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ABSTRACT

A mathematical model has been developed to describe the fluid flow field,
the turbulence parameters and the rate at which oxide inclusion particles are
removed by coalescence in an R-H Vacuum Degassing Unit.

The problem is stated through the turbulent Navier-Stokes equations,
the k-e model for the turbulent viscosity and a coalescence mode.

The governing equations are solved numerically and a population balance
model is being employed to represent the size distribution of the oxide part-
icales. .

The computed resuits indicate that the R-H unit is an excellent mixer
and that the principal mechanism of the coalescence process is the adeouate
supply of the material contained in the ladle to the locations in the vicinity
of the "down-leg" where the rate of turbulent energy dissipation is the
greatest.

The computed resuits also show that the spatial distribution of particles
of different size is quite uniform, Finally, the overall deoxidation rates
predicted by the model appear to be in agreement with rates observed in indus-
trial pratice.

Thesis supervisor: Dr. Julian Szekely

Title: Professor of Materials Engineering
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CHAPTER 1
Introduction

In recent years there has been a growing interest in "clean steel” pro-
duction because the oxide particles which are formed during deoxidizing
process adversely affect the mechanical properties of the products., The
studies on rate phenonomena of deoxidation have been made by the many investi-
gators. Theoretical considerations sucgest that the factors influencing the
growth and floatation of inclusions, i.e. deoxidation products, are compiex,
however the extent of inclusion growth by Brownian motion and Ostwald rip-
ening is insignificant. On the basis of available experimental results, the
rate of deoxidation is enhanced by the highly agitated melts in which the
collision frequency is more rapid than in stagnant melts. The concept of

the collision model ina turbulent field had been investinated by the researchers
of meteorology or aerpsol science. A simple application of this coagulation
theories to the present problem seems to lead a reasonable agreement with
experimental results.

The R-H vacuum degassing system:has gained a widespread acceptance for
decades due to its capacity of gaseous impurities removal and high mixing.
At present the R-H treatment is employed not only to remove these impurities
but also to gain the high mixing rate, i.e. to produce a strono turbulent
field. The R-H unit makes it possible to achieve the rapid removal rate of
oxide narticles from the me]t;

The purpose of this thesis is to make tﬁe attempt to simulate the de-
oxidation process in R-H unit by combining a turbulence theory and 02 part-
icle coaqulation theorv.

The work to be described in this thesis represents the attempts to-

ward a predictive model for flow and deoxidation characteristics of R-H de-
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gassing process. The model for the oxidie particle coalescence is employed
in order io simulate the deoxidation Drocess,

This thesis, is divided into six chapters.

In chaoter 2 a literature survey is presented, which reviews the part-
icle movement in turbulent flow, the particel population balance, the particle
deposition theorv, and the particle coalescence theory. The available turb-
ulence model are also surveyed.

Chapter 3 gives the formulation of the mathematical model. After de-
scribing the R-H degassing unit and discussing the assumption made, the gen-
eral form of the governing differentical equations is given and the coeffi-
cients and the source term are represented.

In chapter 4 the numerical techniaue is outlined which was employed to
solve the differential eauations.

In Chapter 5 computed results on fluid field and particle distribution
are discussed. The rate of deoxidation in R-H degasser is also treated here.

Finally, concluding remarks and some suagestions for future work are

made in chapter 6.
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Chapter 2 LITERATURE SURVEY

In this chapter, the R-H degassing system is first described briefly.
Next, the deoxidation machanism is reviewed. In the later part of this
chapter, the mathematical modeis for the coalescence frequency, the parti-
cle population balance, the turbulent flow and the particle deposition are
described.

2.1 R-H Vacuum Degasser

The Ruhrstahl-Heraeus vacuum degassing process was originally developed
in order to remove the gaseous impurities whose solubility in steel melts
decrease under vacuum. This system has been useful for removing impurities
Tike hydrogen and nitrogen which have an adverse effect on the mechanical
properties of the final product. In addition the vacuum atmosphere accele-
rated the reaction between dissolved carbon and oxygen, so that some effects
on decarburization may be expected. Another benefit of using the R-H system
is that it allows a better yield of deoxidizers or other alloying additions
because the tendency to oxidize is reduced under vécuum.

In the R-H degassing orocess, as shown in Fig. 2.1, two legs are im-
mersed in a steel melt and an inert gas is injected into one leg (cailed the
up-leg). The injected bubbles induced a buoyancy force which produces a re-
circulating flow through the vacuum vessel and ladle. This mixing effect is
considerably larger than with argon stirring or other mixing arrangements
[2-3]. Several reports were published to determine the recirculation rate
in this system, mostly from laboratory scale modelsor industrial scale exper-
iments[1,4]. An understanding of the recirculation rate is very importént in
order to obtain optimul gas flow rate and other operational parameters. Some
extensive work has been done to define the.state of mixing in R-H units and

theoretical predictions regarding the time required for dispersion have been
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Fig. 2.1 Schematic diagram of the R-H degasser
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made {1]. These predictions seem to be in good agreement with experiment-
ally obtained time response curves.

This mixing capability gives another advantage to the R-H system in
addition to the effective dispersion of additions: the coalescence and
floatation of inclusions. The effect is not unique to this system, but com-
mon to the processes in which a steel melt is strongly agitated by forced
convection (e.g. ASEA-SKF, [5)] Argon stirred ladles, or TN-method). However,
a few investigations have been done regarding the turbulent characteristics
in R-H units and their effect on the removal of inclusions.

The agecrease of inclusions is shown schematically in Fig, 2.2. Since
various additions are made during treatment, it is difficult to deduce the
effect of mixing on the rate of deoxidation. However, the total oxygen con-
tent increases slightly during the first stage and then decreases remarkably
[54]. The value of the dissolved oxygen is constant at the initial step,
but decreases gradually. The rate of reduction of total oxygen {most of
which may be oxygen in the form of oxidides) is muéh faster than that of

dissolved oxygen.
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2.2 Deoxidation Mechanism

A large number of articles have been published dealing with deoxida-
tion [13-18]. According to Turkdogan [14], the deoxidation reaction may be
.separated into three steps: formation of critical nuclei of the deoxidation
product; progress of deoxidation resulting in growth of the reaction pro-
ducts; and floatation form the melt.

As for the nucleation, Turkdogan [15] suggested that the number of
nuclei formed at the time of addition of the deoxidizer is about ]08/cm3.
However, the time for nucleation is far less than 1 sec. [13] (for S1'02

lx]O's

sec).

Regarding the growth process, Turkdogan [14] suggested four major mech-
anisms: (a) Brownian motion, (b) Ostwald riﬁening, (c) diffusion, and {d)
collision. Brownian motion is 'such a slow process that it would take 3 hours
to reduct eht oxidized particle density to 107 partic]es/cm3. Ostwald ripening
is the process for the system of dispersed particles of varying size and the
smaller ones dissolve and the larger ones grow. The driving force is the
interfacial energ&. This process is also very slow [14, 16, 19]. Turkdogan
also discussed the subject of diffusional growth [15]. The rate of oxidized
particle removal by collisions was measured by several investigators [19, 20,
21]. A theoretical explanation of this problem was proposed by Lindborg

et al. [19] who used the eguations derived by Gunn [25] and by Saffman and
Turner [26].
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2.3 General Mechanism of Particle Movement in Turbulent Flow

In a turbulent dispersion a knowledge of ralative motion of particles
to surrounding fluid is of great importance for an understanding of the co-
'agulation mechanism between particles, and the mass transfer from particles
to fluid. The behavior of descrete particles in a turbulent fluid depends
largely on the concentration of the particles and on their size relative to
the scale of turbulence. The first extensive theoretical study was made by
Tchen [6] on the motion of verv small particles in a turblent fluid. In
Tchen's theory the following assumptions are made

1) The turbulence of the fluid is homogeneous and steady.

2) The domain of turbulence is infinite in extent.

3) The particle is spherical and so sﬁa]] that its motion relative

to the ambient fluid follows Stokes' law of resistance.
4) The particle is small compared with the smalles wavelength pre-
sented in turbulence, i.e. with the Kolmogorov micro-scale n.

5) During the motion of the particle the neighborhood is by the same

fluid.

6) Any external force acting on the particle originates from a poten-

tial field, such as gravity.

Assumption (4) seems to be valid for the present problem since the
dissipation rate of turbulence in a ladle, e, is at most 100erg/g, thus the
Kolmogorov micro scale length, n, is about 400um. This length is much larger
than the particle diameter being considered. Other assumptions may be valid
for the present problem.

The basic equation extended by Tschen is as fo]]ows, [6-9];

”d,,P,,—ﬁ%dp@QW} V(Y. - )+mdff}

L v dg;
| I ci%&- 3 a3 ["“' t..____ﬁ_adt_ |1
Ny aatidy T dt) AT J 4 i

(a-) «©)

(2.2.1)
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where VD and Ve are the turbulent velocities of fluid and particle, dD the

diameter of particle, Cd the drag coefficient in turbulent flow, and p and pp

the densities of fiuid and particles. Each term means the following:
{1} the force reauired to accelerate the particle,
(2) drag force,
(3) pressure gradient force,
{4) added mass correction,
(5) Basset term,

(6) external force due to potential field.

When the potential force term is neglected equ. (2.2.1) can be rewritten

as follows.

Eo o e s
d_.qff+av‘ a AU+ bi@LTC Elt’“jﬁt"dbf’zdf
R L N S

o —36M 3 b - 3 .8 ’_Pfu
2y Pk 2R+ 5 QR T

Interesting results will be obtained if we assume that both Vp and Vf

(2.2.2)

where

may be represented by a fourier integral [6].

!U}:de(ozmwhf) demot) (2.2.3)
=3

Q)P'det‘,)"wawf*gsmwf) C2.24)
o

Then the ratio between Légrangian energv-spectrum functions for fluid

and particles mav be expressed as follows [6]

E [ . a
'—__L"= EJ+I(¢J)J "‘J;:w) (2.2.%)
oD
where j_ o) wlw +C|Ef w/s (b -1)
T Car ¢ i) (o )
frew)s —tazc i )Cb-1)
(62 L elﬁ‘a.)/_,)‘-'- ¢ w-chfru)/.‘,_ )'1
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Assuming Pao's universal slope law (Fig. 2.3) for the spectrum distri-
bution in the R-H units, we can obtain the energy spectrum distribution for
the particle using equ. (2.2.5} (Fig. 2;4). For the present calculation a
'dissipation energy of ¢ = 500 (erg/cm3) is used. There is only a slight
difference between the energy spectrum of fluid and particles. On the other
hand, Peskin [11-12] obtained the following relation between diffusivities

of fluids and narticles;

LY - _
B ;LL; (Z5) 0 68) (2.2.¢)

A
though we cannot obtain exact information about the Lagrangian or Eulerian

where K "“(I-TFAS)<N&>(‘£E)(%‘A'J_ This result is shown in Fig. 2.5. Al-

microscale, K is far smaller than 1 for the case of deoxidized particles in
a steel melt. Therefore, in the present computation the assumption of DD/D-=1
will be valid. |

On the other hand, Kolmogcorov assumed that the characteristics of turb-
ulence could be determined by the parameters v and e at high Reynolds number.

From a dimensionai analysis, it follows that [6],

3 % 2.2.7)
for the length scale = (?)

' i
for the velocity scale U= (PEYF (2.29)

Fig. 2.6 shows the Kologorov micro scaie length n with respect to the turb-
ulent kinetic energy €. Since = is now considered to he less than 100(cm2/sec3).
n is more than 300u. As the particle being considered is less than Z0um,

the particle size is far smaller than n.
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2.4 General Expression for Particle Population Balance in Agitated

Dispersions

A knowledge of the coalescence and the breakage of second phase part-
icles within a turbulent fluid is important for an understanding of the chem-
ical reactor with a dispersed phase system, and often, population balance
cencepts are employed to describe the dispersion [27-30]. This theory is
often applied to the growth and the breakage of aerosol particles. Although
the coalescence function depends largely on the nature of the particles, the
general formulation developed by aerosol researchers is valuable for an
understanding of the general structure of the problem.

We may define a number density f (£, t) of particles in the phase space

[27] such that
T(;t)-[d?k the number of particles in the system

at time t with phase coordinate in the range Eq % 1/2dg,
P 1/2d52 and introduce the function h (£, t) to represent the net rate of

addition of new particles into the system.

R(E £)id¥| = the net number of particles introduced
into the system per unit time at time t with phase coordinate
in the range g, # 1/2d5] £y % 1/2d52

We may consider a small element in the field in order to obtain the

convective mass transfer formulation [27].

of s olwt-T  pe
5t 2 Lail - Rekr) @0

Separating the phase coordinate from the external coordinate, we obtain [27]

, C,6,r).
Z’aéin f aj&ai\ : J‘J B(c,6,r) (2.42)
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where g is a nucleation function‘and Gj is a growth function which depends
on the concentration C, the temperature 6, and the dimension of the newly
nucleated particles. When the coaguiation effect causes only a change in
particle distribution (in other words when the nucleation and the diffusion-
al growth can be ignored), the discussion presented above will differ. 1In
this case, we must assume that only two-particle collisions occur in the
field. Since ro particles are produced by nucleation or diffusional growth,

total mass (or total volume) or particles must be conserved at any time.

Then, dm .
=0 2.4 :
- AT (2.43)
The number density f (x,m,t) or particles in the space can be described as
33 ofva)fl o,
+ = (--i'l ’ s
5t Sx Q m, 1) (z2.44)

Here, particle nucleation under the 1nf1uencé of the chemical environment is
ignored. Usually aaglomeration at x, t betwéen particlies of mass my and m.,
is proportional to the product of the number densities f (x,m].t), f (x,mz,t).
The proportionality factor is a {x,t). Since mass is conserved during a

collision, the number of newly pnroduced particles is [27] [23]

-;—acx,t)'g\]((':t,nz—m.'of(z,m’,tjdm’ C2.4.5)

where the integration extends over all possible values of m'. Similarly, the

number or particles which disappear by coalescence at x, t is [2]

acx,I) ]C(':(,m,lJfTCi,m’,r,‘dm’ (2.& &)

Then equ. (2.4.2) may be written in explicit form as

ofcxwmt) | o [valD fotm, t)} |
oL

_ X
= aa,b) [—;—JT('x,m-m’,I)IC!,M’,I)AM/
'ICI,.M,I) ICI,m’,I)Ol“‘/J Cz.a7)
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When the effect of breskage of particles can no longer be ignored, equ.

(2.4.7) may be expressed as C.A. Coulalogiou et al. [28] suggested, as
2fctmt? | 2fven, £3]ct,m 1))

ot
= A, “[— Tcxt,m-m ,t)_f(z’ m; 8‘)0{"1-j-61 m, ?)ff(z e t)dm)
beln I")f(‘i n f)dm A(m m}ffx, m,f‘)

(2¢.0)
where b{m',m) is the distribution function of daughter particles produced
from breakage of mass m' particles. The generaiized form for the mass popu-
lation balance can be summarized in Table 2.1. Eau. (2.4.8)} coincides with
 the expression employed by U. Lindborg and K. Torsell [23] except for the
convection terms.

As mentioned above, the difficulty in calculating the population
balance is in the mass balance.. One of the earliest expressions of particle

coalescence was made by Smoluchowski [31].

j’; ----du’?:— ;.zﬂ.ﬂ)--ofdﬂons""

;—E—‘- 3"‘ 0(;:!7, dlz ang _d).) ,?-l-‘— ‘X.JJ n..l nJ -

An,
dr

/ a
j;’“.. O’;J f?aﬂ,’fz_'q-ﬂ’z. "'a/:&.ﬂ.ﬂq.—'aa({ﬂaﬂ“- e
(2.4 P)

However, simple this expression is, it contains a weakpoint hardly acceptable

= D(,gﬂ;n;. --Of,j/?,)?; "‘a_,a ﬁ) nJ'-a.;;’ /J:.. e

from the view point of mass balance.
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Table 2.1 Expression for particle population balance

o, 5 2 yn,

3t Soq BX; G=B(C, 0, r)+a(x,m t)+p(x, mt)
J3 Number density of particles
G Growth by diffusion
B; Nucleation
o) Coagulation of particles
B; Breakage of particles

3 {6 (C, 8, r}) f)

G=1I
. ar.
J J

a {x, m, t)

A (x, t) [% Sf{x,m-m, t)f (x, m, t) dz'

_f (x, my t) 7 f {x, m', t) dm']

B (x,my t) =sb (m, m)f(x,m, t)dn’

b (m', m) f(x,m', t)
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2.5 The Mechanism of Small Particle Coagulation in a Turbulent Flow

In the previous section, the generalized expression for particle popu-
lation balance was discussed. Another jmportant issue for the analysis of
particle coagulation is an estimation of collision frequency in turbulent flow.
Most of the studies on this subject were done in relation to meteorology or
aerosol behavior. The most instructive studies on the collision frequency
in turbulent streams were performed by P.G. Saffman and J.5. Turner.

1) Collision between particles moving with fluid. (by Saffman and

J.S. Turner [26]).

Assuming that the mean concentrations of two sizes of particles in a
given population be ny and n, per unit volume, and that their radii be r
and ro respectively, then the mean flux of fluid into a sphere of radius

R = ryt T surrounding one particle is

- WS : 2.8.1)
1,

where W, is the radial component of the relative velocity. The collision

‘rate is

2\),*( [o]

now, aséuming that

/ —
_.f 0S5 f/wrfdsr 2R Wl cw.$.3)
o

then,
- ) =
[ Whl= Rl 2/ , Cou /o )'= 6//5-1)

and we obtain o
N=nr (2R 1w, 1)

= pLhy 2T RIBMI

ox! ;i
= n‘m-lcr"q»{‘_,)?' (._.8_3"_6_
R / SZﬁ; =
= 23 (ri+) n.n, (—y— - G.sw
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2) Collision between particles in relative motion with fluid [26].

A more sophisticated analysis was also made by P.G. Saffman and J.S.
Turner for particles in motion relative to the surrounding fluid. In this
-case, the analysis of collision frequency is rather complicated. The colli-
sion freauency is derived from encounter probability which depends on the
relative velocities between the particles and the fluid surrounding them.

The final representation for the collision freguency can be written as

N - 2(27‘)‘/2!7,/7,[(1-%) (T.- ( )
+~—(:-ﬁi)(7— Ly7 - ——p*é] (2.$-¢)

where Py the density of particles
p, the density of fluid
e, the turbulent dissipation energy
When the density of particles can be considered to be equal to the density of

the fluid, (i.e. p = ) the first two terms disappear and equ. (2.5.5) gives

N- 1.67 R’n,n (__,) | (2.¢.4)

Further, in the case when there is no turbulence(i.e. collision by buoyancy

force) Eau. (2.5.5) leads to

N - m”nn gr(:- )c‘z‘ -T) C2.8.2)

As shown later this expression is similar to the representation given by
Lindborg and Torsell [19].

Equ. (2.5.6) is used for the calculation of particle coalescenc

3) Levich's collision theory [32].

Levich prooosed two types of collision; (1) gradient collision, (2)
turbulent collision. For the gradient collision of two particles with radii

™ and Fos the total number of encounters is represented by
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MB’""”“ 72 no LR’ % £ grd ¥ Crisrs)’ o n, €2.8.8)
where [ is the velocity grad1ent in the fluid. This is essentially similar
to Saffmen's first case {(e.g. equ. (2.5.4)) excent for the coefficient.
| On the other hand, Levich derived the expression for turbulent colli-

sions as follows:

Murh= 1277 /T‘j’-‘— R C2.5.9)

This expression is also similar to Saffman's representation except for the
coefficient.

4) Collision model by U. Lindborg and X. Torsell [19].

U. Lindborg and K. Torsell deriveda collision model based on both Stokes'
collision and gradient collision theory.

Their Stokes collision model comes from equ. (2.5.7). The Stokes' force

can be written in an explicit form as

. 2r2cP-f)
T 91 (ot .§.70)
substituting this into equ. (2.5.7) gives
M= TR’ ,m?(.-_ﬁ)i{&&_lr;*_r;ﬂ,
c?AJ
= B -rdl Crsereia,
= R Ir7-r3 ;lcr‘r*r‘:)’m.n. Cot.§.0/)

where k is 7.2 for 5102 particles in steel melt according to Lindborg and
Torssell.
For the gradient collision model, Levich expressed the velocity gradient

in explicit parameters as;

?m‘w’ y: for the interior of the bath

c2.85.12)

ﬁhzuf1ff 7 for the boundary layer
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Finally, adding both terms, Lindborg obtained the following for gradient

collision

e SU O
M- () ()

A summary of the coagulation mocels in turbulent flow /s listed in

Table 2.2.
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Table 2.2 Models of particles coalescence

Saffman and Turner
(moving with air)

8n2£

- 3
155 1.3 ny (R]+R2)

E
o IR

N=nyn (R +R2)

Saffman and Turner
(moving relatively)

N = 2(20) 2 R nyn, [0-29° (rp-1)® (27

Po
1/2
1 /1 p 2 22 . 1.2¢
Py U e v Ry
when the first two terms are zero
_ 2 3 211'E 1/2
N=3R N, (—=
= 1.67 &% nyn, (5)1/
Levich 5
(Brownian) N = 8xDa o
Levich _ 32
(Turbulence) N =128 R°n J v
Lindborg and Torsell 3
(stokes')} N=7.2 ]rl-rzl (rytry)” ngn,
Lindborg and Torsell Nn=2 (rotr )3 (5V£ + ye >/ 5) nin,
(Turbulence) 3 V12 l/2 ]/
Scaninject N=1.3 (R+R,)° nyn, [
J -3 T M2 115
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2.6 The Mechanism of Small Particle Deposition from Turbulent Flow to

a Wall

As shown in the previous section, particle motion in turbulent streams

may be described by equ. {2.2.1). However, the movement of particles in the
iaminar boundary layer is determined mainly by the 1ift force induced in

viscous shear flow. Saffman [33] derived the 1ift force as follows:

Fo = KMU‘" J c2.4.1)

where U is difference between the velocity of the particle and the fluid,
du/dy is the velocity gradient in the shear flow and K is taken as 81.2.
In addition, a Stokes' force acts on the sphere in an opposite direction to
the direction of motion.
Fs = émucdp? (2.6.2)
where dp is the particle rad%us '
V¥ is the relative velocity of the particle.

A1l of the forces acting on a particle in a laminar boundary layer are
represented schematically in Fig. 2.7. P.0. Rouhianan and T. W. Stachiewicz
[34] proposed a simple governing equation for the particle motion in the
boundary layer

— drUclpCp-tty) - 3 ol (f /f’,)j‘> f’,oa’ d;‘i (2.4

- 3mucdp V; B C‘:’f’ uf)( ) —g—fopdf%%- (.6.4)

where subscripts p and f denote particle and f1u1d, respectively. These equa-

tions can be recarded as a force balance on the particlie in the direction of
x and y. The second term of equ. (2.6.4) is the shear 1ift term posed by
Saffman [33].

The velocity distribution along the flat wall can be described by

Karman's linear approximation. At the nearest region to the wall, which is
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expressed as

pAC & o< fes (26.5)

, so that

v__ ¢ %

Tofp VP
then

t L 1yt

U P " 73
and _

su_ 7

of ¥ 2

where f is the friction factor

V is the fluid velocity at the edge of the subiayer.

Then, if we assume a value for the y-direction, velocity at the edge of
_sublayer, we can solve eouations (2.6.3) and (2.6.4) and find the trajectory
of a particle. Although P.0. Rouhianinen et al. [34] considered only the
case of an air-solid particle system, it could be extended to the general
concept of a particle deposition system.

On the other hand, mass-transfer coefficient approaches were made by
$.K. Friedlander etal. [35] and J.T. Davis [38]. The advantage of this
approach is that mass-transfer coefficient type description is convenient for
the over-all computation of particle concentration in the vessel,

Generally speaking, the kinematic viscosity near the wall can be calcu-
lated, by taking

Vi = ?U},—a= "’?’C.?

on the other hand,

Wy = v af §-5
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then
SH fcaﬁ;/ax)aaf
- g‘qvp/g'z
= 67571);/3:. C.Zég)
therefore
Yefy- €Yl s ) (2693

A reasonable fit with experimentally determined velocity distributions of
velocity near the wall is obtained of cn/25 = ?%ﬁ'

Davis [38] suggest that at the turbulent core equ. (2.6.9) can be

written as

Ve/pr C /39’ 6. ©

Lin et al. [39] suggests
’ Ve/ps CE/1a5) 2-6.10)

for the particles used in the present calculation the rate of transfer can

be expressed as

d" - 3C/a;f . CR.€.12)

Combining (2.6.10) and(2.6.12) and assumina the Reynolds analogy at y + > 0,

Davies [38] obtained the mass transfer correlation.

P +

T I 353 Cc)_é_,_.})
l‘t"z [ -ra._'q}
On the other hand, friedlander eﬁtal. [35] obtained the following form:
& _ =z |
v ‘*JI('S.‘? - 50.4) (2.6..4)
< s 2

where

S*"; W'q\%’ ‘V;
Iy dr Y

Then, as Davies mentioned in his book [38], the rate-determining factor
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in the case of the d.position of large aerosol particles is the distance from
the surface at which their fluctation momentum can just carry them through
the viscous layer. |

A simple expression for particle deposition to the wall was proposed
by Levich [32]. He analysed the coagqulation of two particles caused by the
velocity gradient induced by these particles. In the case of particles, the

total number of collisions is expressed by

2 e
A/?md' %‘ no” &’ 7 W)

where
QA=17 +

Uk
= égﬁf-

Engh and Lindskog [21] applied Levich's theory to the deposition of oxidize

particles on a wall. They also 1sed the mass diffusivitv proposed by Davis

[38] 2 NIl
08T 0 Us
DF:‘ ? ‘ V3 i Col.b6.:4)

Combining equ. (2.6.16) and (2.6.12) using Vo which is calculated from

Kolomogrov's law he obtained

Na=Vica) S Ca (2.6.47)

where

S is wall surface area and

V- coy. 0372 O E T
13
VES

The problem in calculating the depoéition rate using Levich's method is that
the particle size is independent of the rate of deposition. This assumtion
may be valid when we treat the deposition behavior of particles having a
wide range sf particle size.

Another model of particle deposition was presented by Linder [22] [24]
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in his modeling work of oxidized particle removal from a stirred vessel

o Y2
_‘:;_tﬂ__= 4, P_Q_O/F—)— Pop (e0.£.48)

This expression may be regarded as a simplified form of equ. (2.6.15) (2.6.18)
and is independent of the particle size. |
Al1 the models of particle deposition from a turbulent flow are listed

in Table 2.3.
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The descriotion for particle deposition to the wall

Friedlander and

K _ £/2
Johnston Vav ] ﬂﬁg'(lggﬁ__ 50.6)
5%
J.T. Davies
ko f/2
Vm J: '
353
1 H5 ( - 19)
2 gg‘
Engh and Lindskog Na =vi{a)s Cg 29 x ]0—2 . Va2
Vi {a) = > 0
X v pOS

Sten Linder

_aﬂp_ = R - H T
ot A1.R -0.01 F% nop
y2 §

= Ai.R.0.01 v—‘ 5 HOD
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2.7 Turbulence Modeling

The equations describing turbulent fluid flow are now presented. Al-
though turbulence phenomena have been studied by many researchers and applied
.to simple types of flow, it cannot be said that a general expression for turb-
ulence phenomena has been perfected. Still, some modeling methods are very
useful and powerfull for predicting these phenomena. Additionally, these
techniques may provide an effective means of studying systems which are dif-
ficult to investigate experimentally, such as industrial scale reactor.

A turbulence model may be obtained by using the Boussinesg assumption

[40].

—pul = u,(‘gu ‘9“) 2(;,{79"‘&4{’2)5 Ct. 7 1)

Cartesian tensor notation is utilized in this expression. Bousinesq's as-
-sumption seems to be valid under several experimental circumstances. In an-
alogy with the coefficient of viscsity in Stokes' law, Bousinesa introduced

the concept of mixing coefficient

Pu'v 4: 7 | @.72)

In this equation, the turbulent shear stress is related to the rate of mean
strain through an apparent turbulent viscosity.

This assumption cannot be used for calculation unless a relation between
A and T is given. |

Based on the number of additional differential equations which are
necessary in order to determine the tubrulent characteristics, the turbulence
models may be clarrified into four categories based on the number of addition-
al differential equations required to determine the turbulence characteristics
[41-43]

1} zero-equation models,
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2} one-equation models,

3} two-equation models,

4} multi-equation models.
1) Zero equation models

One of the simplest turbulence models was proposed by L. Prandtil;

Ur PP 55 )

where ¢ a mixing length. This hypothesis is derived from an analogy to the
kinetic theory to gases. B

With reasonable accuraCy,,ﬂ{:;J can be considered'to be a characteristic

velocity VT. Then ur can be interpreted to be

M= P74 (.7 )

A typical mixing length distribution is given by van Driest [45]. He
assumed that the amplitude of the motion diminishes from the wall according
to the factor [exp (-y/A)], and that the factor [1 - exp (-y/A}] must be
applied to the fluid oscillation to obtain the damping effect of the wall,

then

!

D=k F [1- 29 (- %ZT)] @.29)

where A is the damping const, A = 26
2) One-equation models

"One equation models" are models which need the solution of one addi-
tional partial differential equation in order to evaluate the Reynolds stress
and mass flux term. |

Considering Prandtl's mixing length model mentioned earlier, ups may be
expressed.asuT=pVT£. Prandt1l and Kolmogorov suggested that VT was proportion-
al to the square root of turbulent kinetic energy, {?=t§4]?zag (Z}G,'"ﬁ4£}sl4é

and that u, could be expressed as

-LJT='C:g)5 !;é—l? - : Q27 é)
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The general transport equation for turbulent kinetic energy is [6]

_D__ o /a(,( QU U
Bl i h) iy 22 S (3 94)

R ('L iﬁ)i‘i‘ (2.7.7)

Assuming incompressibility and homogeneous turbulence, eou. (2.7.7) reduces to

p%ﬁ o (PR P~ Pwﬁ(f— “z (2L ) . 7.8)

convective flux = diffusion + production - dissipation
The above exact transport equation can be modeled as [41]
' 3
-5 = ) 5= G £ (.7.9)
"3) Two equation models
In the one equation model, vy depends only on &, which is characterized
as independent of the "flow history". |
One of the most frequently used two-equation models is the model of
Jones and Launder,
In this model ¢ is assumed to be related to other model parameters by
3/2/£ where 2e is referred to as the dissipation length and C is con-

stant. Then the turbulent viscosity is
- L
.aUr‘ Cujo £J/E= C/f)ﬁ"fe . @.7./0)

At high Reynolds number, the transport ecuation for ¢ may be expressed as;

PJQ_,_._ L D€ g Gkl pu | ddagQu . g*
o g 0z Oxg (Z’X-e oS 2xyg Af

Cod.2./7)
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For two dimensional incompressible flow

C !A £ é}bf £
) ()~ cre

55 (5 57

where typical values of the model constants are [44] [41]

0.09 1.44 1,92 1.2 1.3 0.9

4) Multi-equation models

The multi-equation models need more variables than k and €.

Col 7212)

For addi-

tional transport parameters, shear stress, normal stress, or higher correla-

tions are used. An overall discussion of this subject is given in the book

by Launder and Spalding [41].
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2.8 Numerical Methods

Several numerical methods have been proposed to compute fluid flow phe-
nomena. The finite-difference method is the most popular and advanced one.
Using several kinds of finite-difference scheme and pressure correction equa-
tions, powerful numerical procedures have been developed by the researchers
at imperial College.

Initially, they developed the stream function-vorticity program and
this has been copied and applied to fundamental and practical engineering
problems. However, it has become apparent that the w-¢ method is unsuitable
for advanced flow problems. One weak-point of this method is its incapability
to calculate a fluid flow field which has a pressure gradient.

A few years later a new program was develoned by Pun and Spalding [46].
In stead of vorticity-stream function, "primitive-variables" such as velocities

Iand pressure are used in this program. Additionally, this simplicity makes
it possible to develop more sophisticated programs such as three-dimension-

al flow or mass transfer including chemical reactions.
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Chapter 3 FORMULATION OF MATHEMATICAL MODEL

In this chapter, a mathematical model is developed to describe flow and
particle coaquiation phenomena in R-H dégassing system, A short descripotion
.of the R-H degassing system is presented first and then the formulation of
the mathematical model is discussed.

3.1 Description of the R-H Degassing System

A R-H deqasser, consists of two parts, a ladle and a vacuum vessel.
After it is set under the vacuum vessel the ladle is lifted so as to inmerse
the twin legs of the vacuum vessel. Then the ' vacuum vessel 1is
evacuated down to -~ 1 mmHg. Due to atmospheri¢ pressure the level of the
molten steel is raised about 1.3m above the surface of the ladle. Innert gas
is injected into one leg (called the up-leg) and a recirculating flow through
the vacuum vessel and ladle occurs as a result of the apparent difference of
ldensity between the up-leg and down-leg side. When the molten steel is ex-
posed to the vacuum atmosohere, the gaseous impurities are released from the

melt as a result of the decrease of solubility.
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physical model of the R-H vacuum orocess and apnnropriate coordinate

shown in Fig. (3.1).  The present model is Timited to the fluid

3.2 Assumptions Made in the Model
The
system is
'flow and particle coagulation in the ladle.

The
1)

2)

3)

4)

5)

The
1)

2}

3)

4)
5)

assumptions made about the fluid flow field are as follows:
Two-dimensional coordinates may be annlied to the flow and par-
ticle coagulation model.

Since the flow soon becomes steady state, time jndependent djf-
ferential equation may be applied to the calculation of fluid field
parameters.

The existence o; slag on the surface may be neglected, therefore for
the boundary condition of the top §urface a free surface condition
is applied.

It is assumed that neither the up-leg nor the down-leg is actually
immersed in the molten metal.

The vertical velocities of the metal through the two legs are de-
duced ffom experimentally determined values.

assumptions made to represent narticle coagulation are as follows:
Although the particle coagulation system is assumed to be transﬁenﬁ
the steady stale flow field parameters may be used. i

In the present computation, narticle sizes are classified into ten
Classes (i.e. 2um to 20um, every 2um). |

The initial particle distribution is calculated from some reports
which measured precise particle distributions.

The initial particle distribution is uniform in each class.

The wall fuhction for particle deposition is derived from equation

(2.6.14) which was proposed by Fridlanderand Johnston [35].
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6) It is assumed that particle growth is caused only by coagulation
as a result of the extremely low rate of diffusional growth and nucleation,
Also, it is assumed that the bulk conceﬁtration of oxvgen or oxidizer is so
.small that it does not affect the particle growth. (This assumption will

be discussed the later in this chapter).
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3.3 Governing Equations for Flow Phenomena in the Ladle

The eauations describing fluid flow and mass transfer phenomena are now
presented. Turbulent motion and mass transfer in the system are represented
.by the time-smoothed equation of motion and mass. The general transport

equation in a two dimensional coordinated system can be written as:

M +£_(Pu4>) +_‘D__(PV¢)_8L;(EP§—§—)—5% 13,‘)4) - S"f’ Go3 1)

ot of o
convective term diffusion term sourct term
where
X,y are the coordinates,

u is the x-direction component of the velocity vector,
v is the y-direction component of the velecity vector,
p is the density of the fluid,

¢ is the ceneral variable and takes the value of 1

for the continuity equation,

I@ is the diffusion coefficient for the varijables,
S¢ ' is the source term for the variable
¢ ‘ ~ can stand for a variety of differential

quantities, such as the mass fraction of a chemical species, the enthalpy or
the temperature, a vé]ocity component, the turbulent kinetic energy, or the
turbulent dissipation energy. Additionally an appropriate meaning will have
to be given to the diffusion coefficient r¢ and the source term S¢.
3.3.1 Fluid Flow Equaticns

1) Equation of Continuity

I1f a value of unity is assigned to the general variable ¢ and zero is

assigned to the source term S., eq.. (3.3.1) leads to the continuity equations.

$
2 b _
5% (P“)*;{(FU)‘O (.3.2)
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2) Equation of Motion
The general variable ¢ stands for the velocity component u or v. In
this case, the diffusion coefficients [L and r, are equal to the effective
'viscosity Mogs which is the summ of the molecular viscosity u and the tur-
bulent viscosity i
Hatf= A+ Ly (a2 3)
The source terms Su and Sy contain terms associated with viscosity, pressure
gradient, and velocity gradient.
The source term Su for the momentum equation in X-direction is [46]:
SL=-—-§1£—51(,U}T‘DU) (,aw— ) P (3.3.4)
where p is the time-smoothed static pressure
uasf 15 the effective viscosity |
9, is the X-directiondl gravity coefficient
'The sum of the static pressure gradient and gravitational force can be can-
celled out. However, a pressure difference caused by the velocity field may
occur. This pressure, called "pressure correction", is discussed in a later
section [46, 47].- In the present case, isothermality is assumed so that the
density is constant over the entire field.
Similarily, the source term S, for the momentum eaquation in y-direction

is represented as

__9P 5
Sp= - aor T 5%

3) Transport Eouation for Turbulent Properties

(u‘,, (uw ) C3.2.5)

v). 2

The concept of effective viscosity invented by Bousinesq was discussed
in the previous section. The effective \iscosity is the sum of a molecular
viscosity and a turbulent viscosity. Although the molecular viscosity is a
characteristic value of the fluid, the turbulent viscosity depends on the

fluid motion and on the flow "history". In the present work a two-eaquation
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knowni as k-e¢ model is used,

/ . . .
where £=; !u’# V2, 0%, 1s the kinetic energy to turbulence

e = rate of dissipation of k per unit mass.
In this model the turbulent viscosity is related to k and ¢ by
Mr=Cp P R/E
where ¢ is a content. ¢ may also be expressed as
£= R/
where 2 is a characteristic length scale of turbulence. Although this model
contains some "vagueness", several comparisons between caiculation and exper-
iment seem to support its validity. Additionally these equations contain
several constants which must be determined exverimentally, but, as Spalding
[44] mentioned, these constants vary little %rom one situation to another,
so that they can be regarded to a certain exfent as "universal". This sim-
plicity makes the calculation of turbulence fields -much easier, and especially
in the engineering field, this model gives attractive insight into industrial
scale reactor problems.
Transpoft Equations for k
The general variable ¢ stands for the kinetic energy of turbulence k.

The differential transport equation can be written as:

__ai_(-(nug)- J(M’o) (ﬁ’af) 23(1’; ) S C33.8)

where

 Sg=G- D

The generation term;

G= ﬂrf‘z [(g }] (9; éz_)] €3.3.7)
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dissipation term
p-pPE
and turbulent viscosity

Mt= Uegp = Uiam= ¢ p RIE 2 L Lo

The diffusion coefficient for turbulent energy Pk is supposed to be a proper-

ty of the turbulence similar in magnitude to the effective viscosity

Ip- Hur (3.9 :0)

whereo-k is turbulent Prandtl number for the kinetic energy.
Jransport Fquation for e
The general variable ¢ stands for the turbulent dissipation . The

differential transport eguation can be written as

(PuE)+ EI,(P?J’é_‘) (le 9») Cf‘e 33) Se (33 11)

where

€ .
Se O
and G is a generation term which is mentioned above, and 1} is a diffusivity

for turbulent dissipation energy described as

b
Ie- _Jé_:}f C3.3.2)

%:is the Prandt] Number for turbulent cissipation energy. Prandt] numbers

for both k and ¢ are recarded to be in the vincinity of unity.
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3.4 Boundary Conditions

In this section, the boundarv condition; used for the fluid flow field
are presented. The schematic boundary surfaces are shown in Fig. 3.1.

Boundary conditions for the present problem are classified into three
categories, wall, free surface, and given velocity (i.e. up-leg and down-leg)

boundaries. With reference to Fig. 3.1 the boundary conditions are as follows:

1) At =0, 0<3<5"‘ , 7)<;<3_’) ?a'\lg‘fgg C af ﬁm M‘{au)

v
U= 250 G
k. IE _, G.uD)

2) At x=0, {.<{<{, fi<d<¥, cat given m/ou-f/ boundlary )
U= Uinlat (Cl-fj< 3(;‘) > A=~ ot ¢ al ‘73(' J( Z“)
Q)‘: [0} (3“3)

‘ga O_OS')([U""LJ‘]A CIY &)

(3¢ )
3/
€= G R%/(0.03R,)
(3.« 4
where R0 is the radius of the up-leg or down-lea.
3) At j‘.o a- i=§(5 R 0(¥(1: ¢ al wall)

The "no-slip" condition is applied to the velocity at the wall
U= V=0 - (3.4.7)

’£:€=0 - (J"(‘J'\)
At a wall, boundary conditions called"wall-functions" must be included

since the transport equations for several fluid dynamic characterestics are
derived only for high Reynolds number flows. Close to the solid wall and
some other interfaces, there are regions where the local Reynolds number

t
3
of turbulence (z 'Es.b/p » where ﬂ_: Q% ) is so small that viscous effects
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nredominate over turbulent ones. The wall functions may be regarded as ex-
pressions for the momentum, eneragy and, mass fransfer coefficients in the
boundary layer. Therefore, the most appropriate wall-function to the situ-
ation should be chosen.

Fig. 3.1 shows the region where "wall-function" should be used. Fig.
3.2 describes the grid spacing along the wall. Now, the shear stress along
the wall is uniform from wall to adjacent grid line. Then T, M2y be re-
garded as a boundary condition for the u and v eauations, and enters the
generation term for the near-wall k. In the neighbourhood of the wall we can

assume proportionality between mixing length and wall distance, so that
J-KF ' (5«9

where « denotes a deminsionless constant which must be deduced form experi-
.ment. On the other hand, according to Prandtl's assumption the turbulent

shear stress becomes

TP (55 6o

Introducing the friction velocity

Ma*“ .;gl‘, ‘ (34«10

rd
where??ﬁ is the shear stress at the wall we gbtain

202 oAU’
o= o (Eij%j G.cra)

Integrating equ. (3.4.12), we obtain

- .
e G w.rd)
+ O 3 U
< ,ﬂujf

(A=
Because we assumed T = constant, equ. (3.4.13) is only valid in the neighbor-
hood of the wall. Again, introducing the dimensionless distance from the
wall, 7% 3(/,{,;7;) we then modify equ. (3.4.13) to the following form

A . 1 g, ¢ -
ua*- P ﬂ“i "'Dl C-" &, f&)




54

down-leg un-leg
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Fig. 3.1 Regions {hatched) for wall function
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where k and D] are constants which may be determined experimentally, so that
do-a5 N .
AT D~ -5 ﬁ..,ﬂ (3 «.s¢)

B is determined as 0.111 from the experimental results by Nikuradse. Finally,

we obtain the velocitv distribution in the wall region as

Ll (EF" 644

where E is 9.0.

Equ. (3.4.16) is only valid in the near wall region ('i.e.;{+-<ff.$ ).
Usually the near wall grid point , P, is sufficiently remote from the wall
grid noint, w, that the turbulent effects at P totally overwhelm the viscous

effects. Spalding proposed the following eauation for the momentum flux:

/s b
Clb7- ___ ___& Q7
(‘L’/f’)m “ ,é/, L TEf, -] 7

hereZT and Yp are respectively the time average velocitv of the fluid

"w
at p01nt p along the wall, the shear stress on the wall, and the distance
of point p from the wall. This relationship is used as the boundary condition

for the velocity.
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3.5 General Eauations for Particle Transfer and Coagulation

The general eauations describing particle transfer and coagulation are
now presented. These equations are represented by the time-smoothed eauation
of mass transfer (particle transfer). The differential equations for part-
icle coalescence are given for each class of size. In the present calcula-
tion sizes are classified into ten groups. It is assumed that when the
particles grown to the maximum size they . float up, so that the concen-
tration of particles larger than the maximum size has no effect on the coag-
ulation behavior of the particies.

Generally the number density f {x,m,t) of particles satisfies the

following equation.

2.2 3 s o ,;)
D+ 2 (uf )55 CJ) ST )-557 (55 £r)+G

= .B (Cla.l r-)'. (XC]’)}H.{,)" (I""'fj
(3.£.1)

Where G is the growth by diffusion
a {x,m,t) is the coagulation of particles
B {x,m,t) is the rate of nucleation
g {x,m,t) is the breakage of particles
€ is bulk concentration of chemical species
6 is temperature
Te is diffusion coefficient for particles.
Now, it is assumed that the growth rates by diffusion and nucleation are

ignored and also, the rate of breakage is too small to be considered. Then

(3 5.1) can be reduced to

T
L. 2 (uf s (vD5E (Tigr) 55t

J “;‘)}}:):O( ('i,lu.f)

(5.5.2)
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here a (x.m,t) maybe defined as

ol (A, m, f)“ )‘Lja (I,n‘l,l’)f(,l,m-m:f)ffn‘i, m:f) a{:n /
-j(iuﬂ-f)jdc'z,m, f)]-(:(:"’;f)ﬁfht’ €2 $.43)
where a {m,x,t) is the rate of collision. Equ. (3.5.3) is an integro-differ-

ential equation in particle number density f (x,m,t), and it is difficult to
solve explicitly. 1In order to solve this equation using finite difference
methods, it is necessary to establish the discretized equation for each group
of particle sizes.

Defining the particle concentration for the ith group of size, Ci, equ.
(3.5.2} becomes

Q_(;PTCQS% ([m(;)ﬂ;f—(pra)—%Ci’é,;ﬁ—%)-j}(ﬂ,;}j—‘j— Se, s
Ca=tl, ---10) (48]

where Fc,i is diffusion coefficient of particles of the ith size group.

Strictly speaking, rc;i depends on the particle size, but, as mentioned
in Chapter 2, the dependence of particle diffusivity on size is so small that
in the present computation it may be ignored.
Thus I~ Lot

(04

Here o is turbulent Prandtl number for particle diffusivity. This value
varies as shown in Fig. 2.5 In the present work a value of 1.0was employed.

The modeling of the source term is one of the most essential points in
this work. The first problem which we will consider is whether two particles
colliding at steel making temﬁeratures will rapidly form a single sphere.
This effect may depend on the surface energy. Generally, studies performed on
sitica inclusions show that when two particles collide they usually sinter or
coalesce together rapidly to form a single larger sphere [51]. On the other
hand, it is reported that primary inclusions other than silica may or may not

coa]esce' after they collide and stick, and that large interconnected
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clusters form [51].

The various schematic coalescence models are shown in Fig. 3.3. Case I
shows that collided particles become a singie sphere and Case Il shows that
they only stick and form clusters. Case III shows the intermediate case be-
tween I and II. Although the resultant particles in these three cases have
the same volume, the characterestic diameter may differ, so that the behavior
in turbulent flow may differ. Smoulchoski's model, discussed in Chapter 2,
represents Case Il (e.g. clustering). However, if we employ the coagulation
derived from Case II, mass conservation is violated. Since the main purpose
of this work is to simulate the deoxiation process, this error mey not be

allowed. Therefore, we empioyed the assumptions as follows:

1) collided particles immediately form a single sphere

2) only two particles are involved in the collision

Fig. 3.4 - 3.6 show the collided particle sizes in Case I, II and III respec-
tively. In Case lI, approximately half of the coflided particles grow to a
diameter of more than 20um, which is now considered to be a critical size
after the first collision. Therefore, if the coaguiation modei, Case II, is
employed, the rate of particle growth by collision will be much faster than
that predicted by the Case I model. However, when collided particles do not
form a sperical particle, the Case Il or Case III models, represent a better
description of the turbulent flow agglomeration process that Case I.

“ince present calculations assume the formation of spherical particles
after collision, Case I is employed for the coagulation model. The prob-
lem is how to treat the source terms so that the mass continuity among each
class of size is conserved._ For example, when particles of 12ym and 14um
diameter collide with each other a particle of 16.471um diameter is formed.

This particle is located between the 16um diameter class and 18um diameter
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Case 1 Case 11 Case III

Fia. 3.3 Schematic coalescence models



2 4 6 8 10 12 14 16 18 20
2 2,520 4.160 6.070 8.040 10.027 12.018 14.014 16.010 18.008 20.007
4 5.04 6.542 8.320 10.209 12.746 14.708 16.083 18.066 20.053
6 7.560 8.996 10.674 12.451 14.358 16.276 18.219 20.178
8 10.079 11.478 13.084 14.822 16.641 18.512 20.418
10 12.599 13.973 15.528 17.208 18.975 20.801
12 15.119 16.475 17.992 19.608 21.347
14 17.639 18.982 20.469 22.066
16 21,492 21.492 22.955
18 22.679 24.005
20 25.198

Fig. 3.4

Coalesced particle size for Case I

L9
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dy = dy + dp

¢ 4 6 8 10 12 14 16 18 20
2l 4 6 8 10 12 14 16 18 20 22
4 8 10 12 14 16 18 20 22 24
6 12 14 16 18 20 22 24 26
8 16 18 20 22 24 26 28
10 20 22 24 26 28 30
12 24 26 28 30 32
14 28 30 32 34
16 32 34 36
18 36 38
20 40

Fig. 3.5 Coalesced narticle size for Case II
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(d, + d,) + d
(JJ= 1 2 1

4 6 8 10 12 14 16 18 20
) 9 11 13 15 17 19 21
] 6 8 10 12 14 16 18 20 22
] 9 11 13 15 17 19 21 23
o 12 14 16 18 20 22 24
0 1517 19 21 23 25
- 18 20 22 24 26
" 21 23 25 27
6 24. 26 28
8 27 29
20 30

Fig. 3.6 Coalesced particle size for Case II]



loa (Number of narticle)

d=3/14 +12°

Ny
N1
s | ] A N2 '3
(d - 8y) (d=104) (d=12)) {d= 14, (d = 164) 16.471  (d = 18,) pyrC

"

Fig. 3.7 Schematic representation of narticle distribution (d = 20u)

r9
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Fia. 3.8 Collided rarticle size and the weiohting factor for source terms
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class (Fig. 3.7). Here the number of particles formed by collision can be
calculated from eau. (2.5.6). The calculated number of collided particles
may be between the descretized class. The size of collided particles is
listed in the upper row in Fig. 3.8, This collided number is divided into
each class so as to be inversely proportional to the mass scale. In this
way, the sum of mass before collision become equal to that after collision.
The coefficient of the weighting function is shown in the middle and the
lower row of Fig. 3.8.

The final representation of the source terms is shown in Table 3.1 in

an explicit form.
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Table 3.1 Governing Equation for Particle Coalescence

n. ' 5N an.

