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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 results indicate
and that the principal mechanism of
supply of the material contained in
of the "down-leg" where the rate of
greatest.

that the R-H unit is an excellent mixer
the coalescence process is the adeauate
the ladle to the locations in the vicinity
turbulent energy dissipation is the

The computed results also show that the spatial distribution of particles
of different size is auite uniform. Finally, the overall deoxidation rates
predicted by the model appear to be in agreement with rates observed in indus-
trial pratice.
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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 adverselv affect the mechanical properties of the products. The

studies on rate phenonomena of deoxidation have been made by the many investi-

gators. Theoretical considerations suggest that the factors influencing the

growth and floatation of inclusions, i.e. deoxidation products, are complex,

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 in a turbulent field had been investigated by the researchers

of meteorology or aerosol 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 widesoread 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 strong turbulent

field. The R-H unit makes it possible to achieve the ranid removal rate of

oxide particles from the melt.

The purpose of this thesis is to make the attempt to simulate the de-

oxidation process in R-H unit by combining a turbulence theory and 02 part-

icle coagulation theory.

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 to simulate the deoxidation process.

This thesis, is divided into six chapters.

In chapter 2 a literature survey is presented, which reviews the part-

icle movement in turbulent flow, the particel population balance, the particle

deposition theory, 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 equations.

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 suggestions 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 models 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

like 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 vacuum.

In the R-H degassing process, as shown in Fig. 2.1, two legs are im-

mersed in a steel melt and an inert gas is injected into one leg (called the

up-leg). The injected bubbles induced a buQyancy 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

L2-3]. 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 important in

order to obtain optimrd 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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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 aecrease 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 much faster than that of

dissolved oxygen.



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 108/cm3

However, the time for nucleation is far less than I sec. [13] (for SiO2

ix10-6 sec).

Regarding the growth process, Turkdogan [14] suggested four major mech-

anisms: (a) Brownian motion, (b) Ostwald ripening, (c) diffusion, and (d)

collision. Brownian motion is 'such a slow process that it would take 3 hours

7 3
to reduct eht oxidized particle density to 10 particles/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 energy. 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 equations 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 very small particles in a turblent fluid. In

Tchen's theory the following assumDtions 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 small that its motion relative

to the ambient fluidfollows 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, c, is at most 100erg/g, thus the

Kolmogorov micro scale length, n, is about 400pm. This length is much larger

than the Darticle diameter being considered. Other assumptions may be valid

for the present problem.

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

T ) . 6 JIaj2P, IV -VI( r -V,/td P

(S)

C 2.2. 1)
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where VP and Vf are the turbulent velocities of fluid and particle, d the

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

the densities of fluid 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 eau. (2.2.1) can be rewritten

as follows.

vPclt t5Lc% .+ C c[

where

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

may be represented by a fourier integral [6].

(t~e ijcLWrcz3a Lttcvuwt) '. -
0

Then the ratio between Lagrangian energy-spectrum functions for fluid

and particles may be expressed as follows [6]

where Jao' + C]/) (A-i) a(aCA))/ 2 t(o Ct74,

Wc t Jrw 2t ( -/)W/
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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 particles;

0 4\it 47D A K-t 2 / Ar

where K This result is shown in Fig. 2.5. Al-

though we cannot obtain exact information about the Lagrangian or Eulerian

microscale, K is far smaller than I for the case of deoxidized particles in

a steel melt. Therefore, in the present computation the assumption of D /D . 1

will be valid.

On the other hand, Kolmogorov assumed that the characteristics of turb-

ulence could be determined by the parameters.v and c at high Reynolds number.

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

for the length scale 72

for the velocity scale 97 (pe) (2.2.)

Fig. 2.6 shows the Kologorov micro scale length n with respect to the turb-

2 3
ulent kinetic energy e. Since c is now considered to be less than 100(cm2/sec3)

q is more than 300p. As the particle being considered is less than 20pm,

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

concepts 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

S k=the number of particles in the system

at time t with phase coordinate in the range E 1/2d&,

2 1/2d 2 and introduce the function h (, t) to represent the net rate of

addition of new particles into the system.

jL c t)-fdi = the net number of particles introduced

into the system per unit time at time t with phase coordinate

in the range ClI 1/2dts1 &2 1/2dC 2

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

convective mass transfer formulation [27].

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

_rZ 36ce xf 3(,~) (2.4.2)
tyz
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where a is a nucleation function and G. is a growth function which depends

on the concentration C, the temperature o, and the dimension of the newly

nucleated particles. When the coagulation 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. In

this case, we must assume that only two-particle collisions occur in the

field. Since no particles are produced by nucleation or diffusional growth,

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

Then,
.. 43)

The number density f (x,m,t) or particles in the space can be described as

at a~ctu J = ct~Ct).2 .4.4)

Here, particle nucleation under the influence of the chemical environment is

ignored. Usually agglomeration at x, t between particles of mass m and m

is proportional to the product of the number densities f (x,m1,t),f (x,m2 ,t).

The proportionality factor is a (x,t). Since mass is conserved during a

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

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

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

Gcs.,t.) J ,t.1xf ctLm',tXAfr (2.4t.6)

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

C') "t.0ttj



26

When the effect of breakage of particles can no longer be ignored, eau.

(2.4.7) may be expressed as C.A. Coulaloglou et al. [28] suggested, as

dt = C t in J -nft )frztmnt) m'f nt. t)f. 'nfn

+ Jfb on'ofctP>t)Id1) - IC')J C,<l0(

where b(m',m) is the distribution function of daughter particles produced

from breakage of mass m' particles. The generalized 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].

d n "20 na ? - C .'2 n ' nd - .- 4 e b -
dt>

cd , dtt%~ %nnj o,% 4 -v n,

Ott 2(24?

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

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

af a a {Vif) + at ax G = B (C, o, r) + a (x, m, t) + ( (x, m, t)

J; Number density of particles

G; Growth by diffusion

B; Nucleation

a; Coagulation of particles

Breakage of particles

a {G (C., e, r) f}

j ar

a (x, m, t) = A (x, t) f f (x, m - m', t) f (x, m', t) d'

- f (x, m, t) f f (x, m', t) dm']

0 (x, m, t) = f b (i', m) f (x, m', t) dm'



28

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 important 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.S. 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 n1 and n2 per unit volume, and that their radii be r

and r2 respectively, then the mean flux of fluid into a sphere of radius

R = r, + r2 surrounding one particle is

f ut4rS 02 'S. I
W r

where wr is the radial component of the relative velocity. The collision

rate is
-- a 24ir d lS' C .. .

now, assuming that

ttr %r f 24/TT27 n2J cS3

then,

and we obtain

A/= r.rt (c2rTRII)

- kbl I Ri |Z /

n'r cn~r7h6 7
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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 frequency 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 frequency can be written as

//

where pp, the density of particles

p, the density of fluid

c, the turbulent dissipation energy

When the density of particles can be considered to be equal to the density of

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

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

force) Equ. (2.5.5) leads to

l. 7rn.n4(' 2-- )C .-t)$

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 proposed two types of collision; (1) gradient collision, (2)

turbulent collision. For the gradient collision of tiwo particles with radii

and r2, the total number of encounters is represented by
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wherer is the velocity gradient in the fluid. This is essentially similar

to Saffmen's first case (e.g. equ. (2.5.4)) except for the coefficient.

