2sl(x,psf) :

’

shap_2t2(x,psf) ;

’

shap_2s2(x,psf) ;

’

shap_2s2 (x,psf) ;

’

shap 212 (x,psf) ;

’

shap_212(x,psf) ;

’

'shqué_212 (x,psf) ;

’

shqu9 212 (x,psf) :

; .
shqu8_212(x,psf) ;
A

shqu_211(x,psf) ;

’

.

o8]
r



64
65
66
€67
68
69
70
71

72"

73
74
75
76
71
78
79

80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107

108 -

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
"125
126

festuff.c

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

231
err =
break

111
err =
break

121 :
err =
break

128
err =
break

129
err =
break

139
err =
break

138 :
err *

break

131
err =
break

err =
break

230
err =
break

2311
err =
break

232
err =
break

233
err =
break

2341
err =
break

2342 :
err =
"break

2351
err =
break

shap_2s3(x,psf) ;

;

shap_1sl{x,psf) ;

’

shap_1s2(x,psf)

’

shcu3r_1s2 (x,psf) ;

’

shcu3_1s2(x,pst) ;

’
.

shapcu_1s3(x,psf) ;

‘

shapcur_1s3(x,psf) ;

’

shap_193(x,psf) ;

.

shap_pt (x,psf) ;

’

shcu2_2x1(x,psf

'

shcu3 2x2(x,psf)

’

shcud_2x2(x,psf)

shcu3_3»1(x,psf)

’

’

shcud_3x2 (x,psf)

2

shd4_3x2b(x,psf) ;

’

shcub5_3x2 (x,psf)

v

’

’

’

222



127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

159

160
161
162

163

164
165

166

167
168
169
170
171
172
173
174
175
176
177
178
149
180
181
182
183
184
185
186
187
188
189

festuff.c : .

int
int

int
int

nsf (el_type) \

case 2353
err = shS5_3x2b(x,psf) ;
break ; :

case 2352
‘ err = shcu5_3x3(x,psf) ;
break ;
»
case 2361 :
err = shcué_3x2(x,psf) ;
break ; '

case 2363
err = shé_3x2b(x,psf) ;
break ;

case 2362
”  err = shcué_3x3 (x,psf) ;
break ; .

case 2371
err = shcu?_3x3(x,psf) ;
break ;

case 2372 .
err = sh7_ 3x3b(x,psf) ;
break ;

case 238 .
err = shcuB_3x3(x,psf) ;
break ; ‘)

case 239 :
~ err = shcu9 3x3(x,psf) :
break ;

case 235 : X
err =7hermite(x,psf) ; -
break ; o
}

return (err) ;

N

el type ;

struct gausspts X ;
struct shapefuncs psf ;
int err ;

100.0 ;

100.0 ;

100.0 ; . ,

err = get~shape(el_type,&x,&psf) ; =
return(err) ;

X X X
NOX
]

]

nbounds (el _type)
el type ;

8]
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217
218
219
220
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232
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243
244
245

246

247
248
249
250
251
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.

int

err =
switch

0

err

‘

(el _type) |

case

case

case

case

case

case-

case

case

case

case

case

case

case

. tase

210
err =
break

211
err =
break

216
err =
break

220
err =
break

221
err =
break

222
err =
break

226 :
err =
break

227
err =
break

224
err =
break

228
err =
break

229
err =
break

239
err =
break

230

err =
break

2311
err =
break

~

.

224
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280
281
282
283
284
285
286
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289
290
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294
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298

299
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case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

232
err =
break

233
err =
break

2341
err =
break

2342
err =
break

2351
err =
break

2353
err =
break

2352 .:
err =

break

2361

err = -

break

2363
err =
break

2362
err =
break

2371
err =
break

2372
err =
break

238 :
err =
break

231
err =
break

111
err =
break

118
err =
break

’

-
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316

117 ‘ case 119

318 err = 2 ;

319 break ;

320

321 case 128 : <
322 err = 2 ; \
323 . break ;

324 ' ‘

325 case 129

. 326 . err = 2 ;

327 break ;

328 R i

329 case 139

330 err = 2 ;

331 break ;

332

333 . case 138

334 err = 2 ;

335 break ;

336

337 case 121 : ! ot B
338 ’ err = 2 ;

339 / break ;

340 _ J .

341 ' case 131

342 err = 2 ; o
343 break ; ’ :
344 n

345, case 1 : .

346 ‘ . err =1 ;

347 . : break ;

348

349 case 235 :

350 . err = 4 ;

351 break ;

352 }

353 return(err) ;

354 } :

355-

356
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1 #include "fe.h" R
2
3 .
4 exter.. stryct control  ;
5 int shap_2tl(x,p)
6 struct gausspts X
7 struct shapefuncs *p ;
8
3 {
10 double r,s,mr,ms,pr,ps,t ;
11
12 r = X->x ; t
13 S = X->y ; ,
14 t=1.0-1r-35; K
15 1£( (r<-0.0001) |1 (r>1.0001) || (s<=0.00001) 11 (s>1.00001) || (t<-
16 0.00001) ){9eturn(3) : ;
17
18 ) p->dof = 3 ;
19 ' .
20 p->f[0] = r ;
21 p—>f[l] = s ; “
22 p->f(2] =t ;
23 ,
24 if(x->w < 0.,0) -
25 return(0) ;
26 -
27 p->dfdr (0} = 1.0 ;
28 p->dfdr (1) = 0.0 ;
29 p->dfdr(2) = -1.0 ;
30 .
31 p->dfds {0} = 0.0 ;
32 p->dfds(l] = 1.0 ;
33 p->dfds[2) = -1,0 ;
34
35; return(0) ; \
36 } _ |
37
38
39 int shap_2sl(x,p)
40 struct gausspts ’ *x ;
.41 struct shapefuncs *p ;
42 . ) .
43 { ' ' : - : K Ve
44 double r,s,mr,ms,pr,ps,t ; f//
45 . .
46 I = X->X ;
47 s =.x->y ;
48 1f£( (r<-1.00001) (] (r>1.00001) || (8<-1.00001) |1{ (s>1.00001) )
49 retdrn(4) H
50
51 . t = 0.25 ;
52 T mr = t,* (1.0 - ) ;
53 ms = 1.0 - s ;
54 pr =t * (1.0 + 1) ;
55 ps = 1.0 + s ;
ge .
7 p->dof = 4 ; ,
58 . o\ v
59 ) p->f(0]),= pr . * ms ; N
60 p~>f{ = pr * ps ; :
61 s p->f[2) = mr * ps ;
62 p—>f[{3] = mr *.ms ;

63

8]
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66
67
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0
71
72
73

T4

75
76
77
78
79
80
81
82
83
84
85
86
87
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89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

" 106

107
108
109
110
111
112
113
114
115
116
117
118

119 °

120
121
122
123
124
125
126

festuffl.c
1f(x->w <
ret
ms *= t ;
ps *= t ;

p~>dfdr (0]
p->dfdr (1]
p->dfdr (2]
p->dfdr (3]

p->dfds[0)
" p->dfds (1)
p->dfds (2]
p->dfds (3]

return (0)
)

int shcu3_1s2/(
struct gausspts
struct shapefuncs

double r,

r = X~>x ;

if( (r<=1.0) Il (r»1.0) ) return(3) ;
t = 0.125 ;
tt = 0.25 ;
mr = 1,0 - ¢ ;
pr-=:1.0 + r ;
rp3 = 3.0 + r ;
p->dof = 3 ;
p->f (0] = tt * rp3 * mr ;
p->f[l}] = t * rp3 * pr ;
p->f (2] = -t * pr * mr ;
if(x~>w < 0.,0)

return (0) ;
p->dfdr (0] = -0.5 * pr :
p->dfdr (1] = tt *(2.0+r) ;
p->dfdr (2} = tt * ¢ ;

/* p->d2fdr (0] = -0.5 ;
p->d2fdr (1] = tt L
p->d2fdr (2] = tt ;

*/
return(0) ;

)

int shapcu_1s3(x, p}

struct gausspts *X 2

struct shapefuncs *p ;

double r,rm,rp, rp3,rp5,t ;

r.= X->x ;
if( (r<-1.

0.0)
urn (0)
= ms ;
= ps
= -ps ;
= -ms ;
= —pr H
= pr H
= mr ;
= -mr ;

X, p)

*x

ip l-

mr, pr, rp3, t,

0) 11 (r>1.0)

)

tt

return(4)

228
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127 .t =1.,0/48.0 ;

128 rm = 1.0 - r ;

129 rp = 1.0 + r =72

130 rpd =1 + 3.0 ; -

131 rpS = r + 5.0 ;

132 ’

133 ' p->dof = 4 ; ,

134 N
135 p->f[0] = 3.0*t * rm * rp3 * rpS5 ;

136 p->f(1) = t * rp * rp3 * rp5 ; !
137 p->£{2] = =3.0*t * rp * rm * rpS ;
138 p->f(3} =t * rp * rm * rpl ;
139 ' ’
140 1f(x~->w < 0.0)
141 return(0) ;
142 . .
143 p->dfdr{0] = -3.0 * ¢t * ( 7.0 + (14.0 + 3,0*r)=*r) ;
144 - p->dfdr(l] =t * { 23.0 + r * (18.0 + 3.0*r)) ;
145 p->dfdr(2] = -3.0 * ¢t * ( 1.0 - r*(10.0 +3.0*r)):;
146 p->dfdr{3} = t * ( 1.0 =3.0*r*(2.0 + r)}) ;
147 ‘ .
148 X return(0) ; o7
149 } ’
150 int shcu3dr_1s2(x,p)
151 stpdct gausspts *X
152 ruct shapefuncs *p
153 7 .
154 { ot
155 double r,mr,pr,t ; e
156 A ~
157 r = X=>X ; ‘
158 ’ © if( (r<-1.0) || (r>1.0) ) return(3) ;
wi
159 - .
160 "t = 0.125 ; : »
161 mr = 1,0 - r ;.
162 pr = 1.0 + r ;>
163 & :
164 13 p->dof = 3 ;
165 N
166 p->f[0) = t *(3.0- r) * mr ;
167 p=>f[1}) = 2*t* (3.0~ r) * pr ;
168 . p—>f[2) = -t * pr * mr ;
169
170 1f(x->w < 0.0)
171 return(0) ;
172
173 p->dfdr[0] = <2.0%*t * (2.0-r) ;
174 p->dfdr{l} = 4.0 * t*mr ;
175 p—>dfdr{2} = 2.0*t * r ;
176 : .
77 return(0) ;
178  }int shapcur_1s3(x,p)
179 struct gausspts *Xx 5
180 struct shapefuncs *p ; '
181
182 { . ) .
183 double r,rm, rp, rp3,rp5,t . -
184 . ‘
185 r = X->X ; :
186 if( (r<-1.0) 1| (r>1.0) ) return(4) ;
187
188 - t =1.0/48.0 ;

189, -rm = 1,0 - r

ro
to
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223
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}

int

struct
struct

A

»

.
~

rp ~ 1.0 + r ;
rp3 = 3.0 - r ;
rp5 = 5.0 - r;

p->dof -.4 ;

p->£(0] = t * rm
p~>f[L} = 3.0 *
p->£(2) = -3.0*t
p->f(3] = t * rp

1f(x->w < 0.0)

return (0)
‘p->dfdr{0)] = t *
" p->dfdr[i} = 3.0

prdfdr (2] = 3.0
pr>dfdr(3] =t *

return{(0) ;

shap_2t2(x,p)
gausspts
shapefuncs *p

1

~ % R o~

rp3 * rps

’

* rp * rp3 * Ips ;
rp * rm * rp5 ;

rm * rp3

’

-23.0 + (6.0 - r)*r*3.0) ;
t* (7.0 - ¢ *
t * (1.0 + r*(10.0 ~3.0*r))
~1.0 -3.0*r*(2.0 - ))

*X 7

double r,s,mr,ms,pr,ps,t ;
.’./.

r = X->X ;
8 = X=->Y ;
t=1.0-r - s
1f( (r<-0.00001)

0.00001) ) return(e)

p->dof = 6 ;

p->dfds(5) = -4.

return(0) ;

‘

(r>1.00001)

p->f(0] = r * (2.0*r - 1.0)
p->f(l] = 4.0 * r * s ;
p->£{2) = s * (2,0*s - 1.0)
p~>f[(3] = 4.0 * s * t ;
p~>fl4] = t * (2.0*t - 1.0)
p->£{5] = 4.0 * r * t ;
1f(x->w < 0.0)
return(0) ;
p->dfdr{0) = 4.0 *r - 1.0
p->dfdr(1] = 4.0 * s ;
p->dfdr{2] =~ 0.0 ;
p—>dfdri{3)] = -4.0 * s ;
p->dfdr(4] = -4.0 # t + 1.0
p->dfdr(5) = 4.0 * (t - r)
p->dfds {0} = 0.0 ;
p->dfds[1) = 4.0 * r ;
p->dfds{2] = 4.0 * s - 1.0
p->dfds(3) = 4.0 * (t - s)
p->dfds(4]) = -4.0 * t + 1,0
0 *r ;

N v e

/‘\

(s<=0.00001)

(14.0 - 3.0*r)) =

230
ol
/,_‘/—\
;://*\\¢/~’
y/
L
[ (s>1.00001) |} (t<~
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253 } i '

254 5
255

256 int shap_2s2(x,p)

257 struct .gausspts *x ;

258 struct shapefuncs *p: '

double r,s,mr,ms,pr,ps,t,tr,ts,tprps, tmrps, tprms, tmrms ;
double trms,trps,tsmr, tspr,tps,tms,tpr, tmr

’

return(0) ;

ts = 2.0 *
tr = 2.0 *
trms = tr
trps = tr
tsmr = ts
tspr = ts
tps =t *
tms = ¢t *
1. tpr o= to*
tmr =t %

p->dfdr (0]
p->dfdr (2]
-p->dfdri{4)
p->dfdr (6]
p->dfdr (1)
p->dfdr (3]
p~->dfdr (5}
p->dfdr (7]

p->dfds (0]

s
r

’

tms * (trms) ;
tps * (trps) ;
tps * (trms) ;
tmdd* (trps) ;
0.5 * ms * ps ;
-r * ps ;
-(p->dfdr(l])
~-r * ms ;

tpr * (tsmr) ;

r = X->Xx ;! s
s = X->y ; : ) 7/
1£( (r<-1.00001) || (r>1.00001) || ts<-1.00001) || (s>l.00001)/)
return{(8) ;
J L.
t = 0.25 ;
mr =.1.0 - r ;
ms = 1.0 - s ;
pr = 3.0 Fr H
ps = 1.0 + s ;
tprms = t * pr * ms ;
tprps = t * pr * ps ;
tmrps ='t * mr * ps ;
tmrms = t-* mr * ms ;
p->déf = 8 ;
- o
->f(0) = tprms * (r - pPs)
S£[2) = tprps * (r - ms)
p->f{4] = tmrps * (s - pr) ;
p->f[{6] = tmrms * (-s - pr)h ;
tprms *= 2,0 ;
tmrps *= 2.0 ;
p->f(1} = tprms * ps ;
p->f (3] = tmrps * pr ;
p->f (5] = tmrps * ms ;
p->£(7] = tprms * mr ;
if(x->w < 0.0)

