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ABSTR~CT 

A Front Tracking finite element code was used to study 
movements of the solid-liquid interface which occur dur
ing the seeding process of semiconductor crystal growth. 
The analysis focused on improving control 0 f the inter
face through use of seed crystal" blankets ". Thermal 
properties of the blanket materials ranged from isotrop
ic to strongly anisotropic. Results showed that a seed 
blanket can be effective ln control of both the inter
face position and shape during the seeding process. 
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- partial derivative wrt x, of the field variable interpolation 
function 

B 

partial derivative wrt y, of the field variable interpolation 
function 

- temperature gradient matrix 

c - specific heat 

~ - capacity matrix 

~ - element of arc length' on the solid-liquid interface 

d~. displacement of an interface node in the x-dirextion 

~~ displacement of an interface node in the y-direction 

dJ - vector displacement of an interface node 

dS - nodal displacement vector, in terms of field variable values 

~ nodal point value for x-displacement of an interface node 

~ - nodal· point value for y-displacement of an interface node 

~ - interpolation function for nodal displacements 

J - transformation matrix 

~ - thermal conductivity 

! directional thermal conductivity 

~ - stiffness matrix 

.L - latent heat of fusion 

n - normal vector (to the interface) 

-~ - imposed heat flu.x on the boundary 

- position vector 

s - pos i tion of the interface 

t - time 

r - temperature 
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T"" 
T 

- phase change temperature 

- - nodal temperature vector 

bT - variation in the exact temperature, used as a weight function 
in the Galerkin method weak form 

U - interpolation matrix for nodal displacements of the interface 

V~ - velocity of a point on the interface along the normal direction 

'In., - x-component of the normal velocity 

V~, - y-component of the normal velocity 

~ - x-coordinate transformation vector 

~ - y-coordinate transformation vector -
C( angle between interface normal and the positive x-direction 

f - c;lensity 

4> - interpolation vector 

rt - \veight flll1ction 

<r - domain boundary 

~ - coordinate interpolation vector 
"'" 
w.:.w~ - Gaussian Quadrature weight functions 

subscripts 

I - solid 
Z. - liquid 
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Integrated circuit technology today can put hundreds of 

thousands of transistors on less than a square centimeter of 

area. Even so the level of sophistication could be increased. 

However, the performance of the most carefully prepared circuit 

can not exceed the capability of its base material, or substrate. 

Progress of the semiconductor industry thus relies on improving 

the quality of substrates, or more fundamentally, the quality of 

bulk crystals the substrates come from~ 

Since the ·silicon chip's· rise to fame nearly twenty years 

ago, three main methods have been used to grow bulk crystals or 

ingots. The methods are Czochralski (CZ), Floating Zone (FZ), 

and Horizontal Bridgeman (HB). The CZ method is a vertical 

growth technique. The crystal is formed by slowly withdrawing a 

seed from a molten pool of polycrystalline ~aterial. The crystal 

grows at the solid liquid interface with the same structure as 

the seed. Floating Zone is also a vertical technique. Here the 

crystal is formed by melting a small region of a polycrystalline 

rod next to a seed crystal. The molten zone is moved up the 

length of the rod and solidification occurs behind it. In doing 

so the crystal structure of the rod changes :0 the seed structure 

(see Figures I and 2 for schematics of thes~ processes). Cry

stals formed by the HB method are grown in a boat shaped con

tainer. Solidification begins at the seed w~ich is located in 

bow. More on this later. 

Virtually all production grade silicon is grown using the CZ 

method. Standard sizes exceed ten centimeters in diameter and 
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Figure 1. Schematic of the C:ochralski crystal growth method 
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fifty centimeters in length. 

produced with diameters up 
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In foreign markets silicon has been 

to twenty centimeters. Gallium 

Arsenide (GaAs), a semiconductor material which can outperform 

silicon, does not have a standard growth method as yet. However, 

the HB method does seem to be a favorite choice. 

Ideally~ semiconductor crystals are grown with a minimum of 

defects and a uniform structure. The technical difficulties 

associated with tnese aims depend both on the crystal and the 

growth process. Silicon crystals for example, are prepared from 

aSingie major component and thus are easier to grow than Gal

lium Arsenide crystals. Similarly, a Horizontal Bridgeman fur

nace has relatively few moving parts compared to a Czochralski 

furnace. Thus the process control algorithm f9r the Bridgeman 

furnac~ would be simplier. 

Since this work focuses on a specific aspect of the HB 

method it will be useful to describe it in more detail. To 

appreciate the process though, it is first ~:cessary to under

stand more about the crystal growth process ctself. 

CRYSTAL GROWTH PROCESS 

A crystal is defined as an ordered peri~jic structure. Com

ponent atoms hold specific positions in t~3t structure or lat

tice. Different lattice arrangements are dscribed with terms 

such as -body centered cubic-, -face centered cubic- and -hexago

nal closepack-. Different structures and/or lattice orientations 

can be present in a single material. For example, surface har-
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dening of some steels is produced by rapid quenching from a high 

temperature to change the normal face centered cubic structure 

to body centered cubic. "A structure typical of martensite. On 

the other hand, polycrystalline silicon is diamond structured 

throughout but has nonuniform orientation. This is evidenced on 

a microscale by the presence of grain boundaries. An ideal cry

stal of Gallium Arsenide has a zincblende structure, which is 

similar to diamond, with Gallium and Arsenic atoms occupying 

alternate positions in the lattice. Figure 3 shows representa

tive crystal structures. 

The electronic properties of a crystal (electron mobility, 

resistivity) are dependent on both structure and orientation. 

Thus crystals used in the semiconductor industry must be -single

crystals. That is the crystal must hav~ one structure with a 

uniform orientation throughout. This empha~izes the importance 

Qf the seed crystal since it provides the t~~plate for both. 

Th~ seed is a highly pure" single crystal with a desirable 

orientation as determined by x-ray diffracti0n. Orientations are 

described in terms of the Miller indices of unit cell. Most 

silicon is grown with a <1,1,1> or a <1,0, J> orientation. Gal

lium arsenide is also grown with <1,0,0> orl~ntation. 

Mechanical properties of crystals also 2re influenced by the 

lattice structure. Of most importance is the tendency for a cry

stal to cleave along preferred crystallographic planes. This 

property must be exploited to efficiently separate individual 

circuits from the finished wafer. A process which is called 
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dicing. 

The actual growth process begins by melting a charge of 

polycrystalline material in a special furnace. A seed is then 

introduced to the melt and by extracting energy the crystal 

begins 

begin. 

to grow. Unfortunately, this is also when the problems 

The rate at which energy can be extracted, which deter-

mines the crystal growth rate, depends mainly on temperature gra

dients in the solid and losses to surrounding media. Both of 

these factors are strongly influenced by the radiation environ

ment within the furnace. Complex geometric shape factors and 

unknown surface properties make accurate temperature control 

extremely difficult. The lack of control can in turn produce non 

uniform growth rates with corresponding variations in crystal 

properties (an undesirable side effect from 3 circuit production 

standpoint) • 

Temperature gradients in the solid also produce thermal 

stress. It has been proposed that thermal stresses contribute to 

the formation of defects in the crystal lattice (5). Defects are 

known to impair the electrical performanc~ of semiconductors. 

Gallium Arsenide appears to be more sensitiva to this than does 

silicon. 

Great care is taken to produce crystals which are free of 

defects and unknown impurities. It seems ironic then that for 

many applications, minute levels of known impurities (called 

dopants) are introduced intentionally. Dopants actually playa 

vital role in giving semiconductors their electrical properties. 
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Typical dopant concentrations are on the order of (l0)~ atoms per 

cubic centimeter. It is, of course, important to incorporate the 

dopants uniformly as the crystal solidifies. 

Single crystal growth of GaAs also is faced with unique dif

ficulties since it is a compound semiconductor. Gallium and 

Arsenic atoms must be present in the crystal structure in a one

to-one ratio which is accurate to better than one part in ten 

million. This requirement is especially difficult to achieve 

since Gallium and Arsenic have different vapor pressures at the 

melting point. Arsenic pressure is the greater, thus it volatil

izes and disturbs the stoichiometry. Elaborate growth schemes 

have been used to prevent this from happening. Liquid Encapsu

lated Czochralski (LEC) is one such method. 

In comparison to Silicon, Gallium Ar~enide crystals are more 

difficult to grow. Commensurate with these difficulties, todays 

average Gallium Arsenide crystal is around two to five centime

ters in diameter. However, the performance of Gallium Arsenide 

provides more than enough motivation to tackle the technical 

problems. A Gallium Arsenide circuit is almost ten times faster 

than a comparable silicon one. It consumes less power and thus 

requires less cooling. It also is insensitive to pulses of elec

tromagnetic radiation, a desirable property for military applica

tions. 

THE HORIZONTAL BRIDGEMAN METHOD 

The Horizontal Bridgeman method is currently used to produce 
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low defect Gallium Arsenide crystals. A sketch of one typical 

system is shown in Figure 4. The figure shows two quartz boats 

inside of a quartz ampoule. One boat contains the polycrystal-

line charge. The other holds an Argenic source that will provide 

an Arsenic rich atmosphere to control the stoichiometry in the 

melt. Before placement in the furnace, the ampoule is evacuated 

to approximately -7 (10) torr and then sealed. At operating tem-

peratures the vapor pressure of the Arsenic is around one atmo-

sphere. The seed crystal is located on the furnace centerline in 

the neck of the boat. 

The furnace supplies energy via resistance heating elements 

that are embedded in a ceramic material. Temperature sensing is 

done with shielded thermocouples. Axial temperature distribu-

tions versus time for one typical growth cycle (heat up and 

growth stages) are shown in Figure 5. The charge of Gallium 

Arsenide is melted in the first six hours of the heat-up stage. 

During this time the seed partially backmelts and contacts the 

melted charge in the body of the boat. ~emperatures are held 

fixed for approximately five hours to let th~ system equilibrate. 

This time also allows the solid-liquid i~terface (in the seed 

region) to reach a steady shape. Optimally :he shape would be 

planar at this stage and it would remain so throughout the pro-

cess. 

In the growth stage the tem~erature boundary profile is 

moved towards the liquid phase at a fixed velocity, pushing the 

interface with it. 80th the slope of the boundary profile and ~he 
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speed it moves at must be constant to obtain uniform growth 

rates. In the time frame of the process, with temperature boun

dary velocities around three millimeters per hour, it typically 

takes seven to ten days to solidify all of the melt. 

The furnace arrangement of the HS method requires tew moving 

parts. The boundary temperature does move but this can be accom

plished mechanically or electronically. Control requirements are 

therefore simplified. Also, for Gallium Arsenide growth, the HS 

method provides tighter control on the process stoichiometry 

because of the Arsenic rich atmosphere above the melt. Thus cry

stals can be grown ~ith a minimum of defects. 

The method does have its short commings. The furnace itself 

introduces asymmetry that can produce nonuniformities in the 

crystal's growth~ Crystals take the shape of the quartz boat and 

thus require more processing to get to the ~~fer stage. The dom

inant heat transfer mechanism is radiation, so that accurate 

(axial) temperature profiles are difficult to achieve. The real 

risk here is the potential for completely melting .the seed during 

the heat up stage. Significant losses of :ime and energy _ould 

result from this since the crystal would ~'knowin~ly be grown 

without a deSign orientation. For this relson development work 

on the HS process is aimed at controlling the location, and 

shape, of the solid liquid interface during ooth the seeding pro

cess and subsequent growth phase. 
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OBJECTIVE 

The objective of this work is to investigate a new scheme to 

control the position and shape of the solid-liquid interface dur

ing the seeding process, as it applies to the Ha growth method. 

The scheme involves the use of various seed -blanket R materials 

as a means to obtain accurate temperature control. Assessment of 

each material's performance will be made using a. Rfront tracking

finite element code developed by Yoo and Rubinsky (6). 

MATHEMATICAL MODEL 

The model used to analyze the seeding process is shown in 

Figure 6. Regions R, and Rtrepresent .the solid and liquid phases 

of the seed respectively. Region R, is the seed blanket material. 

The solid-liquid interface is denoted QY a surface s. The entire 

solution space is given as ~ with boundary~. An outward unit 

normal vector on the interface is given by n. Note that regions 

RI and R~as well as the surface 5 can be time varying whereas the 

boundary ~ is fixed. The target of this an1lysis is to determine 

the temperature distributions throughout th~ domain and the posi

tion of the solid-liquid interface as funct~ons of time. 

The following assumptions are made: 

1. The seed material has a definite p~ase transition tem

perature 

2. The change of phase interface is a definite surface in 

space 
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3. Maximum temperature differences and physical dimensions 

in the liquid region make natural convection effects neg leg-

able 

4. Material properties are not functions of temperature 

5. Volume change from solid to liquid is small 

6. Mass diffusion is not considered 

7. The position of the interface is known at time zero 

Considering these assumptions, the governing equations of the 

problem are: 

" (R ~T) pc, ~T ,tI\ t (1\ 
0 -at 

subject to 

T - f ( r, t ) ~I (1.) - ot\ 

R U 1 c)n 
Of'\ Q"i (ll 

with the interface conditions 

T= Tp
" 

Of\ ~(~) (4)\ 

'R d..L R U" - pL Vf\ Oft ~l~) (;) -, )n 1. ~n 

and arbitrary initial conditions 

T -::. ~ (~) \".. 'C Lt.l 
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Figure 6. Physical rode! for the seeding'focess 
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Note that material properties in the blanket may be anisotropic 

but are not temperature dependent. 

The finite element formulation is limited to two-dimensional 

or three-dimensional axisymmetric problems. Proceeding with the 

Galerkin Method of Weighted Residuals we construct the following 

weak form from the governing equation and boundary conditions: 

} \ V·l h,VT) - fe ~ 1 It ,,~ + J l T - flll cir, .. J ~ k ~ - i 1 ~ dO', '" 0 

~ r. er~ (i) 

The interior and boundary errors are to be minimized with respect 

to an arbitrary weight function~. In keeping with th~ ~asis of 

the Galerkin method this weight function is chosen to be a small 

variation of the exact solution. That is 

--
~ote that on the ~ boundary iT is zero since the value of the 

field variable is specified. Thus the bounclry integral vanishes 

on r,. Integrating Eq.l once by parts and then applying the 

divergence theorem gives 

) lU:i. n;i. - pC trn!dt o (8) 

t 

And choosing Cartesian coordinates gives the final weak form. 

:.0 
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The problem domain is now divided into N distinct subdomains. 

T~~ field variable distribution is approximated as a finite sum 

over all N subdomains, using known interpolation functions (shape 

functions) and unknown coefficients or nodal point values. 

Specifically .. 
-<I>~ T ~ T - .L - ... -1.-' 

H 

cj)~ ST ~ ~T. 
~ -~ 

\' .. .... (II) 

~T 
... 

i <b~ 
N t - X I~ - L Q.i, T· fi - b" ,.. .. - -, -" 

i..~1 ~:I 

~T 
.. 

~ <S>~ 
N t 

= L n. - ~ b· T· - - .... " ~~ c)l _. -" ".0 i,:' 

These distributions are represented in a global context by ~rop-

. ping the subscripts. For instance 

T:. <l>tT 
,., -

Here the local summation is implied. Subs:ituting the global 

forms of Eqs.10-13 into the weak form gives 

u[ \ t \tl~~t + 2 ~\) I - fCe !~t ~ t d~ - ~ i ~ clr~ 1 - 0 -
01. 

or 

~T [ ~ t R 
B e,t. T ec q,4>t ~I ! dl\ ~ i t dll">. ] - 0 -- - - - -,., rl 

G"'l. 

ll.) 

(\15) 
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where 

B = . (He) 

For arbitrary dt this equation reduces to the form 

c<!I 
- cit 

KT 
_N + - o 

with 

K ~ 
t 

-= B k B dA (I") fo.- ~""ot"O'IC. - - - -
tf\ .. ~i .. .\" 

\<. ' (w. '''1 - 'tie '-' .. 
F - 5 - ~ ,,~ (I.o) .., 

~.., 
IW 

«i 

In the interest of computing efficiency ~~ is desirable· to 

evaluate the integrals in Eqs.17-20 over reg~:ar shapes. Thus we 

introduce an invertible coordinate transfor~ation as shown in 

Figure 7. such that 
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Where ~ is the known interpolation function and x,y are the coor-,.. .. -
dinate pOints to be mapped into Tit space. We chose an iso-

parametric mapping, thus the transformation! is identical to the 

field variable shape function ~. Then 
N 

Temperature gradients in 1'~ space are calculated using the chain 

rule of differentiation. In matrix form we have 

u c)~ ~'t ~T ~ ~T - -~l ~l -- 3" - J P. {U) - -
~T - dT ~)t ~ oT -6ft - - -

~'l ~'l a~ d~ 

which defines the transformation matrix l· Thus we can write 

--
It can also be shown that an increment of area in x,y space 

transforms to t,1 space weighted by the Jacobian of transforma-

t ion. That is 

--
Hence the integrations in Eqs.17-29 become 

c. = f f rC t!t claq cll cI'l 
-I ... 

K: f f ~tr\ t§ eM I .:lr d\ (17) .. , .. 
F : ~' i ~ 4at !. cit (tl) 

.at 
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These are evaluated numerically using a Gaussian Quadrature 

method. The form of the integrals becomes 

tft '" pc ! ~t <let. ! c, - ~ ~ w. w. -
i." J.' " J 

'" "" §.t l ~r'.§ chi ~ K - . L ~ \Al" ""j -- ~~I ~r' 

t~o) 

'" F - ~ \N~ i ! c!e.i: J. -,.., 
'"til 

where om is the number of function evaluations i~ each coordinate 

direction and w.· are the weight factors. Io.J Note that an m point 

Gaussian Quadrature routine will integrate polynomials of degree 

2m-l exactly. 