On the other hand, Levich derived the expression for turbulent colli-

sions as follows:

A r /O/.2/4 ' C2.S?)

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

coefficient.

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

U. Lindborg and K. Torsell derivela 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

substituting this into equ. (2.5.7) gives

A/= IrRn. , -$) P| ~ |

-klrSrflrtrz n arL

where k is 7.2 for SiO2 particles in steel melt according to Lindborg and

Torssel1.

For the gradient collision model, Levich expressed the velocity gradient

in explicit parameters as;

YY Wfor the interior of the bath

c2.S./2)

:ut for the boundary layer
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Finally, adding both terms, Lindborg obtained the following for gradient

collision

A summary of the coagulation models in turbulent flow is listed in

Table 2.2.
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Table 2.2 Models of particles coalescence

Saffman and Turner N n n (R+R 3  38 1.3 n1 n2
(moving with air) 12 ' +2 v =1.3 1 2'

IT
Saffman and Turner l'2 2 2T 2 ou 2

(moving relatively) N = 2(27)' R2 nn2  2 (1~T2) 2
0

1/2
+ (-)2 (T~T2 2 2+ 1R 2 V

when the first two terms are zero

N 2 R3 nn2 2 e1/2
3 1 2HA

= 1.67 R3 n n2 (f)1/2

Levich 2
(Brownian) N = 8 Da

Levich N=l R3 n2 o
(Turbulence) N = l2sR V

Lindborg and Torsell 3
(stokes') N = 7.2 r1-r2 1 (r1+r2 ) n1n2

Lindborg and Torsell 4 3 5U + VW /2
(Turbulence) N = (r1+r2) (1-- + 1/2  /2) n1n2

Scaninject N 1.3 (R1+R2)3 nn 2
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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

laminar boundary layer is determined mainly by the lift force induced in

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

where Vis 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.

where d is the particle radius

V is the relative velocity of the particle.

All of the forces acting on a particle in a laminar boundary layer are

represented schematically in Fig. 2.7. P.O. Rouhianan and T. W. Stachiewicz

[34] proposed a simple governing equation for the particle motion in the

boundary layer

J TrA d!Y61?_4

where subscripts p and f denote particle and fluid, respectively. These eua-

tions can be regarded as a force balance on the particle in the direction of

x and y. The second term of equ. (2.6.4) is the shear lift 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



34

Velocity Profile
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acting on a narticle in a boundary laver
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expressed as

so that

then

and

where f is the friction factor

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

Then, if we assume a value for the y-direction, velocity at the edge of

sublayer, we can solve equations (2.6.3) and (2.6.4) and find the trajectory

of a particle. Although P.O. 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

S.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

on the other hand,
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then -

= ~ 1 /31(2.6.?R)

therefore

A reasonable fit with experimentally determined velocity distributions of

velocity near the wall is obtained of cr/ 25 = 1

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

written as

Lin et al. [39] suggests

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

be expressed as

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

Davies [38] obtained the mass transfer correlation.

On the other hand, Friedlander et al. [35] obtained the following form:

where

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 coagulation 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

All 32 ,3

where

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

particles on a wall. They also ised the mass diffusivity proposed by Davis

[38] 
d. 

Col.?16

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

Kolomogrov's law he obtained

Aa tCO) g64  &.g7)

where

S is wall surface area and

tkiccxo 0?'o W

The problem in calculating the deposition rate using Levich's method.is that

the particle size is independent of the rate of deposition. This assuintion

may be valid when we treat the deposition behavior of particles having a

wide range of 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

This expression may be regarded as a simplified form of equ. (2.6.15) (2.6.18)

and is independent of the particle size.

All the models of particle deposition from a turbulent flow are listed

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

Friedlander and
k = f/2

Johnston -av i S 50.6)
-2-506

J.T. Davies
k f/2

1 19)

Engh and Lindskog N 9Vix(a)SCa-2 2Va2
a i a) 0.29 x 10 cEVa

Vi (a)- = 2

V 2p IS

Sten Linder at = AlR A ON, i S0.1n0p

V2S
= A1.R -0. 01 -- 2 n p
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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 aplied

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 Boussinesq assumption

[40].

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, Bousineso introduced

the concept of mixing coefficient

Tra

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 J 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. Prandtl;

where i a mixing length. This hypothesis is derived from an analogy to the

kinetic theory to gases.

With reasonable accuracy, i/ can be considered to be a characteristic

velocity VT. Then PT can be interpreted to be

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

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, pT' may be

expressed.asul.=PVTZ. Prandtl and Kolmogorov suggested that VT was proportion-

al to the square root of turbulent kinetic energy, .f J- 'cut. (a .,j .

and that vt could be expressed as
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The general transport equation for turbulent kinetic energy is [6]

jg /f ' b4 01 4t ' dz?1

i~

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

convective flux = diffusion + production - dissipation

The above exact transport equation can be modeled as [41]

V --.,-o 7. t.

3) Two equation models

In the one equation model, PT depends only on z, 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 c is assumed to be related to other model parameters by

E = Ck 3/2/2 where te is referred to as the dissipation length and C is con-

stant. Then the turbulent viscosity is

At high Reynolds number, the transport equation for e may be expressed as;

Pt-Ctg ) XC/I) )u;a_. __
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For two dimensional incompressible flow

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

C u

0.09

C

1.44

C 2

1.92

ak

1.2

Cc01 >.2.2 )

a a
e T

1.3 0.9

4) Multi-equation models

The multi-equation models need more variables than k and e. For addi-

tional transDort 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 c-@ 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 developed by Pun and Spalding [46].

In stead of vorticity-stream function, "primitive-variables" such as velocities

and pressure are used in this program. Additionally, this simplicity makes

it possible to develop more sophisticated p.rograms 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 coagulation phenomena in R-H degassing system. A short descriotion

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 degasser, 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 immerse

the twin legs of the vacuum vessel. Then the vacuum vessel is

evacuated down to ~-1 mmHg. Due to atmospheric 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

density between the up-leg and down-leg side. When the molten steel is ex-

posed to the vacuum atmosphere, the gaseous impurities are released from the

melt as a result of the decrease of solubility.
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3.2 Assumptions Made in the Model

The ohysical model of the R-H vacuum orocess and appropriate coordinate

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

flow and particle coagulation in the ladle.