L
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355
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357
358
359
360
361
362
363
364
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368

369

370
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376
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)
int

struct
struct

p->dtds (2]
p->dfds[4]
p->dfds[6)
p->dfds (1]
p->dfds (3]
p->dfds (5]}
p->dfds{7]
i

return(O}_
]

" shap_212(x

gausspts
shapefuncs
double r,s

r = X-L)X;
s = X=>Y ;

p->dof = 9

p->f [0} =
p->f(2] =
p->f(4) =

Cp->fl6] =

p~>f[1l] =
p~->f{3] =
p->t{5] =
p->f(7] =
p->f[8] =

1f(x->W <
et

p->dfdr (0]
p->dfdr(2)
p->dfdr[4)

_p->dfdr[6)
p->dfdr [1]

p->dfdr (3}
p->dfdr[5]
p->dfdr (7]
p->dfdr (8)

p->dfds (0]
p->dfds (2]
p->dfds (4]
p~>dfds (6]
p->dfds (1}

= tpr *.(tspr)

= tmr * (tsmr) ;

= tmr * (tspr)

= -5 * pr ;

= 0.5 * pr * mr ;
= -5 * mr ;

= - (p->dfds(3]) ;

’

,P)

*x o
*p ;

,mr,m- ., 7,ps,t,tr,ts,pmr,pms ;

“1f( (r<-1,00001) (| (r>1.00001) |! (s<-1.00001) || (s>1
return(9) ; ' . :

t = 0.25 ; |

tr = 2,0 * r ;

ts = 2.0 * s ;

mr = 1.0 - r ;

ms = 1.0 -~ s ;

pr = 1.0 + r ;

ps = 1.0 + s ;

pmr = pPr * mr ;

pms = ps * ms ; s

-t * pr * ms *hr * 5 3
t *pr *ps *r * s ;
-t *r *mr * s * ps
t*r *mr*s*ms;
0.5 * r * pr * pms ;
0.5 * pmr * s * ps ;
-0.5 * r * ar * pms ;
-0.5 * pmr * s * ms ; i -
pmr * pms ;

«

0.0) .
urn(0) ;

= -t * s * ms * (tr + 1.0) ;
=t * s *ps * (1.0 + tr) ;
= -t * s * ps * (1,0 - tr) ;

=t * *ms * (1.0 - tr) :

= 0.5 * pms§ * (1.0 + tr) ;

= -+ * 5 » ps ; .

= =0.5 * (1.0 -'tr) * pms ; -
= r *s%®ns ot

= =-2.0 *r * pms ;

a

= -t *r * pr * (1.0 - ts) ;

=t * r * pr *x (1.0 + t~ H
= -t * mr * (1_0 + H
= ¢ * ¢ *mr * (1.0 - ts) ;
= —-g * r oro;

.00001)

)

232
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379 p->dfds ({3} = 0.5 * pmr * (1.0 + ts) ;
380 ) p->dfds (5} = s * r * mr ;
381 p->dfds (7] = -0.5 * pmr * (1.0 - ts) ;
382 p~>dfds[8) = -2.0 * s * pmr: ;
383
384 return(0) ;
385 }
386 int shap_2s3(x,p)
387 struct gausspts , *x ; “
388 struct shapefuncs *p s
389 :
390 { .
391 double r,s,mr,ms,pr,ps,m3r,p3r,m3s,p3s,r2,mf2,s2,ms2,frs,L,nL H
392 - double temp, mr2p3r,mr2m3r,ms2p3s,ms2m3s ;
393 .
394 I = X->X ;
395 s = X->y ; ,
396 if( (r<-1.00001) || (r>1.00001) || (s<-1.00001) I} (s>1.00001) )
397 return{12) ;
398 :
399 . t =£0.03125 ; ’
400 nt = 0.,28125 ; :
401 p3r 1.0 + 3.0 * r ;
402 ) m3r = 1.0 - 3.0 * r ;
403 p3s = 1.0 + 3.0 * s ;
404 ' m3s = 1,0 - 3.0 * s ;
405 mr = 1.0 -1 ;
406 ms = 1,0 - s ;
407 pr = 1.0 + r ;
408 -ps = 1.0 + s ;
409 r2 =r *r ;
410 s2 = s * 5 ; )
411 mr2 = nt * (1.0 - r2) ;
412 4 Ms2 = nt * (1.0 - s2) ;
413 frs =t * (=10 + 9 * (r2 + s2)) ;
414 ms2m3s = ms2 * m3s ;
415 ms2p3s = ms2 * p3s ;
416 mr2m3r = mr2 * m3r ; -
417 mr2p3r = mr2 * p3r ;
218 o —~ "
419 p->dof = 12 ; :
420 o
421 p->f(0]) = pr * msﬁ: frs ;
422 p->£{3) = pr * ps * frs ;
423 ! p->£{6] = mr * ps * frs ;
424 C} p->f[9] = mr * ms * frs ; . - ; ’
425 ) p—>f{1l]) = pr * ms2m3s ; } . 3
426 ’ p->f({2]) = pr * ms2p3s ; :
427 p->f(4) ="ps * mr2p3r :
428 p->f[5] = ps * mr2m3r ;
429 p->f[7] = mr * ms2p3s ; .
430 . p->f[8] = mr * ms2m3s ; ;k’ -
431 - p->f[{10) = ms * mr2m3r ; . . ..
432 o p->f[{11] ='ms .* mt2p3r ; ‘ )
- 433
434. if(x->w < 0.0)
435 . return(0) ;
436 » \
437 ' nt *= 2,0 ;
438 r *= nt ;
439 s *= nt ; .
440 m3s *= -s ; Co
241 p3s *= -s ;- . oo g

3 O
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B

‘p->dfds[l] = pr * (m3s - ms2)
p->dfds(2] = pr * (p3s + ms2)
b->dfds(4]) = mr2p3r ;
p->dfds (5] = mr2m3r ;
p->dfds |7} = mr * (p3s + ms2)
p->dfds (8] = mr * (m3s - ms2)
p->dfds[10]) = -mr2m3r-;
p->dfds{11]) = -mr2p3r ;
™ return(0) ;
! g
int  shap_lsl(x,p)
struct gausspts *xX 7
struct shapefuncs *p ;
AR I
. Qayﬁle r,mr,pr,t ;
r = x%x ; L N
1£( (r<-1.0) || (r>1.0) ) retirn(2) ;
t = 0.5 ; o
mr = 1,0 - r ;
pr = 1.0 + r ; )
p->dof = 2 ; i
P->£(0) = € * mri;
cp—>f(l) = t *.pr ;
T if(x->w < 0,01
return (0) ;
p—>dfdpjb£4f\—0.5 ;
Y -

m3r *= -r ;
p3r '*= -r ;
ms2 *= 3,0 ;
mr2 *= 3,0 ;

temp = frs + pr * r

’

p~>dfdr (0] = ms * temp ;
p->dfdri{3] = ps * temp ;

temp = mr * r - frs ;
p->dfdr (6] = ps * temp ;
p->dfdr (9} ‘= ms * temp ;
p->dfdr (1] = ms2m3s ;
p->dfdr (2] = ms2p3s ;
p->dfdr[4] = ps * (p3r + mr2)
p->dfdr(5] = ps * (m3r - mr2)
p->dfdr{7] = -ms2p3s ;
p->dfdr (8] = -ms2m3s ;
p->dfdr(10] = ms * (m3r - mr2)
p->dfdr (11} = ms * (p3r + mr2)
temp = . frs + ps * s ;
p->dfds (3} = pr-* temp ;
p->dfds (6] = mr * temp ;

temp = ms * s - frs ;

- 'p->dfds[0) = pr * temp ;

p->dfds (9] = mr * temp ;

p->gfds (1
poa

R

= 0.5,

-

’

;
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505 e

506 return(0) ; ' .
507 b e i ¥ L
508 int " shap_1s2(x,p) :

509 . struct gausspts *x 7

510  struct shapefuncs *p ; ) i
511 ' X
512

. 513 double r,mr,pr,t ;

514 : s

515 r o= x=px g e '
516 o {f( (r<-1.0) 1! (r>1.0) ) return(3)™; )

517 - i

518 - Tto= 025 ‘

519 mr =1.0 - r ;

520 ' pr = 1.0 + r :

521 -

522 p->dof = 3 ; N

523 . i

524 B p->f{0] = -t * r * mr ; -

525 ‘ p—>fﬁl} = pr * mr ; .

526 p->f(2}) =t * pr * r ;

527 . '

528 if(x->w < 0.0) Sy -

529 ) 4 return(0) ; v ‘

530 . ’ T S F

531 . - p->dfdr (0] = -t * (1.0 - 2.0*r) ;

532 . p->dfdr (1) = ~-2.0 * r ;

533 p—>dfdr(2) = t * (1,0 + 2.0*r) ;

534 \ ) :

535 return{(0) ;

536 ) : R .
537 int sHap_1s3(x, p)

538 ‘struct gausspts ) o

539 struct shapefuncs [ .*p ;

540

541 _ ‘
542 . double r,rm,rp,r3m r3p,t. ; i 3
543 ' ' v
544 ' r = X->X ; . -

545 : 1f( (r<-1.0) || (r>1.0) ) return(4) ;

546 . . ) o .

547 t = 9.0/144.0 ;

548 rm =1r - 1.0 ;

549 rp = 1.0 + r ; o~

550 . rdm = 3.0 *.r - 1.0 ; i

551 "r3p = 3.0 *r + 1.0 ;

552 .

553 p->dof = 4 ; o

554 - o

555 p->f(0} = -t * rm * r3p * r3m ;

556 - p~>ffl)] = 9.0 * t * rp * rm * r3m ;

557 p->f(2] = -9.0 * ¢ * rp * rm * r3p ;

558 p—>f[3] =t * rp * r3p * r3m ;" -

559 _— ‘ s

560 1f(x->w < 0.0)

561 return(0) ; ’ -

562

563 p->dfdr (0] = -t * ( r3p * r3m + 3.0*rm*r3m + 3.0*rm*r3p) ;
564 p~>dfdr(1} = 9.0 * t * ( 3.0*rp * rm + rm*r3m + rm*rip)
565 p->dfdr(2} = -9.0 * t * (73.0*rp * rm + rm*r3p + rp*ri3p) ;

566 ' p->dfdr{3] =t * ( r3p * r3m + 3.0*rm*r3m + 3.0*rm*r3p) ;
567 ’ . '

Low
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568 return{0) ;

569’ )

570 int shap_pt (x,p)

571 struct gausspts *xX ;

572 struct shapefuncs *p ;

573

574 {

575 double r;

576 ’ "

5717 r = X->X ;

578 1f( (r<~1.0) || (r>1.0) ) return(l) :

579

580 p->dof =1 ;

581 p->f{0) = 1 ;

582 . p->dfdr (0} = 0.0 ;

583 '

584 return(0) ;

585 }

586 int hermite (x,p)

587 struct gausspts *x s

588 struct shapefuncs *p

589

590 {

591 />

592 double r,s,mr,ms,pr,ps,t,tr,ts ;

593

594 r.,= X~>X ;-

595 s = X->y ; .

596 1f( (r<-1.00001) 1. (r>1.00001) {1 (s<-1.00001) 11 (s>1.00001) )
597 o return (4} ; :
598 B !

599 t = 1.0/16.0 ;

600 tr = 2.0 * r ;

601 TUsN\- 2.0 * s ;'

602 . mr kr - 1.0 ; '
603 ms 38 - 1.0 ;

604 pr#&= 1.0 + r ; o ’
605 ps =1.0 + s ;

606

607 p->dof = 12 ; »

608 , !

609 p~>f[0) =t * pr * pr * (r - 2.0) *ms * ms * (-s - 2.0) ;
610 p->f[(3] = t *-pr * pr * (r -~ 2.0) * ps * ps * (s - 2.0) ;
611 p->fl€] =t *mr * mr * (-r - 2.0) * ps * ps * (s - 2.0) ;
612 ’7 ’p—>f[9} =L *mr *mr * (-r —-2.0) *ms *ms * (-5 - 2.0) ;
. 613 p->f[l}] = -t * pr * pr * (r - 1.0) *ms *ms * (-s - 2.0) ;
614 p->f(4) = -t * pr * pr * (r - 1.0) * ps * ps * (s - 2.0) ;
615 p->fl7) =t *mr * mr * (-r - 1.0) * ps * ps * (s - 2.0) ;
616 p->f[10] = ¢t * mr * mr * (-r - 1.0) * ms * ms * (-s ~ 2.0) ;
617 p->fl2) =t * pr * pr * (r - 2.0) *ms *ms * (~-s - 1.0) ;
618 p->f[S5) = -t * pr * pr * (r - 2,.0) * ps * ps * (s - 1.0} ;
619 p->f{8)] = -t *mr * mr * (-r - 2,0) * ps * ps * (s - 1.0) ; -
620 p->f[1l] =t *mr * mr * (-r ~ 2.0) *ms * ms * (-s - 1,0) ;
621

622 if(x->w < 0.0)

1623 return(0) ;

624

625 p->dfdr (0] = t * pr * (3*r - 3.0) *ms * ms * {(-s - 2.0)
626 p->dfdr[3] =t * pr * (3*r - 3.0) * ps * ps * (s - 2.0) ;
627 p~>dfdr{6] = t * mr * (~3*r - 3.0) * ps * ps * (s - 2.0) ;
628 " p->dfdr(9) = t * mr * (-3*r - 3.0) *ms *ms * (-s - 2.,0) ;
629 p->dfdr (1) = -t * pr * (3*r - 1.0) * ms * ms * (-s - 2.0) ;
630 - p->dfdr(4) = ~t * pr * (3*r - 1,0) * ps * ps * (s - 2.0) ;
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631 pP->dfdr{7) = t * mr * (-3*r - 1.0) * ps * ps * (s - 2.0) ;
632 p~>dfdr(10) =t *mr * (~3*r - 1.0) * ms * ms * (-5 - 2.0) :
633 p->dfdr (2] =t * pr * (3*r - 3.0) * ms *ms * (-5 - 1.0} ;

634 p->dfdr (5] = -t * pr * (3*r - 3.0) * ps * ps * (s - 1,0) ;
635 p->dfdr (8] = -t * mr * (-3*r - 3.0) * ps = ps * (s - 1.0) ;
636 p->dfdrfll] =t * mr * (-3*r - 3.0) * ms * ms * (-s - 1.0) ;
637 ’

638 ’ p->dfds [0} =t * pr * pr * (r - 2.0) * ms * (~3*s - 3.0) H
639 p->dfds (3} = t * pr * pr * (r - 2.0) = ps * (3*s - 3.0)
640 - p=>dfds(6] = t * mry* mr * (-r - 2,0) * pPs * (3*s - 3,0) ;
641 p->dfds{9] = t * mr * mr * (-r - 2.0) * ms * {(-3*s - 3.0) ;
642 p->dfds(l) = -t * pr * pr * (r - 1,0) * ms * (-3*s - 3.0) ;
643 i, P~>dfds (4] = -t * pr *.pr * (r - 1;0) * ps * (3*s - 3.0) ;
644 W &?p->dfdsl7] =t *mr *mr * {(-r - 1.0) * ps * (3*s - 3.0) ;
645 Yo o, P=>dfds[104 = t * mr * mr * (-r - 1.0) * ms * (-3*s - 3.0) ;
646 T pesdfds(2)¥= t * pr * Pr * (r - 2.0) * ms * (=3%s - 1.0) ;
647 p->dfds{5) = -t * pr * pr * (r - 2,0) * ps * (3*s - 1,0) ;
648 p->dfds(8) = -t * mr * mr * (~r - 2.0) * ps * (3%*s - 1.0) ;
649 p—>dfds[1é§}= t *mr * mr * (-r - 2,0) * ms * (-3*s - 1.0) ;
650 "

65 ' */

652

653 return(0) ;

654 -} .
655

656

657

658 , int shqu_211(x,p)

659 struct gausspts *x g

660 struct shapefuncs *p o,

661

662 { .