The heart of the front tracking finite ?lement method is the 

use of the energy balance on the inter:ice as an independent 

equation. The solution of which gives the ;»sition of the inter-

face as a function of time. As before we begin by constructing 

the following weak form from Eq.5 

: 0 

Where ~ is the weight function. Note that chis form does not 

yield the interface position directly. Also, from a finite ele-

ment standpoint the normal derivatives are i~~onvenient to work 

with. Rubinsky and Yoo (4) decomposed Eq.5 using a new statement 

of the interface's isothermal nature. Their ~ethod is repeated 

here. The solid-liquid interface is described at each point by a 
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normal vector n, and the surface s. Derivatives in the nand s 

directions can be related to x and y directions using the follow-

ing transformation 

cos oc S U' G( ~ ~ ~ c) 

~ft on c)n Si --
!. ~ ~ i 
c)~ ~, a, a~ 

where '. ' is the angle between the normal vector and the positive 

x-direction. Using Eq.33 we can rewrite Eq.S as 

The velocity of any point on the interface is a vector quantity 

with components 

~ultiplying Eq.34 by cos(.) and rearranging ~tves 

Eq.4 is now used to construct an energy ~alan:e on the interface 

for the s-direction. Thus 

or, using Eq.33 gives 

(38) 
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Rearranging 

Eliminating the y-derivatives between Eqs.34 and 39, and using a 

common trigonometric identity leads to 

L.. ~T, _ I.. ~,,_ L V. 
1\, ii f(" ~1- - en" (-+0) 

A similar decomposition can be used for the y-direction to obtain 

Then using the definition of velocity for a ?oint on the inter-

face in Eqs.40 and 41, gives a form t~at can be readily discre-

tized for solution 

\t ~T, 
'~ 

\II ~1. 
" ~'" 

rL ch" 
dt 

(-+1.) 

~I ~..!' R" li1. - eL 4?~ -aj a'j cit 

where ds. and ds~ are the x and y displace~:nts of the point. 

Thus the final weak form is written as 

chill dt 
d':J., u.l d..L 
ca. 
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Since at this ~oint the tem~erature field is assumed known, Eq.43 

can be solved for the interface dis~lacements as a function of 

time. 

In the finite element formulation of this weak form the 

interface dis~lacements are a~~roximated in a manner similar to 

the tem~erature distributions. That is 

H 

2 ~~ ~~~ 
i. ., 

where the ~i are known inter~olation functions and ~~,qx~ are 

unknown nodal ~oint values for the ith element. Combining these 

we have, in a global sense 

-- U dS - -
where ~ is a combination of the inter~olation functions and d5 -
,is the nodal dis~lacement vector. The velocity is likewise given 

as 

Denoting the tem~erature gradients as before 'and choosing the 

weight function in the same space as the interpolation Eq.43 

becomes 

-- l41) 
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We again want to perform the integration over regular shapes and 

thus the interface elements are mapped into T'~ space as in Fig

ure 1. This gives an ~quation of the form 

p ~ 
dt 

(48) 

where ., 
f = ) t'\.. g ~t d,t ~ dfl 

Q 
•• 

5 Yt. C .. , JO' ~ I, J' T 1 l " - ~t _" ~~_~ l det ~ <itt 
-I 

Gaussian Quadrature is used to evaluate the integrals resulting 

in the form 

'" t'L Y yt de.t ~ f. - Z W",. -
\." 

(5\\ 

". 

w.~ gt t R. r'~, II Q - ~ R1. 4-' ~~ t~ 1 d.t ! -- VI 

To illustrate the formulation of Eq.48 consi~er a portion of the 

interface modeled as a two node element in ~igure 8. The inter-

face ~isplacement is approximated in this ele~ent by 

Note that in f,1 space the interface movemen: is a function of ~ 

alone. Combining these we get 

t{\4'\) 0 tt \-'1.) 0 
dx, 

ds UdS - d~. 
lS'S) -- -- -- chI. 

C .y{H.n) 0 t( \-it,) 
Q'j1. 
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Temperature gradient matrices are derived from the temperature 

distributions in elements adjacent to the interface. For 

instance 

--
~ (1- n 

Both J(1'~) and 9(r,t) are evaluated at the Gauss points on the 

interface, so the B matrix becomes 

( \ - tt,,) ( I '+ q~) -(,-.1\) .. 
-7. ~ l. o 

The t r a ns for mat ion for an e 1 e:n e n t 0 far c 1 e:-. ; t h dA. is de t e r min e d 

as follows: 

d~ - [ d,,1. + d'l~ ]~ (Sa) -
IoIhere 

d~ - ~dT + ~ Ott l~) - ell ~\ 

d~ - ~ dT to ~ cit\. (1.0) -
~T aft 

3ut on the interface 

:<. 'C Xt"r, 1\) .':1 "t I, It ) ~f\cl ~~ ~llt\) - ~l\,tl) l 1.1) -
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so that 

~~ ~~ 
0 - - - --~t ~1 

and Eq.58 becomes 

[l~)~ + 

y. 

d.A. (~It r drt - det J d'l -~1\. 

Thus for the two node element 

det J : (fit) 

SOLUTION ALGORITHM 

The simulation of the seeding process ~~9ins at a time when 

both the temperature field and the interfa~e position are known. 

The basic steps for solution are: 

1. Generate the finite element mesh fo: the solution space. 

Individual elements do not cross :~e boundaries betwee'n 

solid, liquid or blanket. Initial con~~tions are applied to 

all regions. 

2. Solve Eq.17 for the current tempera:~re field (ie. after 

a time interval dt) using a forward ~ifference scheme for 

the time derivative. Note that boundar! conditions are a • 

function of time (see ~igure 5) and hence are different for 

each time step. 
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3. Use the current temperature 9i.sl:cibutian to solve Eq.48 

for the displacement of the. i~terface nodes in this time 

interval. 

4 • Generate a n~w mesh; for the sol'Utj.on . space. Note that 

the size and shape of regions~Bl~an~ .~2 will reflect the 

change in the interface location. u~ 

5. Calculate nodal pOint temperatul":e); for the new mesh. from 

the current temperature field (step ~).' Essentially this is 
',~,; 

an interpolation routine. 

6. Repeat steps 2 5 for eachtd.rtt~<step in the process. 

A listing of the computer code and ~low chart are g~ven in 

the Appendix. ~. 

RESULTS AND DISCUSSION ',. 
Recall the objective of this studY:'OJas to inves.tigate the 

,"" '4ls~''''''o'f various seed blanketmater:ila}p.,- t# ,;ontrol position :ind 

shape of the solid/liquid interface durti:n:A t- ~ seeding process,. 

Originally, research ~a~ focused ,o~ ~ays :0 control the ,axial 

temperature distribut~an imposed on thbseea "n'side the furnace. 

To do this required controlling ~h.,axia. heat flow. Thus ~e 

en vis ion e d fill i n g the s p ae e bet wee n '; t tr~. s e -:! dan d the fur n ace 

~ a 11 with an ani sot r 0 pie media. T be -; p..e.:-e f e rce dd ire c t ion of the 

media would t5'e perpel1dicular' to' the se~~'!~s~ong axis. Thereby 

limiting axial heat flow" in f a v 0 r;~"o.f r ad i d 1 h edt flow, d n d 

o b t a i n i n g bet t e r t em per a t u r e con t r 0 1 a t::o,. .. tr" e see d • 
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We compared four material that were compatible with the 

melting temperature of Gallium Arsenide. These were a standard 

(isotropic) graphite, hot-pressed aoron Nitride (mildly anisotro

pic), pyrolytic graphite (strongly anisotropic) and an ideal 

anisotropic material with a 1000 to 1 difference in thermal con

ductivities. Thermal properties are listed in Table 1. 

In addition, we varied both the growth rate and blanket 

orientation. Growth rate is determined by the speed at which the 

boundary temperature profile moves. Typical values are on the 

order of millimeters per hour. Orientation indicates the align

ment of the preferred heat transfer direction (in the blanket) 

with the coordinate axes. We have assumed symmetry and thus 

model only half of the seed/blanket geometry. Actual physical 

dimensions are given in the Appendix. Tem~erature boundary con

ditions were imposed on all sides except the symmetry line which 

was insulated. 

The growth, or temperature history the seed is subjected to 

is listed in Table 2. In the in~erest of c0mputational expense 

we model the seeding process as three 25a m.i~ute stages: back-

melting, stablization and solidification. 

the analysis ·after Segment 2. 

~ssentially we begin 

Interface shapes for a boundary velocity of 0.5 mm/hr and 

blanket orientation in the y-direction are s~own in Figures 9a-d. 

Notice that once solidification begins the interface is concave. 

The most pronounced curvature results with the ideal anisotropic 

blanket. Physically the shape is consistent. The long edge of 



T • 

GallllUU Ar~cnidc' . I' I. (,rap 11 tc lIot - Pressed 
) 

Pyrolytic 4- Ideal 
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Ucnsi ty ~. 

(~~/lIIa) Sl7U 570tl J7LO 19UO 2200 2200 

Spcc i f ic lleat 424 S31 2U09 200M 2009 2009 (J/l-~ eC) 

Thenu.!l "A" 28.9 "A" 12S "A" 100 
Conduct i v i ty 7.1 14.0 110 

(W/meC) "e" 18.0 "e" 1.11 "e" 0.10 

l.a t CII t Ilea t , 
of l:usion 790 .... ' 

\D 

lkJ/kg) 

~'dting 
Tcmperature 1237 ~ 4200 )2000 4200 

(ec ) 

1. Takell r rolll rc fc rCllccs (I) and (~) 
2. Union Carhidc tcclulical data, IIrAl{ Crade 11:1. 
3. Union Carhide t~c1ulical data, IIU\H (;radc IIBC 
4. Union Carhidc tcclulical data, UCAl{ Cntde PC 

Tahle l. lhcnual propert ies of hlanKet materials and t;al I iUIII Arsenide 
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Temperature 

Segment 
&. 

Location initial· final Duration 
(·C) (eC) (min) . 

1 A 2S 1080 
180 

(heat up) B 2S 1244 

2 A 1080 1150 
180 

(heat up) B 1244 1244 

3 l1S0 1224 
300 

(back melt) B 12~4 1244 

1224 122.+ 
360 

(stablize) B 1244 124~ 

5 1224 1204 
1000 

(solidify) B 1244 1224 

a. Location refers to positions on the see,: :1S shown 
in Figure 5. 

Table 2. E.xample of the temperature history imposed on 
the seed crystal in the Horizontal Bridgeman process, 
taken from (3). 
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the seed ~rovides good heat transfer area. So, with the blanket 

oriented in this direction it is ~ossible to extract more energy 

~er~endicular to the seed than along its length. As the degree 

of anisotro~y increases so does the curvature. Interface curva

ture is more exaggerated for a growth rate of 5.0 mm/hr, as seen 

in Figures 10a-c. Note here that more solidification occurs with 

the ~yrolytic gra~hite blanket for the given time. 

We also oriented the blankets in the x-direction to a~~roach 

the one dimensional heat transfer case. The inteface sha~es for 

this orientation ~ith 0.5 mm/hr growth rates, are shown in fig

ures lla-c. The inteface is essentially flat for the ~yrolytic 

gra~hite and ideal anisotro~ic blankets. These results are 

ex~ected However, no solidification occurred even though the 

boundary ?rofile was moved to begin that stlge. These results 

are ex~ected since heat transfer is essentlally one dimensional, 

along the length of the seed. The Boron Nlcride blanket being 

only mildly anisotro~ic, does not ~roduce a flat interface. How

ever the amount of curvature is reduced f~Jm the y-direction 

orientation (Figure 9b). 

We had an opportunity to com~are the 

shape with actual experiments. Figure 15 

used in that test. A power failure during 

froze the interface at 

?redicted interface 

S~JWS the seed crystal 

the seeding ~rocess 

The system had been its steady shape. 

allowed to stablize. The seed material was Gallium Arsenide and 

it was contained in a blanket of Boron ~itride oriented in the 

y-direction. The growth rate was 3 mm/hr. 7he interface shape 
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compared qualitatively with the predicted shape for similar 

growth conditions(Figure l0b). Both are concave but the actual 

curvature is greater. The difference may be due to gravity 

effects since this was not in our model. In Figure 15 gravity 

acts into the page. Thus gravitational forces would draw liquid 

away from the interface and increase the curvature. 

We turn now to the idea of interface position control. Dur

ing the seeding process the boundary temperature profile follows 

a prescribed path in time (listed in Table 2). Ideally we want 

the interface to track the profile exactly. That is, the inter

face should follow the position of the phase change temperature 

(on the boundary) as it moves during each stage of the process. 

Precise control would eliminate the risk of losing the seed dur

ing the backmelting stage. Each blanket ~dterial was evaluated 

in this regard. The results are presented in Figures l2a-d to 

l4a-c. In these figures the location of :he phase change tem

perature, imposed as a boundary condition on the blanket, is 

plotted as a function 6f time. The curv~ clearly shows three 

stages in the process. The positions of two interface nodes are 

also shown. Node 1 is on the symmetry line ~~d ~ode 2a is on the 

seed blanket boundary. 

Figures l2a-d are for a growth rate of 0.5 mm/hr with 

blanket orientation in the y-direction. The interface position 

tracks the boundary profile most closely for the strongly aniso-

tropic materials. Again, this behavior is consistent since a 

high degree of anisotropy will transfer boundary information to 
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the seed more quickly. The isotro~ic gra~hite and aoron Nitride 

blankets let t~e interface gradually fall behind the boundary 

profile during solidification. However, the solidification rate 

is uniform. 

Res~onse to the 5.0 mm/hr growth rate is shown in figures 

l3a-c. The ~yrolytic gra~hite blanket still ~rovide$ the best 

overall response. Note that the Boron Nitride and gra~hite 

blankets now ~roduce non-uniform solidification rates. The inter

face first lags then gains on the boundary ~rofile. It is not 

clear whether a' uniform rate will eventually take over. The 

actual amount of solidification is greatest for the strongly 

anisotropic blanket. The benefit here is crystals can be grown 

quicker and thus more economically. 

Figures l4a-c show the response of the Lnterface to blank

ets oriented in the x-direction. Since the Joton Nitride is only 

~ildly anisotropic, there is still some measure of ~osition con

trol. The other blankets gave little i: any control. It is 

apparent that a trade off is surfacing. To;~t a flat interface 

(for radial uniformity in the crystal) req~lres a strong aniso

tropic blanket oriented in the x-direction. In doing so we 

sacrifice control over the interface positi~~. 

A goodcom~romise can be obtained usi~g a Boron Nitride 

blanket, with x-orientation, and moving the ooundary temperature 

profile at an intermediate speed. Figures 16 and 17 show the 

interface shape and response curves for these growth conditions. 

Note that interface curvature is reduced and the solidification 
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rate settles on a steady value. The blanket orientation makes 

this compromise somewhat counter-intuitive. However, the results 

suggest that optimal behavior might be obtained by just fine 

adjustments of that orientation. 

The effect of initial conditions was also studied. Figures 

9-14 were generated with linear initial conditions. That is, 

before the start of backmelting the temperature distribution in 

the seed is linear in 'x' and uniform in lyle The profile is 

that which exists on the boundary at the end of Segment 2 (see 

Table 2). We felt the time scale of the problem would dilute any 

variations in initial conditions. Test cases were run with uni

form initial conditions throughout and results were unchanged. 

The same behavior was true of time step size. The bulk of our 

data was generated using a step size of thir:j seconds. A factor 

of two increase or decrease had no effect On the interface shape 

or position. 

CONCLUSIONS AND RECOMMENDATIONS 

A major conclusion from this study is ~~isotropic blankets 

can be used effectively, to control the pc~ition of the solid

liquid inte~face during the seeding process. The best response 

was obtained using the pyrolytic graphite m~:erial with its pre

ferred direction oriented perpendicular to th~ seed's long axis. 

The risk of losing the seed during the backm~lting stage is elim

inated with this material. The subsequent solidification rate is 

uniform. Therefore, axial variation in crystal properties will 

be a minimum. Boron Nitride and isotropic graphite blankets also 
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provided good position control. However, the solidification rate 

was non-uniform during the first 250 minutes of growth. 

The trade off for good position control is with the inter-

face shape. All blanket materials oriented in the y-direction 

produced concave interface shapes upon solidification. The 

amount of curvature was not distinctly affected by the degree of 

anisotropy. Orienting in the x-direction eliminated interface 

curvature for the strong anisotropic materials. The Boron 

Nitride blanket did retain some curvature but it was reduced from 

the y-orientation. Qualitatively, the predicted interface shape 

agreed with the limited experimental evidence we had access to. 

experiment. 

A good compromise between interface sh3~e and pOSition con

trol was found using a Boron Nitride blanke:, oriented in the x

direction, and moving the boundary tempera:Jre profile at 2.5 

mm/hr. This result also suggested that optimum behavior might be 

obtained with just fine adjustments of the b~2nket's orientation. 

Tests ~ere not run for an unblanketed seed. An adequate 

treatment in this case requires modeling t.~ radiation environ

ment inside the furnace arid ~as beyond the s~0pe of this work. 