The assumptions made about the fluid flow field are as follows:

1) Two-dimensional coordinates may be applied to the flow and oar-

ticle coagulation model.

2) Since the flow soon becomes steady state, time independent dif-

ferential equation may be applied to the calculation of fluid field

parameters.

3) The existence of slag on the surface may be neglected, therefore for

the boundary condition of the top surface a free surface condition

is applied.

4) It is assumed that neither the up-leg nor the down-leg is actually

immersed in the molten metal.

5) The vertical velocities of the metal through the two leos are de-

duced from experimentally determined values.

The assumptions made to represent particle coagulation are as follows:

1) Although the particle coagulation system is assumed to be transe4?,

the steady stale flow field parameters may be used.

2) In the present computation, particle sizes are classified into ten

Classes (i.e. 2pm to 20pm, every 2pm).

3) The initial particle distribution is calculated from some reports

which measured precise particle distributions.

4) The initial particle distribution is uniform in each class.

5) The wall function for particle deposition Is derived from equation

(2.6.14) which was proposed by Fridlanderand Johnston [35].



47

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 concentration of oxygen 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 equations 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:

(C)i

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 velocity vector,

p is the density of the fluid,

is the aeneral variable and takes the value of 1

for the continuity equation,

r is the diffusion coefficient for the variables,

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 temerature, a velocity 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 Equations

1) Equation of Continuity

If a value of unity is assigned to the general variable 0 and zero is

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

A5 LPMAC (el)wo(3.3-2)
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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 Pu and rv are equal to the effectiveu v

viscosity Veff which is the sum of the molecular viscosity p and the tur-

bulent viscosity pt'

The source terms Su and Sv contain terms associated with viscosity, pressure

gradient, and velocity gradient.

The source tern Su for the momentum equation in X-direction is [46]:

where p is the time-smoothed static pressure

Peff is the effective viscosity

gx is the X-directional 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 v for the momentum eauation in y-direction

is represented as

3) Transport Eauation for Turbulent Properties

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-eauation
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known as k-E model is used,

where k -Vr , is the kinetic energy to turbulence

= rate of dissipation of k per unit mass.

In this model the turbulent viscosity is related to k and c by

/tQwCpf j 2 / E

where CD is a content. e may also be expressed as

where z is a characteristic length scale of turbulence. Although this model

contains some "vagueness", several comparisons between calculation and exper-

iment seem to support its validity. Additionally these equations contain

several constants which must be determined experimentally, but, as Spalding

[44] mentioned, these constants vary little from one situation to another,

so that they can be reqarded to a certain extent 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.

Transport Equations for k

The general variable stands for the kinetic energy of turbulence k.

The differential transport equation can be written as:

where

Jar - t

The generation term;

C) 23.3.)
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dissipation term

PI'JE
and turbulent viscosity

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

ty of the turbulence similar in magnitude to the effective viscosity

Z/e f(JS.JO)

where a k is turbulent Prandtl number for the kinetic energy.

Transport Eauation for E

The general variable stands for the turbulent dissipation E.

differential transport equation can be written as

(P +&t7 (P.C)r+c) c(~g

where

The

.3 1)

S c-f -c c

and G is a generation term which is mentioned above, and r is

for turbulent dissipation energy described as

a diffusivity

(3.u)

a is the Prandtl Number for turbulent Cissipation enerqy. Prandtl numbersc

for both k and E are regarded to be in the vincinityv of unity.
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3.4 Boundary Conditions

In this section, the boundarv conditions 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 ) O <Y'4J A Y Y Y / csfrC A4 < <4)

2) At<<r bt #y e tf ybou ary)

CL tm' (ctf ~4 t))ub Y;4r C t f<I/< t

= o.otrEU;,/4 .
-4 /( Cs 4v.t)

where R is the radius of the up-leg or down-leg.
0

3) At a- o<Zs~ a af

The "no-slip" condition is applied to the velocity at the wall

0(S. 4. 7)

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
b ,3

of turbulence & ,vp where 4Z .Q%) is so small that viscous effects
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predominate over turbulent ones. The wall functions may be regarded as ex-

pressions for the momentum, energy and, mass transfer 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. Fiq.

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 Tw may be re-

garded as a boundary condition for the u and v equations, 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

P )Cy .U.?)

where K denotes a deminsionless constant which must be deduced form experi-

ment. On the other hand, acbording to Prandtl's assumption the turbulent

shear stress becomes

Introducing the friction velocity

where2 is the shear stress at the wall we obtain
w

Integrating equ. (3.4.12), we obtain

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, t a /Y we then modify equ. (3.4.13) to the following form

il-A
a; r HP1
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where k and D are constants which may be determined exoerimentally, so that

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

we obtain the velocity distribution in the wall region as

where E is 9.0.

Equ. (3.4.16) is only valid in the near wall region (i.e.f<c/.S ).

Usually the near wall grid point , P, is sufficiently remote from the wall

grid point, w, that the turbulent effects at P totally overwhelm the viscous

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

here7 , and Y are respectively the time average velocity of the fluid

at point 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.

56
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3.5 General Eauations for Particle Transfer and Coagulation

The general equations 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 particles.

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

following equation.

X=

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

a (x,m,t) is the breakage of particles

C is bulk concentration of chemical species

o is temperature

rf 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

equ. (3.5.1) can be reduced to

tc4;)t(vx2-r t
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here a (x.m,t) maybe defined as

Ge (it'".' -(Z1n -t))fcx:Y-) eui 'ili ct it2) -&)

where a (m,x,t) is the rate of collision. Eu. (3.5.3) is an integro-differ-

ential equation in particle number density f (x,m,t), and it is difficult to

solve explicitly. In 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, C , equ.

(3.5.2) becomes

where r 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 tit
O-Co

Here ac is turbulent Prandtl number for particle diffusivity. This value

varies as shown in Fig. 2.5 In the present work a value of l.Owas 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 temperatures will rapidly form a single sphere.

This effect may depend on the surface energy. Generally, studies performed on

silica 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

coalesce after they collide and stick, and that large interconnected

Thus
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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 single sphere and Case II 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 II (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 may not be

allowed. Therefore, we employed 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 II, approximately half of the collided narticles grow to a

diameter of more than 20pm, which is now considered to be a critical size

after the first collision. Therefore, if the coagulation model, 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 II 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 12pm and 14pm

diameter collide with each other a particle of 16.471pm diameter is formed.