663 double r,s,mr,ms ;

664

665 ’ T = X=>X ;

666 s = X->y ;

667 if( (r<-1.00001) (| (r>1.00001) || (s<-1.00001) || (s>1.00001) )
668 return{4) ;

669 ) :

670 A mr = 1.0 - r ;

671 ms = 1.0 - s ;

672

673

674

675

676 '

677

678

679

680 3 ;

681 B3N return(0) ;

682 s

683 N p->dfdr (0] = ms ; : ot

684 p->dfdr{l) = s ;

685 p->dfdr (2} = -s ;

686 p->dfdr (3] = -ms ;

687 ’

688 ) p->dfds (0] = =-r ;

‘689 p->dfdst{l] = r ;

690 p->dfds[2] = mON

691 ' p->dfds (3} = -mr ; b

692 '

\§93 return(0) ; ) .
4 . ! \ 3
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695
636
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714

715

716
717
718
719
720
721
722
723
724
725
726
721
728
729
730
731
732
733
734
735

736 .

737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

152

753
754
755
756
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)

int

{

shqu9_212 (x,p)
struct gausspts
struct shapefuncs

*p ;

double r,s,mr,ms,pr,ps,t,tr,ts,pmr,pms

r = X->%X ;
8 = X->y ;

1£( (r<-1.00001) t| (r>1.09001) {1, (s<-1,00001)

return{9) ;

t = 0.25;
tr = 2.0 *
ts = 2.0 *
mr = 1.0 -
ms = 1.0 -
pr = 1.0 +
ps = 1.0 +
pmr = pr *
pms = ps *
p->dof = 9°;

w R L LR

N

S

p->f{8] = -t * pr *ms * r * s ;
p->f[l] =t *pr * ps *r * s ;
p—>f{4] = -t * r *mr * s * ps ;
p->f[6] =t *r *mr * s *ms ;
p->f{0) = 0.5 * r * pr * pms ;

p->f{2) = 0.5 * pmr * 3 * ps ;

p—>£[(5] = -0.5 * r * mr * pms ;

p->f[(7] = -0.5 * pmr * s * ms ; ,

p->f{3] = pmr * pms ;

1f(x->w < 0.0)
return(0) ;

p->dfdr (8]
p->dfdr (1]
p->dfdr(4)
p->dfdr 6]
p->dfdrid]
p->dfdr (2]
p->dfdr[5)
p->dfdr [7)
p->dfdr (3)

p->dfds (8]
p->dfds (1]
p->dfds (4]
p->dfds 6]
p->dfds (0]
p->dfds[2]
p->dfds (5]
p->dfds (7]

- p->dfds[3)

return{0) ;

_t *
t * s * ps *

-t * s * ps *

t * sc* mg *

s * ms *

(tr + 1.0)
(1.0 + tr) ;
(1.0 - tr)
(1.0 - tr) ;

0.5 * pms * (1.0 + tr) ;
-r * s * ps ;

-0.5 * (1.0 - tr) * pms ;
r *s *ms ;

-2.0 *r * pms ;

-t *r *pr * (1.0 -~ ts)

t *r *'pr *

_tirtmrt

(1.0 + ts) ;

(1.0 + ts)

t*r *mr * (1.0 - ts) ;

-—s*).j*pr; )
(1.0 + ts) ;

0.5 * pmr *

s *r *mr ;
~0.5 * pmr *

(1.0 - ts)

-2.0 * s * pmr ;

’

’

i1 (s>1.00001) )

-

238
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758
759
760
761
762
763
764
765
766
767
768
769
770
771
772

713 -

774
375
, 176
177
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802

803

804
805
806
807
808
809
810
B11
812
813
814
815
816
817
gis
819
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0

int shqu8_212(x,p)

struct gausspts *X

struct shdpefuncs *p

double r,s,mr,ms,pr,ps,t,tr,ts,pmr,pms ;
r = X->X ;

5 = X->y e 3
. 1f( (rj;}<00001) 1l (r>1.00001) || (s<-1.00001) (! (s>1.00001) )

o
x h

return (8)

/

t = 0.25 ;

tr = 2.0 *r ; .

ts =2.0 * s ;

mr = 1.0 - r ;

ms = 1.0 - s ;

pr = 140 + r ;

ps = 1+ s ;

pmr = pr * mr ;

pms = ps * ms ; '

—

p->dof = 8 ;

[
9

. p->f[7) = -0.5 * ms *r * s ;
p->f{l] =t * pr * ps * r * 5 ; - e
p~>f{4] = -0.5 * r * mr * s ; »
p->f[0] = 0.5 * r * pr * pms ;
p->f[2) = 0.5 * pmr * s * ps ;
p->f(5) = -0.5 * r * mr * ms ; }
p—>f[(6] = -0.5 * mr * s * ms ; . i jk .
p—>f{3] = pmr * pms ;
1f{x->w < 0.0) ’

return{0) ;

p->dfdr{7] = -0.5 * ms * s ; “%gr
p->dfdr{l]) =t * s * ps * (1,0 + tr) ;

p->dfdr(4} = -0.5 * s * (1.0 - tr) :
p->dfdr{0)] = 0.5 * pms * (1.0 + tr) ;
p->dfdr{2] = -r * s * ps ;
p->dfdr (5] = ~0.5 * (1.0 - tr) * ms ;
p->dfdr{6] = 0.5 * s * ms ;
p->dfdr{3] = -2.0 * r * pms ;
p->dfds{7] = 0.5 * r * (1.0 - ts)

. p->dfds{1] =t *r * pr * (1,0 + ts) ;
p->dfds{4) = -0.5 * r * mr ;

p->dfds{0} = -s * r * pr ;
p->dfds[2) ‘= 0.5 * pmr * (1.0 + ts) ;
p->dfds{S5] = 0.5 * r * mr ;
p->dfds 6] = -0.5 * mr * (1.0 - ts)
p->dfds (3] = -2.0 * s * pmr ';

return(0) ;
} -

int - shqué_212(x,p)
struct gausspts ’ *x 7
struct shapefuncs *p o,



820
821
822
823
824
825
826

27
B28
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
8§47
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867

festuffl.c )
double r,s,mr,ms,pr,ps,t,tr,ts,pmr,pms }

r o= X->x ;
s = x=>y ;

$€( (r<-1.00001) |1 (r»1.00001) |l (s5<-1.00001)

o

return(6) ;

t = 0.25 ;

1f(x=>w <

V.5 * pr, *r * s ; %
. -0.5 *» Hoabmr x5
- 0.5 * r * pr * ms.;

%

'Zuf_;?

pmr * s

-0.5 *r * mr * ms ;

pmr * ms ;

return(0) ;

p->dfdr (1]
p->dfdr (4]
p->dfdr [0]
p->dfdr(2)
p->dfdr{5]
p->dfdr (3]

p->dfds (1]
p->dfds {4])
p~>dfds[0]
p->dfds (2]}
p->dfds[5)
p->dfds 3]

return {0}

0.0) ‘g“; )

‘

= -2,

0.5 * s * (1.0 + tr) ;
-0.5 * s * (1.0 - tr) ;
0.5 * ms * (1.0 + tr) ; @
0O *r * s ;-
~0.5 * (1.0 - tr) * ms ;
-2.0 *r * ms ;

»
.

0.5 * pr * r ;
~0.5 *r * mr ;
-0.5 *r * pr.;
pmr ;
0.5 *r * mr ;
-pmr ;

3

(s>1.00001)

240
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/* the shape functions for the cubic upwinding func: ions 239
#incluce "fe.h" ) ’
extern struct control N ;
S
int shcu2'2x1 (x, p)
struct gausspts *X;
struct shapefuncs *p;
{
dounle r, s, t, rm, sm, rp, sp, rp3;
r = X->x ; ¢
5 = X->y ;
if ( (r<-3.00001) [l (r>1.00001) |} (s<-1.00001) (| (s>1.00001) )
return{(6) ; : ’
» ey
t = 0.125 ;
'  TMm=1.0 -1
&y rp=1.0+ 1 ;
sp = 1.0 + s ; 4
sm = 1,0 -~ s,
rp3 = 3:0 + r ; )
p->dof = 6 ;
p—>f[3] = t * rp3 * sm * rm ; )
p->f{0) =t / 2.0 * rp3 * rp * sm
p->f[l] =t / 2.0 * rp * sp * rp3
p->f[(2)] =t * rm * sp * rp3 ;
p->f[4) =t / -2.0 * rp * sp * rm ,
p—>f(5) =t / -2.0 * rp * sm * rm '
) &
if (x->w < 0.0)
return(0) ;
p->dfdr(3) = -2.0 * t * sm * rp ;
p->dfdr (0] = t * sm ¥ (r + 2.0 )
, p->dfdr(l] = t * sp ™ (r + 2.0 ) ’
p->dfdr{2] = -2.0 * ¢t * sp * rp ;
p->dfdr (4} = t * sp * r ;
p->dfdr (5] = t * sm * r ;°
st
p->dfds (3] = -t * rp3 * rm ;
p->dfds[0] = -t / 2.0 * rp3 * rp ;
p->dfds (1} =t / 2.0 * rp3 * rp ;
p->dfds (2] = t * rp3 * rm ;
p->dfds{4] = -t / 2.0 * rp * m ;
p->dfds(5) =t / 2.0 * rp * rm ;
return (0);
}
int shcu3_2x2(x,p)
struct gausspts *x; ’
struct shapefuncs *p; K\
{
double r, s, t, rm, s., rp, sp, rp3, sp3;

'

241
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65
66
67
68
69
70
71
72

L
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“ r = X->Xx ;

3 = X->y ;

it ( (r<-3.00001).If}(r>1.00001)‘I‘ (s<-3.00001) | (s5>1.00001) )

reéurw(B) ;

}

int
struct
struct

t = D.0625 ;
e -

rp =
sp =

oo oo
+ o+

p->dof = 8 ;

p->f{3) = sm * rm * sp3

t * rp3 * ;
p->f(0] =t / 2.0 * rp3 * rp * ¥m * sp3 ;
p->f(1] = t"/ 4.0 * rp * sp * rp3 * sp3 ;
p->f(2) = v / 2.0 * rm * sp * rp3 * sp3 ;
p->f(4] = -t * rp * sp * rm ;
pk?fIS] = -t * rp * sm * rm ; A
p->L{[6] = -t * sm * rm * sp ;
p->f[7) = -t * rﬁl* sm * sp ;

1f (x->w < 0.0) o

return{0) ;

p->dfdr (3] = -2.0 * £t * sm * rp * sp3;
p->dfdr (0] = *sm * (r + 2.0 ) * sp3; t
p->dfdr(l] = ¢ / 2.0 * sp * (r + 2.0 ) * sp3;
p->dfdr (2] = -t * sp * rp * sp3; _ 2
p->dfdr (4] = 2., * t * sp *r ;

p->dfdr {5} = 2. * t * sm * r ;

p->dfdr[6] = ¢ * sm * sp;
p->dfdr (7] = -t * sm * sp;

.

oED
p->dfds[3] = -2.0 * £t * sp * rp3 * rm ;
p->dfds (0] = -t * sp * rp3 * rp ;
p->dfds({l) =t / 2.0 * (s + 2.0 ) * rp3 * rp ; »
p->dfds[2] =t (s + 2.0) * rp3™* rm ;

p->dfds(4] = -t * rp * rm ;
"8=>dfds[5] =t * rp * rm ;
‘@->dfds[6] =t * 2.0 * s * rm ;

0

p->dfds (7] =t * 2.0 * s * rp ;

return (0);

shcu4_2x21x,p)

gausspts *X;

shapefuncs *p;

double r, s, t, rm, sm, rp, sp, rp3, spé;

r = x->X ;
S = X->y ; N

if ( (r<-3.00001). 1] (%)l.OOOOl) Il (s<-3.00001) || (s>1.00001)

return(9) ;-

N
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172
173
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2175

176

177

178

*179 -

180

182
183
184
185
186
187
188
189

s

18,

A

r

festuff2.c
t = 0.0

25 ;

0 = ;

0 + :

0 + s ;

0 - s ;

.0+ r ;

.0 + s ;

= 9 ;

= t * rp3 »

=t / 2.0 *

=t / 4.0 *

=t / 2.0 *

=t / -4.0 *

=t / =-2.0 *

=t / -2,0 *
t / -4.0 *

=t /

if (x->w < 0.0)

p->dfdr
p->dfdr
p->dfdr
p->dfdr
p->dfdr
p->dfdr
4 p->dfdr
p->dfdr
p->dfdr

p->dfds
p->dfds
p->dfds
p->dfds
p->dfds
_p->dfds
p->dfds
p->dfds
p->dfds

=

1. return

}

int shﬁp3“3

struct gausspt

structyshapgfu
ey

' i

r = x->

s = X->

if ( (r
return(8). ;

T, .