143 _3 _9 ey 2y - '
3t | ax (Uni) tay (uni) X (E X Ay (E ay) 5%, ¢

(i =1, ....10}

u
S¢, i =Su. +S ., n, E-= eff
i pi’ i ZHE
n =1
54.1= 0.0
- _ 0.1428 10
Sp,z = - 0. oy I'I-l - .Z_Za] 3 nj
‘]_
n=2
) 1 2
S, = 0.1428 x % n3
S = - 0.0526 X 5. < X Nu - 0.4216 X + a - 10, .
p2” " 0 201%™ -0 22 "2 %2 "
n=3
S .=0.0526 « n, n, + 0.4210 ggg'x n, n
w30 21 MMt 0. 5 X Ny Ny
S = - 0.027 6. N - 0.2162 won Ny - 0.7293 ayn 0y - 20 4y . n
p,3 ' 13 MmO 23 My - 0 3374, %"
n=4
S = 0.027 aun N o + 0.2162 ayq NNy + 0.7296 —3 p2
u,4 = 0:027 agy g ny + 0. ag3 N3My + 0. 5 N3
S = - 0.0163 ans Nu - 0.1311 ayy M, - 0.4425 . 4 1y - 20 @,
p,4 ' 140 24 2~ T 3.4 73 343

j=t
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Table 3.1 (cont'd)

+ 0,1311 ayo n2 n4 + 0.4425 g3 n4 n3

Ny,
%24
0.0109 a5 n] - 0.0878 doe Ny - 0.2966 a3g n3 - 0.7031 tgs n4
0
l CA-. n.
j=5 23 J
2
N4
.0329 daq —§-+ 0.0109 agy Ng M + 0.0878 agy My Ng
2
5
. 2966 ag5 N3 Ng + 0.7031 ag5 Ny Pe + 0.7324 5
.0077 06] n] - 0.0629 G62 ﬂ2 - 0.2]25 ﬂ63 n3 - 0.5038 a64 n4
10
.9840 s Mg = I o(ﬁ_nj
5=6 >
2
g
.2676 tpg —§-+ 0.0077 ae1 Pg n] + 0.0629 agy Ng My
2
n
6
.2125 g3 n6 ny + 0.5038 agg Mg My + 0.9840 ng Ng + 0.4736 e
0.0058 97 ny - 0.0472 gy Ny - 0.1596 agz Ny - 0.3785 ag7 Ny
10
0.7394 agy n5 - 0.7836 ae7 n6 - L o 75 nj

j=7
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TABLE 3.1 (cont'd)

2
n
_ 6
Su,8 = 0.5264 ace —§»+ 0.0058 ay7 NNy + 0.0472 ap7 No Ny + 0.1592 g7 Ny Ny
ny
+ 0.3785 ag7 Ng Ny + 0.7394 agy Np Ny + ug7 Mg N7 + 0.1984 ay7 5
Sp,8 = - 0.0044 agy Ny - 0.0367 ago Ny = 0.1242 agy Ny - 0.2947 agg Mg
10
- 0.5758 age n5 - 0.9957 age n6 - §=7 °7j nj
n=29 ¥
2
N7

Su,9 = 0.2164 azg Mg Ny + 0.8016 asz; 5 + 0.0044 agy Ng Ny + 0.0367 ags Ng N,

+ 0.1242 g3 n8 n3 + 0.2947 agg Ng n4'+ 0.5758 ags Mg n5

+ 0.995] og n8 ne + 0.5252 agy Ng n,

Sp’9 = - 0.0035 agy My - 0.0293 agy Ny - 0;0994 agg Ny - 0.2359 g4 My
10 '
- 0.4610 age n5 - 0.17967 g n6 - ;.::7&9,_'] nJ.
n= ]0 n2
- _8

+ 0.0293 gy n9 n2 + 0.0994 ag3 n9 Ny + 0.2359 agg n9 n4

+

+ 0.4610 agg Mg Ng 0.7967 agg Mg Mg + 0.7828 agy Ng Ny

+ 0.2722 agg ng

=

p,10 - 0.0239 10,2 n, - 0.0813 a]0;3 ny
10

0.3773 « Ne - T ox
10,6 "5~ X & 10

- 0.1931 %10,4 X nj

3
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3.6 Boundary Conditions for Particle Coaqulation Eauation
Referring to Fig. 3.1 once more, the boundary conditions for the part-

icle coagulation equation are written as follows:

1) at X=0 and o0<F<d, i< f«;f,) Ju<d<ds Cal Jrae ,d.udjmuz._)

2&

57 © Coel, r0) (5 6.1)

2) at =0 a.f g,(ﬁ(?;) a’,<3(0{“¢ (GL»{ ,;.Ln’ LL/D‘ ctacd o(ccu» /pf)
C{(d/"-ﬂ’”)': . ( C!ot&fﬂ-,ay)

Cont,r0) (3 6.4

3) at f:—o o ]‘"‘ZS and o< Xs _ Catl tle wall)

By using the mass transfer coefficient expression of Friedlander, the

particle flux, g, from the fluid to the wall can be expressed as;

2 <
V(GG j— (525 ,525 ~s0.4)

T:.)/ P

15-.23
‘50"5) (9 6.3)

i Cs
C.; the particle density at the mode N
€ ;3 the particle density at the wall (=0)
f; the friction coefficient
S+; non dimensional stopping length (eau. 2.6.14)

Tw; the shear stress on the wall
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Chapter 4 Numerical Techniaue in Computation

In this chapter we shall present an outline of the numerical techniaue
used for solving the differential equations developed in the preceding chapter.

4.1 Derivation of Finite-Difference Equations

In this section the reduction of finite-difference equations both for
fluid flow and particle coagulation is discussed. The finite difference
equations can be obtained by discretizing the general elliptic partial dif-
ferential equations.

4.1.1 Derivation of the Finite-Difference Equation

The derivation of the finite-difference equation for a general elliptic,
partial differential ecuations is summarized.

The general two dimensional elliptic dffferentia1 equation {Steady
State) has the following form -

. PV D 2P
ﬁ—cwﬁ;;—(w@ - FGE) S GE) 5 cans)

convective term diffusive term sgg:;e

This partial differential equation can be written as follows:

DX ed C 1. 2)
where o
é‘(P“¢}“I?§§r

k- poP)Teds
Usually in a convective flow the diffusion term is negligible, while for a
quiescent Tiquid the convective term is small in comparison to the diffu-
sion term. The "central-difference scheme" leads to numerical instabilities
when applied to strongly convective flows. In order to compensate for this,
several algorithms have been suggested by Patankar [46]. These are 1) the

upwind scheme, 2) the exponential scheme, 3) the Hybrid scheme, and 4) the
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power-law scheme. Here we shall consider a steady one-dimensional convection

and diffusion equation with no source term:

/ChAQﬁ _[;L‘D¢b o (& .r.2)

This equation can.be solved exactly when r¢ is a constant and with the

following boundary conditions:

at x=L b- &

The sotlution is

46-'qé’ -2 (.;%:1)41 ) -] Ga 1. ¢)

B-& 2xp CR)-1

where Pe is a Peclet number defined by: '
B‘—% : C&r.$D

The Peclet numbeir is the ratio of the strength of convection to diffusion.

The charactristic of equation (4.1.4) is shown in Fig. 4.1. When P, s
very large, the value of ¢ in the domain is influenced bv the upstream value
of ¢. Fig. 4.2 shows part of the orthognal grid with a typical node P and
.the surrounding nodes E, W, N and S. The exact solution of the one dimen-
sional convection diffusion equation mav be writien as a finite-difference

equation as follows:

-E(@‘M) F((;S_, (ﬁ) ,) (474D

avu(Yah)—/
This finite-difference form can be transformed into a standard form:
af‘éf a;¢k.4aw¢w G r.7)
where ) = -
W(E/A')_-l C&.r. )

a) _FW exp (FW/D'J
240 L/ Do) 1 Cu.0.7)
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X

Fiq. 4.1 Exact solution for the one dimensional
convection-diffusion oroblem
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and _

F=Pu D= 1p /S
This is called the exponential scheme. Although this scheme is theoretically
exact, it requires a large amount of computation time, and is therefore not
practicable. The simplest aporoximation of the exact finite-difference
scheme is the so called "upwind scheme". When Fa {and also Fw) is Targer

than zero

e b
Y B /D) - ) .. 0)

aw__ FH/ (’"’ 7‘:’/12!)
Cit Fu/Dy) —

On the other hand, when F_ {and F ) is smaller than zero

= Pw“/rw C2. /. 117

e e CEYD) |
Qe [~ anp (~Fa /Do) De- Fe (G.r.1sd)
aw': D(.J (‘C//j)

Equations (4.1.10) ~ (4.1.13) can be written in a more correct form as:

ae= DQ*I—E-J OI

Qu= D,.nlwa.Ol? C& 1.14)
af"‘ Qe +Quw+ (Fn'FuJ)
where | I denotes the largest of the arguments contained within it.

A more precise approximation of the exact solution was developed by Spalding.

From (4.1.12) it follows that
a -
= Fe (&.t.05)

b.z G’JJ-PCﬁ_)"/

The variation of Ae/De with Peclet number is shown in Fig. 4.1. The hybrid

scheme consists of three parts.

Qo
‘for : /% < -2 De"-‘Pe (,4(_1./5)
for  _>2¢PR<> Q. ,_k

Le "2



=
m
1
[=)]

|
-5 -4 -3 -2 -]

Fig. 4.2 Variation of the coefficient AE with Paclet number

G
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for Fo> 2 e,
D

These three equations can be expressed in a more convenient form as

ae’["/;,pd' '_t}:;dfﬂ
Qw=[ ., Dw,.z;fwjojy L.1.07)
OP= Qe +Uw ~ (F;“‘Fw)

We have discussed several schemes for the general one-dimensional ellin-

tic partial differential equation. Similarly, the two-dimensional descreti-

zation equations can be written as

A Qe cQub Qa5 +b (4.1/9)

Qe= Pz AGRD+[[- 0]
o= ,Dw,d(lpa")" Z—f"—w..oj

where

Dﬂ /4(/“?&’)+ ﬂ_/‘ﬁ:f,o_ﬂ ( «. f./?)
Qs DsACIRII~ LR o]
b= S Ax ay

a aﬂ "al.v“au a( - S,P AXZ_\T

In this expressmn A (IP }) depends the scheme used and is shown in Table

4.1. Fe’ Fw’ Fn’ and Fs are the mass flow rates through the surfaces of

the control volume.

Fe= CF“)&AX
F:,,= CP“Jwaéf (&.1.20)
Fae (PUInaY
R_ { »e AX
De, Dw’ Dn, and D_ are the diffusion conductances through the faces and are
defined as fo]]ows y
[z
o S Ala
D,z . Thaf
tngw
D, = s (4, ldt)
(5‘/)”
DS .f-s“i"‘-'
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Table 4.1 The function A {1P1) for different
schemes (by Patankar)

Scheme Formulation for A{1P1)
Central difference : T - 0.5 1P1
Upwind 1
Hybrid [0, 1 - 0.51 1P1]
Power Jaw [0, (1 - 0.1 1P1)5]

Exponential 1P1/[exp (1P1) - 1]
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Fia. 4.2 Portion of the finite-difference grid
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4.1.2 Finite Difference Representation of the Transient Two-Dimensional

E1liptic Equation

(f)q))*—-‘(f) o) . J(P Q‘?) (_)QE J(q,f)(b) Sq (4.1.22)

Generally we can deduce the finite-difference form for the transient
two-dimensional elliptic partial differential eauation by using a weighting
factor ». Equation (4.1.18) can be replaced by the finite-difference expres-

sion

a(P:) +( 4_}, 2_‘ ald) 1.’ (4, 1.23)
2 t=S,w §

where the subscriot p denote the central point and the subscript i denotes
jts neighbors. In order to deduce the finite-difference expression for the
transient partial differential equation, 3(p¢)/5t is replaced by p(¢$+]-¢;)/at

and ¢p and ¢, are expressed as weighted mean concentrations as follows;

PCd’“ 4’) Aiaj/d‘t + {.CI )«)al,ﬁCP‘é )\Cff,e” ‘q"}
f(l_‘)\)z‘a 4)“4Aa -gucp{'el]

{(, )\)b ,\bgﬂ} (4.1.29.)
where the superscript k or k+1 denotes the number of the time step. In the
present computation An’ As’ Aw’ and Ae are independent of the time step, and
the super script k or k+1 can be dropped, while the terms AD and b have dif-

ferent va]ues for each time step. Then

- o+ Qu o+ Qe Qs - Qﬁ’éug

Bﬁﬂ S:ﬁ;51413
Rearranging the equation (4.1.24}, we obtain the fipal form for the finite-

C41.28)

differigce c?mnutat1on
ALA +1 |
f PN -‘)\(Rf .fcbe £
“AZAP; «xb
. J‘lﬁ.‘ﬁ?qﬁ C-aafdfoci Zach Ci-bF]
A0 f

C4.1.25)
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If A =1, equ. {(4.1.25) becomes the implicit scheme, If i = %5 we obtain
the Crank-Nicolson formula. On the other hand, if x = 0, the explicit forn-
ula is obtained. In present calculations, the fully implicit scheme is em-

["‘E?'él N 4\]4)9'“

" ployed

Lag)
= #*! 'E‘l ALA £ (<.t
Zapiaft Lol ¢

and the final d15cret1zat1on equation can be written as
) ﬁ-u .
C*‘p‘«l"ﬁ Qe + QAew +Ch.4> +(ls .le (4.1.27)

where AE’ Aw’ A.s and As have the same form as obtained in equ. (4.1.17)

and o Paraf
Op Al
o &
b= Scaxaf+G; d’p (4 (.38)

a’;= aﬂ*aw "au"'aq‘“ arc-_ S;p AIAJ
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4.2 Solution Procedure

4.2.1 Tridiagonal Matrix Algorithm

The solution of the discretization equation formulated in the preceeding
chapter is obtained by the standard Gassian-elimination method. Because of
its simplicity, this argorithm is very useful.

The general form of the eguations to be solved can be expressed as

ai4);'= l>-.'d>“..1 +C€¢‘.‘-n +di (42 1)

where i is the number of thr grid point and points 1 and n denote the boundary
point. In any boundary condition, Tn or (%%—n is given, therefore C] =0

and bn = 0 could be set. This enables us to begin a "back-substitution" pro-
cess in which b1 18 determined by Do and ¢n-2 from -1 The following

form is obtained by elimination; _
. 2
Cpi" F_,: Lb;.‘ﬂ * QL - (2

and the coefficients Pi and Qi are given by

Q= Co bl (4.2.3)

IR AN

—

N
= .
a >\

The equation for i = 1 4i g1§én as
}a:_éi Q= __Q!A_ c4.2.4)
a: Qa, |
For the time-dependent problem, more calculation is required, but this algo-
rithm is also applicable. This procedure is performed in the program SOLVE.
In effect, when solving nonlinear partial differential equations the co-
efficients cannot be determined explicitly, so that several iterations are
required. |
4,2.2 Pressure Correction Eauation
The aim of the pressure correction equation is to modify the velocity

components u and v so as to conserve the mass continuity in a control volume.
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After the momentum equation is solved, the pressure correction eguation, de-

rived from the continuity equation, is applied

Op Pp= Qoo fl, =GPl G P -0 P+ b (4.26)

where

Ae=fedoaf

G’mﬁc ofwa.?
a..af.,duAi

Os- f’s deax

CTP= e+ Qw + R +Cs

be [CPUM)u - (Pe Jag + [PV s - (v, ] ax

The correction to the velocity is made as follows:
Ue= et Ale CPP,——E._ ) (4 2.6

The correction formula in other directions can be derived similarly.
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4.3 Flow Sheet and Computer Program for Computation

4.3.1 Flow Field Calculation

Fig. 4.3 shows a flow chart of thé computation. In the present com-
'putation, the four dependent variables u, v, k and ¢ are calculated, and up-
dated in that order. The effective viscosity Vaff is an independent vari-
able which is determined by k and e. Along bne X-1ine, all of the four de-
pendent variables are updated using the Gausian-elimination algorithm. This
is then repeated for the next X-line. In this way, a total of NX lines
are updated. After each iteration is complete, the value of Vaff for each
grid point is calculated, and u and v are corrected so as to observe mass
continuity. The calculated value of effective viscosity is used for the
next calculation. This procedure is continuéd until the residue and the
difference of values between siuccessive iterations are less than a specified
value.

The program was initially developed by Pun and Spalding for turbulent
pipe flow. The program can be divided into.several subroutines the tasks
of which are 1isfed on Table 4.2 The listing of the program is given in
Appendix A.
4.3.2 Particle Coaculation Program

Fig. 4.4 shows a flow chart of the computation scheme. In the present
work, particle sizes are divided into ten classes and transient partial dif-
ferential equations are solved in each size group. A single interation is
performed for each dependent variable along successive X-lines. For the cal-
culation of the source terms, the field values computed at the previous
sweep are employed. After covergence is obtained at each time step, the
calculation for the next time step is performed until the final time step is

reached. The structure of this program is shown in Fig. 4.5 The structure
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Fig. 4.3 Flow chart of the computational scheme
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Fig. 4.4 Flow chart of the computational theme for particle coagulation



Name:
MAIN

BLOCK DATA
OUTPUT

OUTPH
OUTPF
ouTPt

QuTP2
CONST
CONST 2
CONST 3
CONST 5
ADJUST

AVACON
CELCON

BOUND
SOURCE
MODIFY
GEOM
COEFF
CELPHI

SOLVE
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Table 4.2 Function of the Subroutines

Function:
Starts the computations and controls the iteration procedure.
Specifies numerical data and control indices for the problem.

Organizes the bulk of the print-out results; divided into four
parts by an entry statement.

Prints out headings like problem titles, size of the system, etc.
Prints out the field values of dependent variables.

Prints residual-source information and variable values at a
monitoring mode.

Provides output of pipe flow characteristics

Calculates quantities related to NX and NY.
Calculates all constants related to the variables.
Provides constants for starting nreparations.

Performs various adjustments to the different variables in order
to enhance the rate of convergence.

Adjusts the mean pressure. This is not used in the present case.

Aoplies the cell-wise continuity correction, through the use of
pressure-correction values.

Updates values on boundaries of the flow domain.

Supplies source terms Su and Sp not provided in subroutine COEFF.
Makes all modifications to boundary conditions.

Evaluates all geometrical quantities related to the grid.
Calculates all coefficients of the finite-difference enuations.

Provides cell-wall densities and viscosities for u-, v- and
other cells.

Solves the finite-difference eauations by means of the tri-
diagonal matrix algorithm.



Name:

PRINT
TEST
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Table 4.2 Function of the Subroutines (cont'd)

Function:
Prints variable-values in the two-dimensional field.
Prints information for program testing; consists of seven

sections: TEST 11, TEST 12, TEST 13, TEST 21, TEST 22,
TEST 23 and TEST 31.
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itself is very similar to the fluid flow program except for the transient

feature. The listing of program is given 1n'Appendix B.
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4.4 Stability and Convergence

Two problems crucial to the successful solution of the coupled finite
difference non linear eauations are the stability and the rate of conver-
gence. Instabilities are caused not only by the presence of round-off or
other computation error, but also by large time steps. Stability analysis
has been performed on several simple finite difference schemes. In general,
however, it is not possible to extend this analysis to non linear coupled
equations. As Patankar said in his book [47], there is no general guarantee
that, for all non linearities and inter-linkages, we will obtain a convergent
solution.

In order to avoid divergence in the iterative scheme, an underrelaxa-
tion technique is often employed. If 901d is the value of the variable cal-
culated in the last iteration and ¢ is the new value the use of a relaxa-

new
tion factor, o, defined by

925= o/¢,,w4C'-0()(,?‘o/d | Ges 1)

causes the dependent variables to respond more slowly to the cahnge in other
variables. A diffusion coefficient T can also be under-relaxed to reduce

the inf]uencé of other variables. Teh present value of I is calculated from
I= ol « Ct-AILold Ca o)

The relaxation factor is required to be positive and less than 1, Other
variéb1es, for example the source term or the boundary value, may also be
underrelaxed. The values of o for each case need not to be the same. There-
fore, it is very difficult to determine the optimum combination of the fe—
laxation parameters for each variable and coefficient.

Convergence is checked by two different criteria. One of these js

the residual RSp which is calculated as follows;

RSy Fp(TAS,) - (Tt e+ Si) (44 3)
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where i = W, E, N, §S. Jdust as before, the values of a variable on a line
are updated and the algebraic seem of the residual sources on the line for
the variable is calculated with the finite-difference coefficient available.
The sum of the absolute value of the algebraic-source term on each line over

the whole domain is required to be less than a prescribed small value, i.e.

ZIZCPS’,;{,‘JK& Cad.«)
¢

where i and j exoress the lines over the whole domain and the nodes on a
tine respectively.

Another criterion is used in the present calculation. This alterna-
tive criterion has been used by some investigators [53].

1P Dot < (L)
S Pucul

where & means summation over all the interior nodes. In the present numeri-

cal calculation for fluid flow, eaus. (4.4.4) and 4.4.5) are used. €] was
set to 0.001 and €5 to 0.005. In the calculation for particles coagulation,

equ. (4.4.3) was used and €5 was set to 0.03.
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Chapter 5 Computed Results and Discussion

The model developed in Chapter 3 was used to predict the fluid flow
and particle coagulation process in the R-H vacuum degasser. The calculated
‘results of the flow field in the ladle were used for the prediction of
coagulation rate.

5.1 Fluid Flow Calculation

5.1.1 System, Physical Properties and Parameters

The system chosen for computation was the ladle of a 150 ton R-H de-
gassing svstem. The ladle diameter, Xs, was 2.5m and its height, Ys, was
2.5m. The values of the physical nroperties used for the computation are
listed in Table 5.1. The values used in this computation are common in the
titerature. The values for the empirical coﬁstants C], Cz, CD, O and o, of
the k-e model are these recommended by Launder and Spalding. This set of
" numerical values is adequate for many applications and a more extensive
disscusions is provided by the same authors.
5.1.2 Computational Details

A 15 (X-difection) X 18 (Y-direction) finite difference grid as shown
in Table 5.2. The nodes are spaces so as to be concentrated in the regions
a wall or free surface. The relaxation factors and the direction of sweeps
are shown in Table 5.3. The computation was carried out using the IBM370/
168 digital computer at M.1.T. The compilation of the program required 25
sec. and a typical run required 180 sec.
5.1.3 Computed Results and Discussion

Fig. 5.1 represents the coﬁputed velocity field in the 150 ton ladle
for an inlet velocity of 72cm/s. It is seen that there are two regions of
local recirulation; one near the surface and one in the vinicinity of the

left side wall. According to the calculation of Nakanishi, et al. [1] who



Table 5. 1
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Height of a ladle

Diameter of a ladle

Diameter of up- or down leg

Density of molten steel

Viscosity of molten steel

Constant in k-& model

Constant in k- € model

Dissipation constant

Effective Prantdl number for k

Effective Prantd]l number for e

Numerical value of parameters (fluid flow)

250 (cm)
250 (cm)
35 (cm)
7.2 (g/cm3)
0.06 (g/cm sec.) |
1.44 (-)
1.92 (-)
0.09 (-)
0.9 (-)

1.0 (-)
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Table 5.2 Ditails of the finite-difference grid

x (i) y (i)
x (1) 0 y (1) 0
5.0 6.25
25.0 21.25
45.0 26.25
65.0 53.75
} down-leg

85.0 71.25
105.0 88.75
125.0 103.25
145.0 117.75
x (10) 165.0 y (10)132.25
185.0 146.75
205.0 161.25

225.0 178.75, 0 1eq
245.0 166.25
x (15) 250.0 213.75
228.75
243.75

y (18)250.0



Table 5.3 Details of computation

NO of iteration u v k £ p' U Direction of sweep
1-100° 0.3 0.6 0.5 0.5 0.6 0.5 single
100-720 0.3 0.6 0.7 0.7 0.6 0.5 single

¥6
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used the vorticity-stream function program, there seem to be three local
circulations. Since they assumed a free surface condition at the top of the
ladle, there was no circulation between the two legs. Although a realistic
.boundary condition would be neither a solid surface condition nor a free
surface condition {due to the existance of stag layer), it is apparent that
there would be a local surface circulation when the solid surface condition
weakened. The reason why the relatively large circulation occurs near the
wall of down-leg side is not clear, but the high momentum of the flow in
ments seems to cause some "choking effect", which results in recirculation.
At the bottom of the ladle, the metal velocities are much smaller (minimum
1.0 cm/s) but still non zero.
The computed spatial distribution of the turbulent kinetic energy, k,
and the turbulent dissipation energv, e, are shown in Fig. 5.2 and Fig. 5.3,
respectively. The two profiles are very similar, but the decrease in the
dissipation energy towards the wall is much faster than that in the kinetic
energy. The maximum value of both kinetic turbulent energy and the dissipa-
tion energy appeér just under the down-leg. On the contrary, Nakanishi's
calculation showed that the maximum vaiue appears under the up-leg. This
seems to come from a difference of the boundary conditions for the up-leg.
In the present calculation, we used the same boundary conditions both for
the discharge and the suction area but Nakanishi used the zero-gradient boun-
dary condition which is valid only for the free-surface,
Fig. 5.4 shows the distribution of the eddy diffusivity. The eddyv

diffusivity also has the maximum value under the down-leg (72 cm/sec). Fig.
5.5 shows the distribution of the ratio of the effective viscositv to the

molecular viscosity. The maximum value of this ratio is about 8000.
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Fig. 5.2 Distribution of_ the kinetic energy k (cm2/sec2).
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Fig. 5.4 Distribution of the eddy diffusivity E (cm2/sec).
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5.2 Particle Coalescence Calculation

5.2.1 Data used for the Calculation

In the present calcuiution, as mentioned in the previous chapter, the
fluid flow data computed for the case of steady condition were used for the
transient particie transport equation. All of the data computed in the F
arrav, which is equivalent to nine dependent valuablesrwere stored on a disk
after convergence was reached.

The initial particle size distribution was taken from the available
published and unpublished data. The initial distrubution of particle size
may depend on fhe process and the pretreatment method, but the disbrubution
is assumed so as to represent the real situation as'well as possible.

5.2.2 Computational Details

The rinite difference grid used for tﬁe particle coagulation model was
the same as that used for the fluid flow calculation. The important informa-
tion of the details of the computation is listed in Table 5.4 The compilation
time and the execution time of the oprogram were about 25 sec. and 860 sec.,
respectively. In the present calculation the wall function for the particle
coagulation was not calculated
5.2.3 Computational Results and Discussions

Fig. 5.7 - Fig 5.11 represent the computed particle density distrfbution
at nodes 50, 81, 112, 128, 176, 224. These grid points are chosen so as to
monitor the dependence on the dissipation energy, the velocities and the wa]i
effect. The location of these grid points aie shown in Fig, 5,6, Although
the particle density distributions seem to be similar, some significant
characteristics are found. At every grid point the larger particles in-
crease in number at the initial stage (at 10 sec.), but soon begin to de-
crease, and at the time t = 60 sec. the number of particles of size d = 20ym

becomes almost the same as the initial value. Since it is assumed that all



Table 5.4

The detail of computation for particle coagulation

Time (sec.){ Time intervai { Prantle Number(r; j relaxation parameter ai e The number of iteration |sweep
0
10 1.0 1.0 5 single

10
10 1.0 1.0 5 "

20
20 1.0 1.0 5 .

40
20 1.0 1.0 5 !

60
30 1.0 1.0 5 "

90
30 1.0 1.0 5 "

120 —

60 1.0 1.0 5 .

180
60 1.0 1.0 5 "

240
60 1.0 1.0 5 "

300
100 1.0 1.0 5 "
400 -
: 100 1.0 1.0 5 "

500

2ol
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Fig. 5.6 The location of the arid ooints from which
the nlots were extracted
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the particles which have grown up to a size more than d 2am float up and

are removed from the system, the coalescence behavior between larger particles
is completelv negliected. If a wider particle size range is taken, the
increase in the number of larger particles would be more significant.

Another feature we can observe from these figures is that the rate
of coagulation between intermediate size (i.e. 6um ~ 16ym) particles is rela-
tively high comparad with that of smaller particles. This effect is also
seen in the calculation of the mass scale {not in the number scale), but at
t = 200 sec. The volume fraction of inclusions per class decreases remark-
ably and this §eems to be somewhat contradictory to the experimental results.

The calculated results of R.K. Ivenger and W.0. Philbrook [52] show
that the particle distribution decreases in a parallel way in a naturally
convected moliten steel bath: This seems to come from the fact that they
didn‘t consider the mass conservation but simply applied the Smoulchowski's
coagulation model. We also experienced the "parallel decrease in number
scale" when the Smoulchowski's coagulation theory was employed. In other
words, their assumptions seem to lack the condition of %%—= 0.

Another calculation was also made by K. Nakanishi et al. [5]. Al-
though they assumed the average turbulent dissipation energv, they obtained
similar results to the present calculation. Their results also show thét
a high reduction rate of particle number appears in the medium size range.

The other feature which the computation results display is the local
dependence of the particle reduction rate. At grid point 128 which is ad-
jacent to the wall, the initial reduction rate of oxidized particles is
very slow because the convective flow is intense there and the turbulent dis-
sipation energy is very small. However, at time t = 60 sec., the particle

distribution seems not to he significantly different from that at other
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grid points, because the strona convection makes the particle distribution
uniform., At grid point 244 where cither the flow velocity or the turbulent
dissipation energy is small, the initial reduction rate of oxidized particle
is not as small as at grid point 128.

Fig. 5.13 - Fig. 5.15 show the spatial distribution of particles of
size 2, 10 and 20um respectively at time t = 120 sec. The particle concen-
trations are relatively large near the down-leg and decreased towards the
bottom of the Tadle. As shown in previous section, the turbulent dissipa-
tion energy is very high just below the down-leg collide with each other
rapidly and 506n become larger, Another high particle concentra-
tion is seen at the bottom right hand side. 1In this region, either the tur-
buient dissipation energy of the fluid velocity is very low and therefore
the coagulation rate is low.

Fig. 5.16 - Fig. 5.18 show the rate of reduction for a number of part-
icles. For large particles {20um radius), it increases about 20-30% at the
very initial stage of deoxidation, but decreases again to around the initial
value at time t = 60 sec.

On the contrary, for small and medium sized (Tum and 10um) particles
the rate of reduction decreases at the beginning of deoxidation, and falls
abruptly to a very low value. According to Lindberg et al. [19], three
stages occur in the process of deoxidation. The first stage is the incuba-
tion period where ther is a gfadua] growth of oxidized particles. The
second stage is the period of rapid oxygen removal where the largest part-
icles reach a certain size at which point they rapidly float out of the
vessel. The final slow stage begins when the remaining large-sized part-
icles are separated from the bath. In the present calculation, the first

stage arises from the nature of the modeling. They assumed tha 8 size
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Fig. 5.13 Spatial distribution of the number of the
oxidized narticles at the time t = 120 sec.
(dp = Tum). '
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Fig. 5.14 Soatial distribution of the number of the oxidized
particles at the time t = 120 sec. (dn = 10um)
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Fig. 5.15 Spatial distribution of the number of the
oxjdized particles at the time t = 120 sec.
(dD = 20pm).
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classes from 1um to 128um, but initial particles have only sizes of 1, 2

and 4um, so that it takes several minutes fof particles to reach the crit-
ical size, in their case 32ym. On the contrary, in the presnet calculation
the critical size of particles is considered to be 20um and the particles

of size 20um exist from the beginning of the computation. This may be the
reason why the first stage didn't appear. It is very difficult to determine
the critical particle sizes at which particles are rapidly separated from
the bath. However, it may be said that the first stage will appear if the
initial particle size is far smaller than the critical size.

Fig. 5.19 shows the initial coalescence frequency

M=1.47 (%—)TC rr) o,

where & is taken as 40 erg/cm3. The highest collision rate occurs for

6um particles and is almost equilavent to the initial number of 6um particles.
Since the collision rete is proportional to the product of particle concen-
tration and the third power of the sum of their radii, the coagulation rate is
extra ordinarily high at initial stage but soon falls to a small value,
Therefore, if the large particles are assumed to exist, the initial rate of
particle removal is very rapid.

Until now, the disscussion has been made on the basis of oartic]e‘popu—
lation, but major experimental results are expressed in mass scale. As
Nakanishi [5] said in his paper, there is the discrepancy between the oxygen
content obtained by the countiny method and the chemicai analysis. However,
it may be practically meaningful to convert present particle number scale to

mass scale, i

1007 MO f
[%ol- A3 fed) ct (A)
s, J

o



120

E=al{cif o,

Wl 2 el 6| v v w2 we]|d | w] e
[
7251-)(5'1.&&':5" Pursed | aenl g o 300N § g 3209 iV s pd S
2
a0 . s : sh. i
=% A 57*'_.'-155 \“_,zzc-'-f“ P IRAIVTAY q_mi‘-,:f Z.'.,’.f:--r,? i’/z(.'wﬂs YAyl _,:_‘,-g',f.,, 4R e
] : S R —= ; T
P ST TX TRV YR NURE DY NIE KT ERATON VS 1al VRIS IS TS
&
3 ) St .5, g . $ g,-f ‘L S 7.;.,-:‘ ‘-r~.,f
[0 AW 7 SV 8 KA COVICRPIIIT Nt PO YRRV PR RLEAN PR ARTIAN VARCEC LA VEVARI
I T L DR YL Ry Ty AT
é
4 L3 - . & <
5-.52"-‘(," ,!/b Y2 J\“'f}rf‘_{;‘ 17 ;7/; /0" '.'.ij"(L‘( f ;-,3/\ ;(:.‘S rl'.J‘_J)(fLF 3\'7"1"“’:&.
EDf a5t e "*"idfff wre i N Sbdat (30 75050
3 . < § f I A4 /0 .4
el O | 3e7e o7 | d el R I2 000 IRTARL BT I YAl WA /T
/,IS/‘”D? If‘;&ﬂr.{_—?" /?7-{,/ :&ﬁ&.ﬁr;ﬁ:?l\f.f‘}s.ﬁ[l? j‘fﬂ'{\’l"./
10
’ . § N U .
ERIAN A VR O VIPTTRd FOTAZ B it P
197700 T8 007} 3 175 0| 2 FeS i A g pgpen]
/2
$ | - R i1
Rl Sl et R W
3178 O3k i o Zipee {5 gieers
i
5 o] “a .
XL TN R IR R
PRy TR RS 5_;_':,mz,' Llus e
TA
273004 e (gt S
PRV LI W RN
73
K
.r‘iaovrt“ T e
7. bk
JO a
. oachy

Fig.

5.19

Initial coalescence frequency




121

where, M0 is the atomic weight of oxygen, Pre is the density of the molten
iron, @ is the molar volume of oxide particle and y is the stoicheometric
number of oxygen in oxide.

Fig. 5.20 shows the rate of deoxidation in mass scale at the grid point
81 and Fig. 5.21 shows the spatial distribution of oxvgen content in the
form of oxide.

Fig. 5.22 shows the non-dimensional deoxidation rate.
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Fig. 5.21  Spatial distribution of oxygen content at the
- time t = 120 sec. ([0] ppm).
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Chaoter 6 Conclusions
Concluding remarks and some suggestions for future work are made in
this chapter.

6.1 Conclusions

A mathematical model has been develooed to describe fluid flow and ox-
idized particle coagulation phenomena in the R-H vacuum degassing system,

The program consists of two parts: fluid flow program and particle coagulation
program. Reoarding the fluid flow calculation, the turbuient Navier-Stokes
equations were solved by using a numerical techniaque developed by Pun and
Spalding. The principal findings are succeeded as follows:

1. The computed results indicated that the metal moves quite rapidly
in the upper part of the ladle, with maximum velocity - 60-70 cm/sec. In the
lower part of the ladle the velocities are re1ative1y small but still finite
even at the bottom. .

2. Two major Tocal recirculating loons appear: one between the two
legs and one near the wall of the down-leg side.

3. The metal velocity is quite fast in the vicinity of the vertical
walls.

4, The turbulence characteristics, i.e., the kinetic energy of turb-
ulence, the dissipation rate of the kinetic energy of turbulence and the
effective viscosity are very large just below the dow leg which is consitent
with the velocity field.

5. The effective diffusivity is high just under the dow leg with the

2, but the region of the low effective diffusivity

maximum value 70 cm/sec
appears between the two legs.
The particle coalscence calculations involved population balance models

coupled to the nreviously computed velocity field. The following principal
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results are:

1. The time-dependent particle distribution was obtained at each grid
point in the ladle. Under the assumption presently used, the reduction rate
of particles is rapid for the intermediate size particles because of the
high probability to encounter other particles.

2. Regarding the spatial distribution of the particle, the high con-
centration appears in the vicinity of the dow-leg and the up-leq. The con-
centration tends to be lower at the lower portion of the ladle except at the
corner of bottom and up-leg side wall.

3. The larger particles were found to increase at the very initial
stage of the mixing. It is suggested that the larger particles play important
role in the reduction of the smaller particles. Possibly the addition of

larger particles would contribute to reduce the very small particle inclusions.



6.2 Suggestion for a further study

The present work represents a first attempt at combining population
balance models with the representation of turbulent recirulating flows to model
model deoxidation kinetics. The results which have been presented indicate
that this could be a very fruitful approach to a rather boarder class of
problems. The following appear to be rather obvious extensions of the present
study:

1. The model could be extended to represent the removal of oxide
particles due to collision with the walls of the system.

2. The mode] could be extended to include a dvnamic oxygen balance,
which would allow for both the removal of oxygen due to the removal of the
inclusions and the addition of oxvaen to the system from the walls and or
from the atmosphere.

3. The chemical factors which influence the collision effeciency could
also be incorporated into the model and finally.

4, While the actuval model development was unaertaken within the frame-
work of the R-H system, clearly identical consideration could be applied to

other deoxidation systems, involving turbulent recirculation flow.
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NOMENCLATURE

Coefficients in the finite-difference equations (i = W,E,N,S)
Nucleation function in Table 2.1

Distribution function of daughter particles
Particle density

Dissipation constant

Drag coefficient

Constants in k-¢ model

Partical diameter

Dissipation term for kinetic energy of turbulence
Brownian diffusional coefficient in Table 2.2
Diffusion coefficient

Diffusion conductance defined by Eou. (4.1.21)
Function of wall roughness in Eqd.(a W&orb)
Energy-spectrum function

Number density of particles at ¢, t

The friction factor

Mass flow rate defined by Equ. (4.1.20)

Forces acting on the sphere in Equations (2.6.1) and (2.6.2)
The function for diffusional growth

Production term in Equ. (2.4.4)

Mass transfer coefficient for particles

thetic energy of turbulence

Characteristic 1ength scale of‘turbulence
Dissipation length in Equ. (2.7.10)}

Mass scale for number density function

Number of particles in i-th class



Ngrad Rate of particle coalescence by velocity gradient collision

Nturb Rate of particle coalescence by turbuient collision

D Time-smoothed static pressure

Pi’Qi Coefficients for pressure correction

Pe Peclet number

r Radius of particles

st Non-dimensional stopping length for a particle

S¢ Source term for variable ¢

S¢ =5,* Sp¢p

t Time

u X-directional component of velocity

v Y-directional component of velocity

v Kolmogolov's velocity scale

Hw Radial component of the relative velocity around a particle

XS Height of the ladle

Ys Diameter of a ladle

Ys¥, Dimensional and dimensionless distance from the wall

Greek

a Relaxation factor

o5 5 Coalescence function between i-th and j-th class

al(x,m,t) Coalescence function in Table 2.1

g(x,m,t) Bréakage function of particles in Table 2.1

r Velocity gradient around a particle in Equ. (2.6.15)
: F¢ Diffusion Coefficient for the general variable

€ Rate of dissipation of kinetic energy of turbulence

von Karman's constant

Aadg Lagrangian or Eulerian microscale, respectively



Kinetic viscosity

Density

Density of fluid

Density of particles

Stokes' forces

Shear stress near the wall

Laminar and turbulent viscosity of fluid
Effective viscosity

Kolmogorov's scale length

General variable { - u,v,k, )

Angular frequency
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APPENDIX A
THE COMPUTER PROGRAM FOR FLUID FLOW CALCULATION



M . ' ~
FILE! CASE00S. FORTRAN A

BLOCK DATA

COMMON .

1/CASEt JUINLET,FLOWIN,RPIFE.XP! PE,FXSTEP HINLET, ,HWALL

2/0NY;/ DYG(22).DYV(22).FV{22),FVNDDE(22).R{22),RDYG(22) ,ROYV(22)
2.HBSYG(22) ,RSYV(22).RV{221,RVCB (22),5Y3(22),5Yv(22).Y(22),Yv(22)
3/DNYONKX/AE(22),AN{22),AP 1 22),A5(22),A%(22).C(22),D(22),DIFE(22)
3,DIFN{22),DUwW{Z2}), DIFw(22},DU(22),0V(22),EMUE(22),EMUN(22)
3 LEMUK{22) ,HCONE(22).HCONN(22), HCOMNW [22)
3.PHIQOLD(22),RHUE(22),RHON{22), RHOW(22) ,5P{22),5u(22)
3,.VOLUME(22),CONNI22),CONSI22), CONE{22},CONW(22),ESMPHI (22)
4/DHRX/ DXG(22).CXU(22),FU(22),FUNDDE(22},KOUNT(22),RDXG(22)

CONVERSATIONAL MONITOR SYSTEM

CAS00010
CAS00020
CAaS090030
CASQ0040
CAS500050
CASCO0B0O
CASCQ070
CASC0080
CASOCCS0
CAS00100
CASQ0110

4,PLXU(22) RS XG(22) ,ASXU{22),5TORE(22),.5XG{22),5XU(22).X122),X0(22)CA500120

S5/0UPHT S le(1GJ.ILAST(1OJ.IMON(10).IXNY(10).IZERD(10)
S.JGRDUP(10J.KADSOR(10).HSGLVE(10}.KRS(10).RELAX(10).R5REF(10)
B, R3SUM{10),.ITITLE(1D)

COMMON
BIDOICCHECK.DP.FLCwPC.FLOwST.FLOWUP-GREAT.ILINE,IPLRS.IPREF.!PRINT
B,ISTEP ,IX,1X1NY,IXINYT, 1X2NY2 IXMON,IXP1, IXPREF,IYMON, IYPREF
G,JEMU.JH.JLAST.JLIM1.dL]mz.dLIMB,dLIMﬂ.dP.dPP.dRHO
6,UU,JV ,UVFT1, RINPRI ,RMPA, KFAD, K RHOMY  KTEST, LABPHL
&,LASTEP,LINEF,LINEL,.NED, NEGPY
6 ,NODEF ,NOTEF 1 ,NOSEL,NODELT NODLPY ,NTDMA , NUMCOL
6, NX NXMAX NXMT NXA2 ,NXYG,.HXYP, NXYU, NXYV
6.MY NYNMAX NYM1 NYN2,Pl,RSCHEK, RSMAX, TINY

CONON FPROP/ CWMUDEF ,PRL{10),PRT (10} ,RHOREF

cCOonnoN /D201 7 ARSL{22,10) ,RSLINE(22,10)

CDMMCN/DQDZ/U(nﬁzl.v(462),TKE(484).TED(dSG).H(484).PP(22).P(400)
7 .EHO(484),Enu(484a)
Z.INLY(10),10UT(10) ,KIN,KOUT ,RELTKE,RELTED, ISTCH

COMON
9/TURB/C1.C2.CD.SQRTCD.CD?S.ECDNST,CTAUTN.CYPTN,TAUTW1(22)
9, TAUTW2122), YFUST1122),YPUST2(22)
9,TAULW(22).XPUSLY{22),CTAULW,CXPLW
9 . GENK(22)},FACTKE ,FACTED, JTKE.JTED,CAPPA
Q. INLYY,INLY2 ,J0UT,IQUT2.T1M1, 12P1,13M1,14PY

COMMON/ABC/AREAL

DIMENS ION F( 3756)

DINENSICN DIFS(22).EWMUS{22),HCONS(22) ,RHDS(22)

EQUIVALENCE (HCONS(2),HCONN(1))

EQUIVALENCE (DIFS:2),DIFN{1)), (EMUS{2),EMUN(1))

EQUIVALENCE (RHDS5{2),RHON(1}), (AREAE,AREAW)

EQUIVALENCE (Fi1).ur1)}

DIMEN3ION A{(22).B122)

EQUIVALENCE(AT1),AN{1)),(Bl1),AS(1))

CHAPTER | —=—==—==———=—- GENERAL,FLOW PARAMETERS

OATA GREAT,TINY,PI/1.E30, 1.£-30, 3.1415926/

DATA RPIPE,.XPIPE,UJNLET,HINLET ,HWALL/

1 250, ,250.,72,,0.0.0.0/
DATA KTEST/0/
CHAPTER 2 —===—w—==——mw— GRID

DATA NXMAX,NYMAX 22,22/

DATA KRAD/1/

DATA FASTEP/1.0/

CHAPTER 3 ==-—=—==—=—===- VARIABLES
DATA JU, JUY,JTKE.JTED,JH,JPP,JP,JRHO,JEMY, JLAST/

CAS00130
CAS500140
CAS00150
CAS00160
CAS00170
CAS001BO
CAS00190
CAS00200
CASC2210
Cas00220
CAS00230

CTAS00240

CAS500250
vAS002G0
CAS00270
CAS00280
CAS00230
CAS00300
CASQ0319
CASC0320
CAS5Q03390
CAS50C340
CA500350
CAS0C360
CASQC370
CAS00380
CAS5003990
CAS00400
CASQ0410
CASCQ420
CAS00430
CAS00440
CASQQL50
CAS00480
cas00470
CAS00480
CAS00420
CAS2GCE00
CASCC510
CAS500520
CAS50C530
CAS0C540
CAS0G550

PAGE 001
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FILE: CASEQO0S5 FORTRAN A CONVERSATIONAL MONITOR SYSTEM : PAGE 002
1 i, 2, . 4, s, 6. 7. 8, 9, 9/ " CAS0056G0
DATA NEQ/4/ . CAS00570
CATA KSOLVE/4+1,0,1,1,0,1,0/ CASQOS80
DATA KADSCR/2+0,2-1,6=0/ CAS0C520
DATA KRS/4%1,0,1,440/ CAS00600
CHAPTER § —==-=me=mem—e PROFPERTY DATA CAS00610
DATA RHCOREF, EMUREF /7.2,0.0G/ CAS00620
DATA PRL,PRT /121, ,0.9,7-1.0/ CASCOG20
CHAPTER 5 ~=——====ca——x- STAKRT ING PREPARATIONS CAS00640
CATA IXPREF, I¥PREF/2,2/ CASCOB50
DATA KINPRIZO/ CASDOGGO
CHAPTER G =~ ====e= mmemm STERP CONTROL CAS00670
CHAPTER 7 == ====~= == BOUNDARY CONDITIONS CAS006B0 )
DATA C1,C2,CD,CAPPA,ECONST/ CASQ0890 "
1 1.33,1.22.0.¢9,0.4,9.0/ : CAS00700
" DATA  SQRTCD,CDPS/ 0.3,0.54722/ CAS00710
DATA  FACTKE ,FACTED/0.005.0.03/ : CASD0720
CHAPTER B ~=—-———=—mcme—- ADVANCE CAS00730
DATA NTDWMA/1/ CAS00740
CHAPTER 3 == ====- -—————— COMPLETE CAS00750
CHAPTER 10 - —=-===ceeaaa ADJUS] CAS00760
DATA KMPA/O) CAS00770
CHAPTER 31 -=——=——= e=w=—== PRINT CAS00780
DATA NUCOL/1C/ CASOC790
CHAPTER 12 =~=wwom—en- =—— DECIDEC CAS00800 -
ODATA LASTEP/100/ CA30CH10 Lo
EMND : £Aa500820 o
c MAIN PROGRAM CAS$00330
COMNION CasSQC840
1/CASEY /UINLET, FLOWIN,RPIFE,XPIPE.FXSTEP , HINLET,H¥ALL CASQ0BS50

2/0WY/ DYG122),DYV(22),FV(22),FVNDODE(22),R(22),RDYG(22) ,RDYV(22) CASQOBGO
2,n5YG(22),RSYV(22),0V(22),RVCB(22),5YG(22).5YVv{22),Y(22),YV(22) CAS00B70
3DNYONX/AE(22),AN022),AP{22),A5(22),AW(22),C(22},0{22),DIFE(22) CASQCARBY

. DIFN(22).0UWI22), DIFW(22),DU{22),DV(22),EMUE(22),E5UN(22) CASOOBSD
3 JEMUW DL JHCONE(22) . HCONNL22), HCOxu 1 22) CASDC2C0
3,PRIOLD(2Z2) . RuCL122) ,RAD(22), RHOW{22),8P(22),5u122) CAS00910
3, vOLUME(22), CCNNE221,CONS(22), COMNE(22) ,CONW(22) ,ESMFHL (22} Ca500920
A/00%/ DXGL22),DXUL22).FU{22) . FUNDOE(22),KDUNT(22).R0XG(22) CAas500930
4,8DXU(22),R5XG122) ,RSXU(22),STORE{22),5XG(22),5XU(22), X(22),%U(22)CA500240
S/DJPHI/ TEW(10),ILAST(1Q),INMON(10),I1XNY(10),12ERCQ(10Q) CASCQ950
S,UCGROUP(10), KADSCR(10) . K5DLVE(10) ,KES5{10},RELAX(10)},RSREF({10) CASQGSGO
S,FZLUNM{I0),1TITLE(1Q) CAS0C970

COVASN CASQ0280
6/D0/CCHECK,DP,FLOZPC,FLO®ST,FLOWUR,GREAT , ILINE, IPLRS, I PREF,IPRINT CASCC990
6,ISTEP ,IX,IXINY,IXINYT, 1X2NY2, IX:ON,1XP1, IXPREF,IYMON, IYPREF CAS01000
6,JENY, JH,JLAST ,JLIMT ,JLIM2 ., JLIM3,JLINA, JP,JPP,JRHO CASO1010
6,0U,JV . JVPY  KINPR! AMPA, WRAD . KRHOMU , KTEST, LABPHI CAS01020
6,LASTEPR,LINEF,LINEL,NEQ, NEGP?Y CAS01030
6 ,NODEF NGLEF 1  NCDEL,NSDELY NODLP1T,MTDMA, NUMCOL CAS01040
6, NANXLAX NXMT Nvr2 NXYG  NXYP, NXYU, HXYV CAS01050
6, NY HYLAX NYRIL HYyN2,PIL,RSCHER, RSMAX, TINY CASC1060
COVaON /PROP/ ERMUREF ,PRL(10) .PRT (10),RHDREF CAS01070
CCAMON /DZD1 /ARSL(22,10) ,RSLINE (22,10} CASD1CED

COIMON/DI02/U(452) ,v(452 ), TRE( 334),TED{4B4)},H(484) ,PP(22),P{a100) CASD1090
7 ,RHO(4B4),EMu(484) CAS01100
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FILE: CASEOOS FODRTRAN A CONVERSATIONAL MONITOR SYSTEM ’ PAGE 003
© 7 JINLY({10),10UT(10),.KIN,KDUT,RELTKE,RELTED, ISTCH CAS01110
- CCMMON CASO1120
9/TURB/C1,C2,CD.SQRTCD,CD25,ECONST,CTAUTW ,CYPTW, TAUTW!(22) CAS01130
9, TAUTW2(22), YPUST1(22),YPUST2(22) CAS01140
9, TAULW(22) . XPUSLWL 22} ,CTAULW,CXPLW CAS01150
B 9,GENK(22),FACTKE,FACTED, JTKE,JTED,CAPPA CAS01160
S, INLY1,INLY2  I0UTY,I0UT2,11M1, 12P1,13M1,14P1 CASO1170
COLLDN /ABC/ AREAE CAS011B0
DIMENS ION F{3755) CAS01190
DIMENSION DIFS(22) ,EMUS{22).HCDONS(22).RHDS(22) CASQ1200
EQUIVALENCE (DIFS(2)V,DIFN{1)), (EMUS(2),EMUN(1}) CAS01210
EQUIVALENCE (RH05{2),RHON(1)), (AREAE,AREAW) CAS01220
EQUIVALENCE (HCONS(2),HCONN(1)) CAS01230 R
EQUIVALENCE (F(1),U(1)) _ Cas501240
DINMENSION A(22).08(22) ) CAS01250
. EQUIVALENCE(A[Y).AN{1};,.(3(1),AS(1)) CAS01260
"CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 CA501270
CASE1..... LAMINAR, UNIFORM-PROPERTY, DEVELOPING FLOW IN A PIPE CAS01280
COMMENT..... .. [P ALL NUMERICAL DATA ARE PUT IN VIA BLOCK DATA CASO01290
READ(S ,9850) HKTEST CAS01300
READ(S ,9B60) NX,NY CAS01310
READ(S ,9850) (X(I[),I=1,NX} CASO1320
READ({5.8850) (¥Y(I1),I=1,NY) CAS01330
READ{5,9850)} (RELAX{I),I=1,10) CAS01340
READ(5 ,2860) NTDWA,LASTEP,.KSWEEP,NOUTP1,ISTEP CAS01350 —
READ(S .Q8E0) IPLKS,IPRINT CAS501360 w
READ(5,9250) RSCHEK,CCHECK,RSFCHE,RSFC2 CAS01370 -
READ(5 ,9B70) THEINP,TEDINP CASO1380
READ(S5,98680) KIN,KOUT CAS01390
READ{S ,9660) (INLY(1l),1=1,KIN) CASC1400
READ(S5 ,5650) (I1QUT(I),I=?,KOUT) . CAS01410
READ{S ,2850) RLEG . CA301420
READ(5 ,9550) 1XMON,I1YMON ’ CASC1430
RCAD(5,98G62) ISTCH CAS01440
RELD(5,9850) RELTKE,RELTED CASQ1450
9B50 FORMAT (BF$0.0) CASQ1460
9860 FURMAT L1015S) CAS01470
9870 FORMAT (5E10. 3) CASCt1480
ISTEP=0 CAS01499
ILINE=0 . CAS01500
OO 9800 JPHI=1,JLAST - CAS01310
JGROUP (JPH1) =0 CA501520
DD SB00 Ix=1 ,NX CAS01530
9800 RSLINE(IX, PHI)}=0.0 CAS01540
C ——-emereemmm——e ——————— PRINT OUT HEADINGS CAS01550
RSFJM=0,0 CASQ!560
FSF. M1=0.0 CAS01570
JRSF=0 CAS01580
JRSF1=0 CAS01530
’ Call OUTPH CASO01600
CHAPTER 2 2 2 2 2 GRID 2 2 2 2 2 2 2 2 2 2 2 2 CASO1E19
C —=emsnmm e —— = ~—==—= QUANTITIES RELATED TO NX AND NY CAS01520
CALL CONST2 CAS01630
Cmmrmr e e m e e e et m s e s e e we—e=  CALCULATE GRID QUANTITIES CAS01€40