This particle is located between the 16pm diameter class and 18pm diameter
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Fig. 3.6 Coalesced particle size for Case III
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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

anxa+ (un.) + ~ (un.)ay 1

an.x
(Ex)

an.
- ay(E )y S ,

(i = 1, .... 10)

S, i = Su. + S ., n.
1 p 1 i

n = 1

su,1= 0.0

Sp, = - 0.1428a,, n,

n = 2

1 2
Su2 = 0.1428 x y n

Sp,2 = - 0.0526 x a2,1

E ieff

10

2a f

1xn 0.4216 xr - 22 n2U

n = 3

Su3gfo.0526 a2,1 n n2 +0.4210 x n n2 2 2

- 0.027 a13 - 0.2162 a23 n 2 - 0.7293 a33 n3
j0 3
j4 a,

n =4

sU,4 = 0.027 a31 n3

a33 2
+ 0.2162 a23 n3n2 + 0.7296 2 3

S 4 = - 0.0163 a4 n, - 0.1311 a24 n2 - 0.4425 a3,4 n3 -
10 a n

j=4 j4

j =3 2,j j

s p,3=
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Table 3.1 (cont'd)

n= 5

sU,5 = 0.0163 a41 n, n4 + 0.1311 a42 n2 n4 + 0.4425 a43 n4 fn 3

+ 0.9671-n4n4

S, =11 0.0109 a,, n - 0.0878 a25 n2 - 0.2966 a35 n3 - 0.7031 a45 n4

10 5.n.
j=5 5j j

n = 6

= 0.0329

2
n4

a144 2 +0.0109a51 5 n5 + 0.0878 a52 n2 n5

0.2966 a35 nl3 fn 5 + 0.7031 a45

= 0.0077

- 0.9840

n
2

n n5 + 0.7324 5

a61 n1 - 0.0629 a62 fl2 - 0.2125 a63 n3 -0.5038 a64 n4

10
a65 n5 -ZE N( n

j=6 63

2
n5

0'55 2= 0.2676 +0.0077 a61 n6 n, + 0.0629 a62 n6 n2
2

n6
r0.2125 a63 n6 n3 + 0.5038 a64 n6 nl4 + 0.9840 n6 n5 + 0.4736 a66

- 0.0058 a17 n, - 0.0472 a27 n2 - 0.1596 a37 n3 - 0.3785 a47 nV

10
- 0.7394 a7 n5 - 0.7836 a67 fn 6  S 7 j fl

j=7

m

n = 7

s p7

u,7
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TABLE 3.1 (cont'd)

2
n6

= 0.5264 66 7 + 0.0058 nl. n + 0.0472 a27 n2 U 7 + 0.1592 a37 n3 n
2

+0.3785ca 4 7f 4 n7 +0.7394 a57  5  7 + a67 n6 57 +O7.1984a07y

0.0044 a81 n -10.0367 a82 n2 - 0.1242 a83 n3 -0.2947 a f84 n

10
- 0.5758 8 n5 - 0.9951 a86 -n

a85 5 86-6 "7j j

n= 8

SW,8

sp,8

n = 9
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+ 0.1242a83 n8 n3
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3.6 Boundary Conditions for Particle Coagulation Enuation

Referring to Fig. 3.1 once more, the boundary conditions for the part-

icle coagulation equation are written as follows:

/j,/o) (g6.al)

2)atto< = fr )d

C; ( do i o.&1  (3
(7 A~0

3) at :0 Y%

By

particle

Cn;

C ;

f;

s+;

Tw;

~L.J (a , 144r-1e//)

using the mass transfer coefficient expression of Friedlander, the

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

W-Mwfm ==no

the particle density at the mode N

the particle density at the wall (=0)

the friction coefficient

non dimensional stopping length (eau. 2.6.14)

the shear stress on the wall

(J. td)

I
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Chapter 4 Numerical Technioue in Computation

In this chapter we shall present an outline of the numerical technique

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 eouations is summarized.

The general two dimensional elliptic differential equation (Steady

State) has the following form

convective term diffusive term source

This partial differential equation can be written as follows:

where

Usually in a convective flow the diffusion term is negligible, while for a

quiescent liquid 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:

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

following boundary conditions:

at -0

at

The solution is

where Pe is a Peclet number defined by:

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

The charactristic of equation (4.1.4) is shown in Fig. 4.1. When Pe is

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 may be written as a finite-difference

equation as follows:

1P)

This finite-difference form can be transformed into a standard form:

hOPra r-Q.a &C4/7)
where Ir-

f <Fupw>i '-.?J
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0L

$0

Fig. 4.1 Exact solution for the one dimensional
convection-diffusion Droblem
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and

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 approximation of the exact finite-difference

scheme is the so called "upwind scheme". When Fe (and also Fw) is larger

than zero

OF . (&.o)
i * Fr/lD) -

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

Qej

e2w (4j C4~
Equations (4.1.10) (4.1.13) can be written in a more correct form as:

64 De + &4F a- .0

ap 6L.2w+ CF -F.o)
where I 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

P a & (N .') - /

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

scheme consists of three parts.

for . P AP

2
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for P,'>2 0--= 0

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

O= Ge3raw(CF )
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

0,=c eAawst.oi4 OrA#A +4.//2)

where
Pe= AOP/41 [LjOP

ao=p A C!9 F, 0_

Ctu Do1+ 6/0u) -.-gojg..

Os- /)sA(kP)hi-o%1

k- St z>a-
O O.4r . ..+&V -S/0AK r

In this expression, A (IPe1) 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:, (it')ct '

77-= (P JAZ
D , Dw, Dn, and Ds are the diffusion conductances through the faces and are

defined as follows:

Pez= F. zf

p~=WtN'eWX
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Table 4.1 The function A ( iP) for different
schemes (by Patankar)

Scheme Formulation for A(iPi)

Central difference

Unwind

Hybrid

Power law

Exponential

1 - 0.5 lPl

1

[0, 1 - 0.51 IPlI]

[0, (1 - 0.1 1P1)5

IP1/[exp (WPi) - 1]
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4.1.2 Finite Difference Representation of the Transient Two-Dimensional

Elliptic Eauation

Generally we can deduce the finite-difference form for the transient

two-dimensional elliptic partial differential equation by using a weighting

factor x. Equation (4.1.18) can be replaced by the finite-difference expres-

sion
4 (4.(.13)

where the subscript p denote the central point and the subscript i denotes

its neighbors. In order to deduce the finite-difference expression for the

transient partial differential equation, a(pc)/at is replaced by p(4 k+l k)/At

and and n are expressed as weighted mean concentrations as follows;

p -I 4A0 r r
e-,xkf/4 + 0

where the superscript k or k+l 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+l can be dropped, while the terms A and b have dif-

ferent values for each time step. Then

OPt@r C iC v-4

Rearranging the equation (4.1.24), we obtain the final form for the finite-

difference computation.

XOAza4)eFy3

I'A) (4,'. .)