Lo=1.0

£m = 1.

rp = 1.

return(0) ;

sm * rm * sp3
rp3 * rp * gm
Ip * sp * rp3
Im * sp * Yp3
Ip * sp * rm
Xp-.* sm * rm

* sp3 ;
* sp3 ;
* Sp3
*’sp3 ;
* 3p3 ;

rp3 * sm** rm * sp ;
Ip * sm * rp3 * sp ;

4.0 * rp * sm * rm * sp ;

[3] = -2.0 * ¢t * sm * rp * sp3;

[0] = £t * sm * ( 3+ 2.0 ) * sp3;

(1] =t / 2.0 * sp* (r +2.0) * sp3;
(2] = -t * sp * rp * sp3;

(4) = t / 2.0 * gp * r = sp3;

(5] = t * sm * r * sp3;

(7] = £t * sm * rp * sp;

(8) = -t / 2.0 * sm* (r+ 2.0) * sp;
(6] = -t / 2.0 * sm * r * sp;

[3] = ~2.0 * t * sp * rp3 * rm.;

[0) = -t * sp * rp3 * rp ;

(11 =t /2.0* ¢*s + 2.0) * rp3 * rp ;
(2] =t * (s +2.0) * rp3 *» rm ; ¢
(4] = -t / 2.0 * (s +2.0) * rp-* rm ;
(5] =t * sp * rp * rm ;

(7] =t * s * rp3 * rm ;

18] =t /2.0*5s * rp = rp3 ;

[6) = -t / 2.0* s *rp *rm;

(0) ;

x1 (x, p) ’

s *x; =

ncé P! 4

x ; o
Y : s

e

‘

double r, s, t, rm, sm¢:kp, sp, rp3, rp5, r2p8"

<=540¢001) 11 (r>1.00001) || (s<-1.00001) ]

/ 32. ;

0O ~r ;
0+ r

(s>1.00001) )

)

W
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struct’
stryct’ shapefuncs *p;

sp = 1.0 + s ;
sm = 1.0 - s ;
rp3 = 3
rp5 = 5

.0+ ;
0+

;

p->dof = 8 ;

p->f{3] =t * rp3 * sm * rm * rpS f i
p->f{0] =t / 3.0 * rp3 * rp * sm * rpS ;
p->f[1l] = t / 3.0 * rp * sp * rp3 * rp5 ;
p~>ff{2] =t * rm * sp * rp3 * rp5 ;

p->f[(4] = -t * rp * sp
p->f[5] =t / 3.0 * rp
p->f[6] =t / 3.0 * rp
p->f[7) = -t * rp * sm

rm * rp5 ;
sp * rm * rp3 ;
sm * rm * rp3 ;
rm * rpS5 ;

* % % ¥

Af (x->w < 0.0) &
return{0)

r2p8 = 2.0 *r + 8,0 ;

p->dfdr (3] = t * sm * ( (-rp5 * rp3) + rm * r2p8°) ;
p->dfdr[0] =t / 3.0 * sm * ( ( rp5 * rp3) + rp * r2p8 )
p->dfdr(l} =t / 3.0 * sp * ( ( rp5S * rp3) + rp * r2pf )
p->dfdr (2} =t * sp * ( (-rp5 * rp3) + :m * r2pB ) ;
p->dfdr (4] = -t * sp * ( -2.0 * r * rp5 + rp * rm ) ;
p->dfdr(5] =t / 3.0-* sp * ( ~2.0 * r * rp3 + rp * rm)
p->dfdr(6}] =t / 3.0 * sm * ( -2.0 * r * rp3 + rp * rm )
*

p->dfdr (7] = -t * sm ( =2.0 * r * rpS + rp * rm ) ;
p->dfds[3] = -t * rp3 * rm * rp5 ;

p->dfds{0] = -t /73.0 * rp3 * Ip * rpd ;

p->dfds(l] =t 7 3.0 * rp * rp3 * rp5 ;

p—>dfds[2]‘= t *rm * rp3 * rpb5 ; "
p->dfds[4] = -t * rp * rm * rp5 ;

p~>dfds[5] =t / 3.0 * rp * rm * rp3°;
p->dfds (6] = -t / 3.0 * rp * rm * rp3 ;
p->dfds (7] =t * rp * rm * rp5 ;

return (0);

gausbgts XX

double r, s, t, rm, sm, rp, sp, rp3, rp5, r2p8, sp3 ;

r = x->x ;
(s = X=DY. 0} - .
if « (r<-=5.00001) J1I (r>1.00001) || (s<-3.09001) || {(s>1

return(10) ; ..

t = 1.0 / 643

Lt

:00001) )
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r2p8
+ rp *
+ rp *
rm *
*rm
+ rp
+ rp
* rm

) o

p->dof = 10 .; .

p=>f(3] =t * rp3 * sm * rm * rpS * sp3 ;

p=>f(0) =t / 3.0 * rp3 * rp * sm * rp5 * sp3 ;

p->f(l) =t / 6.0 * rp * sp * rp3d * rp5 * sp3 ;

p->f[2) =t / 2.0 * rm * sp * rp3 * rp5 * sp3 ;

p->f[4] = -2.0 * £t * rp * sp * rm * rp5 ;

p—>f[5)] = 2.0 * t / 3.0 * rp * sp *'rm * rp3 ;

p->f[6] = 2.0 * t / 3.0 * rp * sm * rm * rp3 ;

p->f(7] = -2,0 * t * rp * sm * rm *' rp5 ;

p—>f(8] = -4.0 * t * sp * rm * sm ;

p—>f[9] = -4.0 * t * sp * rp * sm ;

1f (x->w < 0.0) '
return(0) ;

r2p8 = 2.0 * r + 8.0 ;

x p->dfdr{3] = t * sm * sp3 * ( (~rp5 * rp3 ) + rm *
p->dfdr {0} = t / 3.0 * sm * sp3 * ( ( rp5 * rp3 )
p->dfdr{l]) =t / 6.0 * sp * sp3 * ( ( rp5 * rp3"
p->dfdr{2] =t / 2.0 * sp * sp3 * ( {(-rp5 * rp3) +
p->dfdr{4] = -2.0 * t % sp * ( -2.0 * r * rp5 + rp
p->dfdr{5] =.2.0 * £t / 3.0 * sp * (- -2.0 * r * rp3
p->dfdr{6] = 2.0 * ¢t / 3.0 * sm * ( ~2.0 * r * rp3
p->dfdr (7] = -2.0 * ¢ * sm * ( -2,0.* r * rp5 + rp
p->dfdr{8] =-4,0 * t * sm * sp ;
p—>dfdr(9) = -4.0 * £t * sm * sp';
p->dfds (3] = -t * 2,0 * rp3 * sp * rm * rpS ;
p->dfds[0] = -t * 2,0 / 3.0 * rp3 * rp * sp * rp5 ;
p->dfds{l} = t / 3.0 * rp * rp3 * rp5. * (s + 2.0
p->dfds{2] = ¢t * rm * rp3 * rpS * (s + 2.0 ) ;
p->dfds (4] = -2.0 * t * rp * rm * rbs ; :
‘p->dfds (5] = 2.0 * t / 3.0 * rp * rm * rp3 ;:
p->dfds([6] = -2.0 *'t / 3.0 * rp * rm * rp3 ;
p=>dfds[7] = 2.0 * ¢t * rp * rm * rp5 ;
p~>dfds (8] = 8.0 * t * s * rm ;
p->dfds(9] = 8.0 * t * s * rp ;

&
08
: return (0);
}
int shd_3x2b(x,p) ;
struct gausspt's *x;
struct shapefuncs *p;

double- r, s, t, rm, sm, rp, sp, rp3, rp5, r2p8, sp3 :

r = x->y ;

S = X->X ;

if ( (r<-5.00001)

return (10} ;

Im =
rp =
sp
sm =

rp3 =

sp3

;

r2p8
r2p8

)
)

r2p8 )’

)

*

-

)

rm )
rm )

H

i

)

It (r>1.00001¥" .11 (s<-3.00001) || (s>1.00001) )
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352 -

353
354
355
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377
378

return{ll)

t = 1.0/ 64. ;.

m = 1.0 - ;

rp = 1.0 + r ; L)
sp=1.0+ s ;
— sm=1,0 -5 ;-
rp3 = 3.0 + r ;
5.0 + r;

festuff2.c o
p->dof = 10 ; ‘
p->f[3) =t * rp¥ * sm * rm * rp5 * sp3 ;
p->fl2) =t / 3.0 * rp3 * rp * sm * rp5 * sp3 ;
p->f{l1] =t / 6.0 * rp * sp * rp3 * rp5 * sp3 -
p->f[0] = t-/ 2.0 * rm * sp * rp3 * rp5 * sp3 ;
p->f[4) = =2.0 * t"* rp ‘% _.gp * rm * rp5 ;
T p->f[5] = 2.0 * t / 3.0 ﬁhrp * sp *.rm * rp3 :
_p->f(6) = 2.0 *t / 3.0 *Ip* sm*rm * rp3;
Vp-sf(M =~ -2.0* t * rp’™ sm * rm * rp5 ;
p->f(8) = =4.0 ™t * sp * rm * sm ;
p->f{9) = -4.0 * t * sp * rp * sm ;
L1f (x->w < 0.0)
return {0+ ; F
r2p8.= 2.0 * 1 ¥ 8.0 ;
ﬁ->dfds[3] = t * sm * sp3 * (.(1Fp5 * rp3 } + rm * r2p8 ) ;
p->dfds{2] =t / 3.0 * sm * sp3 * ( ( rp5 * rp3 ) + rp * r2p8 )
p->dfds (1] =t / 6.0 * sp * sp3 * ( ( rp5 * rp3 ) + rp * r2p8 )
p->dfds[0] =t / 2.0 * sp * sp3 .* ( {(-rp5 * rp3) + rm * r2p8 )
- p->dfds[4) = -2.0 * t * sp * ( -2.0 * r * rp5 4+ rp * rm ) ;
p->dfds[5] = 2.0 * £ / 3,0 * sp * ( -2.0 * r * rp3 + rp * rm )
p->1fds[6) = 2.0 * € / 3.0 * sm * ( -2.0 * r * rp3 + rp * rm)
p->dfds{7] = -2.0 * t * sm * ( -2.0 * % * rp5> + rp * rm ) ;
p->dfds (8} = 4.0 * t * sm * sp ;
.p->dfds(9) = -4.0 * t * sm * sp ;
p->dfdr{3} = -t * 2.0 * rp3 * sp * rm * tp5 ; )
p->dfdr{2) = -t * 2,0 / 3.0 * rp3 * rpg* sp * I 5 ;
p->dfdr(l] = t / 3.0 * rp * rp3 * rp5 * (s + 2.0 ) ;
p->dfdr(0} = t * rm * rp3 * rp5 * (s + 2.0 ) ;
p->dfdr(4] = -2.0 * t * rp * rm * rp5 ;
p->dfdr(5j'= 2.0.* ¢t / 3.0 * rp * rm * rp3 ;
p-pdfdr(6] =_-2.0 * t / 3.0 * rp * rm * rp3 ; ‘
p->dfdr[7} = 2.0 * £ * rp * rm * rp5 ;
p->dfdr(8) = Q.O * £t * g * rm ;
p->dfdr(9) = 8.0 * t * s * rp ;
. return (0); -
) ’ ¢
int ° shcu5_3x2(x,p)
struct gausspts *Xi
struct. shapefuncs v *pj
!( <
. double r,” s, t, rm, sm, rp, sp, Ip3, rp5, r2p8, sp3 ;
4
r = X=>X ;
. s = X=>y
1f ( (re<-5. 00001) |l (r>1.00001). 1l (s5<-3.00001) || (s>1.00001

v

‘

.

v

7

)

~

246



379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

. 399

400
401
402
403
404

405-

406
407
408

400

410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

426 -

427
428
429

430
431
432
433
434
435
436
437
438
439
440
441

%
festuff2.c

sp3 = 3.0 + s ; 1/)/
p->dof = 11 ; -
p*>f(3) =t * rp3 * s: * r~ * rp5 * sp3 ;. '
p->f(0] =t / 3.0 * rp. * cp * sm * rp5 * sp3 g . !
p->f(l} =t / 6.0 * rp * sp"* rp3 *.rp5 * sp3 ;
p->f[(2) =t / 2.0 * rm * sp * rp3 * rp5 * sp3 ;
p->f{4) = -t / 2.0 *'rp * sp * rm * rpS5S * sp3 ; “
p->£[5] = 2.0 *t / 3.0 * rp * sp * rm * rp3 ; , f
p->f[{6] = 2.0 *t / 3.0 *rp * sm * rm * rp3 ; ' ﬁf"
p->f[7) = -t * rp * sm * rm * rp5 * sp3 ; s
p->f[8] =t * rp * sp * rm * sm ; i
p->f[9] = -2.0 * t * rp3 * sp * rm * sm ; R
p->f(10] = -t * rp3 * sp * rp * sm ; 4"UMW
if (x->w < 0.0)
return(0) ; Wb
£2p8 = 2.0 * 't + 8.0 ; o
p->dfdr (3] =t * sm * sp3 * ( (-rp5 * rp3 ) + rm * r2p8 ) ;
p->dfdr{0} =t / 3.0 * sm * sp3 * ( ( rp5 * rp3 ) + rp * r2p8 )
p~>dfdr(l] =t / 6.0 * sp * sp3 * ( ( rp5S * rp3 ) + rp * r2p8 )
p->dfdr[2] =t / 2.0 * sp * sp3 * ( (-rp5 * rp3) ¢ rmé‘ r2p8 )
- p->dfdr(4] = -t / 2.0 * sp * sp3 * ( -2.,0 * r o« rpS + Ip * rm )
p->dfdr(5] = 2.0 * t / 3,0 * sp * ( -2.0 *:T * rp3 + rp * rm ) ;
p->dfdr(6] = 2.0 * £ / 3.0 * sm * { -2.0 *,r * rp3 + rp * rm )
p->dfdr (7] = -t * sm * sp3 * ( -2.0 *p . rp5 + rp * rm )
p->dfdr (8] = t * sp * sm * ( =2.0 * r ) ;.
p—>dfdr[%& = -t * 2,0 * sm * sp * (-2.0 * rp )
p->dfdr[10) = ~t * sp * sm * ( 2.0 * r + 4,0 ) ;
p->dfds 3]} = -t * 2.0 * rp3 * sp * rk * rpb ;‘
p->dfds{0) = -t * 2.0 / 3.0 * rp3 * rp * sp * rp5 ;
p->dfds[1l) =t / 3.0 * rp * rp3 * rp5 * (s + 2,0 ) ;
p->dfds[2) = t * rm * rp3 * rp5 * ( s + 2.0 )_&é
p->dfds (4] = -t * rp * rm * rp5 * (s + 2.0
p->dfds (53] = 2.0 * t / 3.0 * rp * rm * rp3 ;
p->dfds([(6] = -2.:0 * t / 3.0 * rp * rm * rp3 ;
p->dfds (7] =2.0*t *rp*rm™*rp5 * sp ;
p->dfds[8] = -2.0 * £t * rp * s * rm ; '
p->dfds (9] = 4.0 * £t * rp3 * 5 * rm ;
p->dfds{10] = 2.0 * t.* rp3 * s * rp ;
return (0):
s .
int sh5 3x2b(x,p)
struct gausspts FX:
struct shapefuncs *p;
{ .
double r, s, t, rm, sm, rp, sp, rp3, rp5, r2p8, sp3 ;
‘r = X=>y.; oo
s = x> L L ) o
if ( (r<-5.09001) |t {(r>1.00001) 1| {5<-3,00001)" || (5>1.00001)
return(l1l) ;- - T
t =1.0/ 64. ; ’
rm=1.0-r ’
rp = 1.0 +.r ;