CALL GEOM CASO1650



. ~~ -
T _ i
" - FILE: CASE00S FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 004
IF(KTEST.GT.0) CALL TEST 11 CAS01660
CHAPTER 3 3 3 3 3  VARIABLES 3 3 3 3 3 3 3 3 3 3 3 CAS01670
Cmmmrmmem e o - SPECIFYING LIMITS OF J-RANGE FOR UPDATING JPHI'S CAS01680
c ON WHICH VARIATIONS OF RHQ AND EMU DEPEND CAS01690
€ e——— ~———— ~m==== RHO CAS01700
JLIM1=0 CAS01710
JLIM2=0 CAS01720
€ e EMU - CAS01730
JLIN2=JTKE CAS01740
WJLIMA=UTED CAS01750
[ T mce-—weas CONSTANTS RELATED TQ VARIABLES CAS01760
CALL CONST3 o ' . CASC1770
IF(KIEST.GT.0) CALL TEST 12 CAS01780
CHAPTER 4 4 4 4 a4 PROPERTY DATA 4 4 4 4 4 4 4 4 4 4 CAS01790
Cmommm e e -- - PUT REFERENCE VALUES IN FIELD CAS01800
DO 40 T=1,NXYG : CAS01810
RHG (1) =RHDREF CAS01820
a0 EMU( 1) =EMUREF CAS01830
Cm==meme— o mmme e emeee == CELL-WALL DENSITY AND VISCOCITY CAS01840
OO 41 IY=1,NY CAS01850
RHON{ 1Y) =RHOREF CASO1860
RHCS(1Y)=RHUREF CAS01870
RHGE{1Y)=PHOREF CASO1E80
RHOW{1Y)=RHOREF : CAS01890
ERUN{1Y)=EMUREF CAS01900 .
ELUS{IY)=EMUREF CAS01910 w
EMUE(IY)=EMUREF . CA501920 r
41 EMUW (] Y)=EMUREF CAS501930

CHAPTER 5 5 5 5 5 STARTING PREPARATIONS 5 5 5 5 5 5 5 CAS01240
Cr==== I INDICES FOR REFERENCE-PRESSURE POINT AND MONITORING LOCATICN CASQ1550

CALL CDONSTS CASQ1960
Comrmmr e =~ e ——————— CALCULATE FLOWIN AND REF. RES.-SOURCE VALUES CAS01970
FLOWIN=0.0 ' i EAS01980

DO 520 IY=INLY1,INLYZ C45019290

530 FLOWIN=FLOWIN+UINLET+*RHOREF+DYV{IY)»R({IY) CASD2000
RSREF(JPP)=F LONIN CAS02010
HEREF{ JU)=FLOWIN-UINLET - CAS02020
RSSEF{JV)=RSREF{JU) Ccas02030
RSFEF{JH)=FLOWIN-HINLET CASD2040

C VALUE OF TKE AND TED AT INLET CAS020650
TREIN=FACTRE~UINLET=»2 CAS02080
TEDIR=TKEIMN-SQRT(TKEIN)*»CD/{FACTED»RLEG) CASD2070

C FACTORS FOR NCRMALIZING RESIDUAL SOURCE Cas02280
RSREF( JTKE)Y=TKEIN-FLOWIN CAS02099
RSREF(JTED)=TEZDIN-FLOWIN CASD2:00

C CONSTANTS FGE Y+ Ca502110
CYPTW=CD23-DYGINY) /EMUREF CA3D2120
CTAUTW=ENUREF,/DYG({NY) CAS02130

C CONSTANTS FOR X+ CAS02140
' CXPLW=CD25-DXG(2)/EMUREF CAS02150
CTAULW=ENUREF/DX3(2) CAS02160

L Rt b e T =e=w= INITIALIZE VARIABLE STORAGES CASG2170
DO 50 JPHI=1,JLAST CAS02180
IF{JPHI.EQ.JRHO.OR.JPHI.EQ.JEMU) GO TO 50 CAS02190

I1=IZERO(GPHI ) +1 Cas022¢0



“FILE: CASEQQS5 FORTRAN A CONVERSAT IONAL MONITOR SYSTEM PAGE 005
12=1LAST(JPHI) CASD2210
DO 51 1=11,12 : CAS02220
51 F{1)=0.0 CAS02230
-850 CONTINUE cas02240
Crmmme e s mmr e = PUT U=UINLET AND H=HINLET IN FIELD, EXCEPT AT WALL CAS02250
DD 5009 1X=2 ,NxXmM2 CAS02260
DD S00% IY¥=2 ,NYMI CAS02270
. I=1Y+NY=(1IX=1) CAS02280
5009 uU(!)=1.0 CAS02290
DO 5010 IX=2,NXM1 CAS02300
DD S010 1Y=2,NYM2 ‘ CAS02310
I=Iv+{ IX=1)=NYMI - CAS502320
5010 v{l)=t.0 CAS02330
DO 50%1 IX=1,NXM CAS02340
DD 5011 ly=2,NYM CAS02350
1~1v+(1x-1)—nv . ’ CAS02360
TKE(1)=S9RT! TKEIN) Cas02370
TEC(I)=SORT(TEDIN} CAS02380
EMU(T)=CD»RHO(L)*TKE{I1)»»2/TED (1)+EMUREF CAS02390
5011 CONTINUE Ca502400
DO 5012 1¥=INLY1,1NLY2 CAS021310
1i=2 - CAS02420
1=17+NY CAS02330
IWw=]=NY CAS02440
5012 ENU{IW)=CD*RHC(IW)*TKEIN**2/TEDIN+EMUREF CAS502450
PO 5013 lY=I10UTY,I0UT2 CAS5024G0
I=1Y+HY : . CAS02470
Iw=1-ny CA502480
5013 EMU(IW}=CO=RHO(1IwW)*TKEIN*=2/TEDIN+EMUREF CAS022390
Cm==—=emce—m—=e===INITIALIZE TOMA-LINE STCRAGE CAS02500
’ DO 555 lyY=1,NXYP CAS02510
555 P{Iv)=0.0 ) CAS02320
DD 501 1¥=1,NY ’ ’ - CAS(02:30
AN{1Y)=0.0 CASG2540
DV(1Y)=0.0 CAS02550
AS{lIv)=C.0 CAS02S60
AE(IY)=0.0 . CAS02570
AW{IY})=0.0 CAS02580
su{liy)=0.0 Caso2s9C
SP(Iv)=0.0 CASO2€00
DU{1Y)=0.0 . CAS02Z610
VOLUME (IY)=0.0 CAS02620
PR{1Y)=0.0 CAS502€30
501 PHIOLD(1IY}= CAS02340
e INITIALIZE Y-DIRECT ION ARRAYS CAS02550
D3 502 IX=1,NX CAS02660
YPUST1(IX)=0.0 CAS02570
YPUST2(IX}=0.C CAS02£80
TAUTWT(IX)=0.0 . CAS02690
502 TAUTW2(1X)=0.0 CAS02700
e - lNITlALIZE Y-DIRECTION ARRAYS CAS02710
DO 503 Iv=1, Cas02720
TAULW{ 1Y)=0. 0 CAS0Z730
503 xPUSLw(Iv) 0.0 CAS02740

Cromemem—— e e e —em————— -= PRINT OUT STARTING VALUES CAS02750

tel
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*FILE! CASEQCDS FORTRAN A

IF{KTEST.GT. D) CALL TEST 13
IF(KINPRI.GT.0) CALL OUTPF
GD 1D 60

55 IF{ISTEP.GT.1) GO 1O 65

CHAPTER 5 &6 6 6 6 STeEP CONTROL 6 6 6 6 6 6 6 6 6 6

60 CONTINUE
' DD &9 JPHI=1 NEQ
69 RSSUM( JUPHI)=0.0
RSSUNM({ JPP)=0.0
FLOWUP=FLOWIN
IF(ISTERP.GT.1) GO TO 64
IF{ILINE.GT.0) GO TO 65
C-===—cacreea——=== Y=DIRECTION TDMA TRAVERSES
B2 LINEF=2 .
LINEL=NXM
NODEF=2
_ NODE L= RYMT
Commmmr e e ~====—== FOR BOTH X= AND Y-DI
NODEF1 =NODEF -1
NODEL1 =NDOTEL -1
NODLP1 =NODEL +1

64 1LINE= LINEF
[ ittt -=—==—= QUANTITIES RELATED TO IX VALUE OF TDMA LINE
65 CONTINUE

IX=JLINE

TXP1=1X41

“IXINY=(1X=1) sNY
IXTHY T = (IX-1)=NYMY
TXINY2=(1X=2)+sNYM2
DO 66 JFHI=1 ,JLAST

66 IXNY({JPHI)=IX1NY
IXNY {(JV)I=IXINY
IXNY(JP)=IX2NY2=1

CHAPTER 7 7 7 T 7 ‘BOUNDARY CONDITIONS
IF{ISTEP.LT.ISTCH) GO TO 70
RELAAL({ JTKE)=RELTKE
RELAX(JTED)s=RELTED

70 CONTINUE
1F(1STEP.GT.1) GO TO 799
€ =—====-=— V H ON THE LADLE WALL

INSNY+IXINY
INV=NY=1+41X1NY1
IS=141 XThNY
15V=1+ IX1NY1
U{IN)=0.0
Vi{INvV)=0.0
U(15)=0.0
V(15v)=0.0
IF(1X.NE.2) GD TO 75
DO 7001 I=1,11M1

7001 U(1}=0.0
DO 7002 I=INLY1,INLY2
TKE(I)=TKEIN
TEGC({1)=TEDIN

7002 U(I)=UINLET

CONVERSATIONAL MONITOR SYSTEM

RECTION TRAVERSES

-7 T 7T 1 7 7

7

CAS02760
CaS02770
CASD2780
CASC2790
CAS502800
CAS92810
CAS02820
CASC2830
CASQO2840
CASO02R50
CASC2860
CAS02370
CAS02680
CAS028920
CA502900
CA502210Q
CA502920
CAS02930
CAS5029249Q
CAS02950
CAS02960
CAS023970
CAS02980
CAS02290
CAZ03000
€AS03010
Cas503020
CAS0C3030
CAS503C49
CAS503050
CAS03060
CAS03070
CASQ308B0O
CAS03090
Ca3503100
CAS03110
CA503120

CA503130 -

CAS03140
CAS03150
CAS03160
CAS0317D
CAS503180
CAS03190
CAS03200
CASD2210
CAS03220
CAS02230
CA503240
CAS03250
CAS032G60
CAS503270
CAS03260
CASC3290
CAS03300

PAGE 006
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- FILE:

7003

7004

7005
75
799

CASEO0S FORTRAN A

DD 7003 I=12P1,13M
ViT)=0.0

DO 7004 I=10UTH,I0UT2
TKE({1)=TKEIN
TED(1}=TEDIN
U(1)==UINLET

DO 7005 1=T14P1,NY
u{l)=0.0

CONTINUE

CONTINLUE

C==-r=--CALCULATE TAU AND Y+ FOR LADLE WALL LEFT

701
710

1=24+1% INY

IE=1-NY

UP=U(TE}+(U(I}=U{IE))~FUNDDE(IX)

ABSUP= ABS{UP) ’
IF(IX.FQ.2.AND.ABSUP . LE. TINY) UP=TINY
RSQRIK=RHO{ I }*SCRT(TXKE(I})

YPUSTY (IX)=RSORTH-CYFTW
IF{YPUSTI{IX).GT.11.5) GO TO 701

TAUTWT (IX)=CTALTW+UP

GO TQ 710

TAUT w1(IXJ=CAPPA*UP-RSQRTK-CDE5/ALOG(ECONST*YPUST1(Ix))
CONTINUE

—====CALCULATE TAU AND Y+ FDRLADLE WALL= RIGHT
TNV +1XINY

Tw=]l=-NY

TUPSU{TW) (Ul I)-U(IW))»FUNDDE(IX)

702
711

ABSUD=ABS(UP)

TIFEIX.EQ.2.AND,ABSUP,LE. TINY} UP=TINY
RSQRTHK=RHO{ I }+50RT(TKE( 1))

YPUST2 (IX)=RSQRTK+CYPTH

IF(YPUSTZ2(1IX).GT.11.58) GO TO 702

TAUTW2 (1X)=CTAUTW-UP

Go TO 711

TAUITW2(1IX)= CAPPA»UP*RSQRTK*Coz5/ALOG(ECONST*YPUST2(IX))
CONTINUE

€ CALCULATE TAU AND X+ FOR LADLE BOTTOM

722

™1

720
CHAPTE
80

IF(IX.NE.KXN1) GO TO 720

DO 721 IY=2, NYM1

I=sIv+I X1INY

IV=1v+ IXINY?

Isv=1v—1

VPE=V(ISV)+(VIIV)-V(ISV))+FVNODE(IY)
RSQRTK=RHC(I )«SQRT{TKE(I)}

XPUSLW (IY)=RSQRTA>CAPLW
IF{XPUSLW({1Y).GT.11.5) GO TD 722

TAULW( IY)=CTAULW+VP

Gd 7o 721 .
TAULW(IY)=CAPPA=VP+RSQRTK=CD25 /ALOG{ ECONST #XPUSLW{IY))
CONTINUE

CONTINUE . t

RE 8 B8 B8 8 ADVANCE B 8 B 8 8 B BE 8 8 8 8 8

CONTINUE

------------ PUT NTRAVS EQUAL TO MTDMA,OR TO OTHER VALUES TO GIVE

MULTI-TRAVERSE ON SELECTED LINES

N

1
1

CONVERSATIONAL MONITOR SYSTEM

CAS03319
CAS03320
CASQ3330
CAS503340
CAS033592
CAS03360
CAS5Q3370
CA503380
CAS032330
CASC3A00
CAS03a10
CASD3420
CAS03430
CASD3440
CAS03450
CAS03460
CAS034a70
CAS02480
CAS03490
CAS0350C
CAS23510
CAS03520
Cas03530
CAS03540
CA503550
CASQ5S60
CAS503%70
CA503580
CAS03590
CASQ3E00
CAS03610
CAS03€E20
CAS03630
CA5G35A40
CASC3550
CASC3EGD
CAS03G670

CAS503£80 -

CAS03590
CASQ3700
CAS503710
CAS503720
CAS03730
CA503740
CAS93750
CA503760
CAS03770
CASC3780
CA5037¢20
CAS03800
CAS03310
CAS503320
CA503830
CAS503840
CAS03BEO

PAGE 007
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FILE: CASE00S5 FODRTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 008

NTRAVS =NTCMA . CAS0Q3860
Lo e e - PUT GREAT INTOD ARSL'S CAS503370
DD 85 J=1.NEQ CAS03880
85 ARSLIIX,.J)=GREAT CAS03890
C = OUTER LOOP FDR CARRYING OUT A MAX. OF NTRAVS TRAVERSES ON LINE 1IX CAS03200
DO 1000 NT=1 ,NTRAVS . CAaS03910
KOUNT{ IX)=NT CAS503920
RSMAX=0. ' CAS03930
C = INNER LOCP FOR ALL UARIABLES (PLUS ONE FOR PREPARATIONS FOR TRANSFERCAS(C3940
C. TO NEXT LINE OR TO NcXT SWEEP QF FIELD) CAaS503250
CO 1001 JPHI=1,NEQPY CAS039G0
IF(JPHI.EG.KEQP1) GO TO 860 - CASD03270
IF(KSOLVE{JPH!).EQ.Q) GO TO 1001 CAs03980 .
JG=UGROUP(JRHI) CASQ3990
IF{(JG.NE.S) GC TO B4 CAS03000
IF{NT.EQ.NTRAVS) GO TD B1 CAS04010
IF{RSMAX.GT,RSCHEK) GO TO 1001 CAS04020
a4 IF(ARSL{IX,JPR1).LT.RSCHEK.AND .ARSL{IX,JPHI).GT.0.) GO TOQ 1001 CaAS04030
81 IFfUPHI.NE.JUY GO TO B3 CAS04Q40
1IF(Ix. EQ KXM1) GO TO 1001 CAS04050
e, o r e e UPDATE JFHI ON TDMA LINE CAS04060
B3 RSLINE{[X.JFHI]-0.0 CASQ4070
LABPHI =JPHL CASQa0BO
CaLlt COEFF{J7HI1) CASD2090
CALL MODIFY(UPHL) CAS04100
IF(KTEST.GT.2) CALL TEST 31 CASDA110
CALL SOLVE(JPHI) Ca504120
IF(JFHIL.GE.JU) CALL BOUND{JPHI) CAS04139
RSLINE (1X.JPHI)=SSLINE(LX,.JPHI } /RSREF(JPHI) CAS04140
ABSRC=ABS(RSLINE{IX,JPHI}) CAS24150
ARSL(IX,JPHI )=ABSRS CASQ41B0
RS AX= AMAXT ( RSMAX, ABSRS) . CAS04a170
IF(KTEST.GT. 1) CaLL TEST 21 ’ ‘CaS04180
GO 1O (1010,1020,9502,240,1001), JG CAS04190
CHAPTER 9 9 & 9 g COMPLETE 9 8 9 9 9 9 9 9 9 9 9 9 CASC4200
930 CONTINUE CAS04210
CCMMENT INSCRT INSTRUCTIONS HERE TO UPDATE RHO. ALSO CALL CASQ04220
COMMENT BOUND(RHO} IF APPROPRIATE CAS04230
GO TQ 1011 CA504240
940 CONTINUE CAS04250
COMMENT INSERT INSTRUCTIONS HERE TO UPDATE EMU. ALSQ CALL CAS(OA260
COMMENT SBOUND(EMU) IF AFPROPRIATE CAS04270
DO 911 1Y=NODEF.NODEL CAS04280
1=1Y+] XINY €as04200
EMUNEW={CD+*RHO(T1)«TKE(I)/(TED(I)+TINY))*«TKE(I}+EMUREF €AS503300
EMU{T ) =EMULT )+ (EMUNEW-ENMU( 1) )= RELAX{JENU) CAS04310
911 CONTINUE €as043z0
CALL BOUND(JEMU) CAS04330
GO TO 1001 CaA504340
S50 TFINT.EQ.NTRAVS) GO T0O 961 CAS04350
IF(RSMAX.LE.RSCHEK) GO TO 961 CA304360
GO TO 1001 CAS04370
Cr——mm e = PREPARATICNS FOR TRANSFER TO THE NEXT LINE QR TO CASO4A380
Cc THE NEXT SWEEP OF THE FIELD CA50439Q0

C  ——m—mmmmme—- SUM OF RESIDUAL-SCURSE VALUES ON LINE FOR EACH JPHI CASQ4460

9l
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"FILE: CASE0OO0S5 FORTRAN A CONVERSATIONAL MONITOR SYSTEM
261 DO 962 J=1,JPP CASD4410
1F{KS50LVE{J) .EQ.0) GD TO 962 CAS04420
IF(J.EQ.JU.AND.IX,EQ.NXN1) GO TO 962 CAS04430
RSSUM{ J)I=RSSUM{J)+ARSL(IX,J) CAS504440
962 CONTINUE CAS04450
[ e e PR PP ~~==- CHECK IF LAST LINE OF FIELD REACHED CA503450
IF{ILINE.EQ. LINEL}Y GO TO 963 . CAS04470
o T Rt T PREFARE FOR MOVING TO NEXT LINE CASQa480
COMMENT 1F REQUIRED, CALCULATE FLOWUP FOR THE NEW LINE HERE. IN ThE CAS0A1590
COMMENT PRESENT SET-UP FLOWUP HAS BEEN PUT EQUAL TO FLOWIN, AS CASD4E00
COMMENT PROBLENMS OF THE FIXED FLOW-RATE TYPE ASSUMED CAS504510Q
ILINE=TLINE+ CASQ4520
GO TO 55 CASQ4530
C = PREPARE FOR BEGINNING THE HEXT SWEEP QOF THE FIELD CAS504540
c MAX. RESIDUAL-SOURCE VALUE IN FIELD FOR CONVERGENCE CHECK CAS04550
963 RSMAX=0.0 CAS04560
. DO 964 J=1,JPP CAS04570
964 RSWVAX=AMAX1T({ RGMAX ,RS55UM{ L)) CAS04580
Cc ADJUST P'S TO GIVE ZERQ AT REF. LOCATION CASQ4590
PI1PREF=F{]IPREF) CAS0aB00
DO 965 1P=1,NXYP CASCA4510
865 P(IP)=P(IP}=-PIPREF CASD4a620
GO TO 119 CASC1E30
CHAPTER 10 10 10 10 ADUUST 19 10 10 10 10 10 10 10 ‘CAS0AE4Q
Lo rm— e ——— - ADJUSTMENT AFTER UPDATING U'S CA504650
1010 IF{KSOLVE{JRHD).EQ.Q) GO 7O 1011 CASQ4660
CALL BOUHDIJU) ' CASQARTO
GO TO 1001 . . CASQABRBO
Commme e e e e = -~ OVERALL CONTINUITY CORRECTION CASO4ESQ
1011 IF(KMPA.NE.D) CALL OVACON CAS04700
CALL BDUND(JU) CAS04710
IF(KTEST.GT.1) CALL TEST 22 CASC4720
G0 TD 1001 CAS04730
o et e L T ADJUSTMENT AFTER UPDATING V'S CAS04740
1020 JF(KSOLVE(JPP).NE.O) GO TD 1021 CAS504750
CALL BODUND{UV) CAS0O4760
GO TD 1901 CAS504770
Cr=mrre———r— e - ——— CELL-WISE CONTINUITY CORRECTION CASCA780
1021 RSLINE(IX,JPP)=0.0 CASC1790
CALL COEFF(urP) CASCi800
CALL MODIFY(JPP) CASQa8to
LABPHI =JPP CAS04B620
IF{KTEST.GT.2) CALL TEST 31 CasQ4as3o
CALL SOLVE({UPP} CASDI240
RSLINE(IX,JPP)=RSLINE(IX,JPP)/RSREF(JPP) CASD2250
ARSL{IX,JPP)=ABS(RSLINE(IX,JPP)) CASQABGO
CALL CELCON CASQ2870
IF(KTEST.GT.1) CALL TEST 23 CASCAabBO
CALL BOUKG(JV) CASQ4ESO
GD TO 1001 CASDASCO
o e L P T - END OF INNER J=LQOP CAS0&910
1001  CONTINUE CAS04920
(=== r—meeem———eeaa==—- END OF DUTER NTRAVS LDD?T CAS04230
1000 CONTINUE . CA504949
CHAPTER 11 11 11 11 FRINT 1T 11 11 11 1111 11 11 11 CASC49850

Lel



P LAY (’-\

-—FILET CASEDOS FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 010

1100 CONTINUE CAS04960
C~—~—mmsummcev——csman=a=c PRINT ODUT RESIDUAL SOURCES AND VARIABLE VALUES CAS03970
c AT MONITORING LOCATION (IXMON,IYMON) CAS04280
IF{MOD(ISTEP NOUTP1).EQ.0} CALL DUTP! CAS049290

Cmmmem e e e e e me PRINT OUT QF FIELD VALUES . CAS0S000
IF(RSMAx.LE.CCHECK) GO TD 115 ’ CAS05010
1F{ISTEP.LT,. Q) GO TQ 115 CAS0S0Q20

114 IF(MOD(ISTEP ,IPRINT).NE,0.OR.ISTEP.EQ.D0) GO TO 112 CAS05030
115  CALL OUTPF CAS05040
GO YO 120 CAS05250

112 JF(ISTEP.EQ. LASTEP) CaLL OUTPF CAS05060
CHAPTER 12 12 12 12 DECIDE 12 12 12 12 12 12 12 12 12 CASQ5070
T ittt T =—= CONVERGENCE CHECK CAS0SC80
120 1F{RSMAX.LE.CCHECK) CD 7D 1299 CAS05090
e et L CHECK IF LAST STEP 15 REACHED CAS05100
IF(ISTEP.GE. LASTERP) GO TO 129 CASGS110

128 1STEP=ISTEP+ 1 CAS05120
GO TO 60 CAS05130

129  CALL putp2 CAS05140
1299 WRITE{9,1300) NX ,NY CAS05150
WRITE(2.1301) (X(1),I=1,NX) CAS05180
WIITE({ 9, 1201) (v(x).x=1,uv) CAS0517¢
WRITE(9Q,1301) (F{I1),1=1,3766) CA505180

1300 FONMAT(21) CASD5190
1301 FORKAT(5E13,5) CAS05200
END CAS05210
SUFRCUTINE QUTPRUT CAS05220
COWIGN CAS05230
1/CASE1 JUIMLET,FLDWIN,RPIPE  XPIPE,FXSTEP, RINLET, HWALL CASD5740

2/0NY;/ DYG(22).0Yv(22),FVi22),FVNODE(22),R{22),RDYG(22) ,RDYV{22) CAS053250
.PSYG(22).RSYV22) ,RV(22).RVC2(22),5YG(22).5Yv(22),Y{22),Yv(22) CAS5G5260
3/ONVONX/AE(22).AN(22),AP(22),A5(22),AW(22),C(22),D(22),DIFE(22) CASCS5270

3 DIFN{22),DUw{22), DIFW(22),DU(22),DV(22),EMUE(22),EMUN{22) £AS05280
JEMUW(22) ,HCONE{22)  HCONN( 22, HCONW (22) CASQ5290
3.PHIDLD(2?) RHDE(22),RHDN{22), RHOW(22),5P{22),5U(22) CASQ5300
3. .vOLUME(22),CCNNIZz21 ,CONSI22), CONE(22),CONWI22) ,ESVMPHI (22) CAS05310
4,/0N)/ DXG(22),0xJ{22),FU{22),FUNODE(22),HKOUNT{22),.RDXG(22) CASD25320
4 RDXU{22),RSXG(22),RSXU(22}.STORE(22).,5X5(22),5xU{22),X(22),XU(22)CAS05330
S5/DJFRL/ TEW({10Q),ILAST(10},IMON(10),1XNY(10Q),IZERD(10) CASCS53430
5,JGROUP{10).KADSOR{10) ,KSOLVE(10),KRS(10),RELAX{10},RSREF(10) CAS05350
S,FSSUM(10), ITITLE(10)} CAS05360
COVNON CAS0S370
6/DQ/CCHECHK ,DP,FLOWPC, FLOWST ,FLOWUP,GREAT,ILINE, IPLRS,IPREF,IPRINT CASQS380
6,ISTEP LIX.IXINY,TXTNYT, IN2NY2 , IXMON,IXP1,I1XPREF,IYMON,IYPREF CAS25390
S, JEMY, JH.JLAST ,JLIMT ,JLTW2, LI N3, JLINE JP,JPP,JRHOD CAS05400
B,JU, UV ,JVF1 , KINPR]I  KMPA, KRAD,. K RRONMU ,KTEST, LABPHI CAS5054910
6,LASTEP,LINEF.LINEL.NEQ, HEQM CAS05420
6 NODEF ,NDDEF 1 ,NCOEL,NCDELT.NODLPT  NTDMA ,NUMCCL CAS05430
6, NANAMAX NXRT 52 NXYSG ,NXYP, NXYU,NXYV CASC5340
G, N, NYVAX NYMI ,NTMZ,PI . RSCHEK, RSMAX, TINY CAS0SAas50
COMIMON /PRCP/EMUREF ;PRLIT10).PRT(10) ,RHOREF CAS05460
CONMON /D2D1 /ARSL(22,10) ,RSLINE(22,10) CASCS5470
COWMON/D2D2/U(562) V{462 ). TKE(4B4) ,TED(48B4) ,H{484),PP(22),P{400) CAS05280
T, RHO{4B4),EMU(483) CAS05490

7. INLY{10),10UT(10),KIN,KOUT,RELTKE,RELTED,ISTCH CAS0S5500Q

8El
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COMMON CAS0S5510
9/TURB/C1.C2,CD,SQRTCD,CD25,ECONST,CTAUTHW,CYPTW, TAUTWI( 22) CAS05520
9,TAUTW2(22), YPUST1(22),YPUST2(22) CAS05530
9, TAULW(22),XPUSLWI22),CTAULW,CXPLW CAS05540
9,GENK{22) ,FACTKE ,FACTED, JTKE,UTED,CAPPA CAS05E50
9,INLYT L INLY2,I0UTY,I0UT2, 1101, I2P1, 1311 ,I4P1 CAS0S55G0
COWIACN JABC/AREAE CAS0557¢
DIVENSION F( 3766) CAS05580
DIMENSIOH D! FS{22),EMUS{22),HCONS{22),RH05(22) €as055990
EQUIVALENCE (DIFS{2),DIFNIt1)), (EMUS(2).EMUN({1)})) CASCSG00
EQUIVALENCE (RADS(2),RHON(1)}, {AREAE,AREAW) CASCSB10
EQUIVALENTE (HCONS{2),HCIONN(1}) CAS05820
EQUIVALENCE (F{1},U(1}) CAS0S630
DIVENSION A(Z2),B(22) CAS05640
EQUIVALENCE({A(T1),ANC1)Y),(B(1), AS(1)) CASOREGD
DATA KTRIP/O/ CAS0S66G0
CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 1 CAS05670
CHAPTER 2 2 2 2 HEADINGS 2 2 2 2 2 2 2 2 2 2 2 2 CAS05280

ENTRY ODUTFH CAS05690
Cmrmrc e e rr e e ——— - ———————— THE PROBLEM CAS05700
20 WRITE(6,2C1) . CASD05710
201 FORMAT (///1% , 10X, SCHLAMINAR ,UNIFORM~-PROPERTY FLOW IN A CIRCULAR RICAS05720

1PE /1 X,10X,S0(tH=-)) . CAS05730
= e e e e e ———— ————— PROBLEM INFORMATION CAS505740

REY=RHOREF*U INLET+2.*RPIPE/EMUREF CasQ5750
’WRITE(6.210) XPIPE ,RPIPE ,UINLET,REY,HINLET ,HWALL CAS0570Q0

210 FORMAT (//1X, 10H XPIPE,10H RPIPE,10H UINLET, CAS05770
110H REY. ND.,104 HINLET.,10H HwWALL/1X,1PBE10.2) CAS05780

WRITE(G.256) NX,NY , NXMAX,NYMAX CAS505790

WRITE(G.251) KRAD,NTDivA, KMPA, LASTEP,RSCHEK ,CCHECK CASQ5200

250 FORWAT(/1X,10H NX,10H NY ,10H NXMAX, 104 NYMAXCASCOSRI0
171X . 4110) Casese820
251 FOUMAT (/1X,10H KRAD ,10H NTDWA,10H KMPA,10H LASTEPCASOSE30
1,1CH RSCHEK,10H CCHECK/1X,4110,1P2E10.2) CASCOSHAQ
RETURN CASO5ESD
CHAPTER 3 3 3 3 3 FIELD VALUES 3 3 3 3 3 3 3 3 3 3 3 CAS0O58G0

ENTRY GUTPF CAS05670

CO 31 JPHI=1 ,JLAST CAS05EB0 -

IF(JPHI.EQ.JPP) GO TO 31 CaAS0589¢

IF(KSOLVE(JPHI}.EQ.D0) GO TO 31 CAS05200Q

32 CALL PRINT(JPHI) CAS05910
31 CONTINUE CAS05920
KIRIP=0 CAS05330
FETURN CAS059480
CHAPTER 4 4 4 4 PRINT DUT OF RESIDUAL SOURCES AND MONITORING VALUES CAS505950

ENTRY QUTP1 CAS05960

IF(ISTEP.LE. 2) GO TO 110 CAS0%4970

IF(MOD(ISTEP,IPLRS).NE.O)} GO TO 1140 CAS05980

110 WRITE(G6,1100) ISTEP.ISTEP CAS505990

WRI1TE{ 6.9929) CASQARQ00

WRITE(E,1101) (ITITLE(K) .K=1,dP) CAS0R010

DD .11B IX=2,NxM1 CASCB020Q

118 WRITE(S,1102) IX.KOUNT(IX),{RSLINE(IX,J),Jd=1,JPP} CASOB030
1150 WRITE(6.,1103) (R3SUM(J),J=1,JPP) CASDE040

DO 116 J=1,JP

CONVERSATIONAL MONITOR SYSTEM

CASQEODS0

PAGE 011
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IF(J.NE.JPP) GO TO 1460 CASQE060
STORE(J)=0.0 CAS06070
GO TO 116 CAS2E080
1160 = IMON (J)+IZERD{J) CASCE090
STORE{uJ)=F(1} CAS06100
116 CONTINUE CAS05110
WRITE(6,1104) 1XMON,IYMON . CASOE120
WRITE(G,1105) (STORE(J),d=1,JP) CAS06130
KTRIP=0 CASCG140
o —————— wm=m== KTRIP 15 A LOCAL 'TRIPPING CONTROL SWITCH' CAS06150
GO TO 1170 ' ‘ CASO6160
1140 KTRIP=KTRIP+1 : CAS06170
IF{KTRIP,GT. 1) GO TO 1141 CAS06180 .
WRITE(G,1113) . ) CAS06190
WRITE({6,1110) IXMON,1YMON CAS06200
WRITE(G,9999) _ CAS06210
WRITE(6,1111) (ITITLE(K).K=3,JP) CAS0E220
1141 WRITE(G.1112) ISTEP,{RS5UM(J)},Jd=1,dPP) CAS0N5230
DO 117 J=1,JP CAS062430
IF(J.NE.JPP) GO TO 1142 CAS06250
STORE(J)=0.0 CAS06260
GO TO 117 CAS06270
1142 1=I1MON(U)+IZERQ(Y) CAS06280
STORE(WJ)=F(1) CAS06290
117  CONTIRUE CAS06300 —
WRITE(6,1113) ISTEP,(STORE(J),J=1,dP) CAS06310 3
1170 CONTINUE CAS06220
1100 FORMAT(/1X.14HITERATION NO. ,13.2X,70{1H=),4X,14HITERATION NO. , CAS5S08330
t 134/ CAS06340
1 1X,63HALGEZRAIC SUM OF RESIDUAL SQURCES AT EACH LINE=-RSLIRE{1X,CAS06350Q
1uPH1)/) ) : CASC6360
1101  FORMAT (1X,13HIX NO. TRAVS,2X,10(3X.14,3X})) ) CAS06370
1102 FOPMAT (1X.12,6X,12,3X,1P10E10.2) CAS06380
t103 FCSMAT(/1X,37H50Y OF A8S. VALUES OF RSLINE(IX,JPHI}// CASCE390
11X,13(1H=),1P1CEIGC.2/) CAS06400
1104 FOPMAT(/1%X,.21HVALUES AT MONITORING LOCATION {,I2,1H,,I12,1H)/ CASQ05410
1 t1X%,6X.,1P10E10.2) CAS06420
1105 FORMAT(1X,13(1H=~),1P10E10.2) CASCE6430
1110 FCRMAT(/1X.584SUM OF ABS. VALUES OF RSLINE(IX,JPH1), PRECEDED BY CAS05440
Towen=e /1% 30HVALUES AT MONITORING LOCATION(,I2,1H,,I12,tH), CAS0B450
2 274, PRECEDED BY =—==-—=-) CAS0G460
1111 FOSMAT (/1X.85X.5HITER.,3X,.10(3X,14,3X}) CAS06470
1112 FORMAT (/1X.BH-svsxs 1%,13,3X,1P10E10.2) CAS505<80
1113 FORMAT (1X,B6H-=——=-,1X,13,3X,1P10E10.2) CAS0B490
1114  FCRMAT(//1X,60(tH=)) CAS9€S00
9999 FURMAT(/1%X,S6H( 1 = U, 2 =V, 3 =H, 4 = PP, 5 = P, 6§ = RHO, 7 = ECASCE510Q
1 )/) CAS0E520
RETURN CAS06530
CHPTER € 5§ %5 555 5 CASGES40Q
ENTRY OUTP2 CASOGSS0
D050 1X=2,NXM1 CAS06560
1=2+{1X=1}=NY CASDES70
50 STGRE(IX)I=TKE(I)/ABS{TAUTWI(IX)/RHO(I1)) CAS06580Q
WRITE{6,500) (IX,TAUTW1{IX),YPUST1({IX),STORE(IX),IX=2,NxXM1) CAS06390
S00 FORMAT(//1X,20H VALUZS OF - WALL//1X,3H IX,2X,11H TUuy ., CAS06600
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11 Y+ JU1H K/UTAUS®2 /(1X,13,2X,1P3E11.3)) "CAS06610

DO 59 IX=2,NXM1 CAS506620

TaNAME+(IX=1)=NY CAS06530

59 STORE( IX)=TKE(I}/ABS{TAUTW2{IX)/RKO(I)) CASOE640

WRITE(6,500) (IX,TAUTW2(IX),YPUST2(IX),STORE(IX),IX=2,NXM1} CASQ6650

- FACTOR=CD/CD25 CAS06660

e CALAULATE AND PRINT OUT LENGTH SCALE : CASOG670

0O 503 1X=1,NX CASCBEBD

DO 503 I¥=1,NY ' CASO6E90

I=1V+{1X=1)*nY CASD6700

503 TED(1)=FACTOR*TKE(I)+SQRT(TKE(1))/(TKE(I)*RPIPE+TINY) CASO0G710

 CALL PRINT(JTED) CASD6720
RETURN - CASG6730 .

END . _ CAS06740

SUBROUTINE CONST CAS06750

CONMON CAS0B760

1/CASEY JUINLET,FLONIN,RPIFE.XPIPE,FXSTEP ,HINLET ,HWALL CAS06770

2/0NY/ DYG(22).DvVv(22),FV(22),FVNODE(22),R{22),RDYG({22) ,RDYV(22) CAS06780Q
2.RSYG(22),RSYV(22),RV{22),RVCB(22)},5YG{22),5vVv(22),Y(22),Yv(22) CAS067290
A/DNYONX/AE(22) AN({22),AP122),A5(22),AW(22),C(22),0(22),DIFE{22) CAS05800

3,DIFN(22),0UuN(220, DIFW(22),DU{22),0V(22),EMUE(22),EMUN({22) CAS06510
3 . JEMUW(22) ,HCONE(22),HCONNL22), HCONW (22) CAS06820
3,PHINLD{22),RHDE[22),RHON(22}), RHOW{22),5P(22).5U(22) CASQER30
3,VOLUME(22), CONMI22),00N5(22), CONE(22),CONWI22), ESMPHI (22) CAS0GEAD
4 /DRX/ DXG(22),08XU{22),FU(22),FUNDODE(22) ,KOUNT(22),RDXG(22) CASDEGS50
4,RDXU(22).R5xG(22!,RSKU(22).STDRE(22].SxG(22).SKU(22).x(22).XU(22)CASOGBGO
5/DJPHI / IEW(10),ILAST(10) . INMCN(1Q), IXNY(10),.IZERO(10Q) cascegeyo
5. IGROUP(10), KADSOR{10) , KSOLVE{ 10) ,KRS(10),RELAX(10},RSREF(10) CAS06880
5, RSSUM(10},ITITLE(10) CASQeg90

CONMI0N CAS05200
S;DOKCCHECK.DP.FLONFC.FLOWST.FLowUP.GREAT.ILINE.IPLRS.I"EF.IPR!NT CASQrRQ10
6,1STEP JIXL,IXINY. IXINYY, LX2NY2, IXMON, IXP1, IXPREF, IYMON {PREF CAS506920
6,0EMU, JH, JLAST (WJLIMT JLIN2,dLIMI, JLIMI,JP,JPP,JRHO ' CAS506230
6,JU.JV . JVP1, KINPR] . KMPA, KRAD, K RHOMU , KTEST, LABPHI CAS06240
6,LAS5TEP,LINEF,LINEL,NEQ, HEQPY CAS0€G50Q
6,N0DEF  NJIDEF 1 ,NODEL  NODEL1,NODLP1, NTCWA, NUMCOL CAS063960
B, WX, NXMAX NXKT HXM2  NXYG ,NXYP, NXYU,NXYV CAS0B970
6, MY NYMAKCNY MY, NYM2, PRI, RSCHEK, RSMAX, TINY CAS06980

COWa0ON /PRGP EMUREF ,PRLI10}.PRT (10) . RHOREF CAS06290

COWVION /D201 ARSL(22,10) ,RSLINE(22,10) CASQ7000

COMEON/D2D2/U1462) ,V(462) ,TKE( 483}, TED(4B4) ,H{4B4),PP({22),P(400) CAS07010
T.RHED(483) ,EMU({3BI) CASCT7020
7.INLY(10).IOUT(10).KIN.KOUT,RELTKE.RELTED.ISTCH CASO7030

COLTICN : CASC7040
9fTUﬂB/C1.C2.CD.SQRICD.CD?S.ECDNST.CTAUTN.CYPTW.TAUTW1(22) CAS070%0
9, TAUTW2(22), YPUST1(22),fFUST2( 22) CAS07060
9, TAULW (22) ., XPUSLWI22).CTAULW,CXPLW CAS07070
9,GENK(22),FACTKE , FACTED, JTKE,JTED,CAPPA CAS07C80
O, INLY1,IHLYZ,I0UTT,10UT2,1 1M1, 12P1,13M1,14P1 CAS070020

CoNMON /ABL/AREAE CASCT1CO
DINMENS ION F{ 37C6) . CASQ7110
DINENSION DIFS(22),.EMUS(22),HCONS(22),RHDS(22) CAS07120

EQUIVALENCE (DIFS{2),DIFN{1)), (EMUS(2),EMUN(1)) CAS0O7130

EQUIVALENCE (FHCS(2),RHON(1)}, (AREAE,AREAW) CAS07140

EQUIVALENCE (HCONS{2),HCONN(i)) CAS071540

bl
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EQUIVALENCE (F(1),uU{1)) : CASD7160
DIMENSION A(22).B(22) CAS07170

. EQUIVALENCE(A(1).AN(1)}),(B{1),AS(1)) : CAS07180
Cree—rmac—tm mmmm~e ——e=e CONSTANTS RELATED TO NX AND NY - CAS07190
ENTRY CONST2 ) CAS07200
NXMI=NX=1 CAS07210
NXM2=NX-2 o CAS07220
NYM1=NY=-! CAS07230
NYN2=NY=-2 CAS07240
C m»=emmm—me e e -== TOTAL NUMBER OF NCDES FOR DIFFERENT VARIABLES CAS07250
NXYG=NX*NY . CAS07260
NXYP=NXM2+NYM2 ‘ CAS07270
NXYUsH XM1+NY CAS0728B0 _
NXTV=NX¢*NYM1 _ CASD729Q
INLYT= INLY(3) ' CAS07300
INLY2= INLY(KIN) CAS27310
10UT1=10UT(1} : CAS07320
10UT2=1DUT{KOUT) CAS07330
11 =1 NLY 1~ CAS07340
12P1=TNLY2+1 CAS07350
I13Mt=10UT1-1 CAS07360
14P1=10UT2+1 CAS07370
RETURN CASO7380
C = rmc e s = ———=« CONSTANTS RELATED TD VARIABLES -CAS07390
ENTRY CONST3 CAS07400
JYPI=gvel CAS07410
NEQF1=NEQ+1 ; CASQ07420
KRHOMU =KSOLVE{JRHO)+KSOLVE{JEMU) CAS07430
C ==rmsemme e e —— e IZERD,ILAST AND IEW FOR DIFFERENT VARJABLES CAS07440
1ZERD(1)=0 ‘ CAS07450
CO 35 J=1,JLAST - CAS07460
. 1E(J=-JU)} 310,301,310 CASQ7470
310 1F(J=-dV) 320,302,320 ' CASD74R9
320 JF({J=JP) 330,303,330 CASD7490
330 1F(J-JPP} 305,304,305 CAS075¢C0
301 1L=NXYU CAS07510
TLMAX= (NXMAX=1)*NYMAX CAS07520
1EW(J) =NY. CASO07330
GO TO 34 ‘ CAS07540
302 IL=NXYV CASO7550
TEMAX = NXMAX> (NYMAX=1) CAS507560
IER{J)Y=NYMT CASQ7570
GD TO 34 CASQ7580
303 JL=NXYP _ CAS07580
ILMAX= (NXMAX=2)* (NYMAX-2) CASOT500
TEW(J) =NYN2 CAS07610
co TD 213 CAS97520
304 1L=NY CAS07630
ILMAX=NYMAX . CASC7E40D
1EW(J) =0 CAS07650
GO TO 34 CASO76E0
305 1L=NXYG CASQ7670
ILMAX= NXMAX= NYMAX CAS07680
1EW(J) =NY CAS07690

34 ILAST(J)=1ZERQ({u)+IL : CAS07700

Al
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IF{J.EQ.JLAST) GO TD 35 " CAS07710
JP1=U+1 CAS07720
1ZERG({ JP1)= IZERD(J)+ILMAK CASD7730
---3% CONTINUE CAS07740
L mmem e s cmomem ASSIGNING VALUES TO JGROUP({JPHI) " CASO07750
0O 351 J=1_NEQ ’ CAS07760
JGROUP (J)=5 . CASO7770
IF(J.EQ.JU) JGROUR{J)=1 CAS07780
IF{J.EQ.JV) JGROUPR({J)=2 _ CASD7790
1F(J.GE.JLIM1,AND.J.LE.JLIM2) JGROUP(J)=3 CASQ7B00
: 1F(J.GE-JLIM3,AND, J.LE.yLIM3) JGROUP(J)=4 CASD7810
351 CONTINUE CAS07820
€ ==—reemm— e mimm—s e ASSIGNING NAMES TO THE TITLE-ARRAY CASD7B30
. ITITLE (JU)=JU caso7840
ITITLE (WV)=dV ‘ : CAS07850
ITITLE(JP)=JP CAS07BGO
ITITLE(UPP)=JPP : CASO7870
ITITLE (UTKE) =JTKE CAS0788B0
ITITLE (JTED) =JTED CAS07890
ITITLE (JRHQ) =JRHOD CASOTE00
ITITLE(JENU) =JEMU CASC7910
ITITLE {JH)=JH CAS07920
PETURN CAS07930
C =r—mcemeecemcsemacea—e CONSTANTS RELATED TO CHAP., 5 OF MAIN =~~—ce-=eeCAS07940
ENTRY CONSTS CASO7550
1PREF=1YPREF = 1+(IXPREF 2 )*NYM2 - CASD7960
DO 56 J=1!,JLAST CASD7970
IF(V.EQ.JPP) GO TO 56 CAS07980
INCH(J )= IYRON+{ [XMON=1)+ IEW(J) CAS07990
IF(J.EQ.JP) INON{J)=IYMON=14(1XMON-2)*I1EW({J) CAS08000
56 CONTINUE CAS0B010
RETURN CASOBO20
END ’ CAsS0B030
SUBROUTINE ADUUST CAS0B040
COMMON CAS08050
1,/C5%E1 /UINLET,FLOWIN,RPIPE  XPIPE,FXSTED INLET,HWALL CASCR0G0
2/DKY/ DYG(22).DYV(22),FV(22),FVNDDE!T] - 22) ,RDYG(22) ,RDYV(22) CAS0B9I70
2,R5YG(22),R5YY(22),RV(22}.RVCB(22),5:3 ...),5YV({22),Y(22),YV(22) CAS08080
3/CNYONX/AE(22),AN(22),AP(22),A5(22),Aw(22),C{22),D(22) ,DIFE(22) CASCBC90
3.DIFN(22),0UW(22); DIFwW(22),DU(22).DV{22),EMUE(22),EMUN({22) CAS08100
3 JEMUW(22) ,HCONE (22),HMCONN(22). HCONW (22) CAS50B110
3.PHIOLD{22). RHOE(22).RHOM (22}, RHOW{22),5P(22),50(22) CAS08120
3. VOLUME(22),CONN(22),CONS(22),CONE(221,CONW(22), ESMPHI (22) CAS0B130
4/7DNX/ DXG(22),0XU(22),FU(22),FUNDDE(22) ., KOUNT(22) ,RDAG(22) CASOB140
4,R0XU(22),55XG{22) R5XU(22) ,5TORE(22),SX5(22).5XU(22), X({22),xU(22)CAS08150
5/DJPHI/ 1EW(10),ILAST(10),IMDN{10),IXNY(10)},1ZERO(10) CAS08150
5,JGRCUP(10), KADSOR(10),KSOLVE( 10) ,KRS{10)},RELAX(10) ,RSREF(10) CAS08170
5,RSSUM(10),1TITLE(10) CAS08180
COMMCN CAS0B190
6/00/CCHECK,DP,FLOWPC. FLOWST, FLOWUP, SREAT, ILINE, 1PLRS, IPREF, IPRINT CASOB200
€.ISTEP L IX,l1X1NY,IXINYT,IX2NY2,IXMON,IXP1, IXPREF,IYMON, JYPREF CASOB210
6.JUEVMY, JH ULAST, ULIMT, JLIM2,JLIM3,JLIMA, JP, JPP,JRHD CAS08220
6,JU,JV ,JVP1, KINPRI ,KNPA, KRAD, KL RHCMU  KTEST, LABPHI CASDB230
6, LASTEP.LINEF,LINEL,NEQ, NEQF1 CAS0B240

6 ,NODEF ,NOCEF1,NODEL ,NODEL1,NODLP1,NTDMA, NUNMCOL CAS08250
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G, NN, NXMAX NXMT NXM2,NXYS ,NXYP, NXYU,NXYV " CAS08260
6, ,NY NYMAX NYM1 NYL'2,PT,RSCHEK, RSMAX , TINY CASQ0B8270
CONION /PRCP/ EMUREF ,PRL(10),.,PRY (10}, RHOREF CAS08280
COMMON /D201 /ARSL{22,10) ,RSLINE (22,10) CASCB290
COMMECN/D2D2/U(462) ,V(462),TKE( 484),TED(484) ,H(4B4),PP(22),P(400) CAS0OB3Q0
7.RHO483) ,EU(48]3) CA30B310
T INLY(10),10UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH CA508320
COMMDN CASQ38330
9/TURB/C1,C2,CD.SORTCD,CD25,ECONST,CTAUTW,CYPTH, TAUTWI(22) CAS08340
9, TAUTW2{22), YPUST1(22),YFUST2(22) CAS08350
9, TAULW({22) . XPUSLW{22),CTAULW,CXPLY CASQB3GO
9.GENK(22).FACTHE.FACTED.dTKE.dTED.CAPPA CAS02370

9, INLYT ,INLY2 1CUTY,I0UT2,I11M1,12P1,13M1,14P1 CASC3380 _
COMIAON /ASBT/AREAE CAS0QB390
DIMENS ION F(3768) ' ’ CAS0E400
DIMENSION DIFS(22),EMUS(22) ,HCONS(22) ,RHOS(22) CAS08410
EGUIVALENCE (CIFS{(2).DIFN(1)), (EMUS{Z2),EMUN(1)) CAS08420
EQUIVALENCE (RHOS({2),RHOW(1)), (AREAE,AREAW) CAS08430
EQUIVALENCE (HCONS{2).HCONN(1)) Ca508440
ECUIVALENCE (F(1),Ul1)})) CASC84a50
DIENSION A(22),8(22) CA50B43GO
EQUIVALENCE({ A(T),AN(1))},{B{1),AS(1)} CASOBA70
CHAPTER 1 1 1 b} 1t ° OVERALL-CONTINUITY CORRECTION 1 3 1 1 1 CAS08480
ENTRY OVACON ‘CASCA490
IF(IX. EQ.NXM1) RETURN CASQ3GS Q0
L= ——— - - ew—w—a ADJYST MEAN PRESSURE CAS0BS10
FLOWST=0.0 ’ CAS0B520
SUNA=0.0 CASQBRS30
SUMRA=0.0 CAS08540
DD 104 IY=NODEF,NODEL CASCESED
I=1Y+]XINY . CAS08560
1E=T4NY CASCE370
AREA=SYG{IY)=R{lY) ' CASCB580
SUA-SUMA+AREA CASOERRSO
RA=0.5*(RRJ[ 1)+RHOC(1E))=AREA CASQERQO
SR A= SUMRA+ RA CASCBGR10
FLOWST=FLOWS T+RA-U(TI) CAS03520
104 COonTIMUE. - CASCB530
DELU=( FLOWUP-FLOWST)/SUMRA CASQ8540
DP==DE LU~ (FLOWUP+FLOWST) /SUNMA CAS5CE8650
FLOWRPC=0.0 CASQBEGD
DO 105 IY=NODEF,NODEL CASODBETO
[ —-=—~ CDRRECT P AT DOWNSTREAM PLANE CAS3aEg0
IP=IY=1+IX2RYZHNYM2 CASOBRR2O
FIIP)=P(IP)+D? CAS287C0
Cr= e e e —— CORRECT U'S CAS0B710Q
T=1Y+1 X1NMY CAS08720
IE=I+NY CASOB730
ROE=0.5+(RHD (I)+RHO({1E)) CASC3740
UiI=u(l)+DELV CASCEB7H0
FLCWPC =FLOWPC+U(T1) +FOS»SYGIIY) *sR(IY) CASO27G0
105 CC~TINUE CAS08770C
IF(IX.EQ.-NXM2) RETURN CASCB780
[ et ADD DP TD ALL COTHER DOVWNSTREAM LOCATIONS CAS03790