If x = 1, equ. (4.1.25) becomes the implicit scheme. If A = , we obtain

the Crank-Nicolson formula. On the other hand, if X = 0, the explicit form-

ula is obtained. In present calculations, the fully implicit scheme is em-

ployed/ J 4

and the final discretization equation can be written as

0 Lq{K + (4- 1.27)

where AE, A An, and As have the same form as obtained in equ. (4.1.17)

and OW __

AZ

80

4- 0 + CkV
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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 equations to be solved can be expressed as

ki 1.Ct-A ('tad)

where i is the number of thr grid point and points 1 and n denote the boundary

point. In any boundary condition, Tn or (i[) is given, therefore C =0n ax n

and bn = 0 could be set. This enables us to begin a "back-substitution" pro-

cess in which 0n-l is determined by 0n, and on-2 from on-l. The following

form is obtained by elimination;

4& ~2&A41O

and the coefficients P. and 0. are given by.

a>d;-& CILb
a>i- c;W-'

The equation for i= 1 is given as

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

(4.-A-3)

)

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 equation, de-

rived from the continuity equation, is applied

where

0 -Pi - -

The correction to the velocity is made as follows:

O br ft -r of CLP--i.0)

The correction formula in other directions can be derived similarly.



83

4.3 Flow Sheet and Computer Program for Computation

4.3.1 Flow Field Calculation

Fig. 4.3 shows a flow chart of the computation. In the present com-

putation, the four dependent variables u, v, k and c are calculated, and up-

dated in that order. The effective viscosity peff is an independent vari-

able which is determined by k and E. Along one X-line, all of the four de-

pendent variables are updated using the Gausian-elimination algori.thm. 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 p eff 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 continued until the residue and the

difference of values between successive 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 listed on Table 4.2 The listing of the program is given in

Appendix A.

4.3.2 Particle Coagulation 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

I

I



86

Table 4.2

Name:

MAIN

BLOCK DATA

OUTPUT

OUTPH

OUTPF

OUTPl

OUTP2

CONST

CONST

CONST

CONST

ADJUST

t

AVACON

CELCON

BOUND

SOURCE

MODIFY

GEOM

COEFF

CELPHI

SOLVE

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

2 Calculates quantities related to NX and NY.

3 Calculates all constants related to the variables.

Provides constants for starting preparations.

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.

Applies 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 eouations.

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

Solves the finite-difference equations by means of the tri-
diagonal matrix algorithm.
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Table 4.2 Function of the Subroutines (cont'd)

Name: Function:

PRINT Prints variable-values in the two-dimensional field.

TEST 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 in 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 equations 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 ektend 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 old is the value of the variable cal-

culated in the last iteration and 0new is the new value the use of a relaxa-

tion factor, a, defined by

b= ci 0  4 (l-O$$ 0 id $--

causes the dependent variables to respond more slowly to the cahnge in other

variables. A diffusion coefficient r can also be under-relaxed to reduce

the influence of other variables. Teh present value of r is calculated from

7= c> 4( /- L) 4o k-- 4 )

The relaxation factor is required to be positive and less than 1. Other

variables, for example the source term or the boundary value, may also be

underrelaxed. The .values of a for each case need not to be the same. There-

fore, it is very difficult to determine the optimum combination of the re-

laxation parameters for each variable and coefficient.

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

the residual RS which is calculated as follows;
PR 0'% -+S4
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where i = W, E, N, S. Just 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.

ZeZe(Q .) /< 'C 4.4.<z)

where i and j exDress the lines over the whole domain and the nodes on a

line respectively.

Another criterion is used in the present calculation. This alterna-

tive criterion has been used by some investigators [53].

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

cal calculation for fluid.flow, enus. (4.4.4) and (4.4.5) are used. E. was

set to 0.001 and E2 to 0.005. In the calculation for particles coagulation,

equ. (4.4.3) was used and 2 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 system. The ladle diameter, Xs, was 2.5m and its height, Ys, was

2.5m. The values of the physical properties used for the computation are

listed in Table 5.1. The values used in this computation are common in the

literature. The values for the empirical constants C, C2, CD, 0k and a of

the k-E model are those 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-direction) 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.I.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 computed 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
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Table 5. ( Numerical value of parameters (fluid flow)

x s

y
s

R

p

y

Cl

C2

CD

a

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- Emodel

Constant in k-E model

Dissipation constant

Effective Prantdl number for k

Effective Prantdl number for c

250 (cm)

250 (cm)

35 (cm)

7.2 (g/cm )

0.06 (g/cm sec.)

1.44 (-)

1.92 (-)

0.09 C-)

0.9 (-)

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

x (i) y (i)

x(1) 0

5.0

25.0

45,0

65.0

85.0

105.0

125.0

145.0

x (10) 165.0

185.0

205.0

225.0

245.0

x (15) 250.0

y (l) 0

6.25

21.25

26.25

53.75
} down-leg

71.25

88.75

103.25

117.75

y (10)132.25

146-.75

161.25

178.75 up-leg

196.25

213.75

228.75

243.75

y (18)250.0



Table 5.3 Details of computation

NO of iteration u v k E: p' 1 Direction of sweep

1-100-

100-720

0.3 0.6

0.3 0.6

0.5

0.7

0.5

0.7

0.6

0.6

0.5

0.5

single

single

U:)
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Fig. 5.1 Velocitv field in the ladle of the R-H system
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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 slag 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 'energy, e, are shown in Fig. 5.2 and Fig. 5.3,

rerpectively. 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 appear just under the down-leg. On the contrary,.Nakanishi's

calculation showed that the maximum value 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 eddy

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 viscosity to the

molecular viscosity. The maximum value of this ratio is about 8000.
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5.2 Particle Coalescence Calculation

5.2.1 Data used for the Calculation

In the present calcudution, as mentioned in the previous chapter, the

fluid flow data computed for the case of steady condition were used for the

transient particle transport equation. All of the data computed in the F

array, which is equivalent to nine dependent valuablerwere 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 the 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 finite difference grid used for the 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 program were about 25 sec. and 860 sec.,

respectively. In the present calculation the wall function for the particle

coagulation was not ualculated

5.2.3 Computational Results and Discussions

Fig. 5.7 - Fig 5.11 represent the computed particle density distribution

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 wall

effect. The location of these grid Doints are 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 = 20pm

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



The detail of computation for particle coagulation

Time (sec.) Time interval Prantle Numbero relaxation parameter aic The number of iteration sw

10 1.0 1.0 5
0

10

20

40

60

90

120

180

240

300

400

500

10 1.0 1.0 - 5

20 1.0 1.0 5

20 1.0 1.0 5

30 1.0 1.0 5

30 1.0 1.0 5

60 1.0 1.0 5

60 1.0 1.0 5

60 1.0 1.0 5

100 1.0 1.0 5

100 1.0 1.0 5

veep

single

C

Table 5.4
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the particles which have grown up to a size more than d =2m float up and

are removed from the system, the coalescence behavior between larger particles

is completely neqliected. 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. 6pm ,l6pm) particles is rela-

tively high compared 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 seems to be somewhat contradictory to the experimental results.