To include radiation in the Gallium Arsenid~ model would require 

information on surface properties (emissivitj, reflectivity and 

transmissivity) for both the solid and liqJid phases. Informa

tion which is currently unknown. 
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VERSUS TIME. ON THE BOUNDARY AND INTERFACE. FOR AN 
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FIGURE alt. LOCATION OF THE CHANGE OF PHASE TEMPERATURE 
VERSUS TINE. ON THE BOUNDARY AND INTERFACE. FOR A 
PVRQLYTIC GRAPHITE BLANKET ORIENTED IN THE Y-PIRECTION 
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FIGURE 14~.LOCATION OF THE CHANGE OF PHASE TEMPERATURE 
VERSUS TIME. ON THE BOUNDARY AND INTERFACE. FOR A 
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FIGURE 1+,. LOCATION OF THE CHANGE OF PHASE TEMPERATURE 
VERSUS TIME~ ON THE BOUNDARY AND INTERFACE~ FOR AN 
IDEAL ANISOTROPIC BLANKET ORIENTED IN THE X-DIRECTION 
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C ~ NY~AI ••••• MAXlMU~ NUMBER PF NODES IN T~E Y-OIPFCTION SOL 
C f\jTO ••••••• THIS I~ '·'Y' rF THE PREYIOUS TIM~ STEP SOL 
C PHYAL ••••• VAlUE ~F ~ISPlAr.E"E~T F~R CONSTRAINED tNTFPFACE SOL 
C NnOF~. IN THIS PPC~LEM THE Y-DISPLACEMENTS SOL 
C OF T~lFPF6CE NO~f.S ON T~F SY~NFTRY lI~F AND SOL 
C RLAP~KFT INTEQFACE ,QE SET TO ZERO. Sal .. 
C ~ p~n ••••••• DENSITY SOL 
C P.tHJT~ •••• REFERP'Cf lENGT" F~Q THE Y-OIRECTJ ON f NOT USED' SOL 
C RJ~CRE •••• DISPlACF~FNT OF T~~ INTE~FACE Nooe AT YBOUNOez, SOL 
C THAT RF~UL TS TN THE CURRE"n TIME STfP SOL 
C ~ S 1"41 •••••• LOCA TlnN OF THE !lfax IMUM IMPnSEO TEMPEPATURE ON THE SOL 
C ~LANK~T !nUNnaQY. AT TIME ze~o SOL 
C ~ TPVEl ••••• VELOCITY nF THF Ar~HOART TE~PERATURE p~OFrLE. SOL 
C IN AN [A"LlER YERS'~H THE BOUNDARY PROFILE SOL 
C WAS Moye~ IN THE P\CK~ELTING STAGE WITH A SOL 
C FIX~O GP,nIENT, AT I rrFFERE~T YELOCITY SOL 
C THAN TMf SOLlnlFIClnON STAGE. THUS THE SOL 
C '-40fJlE~ 1 C BACK"'El liNe), 2 (STA8L1lE) AND SOL 
C 3 (SOL JrJFICATlON). I .. YFQSTON SOLJD6 ONLY SOL 
C T~YF.l( 3 J I S use". SOL 
c ~ T~ETAI •••• INITIAL TE~PEPATUPE elF UNIfORM CONDITIONS' SOL 
C ~ T~ETAC •••• COLD wALL TFMPfqaTU~E (NOT USED, SOL 
C ~ HIE-T AH •••• P"AX I~'J" Tr. ... PEIUTIJRE I"PO~D ON Tf04F. l'OUNOARY Sal 
c ~ T~lET 11 •••• HIlT Ul T-="'PEQI TtJPF. IIf u~rFOR" ) SOL 
C ~ H'!l'5F •••• TEMPEPAlliRE AT lOC4TION ~R!1IJNO(U. YBOUNDe:!) AT THE SOL 
C E~D OF T~E qACK"'ELTrNG 5T4CE SOL 
C 0 UNITS ••••• IN"IC~T~5 THE UNIT Ca~veNTIO~. SUCH as 'sr' SOL 
c ~ XBI'JUNO •••• OFFyIlfFS THE x AnUNDARJES nF THE DOMAIN. THE Sal 
c S~E~ IS ASSUM .. F.n TO LIE BF.TWEEN THE LINES X.O SOL 
C ANO ~= X7 • THF.~F~qE, ~BOUND(I' ALWAYS EOuaLS o. SOL 
C XPEFER •••• RFF(~F~fF LENGT" USEO BY '~eSH' Tr ADO ~ORE NODES SOL 
C IN TMF. J-O TRECTInN SOL 
C ~ XI~I ....... INITI.l POSITJC1N Of T ... e INTEQFICE. I~DE.ES 1.2.3 SOL 
C ~EFE~ U' BOTTO'" C YOOUIIIOn, J, NIOOLE AND SOL 
C T~P ( yaouNOe 1) ). '4rre THF TNIT tAL INTERFACE SOL 
C ~"'ADE ON f'ESTf'lA IC ... T. L IIIIF. 4q Oil QIJADRATI C AS SOL 
C OH P'F.D PY XI~l SOL 
C ~ YP.OU~O •••• DEFIN~S THE Y BOUND~RIES OF TME DOMAIN. THE SEEO'S SOL 
C SYMMflRY LINE H ASSUMED T::1 LJe ON THE LINE SOL 
C Y .. O. THUS Y~OUNryel) IS ALWAYS ZERO. INoex 2 SOL 
CIS l",F l!PPER",nST T-BOUNDARY 'IF THE SEED. TH I SIS SOL 
C ALSr. T"'F L~WE~ Y-ACUNOARY 1F THF BLANKET. t~OEX:3 SOL 
C r S T"'E urPER Y-BOUNDARY OF THE BLANKET SOL 
C SH~PE CAN RE STRal~HT. LJ~E~R OR QUaDRATIC AS SOL 
t "F.F INFI" PY XIIIII SOL 
C ~ Y@I'J"NO •••• OEFINF.S THE Y enUNDARIES OF TME (,OMltN. Tf04E SEED'S SOL 
C SYMMETRY LINE IS ASSUMED TO LIE ON THE LINE SOL 
C Y .. O. THUS YBOIJN!)(l) IS ALWAYS ZERO.. INDEX 2 SOL 
C '5 THF UPPERMOST Y-BOUNOA~Y OF THE SEED.. THIS IS SOL 
C ALsr T~E LnWER Y-!~U~OARY ~f THE BLANKET. I~OEX 3 SOL 
C IS T"'F urPER Y-~Ol'NDARY OF THE BLANItET. SOL 
C SOL 
C ..... ¢Ooo~o~~oo~~~.~oo.~eo~~¢Ooooo~~ooo~o~ooo.oo ............... ooo.oSOl 



.. 
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F Itf: Sal It'~ F'J"TRAN A VH/SP eMS RELfA~E 3.1. CFO - u.c. BEq~ElET 

c 

C 

c 

c 

C 
C 

1 

I~PLICIT DOUALE PPEctSION CA-H,~-Z' 
CO~"CN/CODel/NOO(2J, HXCZ), NTC2'.~ODEMX,NY~AX 
COHMON/CODE2/NOPOUN 
CQ~~ON/COOE3/XAOU~O(2).TAOU~O'J"XReFeR 
cr~MON/COOE4/~o~r(z"NXn(2"NYOC2'.NqnIN~,NOO"XO 
CC~~CN/cnOE6/H&SPFC,T"ETII.T"ETaC,TS'T,THeT'H,THeT~F 
cr~~nN/cOOE7/0TI~E 
CC~~CN/CDOl1/NT8C(2.3' 
cr~~ON/C0012/CO~C~(3'.CAP&(31,RH~(3'.HeA'SL,CON03(2.z' 
cr~~CN/COC14/PHV.lI1"HPHec,IPHBCC2' 
CC~MCN/COC16/RLE~TH 

cr~~aN/C0019/NTfNO(3"NPR1~T,NPLOT.NCNTUR 
cr~"C~/c0020/LX~.X,UNIT~ 
cr1~ON/R.Ol/S1NJ,CPA",TBYfL'3'.IHI~LG 
CO~~CN/P~SI/XINl(3) 
COH"aH/~OUN/KPOUN 
cr~~nN &C '-0000' 
cr.~"CN/nIREC/~INrRf 
cr~~C~/JYnO/NACl~r.CO) 

C~\~~CTeR=3 UNtT~ 

NTf'JTlla ~ClOOO 

NTf'JTLZ- 1"000 

so 
so 
50 
SO 
so 
sn 
so _ so 
so 
so 
sa 
so 
so 
so 
so 
so 
sa 
so 
so 
so 
so 
so 
sa 
so 
so 

RE.O(~,~'UNI'S so 
REAO(~,~J'~nUh so 
R~1r.(5,~)TBYEl(1),TPvel.z"TBY~l(3' sa 
PF'O(5,o'NTfNn(1),NTfNO'ZJ,NTE~O'3),NPRINT,NPLOT,NCNTUR,INIFlG so 
Rf~O(~,~'LX~AX,~Y"AX,NOAO~ so 
~F,n(5,~'THeTA"THeT'C.TSAT,T"eTAH.THET~F so 
RF~~(~.*)CO~Ok(1),CONOKCZ).CAP&CIJ,CAPA(2"RHOCl).RHOC2),HElT5lS0 
PFAOC~.=)CCNO~Cl,1).CON03Cl,2).CONn3C2,1),CON03C2,2' so 
Rf'~C5.='CAP'C~),P"P(3' so 
PfAr(5,=)OTIM~ so 
='~ '0 (I; ,O)X~OUNC'C 1) .XROtMO(7) ,'9nt'NDCl) .YROUlfOC2J,YBOUN0C3' sn 
~F~O(~,O)NT.CCl,1"N'ACCl.Z),~T8C(1,31, so 

NT8CCZ,1"NTACC2,Z),~TBCC2,~J so 
RfAr(~,O)XINl(1),JJHI(Z).XINI(3) so 
P~'C("5,O'SINl SO' 

NO"lX- LXM'X • NY~AX 

NC~AX2- NO"AX = 2 
NPHBC- 2 
JPHPCCl' - 2 
IP~AC(Z'a NopnUN ~2 

PJoIVALCU- 0.000 
J"HVALC Z) - 0.000 
HI SPEC- (YPOIJNO (71-YAOUNC'( 1J JlU8(1UNQ( Z,-X80UNOU" 
JP~FER- (XBOUNr(7.'-XAOUNDC1') I(LX~AX-3' 
RlENTH- HASPEC /H;CP0I1N-~"8.DO 
NTfJ ( 1) - NOAO'JN 
N".,(Z'- NOP-OUN 

C'lCULATE POtNTEP ~~SITlnNS FOR ~AIN STORAGE APRAY 

so 
so 
so 
so 
so 
so 
so 
so 
sc 
sc 
SC 
sc 
SC 
sc 
so 
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FILE: SOL Ir~ FO~TPAN A VM/SP C~S qElEA~e 3.1, CFO - UeCG BE~~ElET 

c 

c 

I'll" 
NZ-
~3' 
N4· 
N~' 
"'4t:. 
N1-
Nil. 

I 
NI+ 
HZ+ 
N3+ 
N4+ 
"'5+ 
"16+ 
N1+ 

NOH'XZ ~ fNYHIX+Z) ~2 
HOHllZ 02 
NOM'XZ 02 
NOHAXZ 02 
Nn~uz ::z 
~r."'X 
~ r."'A X 

N'(I- N8+ ..,'MAX 
Nl!)' NQ+ NY~AX 
"'11= NIO+ NYMA'II 
NI?" N11+ ~'I'4A' 
Nl)- N12+ HGROUN 07 
N14- NJ3+ NO~AJl 
Nl~. Nllt+ NOM'XZ 
N16- Nl~+ NO~IJ2 
N 17- .... 1 h+ .... f'lMA:< 
Nllt. Nl1+ Nr.~AX 

. HJ9- N18+ NTMA, 
PIZ'}. N lCJ+ .... , .. ." 
H21- NZO+ NO,..A" 
PJ2Z- "'421+ !\fOHU 
N23- ~72+ ... o"'x 
N?4- ~Z3+ NriMA'? 
N25 .. ~2.+ NYHA, C7 
N2~- ~Z-;+ ~OM'X 
N21- NZ". "4r",x 
N7 .... NZ1+ NOf'IAX 
IFUHOTlI .LT .... 2,.'r.O TO E1AQCJ 

NYIII"I- .... Y~.u -I 
PI ""''''1= l X". A X -1 
~";1' 1 
r'N~. NN1+ NY"HI ~IX"HI 04 
"1~3 - NN7+ "'Y""'1 ."'x,.."n 04 
".NIt- .... N;\. NY"'''1 o"'X,,"I 04 
"'N~ .. NN,.. flIY""'1 cP:XP'?fl Cit 
If'HJl~Tl7 .IT. ",1Ij&'Gn TO IIIIICO 

CAll INlXYPUCN.,),AH'CJ)) 
IC'J'" 1 
JCU"" 1 
KCU,.- 1 
NTI"'E- 0 
or 1Z0 IPART-l,3 
DC 110 rerUNT- 1.~TFNO(IPART' 

f"! T 1 ~E - N T 1 ".F + 1 
(ALL P~FPCA(N3).A(N4"A'N~J,ACN~).A(NQJ, 

1 NA(IIj~lJ,NACNN2),AtNI3),AC"'14),ACN15'. 
2 AfNIP),A(NI9),NA(NN3),N'CNN4),N''''Ml.NX~"1. 

3 NTI"f' 
CAll SOLYERCACNl'.A(N?),AC~3J,A(N.).A(N~).A'N8). 

1 A(NQJ,A(NI0).AC"'11"NACNNI,,~ICNN2'. 
2 AfNllI),AtNlCJ),ACN23J,ACNZ4), 
3 Nr"'AX2,NY""I,N."'~l,~Tl~E' 

~o 
SO 
S!) 

SO 
SO 
so 
so 
so 
so 
c;o 
so 
so 
so 
Cia 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
SO 
5r' 

SL 
SO 
so 
so 
so 
so 
so 
SO. 
SO: 
SO 
SO 
SO 
SO, 
SO 
SO 
SO 
SO 
SO 
SO 
so 
SO 
so 
SO 
SO 
so 
SO 
SO 
sO 
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FILE: sel IO~ FOQ T '!AN A VM/SP (MS qElEASE 3.1. (FO - u.c. ~ER.ELEY 

( 
( 

c 

OUTPUT RESULTS AT SPECtFTF." lNTERYllS 
IF(IDUM .EQ. NPRI~T'THEN 

101M- 1 
GO TO 17 

EL~EIF(NTI~E .L~. ~)THE~ 

EL SF 

I :lU~. IOIlM + 1 
r,0 Ta 77 

10U"'- I['1UM + 1 
fjO T~ 100 

E~"IF 
11 CILL pnST(A(N3).A(N~'.ACN~).A'NA'.A(~9'.A(NI0).A(Nl1).~TIME' 
ICO IF(JCUH .FO. ~PlOT)THeN 

ELSE 

C~ll PLOTOTCA(HP'.A(N9).NTI~EJ 

olOU"'· 1 

JO Ur1- JOUH + 1 
U:OfF 
IF(~OU~ .FO. N~NTU~'T~EN 

Cl SF. 

CALL cnNTUP fA(N3,.ACN_,.ICN5).NTIHEJ 
l(~l.I~. 1 

I(nu"!s ~nIJH + 1 
ENnF 

110 cr~TI~UE 
120 cr~TINUE 

ST'1" 
eS9Q .. ~ IT E ( 11-. qqQ9) N 2..- ,tI Tr'!ll. ·'N~ .~TOTlZ 
9999 FrQMATC'lCTAl OI"E~SlON IS SH\lL'/T5.2CII0.3X)/T5.2(tlO.3X)) 

ST')" 
EN" c·· ••• *O··*O····.·····.···*O.·.~.· .... ·· ..... ~ ... · ............. ·· .... . 

C 

S~Q~OUTINE APtPCC~'.CF.NO~AX2) 
I~Dt telT C~U8lF PR£ctSION (A-~.n-l' 
CC~~~~/COCE7/N~pnuN 

(r~~CN/CQrl_/PHYllC2'.NP,..AC.'P~Rt(1' 

r.]~~~Sln~ CK(Nr~Axz.I'.GF(l) 

~I~- 1.0030 
00 10 I-I. NP.,.AC 
DO 20 J.I.~ 
GKfIPH8C(IJ.J) • 0.000 
JI- IPHBCCI) -J +1 
IF(JI .l~. Olen TO 20 
CK(JI,J). o.OCO 

20 C(I~TINUF 
GI( (IPHAC( I ) ,1) = [t Ie: 

10 GFCIPHAC1J'). ~I~ ¢P~VAl(I) 
DfTU~N 

EN" 

c········.*O· ............ ·.~ ... =o· ••• ••••••••••••• .. ••• .. • ........... . 
SU~RCUTI~E lSE~AlCr~,GF.NFll.~ElZ.~OM1X2.NT~~I.HJ~I. 

1 [~.eF.tN,JN.~P) 

sal 
sal 
SOl 
SOl 
SOl 
sal 
So 
sn 
SO 
so 
S(1 
so 
sn 
So 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
sc 
so 
sc 
S( 

SC 
so 
so 
so 
so 
sc 
S['1 
sn 
so 
so 
so 
SO 
s[ 

S( 

SC 
SC 
sc 
s[ 

SC 
s( 
sr 
s[ 
s( 
S( 

sr 
S( 
s( 



FILE: SOlIr~ FOP'T~AN A VM/SP C~S ~ElEA5E 3.1. (FO - U.C. BF~~ElEY 

c 

C 

l~gliCIT rOUBLE ~PfC~5ION CA-H,n-ZJ 
COH"ON'COOEl/NOOfZl,N~C2'.NYtZ).NODE"X.NYHAl 
OI~ENSION CKCNO~AX?,l), GF(l'.NEll(NTHHl.NJ""l,l). 