IT1=NYLIZ2ZHNYM2 +IX2NY 2+ 1 CASDE800
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_ DD 1075 1P=11,NXYP CAS08810
1075 P(IP)=P(IP)+DP . CASCBB20
RETURN CAS0BB30
"CHAPTER 2 2 2 2 2 CELL=WISE CONTINUITY CCRRECTION 2 2 2 2 CAS08840
ENTRY CELCON CAS0BBS0)
IF(KSOLVE(JU).EQ.0) GD TO 200 CAS0BBG0O
IF{IX.EQ.NXM1) GO TO 200 . CASOBB70
o e e e T CORRECT U'S ON TDMA LINE. CAS08830
0O 21 1Y=NODEF,NODEL CAS0889¢
1=1V+IX1INY _ . . CAS08900
U{I)=u{1)I+0U(IY)*PP(1Y) CASOB91Q
_ Jw=I-NY ] CASCB920

- I =UCIWI=DUW(TY ) +PP(IY) CAS0B8930 .
21 COHTINUE . ) CASORI40
Crmmmmmrmmme = ————————— CORRECT V'S ON TDMA LINE ' CAS08350
200  IF(WSOLVE(JV).EQ.0) GD TO 210 CASOB9E0
DO 201 1Y=NODEF,NCDEL1 : CAS0B970
Iv=1Y+ ININYY CAS00980
201 VEIVI=V(IVI+DVIIY) » (PP(IY)=-PP{IY+1))} CAS0B29Q
Cmesrmm e e m = mm e e CORRECT P'S ON TDMA LINE CaS09000
210 IF{KSOLVE(JUPP).EQ.0) RETURN CAS09010
ICONST = IX2NY 2-1 CASC9020
RFSRELAX(JP) CAS09030
DO 211 1Y=NQDEF,NDDEL TAS09040
IF=1Y+ICONST _ CAS03050
PIIP)=P(1P)+PP(IY)*RF CASOI060
211 FP{iY}=0.0 : CAS09070
FETURN ' CAS09080
ERD . CAS09090
SUBROUTINE BQUND(LPHI) CAS03100
COMNON ' . CASQ911Q
{/CASE1 /UINLET,FLOWIN,RPIPE,XPI PE,FXSTEP, HINLET ,HWALL CAS09120

2/CNY/ DYG{22).0Yv(22),FV(22).FVYNDDE(22),R(22),RDYG(22) ,RDYV(22) CAS09130
2,R5YG(22),R3YV(22) ,RV(22).RVCB (22).5YG(22).,5YV(22),Y(22),Yv(22) CAS0S1490
J/ONYCONX/AE(22) AN 2Z) . AP(22),A5(22),4W(22),0(22).0(22),DIFE(22) CASQ0915Q

3,DIFN(22),DUW{22), DIFW(22),DU(22).,0Vv(22),EMUE({22),EMUN(22) CAS09160
3 LEMUW(22) ,HCONE {22) ,HCONN(22), HCONW (22) CAS09170
2 ,PHIOLD{22),RECE(22)},RHON{22), PHOW(22),5P(22).5U(22) Cas02180
3,VvOLUNME({22), CONNI22),CONS{22), CONE(22),CONW(22)}, ESMPHI (22) CAS09190
4/DN%/ DXG(Z22).DXU(22),FU(22),FUNODE(22),KCUNT{22) ,ROXG(22) CAS09200
4,7DXU{ 22),RSXG{22),R5XU(22),STORE(22),SXG(22),5XU(22),X{22),XUl22)CA509210
S/DUPHI/ TEW{10).I1LEST(10),INORI10), IXNY(10).1ZERD(10) CAS09220
5,J6R0UP(10), KADSGR{10) . KSOLVE( 10} . KRS{10) ,RELAX(10),RSREF(10) CAS09230
S.RSS5UM(10) . ITITLE(10Q) CAS09240
COMION CAS09250
6/D0/CCHECK,DP,FLOWPC,FLOWST ,FLOWUP,GREAT, ILINE,IPLRS, I PREF,IPRINT CASO02250
6,15TEP ,IX,IXINY,IXINY1,lX2NY2 K IXMON,IXP1,lXPREF,IYMON, I[YPREF CASCQO270
6, UEMU, JH,JLAST , JLINT ,JLTM2 , JLINI,JLINA,JP, JPP.JRHO CASD2280
S.,UU.JV,JYPT, KINPRI ,KMPA, KRAD KRHCMY,XTEST, LABPHI CAS02290
' 6, LASTEP,LINEF,LINS L, RED, NEQHT CAS02300
6 ,N0DEF ,NODIF 1 NOZEL,RODELT,HNODLEY NTDYA ,NUMCOL CAS02310
B, NX NXMAN NXMYT NXM2 NXYC ,NXYP, NXYU,NXYV CAS09320
B, NY , NYMAX NYRY NYL2,PI,RSCHEK, RSMAX, TINY CAS09330
CCMMON /PRCP/ EMUREF ,PRL{10},PRT (10), RHOREF CAS09340

CCiAMON /D201 /ARSL(22,10) ,RSLINE(22,10) CAS509350
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CODMMON /D2D2/U(462) ,V(462) ,TKE( 484) , TED{
7.RHD{485),EmMU(4843)
TL,INLY{10),I0UT(10) ,XKIN,KOUT,RELTKE,RELT
COWNON
9/TUR8/C1,C2,CD,SQRTCD,CD25,ECONST,CTAUT
9, TAUTW2(22),YFUST1(22),YPUST2(22)
9, TAULWI(22)  XPUSLW(22).CTAULW,CXPLW
9,CENK(22Y,FACTHKE,FACTED, JTKE,JTED,CAPPA
SLOINLYT  INLY2,I0UTY,IQUT2, 1 1Mt I2P1,13M1
COMOON /ASC/AREAE
DIMENSION F{ 370G6)
DIMENSION.DIFS(22) ,ERUS(22),HCONS(22),R
EQUIVALENCE (DIF3{2}.DIFN(1}), {EMUS(2)
EQUIVALENCE (RHO5{2},RHDON{1}), (AREAE,A
EGUIVALENCE (HCONS(2).HCONN(1))
EQUIVALENCE (F{1},U(1))
DIMENSION A{22),B(22)
EQUIVALENCE({A(1),ANI1)),(B(1),AS5(1))
CHAPTER 1 1 1 1 1 PRELIMINARIES 1
JPHI=L PH!
IF(JPHI.EQ.JU) GD TO 20
IF{(JPHI.EQ.JH) GJ TQ 30
IF{JPHI.EQ.JEMU) GO TO 40
IF(JPHI.EQ.JTKE) GO TD 50
IF(JPHI.EQ.JTED) GO TO 692
IF(JPHI.EQ.JV) GO T0O 79
1F(JPHI.EQ.JRHO} GO TO 80
RETURN
CHAPTER 2 2 2 2 2 UPDATING OF U ON BOU
20 CONTINUE
RETURN
30 CONTINUE
CHAPTER 3 3 3 3 3 UPDATING OF H ON BOU
NETURN
40 CONTINUE
CHAPTER 4 4 4 4 4
Crm=mmmeemem ~~=-LADLE FREE SURFACE
1F({IX.NE.2) RETURN
0O 41 1Y=2,NYM
I=1¥+]1X1INY
lW=1~-NY
IF(IY.GE.INLY1 AND.IY.LE.INLY2) GO TO 4
IF(IY.GE.IQUTT . AND.IY.LE.IOUT2) GO TO &
EMU(IW)I=EMU(T)
41 CONTINUE
RETURN
CHAPTER 5 5 5 5 UPDATING OF TKE
50 CONTINUE
Q===e——-FREZ SURFACE
IF(IX.NE.2) GO TO S001
DO =01 1vY=2,11M1
1=1Y+IX1NY
IW=1-NY
501 THE(IW)=TKE{I)
DO 502 1y=i2P1,13M1

CONVERSATIONAL MONITOR SYSTEM

484) ,H(484) ,PP(22),P(400) CAS09360
CAS09370

ED, ISTCH CAS09380
CAS09390

W,CYPTW, TAUTWI (22) Ca509400
CAS509410

CAS09420

CAS09430

14P1 CA502440
CAS09450

CAS09460

HOS (22) CAS09470
LEMUN(1)) CAS09480
REAW) CA509499
' CAS09500

CAS09510

CAS09520

CA509530

1 1 1 1 1 1 1 1 1 CA509540
CAS09550

CAS09560

CAS500570

CAS09SBO

CAS09590

CAS09G00

CAS0S510

CAS09620

CAS09630

NDARIES 2 2 2 2 2 CAS09B40
CAS09G50

CAS0S96G0

CAS0S670

NDARIES 3°'3 3 3 3 CAS026B0O
CAS09590

CASD9700

CAS09710

CAS09720

CASC9730

CAS09740

CAS09750

CAS09760

1 - CASC9770
1 CAS0U9780
CAS02790

CAS02800

CAS09810

CAS00820

CAS00830

CAS0CSRA4Q

£A509850

CA509BG0

CAS09B70

CAS09B8BO

CAS0SB890

CAS09900
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I=1Y+1 XINY
Iw=1-NY
502 TKE(IW)=TKE(1)
DO S03 1Y=l4pt NYM1
1=1Y+]1 XINY
IW=1=-MY
503 THE(IW)}=TKE(1)
5001 CONTINUE
Co=mmeme—-—= | ADLE WALL
1L=141 X1INY
IR=NY+ IXINY
TKE{(IL)}=0.0
TKE(IR)=0.0
RETURN
60 CONTINUE

CHAPTER € 6 6 G 6 UPDATING OF TED

C=====--FREE SURFACE

1F{IX.NE.2) GO TO 6001

- DO 601 1v=2,11M1
I=1Y+1X1NY
Iw=1l-NY
601 TED(IW)=TED(I)
DO 602 1IY=1271,13M1
I=1¥+1X1INY
IN=1-NY
602 TED{IW)=TED(1)

DO 603 IY=14P1,NYMY

I=17+1 X1INY
Iw=1-NY
603 TEC(IW)=TED(1I)

6001 CONTINUE

Cm—mme—ae e LADLE WALL
IL=1+]1 XINY
IR=NY+ IXINY
TED(IL)=0.0
TED(IR)=0.0
RETURN

CHAPTER 7 7 7 7 UPDATING QF V

70 CONTINUE
Lo FREE SURFACE
IF(IX.NE.2) RETURN
I11=7131~1
. DO 701 1YV=2,1711
I=TY+1 X1NY1
\1w=1-NYM1
T01h v(lvi=vi(1)
I1112=1231-1
DS 702 1¥=12P1,1112
I=TY+7I X1INYY
IW=I-NYMI
702 vi{IW)=v(I} _
DO 703 IY=14P1,NYM2
I=1Y+1 X1NYY
Tw=I=-NYMI
7?3 V{lw)=V(I}
!

CONVERSATIONAL MONITOR SYSTEM

CAS09910
CAS038%920
CAS09930
CAS09240
CAS09950
CAS09960
CASO9Ye70
CAS099BO
CAS0%990
CAS10000
CAS10010
CAS10020
CAS1C030
CAS10040
CAS10050
CAS10060
CAS10070
CAS10080
CAS10090
CAS10100
CAS10110
CAS10120
CAS10130
tasi0149
CAS10150
CAS10160
CAS10170
CASt0180
CAS10190
CAS10200
CASI0210
CAS10220
CAS10Z30
CAS10240
CAS10250
CAS10260
CAS10270
CAS10280
CAS10220
CAS10300
CAS10310
CAS10320
CAS10330
CAS10340
CAS10350
CAS1C360
CAS10370
CAS103B0
CAS10390
CAS1G400
CAS10410
CAS10420
CAS10430
CAS1C440
CAS1045¢
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" FILE: CASE00S FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 020
RETURN CAS10460
CHPTER 8 B 8 B UPDATING OF RHD CAS10470
80 CONTINUE CAS104B90
RETURN CAS10490
END _ CAS10500
SUBRODUTINE SOURGCE(LPHI) CAS10510
COrmioN . CAS10520
1/CASEY JUINLET,FLOWIN,.RPIPE,XPl PE,FXSTEP,HINLET, ,HWALL CAS10539

2/0HY/ DYG(22),DYv{22),FV(22),FVNODE(22),R(22),RDYG(22) ,RDYV(22) CA510540
2,R5YG({22),RSYV{22),RV(22),RVCB(22).5YG(22),5YV(22),Y(22),YV(22) CAS10550
3/DHNYDNX/AE(22) ,AN{22) ,AP{22)},A5(22),AW(22},C(22),D(22),DIFE(22) CAS10560

3,DIFN(22),DUW(22), DIFW{22),DU(22),0V{22),EMUE(22),EMUN(22) CAS10570
3 JEVUXK(22) ,HCONE (22),HCONN(22), HCONW (22) CaAS10580 -
3,PHIOLD(22),R0DEL122),RHON({22), RHOW (22} ,5P(22),5U(22} CAS10580
. 3,VOLUME(22),CCNN(22),C0ONS(22), CONE(22}1,CONW(22),ESMPHI (22) CAS10600
4/DNX/ DXG(22).DxU(22),FU{22),FUNDDE(22) . KOUNT{22),RDXG(22) CAS10610
4 ,RDXU(22),RSXG{22) ,RSXU(22),STORE(22).5XG(22),5XU(22}, X(22),XU{22)CAS10620
S/DIPHL/ TEW(1Q0) ILAST(10),IMUN(1Q), IXNY{10),IZEROD({10) CAS10630
5,JCROUP(10Y, K2DSOR{10) ,KSOLVE{ 1Q),KRS(10),RELAX{10)},RSREF(10) CAS10640Q
S,RS55UMITIQ),ITITLE(10) CAS1065%0
CONION CAS106G0
6/ /CCHECK ., DP.FLOWPC ,FLOWST,FLOWUP . GREAT,1LINE,IPLRS,IPREF,IPRINT CAS10670
6,15TEP LIX,IXINY,IXINY1,  IX2NY2 ,IXMON,IXP1, IXPREF,IYMON, K IYPREF CAS10680
6, JfMy, JH, JLAST ,JLI%Wt JLIN2,JLIM3,JLIMA,JP,JPP,JRHO tas10690
6.,JU,JV . JVF1, KINFRI ,KMPA, KRAD, KRHOMU , KTEST, LABPHL CAS10700
6,LASTEP,LINEF, LINEL ,NEQ, NEGPI CAS510710Q
6,NODEF NODEF 1 ,NOSEL.NDODELT ,NODLP1,NTUMA, NUMCOL CAS510720
6, NX NXMAX HXMT NARZ NAYG  HNXYP, NXYU,NXYV CaS10730
€,47 NYMAX, NYR1t  NYW2,P1 ,RSCHEK . RSKAX, TINY CAS10740
COWMON /PROP/EVUREF ,FRL(1Q),PRT(10),RHNOREF CAS10750
COMNMON/D2D1/ARSL(22,10) . RSLINE (22,14) CAS10760
COMON D202/ 0(462) ,V(462),TKE( 4B4),TED(48B4 ) ,H(484),PP{22),P(400) CAS10770
7,RHO(4B4),EMU{4843) ' CAS10780
7,INLY(10),10UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH CAS10790
CCishoN CAS10800
9/TURE/CY1.C2,C0,5QRTCD,CO25,ECONST,CTAUTW,CYPTW, TAUTHI (22) CAS10810
9, TAUTW2{22).YPUST1(22),YPUST2(22) CAS10E20Q
A TAULW{22).XPUSIW(22),CTAULW,CXPLW CAS10330
9,GENK{ ?2)  FACTKE,FACTED,JTKE. JTED,CAPPA CAS10840
9, INLYT ,INLY2  IDUT1,10UT2,11M1,12P1,1I3M1,14P1 CAS 08650
CoMON /ABC/AREAE CAS10860
DINENSION F{ 37661 CAS10B70
DIVENSION DIFS(22),EMUS(22),HCONS{22),RHDS (22} CAS10280
EQUIVALENCE (DIFS(2),DIFN(T}}, (EMUS(2).EMUN(1)) CAS10390
FQUIVALENCE (RAD3(2),RHON{1))., [AREAE,AREAW) CAS10200
EQUIVALENLE (HCONS(2),HCOHN(1)) CAS10810
EQUIVALENCE (F{11,U(1)) CAS10320
DINMENSICN A{22),3(22) CAS10230
EQUIVALENCE({A{1),AN[1)).tB(1)},A5(1)) CAS10940
CHAPTER 1 1 1 1 1 FRELIWMINARIES 1 1 1 1 1 1 1 1 1t 1 CA310950
JFPH1=L PHI CaS10960
iF{uFHI.EG.JU)} GD 19 20 CAS10370
IF(JPHI.EQ.JV) GO TO 30 CA510980
IF{JPHI.EQ.JPP) GO TO 40 CAS10990

IF{JPHI.EQ.UH) GO TC 50 ’ CAS11000

Br7L



FILE: CASEQQS FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 021
IF{(JPHI.EQ.JTKE) GO TO G6© CAS11010
IF(JPHI.EQ.JTED) GO TD 70 CAS11Q20
RETURN CAS11030

CHAPTER 2 2 2 2 2 ADDITIONAL SOURCE TERMS FOR U 2 2 2 2 CAS110Q40

20 CONTINUE CAS11050
RETURN ’ CAS11060

CHAPTER 3 3 3 3 3 ADDITICNAL SOURCE TERMS FOR V 3 3 3 3 CAS11070

30 CONTINUE . CAS11080
RETURN . CAS11090

CHAPTER 2 4 4 4 4 ADDITIONAL SOURCE TERMS FOR P! 4 4 4 4 CAS11100

40 CONTINUE ) CAS11110
PETURN - - CAS1112Q

CHAPTER 5 5 &5 5 § ADDITIONAL SCURCE TERWMS FOR H 5 5 § s CAS11130 }

S0 CONTINUE CAS11140
RETURN CAS11150

CHAPTER 6 6 6 6 6§ 6 6 ADDITICNAL SQURCE TERM FOR X CAS11160

60 CONTINUE CAS11170
Cami=Cc2-1.0 CaS11180
DD 6* 1Y=NODEF,NQDEL CAS11190
I=1Y+] X1INY CAS11200
IW=1=-NY CAS11210
IN=1+1 ¢ . CaA511220
INw=1w+1 £AS11230
15=1-1 . CAS11240
15W=1w-1 CAS511250 —
Iv=Iv+ 1 XINY1 CAS11260 £
15V=1v-1 . CAS11270 d
TIEV=FV+NTM1 CAS1128B0
15Ev=]1[CV—1 CAS11290
TWV=IV=NY¥1 Cas11300
1Sav=1wv-1 CAS11310
DUDX={U{I)=U(1%))}*RSXG(IX) ) CAS11320
DVDY={ V{IV)~V{ISV))*«RSYG(]IY) ) ‘CAS11330
DUDY:O.S'(U(IN)+U(INN)—U(IS)-U(ISN))/(Y(1Y+1)-Y(IY-1)) Ca511340
DVOX=0 .5 (V{IEV)*>V (ISEV)=V{IWV)=V{ISWV) )}/ {X{IX+1)~X(IX~- CaAS1135Q
1 1)) CAS113€60
IF{RRAD.EG.2) GO TO 632 - CAS11370
62 GENK{IVY)=(EMU({I)-ENUREF)»(2.0+ (DUDX+»2+DVDY=*2)+ (DUDY+ CAS11280
1 DvDX)e=2) ' CAS11390
GC TO G4 CaS11400
63 ve=v(ISV)+(V{IV)-V(ISV))=FVYNDDE(IY) CAS11419Q
VFDR=VP/R{IY) . : CAS11420
GENK(IY)=(2.»(DUDX*=2+4DVDY**»24+VPDR>22)4{DUDY+DVDX}=*2} » CAS511439
1 (EVU(I)Y-ENUREF) CAS511440
64 CONTINUVE CAS11450
SUCIY)=(1.5+GENK(IY)+C2M1=RHO( I)=TED(I))*VOLUME(IY) CAaS11460
€1 SP(IY)=—(C2+RHOLI)*TED({I1)+0.5+GENK(IY)})}+VOLUME{IY)}/ CASt11470
1 (TRE(1l)+TINY) CAS11480
RETURN . CAS11490
CHAPTER 7 76 7 7 7 TURBULENT ENERGY DISSIPATION 7 7 7 7 CAS11500
70 CONTINGE . CAS11510
CIi=C2-1.0 . CAS11520
TC2M1=2.0+C2-1.0 CAS11530
DO 71 IY¥Y=NODEF,NGTEL CAS11540

I=1Y+1 X1INY CAS11550



- FILE: CASEODS FORTRAN A

7

L

ETVDK=TED(I) sVOLUME{ 1Y)/ (TKE(I)+TINY)
SU(IY)={C1+GENK(IY)+C2M1+RHO(I }=TED(I))*ETVDK

SPLIY)==RHO( IY)«TC2MI~ETVDK
RETURN

END

SUBROUTINE MODIFY({LPHI)
CC'™™DN

1/CASEY JUINLET,FLOWIN,RPIPE,XPIPE,FXSTEP, HINLET,HWALL

2/DNY/ DYG{22),0Yv(22),FV(22},FVNODE(22},R(22),RDYG(22) ,RDYV{22)
2,RSYG{ 22} ,R5YV{22).RV(22},RVCB(22),5YG(22),5YV(22)}.Y(22),Yv(22)
J/ONYONX/AE(22),AN(22),AP(22),A5(22),A%(22),C(22),0(22) ,DIFE(22)
3,.DIFH(22),DUN(122), DIFW({22},0U(22),DVI122}),ENMUE(22),.EMUN(22)

3 yEMUWL22) ,HCOME (22) ,HCONN{22), HCONW (22)
3,.PHIOLD(22),RkMOE(22),RHON(22), RHOW (22),5P(22),50(22)
3,VOLUME(22),CONN(22),CONS(22),CONE({22),CONW(22),ESMPHL (22)
4/0NX/ DXG(22).DXU(22).FU(22),FUNODE(22),KOUNT(22),RDXG(22)

CONVERSATIONAL MONITOR SYSTEM

CAS11560
CAS11570
CAS11E80
CAS11590
CAS11600
CAS11819Q
CAS11620
CAS11630
CAS11640
CAS11650
CAS11G60
CAS11670
CAS11680
CAS11€90
CAS11700
CAS511710Q

4 RDXU({22),RS5XG(22) ,R5XU(22),STORE(22).54G(22),5XU(22),x(22),Xu(22)CAS511720

S/0JPHI/ ITEW{1Q),[LAST(10),IMON{10Q),ANY(10),1ZERO(10}
S,J3R0UP{10), KADSOR(10) ,KSOLVE( 10),KRS[ 10}, RELAX{10) ,RSREF(10)
S.RSSUM(10),1ITITLE(10D)

comain

6,/00/CCHECK ,DP,FLOWPC,FLOWST, FLOWUP, GREAT, ILINE, IPLRS, IPREF, IPRINT

6,ISTEP ,IX,I%1NY, IXINY1, 1X2NY2, IXMON, IXP1, IXPREF,IYMON, IYPREF
6, JEML, U, JLAST UL IN JLIMS, LI M3, JLIMA, JP, UPF,JRHO
6.JU.JV,JVPT, KINSRI  KMPA, KRAD, K RHOMU, KTEST, LABPHI
6,LASTEP,LINEF,LINEL,NEQ, NEQP1
6,NODEF ,NODEF 1 ,NO2EL,NODEL ! . NODLP1,NTEWA, NUMCOL
B,NX,HXMAK.NXQI.NXMQ,NKYG,NXYP,NKYU,NKYV
6, NY NYNMAX,NYM NYM2,PI,RSCHEK, RSMAX , TINY
COMION /PROP/ EMUREF ,PRL{ 101 ,PRT (10),RHOREF
COMAON /02D /ARSL(22,10) ,RSLINE 122,10)
CCWMaN/D202/U(4862) ,V(462),TKE( 4B4) ,TED(484),H(484),PP(22),P(409)
7.RH3{484) ,EVMU(483)
7,INLY(10),10UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH
CONNGHN
JTUKB/C1,C2,CD.S3RTCD,CD25 ,ECONST,CTAUTW,CYPTW, TAUTWI{22)
9, TAUTW2(22), YFUST1(22).YPUST2(22)
O, TAULW (22) . XPUSLW{22).CTAULW,CXPLY
9,GENK(22),FACTKE, FACTED, JTKE,JTED,CAPPA
9, 1NLY1  INLY2,10UTY,I0UT2, 1K1, I2P1,13M1,14P1
CORMON /ABL/ AREAE
DIMENSION F{ 3756}
CIVENSION DIF5(22),EMUS(22),.,HCONS(22) ,RHOS(22)
EQUIVALENCE (DIFS(2),DIFN{1})}, (EMUS(2),EMUN(1)}}
EOUIVALENCE (RHOST2},RHON(1})}, (AREAE,AREAW)
EQUIVALENCE (HCCNS(2),HCONN(1))
EQUIVALENCE (F(13,U(1)}
DIMENSICN A(22},8(22)
EQUIVALENCE(AL1),AN(1)),(B(1),AS(1))

CHARPTER 1 1 11 1 PRELIMINARIES LA T I R D 1 1 1 1

JPHI=LPHI

IF(JPHI.EQ.JU) GO TO 29
1F(JPHI.EQ.UV) GO TO 30
IF(JPHI.EQ.JPP) GO TO 40
1F(JPH1.EQ.JK) GO TO 50

CAS11730
CAS11749
CAS11750
CAS117G0
CAS11770
CAS11780Q
CAS11790
CAS11800
CAS11B10
CAS11820
CAS11830
CAS11840
CAS11850
CAS11E860
CAS11870
CAS11880
CAS1189¢0
CAS11900
CAS11910
CAaS118920

CAS11930 -

CAS511940
CAS11950
CAS113960
CAS11870
CAS11280
CAS11990
CAS12000
CAS12010
CAS12020
CAS12030
CAS512040
CAS12050
CAS12060
CAS12070
casS12¢80
CAS512C90
CAS512100
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“FILE:

CHAPTER 2 2 2 2 2 | MODIFICATIONS TO THE U=-EQUATION COEFFICIENTS

CASEOOS FORTRAN A

IF{JPHI.EQ.JTKE) GO TO 60
IF(JPHI.EQ.JUTED) GO TO 70
RETURN

20 CONTINUE

COMMENT =-====== AT LET-SIDE WALL
AS(2)=0.0
1=2+1X1NY

c ~--

TAUAT= 0.5+ (TAUTWI(IX)+TAUTWI(IXPt))

TAUA1=ASS(TAUAL)

Ui=u{l)

ABSUI=ABS(UI1)
SP({2)=5P(2)~TAUAI#SXU(IX)/ABSUI
—————— ~-4T RIGHT SIDE WALL
I=NYMT+1X1NY

ANINYN1)=0.0

TAUAZ=0.5=(TAUTW2(I1X)+TAUTW2(I XP1)})

TAUAD2= ABS( TR UAZ)
vI=U(I)
ABSUI=ABS{UI)

SP{RYM1)=SB{ NYM1 )=TAUA2*SXU(IX )/ABSUI

Ce=ww=—-w.-E iR FREE SURFACE

210
211
212
250
231

30

CHAPTER 3 13 2 3 3 MDDIFICATIDNS TO THE V-EQUATION COEFFICIENTS

IF{IX.NE.2) GD TQ 250
DD 210 1Y=2, 1Mt
AN(IvV)=0.C

DO 211 Iv=I12P1,13M1

AwW(lY)=0.0

DO 212 IY=I4P1,NYM1
AR(1Y)=0.0

CONTINUE
IF(IX.NE.NXM2} RETURN
D0 251 1=2,NYM1
AS11Y)=0.0

RETURN

CONTINUE

C -—-=---AT FREE SURFACE

312

313
310

349

1§(IX.NE.2) GO TO 310
I11=111-1 : .

DO 311 1v¥=2,11I1

AW{IY)=0.0

11I12=13v1=19

DD 312 1v=12P1,1112

EW{1Y)=0.0

DO 313 1Y=I4P1,NYMZ2

A%W{1Y})=0.0

IF(I1X.NE.NXI21) RETURN

DO 340 1Y=2,NYM2

I=Tv+IX1nNY1

AE(IY)=0.0

TAUA=Q .5« (TAULW(IY)+TAULW{1Y+1)}
TAUA=ABS(TAUA)

Vi=v(1)}

ABSVI=ABS({VI)
SPLIV)=5P{1IY)-TAUA*SYV{IY}/ABSVI

CONVERSATIONAL MONITOR SYSTEM

Cast2110
Cas12120
CAS12130
CAS12149
CAS12150
CAS12160
CAS12170
CAS12180
CAS512190
CAS5122C0
CAS512210
CAS12220
CAS12230
CASt12240
CAS12250
CAS12260
CAS12270
CAS12280
Cas12299Q
CAS12300
CAS123190
CAS12320
CAS12330
CAS12349
CAS121350
CA512360
CAS12370
CAS12380
CaS512390
CAS12400
CAS12410
CAS12420
CA5124830
CASt12442
CAS512450
Cast2480
CAS12470
CAS12480
CAS12490
CAS12500
CAS125%10
CAS12520
CAS12330
CAS12340
CAS12550
CAS512560
CAS12570
CAS125B0
CAS12590
CAS12EQ0
CAS12610
CAS12629
CASi2630
CASt12640
CA5125850
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FILE: CASE0OS5 FORTRAN A

RETURN
CHAPTER 4 4 4 4 4 MODIFICATIONS TO THE P'-EQUATION COEFFICIENTS
40 CONTINUE
Cem—rrcmr s rrr e PUT P'=0 NEAR EXIT
AS{Z)=0.0
ANINYM1)=0.0
IF{IX.NE,NXMiI} RETURN
00 47 1Y=2,N7imt
47 AE(1Y)=0.0
RETURN
CHAPTER 5 & 5§ S5 & MODIFICATIONS TO THE H=EQUATION COEFFICIENTS

- B0 CORTINUE

RETURN :
CHAPTER €6 6 6 6 6§ =—--MODIFY OF K-EQUATION
60 CONTINUE -
SP1=0.0
SU1=0.0
$P2=0.0
sSuU2=0.0
C=====-ww~ww=-=FREE SURFACE
IF(1X.NE,2}) GD TO 610
DO 61 Ivy=Z,I1M1
61 AW(IY)=2.0
DC 62 Iv=I2P1,1I3M
62 AW(IY)=0.0 ’
0O 63 1v=I4P1,NYMY
63 rw(lYy)=0.0

AN(NYWN1)=0.0
AS{2)Y=0.0
810 CONTINUE
Cr———m—aw LEFT SIDE waLL
Ivyi=2

AS(1¥1)=0.0
I=1v1+ IX1NY
Iwt=sI=-NY
TNw=ln1+1
IN=14+1
UCP=U{IW1)+(U({I)=UrIW1))=FUNODE(IX)
UN=U{INW I+ (U (IN)=U(INW) ) *FUNDDE(IX)
UN3ABS (0.5 (UF+UN))
IF{IX.EQ.2.AND.UN,LE.TINY) UN=TINY
ABSTAU=ERS(TAUTWI(1X))
SU{1Y1 )=ABSTAU~UN<SXG(IX)*R(IY)
SP{IT1)=—CO=RHO{I 1 *n2=TKE(I)~UN*SXG(IX)*R(IY1)/(ABSTAU+TINY)
SuU1=50({2)
SP1=5SP(2)

Cmmema— e RIGHT SIDE wall
IYZ=NYil
AN(IY2)=0.0
1=1Y2+ IX1NY
IwsI-NY
ISw=IlW-1
I18=1-1
UP=U(IW)}+{U{I)=-U(Iw))*FUNODE(IX)
US=U{15W)+(U(IS)-U(ISW))*FUNODE(IX)

CONVERSATIONAL MONITOR SYSTEM

" CAS12660

CAS12670
CAS12680
CAS12690
CAS12700
CAS12710
CAS12720
CAS12730
CAS12740
CAS12750
CAS127G0
CAS12770
CAS12780
CAS12790
CAS12B00
CAS12810
CAS12320
CAS12830
CAS12840
CAS12E5Q
CAS12BG0
CAS12870
CAS12E80
£a512290
CAS12300
CAS512910
CAS12920
CAS129230
CAS12240
CAS1225D
CAS12C60
CAS12570
CAS12980
CA512990
CAS13000
CAS132010
CAS13020
CAS13230
CAS13049
CAS12050
CAS130860
CAS13070
CAS13C80
CA513090
CAS12100
CAS13110
CAS13120
CAS13130
Cas13140
CAS13150
CAS13160
CAS13170
CAS13180
CAS13190
CAS513200
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" FILE! CASE005 FORTRAN A CONVERSATIONAL MONITOR SYSTEM ' PAGE 025

US=A3S10.5*( UP+US) ) CAS13210
1F(1X.EQ.2.AND.US.LE.TINY)} US=TINY CAS13220
ABSTAU=ABS(TAUTW2(IX}) Cas51323¢0
SU(IY2)=ABSTAU+US+SAG(IX)*R(1IY2) CAS13240
SP(I¥2)=-CD*RHO(])»«2»TKE({I}*US=SXG( IX)*R{IY2)/(ABSTAU+TINY) CAS13250
SU2=5U(1Y2) CAS13260
o SP2=S5P(1Y2) ‘ CAS13270
. CQemerse——— LADLE SOTTOM CAS13280
1F{1X.NE.NXM1)} RETURN - CAS13290
Do 650 Iv=2,NYM2 CAS12300
AE(IY¥)=0.0 ‘ CAS513310
I=17+] XtNY CAS13320
jv=1Y+ IXINYA CAS513330 _
15V=Iv-1 _ . CAS13340
1SWv=15V=-NYM1 CAS13350
IWV=1Vv~=-NYM CAS13360Q
VRsV(ISV)I+{V(IV)=V{ISV))+FVNCDE(IY) ’ CA513370
V=V ISWVI+(V{IWV)-V(1ISWV))*FVNODE({IY) CAS13380
VW=ABS (0.5+( VvP+V¥)) CAS13390
ABSTAU=ABS(TAULW(IY)) CAS13400
SULTY) =ABSTAU-VWsSYG(IY)*R{1Y) CAS513410
SP({IY) =—CD+RHO[I)=#2«TKE{I)*VW*SYG{IY)*R(IY)/(ABSTAU+TINY) CA513420
650 CONTINUE ' CAS13430
SuU{2)=SU(2)+5Sut CAS134490
SU(NYNM1)=SU(NYM }+5U2 CAS13450
SP(2)=SP(2)+SP1 CAS*3460
SP(NYN1)}=SP{NYM1)+SP2 CAS1337Q
660 CONTINUE CAS134B0
RETURN CAS12490
CHAPTER 7 7 7 7 7 7 NMODIFY TO THE E-EQUATION COEFF, CAS13300
70 CONTIHUE - CAS12510
SP1=0,0 C2513520
sSut=0.0 ' CAS513530
c CAS13540
c CAS13550
1F(IX.NE.2) GQ TO 750 CAS13360
Do 7% IY=2,11M1 CAS13570
71 A4{IY)=0.0 : CAS13580
Do 72 Iv=12P1,13Mt . CAS513590
72 AW(1Y)=0.0 CAS13600
CC 73 Iv=I4P1,NYM1 CAS13610
73 AwillY)=0.0 : CAS513620
750 CORTINUE CAS13G329
Com = LADLE WALL LEFT ) CAS13340
1v1=2 CAS12650
1=1Y1+ IX1INY . CAS136G69
COK=SQRTCO*TKE(I)} CAS13670
TEDI=CDX+SCRT(CDK) /(CAPPA=DYG(NY)) CAS13680
PHIOLD(IY)=TEDI CAS13690
SU{lY11=GREAT~TEDI CAS137C0
SP{I¥y1)=—-GREAT CAS13710
SUI=SU {2} CAS13720
SP1=5rP {2} CAS13730
Cr=mm—————— LADLE WALL RISKT CAS132740

1Y2=NYi!1 . CAS513730

£G1L
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i FILE: CASE005 - FORTRAN A

1=1Y2+ IX1NY °
COK=SQRTCD*TKE{1)
TEDI=CDK+SORT(CDK) /(CAPPADYG(NY))
PHIOLD{1Y2)}=TEDI.
SU{IY2)}=GREAT-TEDI
SP(1Y2 )})=~CGREAT
SU2=SU (NYM1)
SP2=5F (NYN1)
. 760 CONTINUE s .
Ce====cu=e=_ <[ ADLE BOTTOM
IF{IX.NE.NXM1} RETURN
TERM=1 ./ (C&PPA«DXG({NX))
DO 700 1vy=2,NTYM
I1=1Y+] X1INY
COK=SQRICD~THKE(L)
TEDI=CDK+*SQRT(CDK)=TERM
PHIDLD(IY)=TEDI
SU(IY)=GREAT«TEDI
SE{IY)=-GREAT
700 CONTINUE
S5U(2)=5uU{21+5U1
SP{2)=5P{2)+5P1
SUTHYM1)=SU(NYM1)+5U2
SP(NYM1)=SP{NYMt)}+SP2
701 COMTINVUE
KETURN
END _
SULFOUTINE GEDN
COnoN
1/CASE1 /JUINLET,.FLOWIN,RPIPE XPIPE,FXSTEP,HINLET ,HWALL
2/0KRY/ DOYG(22).DYV(22),FVi22),FVNODE(Z22),R(22),RDYG(22)}) ,RDYV(22)
2 .R5YG(22).RSYV(22),RV(22),RVCB(22).5YG(22),8YV{22}),Y(22),YV{22)
3/DNYONX/AE(22).AN(22),AP(22),AS5(22),AW(22),C(22).D0(22),DIFE(22)

3.01FN(22).0UwW(22). DIFW(22),0U(22),DV{22),EWUE(22),ENUN[22)
3 JEWMUW(22) HCONE{22) .,HCONN(22), HCONW (22)
3,PHIOLD(22), RHCE(22) ,RHDNH{22), RHOW(Z22),5P(22),50U(22)

3.vOLUME(22), CONN{(22),CONS(22),CONE(22),CONW({22),ESMPHI (22)
ADNY/ DXGI22),DxU(22),FU'22) ,FUNODE(22) ,KOUNT{22),RDXG(22)

CONVERSATIONAL MONITOR SYSTEM

CA513760
CAS13770
CAS13780
CAS13790
CAS13800
CAS13810
CAS13B20
CAS13830
CAS513840
CAS138%0
CAS13860
CAS12870
CAS13380
CAS13890
CAS12900
CAS13910
CAS13920
CAS13930
CA513940
CAS13950
CAS139G0
CA3123970
CAS513980
CAS13990
CAS514000
CAS14010
CAS14020
CAS14030
CA514040
CAS14050
CAS1406G0
CAS14070
CAS14080
CAS14090
CAS14100
Cast411¢Q
CAS13120
CA314130

4,RCXU(22),R5XG122),RSXU(22),5TCRE(22).5SXG(22),5XU(22), x(22),XU(22)CAS514140

B5/0UPHY/ TEW{10),ILAST(10},INON(10),IXNY{10),I1ZERO(10)
S,JGROUP{10), KADSOR{10),KSOLVE(10),KRS{ 10}, RELAX(10),RSREF{10)
5,RS5UM(10), ITITLE(1D)

COVLION
6/DC/CCHECK.LP,FLONPC , FLOWST . FLOWUP ,GREAT, ILINE,IPLRS, IPREF,IFRINT
E ISTEP IX,1X1HY. IXINY1, JR2NY2 ,IAM3N, TXP1, [XPREF,IYMON, IYPREF
6,JEMY, JH,.JLAST ,JLIMT ,JLIM2,JLIM3, JLINS,JP,JPP,JRHO
6,dU, oV, JVFT KINPIHL,XWPA, KRAD K RHOMY ,KTEST, LABPHI
6,LASTEP,LINEF,LINEL,NEQ, HEQF1
6,NODEF ,NODEF 1 NDDEL ,NODEL1,NODLPI , NTDW A, NUMCOL
B NX NAMAX NXM  NXM2 NXYG, HAEYP, NAYU, XYY
6,.NY NYMAX NYM1 ,NY¥2,P1,RSCHEK, RSMAX, TINY

CONNON /PRCP,/EMUREF ,PRL{10),PRT (10} .RHDREF

CCLMON /D201 / ARSL(22.10) , RSLINE (22,10)

7 ,RHO(484) ,ENU(4084)

CAS14150
CAS14160
CasS14170
CaAS514180
CASt1a199
CAS14200
CASt142z10
CAS14220
CAS14230
CA514240
CAS1A4250
CAS142690
CAS14270
CAS14280
CAS14290
CAS14300

PAGE 026
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7.INLY(10),I0UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH CAS14310
COVMON CAS14320
9/TUKB/C1,C2,CC,SGRTCD,CD25,ECONST  CTAUTW,CYPTW, TAUTWI( 22) CAS14330
9, TauTW2{(22), YFUST1(22).YPUST2( 22) CAS14340
9,7AULW{22),XPUSLW(22),CTAULW,CXPLW CA514350
9,GENK({22),FACTKE,FACTED, JTKE ,JTED,CAPPA CAS14360
9, INLY1 . INLY2,10UT1,I0UT2,11M1,12P1,13M1,14P1 CAS14370
COMMON /ABC/AREAE : CAS14380
DILENSIDOM F{ 27G6) CAS14390
DIMENSIDM DIFS(22),EMUSE22) ,HCONS(22),RHOS(22) CAS14400
EQUIVALENCE (CIFS12).DIFN{1)}), (CMUS(2),EMUN{1)}) CAS14410
EDUIVALENCE (RHOS(2),RHON{1)), (AREAE,AREAW) CAS14420

EQUIVALENCE (HCONS(2),HCONN(1}) CAS14430 }
EQUIVALENCE (F(1).,L(1)}) CAS14440
DIMENSION A{22).B(22} CAS1445Q
EOUTVALENCE(A(1),AN(1) )}, (B{1),AS5(1)} CAS514460
CHAPTER * 1 1 1 1 1 PRELIMINARIES T 1 1 1 1 1 €A513470
G0 TO(21,22) ,KRAD CAS14480
CHAPTER 2 2 2 2 2 2 2 RADII 2 2 2 2 2 2 2 2 2 CAS13490
21 DO 25 IY¥Y=1,NY CAS14E00
25 RiIY)=1. CAS14510
GO 10 23 CA514520
22 DO 20 1¥=1,NY CAS314530
26 BiIv)=Y{lY) CaASt1asagQ
23 COMTINUE CAS14550
CHAPTER 3 3 3 3 2 3 3 CELL-NQDE DISTANCES 3 3 3 3 3 3 3 CAsS14560
= emer mm—— -————— s e e e - GRID-NUDE DISTANCES CAS14570
DXG(1)=0.0 . CAS1458B0
DYG(11)=0.0 CAS514590
DD 32 1X=2,NX CAS1456Q0
CXG(IX)=X(Ix)=X(IX=1) CAS14510
30 RDXGIIX)=1./DXG(1X) , . CAS1456290
CO 3t lv=2,NY - ' - CAS14630
DYGLIY)=Y{1Y)=Y(IY=-1) CA514640
N RDYG(IY)}=1./DYG(1Y) CAS14650
= ———rm———— ———————— - - —mmm——  J=NODE DISTANCES CAS14660
XU{1y=%x{1) : CAS14G70
DO 22 IX=2.NXM2 CAS146B0D
32 XUCTX)Y=0.5«{ X(IX)+X(IX+1)) CAS1459¢0
XU{NXWMT)=X{NX) CAS1470Q0
XU[(RX)=0.0 . CAS14710
DXU(1}=0.0 : CAS14720
DT 33 IX=2,NXM1 CAS1473¢0
DXULTIX ) =XUlLlX)=XU({IxX=-1} . Cas5147490
33 ROXU(IX)=1./DXY(IX) CAS14750
PXU{NX)=0.0 CAS14760
Crr= e e V=NODE DISTANCES AND V-CELL BOUNDARY RADII CAS14770
YVI1)=Y(1} ] CAS14780
RV{1)=R(1) CAS14790
RVCB(1}=R(1) ' CAS14E00
DO 34 I¥=2,NYM2 - CAS14810
YVIIY)=0.5-{ Y(IY)+Y{IY+1)) CAS14820
RV(1Y)=0.5*(R(IY}+R(IY+1)) CAS14330
34 RVCB(1Y)=R(1Y) CAS14550

RVCB(2)=R{1) CAS14ESQ

aq|
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YV(NYM1)=Y(NY)
RV(NYM1)=R(NY)
RYCB(NYM1}=R{NY)
YV(NY)=0.0
RV(NY)=0.0
RVCB{NY)=0.0
DYV{1):0.D
DC 35 IY=2,NYM1
DYV({IY )=¥YV(IY)=YV{IY¥=-1)
35 RDYV(1Y¥)=t./DYV(IY)
DYV(NY )=0.0

CHAPTER 4 4 & 4 4 4 CELL DIMENSIONS

C----—_..____ R e U S e O o S Y Sl e

SXG(1)=0.0
DD 40 1X=3,NXM2
40 SXG(1X)=0.54 (DXG(IX)+DXG(IX+1))
SXG{2) =DXG(2)+0.5+DXG(3)
SAC{NXM1)=0.5¢DXG(NXM1)+DXG(NX)
SXGI{HX)=0.0

SYG(1)=0.90
PO 4% 1Y=3,NYM2
41 SYG(IY)=0.5= (DYG{IY)+DYG(IY+1))

SYSG{NY )=0.0
SYG(2)=DYG(2)+0.5-DYG(3)
SYS(NYMII=DYG(NY)+0. 54DYG(NYM1)
DO 45 1x%=2,NXm

45 RIXG{IX)Y=1./SXG{IX)
DO 46 1Y=2,NYM1

46 RSTG(IY)=1./8SYG(1Y)

Cmrmmee e cm— e cm i m—m—————— ———————

SxU{1}=0.0
SXUL2Y=X{3)-X(1)
NXA3=NX=3
DO 42 IX=3.NXM3

a2 SXU(IX)=X{IX+1)-X(IX)
SXU{RNXWM2)=X{ NX)=X{NXM2)
SYU(NAM1)=0.0
SXU(NX)=D.0
DD 47 IX=2,NxM2

47 RSXU{IX)=%./5xU(IX)

c.---—- _____________ o ——

Svv{1}=0.0
SYV(2)=Y(3)-Yv(1}
NYIA3=NY-3
0D 43 1¥=3,NYM3

43 SYV(IY)=Y(IY+1)}=Y(1Y)
SYV(NYM2)=Y{NY)=-Y{NYNM2)
SYV{NYHV1)=0.0
SYV(NY }=0.0

: DD 53 Iy=2,NYM2

48 RSYV(IY)=1./75YV(IY)

CHAPTER & & S 5 5 5 FACTCRS FOR INTERPOLATING U AND V

FU(1)=0.0
DO S0 IX=2,NXRH1

CONVERSATIONAL MONITOR SYSTEM

GRID-NODE CELLS

U=-VELOCITY CELLS

V-YELOCITY CELLS

S0 FUCIA)=(R(IX}=XU(IX-1)}/{(XU(IX)=-XJ{1X=1))

4 4 4 4 4 4 4

T CcAS14860

CAS14870
CAS1488B0
CAS148B90
CA514900
CA314910
CAS14920
CAS14930
cas14940
CAS514950
CAS14960
Cas514979
CAS14980Q
2514990
CA515000
CAS15010
CAS15020
CAS15C30
CAS515040
CAS15050
CAS515060
CA515070
CAS15C80
CAS515080
CAaS15100
CAS15110
Ca513120
CAS151390
CAS15140
CAS15150
CAS15160
CAS15170
€as515180
CAS15190
CAS15200
CAS15210
CAS15220
CA515230
vA515240
CAS15250
€A515260
CA515270
Cas15280
CAS15290
CA515300
CAS15319
CAS1532@
CAS15330
CA515340
Ca515350
CAS153€0
CA315370
CAS15380
CAS515390
CAS15400
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“CASEDOS FORTRAN A : CONVERSATIONAL MONITOR SYSTEM : PAGE 029
"FU{NX)=0.0 : ' T CAS15410
DO 52 IX=1,NX CAS15420
FUNODE (IX}=FU({IX) ‘ CAS15430
FV{1)=0.0 CAS515440
Do 51 1Y=2,NYM1 CAS15450
FY(IV) = (Y(IY ) =yYV(IY=1)3/(YV{IY)=YV{IY=1)) CAS15460
FVINY)=0.0 , CAS15470
Lol DO 53 1¥=1,NY CAS15480
‘B3 FVHODE(IY)}=FV(IY) CAS15490
L FU(2)=0.0 ’ CAS13500
FU{NXM1)=1,0 ' CAS15510
Fv(2)=0.0 CAS15520

EV(NTM1)=1.0 : CAS15530 -

RETURN CAS515540
END ' ’ CAS1555(0
SURBRQUTINE CCEFF(LPHI) CAS515560
COoMMON : CAS15570
1/CASE1 /UINLET,FLOWIN,RPIPE,XPIPE,FXSTEP,HINLET HWALL CAS15580

2/DNY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22) ,RDYV(22) CAS15590
2,RSYG({22).RSYV(22),RV(22),RVCB(22),5¥G(22),SYV(22),¥(22),YV(22) CAS15600
3/DNYONX/AE(22),AN(22),AP(22),A5{22),A%({22),C(22),0(22) ,DIFE({22) CAS15610

3,DIFN(22),CUw(22), OIFW(22),0U(22),DVI(22),EMUE{22),EMUN(22) CAS15620
3 LENMN(22)  HCONE (22) ,HCONN(22), HCONW(22) CAS15E£30
3,FPHIDLD(22) . RHOS(122),RMON(227Y, RHOW(22),5P(22),5U(22) CAS15640
3,VSLUME(22),CONNTZ22),CONS(22), CONE(22) ,CONW(22), ESMPHI (22) CAS15650
4/DHX/ DXG(22).0XUC22),FU(22),FUNDODE(22),KOUNT(22),RDXG(22) CAS15660
4 ,RDXU([22) ,R5XG122) . RSXU(221,5TORE(22).5XG{22),5XU(22), X(22) ., XU(22)CA515670
5/DJFHI / TEW{ 101, ILAST(10),IMON(10),IXNY(10),I12ERO(10) CAS19680
S,.JGROUP(10),KADSORI1C) ,KSOLVE{ 10),KRS(10) ,RELAX(10),R5REF(10) CAS15690
S,RSSUKM{10),1TITLE(1]) CAS15700
COMADN . . CAS15710
6/D0/CCHECK,.DP, FLOWRC ,FLOWST ,FLOWUP,GREAT,ILINE,IPLRS, IPREF,IPRINT CAS15720
6,ISTEP L IX,IXINY,IXINYY, IX2NY2 [ IXMCN,IXPtY, IXPREF,1YMON ,IYPREF CAS15730Q
B,JEMU, JH,JLAST , JLIMY ,JLIN2,JLINM3, LI JP, JPP,JRHD CAS15740
6,JU, UV ,JVPT, KINPRI ,KNP4, KRAD, KRHOMU ,KTEST, LABPHI CAS1S750
E LASTEP,LINEF, LINEL,NEQ,NEQP! CAS157G0
€ ,NDDEF ,NODEF 1, NODEL . NODELY NODLPY ,NTDMA,NUMCOL CAS15770
€ HNK NXIAAE  NXMT  NAN2 NXYG  RXYP | NXYU , NAYY CAS15780
BLONY NYMAX NYEM NYA2 PI,RSCHEK, RSMAX, TINY CAS15790
CCunoN /PRCP/EMUREF ,PRLITO) ,PRT (10Q) ,RHOREF CAS15200
COMMON /D2D1,/ AQ5L122,10),RSLINE (22,10) CAS19810
coluesh /D202/U(4G2) ,V(462 ), TRE{ 48B4) , TED{484) ,H(484),PP(22),P{400) CAS1S820
7,7H2{&84) ENUI 4RI ) CAS15830
TOINLY(10),I0UT(10) ,AIN, KOUT,RELTKE,RELTED, ISTCH CAS15840
CCMON CA31EBE0Q
9/TUR3/C1,C2,CD,59RTCD,CD2S ,ECONST,CTAUTW,CYPTW, TAUTW1(22) CAS1SBED
9, TAUTW2(22),YPUSI1(22),YPLUST2(22) CAS15870
O . TAULWI22) . XPUSLW(22),CTAULW,CXPLY CAS515830
9 GENK({22),FACTKE,FACTED,JTKE,JTED,CAPPA CAS1589¢0
9, INLYT INLY2 ,T0UYTT ,ICUT2,TiM1,12P1,13M1,I4P1 CAS15S00
COVIDN fABC /R REAE THE515910Q
DININSION F{3766) CAS15%20
DIMENSION DIFS(22) ,EMUS{22),HCONS(22),RHO5(22) CAS515%30
EQUIVALENCE [DIF312)Y.DIFN(1)), (EMUS(2),EMUN({1)) CA515540