The calculated results of P.K. Iyenger and W.O. Philbrook [52] show

that the particle distribution decreases in a parallel way in a naturally

convected molten 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 d = 0.dt

Another calculation was also made by K..Nakanishi et al. [5]. Al-

though they assumed the average turbulent dissipation energy, they obtained

similar results to the present calculation. Their results also show that

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 Darticles 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 be significantly different from that at other
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grid points, because the strono convection makes the particle distribution

uniform. At grid point 244 where either the flow velocity or the turbulent

dissipation energy is small, the initial reduction rate of oxidized particle

is not as small as at grid ooint 128.

Fig. 5.13 - Fig. 5.15 show the spatial distribution of particles of

size 2, 10 and 20pm respectively at time t = 120 sec. The particle concen-

trations are relatively large near the down-leg and decreased towards the

bottom of the ladle. As shown in previous section, the turbulent dissipa-

tion energy is very high just below the down-leg collide with each other

rapidly and soon become larger, Another high particle concentra-

tion is seen at the bottom right hand side. In this region, either the tur-

bulent 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 (20pm 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 (1pm and 10pm) particles

the rate of reduction decreases at the beginning of deoxidation, and falls

abruptly to a very low value. According to Lindbora et al. [19], three

stages occur in the process of deoxidation. The first stage is the incuba-

tion period where ther is a gradual 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 the 8 size
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classes from 1pm to 128m, but initial particles have only sizes of 1, 2

and 4pm, so that it takes several minutes for particles to reach the crit-

ical size, in their case 32pm. On the contrary, in the presnet calculation

the critical size of particles is considered to be 20pm and the particles

of size 20pm 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

.A//67 'rndn '

3
where E is taken as 40 erg/cm3. The highest collision rate occurs for

6pm oarticles and is almostequilavent to the initial number of 6pm particles.

Since the collision rate 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 oarticle 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 counting method and the chemical analysis. However,

it may be practically meaningful to convert present particle number scale to

mass scale,

/6S -c1
3 fd)cd/(d)
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where, 1iO is the atomic weight of oxygen, pFc is the density of the molten

iron, Q is the molar volume of oxide particle and y is the stoicheonietric

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 oxygen content in the

form of oxide.

Fig. 5.22 shows the non-dimensional deoxidation rate.
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Chapter 6 Conclusions

Concluding remarks and some suggestions for future work are made in

this chapter.

6.1 Conclusions

A mathematical model has been developed 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. Reaarding the fluid flow calculation, the turbulent Navier-Stokes

equations were solved by using a numerical technique developed by Pun and

Spalding. The orincipal 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 relatively small but still finite

even at the bottom.

2. Two major local recirculating loops -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

maximum value 70 cm/sec2, but the region of the low effective diffusivity

appears between the two legs.

The particle coalscence calculations involved population balance models

coupled to the previously 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 Darticles 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-leg. 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 Sugestion for a further stujy

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

Darticles due to collision with the walls of the system.

2. ihe model could be extended to include a dynamic oxygen balance,

which would allow for both the removal of oxygen due to the removal of the

inclusions and the addition of oxyaen 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 actual model development was undertaken 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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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-E model

Partical diameter

Dissipation term for kinetic energy of turbulence

Brownian diffusional coefficient in Table 2.2

Diffusion coefficient

Diffusion conductance defined by Equ. (4.1.21)

Function of wall roughness in Equ. ( 4.4)

Energy-spectrum function

Number density of Darticles at E, 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

Kinetic energy of turbulence

Characteristic length scale of turbulence

Dissipation length in Equ. (2.7.10)

Mass scale for number density function

Number of oarticles in i-th class
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i

a..

a(x,m,t)

s(x,m,t)

r

c

Rate of particle coalescence by velocity gradient collision

Rate of particle coalescence by turbulent collision

Time-smoothed static pressure

Coefficients for pressure correction

Peclet number

Radius of particles

Non-dimensional stopping length for a particle

Source term for variable +

= u + S D P

Time

X-directional component of velocity

Y-directional component of velocity

Kolmogolov's velocity scale

Radial component of the relative velocity around a particle

Height of the ladle

Diameter of a ladle

Dimensional and dimensionless distance from the wall

Relaxation factor

Coalescence function between i-th and j-th class

Coalescence function in Table 2.1

Breakage function of particles in Table 2.1

Velocity gradient around a particle in Equ. (2,6.15)

Diffusion Coefficient for the general variable

Rate of dissipation of kinetic energy of turbulence

von Karman' s constant

Lagrangian or Eulerian microscale, respectively



v Kinetic viscosity

p Density

Pf Density of fluid

Dens i ty of particles

Ti' 2 Stokes' forces

T T Shear stress near the wall

p t Laminar and turbulent viscosity of fluid

eff 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



CONVERSATIONAL MONITOR SYSTEM

BLOCK DATA CAS00010
COf M0N CAS0002O

1/CASEI/U1NLETFLOWINRPIPE.XPIPE.FXSTEP,HINLET.HWALL CAS00030
2/DNY/ DYG(22).DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS00040
2.PSYG(22),RSYV(22),RV(22LRVCB(22),SYG(22),SYV(22).Y(22),YV(22) CAS00050
3/DNYONX/AE(22),AN(22),APIQ2),AS(22),AW(22).C(22),D(22),DIFE(22) CAS00060
3,DIFN(22),DUW(22), DIFW(22),DU(22),DV(22), EMUE(22),EMUN(22) CAS00070
3 EMUw(22),HCONE(22),HCONN(22), HCONW(22) CASOOBO
3.PH1OLD(22),RHOE(22),RHON(22), RHOW(22),SP(22),SU(22) CAS00090
3,VOLUME(22).CONN(22).CONS(22).CONE(22),CONW(22),ESMPHI(22) CAS00100
4/DNX/ DXG(22)CXU(22),FU(22),FUNODE(22,KOUNT(22),RDXG(22) CASO011O
4.PDXU(22),RSXG(22),RSXU(22),STORE(22),SXG(22),SXU(22),X(22),XU(22)CAS00120
5/D6PII/ IEW(10O),1LAST(10),IMON(10),IXNY(10),IZERO(10) CAS00130
5,UGROUP(10),KADSOR(10),KSOLVE( 10),KRS(10),RELAX(10),RSREF(10) CAS00140
5,RSSUM (10),1TITLE(10) CAS00150