1 EKe_,_),FF(_J,NEl2C~'~Ml,N.M"1,1' 

J~G. NxelJ + N~(Z' -1 -IN 
Ir~~- N'~tX * (J~~-l) + IN 
DC l~ !'1·1,~ 
IfCNP .EQ. I'THFN 

ICa NElleIN,JN.~J 
EL S~ 

IF ("'. E Q .1 JT H~ ~ 
I G- IOU" 

El5EIF(~.EQ.ZJTHeN 
I C- tOU" + NY-U 

El5EIFf".EQ.3)THF.~ 
ICa tOU~ + NY"AX +1 

ElSEIF(".Er.._)T~fN 
J C- IOU" +] 

e~lf 
(NOIF 
CF(IC)- GFelCJ + FF(~' 
DC 11 Nal,_ 
IF (NP .H,. 1) TH~N' 

Ja ~FLl(lN,JN,N) 
El SF 

IF(N.ECJ.l JT~FfIi 
J. IDU" 

EL~EIF(N.F.Q.2JT~F.N 
J. I OU~ + ~'YMA X 

El~EJFeN.EO.3)1~eN 
J- Inu .. + NYMIX +1 

El~ErFeN.EC.4)T~EN 
Ja IOU'" +1 

H.OIF 
E~D1F 
JC- J .. t r. + 1 
IFfJG .lE. o)cn Tr II 
~KCIG,JC'a CKCIG,JC) • EK(M,N) 

11 CCNTINUE 
10 CONTINUE 

RETURN 
END 

C* ....... • .. ·.o .. oo .... $.*==**ooooooooooo.o~oo**o*ooo ................ . 
SU~PCUTINE A~f .. PFCGF,EF.TP,JP' 
I"-PlICIT COUBlE PRECISION (A-H,~-Z) 
Dr~F~5ION GFfl), EFC-' 
00 10 ",a1,4 
I F C.. • G E. 3)T H~ N 

IC- 20 CJP -I) + " - 2 
r L SE 

IC- ZOCIP -lJ + H 
E~',)J ~ 

10 GFtle). r.F(IG) + EFt"" 

SOl 
SOl 
SOl 
SOl 
SOl 
501 
SOl 
501 
SO 
SO 
so 
SO 
SO 
SO 
SO 
SO 
SO 
so 
SO 
SO 
SO 
SO 
so 
so 
so 
so 
50 
SO 
SO 
so 
so 
so 
so 
so 
SO 
SOl 
501 
C;OI 
501 
C;OI 
SO 
SO 
SO 
s(, 
S: 
SO 
SO 
so 
SO 
SO 
so 
so 
so 
so 
so 
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filE: SOLI N; f=iH TRAN A V~/SP C~~ QElEASF. 3.1, CF~ - U.C. PE~KElEf 

C 

RF.TURN 
END 

C~~ •• #~"" •••••• ***··~=·=~o=~=-•• o.o.$~ •••• *.~ •••••• ~o •••••••••••••• 
Sl'~RDUTlNf ASE ,",PI( C GtC ,NOMU?, ,-,SH, IP ,JP) 

c 

l~OlICtT OCUPlE PPfC15ION Cl-H,O-I' 
ol~~~SrnN GKCNO~"l,l'. HSHC~.~) 
Of' 10 ~-1,~ 
If(M .GE. 3) TH~N 

IC- Z.CJP -l~ .- -Z 
F: L SE 

ICa ZOCIP -J) • ~ 

E!'f,) r F 
Dr lC ~-l.~ 
TF(N .GE. 3JT"F.~ 

J- ZOCJP-l) .~ -2 
f: lSE 

Ja Z*CIP-l'. N 
~~"rF 
Jr.. J - t (: • 1 
JF(JC .lE. O)r.~ lr. In 
CWCIG,JCJ- CKCIC,JC) • HSHC~,~J 

10 C~TINUE 
PfTl'QN 
EWl 

c~·*·~······~·~~······o~ ... ~~~ ............. c~ ....................... . 

C 

SU~RCUTINE ClfAP(r."Gf,No"aXl,~,N' 
IHDLICIT eCUAtE P~fCtSION (A-H,O-!) 
ot~f~SJO~ r,K(Nc~aXl.1J. ~F(l) 
0(1 10 tal,,", 
(~F( t). O.COO 
or 10 J-l,N 

lC Gf(I,J)- O.OGO 
PC'fU~N 

HI" 

C~·=~~·····~···~·······CC.C~=~ .•. ~~C ... $ •••• ~ ••••••••• ~ ••••••••••••• 
SI~pnuTI~e COhT~~(r,~,GF,NFll,~El7.~O~AXZ.NY·~1.NX~~I, 

c 
C 

1 YH.JN,XX,TT-l,r,p,NTt""e) 
l"PlICIT DOU8lE PR~ClStON (A-H,O-l) 
CO~~ON/CODEI/NnO(7),NX(Z),NT(2"NODe~X.NY,",AX 

C~"DN/CODE7/r.Tl~f. 
COM"DN/COD12/CnNO~(3).C'Plf3J,~HOC3'.HEITSl.CON03CZ,Z' 
DI~F~StON CK(Nr"'al2,lJ, G~(l). Nfll(~YMM1,NX"Ml,1', 

1 Xff2', ~CtZl. SNO"F~t.,~" SOIF(".), 
2 ~C." ~Cl,.J. XJC7.,~" TTMl(~J, EK(4,'" EFC.', 
3 "!F l2 ( Ny,.' HI • ~ X MI'H ,1 ) ,"K 8 t 2 ,- ) 

O~TA JG/-.~773~02~q18q6Z600,.~7735aZ6q19q62~DOI 
~'TA WC/l.OOOOOOOCCOO.1.000000000001 

IF (~P .fO.I) THP' 
IF(IN.GF.~Y(~P)JTHEN 

ClP. CA~A(31~Hn.ClJ 

so 
sr 
s( 
S( 

Sf 
S( 

Sf 
s( 
s( 
S( 
sr 
s( 
s( 
S( 
C;( 

sr 
sr 
s[ 
Sf 
S[ 
SC 
S( 
sr 
s[ 
S[ 
S[ 
s[ 
Sf 
s( 
S( 
S( 
S( 
S( 
S( 
SC 
SC 
SC 
SC 
SC 
sr 
S( 
S( 
SI 
SI 
Sl 
SI 
51 
SI 
SI 
51 
SI 
51 
SI 
SI 
SI 
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F llE: SOLIN, v~/SP C~S ~eLEASE 3.1. CFO c U.C. BE~KELE' 

c 
C 

10 
C 
C 

c 
c 

C 
C 

20 

22 
33 
41t 

ISO 
6C 

C 
C 
.c 

ELSE 
RAT. CONOI(ClJ 
CAP. CAPAC1'~RHOfl' 

ENOfF 
ELSE 

IF(tN.CF.NY(NPJ'THE~ 
CAP. CAPAC3,=RHOIJ, 

El~E 

J:"IOJF 
nit) 1 F 

INIT UlllE 

RAT. C(.-.OI((Z, 
CAP. C,P'CZ)ORHQfZJ 

DC 10 1-1,4 
01"' 10 J·I,
s~~~eNCI,J)- 0.000 
5(11 F C I. J'. 0.0 F"O 

PEGI~ NU~EPICAL INTEC~'TIONS 

Of: 1')0 LX- ItZ 
Ill- XGCLX) 
(lrJ 60 LT- ItZ 
51- )teely) 
C'lL STO~(P'JtSI.H.e,OfT,IXJ 
WT. wCCLIJ 0 wCeLY) 0 OfT 

CALCUlATF THE ~.TPJ' PROo~tT 'CON03 = ~, 
IFCIN .GE. NYe~p"T~FN 

no ZI) Y-l,Z 
. ~'J ZO Jal,It 
PK8UtJ'- 0.00 
(' ~ ,.. N .1 , Z 
1"'0 :'13 J a 1,It 
ro 12 ".l,Z 
PK·(~.J)- ~~pe~tJJ + COND~CN.M)~8C~.J) 
CQ!'.TINUE 
rONTJ~UE 

H'!) IF 

CALCULATE THE "ATRJX PROOUCTc 'M 0 HT' ANO '8T 0 K 0 s· 
0(1 50 f. 1,. 
0(1 50 Ja 1,-
s~n~ENCI.J). s~n~fNfI.JJ • ~T ~ ~(J) = ~CJ' .CAP 
or -;c ~. ItZ 
IFfYN .GE. NTeNP'JT~fN 

SOIFCI,J). SDIFII,JJ + PC",I)ORK8CM.JJ OWl 
EL ~E 

SDIFeI,J). SOlFCI,J) • P.c~,l)~e(~,J) OWT ORAT 
ENDIF 
COfTlNUE 
C(!~TINUE 
E~ry OF ~UMERICAl INTECRlTIP~ 

flE~ENT I( ANn F ~ATRICES 

so 
so 
50 
SO 
SO 
so 
~c 
S[ 
SC 
SO 
so 
so 
so 
sc 
sr 
5C 
sc 
SC 
so 
5C 
sc 
sr 
sc 

. SC 
S[ 
S[ 
S( 
S( 
S( 
SC 
'if 
S[ 
S[ 
S( 
SC 
SC 
so 
sc 
so 
sr 
sc 
so 
sc 
S[ 
s( 
sr 
s( 
sr 
s( 
s( 
sr 
s( 
s( 
S( 
$( 
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70 

00 70 Ie 1,", 
0(' 70 J. 1,,", 
E~(l,J). S~OME~IT.J' 10TI~F • SOIF(I,J) 
00 71 1-1," 
STIFF- 0.000 
DC 12 J= 1,. 

12 
71 

C 

STfFFs STIFF • SMr~fN(r,J) • lT~l(J) IDTIME 
EF (T ,. STI ~F 

I 

C 

CIll AS~~BLCCK,eF,NELl.NELZ,NCMAXZ,H'~Ml,Hl""I, 
FM.,EF,r .... JN.NP) 

foifTURN 

E'"'' 
co**.co~==~=-==.ooO$=*Oo=**=oo*Oo===o=~.=o= •••••••• o."." •••••• 0 ••• 

SV~PQUTI~E COMTUACX.T,THETA,NTI~~) 

C 

I~olICIT r8U~Lf PPfCY5ION tA-~,O-Z) 

CC~~Oh/cnn~1/NODI2J,NX'Z).NYC2),NnDE~X,N'MAX 
crM~~~/C~~~110T'MF 
DIM~NSIOH JlI2,1)" 'tZ,l), THETAC~,l) 

C T~IS paUTI~F CUTOUT! TF~oE~AlURE DATA T~ A FILE FO~ lATE~ 
C PlOTTfNG CF TFHPFP!TIJRE C~~TOUR5. NnTE THAT TI~E·HAS ~EE~ 
C Ct'a"GED TO "H~rJTcs FnR OUToUT Tn T"IS FILE 

TI~F- NTJ"E 0 nTT~E IhO."~ 
~PITF.(~.100)TI~E.~~rEHX 
DC !n t.l,NOOel'+~T~AX 

10 W~lTE(~.lOI)Xel.I),Ttl,l"THETAtl,IJ 
or 2C r-l.NoreZ) 

2C WPITE(P,IOl'X(2.I'.TC2,I,.THFTl'2,1' 
100 Frq~ATfEl •• P,~X.t_, 
101 F~~~aTC3eE12.5,~JJJ 

~F.TU~~ 

c 

S~t 
SOl 
SOl 
SOl 
SOl 
501 
501 
SOl 
sal 
SOl 
SOl 
SOl 
sal 
SO: 
sa 
SO, 
SO 
SO· 
sa' so 
so 
so 
so 
so 
so 
SO 
SO 
SO 
50 
sal 
501 
SOl 
sal 
50 
C;Ol 

c=o*=oo~**~~o~~*O*~=c.==*O=O~OO#$.*=O~OO.=OOO •• =.OO=OO.~ •• O ••••••••• 501 

C 
C 

10 
C 
C 

c 

1 

SI'~R~UT1~E FP~ASF.(CF.JlX.Xxp.'D,JP.CONn.T,R'.HP) Sal 
l~nllerT ~nU~lF. p~FrISION (a-~.o-z, SOl 
r. ! .. F~SI':'!~ GFt 1), Jr.1 7'. wel2' ,~5! 1- •• J ,IH" J • Sal 

BIZ." ) ,XX 12 .It) ,XX P ( 2 ,2 J ,1 ( • ., .H ~ 12,' J ,EF" ) SO' 
OAT A XG/- .15773~02"~lAq6Z6DO". '5773~OZ6q lSCJ626DOI SO, 
DATA WG/r.cooooOOOOOO.1.000000000DOI SO! 

or lO 1-1,. 
O~ 10 J-1,~ 
HS~ (J ,J) - 0.0(10 

00 t\C L1- 1,2 
S I- ~G eLI) 
CAll STnMC~l,SJ.H,c,CET,XX' 
(All STDBCSI.H5.0EL,XXP' 
WT- WGILI )ODEl 

SOl 
SO 
so 

. SO 
SO 
SO 
SO 
50 
SO 
SO 
SO 
so 
so 
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C 

C 
C 

C 

00 30 I- 1.~ 
00 ~O J- 1,~ 

STIFF- O.ODO 
00 20 M- 1.2 

2G STIFF- STIFF + CONr = HSeM,I) = Re~,J' 
30 ~S~'I.J'· ~~P(I.J' + STIFF 0 WT 
~o C(lNTINUE 

00 -;0 I- 1.4 
EF (I'a 0.000 
00 '50 Ja 1,4 

50 EFCI)· EFel' + H~P(l.J) • TCJ) 

CALL ASEHPF(CF,EF.IP,JP) 
RFTURN 
E~O 

C·· .. · .. ··*=·=--··o .................................................. . 

C 

c 
c 

c 

C 

ZO 
10 

SU~POuTtNe HTCONDfGK.CF.X,'.lHETA.NEll.NEL?. 
1 Hn"AJ2,NT"~1,NX~~1.NP,NTr"E) 

l~ollCIT r(IURlF PPECTSION (A-",n-1) 
C[!~~O·"COOf 1/NOO f 2) .NI (2 ) ,NT C 2'. HODE"'X ,N'""AI 
CC~"ON/CODe2/Nr~o~ 
DI~ENStON GKtNO~'Xl.1J,CF'I),Nell'N~"1.NI""1.1). 

1 ~(2.1),TC?lJ,T~FTj(2,1),.ICl,~),TC~). 

2 NFl2CNT~"1,NXM~1,1) 

1 

Ie- NT"'A. +2 
IAZa 18 02 
IF e NP .FQ.I JTH(~ 
CALL ClEARCCK.GF,NC',.AX2,N(1-AI2,lfI) 
e .. "'F 
CE~F.RATE ELEMENT ~ATRICf~ 
DC to I- 1, NT-A. -1 
or 10 Ja 1, Nl(NP) -1 
or 20 K- 1,. 
IFC~P .EO. I'T~e~ 

~DUM- NEll(I,J,~) 
ELSE 

NOUM- NEl2CJ.J,KJ 
ENOIF 
XXel,K)- X(NP,NOU"J 
XXC2.K,- 'C~PtNOU~J 
T(K). THETAfNPt~nu~, 
CAll CONTE,.(C~,CF,~Fll.Nel2,NO~AXZ.N'"MI.NJMMl,r.J.XX.T. 

~IP ,NTT"f) 

PETURN 
ENO c···· .. **.o •• ~ ••• o •• o ••• ooo .......... o ............................ . 
SUAROUTl~e INlcnNCX,T,THETA' 
I~DlICIT OrU8lE PRfCrSION CA-U,O-Z) 

SOl 
SOl 
SOl 
SOl 
SOl 
SOl 
SOl 
SOl 
SOl 
SOl 
sal 
sal 
sal 
sal 
SOl 
SO . so 
SO 
so 
so' 
SO 
SO' 
so" 
SO 
SO 
so 
so 
So 
so 
SO, 
sal 
SO! 
501 
SO 
SOl 
SOl 
SOl 
SOl 
Sal 
so· 
so 
so 
so 
sal 
SO: 
SO 
SO 
SO 
so 
so 
so 
so 
SO 
so 
so 

.. 

.. 
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C 

FXTE~NAl T~OUNO 
Cr.~MCN/COOEI/HOocz"Nr(Z"N'CZJ.NO~E~X.NTMAr 
CC~MCN/CODEZIHPe~UN 
Cf1"'MCN/CODE3/r80uplr (l' • .,,,nUMf"( 3' .XREFE~ 
CC~~ON/CODe6/HASPFC.THET.t,T~F.TAC.T~'T,THfT.H.THET~F 
cc~~nN/cor.ll/~T!CC2.'J 
cr~MON/RA~l/SINI,r.~An,TRYELt~"I"IFLC 

DI~F.NSION rC2,l"YC7.,lJ,THET'C2.1' 

C CjlCULAT~ INITI'l crNDITION5 
C THE PRrFllE IS A~5U~fO llNfAP IN THE 'X' ~tRfCTION 
C ~N~ UNIFOR~ IN T~F ty. OIRfCTIO~ 

IfCtNIFlG .E~. OJTMfN 

C 

~o 10 NP-I,2 
CO 20 (N-I.NrfNP)-l 

I- 1 + CIN-l'.NT~AX 
JFCXCNP,I) .GE. SINIJTNEN 

n,.p I- THETAH 
Fl5E 

PINT~r- (r,~~,tJ-•• OUNnCl)"(StNI-rqOUNO(l" 
Tf.MPJ- THETAI + CTHETAH-THETAJ)."INTRP 

rHO)F 
0(1):) J-l.NY",X 

L- J + I-I 
3C THFTAtNP,l)- Tf-ol 
20 CUNTJNUF 

00 ~o M_ ~"n'NP'+l.HOO(~P'+~Y~A. 
_0 THfTA(NP.M'- T~AT 

IC CONTJNU~ 
F.lSFIfCI~JFlG .~q.l'THEN 

0(1 50 NP. 1 ,2 
nil 1'10 IN- 1.NntH .. PJ 

IF '''P .fo. UT .. eN 
THET'(MP,IN). THETAI 

fLSE 
"IE T A ( NP , TN , • T '4E T ,U4 

F"IDIF 
6C CONTINUE 

00 70 J~. ~OO(NP'.NO"(~P'+~T~A~ 

10 T~ETA'"P,JN'. TSAT 
'50 CONTINUE 

ENOIF 
RETURN 
EN') 

C~ ... o .... .o.~.#$ •••••• =~.¢Oc •• =o.~ ... ~ •••• o. ••••••••• "."#$·"· •••• 
SU9POUTI~E INIXYP(XP,TP) 

c 
C 

l~olICIT OOU~lf PPFC1510N (A-H,O-lJ 
Cr.~MON/CQOEI/NOD'Z'.NX(Z"NYCZ).NODf.MX.~YMAr 
CC~~CN/COOE2/NPeQUN 
C0"4~ON/COOf3/X~OtJtotC C z, ,Y8("""OD' • XREFE R 
cc~~nN/POSl/lINI(3) 

OI~fNSION ~P(l'.YPCl' 

so 
so 
sc 
so 
~o 
so 
sc 
sr 
5C 
c;c 
sc 
sr 
sc 
sr 
sc 
SI: 
S( 

S( 

S( 
S( 
S( 

S[ 
S( 

Sf 
S( 

sr 
S( 
S( 
$( 

S( 
S( 

SC 
S( 

Sf 
S( 

SC 
SC 
SC 
S[ 
SC 
S( 

S( 
S[ 
$( 
S( 
S[ 
S[ 
sr 
S( 
S( 
S( 
S( 
S( 
S( 
S[ 
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c 

c 

( 

c 

ypo,· YBOUNDe 1) 
YPCNOBOUNJ. YA~UNr(ZJ 
Yl- ,pelJ 
YZ- (ypel' + yp(~rpOU~)'/?OO 
Y3- YPfNOBOUN) 

QfT'- '1 •• Z.00 OfY?-'3' - 'l~(YZ •• Z.OO - Y3 •• Z.00, 
1 + yzo*z.OO 0 Y3 - Y~.02.~0 0 YZ 

A· (XINICl'.(Y2-Y~'- YI0 CXINI(Z'-XfNI(1',+ XINI(2'.Y3 
1 - Xf~J(3).YZ)/CET. 