‘

o




festuff2.c
sp = 1.0 + s 3

sm = 1.0 - s ;

rp3 « 3.0 + r ;

rp5 = 5.0 + r ; s

sp3 = 3.0 + s ;

p->dof = 11 ; ' : .
p->f[3] =¥ * rp3 * sm * rm * rpS sp3 ;

p->f[Z) =t / 3.0 * rp3 * rp * sm rp5 * sp3 ;

p->f[l) =t / 6.0 * rp * sp * rp3 rp5 * sp3 ;

p->f[0] =t / 2.0 * rm * sp * rp3 rp% % sp3 ;

p->fl4) = -t / 2.0 * rp * sp * rm rp5:*% sp3 ;
p->f(5] = 2.0 *t / 3.0 * rp * sp rm * rp3 ;
p->f{6] = 2.0 *t / 3.0 * rp * sm m * rp3 ;
p~>f(7) = -t * rp * sm * rm * rpS * sp3 ; °
p->f(8]* t *rp * sp* rm * sm ;

p->f{9] = ~-2,0 * t * rp3 * sp * rm * sm ;
p->£[(10] = -t * rp3 * sp * rp * sm ;

* * o+ o % ¥

if (x->w < 0.0)
return(0) ;

r2p8 = 2.0 *r + 8.0 ;

. p->dfds|[3) =

t(* sm * sp3 * { (~rp5 * rp3 ) * rm * r2p8.) ;
p->dfds[2) =t / 3.0 * sm * sp3 * ( ( rp5 * rp3 ) + rp * r2p8 ) ;
’ p->dfds (1) =t / 6.0 * sp * 533 * ( (rp5 * rp3 ) + rp * r2p8 ) ;
p->dfds[0] = t / 2.0 * sp * sp3 * ( (-rpS * rp3) + rm * r2p8 ) ;
= p->dfds(4] = =t / 2.0 * sp * sp3 * ( -2.0 * r * rp5 + rp * rm ) ;

2.0 ¢t/ 3.0

p->dfds-5]) * sp * ( -2.0 * r * rp3 + rp * rm ) %
p->dfds[6] = 2.0 * t / 3.0 * sm * (°--2.0 * r * rp3 + rp * rm ) ;
p->dfds (7} = -t * sm.* sp3 * ( -2.0 * r * rp5 + rp * rm ) ;
p->dfds[8) t * sp * sm* (-2.0* r ) ;

p->dfds{9) = -t * 2.0 * sm * sp * ( -2.0 * rp )

p->dfds{10) = -t * sp * sm * (, 2.0 *r + 4.0 ) ;

L]

p->dfdr (3] = st * 2.0 * rp3 * sp * rm * rp5 ;
p->cfdr 2] = -t * 2.0./ 3.0 * rp3 * rp * sp * rpd5 ;
p->dfdr{l}]. =t / 3.0 * rp * rp3 * rp5 * ( s
p->dfdr(0) = t * rm * rp3 * rp5 * ( s + 2.0
p->dfdr{4) = -t * rp * rm * rp5> * (s + 2.0
p->dfdr[(5) = 2.0 * t / 3.0 * rp * rm'* rp3 ;
p->dfdr[(6] = -2,0 * ¢t / 3.0 * rp * rm * rp3 ; e
p->dfdr (7] = 2.0 * £ * rp * rm * rp5 * sp ;

p->dfdr (8] = -2.0 * t * rp * s * rm ; .

p->dfdr (9] = 4.0 * ¢t * rp3 * s * rm ;

p->dfdr (10} = 2.0 * t * rp3 * s * rp ;

— 4

return (0);
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/* the shape functions for the cubic upwinding functions 239
$#include "fe.h™

PR

extern struct tontrol N ;

int shcu6_3x2 (x,p)
struct gausspts *x;

struct shapefuncs *p;

doubl . 5,0t .3 . ’ 3, 5, r2p8, 3
ouble ; s rm gm?aip sp, rp rp rep sp
Y

r = X->x N
s = X->Yy ; ’@

if ( (r<-=5.00001) {| (r>1.00001) || (s<-3.00001) || (s>1.00001)
return(l12) ; ’

t * rp3 * sm * rm * rpS5 * sp3 ;

t /3.0 * rp3 * rp -* sm * rp5 * sp3 ;
p->f[(l] =t / 6.8, * rp * sp * rp3 * rp5 * spl ;

t / 2.0* rm * sp * rp3 * rp5 * sp3 ;
p-2fl4) = -t / 2.0 * rp * sp * rm * rp5 * sp3 ;

p->f(5) =t / 6.0 * rp * sp * rm * rp3 * sp3;
p->f[6] =t / 3.0 * rp * sm * rm * rp3 * sp3; .
p->f[{7]) = -t * 5? * sm * rm * rpS5 * sp3; ) s .
p->f[8)] = -t / 6.0 * rp3 * sp * rp * rm * sm ; . - A
P->f(9] =t /2.0 * rp * sp * rm * rp3 * sm ;i o
p->f[10} = -t / 2.0 * rp3 * sp * rmi* rp5 * sm ;
p->£(11] = -t / 6.0 * rp3 * sp * ¥p R rp5s * sm..

. L Kl
if (x->w < 0.0) ) . o . o

return (0) ; o

r2p8 = 2.0 * r + 8.0 ; . 5

p—>dfdr[3) = sm * sp3 * ( (-rp5 ¥ rpr) + rﬁv; r2p8 I

to* .
p->dfdr (0] = t / 3.0 * sm® sp3 * ( ('rp5S * rp3 ) +'rp * r2p8 ) ;
p->dfdr[1]. = t / 6.0,* sp * sp3 * (' ('rp5 * rp3 )} + rp * r2p8 ) ;
p->dfdr(2] =t / 2.0, * sp * sp3 * ( (-rpS * rp3) + rm * r2p8’) ;
p->dfdr (4] = -t/ 2.0 * Ep * gp3ir ( -2.0;' r * rp5 + rp *7rm )
p->dfdr (5] = ~2.0* r * rp3 + rp *'rm ) ;

t /. 6.0 * sp * sp3 * (

pv>dfd}[6] t / 3.0 * sm * sp3 * ('—f;g *r *rp3 + rp *rm ) ;
p->dfdr(7) = -t * sm * sp3 * ( ~-2.0 *Jr * rpS 4+ rp * rm ) o
p->dfdr(8) -t / 6.0 * sp;* sm * ( =2.0*r * rp3 + 1p * Im ) ;
p->dfdr(9) = t / sp* sm * ., =2.0 ®r * rp5 4+ rp * rm ) ;
p->dfdr[10]) = -t .sm % sp-* (« (-rp5 * rp3 ) + rm * ripk )
p->dfdr(11] = -t sp * sm %o ( (IpS * rp3 ) 4 rp *orZik )

]

I

2.0 *
/ 2.0 >
/ 6.0 *
p->dfds(3) =" -t * 2.0 * rp3 * sp:* rm * rpS ;
p->dfds{0) = -t * 2.0 / 3.0 * rp3 * Ip * sp * PS5 K
p->dfds[1) =t / 3.0 * rp * rp3 * rp5 * (s + 250 )

0
0
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}
int

p->dfds (2]
p->dfds (4}
p->dfds (5]}
p->dfds (6}
p->dfds (7]
p->dfds (8]

=t * rm
= -t * rp
-t / 3.0
= -2.0 *
= 2.0 *t
=t / 3.0

*» rp3 * rps *
* rm * rp5 *
* rp

trp
trp

(
(

* rm * rp3
t / 3.0* rp * sp * rm *

w

*

s
S

*

p->dfds([9) = -t * rp * s * rm * rp5 ;
p->dfds{10] = t * rp3 * 3 * rm *vrp5';
] =t / 3.0 * rp3 * s * rp * rp5 ;

p->dfds (11
return (0)

shé_3x2b(x

struct gausspts
struct shapefuncs

{

[
return&ﬁ?ﬂ e

]

double r,

r = X->y ;
s = X->X ;
if { (r<-5

vq.

p->dof = 1
p->f(3] =
p->f[2] =
p->f[l] =
p->£ (0] =
p->£[4] =
p->f[5]) =
p->f(6] =
p->f[7] =
p->£(8] =
p~>f[9] =
p->£[10] =
p—>€lll7 =

1E% (->w @
Coaret

oot

’

rp)
tx’-
*p;

s, t, rm,

.00001) i

2 5

rp3 *
3.0 *
6.0 *
2.0 *
-t /2.0 *
t / 6.0 *

NN N

t / 3.0 *
-t *rp *
-t /6.0 *
t /. 2.0 %
-t / 2.0
-t / 6.0
=5, 0)

urn{0) -;

sm, rp, Sp, rp3,

(r>1.00001)

sm * rm * rpS
rp3 * rp * sm
rp * sp * rp3
rm * sp * rp3
rp * sp * rm

r

|

* o % * ¥

s *rm * rp3

rp5,

+ 2.
+ 2.

’

rm * rp5 * sp ;

A,
©
{
0 :
0 :
(s + 2.0) ;
rp3 ;
4
r2p8, sp3 ;
11 (5>1.00001)

{5<-3.00001}

sp3
rp5
rpS
rp5
rps

‘
*
*
*
*

sp3
sp3
sp3
sp3

rp * sp * rm * rp3 * sp3;
rp * sm * rm * rp3 * sp3;
sm * rm * rpS * sp3;
rp3 * sp * rp * rm * sm ;
rp * sp * rm * rp5 * smL;
* rp3 ¥ sp * rm * rp5 * sm ;

* rp3 * sp * rp *

.

r2p8 = 2.0 * r + 8.0 ;

p->dfds[3]
p->dfds [2]
p~->dfds (1)
p->dfds (0]
p~>dfds (4]
p->dfds|[5]
p->dfds {6}
p->dfds 7]

" p->dfds.(8)

p->dfds (9]

<y

=t * sm_
=t / 3.0
=t / 6.0
-t / 2.0

=t / 6.0

=t / 2.0*sp *sm* (-2.0*r *rp5+rp*rm) ;

* sp3 * ( (~-rp5
* sm * sp3 * (
* gp * spa‘t (
*sp*sp3*(

* sp * sp3 *

(

’

’

rp5 * sm ;

* *p3 ) + rm * r2p8 ) ;
rp3 ) + rp * r2p8

( rp5
( rp5
(-rp5
= -t / 2.0 * sp * sp3 * { -2.0

rp3)
r * rp5 + rp * rm )
-2.0* r * rp3 4+ rp * rm )
=t / 3.0* sm* sp3 ¥ ( -2.0* r * rp3 + rp * rm )
= -t * sm* sp3 * ( -2.0 *r * rpd> + rp *rm ) ;

=~-t / 6.0* sp™*sm>* (-2,0'*r *rp3 +rp*rm)

+ rm * r2p8 )

*
* rp3 ) +\rp * r2p8
*
*

)
)

’

)

i

’

’
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127 p->dfds[10] = -t / 2.0 * sm * sp * ({ (-yp5 * rp3 ) + rm * r2p8 ) ;
128 ) p->dfds{11] = -t / 6.0 * sp * sm * 1/1/525 *rp3 ) + rp * r2pB )
129

130 " p->dfdr(3] = -t * 2,0 * rp3 * Sp * rm * rp5 ; -~.

131%, p->dfdr(2] = -t * 2,0 / 3.0 * rp3 * rp * sp * rpS5 ;

132 p->dfdr([l) =.t / 3.0 * rp * rp3 % rp5 * (s + 2.0 ) ;

133 p->3fdr{0] =t * rm * rp3 ' * rp5 * (s + 2.0 ) ;

134 p—>dfdr[4]/7 Lt *rp*rm*rpS * (s +2.0) ;

135 p->dfdr(5) =t / 3.0 * rp * rm * rp3 * ( s + 2.0 ) :

136 » Pp->dfdr(6] = -2.0 * t / 3.0 * rp * sSp * rm * rpl ;

137 , p->dfdr{7) = 2.0 * t * rp *.rm * rp5 * sp ;

138 p->dfdr(8) =t / 3.0 * rp * 3 * rm * rp3 ;

138 . p~>dfdr(9]) = -t * rp * g * p = rp5 ;

140 p->dfdr{10} =t * rp3 * s * rp * rp5 ;

141 p->dfdr(ll) = t / 3.0 * rp3 * s * rp * rpS ;

142

143 *zeturn (0);

144 }

145 T j3

146 int shcu5_3x3(X/p). X

147 struct gausspts *X;

148 struct shapefuncs *p;

149 :

150 . | : ' b
151 double r, s, t, EQ, sm, rp, sp, rp3, rpb5, r2p8, sp3, spS5, s2pB ; N
152 ~ o

153 r = X->X ;

154 ) s = x=>y ;

155 if ( (r<-5.00001) || (r>1.00001) I| (s<-5.00001) || (s>1.00001) )
156 return{12) ; iwkﬁ#/
157

158 t =1.0/ 256. ;

159 m = 1.0 - r ; °

160 rp = 1.0 + r ;

161 sp = 1.0 + s ;

162 .sm = 1.0 - 5 ;

163 . rp3 = 3.0 + r ;

164 rp5 = 5.0 + r ;

165 . sp3 = 3.0 + s ;

166 - spS = 5.0 + s ;

167}“ : '
168 p->dof = 12.; ‘
‘169 . . :
170 - P->f[3] =t * rp3 * sm * rm * rp5 * sp3 * sp5 ;

171 p~>f[0] =t /. 3.0 * rp3 * rp * sm * rp5 * sp3 * sp5 :

172 p->f[1] =t / 9.0 * rp * sp * rp3 = rp5 * sp3 * sp5 ;

173 p—>f(2) =t / 3.0 * rm * sp * rp3 * rp5 * sp3 * sp5 ;

174 . p->f(4} = -8.0 * t * rp * sp * rm * rp5 ; i
175 © p=>f[5] = 8.0 * £t/ 3.0 *rp * sp.*rm* rp3 ;

176 p->f[6] = 8.0 * £ / 3.0 * rp * sm * rm * rp3 ;

177 p=>f(7) =.-8.0 * £ * rp * sm * rm * rp5 ;

178 p->f[8] = -8.0 * t * sp * rm * gm * spS ;

179 : p->f(11] = -B.0 * t * sp * rp * ‘sm * spS ;

180 - p->f[9] = 8.0 * t / 3.0 * sp * rm * sm * sp3 ;

181 P->f(10) = 8.0 * £ / 3.0 * sp * rp * sm * sp3 ;

182 .