EQUIVALENCE (RHMOS(2),RHOM({1}), (AREAE,AREAW) CAS15250

LS1
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FILE: CASEQQS FORTRAN A CONVERSATIONAL MONITOR SYSTEM
EQUIVALENCE (HCONS(Z),HCONN{1])) "CAS515860
EQUIVALENCE (F{1},U{1}) CA515870
DIMENS ION A(22),B(22) CAS15980
EQUIVALENCE(A(1),AN{1}). (B(1).,AS(1]}) CAS15899Q
CHAPTER 1 1 1 1 1 PRELIMINARIES Tt 1t ¢+ 1 1t % 1 1 1 1 CAS16000
Commomm e DEFINE ARITHMETIC FUNCTION FOR COMBINING CAsS15010
c AFPROPRIATELY CONVECTION AND DIFFUSION CONTRIBUTIONS CA316020
Crm=m e r e e - m—————— - —=== HYBRID SCHEME CAS16030
c CONDIF (DIFF, FCONV, CONV)=AMAX1(0D., DIFF+FCDNV CONV) CAS15040
Cmmmrm e e r e = - - —-—— ———vr-——=——= UPWIND SCHEME CAS1E6050
COXNDIF (DIFF, FCONY,CONV)=AMAX1 (DIFF,DIFF+CONV) CAS1606G0
JPHI=LPHI Cr51G070Q
1F{RRAD.EG.2) GO TO 12 CAS1ECBO
ASSIGN 1001 TC LG CAS1GD3Q
ASSIGN 201 1O LUt CAS16100
ASSIGH 211 TO Lu2 CAS16110
ASSIGH 301 TO LV CAS16120
ASSIGN 311 TQ LV2 CAS16130
ASSIGN 40t TO LP CAS16140
G0 10 13 CAS16150
12 ASSIGN 1002 TO G CAS16160
ASSIGN 202 TO L CAS16170
ASSIGN 212 TO LU2 CAS16180
ASSIGN 302 TD LVt CAS16190
ASSIGN 312 TO LV2 CAS16200
ASSIGN 402 TO LP CAS168210Q
13 1F{KSOLVE(JRMD).EQ.0) GO 7O 120 CAS16220
Lot e m e s e CELL-WALL DENSITIES CAS16230
1F(JPHT.GT.JVvFY) GD TO 120 C2516240
IF(JFHI.CO.JU) CALL CELPHI(JPHI,JRHO)} CA516250
IF{JUPH1.EQ.JV) CALL CELPHI(JPHI,JRHD) CAS16260
IFIJFHI.EQ.JVPY) CALL CELPHI(JPHI,JRHO) CAS16270
Lo TRANSFER DENSITIES STORED IN AN( ) TD RHON( ),ETC. CAS16280
N2=NODFEL CAS16290
IF({JFH1.EQ.JV) N2=NODEL1Y CAS16300
RHOS (NODEF )= AS{MUDEF) CA516310
DD 111 IY=NDDEF,N2 CA516220
REON(IY)=aN[ 1Y} CAS16330
RHCE(IY)=£E( 1Y} CAS16340
111 RHOW(1Y)=AW( 1Y} CA516350
120 IF(KSQLVE({JEWU).EQ.C) GO TO 130 CAS163G0
Cmmrmrem e s e CELL-WALL VISCDSITIES CaS16370
IF(JFHTI.GT.JVP1)} GO TO 130 CAS16280
IF(UPHI . EQ.JU) CaLL CELPHI{UPHI,JEMU) CAS16390
TFIJPHI.EQ.dVv) CALL CELPHI{JPHI,JEMU) CAS1EALDQ
IF(JPH!I.EG.JVFT (AND. JPHI.NE.uUPP) CALL CELPHI{JPHI,JENU) CAS1641C
Cmmmmrmmm e TRANSFER VISCUSITIES STORED IN AN( ) TO EWMUN( ), ETC. CAS16420
N2=MODEL CAS184390
1IF{UPHI.EQ.uV) N2= NODEL1 CAS16440
EMUS(NCDEF )= AS{NQODEF) CAS1£450
DO 121 JY=NGDEF.N2 CA516460
ENVUN(IY)=AN{IY) CAS16470
EMUE({IY)=AE(IY) CAS16480
21 EMUW({IY)=FAW{IY]) CAS16490

130 1F{JPP.EQ.JVP1) GO TO 140

CAS18500

84l
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= IF(JPHI.NE.JVP!) GO.TD 140 " CAS16510
L G- ————————————————— CONVECTION TERMS AND DIFFUSION-=-TERM*PRANDTL CAS165290
€ NUMBER FOR GENERAL PHI EQUATIONS CAS516530
: SXGIX=SXG(IX) CAS16540
AREA=SXG(IX)+RV(NODEF1) CAS16550
DIFS(NCDEF)=EVMUS(NDODEF)»AREA*RDYG{NODEF) CAS16560
1Sv=NODEF1+1 XTNY1 ) CAS16570
HCONS( NOCEF) =0.5*RHDS(NODEF )=V { ISV ) »AREA CAS165B0
ROXGIX =RDXG( IX) CAS16390
RDXGI1=RDXG({ IxP1) CAS16600
DO 156 IY=NODEF,NODEL CAS15610
IYM1=]1Y~1 CAS166290
1=1Y+1 X1NY CAS16€30
IW=I=-NY CAS16£40 )
Iv=IY+ IX1INY1 : ' CAS16650
AREAN= SXGIX CAS16E60
ARTAL=5YG(IY) : CAS16670
O TC LG.(1001,1002) CAS16G680
1002 AREAN= AREANSRV(IY) CAS16E90Q
AREAFE= AREAE«R(1IY) CAS16700
c AREAW=AREAE , THROUGH EQUIVALENCE CAS16710
1001 VOLUME(IY)=AREAE~SXGLX CAS16720
C DIFStIY)=DIFNLIYMN . THROUGH EQUIVALENCE CAS16730
DIFN(IY)=EMUN(IY)»ARCAN«RDYG(IY+1) CAS16740
DIFE(IY)=EMUE(IY)*AREAE*RDXGI1 CAS168750
DIFW(IY)=EMUW{IY)+ AREAN=RDXGIX CAS167G0
Cc HCONS (1Y )=HCONY(TYMT) . THROUGH EQUIVALENCE CAS168770
HCONN{ 1Y )=0.5RHON{ 1Y )+V(IV)+AREAN CAS16780Q
HCONE( IY)=0.5-RHOE(I1Y) U(I)+*AREAE CAS16790
HCONW{ 1Y)=0.B+RHIW{IY)*»U(IW)*AREAW CAS16800
CONN{I Y =HCONN ([ IY)+HCONNILY) . CAS16810
CONSG(I Y)=HCONS({IY)+HCONS (1Y) CAS1G820
CONE(TY)Y=HCONE|IY)+HCONE(IY) ' CAS15830
CONM{IY)=HCONRA{IY4HCONW(1Y) CAS16849
ESYPHT (1Y )=CONS{IY)-CONNLIY)+CONW{IY)=CONE(IY) CAS516850
156 ESMPSI (1Y)=AMAXY(0.0, =ESMPHI(IY)) CAST163G0
140 IF(JPHI.EQ.JU} GO TOD 20 CAS16870
I¥(JPHILEG.JYV) GO TO 30 CAS162R0
iF(JPHI.EQ.JPP) GO TO 40 CAS16620
GO TD 50 CAS165900
CHAPTER 2 2 2 2 2 COEFFICIENTS FOUOR U-EQUATION 2 2 2 2 2 CAS16910
(o e e L e FOR Y-DIRZCTION TOMA TRAVERSES CAS16220
C CALCULATE DIFFUSION AND CONVECTION COSFFICIENTS FOR SOUTH BOUNDARY CAS16%30
c CF EQTTOM CELL . CAS15240
20 LREA=SX (IX) =RVINCDEF1) CAS16250
DN=ENMUS{NCDEF)+AREA«RDYG (NODEF ) CAS16960
1SV=NODEF1+I X1NY1 CA516970
ISEV=]SV+NYM1 CAS16580
HCN=0.25+RHDS{NDDEF)s(V(ISV)+V (ISEV))+AREA CAS5169%%
== e COEFFICIENTS FOR ALL CELLS ON THE STRIP CASI7000
FUIX=FU(IXx} CAS17010
OMEUIX=Y1.-FUIX CaS17020
FUIXP1=FU{IXP1) : CAS17030
SXUIX=5XU{1X) CAS17040

RDXUIX=RDXU(IX) . CAS17050

651
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RDXUIT =RDXJU{ I1XP1{) CAS17060
RSXUIX=RSXU(IX)} CAS170Q70
c SET DU(IY) CA%17080
IF{IX.NE.2) GO TO 281 CAS17090
D0 280 IY=NODEF,NODEL CAS17100Q
280 pDU(Iv)=0.0 CAS17110
281 CONTINUE CAS17120
DO 285 IY=NODEF,NDODEL CAS17130
285 DUV (LY )=DU(IY]) CAS17140
ASSIGN 27 TOD NGOTO CAS17150
IF(KRHCOWU.NE.O) GO TO 28 CAS17160Q
ASSIGN 25 TO NGOTQ CaS17170
28 DD 26 1Y=NDCEF,NODEL CAS17180 _
I=1Y+I X1NY CAS17190
1E=I+NY CAS17200
IW=1-NY . CAS17210
IV=7Y+ IX1INY1 CAS17220
JEV=TV+NYWMY CAS17230
ISV=Iv-1 CAS17240
ISEV=]EV-1 CAS17250
TF=1v~141X2NY2 CAS17260
IEE=1P+HYM2 ‘CAS517270
1YP1=1Y+1 - CAS17280
AREAN= SXUIX CAS17290
AREAE=SYG(IY) CAS17200
GO TO Lut,{201,202) ) CAS17310
202 ARTANz AREAN-RYLIY) CAS17320
AREAE= AREAE-R({IY) CAS17330
Lof AREAW=AREAE , THROUGH EQUIVALENCE CAS17349
201 VOLUWE { 1Y)=AREAE+*SXUIX CA317350
D5=DN CAS173G0
Ch=fMUN(IY)* AREAN-RDYG(IYP1) CAS17370
DE=EWMGE(IY)* AREAE=RDAU{IXPY) CAS17380
D= ERUW{IY)I» AREAW-ROXUIX . CAS17320
HCS=HCH CaAS17400
HCN=RHGN{IY}+0.25~(V(IV)+V(IEV})=AREAN CAS174190Q
CH=HCH+HCN CaS17420
CS=iiCS+HTS ’ CAS517430
CE=RHOE{ 1Y)+ AREAE*{U(I)+ (U{IE)=U({I))*FUIXP1) CAS17440
Cu=RHOW(IY)» AREAW«{U(IW)+(U{I)=U{IW) )} *FUIX) CAS17450
FCE=FUIXF1+CE CAS1746G0
FCHL=0MFUIX-C¥ . ] CAS17470
Cmmemmmm - e - ERQOR SOURCE OF WASS CAS17480
ESASS =CS=CN+CwW-CE CAS17490
MoAMAK1(0.C,-ESMASS) CAS17509
Cme—mrc e e e mmmmm . COABINING DIFFUSION AND CONVECTION CONTRIBUTICKNS CASE7510
AN(IY)=CONDIF(CH,=HCN,-CN) CAS17320
ASiLY)=CONDIF({DS, HCS, T3 : CAS17530
AE(1Y)=CDNDIF(DE,~FLE,-CE) £AS17530
AW(IV)=CONDRYIFLIDY, FoW, CH}) CL347350
Cummmm et m - ————— SOURCE TERMS - CA517360
Du{IY)=AREAE : CAS17570
SUIIY)Y=FM+U{I)+DU(IY)*(P{IP)-F(1EP)) ¢cas517589
SP{1Y)=-FM CAS17590

GD. TO NGOTO, (25,27) CAS17600

091
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FILE: CASE00S FORTRAN A

27 DUDXW= (U(1)=U{1IW))*RDXUIX
DUDXE= (U(1E) ~u(l)) »RLXUIN
STERM= (EMUVE( 1Y) +DUDXE-EMUW({1Y) *DUDXW)*RSXUIX
DVDXAN= (V(1EV )=V IV))=RSXUIX
DVDXS= {V{ISEV)=-V(ISV}) RSXUIX
GO0 ToO Lwu2,.(211,212)

211 STERM=STERM+ (EMUN(IY)»DVDXN-EMUS(IY)*DVDXS)/AREAE

GO TO 213

212 STERM=STERM+ (EMUN( TY)+RV(IY}*DVDXN~EMUS(IY)*RV(IY=1)*=DVDXS) /AREAE

213 SU(IY)=SULIY )}+STCRM-VOLUMEL{IY)

Cummmm o mm e mmm o o STORE U IN PHIOLD

25 PHIOLD (1Y)=U (1)

26 CONTINUE

C-m=m=emm—m=—-—==——ce-e~ PUT BOUNDARY END VALUES IN PHIOLD

I1=NODEF1+IXINY
12=NODLP1+IX1INY
PFHIDLD (NSDEF1)=U{11)
PHIDLD (HODLP1)=U(12)

Crmmmm e s e ——— ADDIT IONAL SDURCE TERMS IF REQUIRED
1F(MADSOR(JU).NE.O) CALL SOURCE(JU)
RETURN
CHAPTER 3 3 3 3 3 COEFFICIENTS FOR V-EQUATION 3 3 3 3 3
Crmmmrr e e e e ~=== FOR Y-DIRECTION TOWMA TRAVERSES

C CALCULATE DIFFUSION AND CONVECTION COEFFICIENTS FOR SOUTH BOUNDARY
c OF BoYTON CELL
30 ;REA=SXG(IX)-RV(NCDEE1)
ISV=NCDEF1+] X1INY1
DN=EMUS(NCDEF)}+AREA-RDYV (NDDEF )
CH=RHOS(NCDEF)+V{ISV)+AREA
Cremrmme e - memene s COEFFICIENTS FOR ALL CELLS ON THE STRIP
SXGIX=SXG{IX)} : -
ROXGIX=RDXS( IX)
ROXG!1=RDXS{ IXP1)}
RSYXGIX=RSXG{1X)
ASSIGN 33 TD NGOTO
IF{RRHOMU,NE .C} GO TO 34
LSSIGN 37 TO NGOTO
34 Do 4G IY=NODEF ,NDDELY
1=1v+]1XINY
IN=I+1
Iw=1=-NY
THW=IW+1
Iv=1Y+ 1X1NY1
INV=IV+1
ISv=1lv=1
IP=IY=1+1X2NY2
INP=IP+1
IYP1=]Y+1
AREAN=SX5IX
 ARLCAE=5YV(IY)
GO TD LVY,{(301,302)
302 ARE2N= AREAN=RVCB{IYP1)
AREAE= AREAE~RV{1IY)
C AREAW=AREAE . THROQUGH EQUIVA LENCE
301 VOLUME (IY)=AREAE~SXGIX

CONVERSATIONAL MONITOR SYSTEM

CAS17610

CAS17620
CAS17630
CAS17640
CAS17650
CAS17660
CAS17670
CAS17680
CAS1769C
CAS17700
CAS17710
CAS17720
CAS17730
CAS17740
CAS17750
CAS17760
CAS17770
CAS17780
CAS17790
CAS17800
CAS17810
CAS17820
CaS17330
CAS17840
CAS17B50
CAS17860
CAsS17870
CAS17880
CAS17890
CAS17900
CAS17910
CAS17920
CAS17230
CAS1724¢Q
CAS17950
CAS3 7960
CAS17970
CAS17980
CAS17990
CAS18000
CAS1BG10
CAS18020
CAS18030
C4518040
CAS18050
CAS16060
CAS18C70
CAS18080
CAS18090
CAS18100
CAS18110
CA518120
CAS18130
Cas16140
CAS18150
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DS=DN

DN=EMUN(1Y )« AREAN<RDYV{IYP1)
DE=EMUE{1Y)~ AREAE*RDXGI1
DW=ENMUW{1Y}s AREAN=RDXGIX

CS5=CN

YN=V(IV)I+(VIINV)- V(IV))-FV(IYP1)
CN=FHON(1Y)~VN-AREAN
FCS={1.=FviIY¥Y))~C3

FCh=FV[IYF1)«CN
HCE=0,25+RHDE(IY)}+(U(I)+U({IN}} =AREAE

HCW=0, 25+ RHOW(IY)» (U(INW)+U(IW))*AREAW
CE=HCE+HCE
CwW=HCW+HCYW
ey CALCULATE ERROR SCURCE OF MASS

ESiIASS =CS~CN+CW-CE
FrazAMAX1(0.0,~ESMASS)
Cromem—emmee - - COMBINING DIFFUSION AND CONVECTION CONTRIBUTIONS
AN{IY)=CONDIF{DN,~FCN,~CN}
AS{T17)=CONDIF(DS, FCS, C%)
AE(IY)=CONDIF{DE,-HCE,-CE)
AWITIY)=CONDIF(Dw, HCW, CW)
Cmmmmmemmcmm m e SOURCE TERMS
DV(IY}=VOLUME(LY)-RSYV(IY}
SUCIVY=FM+Y( IV)+DOV{IY)}*(P(IP)-P(INP})

SP(IY)==FM
GO T0 RGOTO, (37,38)

37 STERM=0.0 :
"IF{¥RAD.EG.2) STERM=STERM=0.5+ (EMUN{IY)+EMUS(IY))*V{IV)/RV(IY)*e2
GO TO 313

38 DUDYE-(U{IN)—U(I)) RSYV(IY)
DUDYW= (U{IN® I=U(1W) ) *RSYV(IY)
STERM= (EMUE( 1Y) +DUDYE-EMUW(1Y)*DUDYW)*RSXGIX
DYDYN= (VI INV)=Y(IV))IRDYV{IYPY)
DVDYS= (V{IV)=V({ISV)}RDOYV(IY)
5 10 Lv2.1311,312)
3 STERM=STERM+ (EMUNI IY)*DVDYN-EMUS{IY)+DVDYS)/AREAE
GO TO 313
312 STERM= STERN+ (EMUN{ IV )=R{ IYP1)*DVOYN-EMUS(IY)*R(IY)*DVYDYS)/AREAE
STERM=STERM= (ENMUNT TY Y4EMUS(IY) )*V(IV)/RV(1Y)==2

313 SU(IY)=SU(IY)+STERN~VOLUME(LY)
O DTt ~=+--—== STGRE V 1N PHIOLD
PHIOLD (1Y)=V (1V)
36 CORTINUE
e PUT BOUNDARY END VALUES IN PHIGLD

1Vvi=NDDEF1+TI XINY?
FHYOLD INDSEF 1 )=V(IVI)
Iv=NODIL+1+] X1NY1

PHIOLD {NODEL )=V (IV)
Crmmme e e ——r —————— ADDITIONAL SQURCE TERMS IF REQUIRED
IF(KADSDR(UV).NE.Q) CALL SOURCE(JV)
RETURN
CHAPTER 4 4 4 4 4 COEFFICIENTS FOR PRESSURE-CORRECTICN EQUSTION
(e ecccean s o —- e e fGR Y-DIRECTION TDMA TRAVERSES
40 SYGEIX=S5XG(IX)

DO 46 1Y=NODEF.NODEL

CONVERSATIONAL MONITOR SYSTEM

" CAS18160

CAS18170
CAS18189
CAS181390
CAS18200
CAS1B210
CAS515220
CAS18230
CA518240
CAS18250
CAS18260
CAS1B270
CAS1B280
CAS518290
CAS1B300
Ca318310
CA518320
CAS18330
CAS18240
CAS18350
CAS183G0
CAS18370
CAS18380
tAsS18290
CAS518400
CAS18410
CAS518420
CAS518430
CAS18440
CA518450
CasS18460
CAS1H470
CAS1B4a80
CA518490
CAS18209
CAS1E310
CAS18BE20
CAS518530
CAS18340
CA518550Q
CAS51B560
CAS1B570
CAS18BE80
CA5185990
CAS135C0
CAS51B610
CAS18620
CAS1B630
CAS18EA4Q
CAS15E50
CAS1BBEQ
CAS18E670
CAS1BRH0
CAS1EES0Q
CAS1B700
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I=1¥+] XINY
IW=1=NY
IV=1y+ ITXINY?
1Sv=1v~-1
ARHON=SXGIX= RHON(IY)
ARMHOS=SXGIX- RKOS{IY)
APHOE=SYG(1Y )-RHOE (1Y)
APHOW=SYG{IY )+RHOW(IY)
IvMI=T1v=1
GD 10 LP,{401,402)
402 ARHON= ARHON=RV({IY)
ARHOS=AREDS«RV(EYNT) -
ARHDE= ASHIE-R(1IY)
ARIMa= ARMCH=R(IY)
401 AN{TIY) sARHON*DV{1Y)
AS{1Y}=ARHOS +DV{IYM1)
AE{IY}=ARIQE+SU({IY)
' AW(IY)=ARHDW =CUW(IY)
L CALCULATE ERROR SOURCE OF MASS
ESMASS ==ARION-V(Iv)+ARHDS - V(ISV)-ARHDE‘U(I)+ARHON«U(IN)
RSLINE (IX, JPP)=RSLINE(IX,JPP)+ESMASS

Cremmmmm e e memm—— SOURCE TERMS
SU(IY)=ESMASS
Pliv)=0.0
e e i ——— SET PHIOLD TO ZERO
PHIDLD(IY)=0.0
46 CONTINUE -
Crmmmmmr s e — e PUT BOUNDARY END VALUES IN PHIOLD

PHIDLD (NODEF1)=0.0
PHIOLD {XNDDLP1)=0.0

Crr—mecee e e w===-= ADDITIDNAL SDURCE TERMS IF REQUIRED
I1F{KADSOR(JPP).NE. O} CALL SOURCE(uUPP)
RETURN
CHAPTER & 5 5 5 & PH! EQUATIODN 5 5§ 5 5 5§ 5 % 5 § §
50 RERT=1./PRT( JFHI)
[ e E L e COEFFICIENTS FOR ALL CELLS ON THE STRIP
1CONST=1XKY{ JFHI)+1ZERD({ JPHI)
IEWPHI=1ZwW(JPHIY
DD %6 1Y=KODEF, NDDEL
I1=1Y+1CONST
1E=1+1EwWPHI .
IW=1-1EwPHI
DS=DIFS(IY)=*RPRT
DR=DIFN(IY:* RFRT
DE=DIFELIY) RFRT
Did=D1- v{1Y)*RPRT
[ e e P L ERRDR SODURCE DF MASS
FM=ESMPHI(IY)
Cr==——mamm——m——~—= COM3INING DIFFUSION AND CONVECTION CONTRIBUTIONS

AN{1Y)=CONDIF{DON.-HCONN{IY)},=CONN[IY])
AS{iY)=CONDIF(DS, HCONS(IY), CONSIIV))
AE{ZIY¥)=CONDIF(DE,-HCONE(1Y)},-CONE{LY))
ALT1Y)=CONDIF(DW, HCONW(IY), CONW(IY))
PHIOLD(IY)=F (1)

Cummecm— m——reme e —————— STORING PH1 IN RHIDLD

CONVERSATIONAL MONITOR SYSTEM

castga710
CcAStB720
CAS18730
CAS137490
CASIB75D
CASIBTGO
CAS18770
CAS18780
CAS518790
CAS513BC0
CAS18310
CAS18R20
C2518830
CAS18540
CAS18850
CAS1BRGO
CAS18B70
CAS18880
cas18890
CaS18900
CAS1B210
Cas1g9220
CL518530
CAS1B240
CAS180950
CAS1B260
CAS518970
CAS1E?BO
CAS18250
CAS19C00
CAS18C10
CA519020

-CAS19C30

CAS19040
CAS39C50
CAS190G0
CaS19070
CA515080
CAS19090
CA519100
CAS1911C
CAS19120
C4519130
CAS19140
Cas19150
CAS5%9160
CAS13170
CA519180
CASi1c1200
CaS519200
CAS18210
CAS19220
CAS15230
CAS19240
CA5192590
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FILE: CASEQD0S FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 036
c - - - SOLRCE TERMS ) CAS19260
SU{1Y)=FM*PRICLD(LIY) CAS12270
SP{Iv)=—FM CAS19230
56 CONTINUE CAS19290
L e et PUT BOUNDARY END VALUES IN PHIOLD CAS$19300
11=RODEF-1+1 CONST CAS19310
1L=NDDEL+1+1CONST CAS19220
FHIOLD (NODEF1)=F(11) . CAST19330
PHIOLD (NODLP1)=F(1L) CaS19340
Cmmrmmcmmmrcm ———mmmcee—— ADDITIONAL SOURCE TERMS IF REQUIRED CAS18350
IF(KADSOR(JPHI).NE.Q) CALL SOURCE(JPHI) CAS12360
RETUAN CAS19270
EnD CAS19380 .
SUZRCUTINE CELPHI(JCELL, LPHI) . ) CAS19390
COMION CAS19400Q
1/CASET1 JUINLET.FLOWIN,RPIPE,XPIPE.FXSTEP , HINLET HWALL CAS19410

2/5NY/ DYG(22).DYV(22),FV{22).FVNODE{22),R(22),.RDYG(22) ,ROYV(22) CAS12420
2,R3YG(22).RSYV{22),RV(22).RVCB(22).5YG(22),5Yv(22),Y(22),YVv(22) CAS12430
B/OHNYONX/AE(22),aN(22),AP122).A5(22),AN(22),C022).D(22) ,DIFE(22} CASt244a0Q

3,01FN(22Y.DUwr22), DIFR{22),DU(22),0Vv(22),EMUE(22).EMUN{22) CAS139450
3 JEMUW(22) ,HCOME (22) ,HCONN(22), HCONW {22) CAS12460
3,5H10LD(22), RHAF (22) ,RADN(22), RHOW(22),5P(22),S0U(22) CAS19470
3, VvOLUME(22),C0MNI22),CONSI122), CONE(22),CONW(22) ,ESMPHI (22) CAS19480
4/DNX/ OXAG(22).,0xJ122),FU(22).FUNODE(22),K0OUNT(22),RDAG(22) CAS19490
4 ADYu{22) ,RSXG(22) ,RSXU{D2),STORE(22).5XG(22),.5XU(22} ., X(22),Xu(22)CAS19500
S5:0ubPHl/ TEWI10Q) , ILAST(I0),INON(10), TANY(10),IZERQ(10Q) CAS19510
S, JLPTUP(10), KALSDOR({10),K5CLVE( 10) KRS (10) ,RELAX(10Q} ,RSREF(1Q) CAS19520
5,RSEUM(IQ),ITITLE(1Q) CAStS530
conaoy CAS19340
6/D0/CCHECK,DF FLOWPC ,FLOWST . FLOWUR,GREAT, ILINE, IPLRS, I PREF, IPRINT CAS519550
6,I5TEP ,IX,IXINY,IXINY1 IX2ZNY2 IXMON,IXP1,IXPREF,IYMON,IYPREF CAS519560
B, JEMY, JH.JLAST . JLIMY (JLTINMZ CLIM3,JLIMS, JP, JPP,JRHD CA519570
6, JV , JVPT, KIKPR]1 ,KIPA, KRAD, K RHOMY  KTEST, LABPHI CAS19%80
B.LASTEPR,LINEF LINEL,REQ,EQP CAS19590
6,100 F NOTEF Y  WODEL  LODE LY, RODLPY ,NTDMA , HUMCOL CAS19200
6, NA NKIMAX (NXMT KXY 2 NXYE  HXYP, NXYU, NXYVY CAS19610
6, NY NYRIAX, NYIT NYM2,PT,RSTHEK, RSUAX, TINY CAS19620
COLMION /PROP/ERMURES ,FRL{10),PRT (10}, RHOREF CAS1GE30
CTUAON/D2D1 /ARSLI22 ,90) ,RSLINE(22,10]) CAS19640Q
COMION 7D202/U(562) ,v (462 ), TKE( 484) , TED(4984) ,H(484) ,PP{22),P(400) CASt19650
7,FHDLABRA),EMY(284a) CAS19E60
T,INLY(10), I0UT(30) RIN,KUOUT,RELTKE ,RELTED, ISTCH CAS19G7Q
CLWWEN CAS1E5G80
9,TUR2/CY ,C2,C0D,59RTCD,CO25 ,ECONST,CTAUTW, ,CYPTW, TAUTWI ( 22) CAS19690
9,TAUTWZI(22), YPUSTI (22).YPUST2(22) CAS19700
9, TAULW (22} . XPUSLW(22),CTRAULW.CXPLW Cas1971¢
9, GENK({22),FACTRE.FACTED, JTKE, U TED,CAFPA CAS19720
G, INLYT INLY2 ,I0UTY, JOUTZ,11M1, 1271 ,1I3M1,14°P1 CAS19730
COMVIN fASC/AREAE CAS1§740
CIMINGION F( 3766} CAS1575¢
DIFENSION DIFS(22) ,ENUS{22).HCONS(22),RHO5(22) CL519760
EGUIVALENCE 77°FS/2),DIFN(1)), (EMUS(2),.EMUN(1)) CAS15770
EQUIVALENCE { J2512),RHOMN{1))}, (AREALC,AREAW) CAS19730
EQUIVALENCE (HCCN3(Z).HCONN{1)}) CAS19730

EQUIVALENCE (F{1),u(1)) CALS19800

b9l



FILE: CASEDO0S5 FORTRAN A

DIMENS ION A{22),B(22)

EQUIVALENCE(A(1),AN(1)), (B(1)},AS(1))

JPHI=L PHI

IF(JCELL.ED.JU) GO TOD 10

IF(JCELL.ER.yv) GO TO 20

GO To 30
Crmmm e m e e e CELL-WALL PROPERTIES FOR U-CELLS
10 CONTINUE
CCMMENT ... AE ,AW,AN ,AS ARE USED AS TEMPORARY STORAGES, VALUES THERE
CONVMENT.,..SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SUBROUTINE
Cmm—mm e e e ~=--= INCICES TO ACCOUNT FOR EFFECTS OF ENDS
C—mmrmm e e e BOUNDARIES (EAST AND WEST)

Lw=0
IF(IX,.EQ.2) Lw=NY
IF{IX,EQ.NXM2) LE=NY .
Crmmr i e = EAST AND WEST WALLS
ICONST=IXINY+IZEROQ(UPHI) ~LW
MNTLE=NY+LE
DO 11 1Y=NODEF,NODEL
1=17v+]CONST
TIE=1+NYLE
AW({IYYI=F(1}
11 AE{1IV)=F(I1E)
Commrm e e ===~ NORTH AND SOUTH WALLS
1=NDCEF141CONST
JE=1+NYLE
ASINODEF}=0.S*{F({I)+F{1E))
1F{NDDEF.GT., 2} ASINDDEF)=0.25+ (AE(NODEF)+AW(NODEF))}+0,.5+AS{NODEF)

DD 12 1Y=NODEF,NODELT

IYP1=]1VY+1 -
12 ANITY ) 20,25~ (AE(IY)+AW(IY)+AE(IYP1)+A%(IYP1))
Commmmmmmmmm mmm e emem e AN FOR LAST CELL

IN=HODEL+1+1 CONST
INE=IN+NYLE
AN{HGDEL)=0.5«(F{INI+F{INE))
1F{NODIL.LT.NYMY) AN{NODEL)=0.25«(F{IN-1)+F({INE=1))+0.54aAN(NODEL)
£TURN
T RS -—————— CELL-WALL PROPERTIES FOR V-CELLS
20 CONT 1% UE
COMMENT., . .AE ,AW,AN,AS APE USED AS TEMPORARY STORAGES, VALUES THERE

COMMENT...5HOULD EE APPROERIATELY TRANSFERRED IN THE CALLING SUSROUTINE
L FACTORS TO ACCOUNT FOR EFFECTS OF END
Commrr e m e e BOUNDARIES (EAST AND WEST)
BwwW=0.25
ecw=0, 2%
1IF(1X.£Q.2) BwWw=0.5
IF(1X.Z0.N/M1) BEW=0.0
GwE=0.5-Duu
BEE=(.5-Biw .
C-meremmm s cmmne EAST AND WEST WALLS

ICONST=IXIKNY+IZERC(JPHI)
DO 21 IY=NODEF,KOCEL1
1=1Y+4+1CONST

IN=1+1

CONVERSATIONAL MONITOR SYSTEM

CAS19810
CAS19820
CAS19830
CaS198490
CAS19850
CAS19869
CAS19870
CAS19880
CAS13890
Cas19200
CAS18S10
CAS16520
CAS19230
CAS19%40
CAS19CS50
CAS19960
CAS19970
CAS19¢8G
CAS19S90
CAS20000
CAS20010
CAS20020
CAS20030
CAS20040
CAS2C050
CAS20060
CAS20070
cas20c80
CAS20C90
CAS20100
CAS20110
CAS20120
CASZ20130
CASZ0140
CAS20150Q
CASZ0160
CAS20170
CAS20180
CAS2C190
CAS20200
CAS20210
CAS20220
CASZ0230
CAS20240
CAS20250
CAS20260
CAS20270
CAS20280
CAS2C290
CAS20300
CAS20310
CAS20320
CAS20330
CAS20340
CAS20350
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FILE:

21 AE(IY )} =BEW*FPN+IEEs(F{IE)+F{INE))
Crm——msrm e = —————— NORTH AND SOUTH WALLS

I=NODEF1+ICONST

AS{NODEF)=F(1)

IF(NCDEF.GT.2) AS(NODEF)=F(I+1)

N2=NODEL1I-1

1CONST=1+1X1NY+IZERD{JPHI)

DO 22 IY=NODEF,N2 )

IN=1v+ 1CONST
22 AN(IY)=FIIN) '
Cer—-wowmem—oom—-=e---—- AN FOR LAST CELL

INN=NDDEL+ICONST

AN(HODEL1)=F [ INN)

IF(NGDELT.LT.NYM2) AN{NODELY)=F(INN=1)

RETURN
ol e Lt CELL-WALL PROPERTIES FQR G-CELL
a0 CONTINUE
COMMENT...AE ,AW,AN,AS ARE USED AS TEMPORARY STORAGES, VALUES THERE
COMMENT...SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SUBRDUTINE
Lo = wee=—= FACTORS TO ACCCUNT FOR EFFECTS OF END
=== e —————— BOUNDARIES (EAST AND WEST)

wiw=0.5

BEW=0.5

1IF(1X.FQ.2) Bwu=1.

IF{IX, TO.NXM1) BEW=0. ~

BhE=1.=Buww

BEE=1.-3EW
== e e e ALL FOUR CELL WALLS

ICCHST=IXINY*1ZERD(JPHI)

1=NODEF1+ICONST

AS(NDDEF)=F(1)

IF{NODEF.GT.2) AS{NDDEF)=0.B5( F{L}+F(1+1})

DO 31 IY=NODEF,NODEL

T=1v+ICONST

I=1+1

1E=1sNY

Jw=[=NY

AMN(IY)Y=0.S*(F(1)Y+F(IN))

AVIIY)=BUW rF[IW)+ZWE*F (1)
31 AE(IYY=BEW=F (1)+0ZE~F{IE)

IF{NODEL.LT.HYM1} RETURN
Cremmmmrmmrr mm e CORAECT AN FOR THE LAST CELL

CASEOO0S FORTRAN A

IWw=1-NY

INW=TIW+1

IE=I4NY

INE=1E +1

FPN=F(‘1)+F{1IN}

AW(IV)=BWWe{ F{1W)+F(INW) )+BWE~*FPN

IN=NDDEL+ICONST

ANCHODCLY=F( IN)

RETURN

END

SUBROUTINE SCOLVE(LPKI)

Couon
1/CASE1/UINLET.FLGWIN,RPIPE,XPIPE,FXSTEP.HINLET.HHALL

CDNVERSATIQNAL MONITOR SYSTEM

'CAS20360

CAS20370
CAS520380
CAS20390
CAS520400
CAS20410
CAS20420
CAS20430
CAS204a40
CAS20450
CAS20460
CAS20470
CA520480
Ca520490
CAS205090
CAS20510
CAS20520
CAS2CS530
CA520540
CAS20550Q
CAS20560
CAS20570
CAS20%80
CAS20390
CAS20600
CAS20610
CAS520E620
CAS20630
CAS20€40
CAS20650
CAS20660
CAS20E7Q
CASI0RE0
C&520590
CAS520700

AL20710
CAS20720
CAS20730
CAS520740
CAS20750
CAS20760
CAS20770
CAS20780
CAS520790
CAS20B00Q
CA320610
CAS2CB29
CAS2CE30
CAS2024¢
CAS20ESD
CAS20860
CAS20370
CA520238B0O
CA520850
CA320900

PAGE 038
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2/0NY/ DYG(22).DYv(22),FV{22),FVYNDODE(22),R(22},RDYG(22) ,RDYV(22) CAS20210
2,RS5YG(22),RSYV{22),RV(22),RVCB(22),5YG(22),5Yv(22),Y(22}),Yv(22) CAS520920
3/DNYONX/AE(22) ,AN(22),AP(22),AS(22) ,AW(22).C(22).0(22) ,DIFE(22) CAS20930

J,DIFN(22),DUwW(22), DIFW(22),0U{22),DVI22),EMUE(22),EMUN(22) CAS20949Q
3 LEMUW({22) ,HCONE(22) ,HCONN{(22), HCONW (22) CAS209%0
J,PHIOLD(22),RnBEI22) ,RHDN(22), RHOW (22),5P(22),5y(22) CAS20%60
3. VCLUMD(22), CONMi022) ,CONS{22),CONE{22) ,CONW(22),ESMPH] (22) CAS520S70
4/0N%/ DXG(22).,0xU122).FUi{22),FUNODE(22) ,KOUNT{22),RDXG(22) CAS20¢80
4, ,RGXU(22),REXG(22) ,RSXU(22),53TORE(22),SXG(22),5XU(22), X(22) ,2U(22)CAS20390
S/0JIPHI/ TEW(1C). ILAST(10) . INONR(10),1XANY(10),IZERD(1C) CA521000
5,JGROUP(10), KADSOR(10) ,KSOLVEL10) ,KRS{10},RELAX(1Q)},RSREF(10} CAS2101¢
S.PSSUM(10),ITITLE(ID) CAS21020
CONNON €CAS21030 3
6,/C0/CCHECK,DP FLOWPC,FLOAST.FLCWUP,GREAT,ILINE,IPLRS,IPREF,IPRINT CAS21040
6,ISTEP ,IX,IXIMY,IXINYY, IXZHN¢2, IXMIN,.IXPY, 1XPREF,IYMON, IYPREF CAS21050
B,JEMY, JH, JLAST ,JLI%1,JL1WZ , JLIM3, JLIME,JP, JPP,JRHO CAS21060
B JU, UV, JVPY, KINPRI ,aMPA, WRAD,KRHOMU , KTEST, LABPHI CAS521070
6.LASTEP,LINEF,LINEL,NED, HEQP CA321080
6 .NCDEF ,NGCEF 1, ,NDODEL.NDDELY , NODLP1 ,NTDWA ,NUNMCOL CAS21090
B NY  NYMAR NXMY M2 NXYG,NXYP, NXYU,NXYV CAS21100
G, NY NYFAX RYIA1 N2, PI,RSCHEK, RSMAX, TINY CAS2t110
COVMUN /FPROP/EVUREF ,PRLUITIOY,PRT (10} ,RHOREF + CAS21120
COMDN/UZD /AS3L(22,10),RSLINE 122,10 CAS21130
CONLION/D2C2/U(2G2) . ¥(462 ) ,TKE( 434), TED(4B4) ,H(484) ,PP{22),P(400) CAS21140
7.FR0M454) ,EMULSB3) CAS21150
TLOINLY(10),I0UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH CAS21160
*COMNON Cas2117¢
9/TJRB/C1,C2,CD.SQ5TCD.CD25,ECONST,CTAUTW.CYPTW, TAUTW1 ( 22) CaS21180
9. TAUTWZ2(22), YRFUST1(22).Y>UST2(22) CAS21190
9, TAULW{Z2) ., XTUSLW(22) . CTAUILW,CAPLW CAS21209D
SLOENK (22 FACTRE  FACTED, JTAE,JTED,CAPPA Cas21210
S, IRLYT  INLYZ  IOUTY,0UT2, 1M1, 12P1, I3M1,14P1 CAS21220
COON FABC/ AREAE CaS21230
DINENS IO F137E6) CA521240
DIENSION DI F5422) ,EMUS[22),HCONS(22) ,RHOS(22) Cas21250
EQUIVALFRCE (DLIFS{2),.DIFN(1)), (EMUS(2).EMUN(1}) CAS212G60
EQUIVALENCE (RMC3(23,RHON(1)), (AREAE,AREAW) CAS21270
EQUIVALENCE (HCONS(2) ,HCONN(1)) : casz21280 -
EQUIVALENCE (F(1),U(1)) CAS21299
DIWENSION A(22),B(22) CAS521300
FQUIVALENCETA(1),AN(1))},(B{1).AS(1)) CAS21310
COMMENT...... A AND B HAVE BEEMN MACE EQUIVALENT TO AN, AS RESPECTIVELY CAS521320
JPHIz=L PHI CAaS521330
RAETLAX=1./RELAX{JFHI) CAS21340
RELAX1=1.~RELAX(JPHI} €as5213s50
KEEPHI KRS {JPHI) CAS21360
ICOHST = I ANY({ JPHI Y+ IZERD( JPHI) CAS521270
JEWPHI =IEW(JFAHI) - i CAS521380
NCDE2=NDDEL CA521390
IF(JPHI.EQ.JV)Y NODE2=NODEL1Y CaS21490
NF2=NODEF+NDDE2 . CAS21410
ALNDDEFT)=C. 0 ) CAS21420
C(NODEF1)=PHIDLD{NCDEF?1) CAS21430
Cr=—re—eree —r =+ o= ce—=== FOR Y-DIRECTION TDMA TRAVERSES CA521440

IF{(JPHI.NEL.JPP) GO TO 12 CA521450
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S FOR P' EQUATION ONLY CAS21460

DO 11 1Y=NQDEF . NOCEZ2 CAS21470
IYMI=1Y-1 ' CAS21480
DIIY)=AE(IY)+AW(IY)+AN{IY)+AS(IY)~SP(IY)+TINY CAS21490
CllY)=5U{1lY) CAS21500
TERM=1./{D(IY)=-B(IY)*A(I1YM1)) CAS21510
A{IY)=AL1Y)=TERR CAS21520
1 C[IY)-{C(IY)+C(IYM1)-B(IY)}-TERM CAS21530
(o T e BACK SUBSTITUTION FOR P' CAS21540
DO 111 I¥= \DDFF NODEZ CAS21550
IYBACK =NF2-1Y CAS2156G0
PHIOLD (1YBACK)=A({ L YBACK) +PHIDLO(IYBACK+1)+C(IYBACK) CAS21570
111 PP{IYBACK)=PHIOLD( IYBACK) CAS521580 )
RETURN CAS21590
12 1F{RCLAX[JPHI).EQ.1.) GO TO 13 CAS21600
Cemmmr e e ————— FOR PHI WITH RELAX. FACTOR .NE. 1 CaAS218610
DO 14 1Y=NCDEF,NODEZ CAS21620
IYNMI=1Y-% CAS21630
1=1v+1CONST CAS21€40
IE=1+1 DWPiHl CAS21€50
lw=1-1cgwPHl] CAS21660
AP.IV)-AN(IV)+AS(1Y)+AE(IY)+AH(IY) « CAS21870
SU{IY)=SU(IY)+AE(IY)*«F(IE)+AW( 1Y) «F(1W) CAS21€80
Cormmmm e e wm==—== STORE AN IN STORE FOR RESIDUAL-SOURCE CAL. CAS21690
STCRE(1Y)=AN{1Y) CAS21700
Crmerm et e e r e — = m o INCLUDE RELAXATION FACTOR IN TDMA CQEFFICIENTS CAS21710
D{17)= [(AP(IY )=SP{1Y))*RRELAY+TINY CAS21720
CIIYY=SU(IY)+RTCLAXT1-D(IY)*PHIQLD(IY) CAS21730
e e e em e —————— “AODIFY TOMA COEFFICIENTS FOR BACK SUBSTITUTION CAS21740
TERM=1./(CLIY)=B{IY)=A(IYIM)) CAS21750
A(IY)=A(1Y)=TERM CAS217G0
14 CLIV)=(Cll1Y)}+C(IYM1)}+B(IY))=TERM CAS21770
GO 10 110 CAS21789
Cro——ver e s —m e m e e FOR P4l ==~ NJO RELAXATION CAS21790
13 no 18 IY=NODEF,NODE2 CAS21800
Ivit=1Y-" CAS21B10
1=1Y+1CCONST Cas21820
1E=1+1EaPhI : CAS2'B30Q
Tw=1-1TwPHI CAS21E40
AP(IY)=AN[1Y)+AS(1Y)+AE(1Y)+AW(IY) CAS21850Q
SULIY)=SU(IY)+AE(LIY)*F(IE}+AW({ IY)*F(IW} CAS21BG0
[ ittt bl b STDRE AN IN STORE FOR RESIDUAL-SOURCE CAL. CAS21B70
STORS(1Y)=AN{1Y) CAS5218BB0
D(]Y)-AP(IY)-RP(IY)+TINY CASZ21890
CilIv)=SuUllr) Cas21900
(oot e - —— = —ma——— WODIFY TOMA COEFFS. FOR BACK SUBSTITUTION CAS21910
TERM=1.,(CIIY)=B(IY)+AI"M1)) CAS21920
AUIY)=A(IY)}=TERM ) CAS21830
18 ClIY)I=(C(1Y)+C{IYM3)+B{IY))}*TERM CAS21240
110 IF(KRSPHI.EQ.Q) G2 TO 120 CAS21950
Cmmmmm e m e PESIDUAL-SCURCE CALCULATIONS CAS21260
DO 115 1V=NODEF,NCDEZ2 CAS21270
IF(SP(IY).LE.-1.E20) GO TO 11E CAS21582
RS={AP(IY)=SP(IY))ePHIDLO(IY}~SU(IY} CaS21990Q

1 =STORE(IY )sPHICLD(IY+1)=AS{IY)*=PHIOLD(IY-1) CAS22000

891



FILE: CASEQOS FORTRAN A CONVERSATIONAL MONITOR SYSTEM
115 RSLINE (1X,JPHI)=RSLINE(IX,JPHI )+RS CAS522019
e BACK SUBSTITUTION IN TDMA DOPERATIONS CAS22020
120 DD 100 lY=NODEF,NJODE2 CAS22030
IYSACK =HF2-1Y CAS22040
PHIDLD(IYDACK)=A(1YBACK) *PHIQOLD(IYEACK+1)+C(IYBACK) CAS522050
1=IYRACK4 ICONST CAS220G0
100 F{1)=PHIDLD{ IVBACK) CAS22070
Cr===rememee——swem cme——~ MODIFY DU AND DV FOR NON-UNITY D(IY) CAS22280
IF(JPHI.NE.JU) GO TD 192 CAS22090
GO $03 IY=NODEF,NQDE2 CAS2210¢0
103 DUi{IY)=DU(LIY )/ /D(17) CasS22110
RETURN S CasSz2120
102 IF(JPHI.NE.JY) RETURN CAS22130
. DO 108 I =NODEF,NDDE2 - CAS22140
106 DV(IYY=DV{IY)/D(lY) CAS22150
RETURN CAS22160
ERD CAS22170
SUBROUTINE PRINT(LFPHI) CAS22180
COLnN CAS22190
1/CASEY JUINLET ,FLOWIN,.RPIPE ,XPIPE,FXSTEP,HINLET ,HWALL CAS22200
2/0RY/ DYG(22).Drv(22),FV(22).FVYNODE(22),R(22),RDYG(22) ,RDYV(22) CAS22210
2,R5YC(22),RSYV(22),RVI{22) ,RVCB(22),5YG(22),5YV(22),Y(22),yvv{22}) CAS22220
3/DNYONXSAE(22),AN(22),AP(22),A5(22),AW(22),C(22),D(22) ,DIFE(22) CAS22230
3,DIFN(22),0UKR122), DIFW(22},DU(22),DVi22),EMUE(22).EMUN(22) CAS22240
3 LJEWMUN([22) ,HCONE(22) . HCONN(22), HCONW {22) Ca522250
3,PHIOLD(22), RHDOE{22), RHDNL22), RHOW(22),5P{22),5U(22) CAS227260
J.VvCLUME(22), COMNE22) ,CONS(22).CONE(22),CONWI22), ESMPHI (22) CAS22270
&4/0%%/ DRG(22).DXUr22),FULZ22),FUNDDE(22),KOUNT{22) ,RDXG(22) CAS222380
4 RDXU(22) ,RS»G(22),R5XU(32).STORE({22).SXG(22),5XU(22),X(22),XUu{22)CAS522290
5/0JPH1/ 1EW(10),ILAST({10),IMON{10},IXNY(1C),IZERD(10) CAS22300
S,JGROUP(10), KADSOR (10) KSOLVE(10),KRS(10),RELAX(10) ,RSREF(10) CAS22310
S,RESUM{T0).ITITLE(1Q) CAS22320
COILTaIN ' CAaS22330
6,00/CCHECK,.DP,FLOWPC,FLOXST,FLOWUP,GREAT, ILINE, IPLRS, IPREF, IPRINT CAS22340
6,ISTEP 1X,IXKINY,IX1IKY1, IX2NY2, IXMIN, 1XP1, IXPREF,IYMON , 1YPREF CAS22350
B,JEMU, JH, JLAST  gLINY JLIm2 JLINM3, JLIWMS,JP, JPP,JRHC C4A522360
6.JU,JV ., UVP1, RINPRL ,KMPA, RRAD,KRHOMU,KTEST, LABPHI - CA522370
6.LASTEP,LINEF,LIMNEL.NEQ, NEQP1 CA522280
B, NODEF ,NDDEF 1 NDDEL.NODELT,NDDLP1 ,NTDMA, HUMCOL CAS22390
B NX, NXMAK HXMT N2 NXYG . HLYP, NXYU,NXTV CAS22400
B, NY NYNAX, NY™1 NYM2,PI,RSCHEK, RSMAX, TINY CAS22410
COVMCN /S PROP Y ENJREF ,PRL(10),FRT {10}, RHCREF CAS22420
COMMON /D201 /ARSLI22,10),RSLINES22,10) CAS22430
COMON/D202/U(262),V1462),TRE( 483) , TED(48B4) ,H(48B4),PP(22),P(400) CAS22249
7. RHU(4 821 .Sy (3940 CAS522450
7,IHLY(103,10UT{10},KIN,KDUT,RELTXE,RELTED, ISTCH CAS22460
coton CAS22470
9/TUR3/C1,C2,CD,S2RTCD,CD25,ECONST, CTAUTW, CYPTW, TAUTW!(22) CASD22480
9, TALTWZ(22), YFUST1(22),YPUST2({ 22} CAS22590
9, TAULNIZ2).XoUSLw{22),CTAULW.CXPLY CAS22500
9,GENK{22),FACTKE.FACTED, JTKE, JTED,CAFPA CAS22510
O, 1LY, INLYZ  I0UT,I0UT2, 1101, 1271,13M1,14P1 CAS22520
COLMON /ABC/AREAE CASZ2530
DINERNS ION F{ 3766) CAS22540
DIVENSION DIFS{22) ,EMUS(22),HCONS(22).RHDS(22) CA522550
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EQUIVALENCE (DIFS(2).DIFN{1)), (EMUS(2).EMUN(1)) CAS522560
EQUIVALENCE (RHIS(2),RHON(1)), (AREAE,AREAW) CAS22570
EQUIVALENCE (HCONS(2).HCONN(1}) CAS22580
EQUIVALENCE (Fi{1),U11)) CAS522590
DIMENSION A(22).8(22) - CAS22600
EQUIVALENCE(A{1).,AN(1)),(8B(1),AS{1)) €aS22610

CHMAPTER 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 CAS22620
JPHI=LPHI CAS22630
IFIJPH],.EQ.JP) GO TO 12 CAS22649

Commmmtr e = ——————— e - -= FOR ALL PHI'S EXCEPT p CAS22€50
KOLUMY =1 : CAS22660
HOLUR2 = NUMCOL CAS22670Q

10 LIMITH =KOLUMY CASZ22680 }
LIKIT2=KOLUM?2 _ CAS228590
LTOP=IEW(JPHI) ' CAS22700
LBDOT=1 CAS22710
IF(JPHI.NE.JU) GO TO 11 : CAS22720