S- (Vl**Z .00 0(" ''''' f Z) -x IN1 (3" - X INT( lJO( ,~oZ.Oo-y 300Z .00' 
1 + Y2-Z.00 * )CU;)C)' - ,Y1-2.DO • XlIilfICZ))/DE1. 

(. (Yl"2.DO 0CYZOXINIC))-Y30lINJ(1'J - YI0CY2"Z.DO •• I~I(3' 
1 -Y3~Z.OO.XJ~JCZ'J+ XJMJ(lJ.CYZ •• l.OOOY3-Y3"Z.OOOY1JJ/DETl 

Oyo. C Y~OUNO(l'-YPnu~OCl' '/C NoeOON - 3' 
YPCZ). YPCI' + OYP/Z.DO 
YPC3'. ypez, + O'~/Z.DO 
YP(N~8OUIiIf -1'. YPCNr.AOUN' - r.YP/2.00 
YP C NceOUN - 2, - YP f ~'''f'OUN-1) - DYP 12.00 

D~ 10 I •• , ~O~~U~ -3 
10 ypel'. ,PC I-I' + ryp 

DC 20 I- I,NoeOUH 
20 XPCI'- AO YPCI) • YPCI) + qo ,pel, • C 

PETU~N 

E"''' c·· .. O .... ~OOOO.O ........ oo ............... O ••• OOO •• OOO ............. o. 

( 

( 

( 

C 

SUq~OUTIIilfE WPHASECCK,HOMAX2,XXP,IP,JD, 
IMOLICIT OOUPLE PPECISION (A~,O-l' 
(r~MON/COOE110TI-F 
(r~~OIilf/(0012/CONOKC3"(APAC3',~OC1,,HElTSl.COND)'2.2' 
DI~FNSfON GK(HrMAX2,l,.XCC2'.WG(Z).~SH('.", 

1 HSC2,.,.JXpe2.Z' 
n~TA XC/-e~17~~OZ6qI89616~O.e~1735026~199626rOI 

n~TA WG/l.0000000CODO.l.000~OO~00DOI 

{'(, 10 1· 1.' 
Dr 10 Ja 1.' 

10 HSH(l.~'. 0.000 

DO 40 LI- 1.2 
SI. lCCLI) 
(ALL STn~CSI.HS,Dfl.XXP' 
WT- WCCLI)OOF.l 

D~ 30 f· I •• 
n~ ~O J- 1,4 
STIFF- 0.000 
00 20 ",. 1,2 

20 STIFF- STIFF + H5(~.I)O~S(~.J) 
30 H!HCI.J'. HSHeI.JJ + STIFF 0 WT 0 qHOCl) 0 HEATSL IDTIME 
",0 tr .. TINUE 

sr 
s( 
sr 
SC 
Sf 
SC 
S( 

SC 
sc 
SC 
Sf 
sr 
sr 
Ci( 

sr 
SC 
S( 

SC 
Sf 
SC 
SC 
S( 

SC 
SC 
SC 
SC 
S( 

s( 

SC 
SC 
~C 
~C 

SC 
sc 
sr 
sc 
so 
so 
SO 
S(l 

SO 
"iO 
SO 
SC 
SC 
~O 
Sr. 
SC 
SC 
SC 
SC 
SC 
S( 

SC 
SC 
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CALL ASEMPKeCK,NO~'J2,HSH.IP,JP' 
RETURN 
END 

COoo.o~o.O*O"' ••• o".o.ccc"c*O", ••• ccocc".coc.c.cc"."c." •••••• 

r 

lC 
llC 

C 

I 

S'.'~R 'JUT I ~E !l4EPCf n ,JP , yP , 
I"oL fCIT OOlJPLE PRECI SION U-H,r}-l' 
CC~"ON/CODE2IMJ80l'N 
CC~"ON/C0016/RLEhTH 

OJ~FNSION XPll), Yrll), YlZ,l"XTEM(2DOJ, YTFM(200' 

Dr 110 ~a 2, "''''SOUN -1 
DC 10 'a I, NOP.OUN -1 
OFL- CYll,N' - YPcr".(YCI.N, - YOCI+I)' 
JF(OEl.CT.O.OOO'~OT~ 10 
yTIE,.CN)- YU,N' 
XTEMCN' • ( XPCI+l' - XPCI' ,ot YTE"C~' -YPCI" 

I ( Y P I 1+1) - YP ( J) , + XP C I , 
Gr TO 110 
C(l~TINUF. 

cmn tNUr: 

DO 2C 1-2. ~O"OUN~l 
XPll)- HE,.el) 

20 ypel)- YTf~Cl' 
kfTURN 
H',) 

C 
(OOOCOO.CC~OOOC.C.OOC.CCOCC*O"'COOO.$OOCOC*O~ ••••••• C"C" ....... c •• 

(. 

SU~RnUTI~E ~ESH(J,y,XP,YP,NFLl,NEl2,NY""1,HJ""1' 
l~olICJT DOUALE PPfCISJO~ CA-H,O-Zl 
(r~"ON/COOEI/N(lOC?I,Nll2),HTIZ),NOOE~I,~Y"AI 

cr-"nN/COOE2/N080l~ 
cr~"ON/C~OE3/XA(lUNO(Zl. '!OUND(3" IlLFN 
cr"'"C~UCnCE4/NOO(l C 2 J, lItlOC Z I, N'f'C 2' ,N~OUNO, NOO .. IO 
Of~FNSTDN 1(2,1), Y(2,l', XP(1), ,0Cl', 

1 NELICNy~,.],N~""1.1),JX(2,4', 
Z ~fL2CNY"~l,NX,. .. ],I' 

C CALCULATE REFERENCe LENGT~~ fOR r.RtO ~PACING 
HlIMAX. HI""1 +] 

C 

00 110 NP. 1,2 
DELTA- XPll' - x~rUNOlNP' 
J~AX. A8SCOELTA) 
DC 10 T. 2,N080U'" 
OU~- IPCI' - XPOUNrCNP) 
nUMI- A~S c OUP4, 
IFenUH1.lT.J"AX) x,.,x. OU"1 

10 CO~TINUE 

IFCNP.E~.I) THF~ 

XLEN- XXLEN/5.ro 
El SF 

XL~N. XXlE~ 

E"tn T f= 

so 
so 
SO 
50 
so 
so 
so 
so 
so 
so 
sn 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
SC 

- so 
so 
so 
so 
sr: 
so 
so 
so 
so 
so 
sc 
SC 
50 
SO 
so 
sr 
5C 
S( 

sc 
sc 
S( 

S( 

SC 
S( 

SC 
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( 

c 

c. 

c 
( 

c 
c 

20 

11 
C 
C 

1- ~'X.LT.XlEN) T~FN 

JU"-XMAX/fXlfNIZ.OO' 
iXCHP,- INT(OU~) + Z 

fl. IFCX"AX.lT.C2.rO*XlE~"T~F.~ 
!JUM- XMU/Ulffo'/l.COJ 
~X(NPJ. INTfr~J + 1 

FL SE 
!~U:"- UUX/XlfN 
NXCIiIIP)- INTcrt1"" +'3 

e~I)IF 

Jf-HIJlCNPJ .GT.HX"UJ NXC"'P)- "I~AX 
IF(rUCNP)'f.Q.l' T~(~ 

n~u- XP(l'- l~rUNOCNP' 
OXL- XP.(N(lAOl'N, - Xf'OtfNDC"PJ 
OXU02- oxu 
DxtDZ- OXL 

rlSEIFC"'XCNP'.lE.~J THE" 
alU- expel) - X~nUNn(NP)'/CNXC~PJ-IJ 
eXl- ,xp(Nr~OUN)-X8nUNO(ND')/(~XCNP)-1' 
~XU02- oxu 
::XLD?- OXL 

El~E 
:) XUs C XPC!, -~~(l1'·1(, CNP) J / C~l' NP )-3' 
(lXl- C 1.P(Nr.@f'1lIN)-XBOUNnCNP'JlClltX(IIfP,-3, 
"'U02- DXU/2.(lO 
OXlOZ- DXL/Z.ro 

f"4"IF 

N"(HPJ- ~YD(NPJ 
NODeHP)- NTHAX 0 f NX(NP'-l ) 
HE' •• ,YAOUNOCZ' -,pOtlNOe u ,1t .. Y, NP '-1' 
X ('lP ,1'. x BnuHr C ~P , 
T (~P ,1). TRCONO( " 

C'lClJlATE MFSH prl~T5 Otl THF 'X' eOtJNDARrES OF THE= CRYSTAL 
pr 7.~ '- Z, NYCNP)-l 
IFcel.lE.~).OR.(I.(E.(N'CNP)-I»' THF~ 

OLEN -TlEN/1..CO 
ELse 

RLEN- YLEN 
ENl)tF 
X(NP,')- XBOUN~(Nr) 
,eNP,I)- TeNP,I-l) + ~LEN 
X'''P,NTfNP)'. X~fllI"~(NP' 
,(NP,NT.".P,,- T80uNre2J 

CALCULATE "ESH P"U'T5 ON T~~ tX' qOUNDA~rES OF THE 8LA~IICET 
RL~N3- (TPOUNr(~)-TpnUNDCZ"/CNY~Al~,e~p,) 
~o 11 Ja ~'(NP)+J.NY~.X 
X(~P.l). X~nUNOfNPJ 
T(~P.I'- Y(NP,I-l)+PlEN3 

CtLCULATE ~e5'" PtJHlTS ON T"'~ INTERFACF. 

sr 
sr 
51 
SI 
sr 
S( 
sr 
Cir 
Sf 
Sf 
sr 
51 
S[ 
Sf 
sr 
Sf 
Sl 
S( 
S( 
SI 
SI 
SI 
S. 
SI 
SI 
SI 
SI 
51 
Sf 
SI 
SI 
S( 
S( 
SI 
S( 

sr 
S( 
C)r 
Sf 
sr 
SI 
sr 
S( 
51 
Sl 
SI 
Sf 
$i 

SI 
51 
51 
SI 
SI 
S, 

·5i 
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30 
C 
C 

22 

77 
C 

C 
C 

"0 
C 

150 
C 
C 

C 

70 

00 ~O la 1.~08pUN 
M- NOOfNPJ + I 
)( (IofP ,p.,. XP C I J 
Y flofP .~). ,pc IJ 

C'LCULATE J~TEFACF ~FSH prl~'~ IN THE AlA~KfT 
cr 22 I- ~Y(NPJ+l,NY~AX 

"'.IIIPOCNP'+1 
X(lofp.H'eXP(NOArUNJ 
YCNP,~,. YP(NO!OUN' +(I-~Y(NP'J~qlEN~ 
00 77 1(.",npOUIII+l,NYMAX 
Xp(~'a XP(NOROU~' 

IF(NX(NPJ.lf.2J r.r Tn 123 

C'lCUlATF ,.f5H pnJIllTS C~ THE '" A~UNOARIES 
~n 40 ,.. 2, NXtNP'-l 
IFCM.lE.3.CR.M.GE.CNX(NP)-lJJ THEN 

RlFN- OXlJ02 
EL SF. 

!ReNe f!XU 
F~~IF 
Ja ~Y~AX ~(~-lJ + 1 
XC~P,Il a X,~p,t-NYMAr J + QlE~ 
Y(~P,I) a Y8QU~0(1) 

rCo ~o ~- 2, NX(Nr.)-l 
IF(".lE.3.0R."'.GE.(NX(NP)-))' THE~ 

RLEN- OXl02 
ELSE 

QLE"'. OXL 
ENnIF 
Ia NTHAX ~ ... 
X(~P,I' - XCNP,I-NY"AX 1 + OLEN 
., c .. r , I J • Y~Ot It.:O (3 , 

C~LCULATE ~E5H Or}N1S I~ T~E ~COY QF T~~ OOMAtN 
Dr 1~ ~. 2,N""'~X -) 
or 10 N- 2,~X(~P'-1 

I- ~"~AX e(M-!) + ~ 
IF(NXCNPJ.LE.5) T~FN 

Else 

CUM. (XP(NJ- XPOUNn(NP)J/(NX(~P)-11 

DUP"Z. OU,", 

Oll"'. f XPCN)-~PC!t"IOCNP"ICNXH4P)-3J 
OU""Z. Ol!",,' Z • (10 

EfIII1TF 

IF(M.LF.~.Oq.~.GE.C~X(NP'-lJJ THfllf 
~lEI\f. nUH2 

El ~F. 
RLEN- OU~ 

H'" J F 
XCIIIP.I) • X(NP,I-Ny,.AX J + ul~'" 

ytllfP,J) • YCNP,N) 

501 
sal 
sal 
sal 
501 
snl 
501 
501 
SOl 
SOl 
SOl 
501 
501 
501 
SCI 
SO' 
SO~ 

501 
SO' 
SO 
SO 
so 
SO 
SO 
SO 
so 
SJ 
SrJ 
SO 
SO 
SO 
so 
SO 
SO 
sal 
SOl 
sal 
501 
SOl 
SO' 
so 
so 
so 
50 
50 
SO 
SO 
so 
so 
so 
SO 
SO 
so 
so 
so 



FILE: SOLIN, FoqnUN A V~/SP C~S QELEASE 3.1. CFO - UoCo BERKELEY 

C 
C 

'!o 
C 

123 
C 

90 
110 

C 

c 

CALCULATE ELE"E~T ~~Of NU~8C.~~ 
Or. 80 N-l. NXCNP)-7 
Or. 80 H-l. NT~AX -) 
IOUM- CN-l'=CNT~AXJ +H 
N 1- 'CII" 
NZ. NI + NY"'AX 
~I~. N2 +1 
Nit- "'1 +1 
IF CNP.EO.l J T"HI 

~~LIC~,N,lJ • "'I 
-.EllCM,N,Z' - NZ 
~ELICM,~,3' - ~J 
~ELIC~,N,It' • ,.'. 

FL SE 
NELZC""N,lJ • "2 
~ELZC""~'7.' • NJ 
"ELZel-,N.)' • .,. 
"EL2C~ ,N.4' - N3 

E~'TF 
Cr"4TI"'''F 

C(,~TINUE 

N- N X(NP) -1 
~r. Q~ ~-l, NY"~l -1 
1 ['I')". (~-l) ~(NY"AX - U + ... 
Nl. IOU,", + N -1 
"'2· ~OOC ~P) + .. 
N)- ~z +1 
Nit. NI +1 
IF(NP.FQ.lJ Tl'4f": 

H SE 

~ELIC~,~.l' • ~1 
NEll(~,N,7.' - NZ 
!IIFLII"'.N,3) - P4~ 
~FLICI-.N,-) • ~It 

~ELZC,..~,I) • ~7 
~ELZCM.fll,Z' • NI 
NEL2C"',N.3' • Nit 
NEL2(H.N,It) - N3 

eNOIF 
CONTINUE 
CONTINUE 

NrOE~X- ~nn(l) + ~rOCZ) + NY~&l 
... ~Tl'~N 
F.W, 

c •••• ~==co=.====~=====.=~~=~==o==oo.=o.=o=.oo=o= ..........••••••• 
SV~RaUTl~E .. IX~CCCF,X,T,~SY~,NP,NK' 
Jf!4PLICIT CntJALE PPECIStrJN II-M,O-Z' 
C(O~"ON/COOEI/NOOI2'.NX(Z'.NTI2'.NO~f"X,NY"AX 
CO~"'CN/COOIZICl(3),CZC3'.C~C3'.C4,CON03el,Z' 
DJ~FNStON GFCl', XCZ,I'. YC7..1', 

S( 

sr 
S( 

S( 
S( 

sr 
S( 

Sf 
Sf 
S[ 
Sf 
S[ 
S( 
S( 

Sf 
S( 
Sf 
S( 
S( 
Sf 
Sf 
Sf 
Sf 
S( 
Sf 
S( 
Sf 
Sf 
S( 
S[ 
S( 
S[ 
S[ 
S[ 
S( 
Sf 
Sf 
Sf 
Sf 
Sf 
Sf 
S( 
S( 
S( 
Sf 
S[ 
Sf 
S( 
sr 
Sf 
S[ 
SI 
sr 
SI 
SI 



F HE: SOL 106 Fn~ T'<AN A 

c 

C 

C 
C 

c 

1 XGCZ" ~~ez', EF(ZJ 
DATA IC/-.5773~02691896Z6CO,.~773502691896Z6001 

DO 110 II- 1. NX(NPJ +NT(ND) -Z 
IP-!l 
J~- II +1 
on 10 1-1,2 

10 EFC)'- 0.000 
~r.la ( X(NP.IP' - XCNP,~PJ ) 

1 ~ ( XINP.IP, - XCNP,~P) ) 
2 + f TCNP,lPJ - TCHP.JP) , 
3 ~ , TfNP.TP' - Y(NP.JP) ) 

OEl- SORTeSOl)/Z.r~ 
nc 30 U- l,Z 
RI- XGCll J 
Hf(I' •• 5~OO(1.0ro - ~!' 
HP(Z,a .5ro.tl.oro + ~I' 
(lC ZO I- 1,2 

2C E~Ct'a EFtl) + H~(lJOOEl 
30 C(l~T lNUE 

or 40 lal,2 
IFfI.EQ.IJTHF.~ 

IC - J P 

IC •• IP 
H'I)JF 

40 GF(K). GF(K' + FFfJ) 

llC C('''TI~UF 
RE nil"" 
E ~I) 

C~OOO~CO~OOOOOOOOOOOOOO.OO"O"OO.OO"O".".OO.OO ••• "." •• O ••••••• 
S~~~OUTI~E OlONfW(X,T.T,NFLl, .. eL2,~~,Y~,TO, 

C. 