COMMON CAS00160
6/DO/CCHECKDPFLOWPC.FLOWST,FLOWUPGREATILINEIPLRSIPREFIPRINT CAS00170
6.ISTEP ,1X,IX1NYIXINYI,1X2NY2,IXMONIXP1,IXPREFIYMONIYPREF CAS00180
6, iEMU,JHLAST. JLIM1IJLIM2.JLIM3,JLIrf4,14P,JPP,JRHO CAS00190
6,dUJV.JVP1,KINRI,KMPA,1(AD,KRHOMJ,KTESTLABPHI CAS00200
6.,LASTE Pv.LINEFvLINE L.NEO.,NEQP1 CAS00210
6,NODEF,NO EF1,NODELNODEL1,NODLPI,NTDMA,NUMCOL CA500220
6,NX,NK4XMAX.NXMINX2,NXYG,NXYPNXYU.NXYV CAS00230
6, YNY%.AX.NYMINY Y2.PI,RCHEK,R5MAX,T1NY CAS00240
CO10N/PROP/EMUDEFv,PRL(1 0) ,PRT (10),RHOREF CAS00250
CorxON/02D1/ARSL122,10)aRSLINE(22,10) CAS0260
C00.1CDN/D202/U(462),V(462),TKE(484),TED(484),H(

4 84 ),PP(22),P( 4 00) CAS00270
7 .RHO(494),EMU(484) CAS00280
7,INLY(10),IOUT(10),KJN,KOUT,RELTKERELTEDISTCH CAS00290
COMDN CAS00300

9/TURU/C1,C2.CD,SQRTCDCD25,ECONST,CTAUTW,CYPTW,TAUTW1(22) CAS00310
9,TAUTw2(22), YPUST1(22),YPUST2(22) CAS00320
9,TAULW (22).XPUSLW(22)p,CTAULW,C XPLW CAS00330
9,GENK(22),FACTKE.FACTED.JTKE.JTED,CAPPA CAS00340
9.INLY.INLY2.IDUT,1OUT2.11M1,12P1,13M1,4P1 CAS00350
COZNON/ASC/AREAE CASOC360
DIMENS!O.1 F(370G) CAS00370
DI5ENSION DIFS(22),EMUS(22),HCONS(22),RHDS(22) CAS00380
EQUIVALENCE (HCONS(2),HCONN(1) ) CAS00390
EQUiVALENCE (DIFSf2),DIFN(1)), (EMUS(2),EMUN(1)) CAS00400
EQUIVALENCE (RHOS(2),RHON(1)), (AREAEAREAW) CAS00410
EQUIVALENCE (F 1),U(1)) -CA500420

DI rENS1ON A(22),B 22) CAS00430
EQUIVALENCE(AI1),AN(1)),(B(1).AS(1)) CAS00440

CHAPTER 1 -------- GENERAL.FLOW PARAMETERS CAS00450
DATA GREAT.TINY,PI/1.E30, 1.E-30. 3.1415926/ CAS00450
DATA RPIPE.XPIPEUINLETHINLETHWALL/ CAS00470

1 250.,250.,72.,0.0,0.0/ CAS00480
DATA KTEST/O/ CAS00490

CHAPTER 2 -------------- GRID CAS00500
DATA NXMAX,NYMAX/22,22/ CAS00510
DATA KRAD/1/ CAS00520
DATA FXSTEP/1.0/ CAS00530

CHAPTER 3--------------- VARIABLES CAS00540
DATA JU, JV, JTKETED,JH dP,dP,JRHO,JEMUJLAST/ CAS00550

Fl-LE: CASE005. FORTRAN A PAGE 001



FILE CASE005 FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 002

1 1, 2, 3, 4, 5, 6, 7, 8, 9, 9/ CAS005GO
DATA NEQ/4/ CAS00570
DATA KSOLVE/4*1.0,1,1,0,1,0/ CAS00580
DAA KADSOR/20,2- 1,6w0/ CAS00590
DATA KRS/4-1 .0,1.4.0/ CAS00600

CHAPTER 4 ---------------- PROPERTY DATA CAS00610
DATA RHOPEF.EMUREF/7.2,0.06/ CAS00620
DATA PRL,PRT/12-1.,0.9,7-1.0/ CAS00630

CHAPTER 5 ---------------- STARTING PREPARATIONS CASOO640
DATA I XPREF, IYPrEF/Z,2/ CAS00650
DATA KINPRI/0/ CAS00G00

CHAPTER 6 ---------------- 3TEP CONTROL CAS00670
CHAPTER 7 -------------- BOUNDARY CONDITIONS CAS00680

DATA CI,C2,CD.CADPA.ECONST/ CAS00690
1 1.43,1.92,0.09,0.4,9.0/ CAS00700
DATA SQriTC.,CD25/ 0.3,0.54722/ CAS00710
DATA FACTKE,FACT ED/0.005.0.03/ CAS00720

CHAPTER 8---------------- ADVANCE CAS00730
DATA NTDMA/1/ CAS00740

CHAPTER 9 ---------------- COMPLETE CAS00750
CHAPTER 10 -------------- ADJUST CAS00760

DATA K MPA/0/ CA500770
CHAPTER 11 -------------- PRINT CAS00780

DATA NUMCOL/ 10/ CAS00790
CHAPTER 12 -------------- DECIDE CASOO800

DAA LASTEP/1C0/ CASOCO10
END CAS00820

C MAIN PROGRAM CAS00830
COWMON CAS00840

1/CASEI/UINLET.FLOWIN.RPIPE,XPIPE.FXSTEP,HINLET,HWALL CAS00850
2/DNY/ DYG(22).DYV(22),FV(22),FVNODE(22).R(22),RDYG(22),RDYv(22) CAS008GO
2,PSYG(22),RSYV(22),RV(22),RVCB(22),SYG(22).SYV(22),Y(22),YV(22) CAS00870
3,"DNYONX/AE (22) , AN( 22) . AP (22) , A S(22) . AW(22) , C(22) ,D(22) .DIFE(22) CASO0C90
3,DXPN( 22).DUW'22), DIFW( 22) ,UU(22),DV(22), EMUE(22).,EMUN(22) CAS00890
3 ,E"*'wV% .HCONE(22).HCoNN(22). HCO:'! ( 22) CAS00900
3, PH10L D(22 ) . RHOC ( 22) RHO'J(22), RHOW(22),SP(22)kSU(22) CAS00910
3 vOLUME ( 22) , CCN4 122 1 .CON S ( 22) , CONE ( 22) .CONW(22) , ESMPHI ( 22) CA500920
4/0NX/ DKG.(22),DxU( 22).FU(22),FUNOOE(22),KOUNT(22),RDXG(22) CAS00930
4.RDXU(22),RSx1t22).RSXU(22),STORE22).SX(22),SXU(22),X(22).XU(22)CAO0940
5/DJPHI/ IEW(10).ILAST(10),IMON(1O),IXNY(10),IZERO(10) CAS00950
5,dGROUP(10).KADSOP(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) CAS0090
5,P UM(10),1TITLE(10) CA500970
CD0!ON CA500280