183 1f (x->w < 0.0)

184 ‘return{0) ;

185 »

186 r2p8 2.0 * r +.8.0 ; n

187 ; s2p8 = 2.0 * s + 8.0 ; N

188 A

189 : i
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190 p->dfdr(3) = t * sm * sp3 * sp5 * ( (-rp5 * rp3 ) + rm * r2p8 ) ;

191 p->dfdr (0] = t / 3.0 * sm * sp3 * spS5S * ( ( rp5 * rp3 ) + rp * r2p8 ) ;
192 p->dfdr{l1} =t / 9.0 * sp * sp3 * sp5 * ( ( rpS * rp3 ) + rp * r2p8 ) ;
193 p->dfdr(2} = t / 3.0 * sp * sp3 * sp5 * ( (-rp5 * rp3) + rm * r2p8 ) ;
194 p->dfdr(4) = -8.0 * t * sp * ( -2.0 * r * rp5 + rp * rm ) ;

195 p->dfdr (5] =48.0 * ¢t / 3.0 * sp * ( -2.0 * r * rp3 + rp * rm ) ;

196 p->dfdr[6) = 8.0 * t / 3.0 * sm * ( -2,0 * r * rp3 + rp * rm ) ;

197 ) p->dfdr (7} = -8.0 * t * sm * ( -f 0 *r * rp5 + rp * rm ) ;

198 p->dfdr (8] = 8.0 * t * sm * sp * spS5 ;

199 p->dfdr(11) = -8.0 * t * sp * sm * sp5 ;

200 p->dfdr(10] = B.0O * t / 3.0 * sp * sm * sp3 ;
201 p->dfdr{9] = -8.0 * t / 3.0 * sm * sp * sp3 ;

202 : ,

203 p->dfds (3] = t * rp3 * rm * rp5 * ( -( sp5 * sp3’) + sm * s2p8 ). ;

204 - p->dfds[0] =t / 3.0 * rp3 * rp * rp5 * ( —(. spS * sp3 iR +-sh * $2pB ) ;
205 p->dfdsfl] =~ t / 9.0 * rp * rpj * rp5 * ( ( sp5.* sp3. ) ,sp *.s2p8 ) .;
206 p->dfds{2) =t / 3.0 * rm * rp3 * rpS * ( ( sp5 * sp3 ) + sp * s2p8 ) ;
207 - p->dfds(4) = -8.0 * t * rp * rm * Ip5 ; R

208 p->dfds (5] = 8. O *t / 3.0* rp * rm * rp3 ; . :
209 p->dfds (6] = -B. 0+t / 3.0% rp * rm * rp3 T P

210 p->dfds{7) = 8.0 * t * rp’* rm * rp5 ; Coohe o s
211 p->dfds(8) = -8.0 * t * rm * ( -2,0 * s * sp5 + sp * sm ),.-u SR
212 p->dfds[11}) = -8.0 * t * rp * ( =2.0 * s * sp5 + sp * sm ) ;i _ Vrlfw. "
213 p->dfds[9) = 8.0 * t / 3.0 * rm * ( =2.0 * s * sp3 + sp * sm )ir o
2114 p->dfds[10) = B.0 * t / 3.0 * rp * {( 2.0 * s * sp3 + sp * sm ) t
215 ' R » _ . .

zZ16 return (0); : e }
217 ) o .

218 : L -

219 int , shcu6_3x3(x,p) v
220 struct gausspts *X; S
221 struct shapefuncs *p; ‘ .

222 . :%
-+ 223 { ) ‘ .

224 double r, s, t, rmq sm, rp, sp, rp3, rpS, r2p8, sp3, spS5, s2p8 ;

225 : o .
226 LY = X=>X oy

227 8§ = X->y ; ’ : ) . L

228 1f ( (r<-5.00001) |! (r>1.00001) || (s<-5.00001)’ || (s>1.00001) ) _<‘
229 return{13) ; ’ :

230

231 t = 1.0 / 256. ;

232 rm= 1.0 - r ;.

233 rp = 1.0 + v ;

234 sp = 1.0 + s ;

235 sm=1,0- s ;

236 rp3 = 3.0 + r ;

237 rp5 = 5.0 + r ; '

238 ’ sp3 = 3.0 + s ;

239 sp5 = 5.0 + s ;

240 :

241 p->dof = 13 ;

242

243 p->f{3] =t * rp3 * sm * rm * rp5 *\sp3 * sp5-;

244  p->£[0) =t / 3.0 * rp3 * rp * sm * rp5 * sp3 * sp5 ;

245 p->f{l1) =t / 9.0 * rp * sp * rp3 * rp5 * sp3 * sp5 ;

246 p->f[2) =t / 3.0 * rm * sp * rp3 * rpS * sp3 * sp5 ; ’ .

247 p->f[4] = -2.0 * t * rp * sp * rm * rp5 * sp3 ;

248 p->f[5) = 8.0 * t ./ 3.0 * rp * sp * rm * rp3 ;

249 p->f[6] = B8B.0 *t / 3.0 * rp * sm * rm * rp3 ;

§50 ) p—>f[?7) = -4.0 * t * rp * sm * rm * rp5 * sp3 ;

251 p->f(8) = 4.0 * L * rp * Sp * rm * sm ;
252 p->f (9] -4.0 *t * rp3 * sp * rm * sm * sp5 ;
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. 253
253 p->f(10] = 8.0 * ¢t / 3.0 * sp * rm * sm * sp3 ;
254 p->f(11l) = 8.0 * £t / 3.0 * sp * rp * sm * sp3 ;
255 p->£{12]) = -2.0 * t * rp3 '* gp * rp sm * sp5 ;
256 S g .
257 1f (x->w < 0.0) &‘Atw
258 ) return(0) ; :
259 ‘
260 92p8 =2.0*r + 8.0 ;
261 ) s2p8 = 2.0 * s + 8.0 ;
262
263
264 p->dfdr{3] = t * sm * sp3 * 8sp5 * ( (-rp5 * rp3 ) + rm iy 8 )
265 p->dfdr (0] =t / 3.0 * sm * 3p3 * sp5 * ( ( rp5S * rp3 )i+ rp * r2p8 ) ;
266 p->dfdr(1] = t / 9.0 * sp * sp3 * sp5 * ( ( rp5 * rp3 )j+ rp * r2pB )
267 p->dfdr{2] =t / 3.0 * sp * sp3 * sp5 * ( (-rp5 * rp3) + rm * r2p8 ) ;
268 p->dfdr{4] = -2.0 * t * gp * gp3 *'( -2.0 * r * rpS ¢+ rp * rm ) ;
269 p->dfdr({5] = 8.0 * ¢t / 3.0 * sp * ( -2.0 * r * rp3 + rp * rm ) ;
270" . p=>dfdr(6] = 8,0 * £t / 3.0 * sm* { -2,0 *r * rp3 + rp * rm ) ;
271 p->dfdr (7] = -4.0 * t * sm * spd * ( -2.0 * r * rp5 + rp * rm ) ;
272 ’ p->dfdr(8) = 4.0 * t * sm * sp * ( -2.0 * r ) ; : -
273 p->dfdr (9] = -4.0 * t * sm * sp * sp5 * (-2.0 * rp )
274 p->dfdr(10] = -8.0 * ¢t / 3.0 * sm * sp * sp3 ;
275 ' p->dfdr(11) = 8.0 * £ / 3.0 * sp * sm * sp3 ;
276 p->dfdr(12) = -4.0 * t * sp * sm * sp5 * (r + 2.0 ) ;
277 ¢
278 p->dfds (3] =t * rp3 * rm * rp5 * ( -( sp5 * sp3 ) + sm * s2p8 ) ;
279 © p~3afdsT0) =t /3.0 * rp3 * rp * rpS * ( —( sp5 * sp3. ) + sm * sIpH ) ;
280" p->dfds[1) =t / 9.0 * rp * rp3 * rpS * ( ( spS * sp3 )} + sp * s2pB )
281 . p->dfds{(2] =t / 3.0 * rm * rp3 * rp5 * ( ( sp5S * sp3 ) + sp * alpH ) ;
282 p~>dfds (4] = -2.0 * t * rp * rm,* rp5 * ( 2.0 * s + 4.0 ) ;
283 p->dfds{5) = 8.0 * ¢t / 3.0 * rp * rm * rp3 ;
284 p~>dfds(6] = -8.0 * t / 3.0 * rp * rm * rp3 ;
285 p->dfds{7]) = -4.0 * t * rp * rm * rp5 * ( -2.0 * sp ) ;
‘286 - p->dfds({B] = 4.0 * t * rp * rm * ( -2.0 * s ) ;
287 . p->dfds[9] = -4.0 * t % rp3 * rm * ( -2.0 * s * sp5 + sp * sm ) ;
288 p->dfds(10] = 8.0 * t / 3.0 * rm * ( -2.0 * s * gp3 + sp * sm ) ;
289 p->dfds(ll] = 8.0 * ¢t / 3.0 * rp ¥ {( -2.0 * s * sp3 + sp * sm ) ;
'290.. .p=>dfds{12] = -2.0 * t * rp3 * rp * ( -2.0 * 5 * sp5 4+ sp * sm )-;
291
292 return (0);
293 }

294
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festuffd.c

/* the shape functions for the cubic upwinding functions 239
#include "fe.h" N
extern struct control N ;
int shcu? 3x3(x,p)
struct gausspts *X;
struct shapefuncs T*p;
i o
double r, s, t, rm, sm, rp, sp, rp3, rp5, r2p8, sp3, sp5, s2p8 ;
. r o= ox->x ;
F oo s = X->Yy ; : )
" if ( (r<-5.00001) {| (r>1.00001) || (s<=5.00001) || (s>1.00001) )
return(l4) ;
t = 1.0 / 256. ;
rm = 1.0 - r ;
rp = 1.0 + r ;
sp = 1,0 + s ;
sm= 1,0 - s ;
rp3 = 3.0 + r ;
rp5 = 5.0 + r ;
sp3 = 3.0 + 8°;
sp5 = 5.0 + s
‘p->dof = 14 ;
p->f(3) =.t * rp3 * sm_‘ rm * rp5 * sp3 * sp5 ;
p~->f[{0] =t / 3.0 * rp3 * rp * sm * :pS *.sp3 * sp5 ;
p->f[(l) =t / 9.0 * rp * sp * rp3 * rp5 * sp3 * sp5 ;.
p->f(2) =t / 3.0 * rm * sp * rp3 * rpS * sp3 * sp5 ;
p->f[4) = -2.0 * t * rp * sp * rm * rpd5 * sp3 » o
‘p=>f[(5] = 2.0 *t / 3.0 * rp * sp *'sp3 * rm * rp3d ;.
p->£[(6] = 4.0 * ¢t / 3.0 * rp * sm * sp3 * rm * rp3 ;
p->f(7) = -4.0 * t * rp * sm * rm * rp5 * sp3 ;
p->f(8] = -2.0 3.0*t *rp * sp * rm * sm * rp3 ;
p->f[9] = 2.0 * t * rp * sp * rm * sm * rp5 ;
p~>f[10] = -t * rp3 * sp * rm * rp5 * sm * sp5 ;
p->f{11) = 8.0 * t / 3.0 * sp * rm * sm * sp3 ;
p~>f[12}) = 8,0 * t / 3.0 * sp * rp * sm *.sp3 ;

p->f(13]) = -t / 3.0 * rp3 * rp5

1f (x->w < 0.0
return(0) ;

r2p8 = 2.0 *r + 8.0 ;

s2p8 = 2.0 * s + 8,0 ;
p->dfdr{3] = t * sm * sp3 *
p->dfdr (0] =t / 3.0. * sm *
p->dfdr (1) =t / 9.0 * sp *
p->dfdr(2} =t / 3.0 * sp *
p->dfdr(4] = -2.0 * t * sp *
\p->dfdr[5) = 2.0 * t / 3.0 *

->dfdr{6) = 4.0 *x £t / 3.0 *
p->dfdr(7) = -4.0 * t * sm *
p->dfdr[8) = -2.0 / 3.0 * t
p->dfdr{9] = 2.0 * t * sm *
p->dfdr {10] = -t * sm * sp *
p->dfdr[11] =

.