1 . ,PO, TP",~IFllJl , .. eL(12, """'HI ,NX,,"l J 
J~uLrCIT ~r.u~lF g~FctSJnN (A-H,O-l' 
cr~~nN/c'r~1/Nnr(2J,NXe2J,NYCZ),N(1~E"X.~'HAX 

CC~~ON/COOE2/NOeDUN 
CO,","ON/COOet\/Nncn C?) ,NXO C 2' .NYDe ZJ .N"Olt .. O .NOO"'XO 
otMeN510~ leZ,lJ,TC?lJ,TCZ,IJ.lreZ.l' .YOeZ,I).TO(2,1), 

1 Nf.LICNT~~],HIM"l,l), 
2 NEL2tN'~~1,NXH"1,lJ,Xp"elJ,YPOtl), 
:3 NElO 1 C NY 1'-'" 1 ,NI--Hl.1 , , .. e L!lZtNY~'H .HX"'Ml,,1J 

C S'VE NODAL CnOP~lNATES ANr TF .. peRATURE~ FRO'" ct~ReNT TI~E STEP 
on 110 NPHASE· 1,2 
N[IJOCNPHASE). NnnCNPHASFJ 
OV 10 Hat, ~nrn(NP~A5E) 
XCeHPHASF,MJa X(NP~A~F.,~) 
y(leNPHA~F,~J. Y(NPHA~E,~, 

10 TreNPH'SF,~'a T(NPHASE,MJ 
C 

DC ZO P' a l,NYf4U 

SOl 
50( 

SOl 
~Ot 
C;0l 
SOl 
SOl 
SOl 
SOl 
501 
')01 
SOC 
SOl 
SOl 
SOl 
501 
501 
501 
501 
SOl 
SOl 
SOl 
S('II 
501 . 
SOl 
SOl 
501 
501 
501 
SOl 
sal 
S[ll 
SOl 
SOl 
SOL 
C;OL 
C;OL 
SOl
SOL 
SOl 
501 
sal 
sal 
sal 
SOl 
501 
SOl 
SO 
SO 
SO 
SO 
SO 
SO 
SO 
SO 



fiLE: SOL IC6 

-00-

VM/SP cvS RElEA~E 3el, (FO - U.C. 8E~KELE' 

ZO 
C 

~O 
C 

110 

I~ NUOO(NPHASF) + ~ 
XOCNPHASE.IJ- XPOC~) 
TCCNPHASE.I'- YDn(~, 
Tr.(NPHA~E.I'. TeNF~ASF.I) 

nr '0 "'. 1, NY~AX -1 
or )0 N- 1, NXtNP~A5F' -1 
or ~o Kat,It 
NElnl(~,N,K'- ~Elllpt,N,K' 
NFlrZ'M,~,K'. ~ElZ(,..,N,K' 

SOL 
Sal 
Sal 
Sal 
SOL 
CiOl 
SOl 
SOL 
SOL 
SOl 
SOL 

N~~CNP~'SE'· N~e~p~A~E) SOL 
NY~C~PHA~E'· N'(NP~'Sf) SOL 
crNTINUE SOL 
~P~VNO· ~O~DU~ Sal 
Nt:'"NXO- -.r.O~"'X SOt 
RETUqN SOl 
e ... 1) Sal 

c 501 
c.**O.$O¢O.#.===oo.o$Coo.o.~o**.ooo"oo.o.co." •••••• "." •• oo ••• o •• OOSOl 

c 
c 
c 
c 

C 

Ie 
lCO 
leI 

SU~RCUTJHF PLOT~TCXP,YP.NTIME' Sal 
I~DlICIT OCUALE D~frISInN ('-H.O-Z) SOl 
cr ... "'')N/COCEZ/Nfoll''',:N 501 
cr~"'O~/CO~F7/~TI~F 501 
o I ... F N 5 I ON X pel , • yr ( 1) SOl 

nl.'TI"UT ' .... TEIlFAC; l(,CATIr~s ,,..,., (LAOSFn TI!'tE Tn I 
eM_NGE OtMENC;lP!".S F"'nM Mf'TEIlS TO Cr:NTl'1F.TE~5 "AND 
T!~( FIl~ SFCON~~ T~ MINUTFS 
Tl~F. NTYpteooTt"'E/60.no 
WQtTfe7.10QJTI~F 
or 10 J ai, .!neOIJN 
p,pa Xpel'OIOO.DO 
PTD~ YP(I)OIOO.~O 

WPITE(7.1Cl'PXP,PYP 
Fr"~1T(eH •• , 
t=r:'q~HCTlO ,ZeF.IZ.",I\,O) 
p E Tl"~N 
t:. ,. • ., 

501 
PlCJfTYIlfG FILE 501 

501 
501 
501 
SOl 
SOl 
501 
501 
SOL 
sm 
sm 
SOL 
SOL 
SOl 

c~·ooo¢OO ..... ~ ...... o.ooo#o ....... oo= ••• o •• ~o ... ~oo .............. . 501 
501 
501 
501 
501 

SU8~OUTl~E POSTCX,y,THETl,xo,lP,OS~,OSY.NTl.E) 

I~PLICIT rOU8LE P~ECISIOH CA-~.a-l' 
CO", ... ONICODEI/N(10 e z) ,"'X C Z) .NT (ZJ .NOnF.MX. "4Y"'. X 
CC"'~O~/COCF2/~rRnv~ 
cr"''''UN/(~r£~/~.50FC.T~ETA"T~F.TAC.TSAT,THET1H.THET5F 
CC~~O~/CO~E7/0TJ~F 
CC·MON/corll/NT~CI7.J) 
cr"'''''ONlea~ 11Ie[1~""tc e 3) ,CAPA C:3 , ,"H('I C3' ,M EATSl ,e ON03 (Z. Z, 
cr ..... ON/eor 1 ql ... n Nr e ~J ,NP" INT ,NPlOT ,NeN TfJ" 
cr"'~ON/CO~ZO/l''''A~.UHtTS 
er~~ON/COOF3/XPOU~rcz),'QrUNr(3),XqEFE~ 
cr~~ON/"'Ol/START,GPAO,TRVFL(1),rNIFlG 
CC"'''''O~/eaUN/K~n.U~ " 
CC''''''''ON/PO! fiX P't n) 

SOl 
501 
501 
SOl 
501 
SOl 
SOl 
SOl 
SOl 
501 

.. 

," 



-0[-

FILE: SOlI"'~ VM/SP C-S oElEASE 3.1. CFO - U.C. PE~~ElET 

c 

c 
c 
c 

901 

902 

903 

90~ 

'leI) 

9C6 

9C7 
9C~ 

909 

1 

1 

1 

• A 

1 
2 
:3 

• I) 

b 
7 
Q 

q 

1 
Z 
3 
4 
!) 

1 

1 

1 

1 

CHAPACTF~ ~~ I!~ I l~ 
DI~(NSION X(2.J),'f2,1).T~FT'(1.IJ,XD(1).'Pfl',OSlflJ,OSt(1) 

TIME- OTTME • ~T'~f 
IF(NTIHE .NE. l)~r. T~ 10 

Sf 
S( 
S( 
s( 
sr 
sr 

P':'P'T Jl~DlJT PHafl'fTf'DS s( 
NrTF THAT 'G~Ar' TS CALC!~AT~~ IN TPOU~O s( 

W~IT=,~,QD1'U~lT~ s( 
.. ~ rr E ( jI, ,qo 2) XI! ("I1N('« 1) ,XA "'''10 f Z) , YA "UNO ( U ,'!II DUNO« 2' • YfllOU~O f3 ) s( 
~PITE(6,903)TSAT,T~FTAI,TH~T'C,THET,~,THET~F,TfIIYfl(I', SC 

TP,VFl(Z),'8yeL(3),G~AO SC 
W~ ITEl6 ,904 )CQPIDIf (l ) ,CONOK (2 J ,e r)NO'H 1,1 J ,eONOJU ,Z,. SI:' 

CONO~(Z,I"eON03(2,Z' so 
wPITEfb,9~~,rAPA(1),CAPA(21,CAPA'3' SO 
WprTE(~,906)P~O(1"RHn'Z),RHO'~' so 
WPfT~'6,907)HFAT~l sr 
wPITE'f,qOA'NTPC(l,l"NTPCel,Z"NT~Cel,3' so 
W'ITC(6,909'NTPCf2,1),NTPC(Z,Z),NTQef2,3' 50 
WD ITE Cf-,QIO'ltF!"I''''. H:IFlG,NT'!N")' l' ,"TENnf?) ,NTEHOe) ,OTI"E II so 

~P~I~T,~PlOT,NCHT~~,NY~AI,lXfI'AX,NOeOUN 50 
WP I T ~ (tt. en 1 )l( 1 N 1 f 1 , ,X IN J f 2 , ,X t N ( 1:1 , 50 
wkI~~ (b,912)~TAQT SO 
Fr~~~TCT1C,"~Al'~I5 nF r~F ~~JOCE"."'I SO 

Tln,'C~'SlAl G~OWTH ~~~CF5S'1 SO 
TIO,'FPr M P~C'r.RAM SnllO~'111 SO 
T1C,'YLrUT F'~AMFTEDS I~ ',43,' UNITS'I SO 
T10,'U~lESS N~TfO rTHERWI5E'/) SO 

FrQl'"AT(TlC',',' PClIIHraPIFS :',2(FI0.-;)1 SO 
T}O,'" P."lIP·'('Ar:'YES :t,:'fcIO.')1) SO, 

FrQ"'~TCTI0,'P~AS~ C~ANCE TEMrEqATuq~ :',F8.11 501 
Tll",'y",yllAl TFMPF.IUTtlRE :',Fq.ll SOl 
Tln,'r.r,lf ~ALl T~~PfQATU~f :',FP.ll SOl 
Tlr,'HOT w'll TF~PEP'TURE :',F8.11 SOl 
TH','TCI: TF~P AT HI" (I~ SECl :',S:P.ll SOL 
TI0,'SPFE~ rF THE TE~PE~lTUqF B~~pY'1 Sal 
Tl~,'rRC'CS:!S 1 : ',EII.51 SOL 
Tl·,'PR"CfSS 2 : ',F11.~1 snl 
Tl",'PJir(F~~ 3 : '.Ell."1 Sal 
TlC,'GPIlOlfr'T OF T~E T~"Pf.RUURF BNOPY rOFCC/MJ:',FCJ.5I)SOt 

Fr~HATfTI0,'T~E~~Al CONOU(TIYITY'I SOl 
Tl~,'SOL10 :',F~.1/T15"l,~ut~ :',F6.11 SOL 
TI5,'BLANKET 1,1 :',F7.ZI SOl 
T 2" , '1,2 :', F 1 • 21 SOL 
T Z" , • Z, 1 :', F 7 .71 50L 
T Z • • ' 2, Z :', F 7 • ? ) SOL 

FrRHjT(TIO,'SPFCIFJr. ~EAT'I SOL 
T]I;,'~OLI(I :t,FP.1/T15,'LI~l'tu :e.F8.1/TlIi,"'lANk'ET :',F8.1n SOL 

Frqfl'ATCT1(1, 'r.E~jSJTY'1 SOL 
TI~,'SDLJO :',FP.I/Tl~,'lTQUrO :',Fq.1/Tl~,'BLANKET :',F8.1/) SOL 

Fl"~M4TCTJO,'lATFHT .. EAT rlF Fl~lON :',El1.~/) SOL 
F['Qfl'ATfnO,'l'nUHfA~Y C(?NOlTlC'a,S: 1- IN5IJlAT~O, z. TE",pe~ATURE'/SOl 
Tl~,'NTPC 1,1 :',J7/TI~,'NTFC l,Z :',YZ/TI5,'NTse 1,3 :',12' SOL 

Frq"'ATCTl~,'NT~C 2,1 :'.IZ/T]~,'~TBC 2,Z :',121 SOL 
Tl~.'~TPC 7.3 :',IZ/) SOL 
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~IO 

911 
912 

C 
Ie 

c 
c 

t 

120 
110 
~1~ 

~15 
~16 

1 
2 
3 

-~ 
6 
1 
p. 
q 

I 
2 
3 

I 

1 

FCq~AT(T10,'T~~PF.~~TU~E PNORY ~n~TqnL, ~~OUN :',121 S 
TIO,'lNITJAl tONDITlnp TTPE, [NIFLG :',121/ S 
TIO,'HU~~FP PF TI~f STEPS'I S 
Tl~,'PR~C~!! 1: ',J~I S 
Tl~"p~ntF.~~ 2: ',th' S 
Tl~,'PP~CF~~ ~: ',161 S 
TIC,'TIwC ~T£P srZF :',F8.11 S 
TIO,'TIME 5TFP5 PfR PRINT :',I~I S 
TlO,'TIME ~T£PS PFR PL~T DATA :',1_, S 
TlO,'Tl~~ 4\Tf"S P~R cr~TOl'R "AT' =',141/ Cj 

T1 0, u'CC'F. S HI T"'f Y-O IqECTIO" :', nl S 
TlO,t~IO"FS It, Tfolf I-DIRECTION: ',UI c; 
T1 0 , • NUMA~R nF NO!lE 5 r~ THE tNT E= qF A CE : ' , n I) S 

FnR"ATCTI0,'I~tTljl I~TFRFACE POSITION, llNI :',3eF1 •• ,Z1" S 
FrQ"'ITCT1C,'YN'TTAl TEMPE~ITURF ~N"R' P'SI"O", SIHIS ',F1 •• II)S 

PPIMT DE~ULTS AT 5PFrrFIFf' 'I~~ STEPS 
IFC~~CU~ .~C. O'T~EN 

IFfttTJ"'E= .tf. "'T£~(lC1J'TfJE'" 
~rVM'. !.lAPT + TQyclCl' C~TI"E onTI-f 

~L5EIFC~TI"E .If. NTE=H"(1'+NTE~OC2'J'HEN 
S"lJ"'Y. 5TA~T + T~VFLnJ -HTENoel) oOTIfIIE 

r:LSE 
~ ru"". SlAPT + T~YFlt HO"TEMOC U-DTl Me 

+ 'PVfL(3)=CNTI~~-CNTeN~(lJ+N'ENoeZ"'OOTI~E 
ENC'IF 

F.l~ftF(KSCUN .Fe. l'T~FN 
~OU"'· XFCl' - ~~~Cl' 

fl ~F 
LeUH- ." ~T r f N('P"UN + 1'12.00' 
SOU""· XPClC"~' -DSXClOU"" 

~~"tF 
w,",11EC6,913' It .. ~,S{1''"Y 
FCQ~l'rlll,~J.·ElAP~F.D TT~F ··,fl~.e. 

1,~~,'pnSJTJrN OF ''''ETl ... AT A':'tlNnIRY 

n( IIC ~p~ISE. 1,2 
IF(NP"'ASE .E~. l'T~EN 

W ~ I TE C 6 ,q 14 J 
elSE 

WRITE(~,qJlq 

eNOIF 
OC 120 ,. 1,N~DC~PHASF)·~Y~IX 

IF(NP~ASE .F-C'. IJT~f'" 
WR I H (6, C? 16' t ,X U ,I , ,Y ( I, J) • THfT At 1 t I' 

Fl ~F: 
~o tl F (~ • a 16) t, X C 2 t t , ,T ( Z , I ) , Ttle Tl f 2,1) 

F~O'f 

CCNTt""UE 
cr~llNUE 
Fr.~~A1C/.2x,'NpnF',ax.'X',I1Xt'T',l.r.·T SOLIO',/' 
~Cq~ATf/,2X,·~~DF.'.~Y,·X',17',·Y',l~~.·T LICUIO") 
FO~~S'(2X.14t!(2"Fl~.S)r 

S 
S 
!:; 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
c; 
S 
S 
S 
c; 
S 
S 
S 
S 
S 
S 
S 
~ 
c; 
s 
s 
s 
s 
s 
S 



F I If: S'Jl 10'> FOIlT~AN A 

-.-)j

V~/SP C~5 ~EL~ASE 3.1. CFO - U.C. 8E~KElE' 

C 

c 

210 
C;17 

CHP. 