Qe e e e e m e —m— mmm=saer—==e= FOR U CaS22730
TF{LIMITI.GT UNXMT) LIMIT1=NXM Cas22740
IF(LIMITZ2.GT \NXM1} LIMIT2=NXM{ : CAS22750
Gn TO 20 CAS227G0

Cmmtmm e rm e e e -——————— - =~ FOQR OTHER PHI'S CAS22770

i1 IF(LIMITT.GT . NX) LIMIT1=NX CAS22780
IF(LIMIT2.6T .NX) LIMIT2=NX CA522790
GO 1C 20 CASZ22500

Cmmmtm e e ————————— - - - FOR P Cas22810

12 hOLUMY =2 ) CA522320
KQLUM2 =NUNCOD L +1 CAS522830

12 CLIMITH1=ROLUMY CAS22840
LIMIT2=KCLUM?Z CAS522850
IF(LIMITILGT.UNXMT) LIMITI=NXMT CAS228G0
IFLLIMITZ.GT (feXiM1) LIMITZ2=NXM1 CAS22870
LTOP=M YL ’ CAS22980
LBOT=2 CAS223990

CHARTER 2 2 2 2 PRINT TITLE QF VARIABLES 2 2 2 2 2 CAS22900

20 CONTINUE CAS22910
WRITE{(,.9599) CAS22920
WRITE{S,200) ITITLE(JPHI),ITITLE(JPHI) CAS22030

200 FORMAT { /1X,15HFIELD VALUES OF,1X, 14,2X,22(1H~),14,22(1H~)) CAS22940

CHAPTER 3 3 3 3 PRINT FIELD VALUES 3 3 3 3 3 3 CAS22950
£O 39 [1¢=LBOT,LTCP CAS522560
1v=LTOP-11Y+LEQT CASZ2970
DO 30 IX=LIMITI1,LIMIT2 CAS22SB0O
IF{JPHI=JU) 301,31,301 CAS22890

301 1F(UPHI1-dV) 302,32,302 . CAS23000

302 1IF{JFHI-JUP) 302,333,303 CAS23010

303 CONTINUE CAS23020

31 I=IY+(IX=1)=NY CAS23030
GO TO 3000 CASR3040

32 1=1Y+7 IX—1)*NYM1 CAS23050
GO TO 3000 CAS235060

33 T=1Y~1+(1X~2 JsNYM2 CAS23070

3000 1=1+IZERO(JPHI) CAS23080

30 STORE( IX)=F(1i} CAS2309¢Q

IF(JPHI-JV) 310,311,310 CAS23100
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310 WRITE{G,3100) 1Y,Y(IY},{STORE{IX),IX=LIMIT1,LIMIT2) cas23119
G0 70 39 CAS23120
311 WRITE{6.,3101) LY, YV({IY),(STORE(IX)},IX=LIMITY, LIMITZ) CAS231390
39 CONTINUE CAS23140
IF(JPHI=-dUY 320,321,320 CAS23150
320 WRITE({G,.3102) (IX,.X{IX},IX=LIMITY,LIMIT2) CASI3160
GQ TG 360 CAS23170
321 WRITE(G.3103) {(IX,AU(IXA),IX=LIMITL,LIMIT2) " CA323180
360 IF{JPHI.EQ.JU) GO TO 35D CAS23180
IF{JPHI.EQ.JP) GO TO 350 Cas5232Q0
| it e e ikt b FOR ALL PHI'S OTHER THAN U AND P Cas23z2190
IFILIMIT2.EQ . NX) RETURN : ‘ Ca523220
KOLUY T =KOLURN 1 +NUMCOL CAS23230 .
KOLUL2 =KOLUN 24+NUMC DL Cas2324a0
GO TQ 10 CAS523250
e e e e s - e ———— == FOR U AND P CAS23260
350 IF(LIMITZ.EQ.NAMT) RETURN CAS23270
KO- Lt = mOLUM TN OL CA523280
MOLUE2 e hOLAZHNLRZDL . CAS232%50
1FLuPH I EQ.JU) GO T9 10 CAS23300
GO 70 13 CA523310
2100 FORMAT(iX,1X,2HY(,12,2Hd)=,1PED.5,.2,10(1PED.2,1X)) Cas523320
3101 FOoRMAT (X, SHV»\.1~.,H)=.1PE9.3,2X.10(1PEQ.2.1X)) CAS23330
J102  FORMSATUASX,SHX(IX), 9X,10(1Z2,1H=,F6.2,1X)//) Ca52324¢
3103 FORNAT(/DX,5HAULIX), BX,10(12,1H=,F5.2,1X)}//} CAS23350
9699 TFORMAT(/1X,50H{ 1 = U, 2 =V, 3 = H, & = PP, 5 =P, 6 = RHO, 7 = ECAS232GD
1Mu ) 7)) CAS23370
RETURN CAS23380
END CAS23399
SUFROUTINE TEST CAS22400
COLwIN CAS23310
A /CASEY JUINLET ,FLOWIN ,RPIFPE . XPI PE ,FXSTEP,HINLET HWALL CAS23420

2/DNY/ DYG(22),DYV(22),FV{22),FVNDDE(22).R{22),RDYG{22) ,ROYV(22) €a523430
2,R5YG(221,R3YV(22) ,RV(22) ,RVCB122}.5V3122) ,8YV(22),Y(22),Yv(22) CAS23240
3/DNYONX/AE{22) ,AN{22),AP{22).A5122),AW(22).C(22),D(22) ,DIFE{22) CAS23450

3 JODVFN{22),DUW{22), DIFW(22),00(22),DV(22),EMUE(22),EMUN(22) CAS23460Q
JEMUNI22) ,HCONE (22) . HCONN(22), HCONW ('22) CAS23470

3. PHIQLD(F2), RHDJE(22),RHOD"I[22), RHOW{22),5P(22).5u(22) CAS234B0
3VOLURME({Z2) . CONN( 225, CONS(22), CONE(22),CONWI22), ESMPHI (22) CAS23420
AFuNXy ONGI22).DXU22).FU22),FUNDDE(22),KOUNT(22) ,RDXG(22) Cas523%00
4,05XU(22),.RSxG(221 ,RSXU{221,STRRE(22),5X5(22) ,5XU{22), X{22) ., Xu({22)CAS233510
S/DIPHI/ IEWL10), 1L AST(10),IMON(10),1XNY{10),IZERO(1Q) CAS23520
S,JGROUP(10), KAUSCR(10}  KSDLVE( 10}, KRS{ 10}, RELAX{10),RSREF(19) CA5233530
S,RSSUM(10), ITITLE(10} CAS23540
conuany CAS23550
6/D0/CCHECK,DP, FLOWPS ,FLOWST, FLOWURP,GREAT, T LINE,IPLRS,IPREF, IPRINT CAS23560Q
B,ISTEP ,TIX,1XWNY,IXTNY1, }X2NY2 , IXVMON,IXP1, IXPREF,IYMON, 1YPREF CAS23%70
6,UEMU, JH,JLAST  JLINY ,JLINZ,JLIN3, JL1ME, JP,JPP,JRHD CAS23580
B.UU.dV JVYFI, KINPRT . KISPA FnAD.KRHDMU.KTEST.LABPHI CAS23590
6. LASTEP,LINEF,LINEL ,NEQ, HEQPY CASZZEDD
6 ,HJODEF .NJODEF1,N0DS L, N”DEL1.NDDLP1,NTDMA.NUMCUL Cas33610
BLONX MXRAX  NXMT NXM2  NXYG ,NXYP, NXTU, NXTV CAS23E20
6, NY NYMAX,NYMT Nr%2,PI,RSCHEK, REMAX, TINY CAS23530
COMAON /PROP/ EMUREF ,PRL{10),PRT (10), *1OREF CA523540

COMNON /D2D1/ARSL(22.10) ,RSLINE (22,10} CAS23650
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COMMON /D2D2/U(462) ,v(452).TKE( 484) ,TED(484),H(484) ,PP(22),P{400) CAS23660
7,FHO(4843).EMU{aBa) CAS23670
T.,INLY(10),]J0UT(1Q) ,AIN,KOUT,RELTKE,RELTED, ISTCH CAS23680

CO™VON CAaS23690
9/TUR3/C1,C2,CD,SQRTCD.CD25,ECONST,CTAUTW,CYPTW, TAUTWI( 22) CAS23700
9, TAUTW2(22), YRUST1({22),YPUST2{22) CAS23710
9, TAULW (22) . XPUSLA122) . CTAULM, CXPLW CAS23720
9, GENR(22),FACTKE FACTED, JTKE, JTED,CAPPA CAS523730
9, INLYY INLYZ,0UTY , I0UT2,11M1, I2P1,13M1,14P1 Ca5237490

COMON /ASC/AREAE CAS23759

DIVENSION F{ 3766) CAS23760

DINMENSTON DIFS(22) ,EiMJS(22) ,HCONS(22),RHOS(22) CasS23770

ECUIVALENCE {DIFS(2),DIFN({1)), (EMUS12)}.EMUN(1)) CAS237B0

EQUIVALENCE (RKD3(2),RHDN({1}), (AREAE,AREAW)} CAS23790

EQUIVALENCE (RCOMNS{2),.HCONN{1)) CASZ3E00

EQUIVALENCE (F(1),U(1)) CAS23810

CIMERSION A(22}.5022) CAS23320

EQUIVALENCE(A(1),ANI1)),{B(1),AS{1}) CAS23830

CHAPTER 1 1 1 1 PRINT-0UT FOR LEVEL t DONWARDS 1 t 1 1 1 CcAasS23840
e b L b e P P PP GEDMETRICAL QUANTITIES RELATED TO GRIDCAS23350
EMTRY TEST 14 CAS238G0
WRITEL G.200) HKTLST CAS23570
200 FORMAT {/1X, 20GRSLACNDSING PRINT=0UT LEVEL,I14,2X,30{tH=)) CAS23880
WRITE(G.201) (K, X(K),DXGIK),SXG(HK),K=1,NX) CAS23890
201 FORMAT {/1X.,2HIX, 15, 10H X,10H DXG,10H SXG/ CAS23900
1{3£,12.1X,1P3E10.2}) CAS52391¢0
WRITE(6,202) (K,XU(K),DXU(K),SXU(K),FU{K}, FUNODE{K) ,K=1 ,NX) CAS239290
202 FORMAT (/1X.2HIX,1X,10H XU,10H DAU,10H SXU, CAS23930
1 1CH FU,10H FUNDDE/(1X,12,1X,1P5E10.2)) CA523840
WRITE(6,203) (K.V(K),R(K),DYG(X),5YG(K),K=1,NY} CA523250
203 FORMAT (/1X,2H1Y,1X, 10H Y.10H R,10H oYaG, CAS23950
1 104 SYG/(1X,12,1X,1P4E1D.2)) . CAS23970
WRITE(6.209) (K,YV(K),RV{K),RVCB(K),DYV(¥),SYV(K),FV(K), CAS23980
1 FYNODE{K).K=1,NY) CA523990
204 FORMAT { /1X,2HIY,1X,10H Yv,10H RY,10H RVCS, CAS23000
1 10H DYv, 134 SYV,10H FV,10H FYNCDE/ CAS242010
201X,12,1X,1P7E10.2)) . CASZ3020

RETUSRN Casz3a0390

[ Rt e e S DLt e ————————— VARIABLE INFORMATION CAS24040
ENTRY TEST12 CAS24050
WRITE(6,300) . CAS24080

300 FORMAT (//1X, 3OHDEPENDENT VARIABLE INFORMATION,20(1H-}/) CAS24070
WRITE{6,99385) . CAS523080
WRITE(6,301) NEQ,(ITITLE(K).K=1,NEQ) CAS24090

301 FORMAT (/1X.AHNER=, I4,1X,5(1H=) ,20{14,1H,.1X)) CAa32419Q0
IF{KSCLVE(JUPP).EQ.0) GO TO O CAS24110
WEITE{6.2C2) CAS24120

302 FORMAT (1X,14X,44KPRESSURE CORRECTION EOQUATION IS ALSO SOLVED.) Casz4130

38 WRITE(6,303) CAS2414¢

303 FORMAT (/1X,4H ¢ ,44yPHI ,8H JGROUP,BH KSODLVE,B8H KADSOR, CAS24150

1 84 KRS, SH RELAX,BH I1ZERD,BH ILAST,8BH TEW) CAS24160

WRITE(S5.304) (K,ITITLE(®K)}.JGROUP(K),KSOLVE{K) ,KADSOR(K), Ca524170
1 KRS{K)},RELAX{K),IZERD K},TLAST!K),IEW[(K),K=1,JLAST} CAS24180

304 FOMAAT (1X,12,2X,1¢,418,F8.2.318) CAS24190

WRITE(G,305) oLIM1, oLIM2,0L1IM3 ,JLiNg

CAS24200
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‘FILE: CASEOO05 FORTRAN A CONVERSATIONAL MONITOR SYSTEM

305 FORMAT(/1X,BH JLIM1,8H JLIN2,BH JLIM3,BH JLIMA/1X,418) CAS24210
9999 FORMAT({/tX,E6H( 1 = U, 2 =V, 3 =H, 4 = FP, 5= P, & = RHO, 7 = ECAS24220
1 /) ' CAS2423¢0
RETURN CAS24240
Cur———cc e - —— —rm e ———- [NITIAL VALUES IN FIELD CAS242%50
ELTRY TEST 13 CAS242G0

Ji=1 CAS24270
1F(KINPRI.GT.Q) J1=yJP CAS24280

DO 521 JPHI=J1,JLAST CAS524290
1F{JPHI.EQ.JPP) GO TO 521 CAS24300

CALL PRINT(JPHI) CAS24310

521 CONTINVUE Cas24320
RETURN CAS23330
CHAPTER 2 2 2 2 2 PRINT~OUTS FOR LEVEL 2 ONWARDS 2 2 2 CAS24340Q
C=====w-= STARRED VELOCITIES AND THEIR RESICUAL SOURCES ON TDMA LINE CAas24350
ENTRY TEST 21 CAS24360
IF{KTEST.GT.2) GO TO BO4 CAS24370
IF{LABPHI.EQ.1) WRITE(B,803) IX,KOQUNT(IX) CAS24380
IF(LABPHI.EQ.2.AND.IX.EQ.NXM1) WRITE(G,BQ3) IX,KODUNT(IX) cCAaS2439Q

803 FORMAT (/1X,53(1H-),4H 1X=,12,12H, KOUNT(IX)=,13) CAS24300
804 IsvlinL =1 CAS21119
IF(LASPHI.GT ,uV) ISYNMBL=0 C CAS24420
K2=1EW (LABPH1) . CAS24430
WKITE(G,2299) CAS24340
WRITE(G,BCO) IX,ISYMBL,ITITLE(LADBPHI),(PHIOLD(K) ,XK=1,K2} CA524450

800 FORMAT (11X, 3HIX=,12,1H, ,1%X,I1,11H VALUES DF ,14,1H*,1P5E10.2, CAS21460
1" 51 /1X.24X,1P5E10.2)) CAS24470
WRITE(S,BO1T)Y ITITLELABPH1),IX RSLINE(IX,LABPHI) CAsS21480

E01 FORWMAT (1X,38MALGESRAIC SUM OF RESIDUAL SOURCES OF ,I&4,6MAT IX=, CAS2a490
1 12,4H IS,10X,1PE12.2) CAS24500

2998 FCRMAT(/1X,86H( 1 = U, 2 =V, 3 =H, 4 = PP, 5 =P, 6 = RHO, 7 = ECASZa%10
My /) CA524520
RETURN CAS24530

P T L T MEAN-FRESS'JRE-CORRECTION QUANTITIES CA524549
ENTRY TEST 22 CAS24550
WrITE(6.1090) IX,FLOWUP, FLOWST ,DP CAS24560

1080 FORWAT (/1% 3HIX=,12,58.. ..., 7HFLOWUP, ,7HFLOWST, ,20HMEAN=-P CORRECT]ICAS22570Q
18 =, 1P3E0.2) CAS24580
WRITE{G,10B2) FLOQWPC CAS24590

1082 FORMAT (1X,36HMEAN-PRESSURE CORRECTED FLOW RATE = ,B8X,1PE10.2) CAS24500
K1=14] X1NY CAS24510
K2=K1+NYM . CAS24620
WRITE(B,.108%) (UIK).K=K1 ,K2) CAS24630

1681 FORMAT (1%, 24HNMIAN-PRESS. C. U{1 = NY),1PSE10.2, CAS21E40
1 54 /1% 24X, 1F5210.2)) CASZaE50
RETURN CAS24G60
=t e e e —————— F'=CORRECTION QUANTITIES CAS24K7Q
ENTRY TEST 23 . CAS24680
WRITE(6,1C93) IX.RSLINE(IX,JPP) CAS24G90

1093 FORMAT (/1X,42HALGEBRALC SUM OF ERRDR MASS SOURCES AT Ix=,13, CASZ22700
1 54 15,13X J1FE10.2) . CASZ2473%0
WRITE({6,1C90) IX,{PP{K)},K=1.NY) CAS22720

1090 FORDAT(/1X,3H1X=,12,2X,12¢PP(1 TO NY) ,5X,1P5E10.2, CAS23730
1 5{(/1X,2&4X,1pP5SE10.2)) CAS24740

K1=1+TXNY{JU) CAS524750
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K2=K1+NYM1 CAS247G0
WRITE(G.1091) IX,(U(K),.K=K1,K2) CAS24770

1091 FORMAT(1X.3HIX=,12,2%,17HFP C. U(t TOD NY) ,1P5E10.2, CAS247B0
1 5(/1X,23X,1P5E10.2)) CAS23790
K1=1+T XNYLJV) CAS24B0Q0D
K2=K1+NYM2 CA524810
WRITE(6.1092) IX,(V(K).K=K1,K2) CAS24820

1092 FORVAT(1X,3HIX=,12,2%,17HPP C. V(1 = NYM1),1P5E10.2, CAS24830
1 5(/1X,24%,1PSE10.2)) . CAS24B40
RETURN CAS24650
CHAPTER 3 3 3 3 3 PRINT-CUTS FDR LEVEL 3 ONWARDS 2 3 3 3 CAS24360
L e e L COEFFICIENTS OF FINITE-DIFFERENCE EQUATIONS €aA524870
ENTRY TEST 31 CAS24080
IF(LABPHI.EQ.1) WRITE(E,2030) IX,KOUNT(IX) . CAS24890
1F(LABPHI.EQ.2.AND, IX.EQ.NXM1) WRITE(6,2030) IX,KOUNT{IX) CAS524900

2030 FORMAT(/1X,53(1H~},4H IX=,12,12H, KOUNT{Ix)=,13) CAS24910
walTE( 6,9937) CA524920

: WR1TE(&,2020) ITITLE(LABPHI)}.IX CAS239230
2020 FORWAT(//V\X,1SHCOEFFICIENTS DF ,I14,2X,17HEQUATION FOR IX =2,14,2X,2CA5234940
10(3H=) //1%,2HIY,2X, 104 AN, 10H A5, 10R AE, CAS23950

TICH AW, 10H SU,10H SP, 10H PHIOLD) CAS238G60
WPITE(6,2021T) (K,AN(K).AS{K),AE(K),AW(K),SU(K),SP(K),PHIDLD{K) ,K=1CAS24970

1,NY) CAS249B0

2021 FORMAT {1X,12,2X,1P7E10.2} : tas524990
9997 FCRMAT(/1X,56H( 1 = U, 2 =V, 3 =H, 4 = PP, 52 P, 6 = RHD, 7 = ECAS25C00
W) CAS25010
RETURN ’ CAS25020

END £AS25030
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APPENDIX B
THE COMPUTER PROGRAM FOR PARTICLL COAGULATION



Symbols
CPART1 (1)
CPARTIO (I)
oce (J,I)

FF (1)

FFF (1)

COEN (I)
COES (1) |
COEE (1)1
COEW (I) |
JCP1

JCP10
DELT
STAN1
STANZ
STAN3
Xcp (I,9)

MONTOR (1)

CPINP (I)
TIMEF
ACCOM

ALPH (I,J,K)

176

FORTRAN SYHBOL

Meaning
The number of particles in the 1st ~ 10th class of sizes.

The number of particlies in the I-th class of sjzes at the
previous time step.

Array used to store the variables, CPART 1 {I) ~ CPARTIO
(1).

Array used to store the variables, OCP (J,I}. FF (I) and
FFF (1) are made eguivalent to the total length of the in-
dividual variable arrav.

Coefficient in the fenite difference equations, These
values are calculated before entering time loop.

Index controlling the class of particie sijzes.

Time interval which is used for transient finite-difference
equations.

Mass transfere coefficient for particle deposition to the
left hand side, the right side, the right hand side and the
bottom wall, respectively.

The variable which are made eauivalent to the CPART 1 ~
CPART 10

The number of grid point which is used for printing out the
calculated result at every time step.

The initial value of partic]é numbe in I-th size class.
Final time step.

The accomodation factor for the particle coalescenc {now
taken as 0.3)

The coaqulation factor between the I-th and the J-th class
particles at the grid point K.



FILE: BLOC FORTRAN =

BLOCK DATA

CONMMON

1/CASEN JUINLET,FLOWIN,RPIPE ,KPIPE,FXSTEP,HINLET,HWALL
2/0NY/ DYG(22),DYV(22).FV{22),FVNODE(22),R(22),RDYG(22).RDYV(22)
2,RSYG(22)},R5YV({22),RV(22)},RVCS(22),5YG(22},5YV(22),¥(22),Yv(22)
3/DNYDNX/AE(22) ,AN[22),AP (22).A5(22),A%{2Z2),C(22).0D(22),DIFE(22)
3,DIFN(22).DUW(22), DIFW{Z22),DU(22),0v(22),EMUE(22),ENUN(22)
3 JEMUW(22) HCONE({22) ,HCCNN(22), HCONYW (22}
3,PHIOLD(22),RHOE{22) ,RKON(22), RHOW (22),5P(22).5U(22)
3,VOLUME(22), CONN(22),CONS(22), COME(22),CONY{22), ESNPHI (22)
4/DNX/ DXG(22),DXU(22),FU(22),FUNDEE{-2),KOUNT(22),ROXG(22)

CONVERSATIOMNAL KONITJR SYSTEM

BLOOCO10
BLOQQ020
BLOOOQ30
gLOoCR 40
BLODQOGSKD
8LO0C06GO
BLOCCOTO
BLOOOOBO
BLDO0OO3O
aLo0000
BLOOD110

4 ,RDXU(22) RSXG(22} ,RSXU(22),STORE(22),5XG(22).5XU(23),X122),XU{22)5L200120

S/DUPKL/ TEW{10),ILAST(10),INON(1Q),1ANY{10),I2ERD(10)

5,JGROUP(10) . KADSOR(10) . KSOLYE(10) ,%XRS(10),RELAX{10),RSREF(10)

S,RES5UM{10),ITITLE(1Q),KTITLE{10)},KEW{10) ,KLAST(10),KZERQ(10)
cormon

6/D0/CCHECK,DP, FLONPC,FLO%ST ,FLOWUP,GREAT, T LINE, IPLRS, I PREF, IPRINT

6,ISTEP IX.IXINY,IXINY!, 1X2N/¢2,04AMON,IXP1, IXPREF, IYMON, IYPREF
G.JEMU, JH,JLAST ,JLIM1 ,JLTIW2, SLIM3,JL1E,JP, JFP, JRHOD
6,JU,JV,JVP1, KINPRL ,»LPA, KRAD, K RKOMU , KTEST, LABPHI
B,LASTEP,LINEF,LINEL,NED. HEGPY

6 ., NODEF ,MODEF 1 ,NCDEL ,NDSELY ,NODLBT,NTDVA, NUMCOL

B NX,NAMAX NXMT HNXN2,MAYG ,NXYP, NAYU, HAYY
6,.NY, NYMAX NYM1 ,Nrivi2,P1,RSCHEK, RSMAX, TINY

COMMON /PROP/ EMUREF ,PRL(10! ,PRT (10}, RHIREF

COMMON /D2D1/ ARSL{22,10),RSLINE (22,10)

COMMON /D2D2/ UL 452) ., V(552 ), TKE( 484) ,TED(484) ,H(484),PP(22),P(400)

7 RHO(4B4),.E%y(4842)
co:vioN
9/TURB/C1,C2,CO,5GCRTCD.CDZ5,ECONST,CTAUTW,CYRPTW, TAUTWI (22)
9.7TAUTW2(22), YPUST1(22),YPUST2{22)
9, TAULW(22), XPUSLW!22),CTAULW,.CXPLW
9,GENK| 22) ,FACTHE,FACTED, JTKE,JTED,CAFPA
9,CPART 1(484) ,CPART2(4a84) ,CPART 3 (483}, CPARTA(484) ,CPARTS(484)
9,CPARTGE(4B4) ,CPARPT7/40a)} . CFARTE(484),CPARTO(484) .CPARTD(484)
CONMON/PARTY /CCP{aA84,10) ALPH(10,10,22).RP(10).DELT,TIME ,NUMBER

ELLOO130
BLODD140
BLOOO150
BLGOO1GO
BLOSO170
BLO0D 180
BLCOO 90
BLO0D200
BLSDQ2140
BLOCD220
8LO0C230
BLOCO240
BLOO002%0
BLOCC26GO
BLO0OOZ70
gLQo0Cc230
210290
BLOO230D
BLODO310
BLOOD320O
BLCCC23D
BLO0C34Q
BLOCO3SQ
8LG0D2G0

1,CNREL ,COEE( 48-1).CDEN(431),C0E51484),COEW{464) ,CPINP(10),VOLG(484)BLOCC370

1,STAN1(22,10),5TAN2{22,10),57AN3!22,10),JCP1,4CP2,JCF3,JCPY, CP5

1,JCP6,JCP7.JCPB,UCPY,JCP IO, KPH] ,KKLAST MGNTOR(10)
COMMON /ABC/ARETAE

DiMENSION F{37€6),FF(4840),FFF (48420}

DIMEMSIDON DIFS({22) ,EMUS(22).HCONSI22) . RKCS(22)
EQUIVALENTE {HCCKNS(2),HCINN(1) },(FF(1),CPARTI{1))
EQUIVALENCE (DIFS(21,51FN{1)), (EMUS{2),EMUN(1))
EQUIVALENCE {iHGS5(2).PHEONW{1}), (AREAS,AREAW}
EQUIVALENCE (F(1),U(1)),.(0DCP{1,1),FFF(1))
DIMENSION A({22),3(22)
EQUIVALENCE( ALY, ANC1)), (B(1),AS(1))

CHAPTER 1 == -===—mm e GEINZRAL,FLOW PARAMETERS

DATA GREAT,TINY,P!/1.E30, 1.£=30, 3.1415926/

DATA RPIPE,XPIPE,UINLET,HINLET ,HWALL/ |

1 250.,250.,72.,0.0.0.0/

DATA KTEST/0/

DATA RP/0.0002,0.0004,0.0008,0.00£2,0.001,0.0012,0.0014,0.0016
1 ,0.0018,0.002/

BLO0O280
ELCC0390
BLOCOAQO
BLODGO410
BLOOGA20Q
BLGCDA30
BLOCQ340Q
BELOO00&5Q
BLODOSG0
BLODOZT0
BLOOGCABO
BLOOCA90D
BLCOO500
BLOUCS10Q
BLSOCZ20
BLODCE 3D
BLOOCS540
BLCOOSS0
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‘;JUWFLLEL”BLDCW, . FORTRAN. =

CHAPTER 2 ===rr==s~—=ruw GRID
DATA NXMAX,NYMAX/22,22/
DATA KRAD/1/
DATA FXSTEP/1.0/

CHAPTER 3 ~=———r==—==—== VARIABLES
DATA JU., JV, JTKE,JTED,JH,JPP,JP,JRHD,JEMU, JLAST/
1 1, 2, 3, 4, 5, 6, .7 8, 9, 9

DATA JCPI.JCP2.JCP3.JCP4.JCP5.dCPS.dCP?.dCPB.dCPQ,dCP10.KKLAST/
11,2,3.4.,5,6,7.,8,9,10,10/
DATA HSOLVE /1C*1/
DATA KRS/10«1/
DATA KADSDR/10=1/

CHAPTER § ~=~====—==a==—- PROFERTY DATA
DATA RHOREF, EMUREF/7.2,0.086/
DATA PRL.PRT/20*1.,0/

CHAPTER § ==w=—-==-—~ -=——- STARTING PREPARATIONS
DATA 1XPREF, 1YPREF/2,2/ :
DATA KINPRI/O/

CHAPTER B ==—=——==r==w== STEP CONTROL

CHAPTER 7 ==—=—==—-— ~——== BOUNDARY CONDITIONS

' DATA €1,C2,CD,CARPA,ECONST/

1 1.,43,1.92,0.09,6.4,9.0/
DATA SQRTCD,CD25/ ©0.3,0.54722/
DATA FACTKE ,FACTED/0.0605,0.03/

CHAPTER B ==—--—=—===—==- ADVANCE
DATA NTDWMA/1/

CHAPTER 9 ======== —————— COMPLETE

CHAPTER 10 =—===~===—===== ADJUST
DATA KMPA/O/

CHAPTER 11 ==—ewsmm——e === PRINT
DATA NUMCOL/10/

CHAPTER 12 ====e==—=m—-- DECIDE
END

CONVERSATIONAL MONITOR SYSTEM

" BLOOOSGO

BLOQCOS70O
BLOCOSHO
BLOOGCESYO
81020600
BLOOCG10
BLO0CG20
BLOOJE30
BL0O0640
81000650
BLOCCBGO
BLO0D2GTQ
BLODQGBO
BLOOOBSO
BLOOO700
BLOCO710
BLOCQ720
BLODCT730
BLOCO740
BLOCOD750
BLOJO760
B8LO00770
BLOCO780
BLODO790
BLO0DEBOO
BLOCOB1O
5L0CCE20
8LOCOB30
BLOOCEAQ
BLOOCES0
BLOOOB6G0
BLOOOEBTO
BLOOOBBO
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. FILE:

e

MAIN = FORTRAN »

MAIN PROGRAM
COMMON
1/CASEY JUINLET,FLOWIN,RPIPE,XPI1PE,FXSTERP,HINLET,HWALL

- 2/DNY/ DYG(22),DYY(22),FV(22).FVNODE(2"),R(22).,ROYG(22) ,RDYV{22)

2,RSYG(22),RSYV(22) ,RVI22),RVCB(22),5YG{22),5YV(22),Y(22]),Yv(22)
3/ONYONX/AE(22),8N(22),AP(22),A5122),Aw(22),0(22).D{22; ,DIFE(22)
3,DIFN(22),0Uw(22), DIFW(22),DU(22),0V{22),EMUE(22),EMUN({22)}

3 JEMUW(22) ,HCONE22) L HCONN{ 22), HCONW (22)
3.PHIOLD(22),RHOE[22) ,RHDI( 22, RHOW(22),S5P(22), 5U(22)
3,VOLUME(22), CONN[22),CONS(22), CONE(22) ,CON®(22), ESRPHI (22)
4/CNX/ DXG(22).DXU(22), ru:22) FUNCDE({Z2) , KOUNT(22).RDxG(22)

CONVERSATIONAL MONITOR SYSTEM

"MAlOOOtO

MAIQ0020
MAICCO30
KMATCOO040
MA100050
MAICCCGO
MAICCO70
MA1000BO
MAIQQO090
MAI0Q0100
MAICO110

-4,RDXU(22),R5XG(22) .R5XU(22},STORE(22),5XG({22),SAY(22),X(22),%XU(221M4100120

CHAPTER 1 1 1 1 1

CASE1

5/DJUPHI / TIEW( 10}, ILAST{10),ivON {10}, I2ARY(10),IZER0O(10)

S.JUGROUP(10), KADSOR(10)},KSOLVE(L 10}, nRS{10).RELAX(10) RSREF{10)

5, RSSUH(10) ITITLE(10), KTITLE(10) KEW{10),KLAST(10),KZERO(10)
com

S/DOIuCHECK,DP,FLOWPC,FLDWST.FLDWUP,G?EAT.ILINE.IPLHS.IPREF.IPRINT

JISTEP L IX, ITXINY, IXINYT, IX2NY2 , [XMON,IXP1, IXPREF ,IYMON.IYFREF

6 5ub,dH JLAST, dLIMI.dLI‘2 JLIM3, JLIMA  JP,JPP,JRHO
6,JU,uv, dVP.,KINPHI KMPA | KRAD,HRHOMU,KTEST, LAEPHI
G.LASTEP.LINEF.LINEL.NEO.NEGP1
6 ,NODEF ,NODEF 1 ,NOCEL.NODE LT ,NODLP1,NTDMA,NUNMCOL
6, NX NXMAX NXMI NAM2 ,NXYG ,NXYP, NXYU,NXYV
6 ,NY NVMAX NYMI NYNZ,PI,RSCHE¥, RSMAX, TINY

CONMON /PROP/ EIMUREF ,PRL{10),PRT (10}, RYDREF

COBON /D201 /ARSEL(22,10),RSLINE (22,10)

CONMON /D2D2/Uta62) ,V(462) . TKE(4B4),TED(484),H(4a4) ,PP{22),P(400)

7 LEHD({ 484),EMU(S504)
7 JINLY(10),10UT(10),KIN,KOUT, RELTKE,RELTED, ISTCH
COMMON
9/TURB/C1,C2.CD,SQRTCD,CD25,ECONST ,CTAUTH,CYPTW, TAUTWI {22)
9.TAUTW2({22), YPUST1(22),YPLST2(22)
9, TAULW(22) XPUSLWt22),CTAULY., CaPLW
9,GENR[ 22) ,FACTHE,FACTED, JTKE,JTED,CATFA
9,CPART1(484) ,CPART2(484) ,CPART3(4584),.CPARTA(484) ,CPARTS(484)
9,CPARTE(424) ,CPARTT(484) ,CPARTE{4E3),CPARTI(4843) ,CPARTQ (48B4
COWMDN /PART /OCP{4E4 ,10) JALPH{10,10,22),RP{ 10),0ELT,TINE, NUMLER

MAICO130
MAIOO0140
MAT00150
MAIQO1GO
MAICQ1T0
MAIQD180
MAT1OODtS0
MATQGC200Q
MATOG210Q
MAIOQ220
MA100239
MATIOO240
MAIQC250
MAI002G0
Malo0270
MATOC280
MAI0OZ22Q
MALIOC300
MA10G310
MAT0C320
MA100330
MA10C340
MA100350
MAIQQ3G0O
MAIQO370

1,.CNREL ,COEE( 4B4) ,COEN(4B4A),COES(404),COEW({4A84),CPINP(10),vDLG{484)MA1003B0

T.5TAN1(22,10),5TAaN2{22,10),STAN3(22,10),JCP1,UCP2,JCP3,JCP4,UCPS

1,JCPG, JCP7,UCPB,JCPT, JCP10 KPHTI, hKLAST.MDNTDQ(10)
CGHMON/AF”/AREAE

DIMENS 10N F(37GGJ.FF(4840).FFF(48~0)

DIMENS ION DIFS(22) ,EMUS({22},HCDONS(22),RE0S(22)
EQUIVALENCE (DIFS5{(2),DIFN{1)), (EMU3(2).ZMUN(1))
EQUIVALENCE (RH25(2).%H0N(1)), (ARSAZ.AREAYW)

EQUIVALENCE (HCONS{2).,HCONN{1))},(FF(1),CPART1(1))
EQUIVALENCE (F(1),U{1)),(0CP{1,1),FFF{1})

DIMENSION A(22},B(22)
EQUIVALENCE(A(1),AN{1)),(B(1),AS{1))

DIMENSICN XCP(484,10)

EQUIVALENCE (XCP{1.1),CPARTI{1))

RELIFAINARIES i1 1 11111
«s-xs LANMINAR, UNIFDRM-rROPERTY, DEVELOPING FLOW IN A PIPE

COMMENT . ..., -ccn.t . ALL RUMERICAL DATA ARE PUT IN VIA BLOCK DATA

READ{5.1300) KTEST

1

MATOQ390
KAlIocAaoo
talcoate
MATOQ420
MAIQQS30
MATIN034Q
MAI0Q459
MATO24GO
MAlo0a70
MAID0430
Ma100439
MATOSZ00
MAIQI510
MATOLE20
MA1003530
MAIO0540
MA1005E0Q
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FILE

130
1305

c -
CHAP
C -

.c--_

CHAP

CHAP
Cr—=
C—=

41
CHAP
Comm

! MAIN FORTRAN *

READ(S5,1300) NX,NY
READ(5,1301) (X(I),1=1,NX)
READ(5,1301) (Y(l),1=1,NY)
READ(5,1301) (F(I),I=1,3766)
READ(5,1302) {RELAX{I1),I1=1,19)
READ(5,1305) NTODWA,LASTEP,NOUTP1
READ(5,1302) CNREL,TIMEF,DELT, ACCOM
READ(5,1301) (CPINP(I),I=1,10)
READ({5.1305 )} (MONTOR(1),I=1,10)
2 FDRMAT (8F10.0)
FORMAT (1015)
ISTEP=0
ILINE=OQ
TIME=0.0
NUMBER=0
- ——— - —r——————eees= PRINT QUT HEADINGS
CALL QUTPH :
TER 2 2 2 2 2 GRID 2 2 2 2 2 2 2

e mmmeme mmmmee —eees QUAN

CALL ZON53T2

2 2 2 2 2

TITIES RELATED TO NX AND NY

————————————a M e —eo———————— CALCULATE GRID QUANTITIES

CALL GEOM
IF(KTEST.GT. 0} CALL TEST 11
TER 3 3 3 3 3 VARIABLES 3 3 3 3 3

3 3 3 3 3 3

e eme s s ssss m— e ~===== CONSTANTS RELATED TO VARIABLES

CALL CONST3
IF{KTEST.GT. 0} CALL TEST 12
TER4 4 4 a4 4 PROPERTY DATA 4 4 4 23

4 4 4 4 4 4

e e LT PUT REFERENCE VALUES IN FIELD

e e - - ————————— CELL-WALL DENSITY
LI a1 1¥=1 ,NY .
RHCHITY)=RHOREF
RHUS{ 17 )=RHOREF
RHOS (I Y)=RHOREF
RHOW{ I Y)=RHTOREF
EMUN{IY)=ENMUKEF
EMUS(IY)=ENMUREF
EMUE(]Y)=EMUREF
EMUW({IY)=EMUREF

AND VISCOCITY

TER5 5 5 5 5 STARTING PREPARATICNS S 8 5 5 5 5 5
== 1 INDICES FOR REFERENCE-PRESSURE POINT AND MONITORING LOCATION

---------------------- CALCULATE FLOWIN AND REF.
RSREF(JCP1)=CPINP(1)
RSREF{ JCP2)=CPINPI2)
RSREF({JCP3)=Cr1NP( 3}
RSREF{JCP4)=CPINDP* &)
RSREF({ JCPS)=CPINP(5)
RSREF({ JCPB)=CP1P(6)
RSREF{JCP7)=CPINP(7)

RSREF(JCFE )=CPINP(B)
RSREF{ JCPQ)I=CPINP( D)
RSREF{JCPI0)=CPINF(10)

RES.-50URCE VALUES

Qe e e e e meeme meme—m—=- INITIALIZE VARIABLE STORAGES

c

CONSTANS FOR Y+
CYPTW=CD2S*DYG(NY)} /EMUREF

CONVERSATIONAL MONITOR SYSTEM

"MAI005G0O

MAIOOSTO
MAIOCSS0
MAICO590
MAL00500
MAT006G10
MATODG20
MA100G30
MAIOD640
MATCOG50
MAICOEE0
MAIQOBTO
MAI00G380
MA100690
MA1C0700
MATIOQ710
MAICO720
MAIDQ730
MAIOQT740
MAL00T50
MALIOO7EOQ
MAIOO770
MA100780
MAT0D720
MAIDOE00
MAIO00310
MAIOCSE20
MAI00830
MA100940
MA100850
MATQDEGO
MA100B70
MATCCBGO
WMAalgegag
MA100900
MA100910
MA100920
MA100930
MALOGS40
MA100950
MAICOEGO
MAI20S70
MALIOOGE0
MATOODRD
MAIO1000
MAID1010
MALG1G20
MALIO1030
WAIG1240
Mald1050
MAIOICGY
MAI01070
MAID1089
MAID1090Q
MAIQ1700

PACE 002

081



—FILES

499

553
554

555

“MAIN " " FORTRAN = CONVERSATIONAL MONITOR SYSTEM
CTAUTW=EMUREF/DYG(NY) MAIO1110
CONSTANTS FOR X+ MAID1120
CXPLW=CD25»DXG(2)/EMUREF MAIO1130
CTAULW=EMUREF/DXG(2) MA101140
ZERO CLEAR MAL101150
DO 499 1=1,4840 MATO1160
FFF(1)=0. MALIC1170
FF(1)=0. 1A101180
DO 50 HKPHlI=1 ,KKLAST MAIO1190
11=KZERD(KPHT}+1 MATIQ1200
12=KZERD{KPHI)+(NX~ 1)*NY MALO1210
DO 51 1=I1,12 MA101220
FFF(I)-CPINP[KPHI) MAIC1230
FF(1)=CPINP{KPHI} MAIC1240
CONTINUE MATQ4{250

—————————————— INITIALIZE TDMA-LINE STORAGE MAIO1260
DO 554 IX=1,NXM1 MALQ1270
I1=(IX%X=1}*NY+ MA101280
12=(IX=1)*NY+NY MALIG1290
CPART1(I1)=0. MAIO1300
CPARTI(12)=0. MATIC121Q
CPART2(11)=0. MAIQ1320
CPART2{1I2)=0. MATO1330
CPARTI(IM1)=0. MA10132430
CPART3(12)=0. MAIQ1350
CPARTA(11}=0. MAID136C
CPARTA(12)=0. MAIO1370
CPARTS(11})=0. MAIO1389
CPARTS(12)=0. MA101390
CPARTE(11)=0. MATIQ1400
CPARTE (12)=0. MAID1410
CRARTZ7(I1)=0. MAID142)
CPART?(12)=0. MA101430
CPARTE(I1}=0. MAI0Lr440
CPARTB(12)=0. " MATQ1450
CPARTO(I1)=0. - MAIQ1460
CPARTO(I2)=0. _MAIQ1470
CPARTO(I1)=0. MAI01480
CPARTO (12)=0. MA101490
DO 553 KPHI=1,KKLAST MaA1C1500
AcP(11 ,KPHI) =0. MATIQ1S10
OCP({I2,KPHI} =0, MALIQ1520
CONTINUE MAI01530
CONTINUE MAIQ1540
DO 555 IY=1,NXYP MAID1550
P(1Y}=C.0 MAIOTEGO
DO 501 I¥=1,NY MAIO1570
AN{1Y)=0.0 Mal01580
Dv(ly})=0.0 MAIQ1290
AS({IY)=0.0 MAID1E00
AE{1Y)=0.0 MAIO1IS10
AW(1Y¥)=0.0 MAID1620
SU(IY)=0.0 MAID1630
sP{IY)=0.0 MAIO1840

pu({lIY)=0.0

MAIQ1650

PAGE 003
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. FILE! MAIN FORTRAN

VOLUME{1Y)=0.0
pPP{IY)=0.0
501 PHIOLD(IY)=0.0
C _ INITIALIZE Y=DIRECTION ARRAYS
DO 502 IX=1.NX
YPUSTYI(IX)=0.0
YPUST2(1X)=0.0
TAUTWI (IX)=0.0
502 TAaUTW2(1X)=0.0
Comm—mee—— ~=~INITIALIZE Y-DIRECTION ARRAYS
00 503 1¥=1 NY
TaULW(IY)=0.0
503 XPUSLW(1Y)=0.0
CHAPTER 7 7 7 71 7 BOUNDARY CONDITIONS 7.7 17T 7T 7
Cw===—=~CALCULATE TAU AND Y+ FDR LADLE WALL LEFT
NODEL=NY-1
NODEF=2
NODEF 1 =NODEF -1
IXP1=]X+1
DC 7999 IX=2 ,NX
IXINY= {IX=1)*NY
IXINY1={IX=1)*(NY=-1)}
DU 7699 KPHI=1 ,KKLAST
7699 IXNY(KPHI)}={ IX=1)*NY
I=2+]1X INY
IE=I-NY
- UP=U(TE}+(U(1)~U{1IE))*FUNDDE(I1X)
ABSUP=ABS{UP)
1F(1X,EQ.2.AND,ABSUP, LE. TINY) UP=TINY
RSQRTK =RMO(1 )*SQRT{THKE(I))
YPUSTT (IX)=RSQRTK~CYPTW
IF(YPUSTI(IX).GT.11.5) GO TO 701
TAUTWT (IX)=CTAUTW.UP
GO TQ0 710 - .
701 TAUTWI {IX)=CAPPA*UP+RSQRTK*CD25/ALOG(ECONST»YRPUSTI(IX))
710 CONTINUE
{w==semee~CALCULATE TAU AND Y+ FORLADLE wALL- RIGHT
I=NYM1+IXINY
la=1-NY
UP=U{IW}+{U{TI)=~U(IW))})+FUNDDE(IX)
ABRSUP=ASS5(UP)
JF{IX.EQ.2.AND.ABSUP.LE. TINY) UP=TINY
RSORTK=RHO({ 1 }*SQRT(TKE(I))
YPUST2 (1X)=R5QRTK~CYPTW
IF(YPUSTE(IX).6T.11.5) GD 10 702
TAUTW2 {1X)=CTAUTW+UP
GO 1O 711
702 TAUTW2 (IX)}=CAFPA*UP=RSOARTK=CD2S5/ALOG(ECONST=YPUST2(IX})
711 CDNTINUE '
€ CALCULATE TAU AND X+ FOR LADLE ECTTOM
IF{(1X.NE.NX®1) GO TO 720
D2 721 I1Y=2,NYMI1
I=1v+1X1INY
IV=IY+IXINYT
18v=1V—1

CONVERSATIONAL MONITOR SYSTEM

MAIOIGGO
MAIO1670
MAID16580
MAT01690
MAIQ1700
MAIO1710
[alo15720
MALIQ1736
MATO1730
MAIO1750
MAID1760
NMAIO1770Q
M&al01780
MAi01799
MALO1EOOQ
MAICIB10Q
MAIQB20
(AATO1830
MATO18B40
MATOI1B50
MATC1860
MA1Q1870
MATC1850
MATO1890
MATO1G00
MAIDI1S10
Ma1Q1220
MATO1930
MAlC12ag
inAal013%0
MATG1260
MAI01870
MAlgicag
MAIQ1390
MAICZ20Q00
MAIQ2010
MAalo202c

MA102030-

MA102040
124102050
MAT02060
MATIQ2070Q
MATQ208B0
NMALIQ2090
AT102100
fAA1¢2110
rmaJn2120
MATQ2130
MAI02140Q
MAIQ2150
MAIQZ216Q
MAIC2179
A102180
MAICGZ1G0
MATO2200

A



E?fé!

722
721
720

53
7999

o000

onn

MAIN. FORTRAN =

VPaV(ISV)+(V (IV)=V(ISV)) «FVNODE(IY)
ASQRTK=RHD(1 )=SQRT{TKE(1))
CXPUSIW{IY)=RSORTK+CXPLW
IF(XPYUSLW(1Y).GT.11.5) GO TO 722
TAULW{ IY)=CTAJLW+VP

GO TO 721

TAULW( JY)=CAPPA*VP#RSQRTK*CD25 /ALOG( ECONST»XPUSLW(IY))
CONTINUE

CONTINUE

KPHI=1

CALL COEFF{KPHL)

DO 53 IY=2,NYW1

I=1v+ I X1INY

COEE(I }=AE(IY)

COEN({1)=AN(1Y)

COES({I }=A5(IY)

COEW(I )=AW(1lY)

VOLG{ 1 )=VOLUME(IY}

CONTINUE i

D0 7998 IX=2,NXM1

ININY= (IX=1) eNY
T14INY1=(1X=1)*{NY=1)

DD 7998 KPH1=1,KKLA5T_

I=1XINY+2

COES(1)=0.

Iw=I=-NY

UA=Q,.5+(U{I)+U(Iw)) -
FRIC=ABS(TAUTW! (1X)/(RHO{I)*UA=UA))
SQHF=SQRT({FRIC/2.)

SPLS=4,*RHO( 1)/ (1B.%EMUREF==2) %0 05+UA«22# SQHF=RP (KPHL ) +u2
STAN1( IX ,KPH1)=(FRIC/2.)/{1.45QHF*»{1525./SPL5*»»2~50.6) )sUA

I=IXINY+NYMI

COEN{1)=0.

IW=I=-NY

va=0. 5+ (U(1)+U(IW))

FRIC=ABS(TAUTW2(IX)/(RHO(I)*=UA=UA})

SQHF=SQRT(FRIC/2.)

SPLS=4.0*RHO (1)/{18.+EMUREF*+2)%0,05*UA#*2*S0HF+RF(KPHI }=s2
STAN2( 1X,KPHI)={(FRIC/2.)/(1.+SQHF(1525./SPLS**2-50.6) }«UA

IF(1X.NE.NXM1) GO TO 7998

DO 7997 I¥y=2 ,NYMI

1=1Y  +IXINY

Iv=1Y +IXINY}

COEE(I)=0.

1SVzIv =1

YA=0.5*(V{I}+v(I3V))

FRIC=ABS(TAULW(LY)/{RRO{1)+YA+VA))

SCHF=SORTIFRIC/2.0)
SPLS=4.0+RHO(I)/(18.~EMUREF+=2)*+0.05+VA«a2+SOHF*RP(KPHI ) na2

CONVERSATIONAL MONITOR SYSTEM

T Me102210

MA102220
MALIQ2230
MA1Q2240
MAT102250
MATIQ2260
MAIQ2270
MAIQ2280
Mal1Q2230
MalQ2300
Mal02210
MA102320
MAIC2330
VAl02340
MALIQ2350
MATIQ2360
MATIQ2370
MAIO2380
MATIOQZ390
mMaro2:90
MALIC2419Q

nAL02420
MalQ2430
MA1Q2440
MAID2450
MATQ24G0
MAIQ2470
MaIQZzago
MAIOZ2490
MA102500
MATO2Z10
MATQ2520
MA102530
Ma102540
MAIQ2550
WAa102560
MAIOZ570
NMATIOQZ2S80
NAIC2390
MATOZ2600
MaIg2c10
MATQ2E20
MiI02630
Malozzao
MAIQ2E50
MAIOZ2ZG0
MAIQZ570
MAIG2680
MAIQZE5GD
MAIO2700
MLIC2710
MAI02720
MALC2730
MAIC2730
MAIG27SC

€8l



FILE: WMAIN FORTRAN = CONVERSATIONAL MONITOR SYSTEM ' PAGE 0056
STAN3( LY,KPHI)a(FRIC/2.)/(1.4+SQHF«(1525,/5PLS*=2-50.6) )*VA MAIQ2760
7987 CONTINUE Mate2770
7998 CONTINUE M2IiC2780
Lrmmrccer - - === PRINT OUT STARTING VALUES MALIQ2720
4000 CONTIHUE MAIQ2300
MUNEER =NUMBE R+1 MALID2210
TIME=T IME+DELT MAIOQ2220
ISTEP=1 MALD2330
IF(KTEST.GT.0) CALL TEST 13 MATO2830
1IF{KINPRI.GT .0) CALL QUTPF MALIG2RS0
GO 10 60 : ] MAIQ2EGQ
55 IF{ISTEP.GT.1) GO TO 65 Ms102370

CHAPTER 6 & 6 6 STEP CONTROLL MATQ2RB0 .