* sp *.rp

* sm * spd ;

[\N]

) + rm * r2p8 ) ;

-8.0 * t / 3.0 * sm * sp * sp3 ;

spS * ( (-rp5 * rp3
sp3 * spS * ( ( rpd> * rp3 ) + rp * r2p8 )
sp3 * sp5 * ( ( fﬁs * rp3 ) + rp * r2p8 )
- sp3 * épS * ( (-rp5. * rp3) + rm * r2p8 )
sp3 * ( -2.0 * r * rp5 + rp * rm ) ;
sp * sp3 * ( -2.04% r * rp3 + rp * rm )
sm * sp3 * ( -2.0 * r * rp3 + rp * rm )
sp3 * ( -2.0 * r * rpS + rp’* rm') ;
* sp * sm * { -2.0* r * rp3 + rp * rm )
sp * {( -2.0 * r * rp5 + fp *rm ) ;
spS * ( (~rpS5 * rp3 ) + rm * r2p8 ;

*/

’

‘
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“
64 K wp->dfdr{12]) = 8.0 * t / 3.0 * sp * sm * sp3 ;
65 , 5 —>dfdrfl3] = -t / 3.0 * sp * sm * sp5 * ( { rp5 * rp3 ) + rp * r2p8 ) ;
66 :
67 . ”ﬁg ?dfds[3] =t *rp3 *rm*rp5 * ( -( sp5 * sp3 ) + sm * s82p8 ) i
68 o pﬁgdfds[O] =t / 3.0 * rp3 * rp.* rpS * ( ~( sp5 * sp3 ) + sm * sk"r) ;
69 pyxdfds(l] = t / 9.0 * rp * rp3 * rp5 * { { spb * sp3 ) + sp * s2p#}
70 54 =t / 3.0* rm* rp3 * rp5 * ( ( sp5 * sp3 ) + sp * 52pB )
71 , g.—'i‘_j_msm = -2.0.* t *rp*rm* rpS * (2.0 *s + 4.0 ) ;
72 Cpr2dfds(5) = 2.0 * £ / 3.0 * rp * rm * rp3 * (2.0 * s + 4.0 ) :
73 PWEIds (6] = 4.0 * £ / 3.0 * rp * rm * rp3 * (-2.0 * sp );
74 p-3dfdsi{7] = -4.0 * t * rp * rm * rpS * ( -2.0 * sp ) ;
75 = -2.04 3.0 *t *rp*rm*rp3* (-2.0* g) ;
76 2.0 *t * rp * m * rp5°* ( -2.0 * s ) ;
77 = -t *rp3 * rm * rp5 * ( -2.0 * s * sp5 + sp * sm ) ;
78 ;=80 *t /3.0*rm* (~2,0,*3s5 * sp3 + sp * sm )} ;
79 = 8.0 *t / 3.0*rp* (~-2.0* s * sp3+ sp* am) ;
80 = -t / 3.0 * rp3 * rp * rp5 * ( -2.0 * s * sp5 + sp * am | ;
81 £
82 o return (0): "
83 Joo—- ' .
84 <
85 int sh7_3x3b(x,p)
86 struct gausspts N ¥ R
87 struct shapefuncs *D;
88
89 {
90 double r, s, t, rm, sm, rp, sp, rp3, rp5, r2p8, sp3, spbh, s2ph ;
91
92 ' r = x->y ;
93 s = X=>X ;
94 if ( (r<=5.00001) || (r>1.00001) |} (s<-5.00001}.1{ (s>1.00001) )
95 return{l14) ;
96 :
97 . t = 1.0 / 256. ; .
98 rm = 1.0 - r ; iy
99 rp = 1.0 + r ;
100 ’ sp=1.0 + s ;
101 sm=1.0 - s ; N
102 rp3 = 3.0 + r ;
103 rp5 = 5.0 + r ;
104 . sp3 = 3.0 + s ;
105 sp5 = 5.0 + s ;
106
107 p->dof = 14 ; .
108
10¢ p->£(3} =t * rp3 * sm * rm * rp5 * sp3 * gp5 ;
110 p->f(2) =t / 3.0 * rp3 * rp * sm * rpS * sp3 * sp5 ;
111 p->f(1l) =t / 9.0 * rp * sp * rp3 * rp5 * sp3 * spS ;
112 p->£[0)] =t / 3.0 * rm * sp * rp3 * rp5 * sp3 * spS5 ;
113 p->f(4] = -2.0 * t * rp * sp * rm * rp5 * sp3 ;
114 p->f[5]) =2.0 *t / 3.0 * rp * sp * sp3 * rm * rp3 ;
AlS5 p->f[(6) = 4.0 *t / 3.0 * rp * sm * sp3 * rm * rp3 ;
116, p->f{7] = ~4.0 * t * rp * sm * rm * rp5 * sp3 ; '
117 p->f(8] = -2.0 / 3.0 *t * rp * sp * rm * sm * rp3 ;
118 p=>f[9) = 2.0 * t * rp * sp * rm * sm * rp5 ;
119 p->£{10)] = -t * rp3 * sp * rm * rp5 * sm * sp5 ;
120 p->f(11] = 8.0 * t / 3.0 * sp * rm * sm * sp3 ;
121 p->f[12) = 8.0 * t / 3.0 * sp * rp * sm * sp3 ;
122 p->f[13] = -t / 3.0 * rp3 * rp5 * sp * rp * sm * sp5 ;
123 B .
124 if (x->w < 0.0)
125 return(0) ;

126
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127 r2p8 = 2.0 * r 8.0 ;
128 s2p8 = 2.0 * s + 8.0 ;
129
130 p->dfds{3} - t * sm * sp3 * sp5 * ( (-rpS * rp3 ) + rm * r2p8 } ;
131 p->dfds (2] t/ 3.0 * am * sp3 * sp5 * ( ( rpS * rp3 ) + rp * r2p8 ) ;
132 p->dfds(1l]) = v / 9.0 * sp * sp3 * sp5 * ( ( rp5 * rp3 ) + rp * r2p8 ) ;
133 p->dfds{0] =~ t / 3.0 * sp * sp3 * sp5 * ( (-rp5 * rp3) + rm * r2p8 ) ;
134 p->dfds{4)] = -2.0 * t * gp * sp3 * ( -2.0 * r * rp5 + rp * rm ) ;
135 p->dfds([5) = 2.0 * t / 3.0 * sp * sp3 * ( -2.0 * r * rp3 + rp * rm ) ;
136 p->dfds(6] = 4.0 * t / 340 * sm * sp3 * ( -2,0 * r * rp3 + rp * rm ) ;
137 p->dfds(7) = -4.0 * t * sm * sp3 * ( -2.0 * r * rp5 + rp * m ) ;
138 p->dfds (8} = -2.0 / 3.0 * £t * sp * sm * ( -2.0 * r * rp3 + rp * rm ) ;
139 p->dfds {9} = 2.0 * t * sm * gp * ( -2.0 * r * rp5 + r * rm ) ;
140 p->dfds[10]) =~ -t * sm * sp * sp5 * ( (~rp5 * rp3 )} + - * r2p8 ) ;
141 p->dfds{l1l1l} = -8.0 * £t / 3.0 * sm * sp * sp3 . ;
142 p->dfds(12]) = 8.0 * t / 3.0 * sp * sm * sp3 ;
143 p->dfds[13] = -t / 3.0 * sp * sm * sp5 * ( ( rpS * rr + rp * r2p8 ) ;
144 :
- 145. p->dfdr (3] = t * rp3 * rm * rpS * ( ~( sp5 * sp3 ) + - 52p8 )
146 p->dfdr(2) =t / 3.0 * rp3 * rp * rp5S * ( -( sp5 * sp + sm * s2p8 ) ;
147 p->dfdr (1] =t / 9.0 * rp * rp3 * rp5 * ( ( sp5 * sp3 - sp *'s2p8 ) ;
148 p->dfdr (0} =t / 3.0 * rm * rp3 * rp5 * ( ( sp5 * sp3 ) + sp * s2p8 ) ;
149 p->dfdr{4) = -2.0 * t * rp * rm * rp5 * ( 2.0 * s + 4.0 ) ;
150 pz>dfdri(s) = 2.0 * ¢t / 3.0 * rp * rm * rp3 * ( 2.0 * s + 4.0 ) ;
151 p->dfdr(6] = 4.0 * t / 3.0 * rp * rm * rp3 * (~2.0 * sp );
152 p->dfdr{7) = -4.0 * ¢t * rp * rm * rp5 * ( -2.0 * sp ) ;
153 p->dfdr (8] = =2,0 / 3.0 * £ * rp * rm * rp3 * ( -2.0 * s) ;
154 Q p->dfdr(9) = 2.0 * ¢ * rp * rm * rp5 * ( -2.0 * s ) ; N
155 p->dfdr{10] = -t * rp3 * rm * rp5 * ( -2.0 * s * sp5 + sp * sm ) ;
156 p->dfdr(11] = 8.0 * ¢t / 3.0 * rm * ( -2.0 *'s * sp3 + sp * sm ) ;
157 p->dfdr{12) = 8.0 * t / 3.0 * rp * ( =2.0 * s *'?pJM; sp * sm )} ;
158 - p->dfdr(13) = -t / 3.0 * rp3 * rp * rp5 * ( -2.0 * s * sp5 + sp * sm ) ;
159 } .
160 ° return-.{0);
161 } ya
162 ; :
163 int shcu8_3x3(x, p)
164 struct éausspts *X;
165 struct shapefuncs *p;
166 ’
i67 { . )
168 double r, s, t, rm, sm,” rp, sp, rp3, rp5, r2p8, sp3, sp5, s2p8
169 ’
170 I = X->X ;
171 s = X=>y ;
172 if ( (r<-5.00001) || (r>1.'00001) || (s<-5.00001) || (s>1.00001) ')
173 return(15) ;
174 :
175 t =1.0 / 256. ;
176 rm = 1.0 - r ;
177 rp = 1.0 + r ;
178 sp = 1.0 + s ;
179 sm=1.0 - s ; N
180 rp3 = 3.0 + r ;
181 p5 = 5.0 + r ;
182 spd = 3,0 + s ; A
183 SpS = 5.0 + s ;
184 .
185 p->dof = 15 ; =
186 )
187
188 q
189 p->£[3] =t * rp3 * sm * rm * rp5 * sp3 * sp5 ;



190
191
192
193
194
195
196
197
198
199
© 200
201
202
203
© 204
205
206
207
208
209
210
211
212
213
214
215
216
217

218"

219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

,243

;244

festuffd.c
p->f [0}
p->f (1}
p->£(2)
p->f (4]
p->f[5)
p->f[6)
p->£{7]
p->f (8]
p->£f (9]
p->f(10]
Cp->£{11)
p->£(12)
p->£[13]
p->£[(14)
if (x->w

r
r2p8 = 2

s2p8%= 2
.‘x
pi&éfdr[

p->dfdr [
p->dfdr |
p->dfdr (
p->dfdr
p->dfdr{
p->dfdr [
p->dfdr |
p->dfdr |
p->dfdr{
p->dfdr [
p->dfdr |
p->dfdr |
p->dfdr [
p->dfdr|

p->dfds (
p->dfds [
p->dfds [
p->dfds |
p—>dfds}
p->dfds |
p->dfds|
p~->dfds [
p->dfds (
p->dfds |
p->dfds |
p->dfds|
p->dfds (
p->dfds |
p->dfds (

return (

: 257

=t / 3.0* rp3 * rp * sm * rp5S * sp3 * sp5 ;
=t /9.0 * rp * sp * rp3 * rp5 * sp3 * sp5 ; -
=t / 3.0* rm* sp* rp3 * rp5 * gp3 * spS ¢
= -t /3.0 *up * sp A rm * rp5 * sp3 * spS ;

=2.0*t Y/ 3.0* rp*sp*sp3*rm*rpl;

=4.0 *t / 3.0* rp* sm* sp3 * rm * rp3 ;

= -t *rp * sm * rm * rp5 * sp3 * sp5 ;

= =2.0/ 3.0*t *rp*sp*rm=*sm=*rp3 ;

=L *rp * sp*rm?®*sm™¥sp5 * rp5 ;

= -t * rp3 * sp * rm * rp5 * sm * sp5 ;

= -2.0 /3.0* t * 3p *rm*rp* sm* sp3 ;

= 4.0*t /3.0 *sp*yrp3 * rm* sm* sp3 ;

=2.0*%t /3.0 *sp*rp3 *rp* sm* sp3 ;

= -t / 3.0 * rp3 rpS * sp * rp * sm * spS ;

< 0.0)
eturn(0) ;

.0 *r + 8.0 ;

.0 * s + 8,0 ;

3] =t * sm * sp3 * sbS * ( (~rp5 * rp3 ) + rm * r2p8 ) ;

0] =t / 3.0 * sm * sp3 * sp5 * ( ( rp5 * rp3 ) + rp * r2p8 ) ;
1] =t / 9.0 * sp * sp3 * sp5 * ( ( rp5 * rp3 ) 4+ rp * r2p8 ) ;
2] =t / 3.0 * sp * sp3 * sp5 * ( (-rp5 * rp3) + rm * r2pd ) ;
4] = -t / 3.0 * sp5 * sp * sp3 * ( -2.0 * r * rp5 ¢t rp * rm ) ;
5] = 2.0 * £t / 3.0 * sp3 * sp * ( ~2,0 * r * rp3 4+ rp * rm ) ;
6] = 4.0 *t / 3.0 * sp3 * sm * ( -2,0*r *rp3 + rp * rm) ;
7] = =t * sm * sp3 * sp5 * ( -2.0 * r * p5 + rp * rm ) ;

8] = -2.0 / 3.0 *t * sp *sm=*{(-2.0*r *rp3+rp*rm);
9} =t * sm * sp * gp5 * ( 2.0 * r * rp5 4+ rp* rm ) ;

10) = -t * sm * sp * sp5 * ( (-rp5 * .rp3 ) + rm * r2p8 ) ;

11] = =2.0 / 3.0 * £ * sm * sp * sp3 * ( -2.0 * r ) ;

12) = ~2.0 *t / 3,0 * sm * sp * sp3 * rp ;

13} = 2,0 *t / 3.0* sp*sm*sp3 * (2.0*r +4.,0) ;

14] = -t / 3.0 * sp * sm * sp5 * ( ( rp5 * rp3 ) + rp * r2pH ) ;
3] =t * rp3 * rm * rp5 * ( -( sp5 * sp3 )} + sm * 52pB8 ) ;
0] =t / 3.0 * rp3 * rp * rp5 * ( —( sp5 * sp3 ) + sm * IpH ) ;
1) =t / 9.0 * rp * rp3 * rp5 * ( ( sp5 * sp3 )+ sp * sZpB ) ;
2] t / 3.0 * rm.* rp3 * rp5 * ( ( sp5 * sp3 ) .+ sp * 82pH ) ;
4] = -t / 3.0 * rp * rm * rp5 * ( ( sp5 * sp3 ) + sp * s2pH ) ;
5] = 2.0 *t / 3.0* xp*rm * rp3 * (2,0 *s + 4.0) ;

6] = 4.0 *t / 3.0* rp *rm * rp3 * ( -2.0 * sp ) :

7} = -t * rp * rm * rpS5S * ( -( spS5 * sp3 }) + sm * s52pB ) ;

8] = -2.0 / 3.0 *'t"* rp * rm * rp3.* ( -2.0 =) ;

9] =t * rp * rm * rp5 * ( -2.0 * s * sp5 + sp * sm ) ;

10) = -t * rp3 * rm * rp5 * ( =2.0 * 3 * 505 + 5: * sm )} ;

11] = =2.0 / 3.0 *t * rm * rp * ( <2.0 * s * spd 4 sp * am ) ;
12] = 4,0 * £t / 3.0 * rm * rp3 * ( -2.0 * s * sp3 + sp * sm ) ;
13) = 2.0*t / 3.0* rp *rp3 * ( -2.0* s * sp3 + sp * sm ) ;
14] = -t / 3.0 * rp3 * rp * rp5 * ( -2.0 * s * 5p5 + gsp * sm ) ;
0):