1 
2 

WPITEC6.917J 
00 210 I-I. NOP~'JN 
WPITEC6.918'I.XPCIJ.YPCI).~5'(IJ.OSY(IJ 
Ff.R,UT ClIT 3_. '''IF''' COORDI "IATE~ f)F PHASE IN lERF lCE 'II 

61.' ~r ·.ICX.' XP ',1~X.· yp ·.l~X.· ~$X " 
I~X,' r~" 'J 

Fr~~AT(/,~X.I~,4C4J.~16.A)) 

c~.oo~~ooooooo=oo.oooo.oo==.~o==ooo=~ooooooo*oo****o*co*~****=***o* 
5V9POUTI~F PRfP(J,T.T~~TA.XP.TP.NELl.NEL2. 

c 

lCO 

2C.0 

1 Xr,YO.TO,lPO.Tpn.NeLOl,~EL02. 

2 ~"~"l,NX~1.N1IMf.' 
l~oLICtT ~~UPLf PPfCrSrnN (A-H,O-l) 
cr~~CN/Cn~E./NrOO(2).NI~(Z',~YOC2J.NAOUNO,NonMxO 
p~~rN5TON XC2.1J,YC1,l).THETA(Z.I),XPCIJ,YPtlJ, 

1 NF.LICN"w~1,NX~~l,l).~EL2(NY~"'1.NX""1.lJ. 
2 XC(2,1),YrC2.1),TO(2.1).Xp~CIJ.'POCl), 

3 "!FLOI 'NY"'~l ,N' .... 1.l' ,"'FLn7CNY~Ml.NX""1.1J 

1 

IF(NTIME.FQ.1J (~ TO 100 
C'Ll OLONEW(X,'.T~F.TA.NFLl,NeL2,XO.YO.TO, 

~pr.,pr,NEL01.~El02'~'~"l,~~""JJ 
CP~TINUF 

C~ll "E$H C X," "P ,YP ,NFll ,,.,FLZ .NY ..... l.""X ... "'l' 
IF("'Tl"F .FO.l ,r." TC' ZOO 
CPLL WHE~F(X."T~FTA,Xn,Yn,TU,~~lnl'''EL02,N'M'''1.NXM~1' 
~fTUQ~ 

(ALL INICCNCJ,T,l~ETl) 
~'ETl'''N 
E f'I') 

c 
C~*.***o=*o*o=OO*ooo******=*$O*""$Oc*****oooo*******",*,,**,,****** 

SI' .. prUTl ~E PHS~ C AII.X,P. ,Ll ,".I~' 
l~OlIctT OnUPlf pPECY~rON ca-~,O-l) 
~'~f~SYO~ AACl1.l).)(1),P(1) 
NPr- N .1 
DC 110 I- 2, N 
SU"" - 0.000 
Kl- "INO(IA-l.I-1) 
DC' 100 K- 1,Kl 

100 SU"'- SUM + AA(l-k,K+l) I AACI-K,l) 0 ACI-KJ 
110 pcr). Rct) - ~u~ 

XC"". PC-O/AACN,l) 
DC 130 K- 2.114 
1- NPI - K 
Jl- I +1 
JZ- ~I~OCN.I+IP-l) 
SUM- c.OOO 
00 120 Ja Jl,J2 
~ .. • J - Jl +2 

120 SU~- SU" + X(J) 0 ~jCl,~~) 

1:0 XC t ,. ( ~ ( l' - S U~) I U C I ,1 ) 

'. 
Sf' 
SO 
50 
SO 
sn 
SO 
SI:' 
Sf'l 
SD 
~C 
SC 
sr 
Ci( 
S( 

SC: 
4)( 

S( 
S( 
S( 
S( 
S( 
~[ 

S( 
S( 

S( 
sr 
sr 
S( 
S( 
S( 
S( 
sr 
sr 
sr 
Sl 
Sl 
sr 
Sl 
Sl 
Sf 
51 
SI 
SI 
51 
SI 
S! 
$1 
Sl 
S 
S 
5 
S 
S 
$ 
S 



FILE: SClI[,6 FOIHR.!N A 
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VH/SP r.-S ~~lEASF 3.1. CFO - U.C. BE~.ElEY 

( 

PfTU~"4 

E~·l 

(OOOO=~****.O$OOO.OOOOOOOOO==O**=O*=OOOO*OO~O*OOO**OOOOOOOOOO*0*0*0* 

S~8ROUTINE SOLYfgeCy,GF.X.Y.T~FTA,~P,'P,DSX,OS"NFll.NEll, 

( 

c 

1 J pn, yP{l, H .Pll.N"~U2, 'fY ..... l. ~ ..... l. NT I"~' 
I~PlICIT rOU~LF DFF.CISIr.N ej-~.o-z, 
(r"~O~/CODEl/Nn~C2),NX'2'.NY(2'.NO~F"X.N'''&. 
nlll4f"'lSIIJ'f G~CNO-'X2.lt,GF(1'.l('-.l).'(2.l).THETlt2.1'. 

1 XPfl"YP(l"O~XCl).OSYCl"IP~(l),'PO(l),TllCl'.PX(l'. 
2 NEllf~'~~1,NX"'"1.1'.NEl2(N'"~1.NX"''''1.1) 

H~w NY"U +2 
J FoZ· IlI=2 
(alL HTcnN~cr.~,GF,JtT,~~TA,~ELl,NEl2, 

1 NO"All.NY"Ml,NX"''''l,l,NTI"EJ 
CalL HT(n~D(~k,GF,J,T,THfTj,NElltNel2, 

1· ",(1'" J 2 ."''''Ml.NX'''''l.Z ,N fI~e , 
(~lL TE~8(Cr."r.f,X,NO"'AX2,0,1,I'tNTIME' 
C'-ll 1~1~(GK.NrM'~2.NnDE,..x,I~' 
(Ill R~SAeCK,TX.GF.~n"&'2,NorE~1.1!) 

( T~ANSf~~ TEMPEOAlUQES TO lnCAl Nore NUM8ERS 
DO 10 1·1,~o~et'+N'''lX 

C 

10 T~~TACl,r)- TXel). 
nr 20 J"1,~rxe2' 

~= NODE". - JONY~AX 

'" • ( J-1) ON'!'O AX 
ra '"40 If -1 ,N,M., 

~o THETA(Z.~+~J. TJC~+r' 
20 l"IofTINUE 

CALL VP~A!E(GK,Gf,X,y,THFT.,XP"p,os •• n5YtNEll,NEl2.XPO,'PO, 
1 PX,NCi.P"12,N'-"'1.f>'.""'1,-'TJ"'E' 

"ETUPN 
E ~." 

c . 
c=~~o~~~===~~======~=~oo=c*o*O$O$*o.~=o.~.**==.*o==~=~.=~~=~= ••• =** 

St~~OUTT~F STOQ(~,~~,OEl, •• , 

c 

c 

t~ollCtT Or.UAlE PPEctSlnN IA-M,n-I' 
OI~ENSION HSC2,~).1X(1.~' 

5"1.- C UCl,!) - nU.2, Joe Ucl,}) - UCl,;n , 
1 + C XXC2,1) - 1X(2.Z) J~C .X(Z.lJ - XXe2,Z) , 

Ofl a ~QRT(SQL)/2.r~ 

0[1 1" I· 1. Z 
Dr 10 Ja 1,~ 

10 H~(t.JJ- r.ooo 
H~(l,l'- .~OO=(I.rc-p, 
HS(1.3) •• ~OOO(I.r.~+PJ 
HS(7.Z'. HSll.lJ 
HS(2.4J. HSCl,~J 
"FTlJ~N 

EN' 

S(I 
SO 
so 
sa 
so 
so 
so 
so
sn 
sc 
so 
Sf' 
SO 
sc 
sr 
sc 
s( 

SC 
SC 
S( 
s( 
S( 
S( 

SC 
s( 

SC 
S( 
S[ 
sr 
sr 
$( 
s( 

sc 
sr 
S( 
sr 
'i( 

s:' 
SC 
sc 
sr 
S( 

Sf 
Sf 
S( 
S( 
S( 
Sf 
Sf 
S( 
Sf 
S( 
5( 
5( 
s[ 



.J 

-6)-

FILE: SOllr"J r-J~TPAN A YM/SP C~S QElrASE ~.l, CFO - U.C. BEqKElEY 

C 
C •••••• ~O .. O .... OO .. OOOO= .... O=-OOOO •• OOO.~.OO.OO.O.OO .... OOO •• 000 ••• 

c 

c 

c 

c 
c 

20 
30 

C 
C 

c 
.0 

c 

SU~ROUTI~E STDM(P.S,H,e,nET,XX) 
I~DlICIT DOUBLE P~FCISlnN (A-H,n-I' 
D'~E~SION H(."PC2,_"PC?,4),~XC2,." 

1 XJC1,Z),XJt(Z,Z) 

... ~ = 1.OOO+R 

.., ... 1.O[l0-R 
SPa 1.000+5 s,... 1.000-5 

HII) a .2~OO~~ ° !~ 
~(l) •• 2~DOORP 0 ~~ 

H(]) a .25000RP ° ~P 
HC.' a .1~DOOP.~ ~ SP 

P(l,l' ·-.z~no~s" 
pel,Z) • .2~noos" 
pel,]' • .7.~DO.SP 
P(l,-' a-.Z5DOO~P 
pe~,l' :-.2~OO=g .. 
P(~,Z) .-.2~no.~p 

P(2,) a .2~~C~PP 

P'Z,+) a .Z5nceR~ 

C~lCUl~T~ THF T~.N~FOR~ATION CJ) MATQ1X 
DC ?o t. 1,2 
Of' 3f) Ja 1,2 
OU~· o.ono 
or 20 ,a 1,1t 
ru~. Oll'" + P(l,KJ ~ XXCJ,IC' 
XJCI,J)· DU'" 

C~~C~ Fn~ ZERO ~R NEGATIYE ~fTER"tNA~T 
O~'a XJCl,l) ° XJC2,2) - XJCl,2) • XJ(Z,I) 
IFCC~T.r.T.O.ODO)T~f~ 

GP T(I -0 
r::l SE 

H',)IF 

WRITEC6,O, ('XCI,I),l a l,.' 
WRITE(6.0) (XX(Z.I),lal •• ) 
WRITEC6.QQQ' 
FOR~Al('IFRn (Iv NEr.AT'Yf 'eTEq"I~ENT" 
STOP 

Ol'~· 1.0[lO IDET 
XJI(l.l)a XJ(Z,Z) • ~U" 
XJI(I.Z). - XJel,}' • OU'" 
XJI(2,1). -XJe2,1) • DUM 
XJICZ,Z). XJCl,l) • [lUH 

Pf"l "JC t. 1,2 
QO l:: I) Ja 1," 
Ol)~· C.OOO 

sc 
so 
so 
sr 
sc 
sc 
SC 
S( 
S( 
S( 

sr 
c;C 
S( 
S( 

Sf 
Sf 
S( 
S( 
S( 
S( 
S( 

sr 
c;r 
s[ 
S[ 
Sl 
SI 
S[ 
SI 
SI 
5[ 
S[ 
S[ 
SI 
S: 
sr 
sr 
S( 
<ir 
S[ 
Sl 
SI 
Si 
S 
S 
S 
S 
S 
'i 
S 
S 
S 
S 
S 
S 



f ItE: sm IO~ 

c 

0(' ~O "4= 1,2 
~o OU~· DUM + JJltI,", ~ r(M,J) 
60 Q(I,JJ. OU~ 

PfTURN 

c~~~o~==c=e~e====o====cee=e=~c$OOOOOO=O=OO=*OOOO*.** •• "*000*0* •••••• 
f~~r'IO~ T~OUh~C~P,X,llOC'l,~TI~f' 

C 

c 

C 

I"PlICIT OUUALF PPf~ISI~N Cl-H,Q-Z) 
CPMMON/COOFh/~'~DFC,THeTjl,T~F.TAC,TS'T.THETAH,THFT~F 
cr~M~N/C]rE7/0TIwF 

Cr~~aN/QAOl/51~!,GPjO.V~lC3',I~IFLG 
Cr~MC~/BOUN/KenU~ 

cr~"ON/COC1qINTF"'(lC 3) "./PPINT ,NPLnT ,NCNTUR 
o y.,F -c C; r O!til X C 1. 1} 

GPA~. (THETAH - '~ET5F)/SINI 

Y F ( r Q nllN • F. Q ~ 0' 1 ~F N 

FlSE 

IF(~'r~f .L~. ~TE~O(l"T~~~ 
T~F.TA~- CT~fT5F-T~ET'I' 0 ~TI~E/NTFN"(lJ + THFTal 
IF U(~p. IlrrAl) .GE. 5INI)THF.N 

TP"'UNr. T"'ETIH 
Fl ~E 

Tf'ntJfllr.. 'HETAe • lTHFT'H-THETlI5).XCNP,ll~CAL)/SINI 

~"'n'F 
:l5EJF(NT!~F. .If. NTEN~Cl'+NTE~O(2')THeN 

JF(X(NP.JlrC.\l' .r.F .. SINIJT"'E" 
T~rUt·m. lHFT At' 

~l Cie 

E l cE 
TpnUNr- THET~F + CTHETAH-THET~F)OX(NP,ILOCAlJ/SI~1 

c: 'lip IF 

~UN. V~lC3' 0 (NTIMF-(NTENOC1'+~TE~O(1'JJ • OTI~E 
T~ETa~. THET~F - RUNOGR~O 
JF(~(~p,llrCAl' .GE. qUN+51NI)'~EN 

TlIOrUNr. T"'r;TAI' 
El ~E 

Tp.r.u~r. TH~TA~ + '(NP,llOC~l)OGP'D 
FIr,IOlf 

E~OIF 

START- SIN! - ~FAO 
ENDIF 

RFTlJqN 
F~'" 

c~***o=o=o.oo=~#oooecooococooo ... oo.=c*.OOOO#O~"*O*""'.".** • •••••• 
SlQPOUTINF TEMeCctK.GF.X.NO~A~1.N5'".NP.IB,NTI"EJ 
I~PlICIT DOURlf PPfCISIPN (4-H.O-Z) 

E: X TF IlN JL T RPUPlf' 
rr~~ON/c~r~l/~nn(Z).NX(l),NYCZ).NnDE~X.NT~AX 
cr~~C~/COOF.2/~rp'~UN 

C(,·~ON/C~f'E~/~1,H2.~3,T~AT,THETAH,THET~F 
CC~~ON/corll/~TPCC1.3) 

~( 

. sr 
sr 
sc 
sc 
sc 
sr 
S( 
S( 

Sf 
Sf 
5f 
S( 

S( 
S( 

sr 
S( 

S( 
S( 
C)( 

sr 
S( 

sr 
S( 

sr 
5r 
sr 
S( 
5( 
5[ 
sr 
~( 

S( 
51 
S( 
sr 
5( 

sr 
S( 
5r 
51 
S( 
S[ 
Sl 
51 
51 
51 
51 
SI 
SI 
51 
Sf 
51 
51 
51 



.,J 

-67-

FILE: SOL lC6 v~/SP C~S RELEASE 3.1, CFO - U.C. PE~KELE' 

C 
C 

t 

C 

c 

C 

C 

( 

C 

C 

403 

'SCI 

~lZ 

411 

701 

al~E~SJD~ GK(~O·a~z,l"CF(l),Xtl,l' 
elG- 1.00 

ADJUST STJFFNf~S ~ATRJX FrD I~POC[~ INTE~F'C~ TEMP~~ATUQ~S 
IF(NSY~ .EQ. Q'T~F.P 
Frq A ST~"ETP.IC 5TJFFNE~S MATD'I 

DC ~Ol J a l. ~or£~l 
nl) "02 1(=1. ",rp('I"N 
t = ~aD (NP) of It 
JGa J -I +1 
I~ffJ~.LE. O).~P.(JG .~T. 18))GO TO 403 
GFfJ)- ~F(J) - GK(I.JG'OT~'T 
CKCI.JG). O.Or.~ 
GO m 40Z 
I(e. 1 - J .. 1 
I~(KG .• IF. 0 .(1P. I(t: .CT. IA)GO T~ 402 
CFfJ). GF(J) - r.K(J.KG).T~AT 

rot( (J.KG'- o.or.o 
cnNTINUfE 
cn..,;TJNUE 
~c ~Ol Kal.NCprl~ 

I - ~mD INP, + /I 
GI(II.l'- @tr. 
';F( tJ - R Ie",~, T 

EL SF 
Fl~ 1 Nr~-SY~~~'RIC STIFFNF5S ~ATRIX 

DC Ifl1 K:: 1."!('POlJ" 
1= ~OD("IP) + k 

no ~12 J-1. ~('IrINP'+NOAOUN 
eF(.])- r.FfJ) - r.K(J,IJOTSAT 
';K(I.J)·o.on(, 
GICIJ.I,-".CI"'O 
CONTINUE 
00 511 K·l.hr~rl~ 
Ja ·~ODCNP) + J(' 

~K 1 I , J ) 1& fo! r. 
GF 1 1) - e f(.OT ~A T 

Et-I))F 

00 701 NIC-l,) 
IF(NT8CfNe.NK) .EC.?,THEN 
CALL "IX8CCGF.X.V,N!y~,N~.NJ() 
EN'JYF 
CC~T INlJF. 

0(1 1 ~o 1 ..,t< -I ,3 
IF (NT!\C('IIe ,NI() .EO.J)r.O T('I lrOl 
IFHITRC(NP. .~I\' .E~.~)GO T(l 1001 
IF(f'lSYP4 .FQ. C"I-'P' 
F~~ A S'HMET~tC ~TJFFNE5S .STR1~ 

IF(NK .fO. 1 nl-lpi 
AlIJIIST 5TtrF"'F~S ... HPn f-OR T~MPFRITURF5 IMPnSfD 

sc 
S( 
S( 

5r 
SC 
SC 
S~ 
sc 
sr 
~r 
sr 
S( 

SC 
sC 
C)( 

$[ 
S( 

sr 
S( 

sr 
S( 

S( 
s( 

Sf 
S( 

SC 
S( 
S( 
S( 

S( 

~r 
S[ 
S( 

S( 
S( 
S(' 

SC 
so 
sr 
sc 
S( 
S[ 
S( 
S( 
S( 

S( 
sr 
sr 
S[ 
S[ 
S[ 
S[ 
S[ 
S[ 
S[ 



FIle: SClI06 

c 

291 

201 
2eo 

c 

c 
c 

c 
.C 

212 

211 
210 

F""'T~AN a 

eN THE CN~,l' erU~OARIFS 
00 200 ~=l, Nr.~F"X 
00 201 .=l,~y~ax 
I- K + (NP-IJ~(NOOE~X - ~v~.X) 
JG- J -J +1 
IF((~r..lF.OJ.rR.(JC.CT.IB)' GO TO Z~l 
p: (J, a r.F r.IJ - (:1( n ,JG )~TqnUHn (Nt' ,X,l,NT I-'f' 
(.1( ( 1 ,JG ,:: t".. 0 00 
GO Tf' 2(11 
1ft;- I -J +1 
IF((kC.lF.~J.OR.,~r..Gf.IP'JJCJ TO ZOI 
GF(Jt' r.F(J) - Gk(J.KG»=T80UNO(N8.X.l,~T,"e) 
rtt:(J.IC(i,. 0.000 
CONT '.jU'; 
COIIIT[NU'! 