60 CONTINUE MATD2890
DO &9. KPHI=1 ,KKLAST ) MATID2D00
69 RSSUNM(KPH1)=0.0 MAID2910
IF{ISTEP.GT.t; GO TQ 64 ' MAIC2920Q
IF(ILINE.GT. Q) GG TO 65 MATIO02930
Cemmemcwmnea~Y=DIRECTION TDMA YRAVERSES MAIC2230
62 LINEF=2 MALIQ2250
LINEL = NXMY MA1022G60
NODEF=2 MA102970
NODEL = NYM1 MAIQZCSHO
Lmmm——————— FOR BOTH X- AND Y-DIRECTION TRAVERSES MALIO2290
NOUEF1 =NCDEF =1 MATS3000
NODEL t =NODEL -1 MATIO3010
NOTLF1 =NODEL +1 ’ 2103220
B84 1LINE=LINEF : MATQ3030
Crmmrrmmemmm == QUANTITIES RELATED TO 1xX VALUE OF TOMA LINE MAIQ3040
65 CONTINUE ) MAIQ3CSQ
IX=1LINE . MAIQSCEO
IXP1=1X+1 MAIO3070Q
I%X1HY = (1X=1) +NY ' MAI030B0O
I1X1NY1=(IX-1)=NYM1 . MATO30920
IX2Mi2=(1X=2 )sNYM2 MAIO31¢Q
DD 66 KPHI=1 KKRLAST ) M&i03110
66 IXNY{RHPMI)sIXthY MAIOD3120
CHAPTER B &8 B 8 8 ADVANCE BE 8 B 8 8 6 B 8 8 8 8 8 MAIQ3130
a0 CONTINUE MAIC3140
Lo m—m— = PUT NTRAVS EQUAL TO NTDMA.CR TO OTHER VALUES TO GIVE MAlIOQ2150
c MILTI~TRAVERSE CN SELECTED LINES MAIO3160
NTRAVS =NTDM& MAIC3170
Gt mmmm e e ——— PUT GREAT INTO ARSL'S 11A103180
DO BS5 Js=1,KKLAST MAIO3190
85 ARSL{1X,J)=GREAT MA1G3200
C =~ QUTER LODP FOR CARRYING OUT A MAX. OF NTRAVS TRAVERSES ON LINE IX MaT03210
KOUNT ( IX;=NT MAI03220
R3MAX=0. . MA103230
C - INNER LOOP FOR ALL VARIABLES (PLUS ONE FOR PREPARATIONS FQOR TRANSFERMAIQ3Z40
(o TO NEXT LINE DR TO NEXT SWEEP QF FIELD) MATC3250
DO 1001 KPHI =1 ,4AKLAST MAIC3250
IF(NT,EQ.NTRAVS) GO TO 83 MAI03270
Commme m e e — e UFDATE JPHI QN TD&A LINE AI03280
83 RSLINE(IX,.KPHI)=0.0 MAI03290

LABPH =KFH] MAI03300

s o m

I\

p—



e e

'“AIN; FORTRAN CONVERSATIONAL MONITOR SYSTEM PAGE 007

“ FILE®

' DO 899 IY=2,NYM{ MAT103310 '

DO 899 I=1,10 : ‘ MAI03220 )
DO 899 J=1,10 MAIL3330
: 1I=IXtNY+1Y MA103340
899 ALPH(I.d.IY)=1.67*((RP(I)+RP(J))-0.5]*-3*(TED(II)/EMUREF-RHOREF)-AMAIO335O
: 1 0.5+ACCOM MAI03360
KCONST=1XNY({ KPHI)+KZERD{ KPHI) MAIC2370
KEWPHT =KEW(XPHI) : MA1C23B0
DO 8298 IY=NQDEF,NIDEL MAIQ2220
I1=1Y+KCONST MATO3400
898 PHIOLO(IY)=FF(1)} MAL02210
11=NODEF-1+KCOKST o . MAI03:2
IL=NODEL+1+KCONST MA103430
PHIOLD (NODEF1)=FF({11) MAID34a0
PHIOLD (NODLP1)=FF({1IL) MAIQ3450
CALL SOURCY(KPHI) - MA103460
CALL MODIFY( KPHI) MAID3470
CALL SOLVEIKFHI) MAI034B0
IF(ILINE.RE. 2) GO TO 8201 MA103a90
11=1X1HY+5 MALID3500
12=IXINY+8 MALIO3310
13=1X1NY+14 . MAI03520
14=1X1NY+15 MAT03530
XCP{12 ,KPHI)=XLP{ 13 .KPHI) MAID3540
XCP{I1,KPHT ) =KCP{14,KPHI) MAIC3550
B201 CONTINUE MAIC2350 =
CALL BOUND(KPHI) MAID35TO ol
RSLINE (1A KPHI})=RSLINE(IX,KPHI)/RSREF(KPHI) MA1D25B0
ABSRS=ABS{RSLINE(IX,KPH1)) MA103590
ARSL({IX,KPH] )=ABSRS MA103600
RSMAX= AMAXT( RSMAX, ABSRS) MAIC3510
1001 CONTINUE MAIO3620
IF{ILINE.EQ, LINEL) GO TO 110 : . MA103630C
ILINE= ILINE+1 MAIC3S40
GO TQO 65 MAIO3650
Cr=—mmmemm—— m———— -—————— END OF INWER J=-iL0OP MAIC3560
Crmmmrmrmr—m mrm e ————— END OF OUTER NTRAVS LOQP . MAIC3670
CHAPTER 11 11 t1 11 PRINT 11 11 11 11 11t 11 11 41 19 NMA1Q3BB0
110 CONTINUE MAIO3690
1LINE=O MAIO3TO0
Ceemtmm e —— ew———= PRINT CUT RESIDUAL SCURCES AND VARIABLE VALUES MAlO3710
o AT MONITORING LSCATION (IXNON, IYMON} NA1D3720
CHAPTER 12 12 12 12 DECIDE 12 12 12 12 12 12 12 12 12 MA103730
Cr——re e m e — —————— CONVERGENCE CHECK MATQ3740
Lmomm——————— ——————————— CHECK IF LAST STEP IS5 REACHED MAIO3750Q
CALL QUTP1 MALID37GO
1F{I1STEP.GE. LASTEP) GO TO 129 MAIG3TTO
128 1STEP=ISTEP+1 Ma103780
GO TQ 60 MLIO3TS0
129 CONTINUE MAIO3300
1F(NUMBER.EQ.2)DELT=20. MAIC3310
1F(NUMBER.EQ.4) DELT=30 MAi03320
1F(NUMBER.EQ.6) DELT=60. MAI03830
IFIHUMBER.EQ.9) DELT=100. Ma1031840

1STEP=0 MATIO3850



FILE:

. 1299

1300
1301

MAIN FORTRAN »

IF(NUMBER.EQ.6) CALL OUTPF
1F(NUMBER.EQ.9) CALL OUTPF
DO 1299 I=1,4840
FEF(1)=FF(I)
IF(TIME.LT.TIMEF) GO TO 4300
CALL OUTPF

STOP

FORMAT (214)

FORMAT (5E13.5)

END :

CONVERSATIONAL MONITQR SYSTEM

MAI03860
MAIC3a70
MA1G3880
MA103890
MAIO3200
MATO3210
MAIQ3920
MA103930
MAIC3840
mMA1Q3950

PAGE 008
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" FILE: SDLVE  FORTRAN A

COMMENT.....

f”ﬁ .V f-j

%, -

SUBRJQUTINE SOLVE{LPMI)

CONMMON

1/CASE1 /UINLET,FLOWIN,RPIFE . XPIPE,FXSTEP , HINLET ,HWALL

2/DNY/ DYG(22),0YV({22),FV{22),FVNDDE(22},R(22),RDYG(22) ,ROYV{22)
2 ,RS5YG(22),RSYV(22),RV(22},RVCB(22),5YG(22),5YV(22),¥({22),YV(22)
J/DONYONX/AE(22) ,AN(22),AP{22),A5(22}),4W(22),C(22).D(22) ,DIFE(22)
3,DIFN(22),0Uw{22), DIFW(22),DU(22),DVI22) ,EMUE(22),ENUN{Z2)
3 JERMUW(22 ) ,HCONE (22) .MCONN{22), HCONW (22)
3,PHIOLD{22},RHDE(22),RHON(7F2}, RHOW (22) ,5P122}, SU(22)
3,VOLUME(22),C0ONMN(22).C0N5(22), CCNE(22),CONW(22), ESMPHI (22)
4/0NX/ DXB(22).0XL122),FU(22).FUNDODE(22},KOUNT(22),ROXG(22)

CONVERSATIONAL MONITOR SYSTEM

SQLooOt0
SQLCQOD20
SQLo0030
SGLO0C40
SPLO00S0
SOLOQ06G0
SOLO0070
sSOLOQO80
soLQgeeo
SOLCO1Q0
SQOLO011Q

4 ,RDXU(22),RSXG{22},RS5XU(22),5TORE(221.5AG(22),5XU(22),4(22),XU(22)S0L00120

5/DJPH1, 1EW({10)},ILAST(10).1MON(10).1¥NY(10),I1ZERD(10)
5,JGROI:P{10),KADSOR(10) ,KSOLVE( 10) KRS 10}, RELAX( 10} ,RSREF({10)
5,RSSUM{10),ITITLE(10),KTITLE{10),KEW(10) . KLAST({10) ,KZERD(10)
COMAON

6/D0/CCHECK,DP ,FLOWPC,FLOWST,FLOWUP,GREAT, I LINE, IPLRS, I PREF, IPRINT

6,ISTEP ,IX,IXINY,1XINY1,IX2NY2, XN, 1XP1, 1XPREF,IYNMON, IYPREF
6, JEMU, JH,JLAST ,JLINY JL1&2 JLUIM3, JLIMG,JP, dPP,JRHOD
6,.J0U,JV ,JVP1, KINPRI ,KMPA, KRAD, KRHOMU , KTEST, LABPHI
6,LASTEP,LINEF,LINEL,NRED, HESPT
6 . NODEF ,NODEF 1 ,NODEL,NDDE LY, NODLPY , NTDMA, NUMCOL
6, NX NXMAX NXM: NXM2 NXYG . KXYP, NXYU,NXYV
6, NY RYMAX NYMI NrM2,P1,R3CHEK, RSKAX, TINY
COMAIN / PROP/EVUREF ,PRLL1D),PRT (10) ,RHCREF
COLMUN /D201 / ARSL( 22,10}, RSLINE(22,10)

COMMION /D2D2/Uq462) ,v(462) ,TKE( 434}, TED(434) ,H(484),PP(22},P(400)

7,RHD(484) ,E¥U(484)
7. INLY{10),10UT{10),KIN,KOUT.RELTKE,RELTED, ISTCH

COMION
9/TURB/C1,C2.CD,SQRTCD.CD25,ECONST, CTAUTW, CYPTW, TAUTW (22)
9,TAUTW2(22), YPUST1(22),YPUST2( 22)
9, TAULW(22),XPUSLY(22),CTAULW,CAPLA
9,GENK{ 22} ,FACTKE, FACTED, JTKE , JTED,CAPRA :
9,CPART1(4B4) ,CRPART2{484) ,LPART 3{4647) ,CPART4(484) ,CPARTS(4B4)
9,CPARTB{4B4) ,CPARTT7(484) ,CPARTB(464) ,CPARTO(484) ,CPARTD(484)
CONMON /PARTY /OCP(484,10) ,ALFH{ 10,10,22} ,RP{10},DELT, TIME ,KUMRER

S0L00130
SOLO00140
S0L00150
SOL00160
£0L00170
s0LoCt8Q
50LC0190
S0L00200
S0L00210
S0LO0220
SOLOQ230
S0L002490
SULC0250
SOLO0260
SOLOC270
SQLCC280O
SOLOOZ290
S0LO00300
50L00310
SQLOg320
SCLO0339
SGLCO0z40
SCL00350
50L00360
S0LCO0370

1,CNREL ,CETE{4BI),CDEN(484),COES(432) .COEW(483),CPINP(10),vDLG(484)50L00360

1,5TANT1(22,10),5TAN2{22,10),STAN3(22.10),JCP1,JCP2,JCP3 ,JCP4,JCPsS

1,JCP6, JCP7,JCPB,JCPY,JCP10 . KPH T, KKLAST ,MONTOR(10)
COWWON FABC/AREAE

DIMENSION F{376G6),FF{4849},FFF (4543)

DIMENSION DIF35(22) ,EMUS(22),HCONS(22),RH05122)
EQUIVALENCE (DIFS(2},DIFH{1)), (EMJS{2),EMUN{1))
EQUIVALENCE (R40S(2},RHON{1)}), (AREAZ,AREAW)
EQUIVALENCE (HCONS({2)},HCONN(1)),(FF{1)},CPARTI(1))
EQUIVALENCE {F(1).U(1)),(CCP{1,1),FFF{1)})

DIMENS ION Af(22),B{22)

EQUIVALENZE(A(1),AN(1)), (B{1),A5(1))

KPHI=L PHI
RPELAX=1,/RELAX(KPHI)
RELAX1=1.-RELAX(KPHI)

HKRSPHI =KRS(KFHI)

KCORNST =1 XNY( KPHI )+KZERQ( KPHI)

. A AND B HAVE BEEN MADE EQUIVALINT TO AN, AS RESPECTIVELY

50L00390
s0Leo200
SCLOCA10
SCLOQ&2D
501004330
S0L0C340
50100450
S0L00460
SCLCOST0
SOL0G2BQ
SC5L0GA30
SCGLCCS00
SAL00510
SOL30520
SCLO0S30
S0L005490
$0LO0QS50
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© "F1LE! SOLVE FORTRAN A CONVERSATIONAL MONITOR SYSTEM : PAGE 002
. 1EWPHI =KEW{ K FHI } ) ' ' 50L035G0O
- NODE2=NODEL ’ 50L00570
NF2=NQOCEF+NODE2 SOLO0580
A(NQDEF1)=0.0 S0L00590
C(NODEF1)=PHIDLD(NODEF?1) SOL00600
(owm—merram e m e m e FOR Y-DIRECTION TDMA TRAVERSES SOLOCE10
12 IF(RELAX{KPHI).EQG.1.) GO TO 13 SOLO0B20
Crmmrm e m————— ====== FOR PHI WITH RELAX. FACTOR .NE. 1 SOL0GS30
DO 14 1Y=NDDEF, NODEz ) S0L0CE40
IYMI=]Y—-1 SQLO0650
I=1Y+KCONST : SOLOGEGO
1E=1+1 EWPHI 50L0C670
Iw=1~1EWPHL ' SOLOCGBO X
AP(IT)~AN{;Y)+AS(IY)+AE(IY)+AH(1Y) SOLO0G90
) SU(IY)=SULIY )+AE(IYI*F(IE)+AW( IY)*F(1W) 50L00700
Crmmtm e e e mmem e —————— STORE AN IN STORE FOR RESICUAL=-SOURCE CAL. SCLO0710
) STORE( IY)=AN(IY) S0L00720
2 e ~== INCLUDE RELAXATION FACTOR IN TDMA COQEFFICIENTS SOLC0730
: D(1Y)=(AP(IY)}-SP({LY)})+RRELAX+TINY 50L00740
c(ly)= SU(IY)+RELAX1-D(IY) PHIQLD(IY) SOL00750
[ e e T MODIFY TOMA COEFFICIENTS FOR BACK SUBSTITUTION SOLOO760
TERM=1 ./(DIIY)-B(IY)-A(IY“1)) SOLOG770
A{IY)=A(IY)*TERM sSoLoo780
14 ClIY)={(C{IY)+C(IYM1)=B{1Y))*TERM SDLO0790
GO TO 130 SOLOCE00 _
(o D T ==== FOR PHl === NO RELAXATION SaQLo0810 o
13 DD 18 1Y=NODEF,NDDEZ" S0L00820 O
Iymi=1Y-1 s0LC0R30
1= Y+4KCONST sS0109340
1E=1+41EwWPHI : SOLOGASO
Iw=1-1EWPHI . 50L0(860
IMT=IY+(1X=1)*NY SOLOO0B70
IME=IMT+NT ) S0L00880
IMW=IMT=NY SOLCDBSY
IMN=IMT+1 S0LQ0200
IMS=IMT-1 SOLOOS10
AE(1Y)=COEE( IMT) SOLO0920
AN(1Y)=COEN(IMT) 50100930
AS{IY)=COES{ IMT) . SOLOC940
AW(IY}=COEN{ INT) S0L00950
VOLUME {IY)=VOLG{IMT) $0L00950
SP{1Y)=YCLUME{1Y)*SP{IY)*RHOREF §0L00870
AP(IY)=((RHO(IMT)»VOLUME(1Y))/(CNRELSDELT))+AN(IY) SQL02380
1 SAS(IY)+AW{IY)+AE(TY) 50LCC290
SUCTY)=AE(IY)sFF{lE}+AW(IY)FF (IW)+SULIY)*RHO(IMT)~VOLUME(IY) SOLOV000
1 +{ (VOLUME(IY)»RHO(IMT))/{CNREL~DELT))»OCP({IMT ,KPHI ) SOLOI010
Commmm e m e ~-=-=— STOWE AN IN STORE FOR RESIDUAL-SOURCE CAL. s0L0102¢C
STORE(IY)=ANTIY} 50101030
D{I1Y)=AP(IY)-SP{IY)+TINY SQLO1C40
C(IY)=SL(1Y} SDLO1C50
Cormrtm e e MODIFY TDMA COEFFS. FOR BACK SUBSTITUTION SOLO1060
TERM=1./{(D({IY)=BIIY)«A(IYM1)) SOL01070
A{1Y)=A(1Y)* TERN SOLO1080
18 C(IY)}=(CIIY)+C(1YM1)+B(IY))=TERM SCLO1G30

410  IF(KRSPHI.EQ.0) GO 70 129 $SCLO1100
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. FILE:.

SOLVE-- - -FORTRAN A

X L

(mmemmc—ssce rer—r e meeene  RESIDUAL=-SOURCE CALCULATIONS

115 RSLINE(IX,KPHI)}=RSLINE{IX,KPHI )+RS
Cromrmc e mme e ca—e== BACK SUBSTITUTION IN TDMA OPERATIONS
. 120 DO 10¢ 1Y=NDDEF,NODEZ2
1YBACK=NF2-1Y¥
PHIOLD (IYBACK)=A({ IYBACK) *PHIOLD(IYBACK+1}+C(IYBACK)
I=1YBACK+KCONST '
100 FF(I)=PHIOLD (IYBACK)

DO 115 1Y=NCDEF,NDDE2
IF(SPCIY).LE.-1.E20) G@ TO 115
RS=(AP[IY)-SP{1Y)}+PHIOLD(IY}=SU(IY)

~STORE(IY )=PHIOLD(IY+1)}=AS(1Y)+PHIOLD(IY=1)

RETURN
END

M

CONVERSATIONAL MONITOR SYSTEM

soLe1110
SDLO1120
SOLO!130
SOLO1140
SOLO115D
50L01160
SOL01170
sOL01180O
50L01180
SgLo1200
SOLO1210
SOLO1220
SOLO1230
50LQ124¢0
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FILE: SDURCH FORTRAN =

CONVERSATIONAL MONITOR SYSTEM

SUBRCUTINE SJURCt(LPHI} SoU02910
CONMMON SOUGCO20
1/CASE1 /JUINLET FLOWIN,RPIPE,XPIPE,FXSTEP , HINLET,HWALL SQUC0230

2/DNY/ DYG(22),DYV(22),FV(22),FVNCDE(Z2),R(22),RDYG(22) ,RDYV(22) 52020040
2,RS5YG{22).R5YV(22) ,RV{22) ,RVCB(22).5Y5(22),5YV(22).,Y(22},Yv(22) SCU00050
3/DNYONX/AE(22),AN(22),AP(22),A5(22) ,A%W(22),C(22),D(22},DIFE(22) 5C0UQQ0G0O

3,D1FN(22),DUW{22), DIFW{22};,0U(22).0V(22),.ENMUZ(22},EMUN(22) SCULC079
3 JEMUW(22) ,HCONE (22) \HCONN(22)., HCONW (22) spuosceo
3,.PHIOLD(22).RACE(22) .REO%(22), IHEOW(221,5P(22),5U122) SSUCC0a0
3,VOLUME(22).CONN{22),CONS({22),COME(22),CORWI22),ESMPHT (22} SQUOO 100
4/DRX/ DAG(22),DAU{22),FUY(22),FUNODE(22) ,KOUNT(22) .REXG(22) SOU00110
4 RDXU({22).RSXG{22),RSXU(22),STORE(221.5XG(22),5XU(22),X(22),Xu(22)50U00120
S/DJPHT/ TEW{10),1LAST(10) . IMON{10),IXNY({10),1ZERD(10) SCU00139
5,JGROUP(10), KADSTIR(10), KSDLVE(10),KRS(19},RELAX(10),85REF(10) souUen14a0
5, RSSUM{10),ITITLE{10).ATITLE{10) KEW{10) ,KLAST(10) ,KZERO(10) SOU00 150

CORAON SOUS0160
6/D0/CCHECK,DP,FLOWPC,FLO®ST, FLOWUP,GREAT, ILINE,IPLRS, IPREF, IPRINT SIUTQ170
6,ISTEP ,IX, I XINY, IX1NYY, IXN2NY2,1AMZIN, IXP1, IXPREF, IYMON , IYPREF SpU00180
6,JEMU, JH,JLAST ,JLIN1 ,JLINM2,JLIM3,JLIM3,UP,JPP,JRHO SCUCD190
6,JU. UV .. JVPT, KINPRI ,KMPA, KRAD, K RHOMU ,KTEST, LABPHI S0U00200
6,LASTEP,LINEF,LINEL,NEG, NEQPY 52000210
6 ,NODEF ,NODEF 1 ,NODEL ,NCCEL1,RODLP1,NTDOMA,NUMCOL +50U002290
B, ,NX NHXNMAX NXM1 NAOA2 ,NXYG JEXYP ,NXYULONAYY SCugd230
6, NY NYIRAX N1, HYVA2,PT, RSCHEH , REMAL, TINY sSQuUc0249Q

CONMOH /PROP/ EMUREF ,PRL{10),PRT {10} ,RHIREF SOuLC0250

COMMON /D2D1/AR5L122,10) . RSLINE (22,10 50000260

COMMON/D202/U(362) ,V(462),TKE{ 484} ,TLD(484) ,H{484),PP(22),P(400) SOLCI270
7,RHRC{404) ,EMU{4B4I) S0u00280
7,INLY(10),10UT(10) ,KIN,KOUT ,RELTKE,RELTED, ISTCH SQU0029¢

CONIMON SCUo0300
9/7UR3/C1,C2,CD.59RTLD,CD25 , ECONST,CTAUTW.CYPTW, TAUTWI( 22) SCU00319
9, TAUTW2(22), YPUST1{22),YFUST2(22) SCUTC220
9,TAULW(22).XPUSLW({ 22, ,CTAULW, CXFLW SCUCL330
9,GENK({22).FACTKE, FACTED,JTRE ,JTED.CAF?A SOL00340
9,CPART1(4BA)} ,CPART2(434) ,CFART3(484) ,CPART4{4843) ,CPARTS(48B4) 50U05350
9,CPARTG{484) ,CPART7(4584) ,CPARTS8(484 ) .CPARTI(484) ,CPARTO(484) SQUCC360

COIMON/PART1 /0CP{48B4,10) ,ALPH({10,10,22),RP(10),DELT,TIME ,NUMDER SQU00370
1,CKREL ,COES({ 454),CGENLAB4A) ,COE51454) ,COEW(484),CPINP{10),VvOLG{484)50U00380
1,5TANT (22,10 ).STANZ2({22,10).8TaN3(22,.10),JCP1,JCP2,JCPI ,JCP4 JCPS S5DUNJ290

1,JCR6,JCP7,JCPB,JCPS,JCP10,KPHI ,KKLAST ,MCNTOR{10) 50UQ0400
CONION /ABC/AREAE SOUOD3T0
DINENSION F(3756),FF(348435),FFF (4630) SOUCD120
DIMENSION DIFS(22),EMUS(22),HCCNS(22)..RROS(22) 50UCT4a3e
EQUIVALENCE (|DIFSt2),DIFN(1)}), (ENUS(2),EMUN(1)) sgucodsn
EQUIVALENCE (i{MOS(2),RHMCN{1)), {AREAE,AREAW) SQUCOAas0
EQUIVALENCE (HCONS(2),HCOHN(1) Y, (FE(1},CPARTI(1)) SCUC0450
EQUIVALENCE (F(1},U{1)),(CCP(1,1),FFFi1}) SJUC0370
DIMEMNS ION A{22).8(22) ) SOUC04E90
EQUIVALENCE(AI1),AN{1)),(E{1),AS{1)} $CUCHZ90
DIMENS 10N XCP(4B4,10) SCUO0SUD
EQUIVALENCE( XCP(1,1),CRARTI(1)) . S5UT0S10
CHAPTER 1 1 1 1 1 FRELIMINARIES 1 1 1 1 1 ¥ 1 1 1 1 58£UGDS20
KPHI=LPHI £oUS0530
DO 10 Iv=1.NY SZUCGC340

Su(ly)=0. SQUALSS50
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FORTRAN = : CONVERSATIONAL MONITOR SYSTEM PAGE 002

CSP(1Y)=0. SQUO0560
1F(KPHI.EQ.JCP1) GO TO 100 SOU00570
IF(KPHI.EQ.JCP2) GO TD 200 SQULCeS5B0O
IF(KPHI.EQ.JCP3 } GO TO 300 S0U00S90
IF{KPHI.EQ.JCP4) GO TOD 400 SQUONGO0
IF(KPHI.EQ.JCP5) GO TO 500 SOU90610
1F{KPHI.EQ.JCPG) GO TO 690 SoUD0L20
IF(KPH1.EQ.JCP7) GO TO 700 . Yalb edalricls]
IF({KPH1.EQ.JCFB) GO TO BOO SQuUo0549
IF(KPHI.EQ.JCP9) GO TO 900 SOuUd0850
IF(KPHI.EQ.JCP10) GO 7O 1000 SQUODSGO
RETURN - ) SQUC06K70
c 50U00580
e SQUOC5990
100 CONTINUE SCUQCO700
- p0 101 1¥Y=2,NYM? . SCUTQ710
1=1Y+] XINY - SQUCO720
101 SuU(Iv)=¢.0 SoOUD0730
DO 102 1Y=2, NYM! SOUoC740
I=1Y+1XINY S0U0N750
" DD 103 J=2,10 SQUOD760
103 SP(1Y)==ALPH(1,J,IY)*XCP(1,1)+XCP(1,U)/XCP(I . KPHI)+5P( 1Y) SOUD0770
SP{TY¥})=SP(1Y)=0.1428+ALPH(1,1,I1¥)*XCP(I,1)*=2./XCP(I,KPHI) SCLOCTE0
102 CONTINUE SCU00790
RETURN SOUCO8O0

c SQUO0B10 °

c s50UCC820 )
200 CONTINUE sQueoB30
DO 201 1¥=2, MYm{ sQU00340
1=1Y+] X1NY : 50U0C8350
2014 SU(IY)}=0.5S=ALPH(1,1,IY)*XCP(1,1)*+220.1428 SOUQRO5GY
DO 202 IY=2, NYM1 SQUGOST0
=IY+I XINY : . SOUOCSEd
DO 2G3 J=3.10 SQUECB9Y
203 SP(1Y)=-ALPH{2,J,1Y)}*XCP(1,2)*XCP{I,J)/XCP(LI,KPHI)+SP(1Y) SOUC0900
SP{IY)==-ALPH(2,t,1Y)}»XCP(1,1)*XCP(1,2)0.C526/XCP{1,KPHI) SCUQC91¢
1 ~ALPH{2,2,IY)*XCP(]1,2)%*2+0.4216=0.5/XCP (I ,KPHI)+SP (1Y) soucaazg
202 CONTINUE ) SOUS0930
RETURN ) SOL00949
c SOUQERSo
c SQU0e960
c SOUC0270
300 CONTINUE SOUOS2BQ
DO 301 1Y=2,NYM1 SQU00290
I=1Y+IX1INY SCuCicoo
301 SU(1Y)=0.0526+ALFH({2,1,1Y)+XCP(1,1)*XCP{1,2)+0.4210=A1PH(2,2.1Y) SCU01010
1 *XCP(1.2)»»2~0.5 SGU01420
0D 303 IY=2,NYM 50uU01030
I1=1Y+1X1INY SOUC1040
DO 302 J=4,1¢0 sOU01050
302 SP{L1Y)==ALPH(3,J,IY.)*XCP{I.3)*XCP(1,J)/XCP(I1 KPHI}+SP(1Y) SOU10690
SP{1Y)=SP(1Y)=0.027=ALPH{1,3,IY)*XCP{1,1}-0.21562 SouUL1070
1 «ALPH(2,3,IY)+XCP(1,2)=0.7295+ALPH(3,3,1Y}*XCP(L,3) SQUO1 0RO
303 CONTINUE ScUQ1090

RETURN SQUo1100



.ETLEi SOURCHY FORTRAN = - CONVERSATIONAL MONITOR SYSTEM : PAGE 003

c " 50U01119

c . SQU01120

c SQuUo1130

400 CONTINUE S0UD1140

DD 401 1Y=2,NYMY : S0u01150

I=1¥+IX1INY SoOUQ1160

401 SU(IY)=0.027=ALPH{3,1,1Y)*XCP{1,3)=XCP(1,1)+0.2162+ALPH(2,3,1Y) SDU01170

1 +XCP({1,3)*XCP(1,2)+0.7296+ALPH(3,3,1Y)*XCP(1,3)*»2,+0.5 SCUQ1180

DO 403 IY=2.NYM1 ) SCUO1199

I=IY+1XINY SQUD1200

DD 402 J=4,10 : SCU01210

- 402 SPIIY)==AIPH(4,J,1Y)*XCP(I,4)*XCP(1,J)/XCP(I,KPHI)+SP(1Y) 50uU01220

: SP{IY)=SP{IY)-0.0163=ALPH(1,4,IY)*ACP{1,1)=0.1311%ALPH(2,4,1Y) SoUR1230
1 *XCP({1,2)=0.4425=ALPH(3,4,1Y)~XCP(I.3) SQuUo124¢0 .

403 CONTINVE ' SQU01250

RETURN SOUD126G0

C : SQUOI2790

¢ 50001280

c 50001290

500 CONTINUE S0U01300

DO 501 IY=z2, NYM1 SCUC13%0

I=1Y+] XINY S0Ud1320

501 SU(IY)=0.0163+ALPH(4,1,1Y}#XCP(1,4)=XCP{I,.1}+0.1311«ALPH(4,2,1Y)+ 50U01330

1 XCP{1,4)sXCP(1,2)+0.4425+ALPH(4,3,1Y)sXCP(1,4)%XCP(1,3)+ S0U01340

1 0.9671*ALPH{4,4,1Y)=XCP(1,4)++2,+0.5 S0U01350

0D 503 1¥=2,NYMI SQU012G0

I=1Y+1X1INY . Spu01370

DO 502 J=5,10 SQU01389

502 SP(IY)==ALPH{S5, U, 1Y)=XCP(I,5)«XCP(I,J)/XCP(I KPH1)}+SP (1Y) SCLU01290

SP{IY)=SP(1Y)~0.0109%ALPH(S5,1, 1Y) +XCP(I,1)~0.0878«ALPH(2,5,1Y) SQUO1400

1 «XCP(1.2)-0.2966~-ALPH(3,5,IY)*XCP(I,3)-0.7031#ALPH(4,5,IY)}*XCP(15CU01410

1 .4) 50UC1420

503 CONTINUE ’ 50U01430

RETURN sguo14dan

c S0U01450

c SQU01460

c S0UQ1470

c ; SQUG14B80

600 CONTINUE S3UQ1490

DO 601 1Y=2,NYM1 SCUs1500

I=IY+[ XiNY : SQUG1S190

601 SU(IY)=0.0329%ALPH(4,4,IY)*XCP(1,4)=+2.+0.5+0,0109%ALPH(1,5,1Y)« SOU01520

1 %CP({1,1)*XCP{i,5)+0.0878«ALPH(5,2,1Y)=XCP{1.5)*XCP{I,2)+ 5QUG1530

1 0.2366*ALPH(5.3,1Y)*XCP(1,3)*XCP{I,5)+0.7031*ALPH(5,3,1Y) SQuU01540

1 =XCP(1,.5)*XCP(1,4)+0.7324%ALPH(5,5,1Y)}=XCP(l,5)**2.+%0,5 S0UC1550

DO 603 I1Y=2,NYM1 S0U01560

1=1Y+1 X1NY SQUQ1570

DD 602 J=6,10 SQUB1580

602 SP(IY)==ALPH(6G,d,1Y)*XCP(I,B8)sXCP(I,J}/XCP(I,KPHI+SP(1Y) sSCOUC1590

' SP{IY)=5P(1Y)=-0.0077=ALPH(6,1, IY)*=XCP(1,1)-0.0629+ALPH(6,2,1Y)* S0U01800

1 XCP(1,2)-0.2125+%ALPH(6,3,I1Y)*XCP(I,3)-0.5038+ALPH(E,4,1Y)= SGUD1610

1 XCP{1,4)~0.9840*ALPH{G,5,1Y)*XCP(1,5]} SAUS1620

603 CONTINUE SOU21639

RETURN SQUd1640

c SCU01650Q

€6l
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c " SQUO1660
c SCU01670
700 © CONTINUE _ $QU01680
DO 701 1Y=2,NYM1 SOUO1690
I=I1Y+IXINY SCU21700
701 SU(1Y)=0.2676-ALPH(5,5,1Y)sXCP(1,5)+%2.40.5+0.0077+ALPH(1,6,1¥)+ SOUC1710
1 XCP{1.6)*XCP{1,1)+0.0629*ALPH(2,6,1Y)*XCP(I1,2)*XCP(I,6)+ SCUC1720
1 0.2125+ALPH(3,6,1Y)=XCP(1,3) *XCP(I.6)+0.503B%ALPH(5,4,1Y)s SOU01730
1 XCP(1.8)*XCP(I.4)+0.98430%ALPH(6,5, IY)-XCP(I.G)iXCP(I.5J+ SQUO1742
1 0.473B+ALPH(E,6, lv)-xcp(x 6)*+2.40. SQUO1750
DD 703 1Y=2,NYM! SOU01760
1=1Y+1XINY ) SQUO1770
DO 702 J=6,10 50U01780

702  SP(IY)==ALPH{7,J,IY)*XCP(I,7)«ACP(1,J}/XCP(I,KPHI)+SP(1Y) SO0V01790 .

SP(IY)=SP(1Y)=0.0058+ALPH(1,7,1Y}=XCP(1,1)-0.0472~ALPH(2,7,1Y)* SQU01800
1 XCP(I,2)-0.1596¢ALFH(3,7,1Y)*XCP(1,3)-0.3785+ALPH(4,7,1Y)4XCP(ISCUCIB10O

1. ,4)-0.7394+ALPH(5,7,1Y)*XCP(1,5) : sSGCu21B20

703 COKTINUE SCU01830
RETURN sSQuUQ184a0

€ SQUOI1BSY
c sCuo13690
c S50U01870
800 CONTINUE . S0uU01680
DD 801 1Y=2,NYM S0un1890
I=1Y+] XINY sSouw01900

801 SU(IY)=z0.5264*ALPH(6,6,1Y}*XCP(1,B)»+2,.#0.5+0.0056~ALPH(7,1,1Y)» 5S0U01210
1XCP(I,7)XCP{I,1)+0.0472+ALPH(7,2,1Y)=XCP(1,7)*XCP(1.2)+0.159G«ALPSCU010920
AH{7,3, IY)*«XCP(1,7)*XCP(1,3)+D.3785*ALFH(7,4,1Y)~XCP{I,7)=XCP{1.4) 50UQ1530
1+40.7394~ALPH{7,5,1Y)=XCP{T1,7)*«XCP(I,5)+0.7E636=ALPH(7,8,1Y)~XCP(1,752001940

t )exCP(1,6)+0.1384~ALPH(7,7,1Y)+XCP(I,T7)*=2,+0.5 5CUC1950

DO 803 1Y=2, NYM1 . 5GuCtscGo
I=1Y+1XINY SCuUQ1970

DO 802 J=8,10 SCUQteB0

Bo2 SP(IY)"ALPH(B J, 1Y )eXCP(1,B8)=XCP(I,v)/XCP(I, KPH1)+SP(IY) 50u01999
SP{1Y)=SP(IY)=0.C083~ALPH(B,1,IY;»XCP{I,.1)=0.0367=~ALPH(B.2,]1Y) 50UQ2200

1 «XCP{1,2)-0.1242+aLPH{B,3,IY}*xCP(1.3)=-0.2947=ALPH(B ,4,1Y} SCLU0Z201Q

1 wXCP(I,4)-0.5759=ALPH(8.5,1Y)sXCP(1.5)=0.9951«ALPH(B,6,1Y)* SOU02020

1 XLP(1,6)~C.5353~ALPH(8,7,1Y)*XCP(1,7) sguo2e3n

803 CONTINUE 50u02040
RETURN SCUQ2050

C S0u22660
c coucze7o
c SeuU02C30
900 CONTINUE 50U02090
DO 201 IY=2,NYmM1 S5CucC2i00
I=1v+1IX1INY S0U02110

901 SU(1Y}=0.2164~ALPH(7,6,IY)*XCP(1,7)=XxCP(I,6)+0.8016=ALPH(7,7,1Y) SOUD2120

1 =XCP{1,7)*XCP(1,7)}*0.5+0.0C44«ALPH({8,1,IY¥)*XCP(I.8)~XCP{I,1} SCU02130

1 +D.0367+ALPH(B,2,IY)«XCP{I.8)*XCP(I1,2)+0.1232«ALPH{8B,3,1Y) sovoz214¢

. 1 *XCP(I.B)=XCP(I,3)+0.23847-ALPH{B,4,IY)-XCP{I,B8)«XCF(],4)+ sQu021%50
1 0.575B-ALPH(B,5,1Y) XCP(1.8)*«XCP(I,51+0.9931=ALPH(B,06,1Y)a Spuc2169

1 XCP{I,B)=XCP{I,5)+0.535Z~ALPH(8,7,IY)}*XCP(1,8)}=XCP(I,7) S3JU22:70

DO 903 1Y=2,KNYNI1 S2uUC2180
I=1Y+1X1NY SCU22190

DO 902 u=7,10 SQUDL200Q

t6l



“TFILE: SOURCI ~ FORTRAN

902  SP({IV)a-ALPH(9,J,1Y)eXZP(I,9)*XCP{I,J)/XCP(I ., KPHI)+SP{1Y)
SP{I¥)=SP(1Y}-0.0035=ALPH(G,1,1Y)*XCP{I,1)-0.0293 ALFH({9,2,1Y)=*
1 XCP(1.2)-0.0994-ALPH(S,3,IY)*XCP{1,3)=0.2359+ALPH(9,4,1Y)=
1 XCP(1,4)-0.4610=ALPH{9,5,1Y)*XCP(1,5)=0.7967=ALPH(9,6,1Y)=
1 xcp(1,8)
903 CONTINUE
RETURN

000 CONTINUE
DO 1001 1Y=2,NYMI .
I=1Y+IXINY .
1001 SU(1Y)=0.4647+ALPH{B,7,1Y)*XCP(1,8)=XCP(I,7)+0.9278+ALPH(S,8,1Y)
+XCO(1,8)*+2.%0.5+0.00354ALPH(O,1,17)sXCP{1.8)*XCP(I,1)+
0.0293+ALPH(2,2,IY)*XCP(I1,9)*XCP(I,2)+0.0994%ALPH(D,3,1Y)s
XCP{1.9)+XCP(1.3)}+0.2359%ALPH(D,4,1Y)+XCP(1,9)~XCP(I,4)+
0.4610°ALPH(9,5,1Y)XCF(1,9} »XCP(1,5)+0.7367+ALPH(3,6,IY)
XCP{1,9)eXCP(1,6)+0.7828ALPH(9,7,1Y)}*XCP(1,9)*XCP(I,7)+
0.2722+ALPH(9,5,1Y)=XCP(1,9)*XCP(1,8)
DO 1003 1Y=2,NYMI
1=1¥+1XINY
DO 1002 JU=6, 10 :
1002 SP(IY)=~ALPH(10,J,1Y}«XCP(I1,10)*XCP(1,J}/XCP(I,KPHI)+SP(LY)
SP(1Y)=SP{JY)-0.0027+ALPH(10.7,1Y)*XCP(I,1)=0,0239+ALPH{10,2.1Y)
1. »XCP(1,2)=0.0813%ALPH{10,3.1Y)+XCP(],3)=0.1931%ALPH(10,4,1Y)+
1 XCP(1,4)-0.3773~ALPH(10,5,1Y)xCP(1,5)
1003 CONTINUE
RETURN
END

e s e ]

CONVERSATIONAL MONITOR SYSTEM

spLe2210
5QU02220
S0U02230
soud2240
50UGc225¢0
S0U22060
S0uUL2270
Sgutz28d
SQU22290
SQU02300
s$QU02310
SCU02320
$0uU02330
S0uQ23490
S0UD2350
SQUC23G0
SCU02370
s0uQ2380
SCL02390
50U02200
S0UC2410
sQuo2:220
S0uUQ02430
50uUs2440
50ud2450
S0UC2460
50002470
sous2s80
S0Uc2490
S0u02500
$DOU02510
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. FILE: PRINT _ _FORTRAN =

SUBROUTINE PRINT{LPHI)
CONMON

-1/CASE1 /UINLET ,FLOWIN,RPIPE,XPIPE,FXSTEP,HIMLET, ,KWALL

2/DNY/ DYGL22).DYV(22),5V{22),FVYNODE(22),R(22).RDYG(Z22)},R0OYV(D2)
2,RSYG(22),R5YV(22),RV{22},RVCB(22),5YG(22),5YV(22),Y(22),Yv(22)
3/DNVDNX/AE(22).AN(22),AP(22).AS(22).Awt22).C(:E).thzl.DIFE(:Z)
A,DIFN{22),DUW(Z22), DIFW(22),DU(22),0VI22),ENUE(22),EMUN{22)

3 YEMUWN(22) ,HCONE {22) ,HCONN(22), HCON® (22}
J.PHIQLD(22),RHDE{22),RHON(22), FHDW (22),5P(122),5u(22)}

3, VOLLME(22), CONNI22),CONTI22), CONE{22 . CONW{ 22}, ESMPHI (22)
4/DNX/ DXG{22),DXU(22),FU(22),FUNQDEI22),KOUNT(22).RDXG(22)

CONVERSATIONAL MONITOR SYSTEM

PRIOCOtD
PRICCO20
PRIQCOOD30
PR100040
PRIQCCEO
PRICOCSO
PRICONYO
PRIGGOB0
PRICJ020O
PRICO100O
PRICO110Q

4,RDXU(22),R5XG(22) ,RSXU(22; .5TORE(22).5XG(22),5%U(22),K(22),XU{22)PRI00120

5/DUPHI/ IEW(10).ILAST(10),IMON(10},IXNY(10)},IZERDQ(10)}

5,JGROUP(10), KADSOR(10),KSOLVE( 10) .KRS{10),RELAX(10),RSREF(10)

5,R55UM(10), ITITLE(10) , KTITLE(10), ,KEWL 10} ,KLAST(10) ,KZERD(10)
COMMON

BJDO/CCHECK'DP.FLONPC.FLUWST.FLOﬂUP.GREAT.ILINE.IPLHS.IPREF.IPRINT

6,157TEPRP .IX.IX1NY.IX1NY1,Ix2N¥2.IxMDN.IXP1,IXPREF.IYMON.IYPREF
B.UEMU.JH.JLAST,JLIM1.dLIM:.dLIMS.dLlMJ.JP,JPP.JRHO
B.dU.dV.dVPI.KlNPRI.HMPA,HRAD.KRHGMU,KTEST,LABPHI

6, LASTEP,LINEF,LINEL,NEQ, NEGP

6,NODEF ,NODEF 1 ,NODEL ,NOQELY,NODLP1T ,NTDVA, NUMCOL

6, NX,NXMAX , NXMT NXM2 NXYG ,NXYP, NXYU.NXYV

6 ,NY, NYMAX,NYMI1 NVR2,PT,RGCHEK, RSMAX, TINY

coMn'oN /PROP/ EIMUREF ,PRL(10),PRT (10),RHDOREF

COMYVDN /D20t /ARSLI22,10) ,RSLINE{22.10)

COMMION /D2D2/ U1 462) ,V(462 ), TKE({ 464}, TED{464) ,H(484),PP(22),P{400)
7,RHO{484) ,EMU(484)
7,IHLY(10),1I0UT{(10),KIN,KOUT,RELTKE,RELTED, ISTCH

COMMON
9/TUR5/C1.C2.CD.SORTCD.CDES.ECONST.CTAUTW.CYPTW.TAUTN1(22)

9, TAUTW2(22), YPUST1{22),YPUST2(22)

9, TAULW(22) . XPUSLW({ 22} .CTAULW.CXPLW
9,GENK(22),.FACTKE.FACTED,JTKE.JTED.CAPPA

9,CPART 1{4B4) ,CPART2(4BA) .CPART3I(484) . CPARTA(484) ,CPARTS5(484)
9,CPARTE(484) ,CPART7{484) ,CPARTB(4384).CPARTO(484) ,CPART0(484)

CCMMDN/PARTT/OCP(ABA,!O),ALPH{10.10.22).RP(10).DELT,T1ME.NUM5ER

PRIQO130
PR10Qt40
PRIQOI150
FR1C01GO
PRICO1T70Q
PRICOI1BO
PRICO190
PRIOC200O
PRICO2190
PRIC0O220
PRICC230
PRICO24Q
PRICO250
PRIQQZGO
PRIOC270
PRICOZ2BO
PRI1CQ290
PRIQO300
PR103J310
PRIO2320
PRICODS30
PRICO340
PRICS350
PRICO360
PRICO370

1,CNREL ,COEE( 484),COEN(484),COES(4B4),COEW(484) ,CPINP{10).VOLG(484)PRL003BD

T,5TANT (22.10),5TAN2(22,10),5TAN3(22,1C0),JCP1,JCP2,JCP3,JCP4,uCPk5

1,JCPE, JCP7,JCPS,UCP2,JCP 10, KPHI KKLAST ,WONTOR(10)
COMNMON /ABC/AREAE

DIMENSICN F({3786),FF(a840),FFF(4842)

DIMENSION DIFS(22).EMUS(22) . HCONS(22),RHGS(22)
EQUIVALENCE (DIFS5(2),DIFN(1)), (EMUSI{2),.EMUN(1))
EQUIVALENCE (RHOS(2),RHON(1)), (AREAZ,AREAW)
EQUIVALENCE (HCONS(2),5COHN{1)),(FF(1),CPARTI(1)})
EOQUIVALENCE (F(1),U{1)), (DCP(1,1),.FFF(1))
DINMENSION &A(22),B(22)
EQUIVALENCE(A(1),aN(1)),(B(1),AS5(1))

CHAPTER 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1
KFHI=LPHI

Crmmmmvr e —————— e ———— - ———— ~=== FQR ALL PHI'S EXCEPT p
HKOLUM1 =1

KOLUM2 =NUMCO L
LIMITY =KOLUM1

PR1Q0390
PRIJD100
PRICOS10
FRI0DZ220
PRICOA4Z

PRIQOZ40
PRIOQA450
PRIQDZ80
PRIQO&T7O
PRIZSCSABO
PRICDIDD
FRI00300Q
PRIZOS1D
PRICOS20
PRIOCS30
FRIOOS4D
FRIOQSS0
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LIMIT2 =KOLUM2
LTOP=KEW(KPHI)
- LBOTa

- - - —emmm—mc—mcea—c———w~ FOR OTHER PHI'S
COIF(LIMITI.GT.NX) LIMITI=NX

IF(LIMIT2.GT.NX) LIMIT2=NX

GD TO 20

----- - - -— —mmmms—te——ee——s——e= FOR P
.. CHAPTER 2 2 2 2 PRINT TITLE OF VARIABLES 2 2 2 2
207 CONTINUE -
T WP1TE(6.9999) :
WRITE(6.,200) KTITLE(KPHI).KTITLE(KPHI)
. 200 ° FORMAT (/1X,15HFIELD VALUES OF,1X, 14,2X,22(1H=),14.22(1H=)})
“CHAPTER 3 3 3 a PRINT FIELD VALUES 3 3 3 3 3 3
DO 39 11Y=LBOT,.LTOP
1¥=LTOP-11Y+L30T
DO 30 IX=LIMITY1,LIMITZ
31 IsIv+{ IX=1}=NY
3000 IsI+AZERO{KPHI)
30 STORE{ IX}=FF (I}
310 WRITE(6,3100) IY,Y{1Y),(STORE({IX),IX=LIMIT1,LIMIT2)
3o CONTINUE
320 WRITE(G.3102) (IX,X¢(IX),IX=LIMITY,LINIT2)
O —— e ———————— ~~m=ememee-=~= FOR ALL PHI'S OTHER THAN U AND P
IF{LIMIT2.EQ .NX) RETURN
KOLUMY =KOLUM 1 +NUMCOL
KOLUM2 =KOLUM2+NUNMC DL
GO YO 10 .
Cr——rmee e e mamcec—e e mecesa-=== FDR U AND P
3100 FORMAT (1X,1X ,2HY({,12,2H)=,1PES.3,2X,10(1PED.2,1X))
3101 FORMAT (1X,3HYV(,I2,2H)=,1PES.3,2%,10(1PE9.2,1X)})
3102 FORMAT (/SX.SHX(IX), 9X,t10(12,1H=,F6.2,1X)//)
3103 FORRAT (/SX,6HXU(IX), 8X,10(12,1H=,F6.2,1X)//)

£3 PRINT—— FORTRAN % '; CONVERSATIONAL MONITOR SYSTEM

PRIOOSEO
PRIQOS70Q
PRIOOSBO
PRIQOS90
FRIOOGOD
PRIOOE10
PRIQD520
PRIOQG30
PRICOGAQ
PRIOOG50
PRICOGGO
PRIOCGTO
PRIQOSBO
PRIODGS20
PRIQD700
PRICO710
PRIOD720
PRIOOD730
PRICO740
PRIOO750
PRIOQ7G0
$RICOT770
PRICCTBO
PRIOJQ790
PR10OOBOO
PRICOB10
PRICOB20
PRICO330
PRICOR40
PRIOCESOQ
PRIJOESD
PRIGCBTO
PRICOBBD

9999 FORMAT(/1X,56H( 1 = U, 2 =V, 3 =H, 4 = PP, 5= P, 6 = RHD, 7 = EPRIOOGES20

1MU ) /)
RETURN
END

PRIOOSOO
PRIOCO910
PRIGCQS20

PAGE 002
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.FILE'

DUTPUT FORTRAN =

SUBROUTINE OUTPUT
CONMMON

 1/CASE1 JUINLETY ,FLOWIN,RPIPE ,XPIPE,FXSTEP HINLET,HWALL

2/DNY/ DYG(22).DYv(22),FVI(22),FVNODE(22),R(22),RDYG(22},RDYV(22)

2,RSYG(22).R5Y/(22} ,RV(22).RVCB(22),5YG(22) ,5Yv{22),Y(22),Yv(22)

3/DNYDNX/AE(22), Av(zz).Aptzz) AS{22}),Aw(22),C(22),5(22) ,DIFE(22)

3 DIFN{22),DUwW{22), DIFW{22},DU{22),D0V{22), EMUE(22).EMUN(22)
LENMUW(22) ,HCONE(22) . HCONN(22), HCOM® (22)

3.PHIGLD(?2) RHMOZ(22),RHO%(22), RHOW{22),5P(22 J.SU(42)

3, VvOLUME(22), CONN{22),CONS[22),CONE(22),CONW(22) ,ESMPHI (22}

-84 /0NX/ DXG(22),DXU(22),FUl22).FUNOCE({22) . KOUNT(22) .RDXG(22)
4 RDXU(22),RSX5122} ,RSXU(22).5TCRE(22),.5XG(22),5XU122),Xx(22),x0(22)0UT00129
CS/DJPHI/ TEW(1G),ILAST(10),IMON(19),IXNY{10),1ZERQ({10Q)

CHAPT
CHAPT

5,JGRDUP(10), KADSOR{10),KS0LVE(10) ,KRS{10),RELAX(10) ,RSREF(10)
5,RSSUM(10), I TITLE(10) KTITLE(10),KEW(10),KLAST(10),HZERD(10)
COMMON

6/D0/CCHECK,DP,FLOWPC , FLOWST,FLOWUP,GREAT, ILINE.IPLRS.!PREF.IPRINT

6.1IS5TEP ,IX,IXINT,LXINY1, JAZNTY2 ,1X%0%,1XPY, IXPREF, IYMON, IYPREF
e.usmu.au.uLAsr.dL:m1.dLln JLINB JLIV3,JP,JPP,JRHD
6.dU.dV.dVP1.KINPRI,KMPA.KRLD.KRHDMU.KTEST,LABPHI
6,LASTEP,LINEF,LINEL ,NEQ, NEGPY
6,MDDEF ,NODEF 1 ,NODEL,NODELY ,NODLP1 ,NTDMA,NUMCOL
6, NX NXMAX , NXMY  MNXW2 ,NAYG,NXY.P, NXYU, NXYV
6.NY NYWAX ,NY#M1,NYI2,P1,RSCHEK, RSMAK, TINY
CO~MON /PROP/ EMUREF ,PRL(T10),FRT(10) . RHOREF
CDNHUV[D°D1/ARSL(”2 $0) ,RSLINE(22.10)
CUMMDN/D2D2/U(d62),v(462).TKE(JSG),TED(484).H(4B4).PP(22).P(400)
7, RHO({484),ENU(434)
7, INLY(10),I0UT(10).KIN,KOUT,RELTKE ,RELTED,ISTCH
COM0ON
9/TURE/C1,C2,CD,SNRTLH,CD25,ECONST , CTAUTW, cvaw TAUTWI(22)
9, TAUTW2(22), YPUST1(22),YPUST2(22)
9, TAULW{22), XPUSLW(22),CTAULW.CXPLW
9 . GENK({ 22).FLCTKE ,FACTED, JTHE JTED,CAFPA
9.cpAaT1(484).anqrz(aaa),cpanrstasq),cpAqTa(qa4),cpAnTs(asaJ
9,CPARTG(484) ,CPART7(484) ,CPARTE{484),CPARTO(483).CPARTO0(484)
CONMTMON /PARTY /OCP({484a,10) ,ALPR{10,10,22),RP(10)}.DELT, TIME,NUMEER