258

festuff5.c I -
1 /* the shape functiéQs'fgr ghe cubic upwinding functioens 239 */
2 #include "fe.h" 1 . ’ :
3 )
4 . . e
5 + extern struct control N ; j :
6 . '("‘,1\ + ‘I"
7 int shcu9_3x3(x,p) o
8 struct gausspts *x; o
9 struct shapefuncs *p; ); ,
10 :
11 . A ‘ < .
12 double r, s, t, rm, sm, rp, sp, rp3, rpS5, r2p8, sp3, spS, s2p8 ;
13 ' ) - '
14 r = X->X ;
15 s = X->y ;
16 if ( (r<-5.00001) |{ (r»1.00001) || (s<-5.00001) 1] (s>1.00001}) )
17 return(le) ; ‘
18
19 t = 1.0/ 256. ;
20 rm=1,0-r1;
21 rp = 1.0 + r ;
22 sp = 1.0 + s ;
23 ‘smo= 1.0 - s ;
24 rp3 =.3.0 + r ;
25 rpS = 5.0 + r ;
26 ' sp3 = 3.0 + s ;
27 sp5 = 5,0 + s ;
28 ’ .
29 p->dof = 16 ;
30
31 p->f({3] =t * rp3 * sm * rm * rp5 * sp3 * sp5 ;
32 p->f(0} =t / 3.0 * rp3 * rp * sm * rp5 * sp3 * sp5 ;
33 p~>f{1}) =t / 9.0 * rp * sp * rp3 * rp5 *:sp3;* sp5 ;
34 p->f(2) =t / 3.0 * rm * sp * rp3 * rp5 * sp3 * sp5 ;
35 p->f(4] = -t / 3.0 * rp * sp * rm * rp5 * sp3-* sp5 ;
36 p->f[5) =t / 9.0+ rp * sp * rm * rp3 * sp3 * spS ;
37 " p->Ff[6) =t / 3.0 * rp * sm * rm * rp3 * sp3 * sp5 ;
38 p~->f([?) = -t .* rp * sm * rm * rp5 * sp3 * sp5 ;
39 p->f(8] = -t / 3.0 * rp * sm * rm * rp3 * sp * spS5 ;
40 p->f[9) =t * rp * sp * rm * rp5 * sm * sp5 ;
41 p->f{10] = -t * rp3 * sp * rm * rp5 * sm * sp5 ;
142 p->f[11) =t / 9.0 * rp3 * sp * rp * rm * . sm * sp3 ;
43 p->f{l12] = -t / 3.0 * rp * sp * rm * rp5 * sm * sp3 ;
44 p->f[(13) =t / 3.0 * rp3 * sp * rm * rp5 * sm * sp3 ;
45 p->f(14) =t / 9.0 * rp3 * sp * rp * rp5 * sm * sp3 ;
46 p->f[(15) = -t / 3.0 * rp3 * sp * rp * rp% * sm * sp5 ;
47
48 if ({x->w < 0.0) ) ‘%
48 ' return(0) ; - S -
50 ) _—
51 r2p8 = 2.0 * r + 8.0 ; ~
52 s2p8 = 2.0 *'s + 8.0 ;
53 '
54 . E
55 ¢ p=>dfdr(3) = t * sm * sp3 * sp5 * ( (-rp5 * rp3 ) + rm * r2p8 ) ;
56 p->dfdr{0]) =t / 3.0 * sm * sp3 * sp5 * ( ( rp5 * rp3 ) + rp * r2p8 ) :
57 p->dfdr{l) = t / 9.0 * sp * sp3 * sp5 * ¢ { rpS * rp3 ) + rp * r2p8 ) ;
58 p-xdfdr(2) =t / 3.0 * sp * sp3 * sp5 * ( (-rp5S * rp3) + rm * r2p8-} ;
59 p->dfdr(4} = -t / 3.C * sp * sp3 * sp5 * ( -2.0 * r * rpS + rp * rm ) ;
60 p->dfdr(5] =t / 9.0 * sp * sp3 * sp5 * ( -2.0 * r * rp3 + rp * m } ;
61 p->dfdr(6] =t / 3.0 * sm * sp3 * spS * ( -2.0 * r * rp3 + rp * m ) ;
62 p->dfdr[7) = -t * sm * sp3 * sp5 * ( 2.0 * r * rp5 + p * rm ) ;
+ rp * Im’) ;

63 p->dfdr (8] = -t / 3.0 * sm * sp * sp5 * ( -2.0 * ¥ * rp3



64
65
66
67
68
69
70
71
72

73

74
75
76
77
78
79
80
81
82
83
84
85

86"

87
88
89
90
91

festuffS.c
p->dfdr (9]
p->dfdr[1Q)
p->dfdr(11])
p->dfdr([12]
p->dfdr (13)
p->dfdr[14)
p->dfdr(15]

p->dfds [3]
p->dfds [0])
p—>dfds (1]
p->dfds (2]
p->dfds (4]
p->dfds [5)
p->dfds 6}
p=>dfds (7]
p->dfds (8]
p->dfds [9)
p->dfds[10]}
p->dfds (11}
p~>dfds [12)
p->dfds(13]
p->dfds{14)
p->dfds (15]

= -t / 3.0 *

return (0) ;-

t ¥ sm * sp5 * sp * ( -2.0 *rr * rp§
= -t * sm * sp * sp5 * ( (-rp5 * rp3
=t / 9.0 * sm* sp * sp3 * ( ~2.0 *r
=\-t / 3.0 * sm * sp3 * sp * ( -2.0 *
=t; / 3.0 * sm * sp * sp3 * ( (-rp5 *
/ 9.0 * sp * sm * sp3 * ( ( rp5 *
= -t / 3.0 * sp * sm * sp5 * ( ( rp5 *

( =( sp5 * sp3 )
rpS = { —-( spS *
rp * rp3 * rpS * ( ( sp5 *
‘rm * rp3 * rp5 * ( ( sp5 *
rp * rm * rpS * (' ( sp5 *
(
(

t rm * rp5 *
t / rpd * rp *
t/
Lt/

t / 9.0 * rp * rmij* rp3 » ( sp5 *
t / 3.0 * rp * rm'* rp3 * ~{ sp5 *
-t * rp * rm * rpS * ( -{ sp5 * sp3
-t / 3.0 * rp * rm * rp3 * ( -2.0 * s
t *rp*rm™*rp5 * ( -2.0* s * gp5
= -t * rp3 * rm * rp5 * (,=2.0 * ¢ * g

t / 9.0 * rp3 :
==t / 3.0 * rp *
t / 3.0 *-rp3 *
t / 9.0 * rp3 *
= -t / 3.0 * rp3 *

rp *rm * { -2.0 * g
rm * rpS5 * ( -2,0 *
rm * fp5 * ( -2.0 *
rp * rp5 * ( -2.0 »
rp * rpdS * ( -2.0 *

+ rp *
trm *

rm )
r2p8 ) )
*rp3 ¢+ rp 2 m )
r * rp5 + rp * rm )
rp3 ) o+ rm *
rp3 ).t rp *
rp3 ) + rp *

r2p8 )
r2p8

+ sm * s2pB ) ;

sp3 ) + sm -~
spl ) + gp *
sp3 ) + sp * s2pB )
sp3 ) + sp * 32p8
sp3 ) + sp * s2p8 )

sp3 ) + sm * =PpB
)+ sm * a2p8 ) ;

‘* sp5 + sp *
+ sp * sm ) ;
sp * sm ) ;

* spl + sp * sm )
s * sp3 sm )
S * 8p3 + sp *.sm )
s * spj +

S * spd 4

$<pB
s2p8 )

sm )
PS5 ¢+
Sp .

sp * sm )

5p * sm

K

;

r2p8 )’

)

)

)

.

)
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Example

365

Input

40, 5 20
X A h
212.9 4%9.9 0
213 460 0.06
215,55 461.75 0.31
218.1 463.5 0.51
220.65 465.25 0.55
223.2 467 0.48
225,75 468.75 0.6
228.3 471.1 0.66
230.85 472.25 0.73
233.4 474  “0.58
235,95 475,75 C.€3
238.5 477.5 0.48
241.05 479.25 0.54
243.6 481 0.53
246.15 482.75 0.42
248.7 484.5 0.4,
251.25 486.25 0.74
253.8 488 0.15
256.35 488.8 O
258.9 491.5 O
261.45 493,25 0
XL z h
463 | 36Q 0
963.6, 362.75 0.3,
464.2° 365.5 0.56
464.8 368.25 0.5
465.4 371F. 0.6
466 373.%5 0.71
466.6 376.5 .0.7
467.2 379.25 0.7
467.8 382 0.74
468.4 384.75 0.8
469 “% 387.5 0.74
469.6 390,25 0.7
4702 393 0.62
470.8 395.75 0.7
471.4 398.5 0.61
472 40}.25 0.6
4m2.6 404 0.575
473.2 406,75 Q,51
473.8 409.5 4415
474,04 412.25%% .
475 415. 0
X z h
713 320 0
713. 323 0.24
713 326 0.25
713 329 0.36
713 332 0.43
713 335 0.47
713, 338 0.42
713 341 0.48
713 344 0.48
713 347 < 0.5
713 350 0.44
713 353 0.47
713 156 0.47
713 359 ° 0751
713 382 0.5
713 0.51

File for a River Mesh Generation

2Q
u v Elong
0 0 0.000
0.064 0 0.004
0.356 .0 0.020
0.456 0 0.02¢
£.481 0 0.027
0.436 © 0.025
0.436 o0 ! 0.025
"0.483 0 0.028
0.512 0 0.029
0.504 -0 0.029
0.49 0 0.028
0.523 0 0.030
0.473 0 0.027
0.511 O 0.029
0.488 0 0.028
0.439 0 0.025
0.333 0 0.019
0.178 © 0.010
0 0 0.000"
0 0 0.000
0 0 0.000
u v “Elong
0 0 0.000
0.184 © 0.013
0.25 0 T 0.017
0.205 0 0.014
0.273 Q 0.019
0.194 0 0.013
0.328 0 0.023
0.31 0O 0.022
0.337 © 0.023
0.284 0 0.020
0.333 0 0.023
0.339 0 0.024
0.334 © 0.023
0.333 0 0.023
0.354 0 0.025
0.328 0 0.023
0.298 0 0.021
0.302" 0 0.021
0.247 © 0.017
0.184 0. . 0.013
0 0 0.000
u v Elong
0 o - 0.000
0.16 0 - 0.011
0.233 © 0.016
G.264 O 0.018
04306 . 0~ 0.021
0434 O " 10.030
0.413 © 0.029 .
0.384 © .027
0.397 0 6.028
"0.464 v O 0.032
0.462 0 10,032
¢.518 0. 0.036
0.462-%9 . 0.032
0.514 © 0.036
. 0.491 © 0.034
0 0.036

© 0.514.

Elat

0.000
0.002
0.014
0.017
0.018
0.017
0.017
0.018
0.020
0.019
0.019
0.020
0.018
0.019

0.019.

0.017
0.013
0.007
0.000

0.000

0.000,

Elat
.000
.009
.012
.010
.013
.009
.015
.014
.016
.013
.015
.016
.015

.016
.015
.014
.014
.011
.009
.000
Elat
0.000
0.007
0.011
0.012
0.014
0.020
0.019
0.018
0.018
0.022
0.021
0.024
0.021
¥0.024
0.023
0.024

OO0OOPLOO0OO0OO0OOCO0OO0DO0OO0OO0DO0OCO 0O OO0

.015

-

g%

260



64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

87

88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

.103
1014
105
106
107
108
109
110
111
112
113
114
115
116
©117
118
119
120
121
122

11230

124
<125
126

R

Example Input File for a River Mesh
0.
.037
.032
.025
.000

713
713
713
713
713
X

,963

963
963
963
963
963
963
963
963
963 .
963
963
963
963
963
963

963 v

963
963
963
963
X
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229.
1230
1231

"1232

1233
X
1463
1464,

1466.

1468.
1470.
1472.
1474.
1476.

1478.

1480.
1482

1483.
1485.

9

B

7

SN W e oy

9
8

368
371
374
377
380
¥4

317
320
323
326
329
332
335
338
341
344
347
350
353
356
359
362
365
368
371
374

3717

z
220

222.

225

227.

230

232.

235

237.

240

2492,

245

247,

250

252.

255

257.

260

262,
“265
267.

270

1% 5
.20

5

22.
25

27.5 -

30

L4

0

0
0
0
0
h
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
h
0
0
o]
0
0.
0
0
0
0
]
0
1
1
1
1
0
0
0
0
o]
0
h
0
0
0
0
0
L
0
0
0
0
0
0

.52
.49
.46
.3

.09
.33

.53
.46
.38
.29
.23
.17
.21
.26

.13
.11
.19
.29

.29

.21
.35
.46
49
.55
.63
.74
.79
.84
.92
.03

.3
.41
.64
.68
.92
.92
.74
.57
.52
.55
0.57 .

.83
.64

0.518
0.525
0.464
0.356

[>JN el e el e NoNeNoNoNeole oY OOOOOOOOOOOOOOOOOOOOQ<OOOOOdOOOOOOOOOOOOOOO< [ eNeNeNeol

[l el ol e}

036

Elong

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
.020
.036
.032

0
0
0

000
007
046
058

062 .
062

057
052
051
034
041
039
040
024

0.033
0.042
0.020
0.000
Elong
0.000
0.010

10.015

0.015
0.017
0.020
0.022
0.022
0.021
0.022

0.
.022
.021
0.
"0
0.
0.
0.
0.
0.
0.

0
0

022

020
016
017
05
oo
003
000
000

Elong

0.
0.012
0.013
0.004
0.

-0
0
0
0

0.
0.
0.

000

003

.004
.004
.025
.029

031
036

-8

0,038

.024
.024
1022
.017
.000
lat

.000
.005
.031
.039
.042
.041

.035
.034
.022
.027
.026
.027

.013
.024
.021
.022

.0
LY
0060
Elat

0.000
0.006

OO0 00000000 O0OCOO000O00CCOO0OOMmMOOOC OO0

"0.010

0.010
0.011
0.014
0.015
0.014
0.014
0,015
0.015
0.014
0.0T4

0.014
0.011
0.011

©0.010

0.005
0.002
0.000
0.000
Elat

0.000
0.008
0.009

0.003

0.002
0.002
0.002
0.017
0.019
0.021

0.024 .
"0.022.

0.025

.038

.016 -
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127
128
129
130
131
132
133
134

1501

7

6
5
4
3
2
1

32.

35

37,

40

42.

45

47,
50"

5

0.
.58
.61
.59
.6

.58
.56
.57

O OO0 OO0 O0O

58

o

.422
.397
.359
.368
0.294
0+344
0.284
0.235

O oo

0

coooooo

0.
.037
.033
.034
.027
.032
.026
.022 -

[ol el el eleNe el

039

0.
0
0\
0.
0
0
0
0

Example Input File for a River Mesh Generation
1487.
1489.
1491,
1493.
1495,
1497.
1499,

026

.024
.022

023

.018
.021
.017
.014

\
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