~lSEJF(NK.~C.7JTHE' 
;\OJlI4\T Sf IFFHFSS '-AfRO f~ n:~peIUTURfS ' .. POSED 
CN THF CN-,2' PCUNC'OfFS 

ELSE 

DO Zin J-I, NO~F~X 
cn 211 "'al, NX(N8)> 

IF(l\;fl.f".1)f .. e~ 

F.'l SE 

,- I( ON'''''' 
'L~CAL- I ~ 

I- !'Jr"Oe-x .. (I(-I,ON',.U 
apr.AL- K=N, .. n 

ENfllF 
J(;, J- '+I 
1~«(JG.LF..C).nR.'JC.CT.IA),r,3 TO 212 
r~CJ)- (-FCJJ - r.J('I,JG)OTq~UN~(N~,X,IlOC'l,~T'~E) 
(. I( cr. JG ,. C'. 0 (10 
r.u TO 211 
If G- , -J +1 
IF(CK('.lE.C'J.r.R.CKr..GfeIP)'G3 T~ ZI1 
r:FCJ). r:F(.'J - GIC(J,I(G)~TqrIJNtl(H8.X.rLOCAL.HTJMEJ 

r.K(J.Kr.,- ('.O~O 

r"NfIPlUE 
tONTI~:U~ 

ADJUST STIF~~fSS .'T~I" FORTE~P~RlTURES IMPOSED 
ON THE (N~,~) enUNOAPIFS 

00 22(' J-l, NunF'-' 
00 221 K=l. ~X(Ne, 

1 r- ,··e .(Q.I n"EJoI 

Fl ~F 

Ja I + CK-l,ON'''AX 
lI. nc jLa I 

t- 1 + ~rOf"X - ~=~'-'4X 
ILOCAL- 1 + (K-l'~~'"Al 

,=N('lF 
JC: ~ -1 +1 
IF«Jr..lf.r'.C~.(Jr,.GT.18'JGO TO 211 
GF(J). ~FCJ) - G'(1.JG'OTqrU~OCN8,X,lLOC'l.NTI"E) 
(:.1t.CI.JG)- n.noo 

so 
SO 
SO 
SO 
SO 
SO 
S(1 

sr 
SC 
sc 
sr 
sr 
Sf 
se 
Se
se 
s( 
s( 
s( 
S( 

SC 
S( 
S( 

sr 
S[ 
sr 
sr 
S[ 
S( 

sr 
S( 

S( 
S[ 
Sf 
S( 

S( 

SC 
sr: 
sc 
sc 
S( 
S( 
Sf 
S( 
S( 

S( 
S[ 
S( 
SI 
Sl 
SI 
SI 
S( 
SI 
Sl 

I~ 



~I 

FILE: SOllr", l:aRT~AN A Y~/SP eMs ~ElEASE 3.1. [FO - u.c. BE~(ElET 

c 
C 

222 

221 
220 
9C9 

301 
300 

311 
310 

321 
320 

1(101 
2eoo 

c 
c 
C 

C 

202 
203 

r.fl TO 27.1 
KG- 1 - J +1 
IFCCK~.lE.O'.OR.CK~.GT.18"CJ TO 2Z1 
CFCJ). t;FfJ) - CKCJ,I(C,OTROUNnfNB,X,llOCAl,NTIMEJ 
P((J,KCJ- 0.000 
CONT n:Uf 
CrNTI!IIU~ 

ENOIF 
E l Sf: 
~r~ 1 ~O~-ST~~FT~'C STIFFNFSS ~ATRIX 
~('n I F leAT I QNS AIo'f ~'OT eOMPlt: Tr: 

I F (fill( • E Q .1 ) T ... f ~ 
no 100 J.l, 'IOOC ~p ,+NQ'OUN 
on 301 K-l. NT(NA, 
laK 
GFCJ'. CF(J' - GKCJ,IJ • T CmUNO(N8,X,I,NTIME) 
GKtJ,J,·o.ono 
GKCJ.I'- ".000 
eONTINlif 

ElSfJFCNK.FO.1,THEN 

ELSE 

no 310 J. ], !IIO~CN~)+NOAOUN 
~o ~11 K· 1. NXCN~' -1 
r- 1 + MYC~P'~CK-l) 
r.FCJ'* r,FCJ' - (-"(J.I' 0 TAOUNO(NB.X,I,NTT"'E) 
CI(CJ,J)- r.ooo 
r.KCJ,ll- ('.(,00 
CONTH'IJf: 

00 120 J. 1, NCOfNe).NOB~U~ 
nc 37.1 K- I. NXCN~' -1 
I- r,y f NG )0" 

:;FfJ)- CF(J' - CIC'(J.1J 0 T80lJNO(N8.X.I,NTJ"'E' 
r;wCJ,J). c.ooo 
r,It (J. IJ. ,. .ono 
C:lNTlNtJf 

:NI"JF 
H:,) p= . 
er.NT INll( 
eO"fTINUE 

00 3000 NB·l.2 

IMPOSE TEMPERaTIJPE~ 
IF(NTBC(N!.IJ.EQ.2JTHEN 
ON T"E CNP,l) ROIJNrART 

or. 103 ~.1, NT~IX 
(. I( + CNp'-UO(NnDEMX - N".,.UJ 
r(l 202 J-l, IP 
r;ltCI.J)·O.OOO 
CONTI~UE 
DO 20 ~-1. NT"'AX 
Is K + (N~-I'.(NflOE~' - NY~A.) 

JFfN~Y~.EQ.~) T~EN 

J-l 
!=LSE 

S( 
sr 
Sf 
sr 
sr 
c;e 
c;[ 
S( 
sr 
sr 
sr 
sr 
c;r 
sr 
sr 
Sr 
Sl 
sr 
Sl 
Sl 
SI 
SI 
sr 
<;1 

S' 
S! 
s; 
SI 
$1 

SI 
51 
SI 
51 
S, 
Sl 
51 
sr 
S( 
S( 
sr 
SI 
SI 
SI 
SI 
Si 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 



F IlE: SOLI O~ FonRAN A YM/SP eMs qELEASE 3.1. C~O - u.c. eE~KELEf 

c 

c 

C 

C 

20 

242 
213 

2] 

2~2 
223 

fNOIF 

J=l 
ENOIF 

GKCI,J)- l.roo 
GFCI). T~O~NOCNA,X,l,NTI"E) 

IF(HTBCINe.2).EQ.2'THEN 
f1N T'~E (NE' .2' A""NO'~" 

no 213 Ka2, NXtN8, 
IF INf.' .[0.1 JT HfN 

I- ICON'"U 
FlSE 

'a ~OnE~X - C~-l)O~'~.l 
E"4l'IF 

00 242 JaI, fA 
CKfl,JJ- C.C!OO 
CONTINUE 
00 21 Ka 2, NlCN~' 

IF I~" .fCl.l) THe .. 
1- ICON,,.&I 
JLC'CAL- I 

EL~F 
I- NnDE~1 - 1~-1'.~""&1 
ILOCAla f(=N'~U 

FNOtF 
TFtNSY".FQ.~'~HEN 

J& 1 
F.lSE 

Ja I 
FN"IF 

(;KCI.J)·l.rno 
r.FCI). T~~lINO(~!,J.IlCC.L,!I'4TI"F.' 

IFtNTeCt~p.3).EQ.2'T"eN 
0'" THE C ~f .)) 80I.lN['ARY 

00 223 K-2, NX(N~) -1 
1~(NP.EQ.l )T"'EN 

I- 1 • (K-l)ONYMAX 
fl <f 

t. 1 • ~n~~.x - KO~Y~11 

F- "'(11 F 
00 2t;2 J.J. lA 
GK(I,JJ. ".ono 
CO"'TYNUE 
00 ZZ K.Z, NXCNP) -I 

IF (~P • fO.l JTHfN 

~ l <F 

I- 1 + (K-l)ONY-AX 
ILOCAl- I 

1- 1 + NOD~"X - K.,..'"&X 
flOCAL- I + (K-l)O~Y~AX 

,.r.r.IJ: 
YFCNSYM.EQ.O) THEN 

,h 1 

~r 
sC 
sr 
SC 
sC 
sC· 
sc 
sc 
sc 
SI: 
SC 
SC 
sc 
SC: 
S( 

sr 
sc: 
SC 
SC 
SC 
SC 
SC 
SC: 
SC 
S( 

SC: 
s( 

sc 
SC 
sc 
sc 
sr 
SC 
Sf 
SO 
sc 
sr 
sc 
so 
SO 
so 
so 
sC 
sc 
SC 
sc 
SC 
sc: 
sc 
sc 
sc 
sr 
so 
sc 
so 



,0 

+ 

-'11-

FILE: SOLI C'~ VM/SP CMS ~ElEA~E 3.1. CFO - U.C. eERKElET 

C 

E=LSE 
Ja I 

ENOIF 
GK Cl,J)· 1.0"0 

22 GF(I). T~CU~"(N~,l,llOCAL.~TIMe' 
E~"TF 

?<lOO CO"'T INUF 

i-'F Tl'''''' 
f~O 

C.·*O·$O····*~············~ .. · .. co ••••• **.* ..... ***.** ...... * •••••••• 
SVRF~UTI~E TOI~(~,L),N,t~) 

c 

l~olICIT rOU~Lf PPfCI~10N (A-H.~-Z) 
n'~F.~S'O~ ~(ll,l) 
(I(~ 120 I- 2, .. 
~1 • MrNOtI~-I,N-J+l) 
or 120 Jw 1,1"1 
S"·4 • o.oeo 
Kl- ~JNOCI-l,IP-J) 

or 1 co I( • 1 ,K 1 
ICO Sl:~· SUM" 5C1-K,K+IJ • Q(I-tr,J+tnl 8Cl-tC,1J 
120 R (I, J). P. t t ,J' - ~l'" 

"'ETUR~ 
E ~Jry-

co •••• ~.o.o .. ~==o~ ............. ** ... * ... ** .... * ..... *.* ..........••••• 

c 

SV8~CUTJ~E VPH45FCrtr,GF,X,T,THETA,XP.YP, 
1 r~x.DST,Hell,"EL2,XPO,TPO,Pl,NO"'X2, 
z ~'T""'I,NI""l,"TJ"F) 

J~~lICIT rnUp.LE pPfrt~ION (A-H,O-Z) 
cr~p.tCtl/corF.1/"fOnt Z J ,NX (2' ,NT« 2' ,NonE"'X ,'IITMAX 
CQ~MON/CorE2/Nn80UN 

cr~MON/CODf~/H1,Hl,~3,T5'T,T~eTAH,THeT~F 

cr"'M1N/C~OE7/DTt~f 
CC~~CN/COD12/C~~Otr(3"CADA(3),RHO(3"HF.'TSl,COND3.Z,Z' 
cr~~CN/~A01/STADT,crAD,YFl'3J.IN'FlC 

cr"'~r.N/~OV~/~P~UN 
cr~p.trN/OtPEC/OI~CPf 

nl~~~~'~~ CK(N~~AX2,IJ,CF(1'.XC2.1),YC'.IJ,T~ET'C2,IJ, 

1 PX(l"'PCl,,TPtl',~~llC~'""'l,NXMMl,l', 
1 nSlCIJ.nST(lJ.XFOll),TPO(l). 
3 XX(2,~),T'~)""P'Z,Z),NeL2'NT~Ml,NX~~l,l' 

NBOUNZ-NOBOUN ez 
CAll ClEA~(CK,GF,Nr~Axz,NP~UN2t~) 
0(1 110 J.fpa 1,Z 
C~ l~~. l,~O~OUN-) 

Dr: 20 Kal,it 
IF(tIP.FO.l )T~f:I>l 
. ~ou~- NELIC~.NXCIJ-l,K) 
HSF 

Nrulo4- ~J~L z p. ,~jJ (2' -1 ,K ) 
H~!) 1 F 
XXC1,KJ- 'CNP,NQU~J 
XX(2.KJ. T(NP,Hnu~) 

5(11 

SO 
so! 
SO 
5(11 

so' 
SO' 
SO· 
!Ii 0 
SO 
c; (1' 
SO 
SO 
so 
so 
~o 
so 
sn 
SO· 
so 
so 
50 
SO 
SO 
so 
so 
so 
~O 
so 
so 
so 
so 
so 
so 
so 
SO· 
SOl 
501 
SO' 
SO· 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
SO 
SO 
so 
SO 
SO 
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F II E: SOl J "h FJ~ T R!N A V~/SP C~S QElEASE 3.1, CFO - U.C. eE~KElET 

C 

C 

( 

C 

C 

c 

20 TOO: THETA(NP.PJOU,",) 

IF(NP.EO.l' THEN 
CONO- C(1"'''I(l) 
RI· 1.0000000 

r:lSF 

IP ... 

cr~o. -CONfWfZ' 
~ta -l.OO(lO(lO~O 

Jpw .. +1 
XXPCI.IJ. XP(IP) 
XXPU.2). XPCJ") 
uDez.u- YPCJP, 
XX P C Z .2'. TP ( JP ) 
C~lL FPHl~£fGF.XX,JXP,IP,JP,CnNn,T,RI,~P' 

10 CCNTINUE 
11 0 C('~TI NUE 

UP ~O Mal. Nn~OUN-l 
IP ... 
Jr,. "+1 
UOCI.!)- JPCI") 
X X 0 (' 1 , Z , • X P ( JP , 
nO(Z,u· YP(J'" 
X1 0 (2,Z)- YP(JP) 

30 C~lL KP~'SE(GK,N(1~'XZ,XlP,JP,JP' 
C-Ll APL'(IGK,GF,~~I"AX2) 
C'lL TPI~CGK,~n~AX2,~AOUN2,4) 
(ILL ~H~~(GK,PX,r.F,Nn~Al2,~~PUN2,.) 

or .0 t- I,NY!"!X 
x rt) ( I ) - x P ( I ) 

40 YJ:t)( I). YP« J) 

nr ~O Ta I,NopnUN 
1 (II,... 1=2 -1 
Jr'),.· 1=1 
o ~ ~ ( 1),. P x CI OU") 
O~T(I)· PlCJOUI") 
lPCIJ. lPOCIJ + OS7(1) 

~O TPCI'. YPOC!, + "ST(I) 
RI"CRE- OSX(NOPOlJN) 

10 CALL !"ERGE(T,XP,YPJ 
IF(f(~OUN.E~.lJ STAFT- XPCI' 
I~C~BOUN.E~.ZJT~FN 

LOU .... 'lINT( (N('POUN+1)/2.CO) 
START- XP(lO')~) 

FrwlJIF 
PETURN 
ENO 

C.OOO.~ ••• $$O •• O ••• O •• OO ••• O=O=OO.O •• O ••• O.=O.OOO.OO.O" ............ . 
SUSPCUTINF WHF.PE(X,y,T~fTA,XP,YO.TO,NEL~I,NElnZ,NT~~I,Nl"~l' 

so 
so 
so 
so 
SO 
so! 
C;o 
SO 
so 
c;r 
so 
so 
so 
sa 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
sn 
so 
so 
so 
so 
so 
so 
so 
SO 
SOl 
SOl 
SOl 
SOl 
SOl 
SO 
SO 
so 
so 
so 
SO 
SO 
SO 
so 
so 
so 
so 
so 
SO 
so 

• 
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FILE: SOlrC~ FfJ~TRAN A V~/SP C~S RELEASE 3.1, CFO - u.c. 8E~KELEY 

c 
C 

2 

3 
C 

C 
C 
C 

~o 

20 
10 

1 
C 

1 
Z 

1 

1 

l~DlICTT OOUqlE PPfCt~tON (A-H,O-Z) 
CO~"ON/COOE1/NOO(2),MXCZ).N'C2).NOOe~l.NT"'1 
CC""ON/COOE2/NORryt~ 
CO""CN/COOE4/~nOO(2).NXO(Z).~YOC2'.H~OUNO.NCO.XO 
CO~"ON/COOE6/HHl.~~2.HH3,T~AT.THF.TAH.THET5F 
C~~~nN/OIPEC/P'NCPE 

OI~F.~SIn~ lC7.]J.TC1.1J.THETlCZ,lJ.XnCZ.lJ.TOC2.1J.TOCZ.l'. 
~:El01 (NT~"-l • HX""'I.1 ), XJ( (4' • T K (~, • 
NelO~CNY~~I.NX~1.1) 

CALCULATE H(lnAl TF,,-PFIUTURES .IT NEW ~ESH POINTS 
0(' ] NP- 1.Z 
0(1 2 I- I.NT"'. 
lH~TACHP.I)- TnCNP.J) 
0(1 3 I- l,N080UN 
Ja ~OO(~P) +1 
T~eTA'NP.~). 15Al 

nr 10 IN- I.NY~A~ 
Or. 20 1'4- Z,PlXCNO)-l 
L- NT~Al CCIN-l) +J~ 
~n ~O Ka l,~~OCNP'-l 
K~- NT~AXCCK-IJ +J~ 
KP. 1(14 + NT~A' 
OU .... I xnl~lp.ICP) - XCNP.LJ Jel xnl~p.I("' - XCNP.LJ ) 
IFI~UH.GT.O.OOO)~O TO 30 
T~ETarNP.L)· t TOC~P.KP'- TOf~P.K") ,~( XCNP.l'- XO(NP,~") , 

I C XfCNP.KP) - xrCNP.K~) ) + TOCNP.K~J 
1;(' '!O 20 
C(1~TINUE 
cr .. TINue 
Cr"flINUe 

Nr~Al TF~PERATUP~S FnR THE INTERFAce NoDes 
I~ THE RlANKET ~F.~JnN 
Nr'Jp's '10C' C "fP) + NrpOIJN 
IrU~a Ny""ax - "!O~Ol'N +1 
~ru~a N"U~ + IOU'" 
t~(pr~rQF .GT.r..OO)T~FN 

El Sf 

~t~U~a PINCP.ElCxOC"'P,~f'l!""- XOC..,P,NDl'.', 
DO 4' IN- 1,10UH-l 
L- ,",OU"'+JN 
K- L+IOUfI! 
THETACNP.l'a CTnINP,K,-TOCNP,l"=qI,,,TRP + TOINP,LJ 

Q INH'P. (X I"'P ,NAH" )-X(' I NP ,NOUM-NY"" X, , I 
DOCNP,NOUH' - )OCf'lP,NOU"'-tIif'"'X)) 

~n 55 JNa 1.JrUH-l 
La ~l'UM+JN 

1(. L- NY~AX 

THETaC~O.l)a CTOINP.L)-TOC~P,K»~~INT~P + TOC~P.K' 
FN'lJF 
C(I'fTINUE 

RETURN 

501 
501 
SOl 
SOl 
SOt 
C)(ll 

501 
SOl 
~Ol 

SO: 
snl 
SOl 
SOl 
501 
SO 
SO' 
SO 
SOl 
SO 
SOt 
SOl 
501 
SO 
SO 
SO 
SO 
SO 
'i0 
SO 
SO; 
501 
SOt 
SOt 
SO 
501 
SOl 
SOl 
501 
SOl 
SO' 
501 
501 
SOl 
SO 
SOl 
SO! 
SO 
SO 
SO 
SO 
SO 
SO 
SO: 
SO: 
SO, 
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FH!l 
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