CONVERSATIONAL MONITOR SYSTEM

ouTL0010
ourceco20
guTono30
QuToCcOo4A0
OuT00050
OuUTo00GO
ouUTO0070
ouToC0BO
ouT00080
QUT00100
auroot1ie

ouT00130
gutCco140
QuTQ0150
Qui001G0o
QUTOC170
QutToC180
ouTo0192
CuT00200
ouT00210
oul00220
ouTCo230
QuUTOQZ240
ouTSc2%0
ouToL2Go
QUTOCZ70
ouTeD280
Gurog29eg
QUTCO3C0
ouTOoL310
cuTa0320
ouT0O330
OuUTOOZz40
OuT00330
ouTo0360
ouTOC370

1,CNREL ,COEE(483),COEN(434) ,COES5(384),.COEW(AB3).CPINP{10},VOLG(484)0UT00380

1,5TAN1{22,10),5TaN2{22,10),5TAN3(22,10),JCP1,4CP2,JCP3,UCP4,UCP5
1,JCPE, JCPT,JCPB,yCPO,JCPI0,KPH]1  KKLAST ,MONTSR({10)

COLON /ABC/AREAE

DIMENSION F(37€6},FF{A840) ,FFF(3840)

DIMENSICN DIFS{22),EMUS(22),HCONS(22),RHOS (22}

EQUIVALENCE (DLIFS{2).DIFN{1)}, (ZMUS12),EMUN(1))

EQUIVALENCE (RHOS{2),RHJM(1))., (AREAE,AREAW)

EQUIVALENCE (HCONWS(2),HCONM(1)),(FF(1),CPARTI(1})

EQUIVALENCE (F{1),U{1)),{0CP{1,%),FFF(1))

DINENSION A(22),B(22)

EQUIVALENCE(A(1T),ANLT}),{B(1),A5(1))

DATA KTRIP/O/
ER 1 1 1 1 1 PRELIMINARIES 1 1.4 1 1 1 1 1 1 1 1
ER2 2 2 2 "HEADINGS 2 2 2 2 2 2 2 2 2 2 2 2
ENTRY OQUTPH

ottt THE PROBLEM

20

WRITE(6,201)

QuTOC390
ouTCG300
OLTOGS1C
ouTo04a20
cuTOoCaso
ouT024140
GuTo04a5C
ouT004G0
QuToLs70
OUTCOSSG
ouTQoc4avo
DdTG“ 00
QUTCOS10
CuTo052¢0
QuTCdS30
ouTC0s540
QuTO0550
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CONVERSATIONAL MONITOR SYSTEM

201 FORMAT (///1X, 10X, SOHLAMINAR, UNIFORM-PROPERTY FLOW IN A CIRCULAR PYOUTO05G0

- 1PE /1X,10X,50(1H-)) QUT00570
fcéé--—---——-----——----------—---—- PROBLEM INFORMATION ouUTOo0580
: .REY=RHOREF+*UINLET»2.«RPI1PE/ENMUREF ouTO0S90
: WRITE(6.,210) XPIPE,RPIPE,UINLET,REY, HINLET ,HWALL QUTCOGGO
~-2t0  FORMAT (//1X,10H XPIPE,10H " RPIPE,1DH UINLET, QuT026G610

© 110H REY. NO.,10H HINLET,10H HYEALL/1X,1PEE10.2) ouTOCS520

WRITE(5.250) NX,NY NANAX ,NTVNAX QUTOCG3D
WRITE(6,251) HKRAD,NTDMA, Kl:PA, LASTEP,RSCHEK ,CCHECK ouUTO0G40

250  FORMAT (/1X,10H NX,10H NY,1CH NXMAX, 1 GH NYMAXCUTOSESO
1/1X,4110) : : OouTOCEG0

251 FORMAT (/1X,10H KRAD, 10H NTCMA,10M KMPA, 1 0H LASTEPOUTQOG79
1,108 RSCHEK,10H CCHECK/1X,4110,1P2E10.2) QuUTOCEB0
RETURN QuTo0G90
CHAPTER 3 3 3 3 3 FIEWD VALVES 3 3 3 3 3 3 3 3 3 3 3 0ur00700
ENTRY OUTPF . oUTEC710

DO 31 KPHI=1 ,KKLAST ouToo720

32 | CALL PRINT(KPHI) QuTCO0730
a CONTINUE QuTo0740
KTRIP=0 ouToR750
RETURN : ouTCI760
CHAPTER 4 4 4 4 PRINT OuT OF RESIDUAL SOURCES AND MONITORING VALUES OUTCO770
ENTRY QUTPI ) ouTCCTBO
WAITE(6.1000) TIME QUTOCL790

e 50 1=1,10 CuTC0800

J= MDNTOR(I) ouTQO0BIOQ
WRITE(6,1001) J,CPARTI(VJ),CPART2(J),CPARTI(J),CPARTA(J),CPARTS(U) DUTOOE20

50 WRITE (6,1002) CPARTE(J),CPART7(J),.CPARTB(Y),CPARTS(V) ,CPARTO(U) OUTOCB30
1000 FORMAT (/1X.5HTIME=F7,2) ouTO0840
1001 FDRMAT(I4,5E12.5) ouTOQB50
1002 FOAMAT(4X,5E12.5) OUTQ0EGD
RETURN QuTO0870

END QuTo0B80
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- "FILE! MODIFY FORTRAN = CONVERSATIONAL MONITOR SYSTEM PAGE 001
SUBROUTINE MODIFY(LFHI) MODO3010Q
CONMON ) N20C0020
1/CASE1 /UINLET,FLOWIN ,RPTPE, ,XFLIPE,FXSTEP ,HIHLET HWALL ®0200030

2/DNY/ DYG(22),DYV(22),FV{22).FVRODE(22),R{22),RDYG{22) ,RDYV(22)} MQDGCOo40
2,R5YG(22),R3YV(22).RV(22)./VCB (22),5YG{22).5YV{22),Y(22),Yv(22) MODQJ050
3/DNYONXK/AE(22),AN(22) ,AP(22),A5(22),A%(22),0{22).D(22Y,DIFE(22) MODCOOGD

3,DIFN(22),0UW{22), DIFW{22),DU(22),DV(22),EMUE(22),EMUN(22) MCCGO070
3 JEMUW(22 ,HCONC (22} HCOKN{22), : HCONY (22) MODCO0239
3,PHIDLD(22), RHOE(22) ,RANDL22), RHCW (22),8P(22),5u(22) MQDA0000
3,V0LUNME(22), CONN{22),CC15122), CONE(22),CONN{22) ,ESMPHI (22) ME200100
4/0Nx/ DXG(22),Dxu{22),FUt22},FUNDDE(22),KOUKT(22) ,RDAG(22) M3ZT0110
4 ,RDXU(22),RSXG(22),RSAU{22),53TCRE(22).5XG(22).,5XU{22} . X(22) , AU (22)M0D02120
S/DJUPHI/ TEW(310),ILAST{10)}.IMIONC10), [XNY(10),I2ERD{10) MODCD130
5,JGROUP(10), KADSQOR(10) ,KS0LVE(10) ,KR5{10),RELAX{10},RSREF(10) MCD0O 140 )
S,RSSUM(I0), ITITLE(10),KTITLE(10),KEW(10) ,KLAST(10),RZERD(10) MOoor150

COoMLION o MODGO GO
6/D0/CCHECK,DP,FLOWPC , FLOWST ,FLOWUP, GREAT, I LINE, IPLRS, I PREF, IPRINT MDDD0170
©,ISTEP ,IX,IX1NY,IX1NYT, IX2NY2,1XM0N, 1XP1, IXPREF, IYMON, IYPREF MCROQ 130
6, UEW, JHLJLAST ,JLIMY  JLIMD, JLINMS, ULINY, P, JPP ,JRHD MCD00190
6,4V, JV ,JVPt  KINPRT ,KMPA KMRAD,KAHLHU,RTEST, LABPHI 000200
6,LASTEP,.LINEF,LINEL,NEQ, NEGPY MOT00210
6 ,NODEF ,NODEF 1 ,NODEL,NIDDELT ,NODLPT,NTDVA,NUMCOL KMCD00220
6 NX NXMAX, KXMI N2 , NXYS ,NXYP, NXYU, NAYV MOD00230
© . NY NYMAX NYMI NYVD,PL,RSCHEK, R3YAX, TINY MoD00240

CORMAON FPROP / EMUREF ,PRL{10Y,PRT (10) ,RHCAEF MOD30250

COLDN /D201, ARSLI22.10), RSLINE (22,10} MCDCO2G60 gg

COMMON/D202/U(462) ,V{462),TRE( 434), TCD(484) ,H{484),PP(22),P(400) MODOD270 o
7.RHD(484),EvU(484) MTD00280
7,INLY(10),10UT{101 ,KIN,KDUT,RELTKE,RELTED, ISTCH MODCD290

cOMNON MODOC300
9/TURS/C1,C2,CD,SQRTCD,CD25,ECONST,CTAUTW, CYPTW, TAUTWI(22) MO200310
9, TaUTWZ2{22), YPUST1(22).YPUST2(22) MOD0C320
9, TAULW(22),XPUSLW(22),CTAULW.CXPLW ) : Mo Ce330
9,GENX(22),FACTKE,FACTED, JTHRE.UTED,CAPPA MoDOC 240
9,CPART1{484) ,CPAIT2(284) ,CPARTI (453} .CPARTA(4Ed) ,CPARTS5(4B4) MOD00350
9,CPARTE(4B4) ,CPART7 (<84}, CPARTE(483).CPARTO(484),CPARTC(424) MODOC3G0

COMMON /PART1 /0OCP(4B1,10) LALFH(10,10,22) ,RP{10),DELT, TIM? ,NUMSER MOD00370
1,CNREL,COEE(4B4) ,COEN(434) ,LO0ES5(4B4) . COEW(483),CPINP{10),VOLG({484)MIDI03S0
1,STANT(22,10),5TAN2(22,10),5TAaN3(22,10},JCP1,JUCP2,UCP3 ,JCP4,yCPS MCCO0290

1.JCPE,JCP7.UCPB,JCPA,UCPT10,KPHI ,KKLAST,MONTOR(10} MND00A00
CONVMON/&BC/AREAE NTDC04190
DIMENSION F{376G)},FF(4240) . FFF (4540) 39020220
DIMENSION DIFS(22),EMUS(22),HCONS(22),RHOS(22) MIDG0430
EQUIVALEMCE \DIFS{2),DIFN(1)), (EMUS(2),.ENMUN(1))} 1A00004340
EQUIVALENCE {RHGS(2),RHON{1)), (AREAE,AREAW) MODODaAS0
EQUIVALENCE (HCCNS5(2),HCONM{1)).(FF{1),.CPARTI(1}) MCD0Q4B0
EQUIVALENCE (F(1),U(1)), (GCP(1,1)},FFF(1)) 1AODCO4&70
DIMENS ION A{22).B(22}) M2D004BD

- EQUIVALENCE(A(1),aN(1)),(B(1),AS{1)}) 0DCSACO
CHAPTER 1 1+ 1 1 1 PRELINMINARIES 11 1 1 1t 1t ¢ 1t 1 1 NCZ00500
KPHI=LPHI . MCDN0510
SPI2)=SP(2) MODOOS20
SF(NYM1)=SP{NYM1) WODoCs530

IF(IX,NE.NXM1} RETURN MOD0O5s0
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~~FILEL CONST — FORTRAN * CONVERSATIONAL MONITOR SYSTEM PAGE 001

SUBROUTINE CONST CONCOO10

CCMAON CONOOO20
¥ /CASE1 JUINLET,FLOWIN,RPIPE XPLPE,FXSTEP,HINLET ,HWALL CONOCO30

2/DNY/ DYG(22),DYV(22),FV122),FVNODE{22),R(22),RDYG(22) ,RDYV(22)  CONDCQ40
2,RSYG(22),RSYV(22),RV(22),RVCB(22),5YG{22),5Yv(22),Y(22),Yv{22)  CONOCOS50
3/DNYONX/AE(22),AN(22),AP(22),A5(22),AW(22),C(22),D(22),DIFE(22)  CONOOCOGO

3,0IFN(22),0UNW(22), DIFW(22),DU(22),0¥(22),EMUE{22),EMUN(22) CONBQO70
3 JEMUW(22) ,HCONE (22),HCONN({22), HCONW (22) COND008B0
3,PHIDOLD{22), RHJE(22),RHON(22), RHOW(22),5°P(22),50(22) CONCCO90
3, VOLUME(Z22), CONN(22) ,CONS{22), CONE(22),CONW{22), ESMPHL {22) CCONDO100
4/DNX/ DXG(22),0xU{22),FU(22),FUNODE{?2),KDUNT(22),RDXG(22) CONCO110
4 ,RDXU(22),RSXG(22) ,RSXU(22),STORE(22).5XG(22),5XU{22),X(22),xU(22)CONOO120
S/DJPHI/ ITEW(10),ILAST(10),IMON(10),1xNY(10),IZERO(10) CONDD130
S,JGROUP(10), KADSDR{10) ,KSOLVE( 16),KRS5(10},RELAX(10) .RSREF(10) CONOO140 )
S, ,RSSUM(10),ITITLE{10) ,KTITLE(10),HKEW(10),KLAST(10),KZERQ(10Q) CONOCO150
COMMON CONDO1GO
6/D0/CCHECK,DP,FLOWPC, FLOWST,.FLOWUP.GREAT, ILINE,IPLRS, IPREF, IPRINT CONOO1T0
6,1ISTEP ,IX,IXINY,1XINY1,IX2ZNY2 IXMON,IXP1, IXPREF,IYMON, IYPREF CGNOO180
6,JEMU, UH,JLAST UL 1M1, JLIM2,JLIM3,JLIMa, P, PP, JRHO CONCO0190
6,UU,JV . JVP1, KINPR] ,KMPA, KRAD, K RHOMU ,KTEST, LABPHI CONOD200
6,LASTEP,LINEF,LINEL,NEQ,REQPI COH0Y210
6 ,NODEF ,NODEF 1 ,NODEL ,NODEL1,KODLP1,NTDMA, NUMCOL « CONDO220
B, NX, UIXHMAX , NXTT NXW2 NXYG . HAYP, NXYU,NXYV CONDD230
6 ,NY,NYMAX,NYNT ,NY%2,PI,RSCHEK, RSMAX, TINY CoNOC2ZA0
COMMON /PROP/ EMUREF ,FRL(10),PRT (10),RHOREF CONDSC250
COMMON /D2D1/ARSL(22,10),RSLINE(22,10) CONOC26D
-COMMON/D2D2/U{a62) ,v(462),TKE{ 484),TED(484),H(484),PP(22),P(400) CONDO270
7 ,RHO{AB4) ,EMU{4B4) COMDO280
7,INLY(10),10UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH CONDO220
COMIDN CONDO300
9/TURB/C1,C2,C0,50RTCD, DS, ECONST, CTAUTH, CYPTW, TAUTWI{22) CONJ0310
9,TAUTW2(22), YPUST1{22),YPUSTI( 22) CONCD220
9, TAULW (22) . XPUSLW{ 22),CTAULY, CXPLW COND0330
9,GENK(22),FACTKE,FACTED,JTKZ,JTED,CAPPA - C0MN00340
9,CPART1(4B4) ,CPART2{484) ,CPART3(4aB4),CPARTA(484),CPARTS(4B4) CONCO350
9,CPARTE(4B84) ,CPARTT?(424) ,CFARTB(484),CPARTO(484) ,CPARTO(484) CONOO360

COAi0N /PARTY /OCP{ 484,10} JALPH( 1Q,10,22),RP(10),DELT, TIME,NUMEER COHOO3TO
1,CNREL ,COEE( 444),COEN(4844) ,COES(484),COEW (484}, CPINP{i1C},VOLC(484)CONCO3BO -
1,5TANT (22,10).5TAN2022,10),5TAN3(22,10),JCP1,JCP2,JCP3 ,JCP4,uCPS CONCOZ90

1,JCP6, JCP7,JCFA,JCPY,JCP 1O, KPHI , KKLAST ,MONTOR(10) CONQGCA00
COlON /ABC/AREAE CGNZ0410
DIIMENS ION F{ 3766),FF(4B&0)} ,FFF (4840) CCNOQ420
DIMENS ION DIFS(22) EMUS(22) ,HCONS(22).RHOS(22) CCNOQ&30
EQUIVALENCE (DIFS12}.DIFN(1)), (EMUS({2),ENMUN(1}) CONOO44a0
EQUIVALENCE (RHOS(2),RHOMN(1)), (AREAE,AREAW) CONGCOASOQ
EQUIVALENCE (HCONS(2),HCCMN(1)).(FF{1),CPART1(1)} CONQOABO
EQUIVALENCE (F(1).U{1)),(0CP(1,1),FFF(i}) CCNCOST70
DIMENSICN A(22),B122) CoNE0380
EQUIVALENCE(A{1),AN{1))},(B(1),ASt1}) CONOT4AS(Q
: Crememarmmm e mm—em———eee CONSTANTS RELATED TC NX AND NY - ~CONCO500
ENTRY CONST2 . CCHOOS510
NXM1=NX=-1 CON0O0520
NXM2=NX-2 CONODS30
NYM1=NY-1 CONOCS40

NYM2:=NY-2 CONQO0SSO

20¢
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CONST FORTRAN - CONVERSATIONAL MONITOKR SYSTEM

- - TOTAL NUMBER OF NODES FOR DIFFERENT VARIADLES ~CONGOSGO

© NXYG=NXeNY CONDOS570

NXYP=NXM2+NYM2 CONOCSBO
TNXYUSNXMI*NY CoNCO590

© CNXYV=NX*+NYM1 CONOODOBOD
~RETURN CoONDOG1D
—=-sot————eesees—oo—— CONSTANTS RELATED TO VARIABLES -=—-- —————————— =CONODG20

' " ENTRY CONST3 CONDOG3D
KRHDMU=KSDOLVE (JRHO ) +KS0OLVE (JEMU) CONOCGAD

. -— - - 1ZERO,ILAST AND IEW FOR DIFFERENT VARIABLES CON0QOB50

- 1ZERO(1)=0 : COMQOEGO

" DO 35 J=1,JLAST CONGOB70
ST U 1F(J~JU) 310,301,31C CCHNOCEBD
©--310 1F{u=-uV) 320,302,32¢ CONDCBSD
320 IF(J=-4P) 330,302,330 ’ ’ ' CCNOO7Q0
~.330 IF{Jy=-JPP) 305,304,305 ’ CONOO71D
301 TL=MxyYUy ' : CCNOO720
T TLMAX= (NXMAX=1)+*NYNAX CONDO730
IEW(JY) =NY CONOQ740

: GO 10 34 CONDJ0750
302 1L=RXYV CONQO7GO
: ILWMAX= NXMAX® { NYMAX=1) CCNQO770
IEW(J) =NYMY CONQCOTED

GO TO 34 CONCOT90

303 IL=HXYP CONOQ3C0
ILMAX= (NXMAX=-2)w [NYMAX—Z) CO%O00310
JEW(J) =NYM2 coNC0B20

GO TO 34 } CONOCBAD

304 IL=NY COMOOQEAQ
TLMAX=NYMAX . COoNO0350
15wW(J)=0 ) ) CONCCAGO

GO To 34 : ] CONCOBT0

305 1L=NXYG : COMNOQOEEO
1LMAX= NXMAX* NYMAX ' CONQDB90

1EW{J) =NY CONDOS00

34 ILAST(J}=12ERD(J}+1L COND0310
IF(J.EQ.JLAST) GO TO 35 CONDOO20
JP1=zu+1 COoND0a30

1ZERD{ JP1}=IZERO(J)+ILMAX CONGO240

35 CONTINUE CONOCEH0
C movecc———— remme—eca-== AS5IGNING NAMES TO THE TITLE=ARRAY CONOGAGO
KZERO(1)=0 CONDO270

DD 45 HK=1,KKLAST conpoege
IL=NXYG CONDDOTO

ILMAX= NXMAX» NYMAX CoNOIDCO

KLAST( K)=KZERQ(K)+IL CONDOIC10

KEW{K) =NY CoMO1020
IF(K.EQ.KKLAST) GD TO 45 CONG103D
KP1=K+1 : CCNO1040

- KZERO({ KP1)=KZERD(K)+ILMAX COND1050
45 CONTINUE CONQ1060
ITITLE(JU)=JU CGMNO1070
ITITLE(JV)=udV COND10B0Q
ITITLE(JP)=JP COND1090

ITITLE (JPP)=JPP COND1100

PAGE 002
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ITITLE (JTKE) =JTKE

ITITLE{(JTED) =JTED '

ITITLE {JRHO) =JRHO
ITITLE (JEMU) =JEMU
ITITLE(JH)=UH

KTITLE (JCPY )} =uCP1
KTITLE {JCP2)=yCP2
KTITLE (JCP3) =JCP3

KTITLE (UCP4) =JCP4

KTITLE (JCP5) =JCP5
KTITLE (JCPB) =JCPB
KTITLE (JCP7) =JCP7
KTITLE{JCPE)=JCPB

KTITLE(JCP2)=JCPY
KTITLE(JCP10)=0CP10

RETURN
END

CCNVERSATIONAL MONITOR SYSTEM

CCND1110
CCND1120
COND1130
CONC1140
COND1150
CONO 1160
CCNO1170
CONDO1180
CONO1190
CONQ120Q0D
COND1210
CCNO1220
CoND1230
CONG1240
COND1250
COND12G0
CONQ1270

PAGE 003
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‘. --FILE: CDEFF__ . FORTRAN .=

SUBRDUTINE COEFF(LPHI)

COMMON

1/CASEY JUINLEY . FLCWIN RPIPE ,XPIPE.FXSTEP,HINLET HWALL

2/DNY/ DYG{22),DYVv(22),FV{22),FVNODE(22),R{22)},RDYG(22) ,RDYV(22)

2 ,RSYG(22).RSY¥YV(22) ,RV(22),RVCB(22),5YG{22),5YV(22},Y(22),vv(22)

J/DNYONX/AE(22),AN(22),AP(22).AS{22),AW(22),C(22),0(22),DIFE(22)

3 DIFN(22),DUw(22), DIFW(22).DU(22),DV{22),EMUE(22),EMUN(22)
.E"Uw(221.Hc0M=(22) HCONN{22), HCONW (22)

3 PHIOLD(22), RHRE{22) ,RHON(22), RHCOW({22),S5P(22),5uU(22)

3. VOLUJE(?2).CONN(2°) CONS(22),CONE(22),CONW{22) ,ESMPHI (22)

4/DNX/ DAG(22),DXU(22),FU{22},FUNCDE{22),KOUKT(22),RDAG(22)

CONVERSATIONAL MONITOR SYSTEM

COEQQO010
CROEOQO020
CQEQOO30
€oc0Q040
COEQCOS0
COEQQOB0
COEQQQ70
COEQOCEO
CCe0Q090
COEQQ100
COECO110

4.RDXU(22).R5XG{22).RSXU(22).STDRE(22).SXG(22).SXU(Q?).XL22).KU(22)CO£00120

© 5/DUPHI/ IEW(10),ILAST(10),IMON(10),1ANY({10),IZERC(10}
5,0GROUP(10), KADSOR(10),KSOLVE( 10) ,KRS(10),RELAX(10),RSREF(10)
5,RSSUM{10) ITITLE(10) ,KTITLE(10),KEW(10),KLAST{10) ,KZERDO(10)
COMMON
6/D0/CCHECH,DP,FLOWPC,FLOWST ,FLOWUP,GREAT, ILINE,IPLRS, I PREF, IPRINT
6,ISTEP IX,IXINY,IXINY1, 1X2NY2,1XMON, 1XP1, IXPREF,IYMON, IYPREF
6,JEMU, JH,JLAST JLIMT, dLIM2 JLIM3,JLIIA  JP, JPP,JRHD
6.dU.dV.dVPi,KINPHl,KM9A KRAD, KRHOMU,KTEST, LABPHI
B,LASTEP,LINEF, LINEL ,NEQ, NEGP!
6.NODEF .NODEF 1, NODEL,KODEL1,N9D1LP1,NTDMA , NUNMCOL
6, NX, NXFAX,NAMT  NXM2,NXYG  NXYP, NXYU, NXYY
B,NY NYMAX , NYIM1 NYM2,PI,RSCHEX, R5MAX, TINY
COMMON /PROP/EMUREF ,PRLL1Z),PRT(10),RHDREF
COMMAON /D2D1 /ARSL(22,.10) ,RSLINE (22,10)
CCIMON /D202 /U (462) ,v(462),TAE(434),TZD(4B4) ,H(484),PP(22),P(400)
7.RHD(4B4)} ,EMU{454)
7,INLY(10),10UT(10) ,KIN,KOUT,RELTKE,RELTED, ISTCH
COMMUN
9/TUR2/C1,C2,C0D,SQRTCD,.CO25,ECONST,CTAUTW, CYPTW, TAUTWI (22)
9, TAUTW2(22), YPUST1{22),YPUST2(22)
9, TAULW(22) ,APUSLWI22) ,CTAULW,CXPLA
9,GENK({22) ,FACTKE ,FACTED,JTKE,JTED,CAPPA
9,CPART1(4B4d) ,CPART2(434) ,CPAAT3(4843),CPARTA{484) ,CPARTS(4R4)
9, CPARTS(484) ,CPARTT{464) ,CPARTE(4B3) ,CPARTO(484) ,CPART 0(484)
CONMON /PARTY /JOCP(484,10) ,ALPH{10,10,22),RP(10),0ELT, TIME, ,NUMOER

COEQO130
COEQO0140
COEQO159Q
COEQ0160
COEQQ170
COEQO1BO
COEQO190
CCECQO200
CJEl0210
CQOEQQ220
COEQO230
COECC240
COEQOD250
COEQO2G0
CCECC270
coeoczas0
COENC290
COEQO300
COE00310
COE0O320
COEQO2330
CCEQO3490
CO0e00350
COECO3GO
CO£0Q370

1,CNREL ,COEE(484),COEN{4845),CO0ES(484),COEW{484),CPINP(10),VOLG(484)C0E00280

1,STAN1({22,10),5TAN{22,10),5TAN3(22.10},JCP1,JCP2,JCP3, JCPI,JCPS
1,JCP6,JCP7,UCPB,JCPY,UCP10,KPHI ,KKLAST ,MONTOR(10)
co WON/ABC/AREAE
DIMENSION F(27G6),FF(4A840),FFF (4840}
DIFENSION DI FS(22).EMUS(22) .HCONS(22),RHIS(22)
EQUIVALENCE (DIFS{2),DIFN(1}), (EMUS(2),EMUN{1))
EQUIVALENCE (RHDS12).RHON(1)), (AREAE.AREAW)
EQUIVALENCE (KHCONS(2),HCONNIT1)Y ), {FF(1),CPARTI(1})
EQUIVALENCE (F(1).,U[1)),(0QCP(1,1),FFF(1))
DIMENSIDON A(22),B122}
EQUIVALENCE(A(1),aN{1)},(B{1),AS5(1))
CHAPTER 1 1 1 9 1 PRELININARIES 1 1 i 1 11 1 1 1 1
Cmmmmmmee e ———— DEFINE ARITHMETIC FUNCTION FOR COMBINING
c APPRGPRIATELY CONVECTION AND DIFFUSION CONTRIBUTIONS
o e e e e o HYBRID SCHEME
c CONDIF (DIFF, FCONY, cawv) AMAX1({0.. DIFF+FCONV,CONV)
c - -- e e ——— e ——— e ——— e ———— UPWIND SCHEME

COEC0390
COEQOAQO
COECoa0
COE00422
CCEQC4a390
COEC0440
COEQC4S0
COEJ0460
CCEQQAS70
COEJCABO
COEQY4a90
CQERIS00
CGECO510
CCEG0520
COECQ530
CCEGO0540
COEQQ550
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COEFF  FORTRAN + : CONVERSAT IONAL MONITOR SYSTEM : PAGE 002

:CDNDIF(DIFF,FCONV.CDNV):AMAX1(DIFF.DIFF+CONU) © COECOS560

KPHI=L PHI COEDDS70
IF(KRAD.EQ.2) GO TD 12 CDE00S20

ASSIGN 1001 TD LG ) COEGO0590

: ) GD TO 13 COEQO600
-$2 - ASSIGN 1002 TO LG ' CQEQOB610
13 CONTINUE COEQDB20
. Cmmm==————~ TRANSFER VISCOSITIES STORED IN AN{ ) TO EMUN({ J., ETC. COEQ0530
CALL CELPHI(KPHI,JEWMU)} COEQ0GAD
N2=NODEL COEOOB50

L EMUS(NDDEF )= AS(NODEF) COECDSGO
e © DO 121 1YsNODEF,.N2 COEQOE70
i EMUN(IY)=AN(IY)} COECOGBO
- EMUE{IY)=AE( 1Y) COECODG20
121 EMUW(IY)=AW( 1Y) . ) ' COEQO720
 Cmemm————— e mweecesane== CONVECTION TERMS AND DIFFUSION—TERM-PRANDTL COE00710
T L : NUMEER FOR GENERAL PHI EQUATIONS COE00720
T SXGIX=5XG(IX) COEQCT30
AREA:SXG({IX)*RV{NODEF1) COEQC7 10
DIFS(NODEF)=EMUS({NODEF )+ AREA=RDYG(NODEF) COEQO0750
ISV=NODEF1I+] XINYT COEOQ7GO

HCONS ( NODEF) =0.5~RHDS{NODEF )=V (15V)+«AREA C0z00770
ROXGIX=RDXG({ 1%} COEQDT7BO
RDXG11=RDXG({ IXP1) CCECOT790

DD 156 1Y=NKDODEF,NODEL CoEQORQO
1YM1=IY=1 : COEO0B10
I=1Y+1XINY - CDEQO320
1W=1-NY COEQQB30
IV=IY+1X1INY1 COEQOB4D
AREAN=SXG1X COECO850
AREAE=SYG(IY) . . COEQO3G0

GO TO LG,(1{401,10C2) COE00BT0

1002 AREAN=AREAN=RV(IY) : CCE00380
AREAE=AREAE-R(1Y) COEGCO0B90

c AREAW=AREAE , THROUGH EQUIVALENCE COE0Q300
1001 VOLUME (IY)=AREAE~SXGIX COEOQ210
c DIFS{IY)=DIFN(IYM1) , THROUGH EQUIVALENCE COEQ0920
DIFR{IY)=EMUN{1Y)+AREANSRDYG{IY+1) COE003939
DIFE(IY)=EMUE(IY)~AREAE=RDXGIT COEDOSA0
DIFW{1Y}=EMUA{IY)-AREAWSROXGIX COEQDSH0

Cc HCONS (IY)=HCONN(IYM1) , THROUGH EQUIVALENCE CQEQO2IG0
HCONN(IY)=0.5«RHON{1Y)*V(IV)=AREAN COEQDE70

HCONE{ IY)=0.5=<RHOE(1Y}~U(I)=AREAE COEC0230

HCONW{ IV }=0.5«RHON(IY)+U(IW)*AREAW CCOEQC290
CONN(IY)=HCONN(IY)+HCONN({IY) CDEQiQ00
CONS{IY)}=HCONS(LY)+HCONS(IY) COEQ1010
CONE(IY)=HCONE(LY)+HIONE(IY) COEL1020
CONW({IY)sHCONR® (1Y I +5CONWIIY) COEQ1039D

ESMPRI (IY)=CONSIIY)-CONN(IY)+CONW(IV)-CONE(IY) COED1049

156 ESMPHI(1Y)= AMAK1(0 0. ~ESKPHI{IY))} CRED1050
CHAPTER 5 5 S5 5 &5 PHI EQUATIDN 5 58 § 5§ 5§ 5 5 5 5 5 CCEQ1C60
50 RART=1./PRT( KPHI) ) COEQ1070
(==—==mo—mmm=e—m————————< CQEFFICIENTS FOR ALL CELLS ON THE STRIP COEG1080
KCONST=IXNY{ KPHI)}+KZERC(KPHI} COEQ109C

KEWPHI =KEW(KPHI) Cot01100

90¢



J;‘FILES COEFF FORTRAN = "CONVERSATIONAL MONITOR SYSTEM

" DD 56 1Y=NODEF,NODEL
1aIY+KCONST :
KEsi+1EWPHI
Tw=1-KEWPHI
DS=DIFS(1Y)*RPRT
DN=DIFN(IY)+*RPRT
DE=DIFE(IY)*RPRT
- OW=DIFW(IY)eRPRT _
Cwem=—mer—ce—eeen=e—ee—w ERROR SOURCE OF MASS
- FM=ESMPRI(1Y)
C-ewmrcer—mem—ee=e= CCMBINING DIFFUSION AND CONVECTION CONTRIBUTIONS
AN(1Y)=CONDIF{ON,~HCONN{1Y),=-CONN(IY))
AS(IY)=CONDIF{DS, HCONS(1Y), CONS(IY)}
AE(IY)=CONDIF(DE,-HCONE(IY)},—-CONE(IY))
AW{IY)=CONDIF(DW, HCONw{TY), CONW[IY))
. Cememesceecao——ue—mo—iooo STORING PRI IN PHIOLD
| Cemmesmmemeceerse—weeeeee SOURCE TERMS

56 CONTINUE

c SUT BOUNDARY END VALUES IN PHIOLD

c ~===== ADDITIONAL SOURCE TERM5 IF REQUIRED
RETURN
END

COED1140
COED1120
COED1130
COEOQ1140
CDED1150
COE01160
COEDT170
COEO1180
COEG1190
COED1200
COEQ1210
COEQ1220
COEQ1230
COED1240
CCED1250
CDED12G0
CQEQ1270
COEQ1280
COEQ1290
CCEQt1300
COEQ1310
CDEC1320
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SUBRDUTINE CELPHI{JCELL.LPHL)
C COMMON
1 /CASEY JUINLET ,FLOWIN,RPIPE XPIPE,FXSTEP HINLET,HWALL

-ZJDNY/ DYG(22).0YV(22),FVI22),FVYNODE(22),R(22),RDYG(22) .RDYV(22)
-2,R3YG(22) . RSYV(22) ,RY(22),RVCB(22),5YG(22),5YVv(22),Y(22),YVv(22)
- 3/DNYONX/AE(22),AN(22),AP122).A5(22),AK(22),C(22),D(22).DIFE(22)
3,DIFN(22),0UW(22), DIFW(22),DU(22). DY(22),EMUE(22) ,EMUN(22)
3 JEMUW(22) ,HCONE (22} ,HCONN(22) ., HCONW [ 22)
3,PHIOLD(22),.RHDOE(22),RHON(22), RHOW (22),5P(22),SU(22)
3,VOLUME(22),C0ONN(22),CONS(22).,CONE(D22),CONW(22),ESMPHI (22)
4/DNX/ DXG(22),DXU(22),FU{22),FUNDDE(22),KOUNT(22),RDX53(22)

2 CELPHI.  FORTRAN = CONVERSATIONAL MONITOR SYSTEM

CELQ0010
CELOQO20
CELOQO30
CELOOCA0
CELOOOSO
CELO00GO
CELOQO70
CELOCOB0
CELQO0090
CELQO100
CELOQ11D

4,RDXU(22),R5XG(22) RSXU{22).5TORE(22},5XG(22),5XU(22),%(22),%xu(22)CELOO120

S5/DJPHI/ IEW(10),ILAST{10)},IMON{10),IANY(10),12ZERO(10)
5,JGROUP{10), KADSOR(10) ,KSDLVE({ 10} ,KRS(10),RELAX( 10} ,RSREF(10)
S5, RSSUNM{10) , ITITLE(10) KTITLE{10} ,KEWI10) ,KLAST{10},KZERD(10)
COMMON
6/D0/CCHECK,DP,FLOWPC,FLOWST,FLOWUP,GREAT, ILINE, IPLRS, I PREF, IPRINT
6,ISTEP ,IX,TXINY,IXINY1, IX2NY2,IXMON,IXP1, IXPREF, IYMON, IYPREF
B,JEMY, JyH, JLAST ,JLIM1,JLIND , JLIM3, JLINY,JP, PP, JRHOD
6.Ul,JV ,JVP1, KINPRI ,KIPA, KRAD, KRHOMU, KTEST, LABPHI
6,LASTEP,LINEF,LINEL,NEQ, NEQP1
6,NODEF ,NODEF 1 ,NODEL ,NODE L1 ,NODLP1,NTDMA,NUMCOL
6,NX,NXMAX,NXMT NXM2Z,NXYG,NXYP, NXYU,NXYV
S,NY NYMAX NYM1 ,NYM2 Pl RSCHEK, RSMAX, TINY
CONNON /PROP/ EMUREF , PRL{10) ,PRT {10) , RHOREF
COMMON /D2D1/ARSL{22,10) . RSLINE (22,101
COMMON /D2D2/U (42621 ,V(462),TKE( 483) ,TED(484) ,H(484) ,PP(22),P(400)
7 ,RHND{484) ,EMU(483)
7.INLY(10),10UT(10} ,KIN,KOUT ,RELTKE,RELTED, ISTCH
COMMON
9/TURB/C1Y,C2,CD,SQRTCD,CD25,ECONST,CTAUTW,CYPTW, TAUTW! (22)
9, TAUTW2(22), YPUST1(22),YPUST2(22)
9, TAULW (22) . XPUSLW(22),CTAULW, CAPLY
9,GENK( 22) ,FACTKE, FACTED, UTKE.JTED,CAPPA
9,CPART1(484) ,CPART2({484) .CPART 3(4B3) ., CPART4(484) CPARTS(4B4)
9 ,CPARTGE(483) ,CPARTT7(484) ,CPARTB(4B4) ,CPARTO(484) ,CPARTO(484)
COMMON /PART1 /OCP(484,10) ,ALPH(10,10,22},RP{10),DELT, TIME,NUMBER

CELCOT130
CELOQ140
CELOQ1S0
CELQQC180
CELOC170Q
CELOO180O
CELQO199
CELOO200
CELOD210

+CELOO220

CELOO230
CELQO240
CELOO250
CELOO260
CELO0270
CELOO280
CELCO290
CELCO3¢O
CELC0310
CELO0320
CELOD330
CELOC340
CELO0Q350
CELOOQ3GY
CELQD270

1,CNREL ,COEE( 484} ,COEN(4B4),C0ES(484) ,COEW(484) ,CPINP(10),VOLG(4B4)CELOQ380

1,5TANT(22,10),STAN2{22,10),5TAN3(22,10),JCP1,JCP2,UCPI,uCP4,UCPS
1.JCP6,JCPT,JCPB,UCPY , JCP 10, KPH1 ,KKLAST ,MONTOR({10)
CDMMDN/ABC/AREAE
"THS 10N F({3766),FF(4840),FFF (4B30)
mEhSlDN DIFS5(22),.EMUS(22),HCONS(22),RH05(22)
EQUIVALENCE (DIFS({2),DIFN({t}), (ENMUS{2).EMUN{1))
EQUIVALENCE (RHOS(2),RHON{1}), (AREAE,AREAW)
EQUIVALENCE {HCONS{2),HCONN({1)),(FF(1),CPARTI(1))
EQUIVALENCE (F{(1)},U{1)}, (OCP(1,1),FFF(1))
DIMENSION A(22),.B(22)
EQUIVALENCE{ A1) ,AN{1)),{B(1),AS5(1))
JPH1=L PHI
30 CONTINUE .
COMMENT...AE ,AW,AN ,AS ARE USED AS TEWMPDRARY STORAGES, VALUES THERE
COMMENT...SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SUBROUTINE
Cm==—mccccec weracccee—ee FACTORS TD ACCOUNT FOR EFFECTS OF END
Cmmrrmcrcem e wecmee came== BOUNDARIES (EAST AND WEST)

CELOO390
CELOOD4CO
CELGO410
CELCO420Q
CELC0430
CELCO4240
CELOQ0450
CELCO360
CELOQ470
CELOQaEO
CELODSS0
CELCDZ09D
CELOCH510
CELCO520
CELOOS530
CELOOQ540
CELOOQSED

80¢
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BuwwW=0.5
BEW=0.5
IF{IX,EQ.2) Bww=t.
IF(IX,EQ.NXM1) BEW=0.
BWE=1, —BuW
BEE=1.-BEW
- Cemmest ee—mc e mmm————ee——— ALL FOUR CELL WALLS
ICONST =IX1NY +IZERO(JPHI)
1=NODE F1+1CONST
AS(NDDEF)=F({1).
I1F(NODEF.GT.2) AS(NODEF)=0.5«({ F(I)+F{I+1}}
DO 31 IY=NODEF,NODEL
I=1v+1CONST
IN=I+1
IE=]+NY
Iw=1-NY
- AN(IY)=0.5*(F(I)+F(IN))
: AW(IY)=BWW=F (IW)}+BWE=F(I)
N AE{IY)=BEW+F({1)+DEE~F{1E)
1F{NODEL.LT.NYM1) RETURN
Crommeme e mmem—= cee=== CORRECT AN FQR THE LAST CELL
IN=NDDEL+ICONST :
AN(NODEL)=F( IN)
RETURN
END

CONVERSAT IONAL MONITOR SYSTEM

"CELQOQS60

CEL00570
CELO0530
CEL0Q590
CELOOB00
CELOOB10
CELOOB20
CELOO0G30
CELO0GE40
CELOORGO
CELOCEGO
CELOQ&70
CELOCGBO
CELOOGSO
CELOO700
CELCOT710
CELQOO720
CELOO730
CELOOTAQ
CELOO750
CELO07G0
CELQO770
CELOO780
CELOOT790
CELOQBOO

PAGE 002
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suanourzue BOUND(LPHI) BOUCOC10
COMMON BOUDDC20
1/CASE1 /UINLET,FLOWIN,RPIPE,XPIPE,FXSTEP HINLET ,HWALL BOUCCO30

. 2/DNY/ DYG{22),DYV(22),FV(22),FVNODE(22},R(22),RDYG(22) ,RDYV(22)  BOUOCOCAO
. 2 RSYG(22),R5YJ{22) ,RV(22).RVCB(32).5Y6(22),5YV{22),Y(22),¥v(22) BCUJOISO
3/DNYONX/AE(22),AN(22) .AP(22),AS({22),AW(22),C(22).D(22) ,DIFE(22)  BOUCOCEO

3 DIFN{22},0Uw(22), DIFw{22),0U(22),DV(22),.EMUC(22),EMUN(22) 80u00C70
JEMUWI22) ,HCONE (22) .HCONN{22], . HCCHwW (22) BCQUOGOCAR)
3 PHRIOLD{22),RHDE{22) ,RHON{22), RHOW(22).SP(22),5U({22) 80U00090
} 3.VDLUME(22).CDNN122).CONS(22).CDNE(Q?).CONW(22).ESMPHI(22) BCUOQ100
4/0NX/ DXG(22),0XU122), FU(22),FUNDRE({22) ,KOUNT(22).,RDOXG(22) BDUOO110Q
4 ,RDXU{ 22) ,RSAG(22) . ARSXU(22),5TORE(22),5XG(22).5XxU(22}, X(22),XU{22)BQUR0120
5/DJPHL/ IEW({10),ILAST(10),IMON(10), [Ny 10),12ZERO(10) BOUQO130 )
S,JGROUP({10), KADSDR(10) ,KSOLVE{ 10} KRS 10),RELAX{10) ,RSREF(10)} B2U00140
5,RSSUM(10) ., ITITLE(10},KTITLE({10) ,KEW(10),nLAST(10),KZERO({10) BOUOQ150
CONWON BOUCOtGO
6/DN/CCHECK,DP,FLOWPC, FLDaST FLOWUP,GREAT,ILINE,IPLRS,I1PREF,IPRINT BOUOCD170
€,ISTEP L,IX,IXINY,1XINY?1,IXINY2,IXMON.IXP1, IXPREF,1IYMON ,IYPREF BOUCQ18BQ
6.dEMU.dH.dLAST.dL1M1.JLIMQ.JL[MB.dle4.dP.dPP,dRHO BOWOC 190
6,JU, UV JVP1 KINPRL  KVPA, KRAD KRHOMU ,HKTEST, LABPHI BOUQD200
6, LASTEP,LINEF,LINEL,NEQ, NEQP BOUO2210
6,NODEF ,NODEF 1 ,NCDEL,NODELY,.NODLPT NTCMA ,NUMCOL BOUDO220
6, NX, NXMAX, NXIIT  NXM2 NXYG , NYYP, NXYU, NXYV B0UD0230
B, NY , NYMAX NYM1 NYM2,PI,RSCHEK, RSMAX, TINY BOoUQ0240
COMMDN /PROP/ EMUREF ,PRL(10),PRT {10), RHOREF BOU0O250
cotnOn /02D /ARSL(22.10) ,RILIKNE (22,10} BOLOO2GO
CONMMON /D2D2/U462) ,V{462),TRE(484),TED(484) ,H{4B4),PP(22),P{400) BOLOO270
7 .RHO(484),ENMU(383) ‘ BOUQO280
T INLY(10),I0UT{10) KIN,KQUT ,RELTKE,RELTED, ISTCH BOLOC290
COMSN BOUCO300
9/TURB/C1,C2.CD,SQRTCD,CD25 . ECONST,CTAUTW,CYPTW, TAUTW{22) BOUCO310Q
9, TAUTW2{22), YPUST1{22),YPUST2{ 22} . BOUGD3IZ2Q
9, TAULW(22) . XPUSLW(22),CTAULW,CXPLW ) BOUCQ330
9 .GENK(22),FACTKE ,FACTED ,JTKE,JTED,CAPPA BOUQO340
§,CPART1(4B3) ,LPART2(4B4) .CPARTI (484 ) ,LPART4(484) ,CPARTS(484) BOUODR350
9,CPARTH(4B4) ,CPART7(4B4) ,CPARTB{4843) ,CPARTO({434) ,CPARTN(484) BOUO0360

COMMON /PART1 /OCP{184,10) ,ALPH{10,10,22),RP(10),DELT, TINME ,NUMBER BCU0C370
1,CNREL.COEE(484),C0EN{4B4).COES(484) ,COEW(4B4),CPINP(10),v0LG(484)BOLOC380
1,5TANT1(22.,10),5TAN2(22.10),STAN3(22,10),JCP1,JCP2,JCP3,JCP4,JCP5 BOUOO3S50

1,JCP6, JCPT,JUCFB,JCPR,JCP 10 ,KPH] ,KKLAST ,MONTOR(10) BOUOO400D
COMNON /ABC/ A REAE BOU0O310
DIMENSION F(3766),FF(4B40),FFF {4B4Q) BOL00420
DIMENSION DIFS(22),EMUS(22).HCONS{22),RHOS5(22) BOUO04Z0
EQUIVALENCE (DIFS(2),DIFN{1)}, (EMUS{2),EMUN(1)) BOUOD4&40
EQUIVALERNCE (RMGS(2).RHON{1)), (AREAE,AREAW) BOLCD4S0
EQUIVALENCE (HCONS(2),HCOUNN({1)).(FFt1),CPARTI(1}) BOUO2460
EQUIVALENCE (F(1),U{1}).{0OCP(1,1),FFF{1)) Boucoazo
DIMENS 1ON A(22),B:22) . BOUCCAH0
EQUIVALENCE(A{1)},AN(1)},(B{1),AS(1)}) BOUO0A9D
CHAPTFR 1 1 1 1 1t PRELIMINARIES Tt 1 ¢t 1t 1 1 1 1 1 1 BOUOCEOD
JPHI=| PHI . BOUCO%10
IF(KPHI.EQ.JCP1) Gu TQ 10 EOU00520
1F(KPH1.EQ.JCP2) GO TG 20 BOUCGS30
IF(KPHI.EQ.JCP3) GO TO 30 BOUOUSA0

IF(KPHI.EQ.JCP4) GD TO 30 BOUQOSS5C

0le



FILE:

80UNRD FORTRAN =

19

1
20
21

30

31

40

41

50

81

60

1F{KPHI.EQ.JCPS) GO TO 50
IF(XPHI.EQ.JCPG) GD TO 60
IF(KPHI.EQ.JCP?7) GO TO 70
IF(KPHI.EQ.JCFB) GO TO 60
1F(KPHI.EQ.JCPY9) GO 10 o9
IF(KPHI.EQ.JyCP10)} GO TO 100
RETURN

CONTINUE

IF{1X.NE.2) RETURN
0D 11 IY=1,NYMI1
I=1¥+]IX1NY

Iw=Il-NY

CPART1 (IN}=CPARTI(I)
RETURN

CONTINUE

IF(1X.NE.2) RETURN
DO 21 1Y=1,NYil1
1w=1-NY

CPARTZ (IW)=CPART2{1)
RETURN

CONTINUE

IF{IX.NE.2) RETURN
DD 31 IY=1,NYMI
T=1Y+IX1NY

IW=1-NY

CPART3 (IW)=CPARTI(1)
RETURN

CONTINUE

1IF{IX.NE.2) RETURN
DO 41 1Y=1,NYM1
I=1Y+1XINY

IWsI-NY

CPARTA {IW)aCPART4(I)
RETURN

CONTINVE

1F(1X.NE.2) RETURN
DO 51 IYy=1,NYM?
I=1Y+1XINY

IW=1-NY

CPARTS (1W)=CPARTS(I)
RETURN

CONTINUE .
IF(IX.NE.2) REVURN

CONVERSATIONAL MONITOR SYSTEM

BOUDOSGO
BOU00S70
BOUDOSE0
BOUC0590
BOUGCGGO
BOUCOG 10
BOUC0620
BCUOCE30
BOU00G4O
BOUDCES0
BOUCCE60
BOUCO670
BOUOCERO
BOUOOSYO
BOU0O700
BCU0D710
BOU0D720
E0U00730
BOUGO740
BOUOO750
SU03760
BOUCO770
BOUOD7R0
BOU00750
BOUDOBOO
BOIJOOB10
BOUD0320
BOUCDB30
BOUDOBA0
BOUOCB50Q
BOUOOBGO
BOUOCEB?0
80L0CE80
BOUDOB30
E0L00S00
BOUD0910
BOUG0920
BOU00330
BOU00940
BOUOCS50
BOUOCIGO
BOUC0Y70
BOUCOSB0
BOU00290
BOUQ1CO0
BOUC1010
BOUO1020
BOU01030
BOLO01049
£0U01030
BOLO10G0
E0UD1070
EOU01080
BOUO1090
BOUO1100

L
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on

21

100

101

61

70

DO 61 Iv=1,NYM1
I=1Y+I X1NY

IWsI=-NY
CPARTE{IW)=CPARTG(I)
RETURN

CONMTINUE

IF{IX.NE.2) RETURN
DO 71 IY=1,NYM3
1e1Y+] X1INY

IW=1-NY

CPARTT7 (IW)=CPART7({1)
RETURN

CONTINUE

IF{IA.NE.2}) RETURN
00 B1 IY=1,NYM1
I=1Y+IX1INY

IW=1I~NY

CPARTE (IW)aCPARTG(I)
RETURN

CONT I NUE
IF(IX.NE.2) RETURN
DO 91 Iv=1,NYMI
I=1Y+1X1INY
Iw=I-NY
CPARTS (IW)=CPARTI(I)
RETURN

CONTINUE

IF{IX.NE.2) RETURN
DO 101 lYy=1,NYMI
I=1Y+IX1NY

IW=sI=-NY
CPARTO{IW)=CPARTO(1)
RETURN

END

CONVERSATIONAL MONITOR SYSTEM

souo1110
BOUD1120
BoUO1130
BOUOt140
BOUC1150
BOUQI160
BOUO1170
BOUD1180
20U01190
BOUO01200
E0UQ1210
BUUO122Q
BCUL1232
BOUC1240
BOUQ1250
BOV012GO
BOU21270Q
BCOUO1280
BOU01290
BOUQ1300
BOUO1310
-BOUO1320
BOUO1330
80u01340
BOUO1350
BEQUC1350
BCUO1370
BOUWO 1380
BOUO1390
BOU01400
BoU01410
BOUQ1420
BCUO1430
BOUO1440
BOUO1450
BOUC1460
BCUD1470
BOUO1480
BOU01490
BOUC1500
BCUC1510
BCUO1520

PAGE 003
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