6/DO/CCHECK,DPFLO.-JPC,FLO'.-.'ST,FLOJWUP,GPEAT.ILINE,IPLRS,IPREF.IPRINT CAS0990
6,ISTEP .IX.IXlNY.IXINYI,1X2NY2,IX'I@ONIXP1,IXPREF,IYMON,IYPREF CA501000
6,JEMU, JH,JLAST.,JLIM . .JLI M12. JL I 3, JL r:4. JP, JPP, JRHO CAS01010
6. JU, JV , JVP1 . KINPR' , KMPA , KRAD.K RHOMU .KT EST ,LABPHI CAS01020
6,LASTEP. L!NE F. LINEL.NEO.NEQP1 CAS01030
6, NODE F , NODE F 1 .NCDE L , NODE L 1 .NOD L PI , NT DMA , NUMCOL CA501040
6,NX ,NXMAX ,NXM1.N:2.NXYG.NXYP, NXYU.NXYV CAS01050
6,NY,NYl.'AX,NYM1 , NY,'2, PI .RSCHE(, RSMAX, TINY CAS01060
CO/lN /PROP/ EMURE F .PR L (1 0) . PR T (10) , RHOREF CA01070
CCON N/D2D1/ ARSL (22, 10) , RSLINE (22, 10 ) CAS01080
COU'ON/D2D2/U(462) .V(452).TKE(434),TED(484),H(484),PP(22),P(,'00) CA01090

7 ,RHO(484),EMu(484) CAS01100

C
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READ(5,9860)
READ(5,9860)
READ(5.985O)
READ(5e.9850)
READ(5,9850)
READ(5,9860)
READ(5,9860)
READ( 5.9850)
READ(5.9870)
READ(5.960)
READ(5,90860)
READ(5.9660)
READ(5,9850)
READ(5,9850)
READ(5,9860)
REA)(5 ,9850)

KTEST
NX,NY
(X( I),I=1,NX)
(Y( I) I=1,NY)
(RELAX(I),I=1,910)
NTD'.A.LASTEP.KSWEEP,NOUTP1,ISTEP1
IPLRS.IPRINT
RSCHEK.CCHECK ,RSFCHERSFC2
TKEINPTEDINP

KIN.KOUT
(INLY(-I),1=1,KIN)
(IOUT(I),I=1,KOUT)
RLEG
IXMON,1IYMON
ISTCH
RELTKE,RELTED

9850 FORMAT(8F10.0)
9860 FORMAT(1015)
9870 FORMAT (5EI0. 3)

ISTEP=0
ILINE= 0
DO 9600 JPHI=1,JLAST-
LGROJP (UPHI) =0
DO 9800 IX=1,NX

9800 RSLINE(lXJPHI)=0.0
C - ------------- PRINT OUT HEADINGS

RSFJM=0.0

RSFUM1=0.0
JRSF=0
JRSFI=0

CALL OUTPH
CHAPTER 2 2 2 2 2 GRID 2 2 2 2 2 2 2 2 2
C ----- QUANTITIES RELATED TO NX AND NY

CALL CONSJ2
C---------------------------------------- CALCULATE GRID

CALL GEOM

7 ,INLY (10). IOUT (10) ,KIN, KOUT , RELTKE, RELTED, ISTCH
COMMON

9/TURB/C1.C2,CDSOR TCDCD25ECONST,CTAUTW,CYPTW.TAUTWI(22)
9,TAUTW2(22), YPUST1 (22) ,YPUST2( 22)
9.TAULW(22).XPUSLW( 22),CTAULWCXPLW
9.GENK(22),FACTKE,FACTEDUTKE,.JTEOCAPPA
9 ,INLY1 ,1NL Y2,IOUT1 ,IOUT 2,1I1M1.9 12P1 ,13M1, 14 P1
COrMON / ABC/A R E A E
DIMENS ION F ( 3766)
DIMENS ION DI FS(22),tEMUS( 22).,HCONS(22).RHOS(22)
EQUIVALENCE (DIFS(2),DIFN(1)) , (EMUS(2) ,EMUN(1))
EQUIVA LENCE (RHOS( 2),RHON(1)), (AREAE.AREAW)
EQUIVA LENCE (HCO'JS(2) ,HCONN(1))
EQUIVA LENCE (F(1),U(1))
DIMENSION A(22),O(22)
EQUIVALENCE(A(l),AN(1), (S( ),AS(1))

CHAPTER 1 1 1 1 1 PRELIMINARI ES 1 '1 1 1 1 1 1
CASE..... LAMINAR, UNIFORM-PROPERTY, DEVELOPING FLOW IN A PIPE
COMMENT.................ALL NUMERICAL DATA ARE PUT IN VIA BLOCK

2 2 2

QUANTITIES
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CASOI110
CASOI 120
CASOI 130
CASO1 140
CASO1150
CASO1160
CAS01 170
CASO1 180
CASO 1 190
CAS01 200
CASO1210
CAS01220
CAS01230
CAS01240
CAS01250
CAS01260
CAS01270
CAS01280
CAS01290
CAS01300
CAS01310
CAS01320
CAS01330
COASO 1340
CAS01350
CAS01360
CAS01370
CAS01380
CAS01390
CAS01400
CAS01410
CAS01420
CAS01430
CAS01440
CAS01450
CAS01460
CAS01470
CAS01480
CAS01490
CAS01500
CAS01510
CAS01520
CAS01530
CAS01540
CAS01550
CAS01560
CAS01570
CAS01580
CAS01590
CAS01600
CAS0161O
CAS01620
CAS01630
CAS01640
CAS01650

1D1

DATA
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XF(KTEST.GT.0) CALL TEST 11
CHAPTER~3 3 3 3 3 ' VARIABLES 3 3 3 3 3 3 3 3 3 3 3
C--------------- SPECIFYING LIMITS OF J-RANGE FOR UPDATING JPHI'S
C ON WHICH VARIATIONS OF RHO AND EMU DEPEND
C ----------------- RHO

JLlrA1=0
JLLIM2=0

C ----------------- EMU
JLIM3= JTKE
LiLIM4= LTED

C -----------------------------CONSTANTS RELATED TO VARIABLES
CALL CONST3
IF(KTEST.GT.0) CALL TEST 12

CHAPTER 4 4 4 4 4 PROPERTY DATA 4 4 4 4 4 4 4 4 4
C--------------------------------- PUT REFERENCE VALUES IN FIELD

DO 40 I=1,NXYG
RHO(I)=RHORE F

40 EMU(I)=EMUREF
C ----------------------------------CELL-WALL DENSITY AND VISCOCITY

C

DO 41 IY=1,NY
RHON(IY)=RHOREF
RHOS( IY)=RHOREF
RHZE( IY)=PHOREF
RH O'(IY)=RHC.REF
EMUN(IY)=EMU REF
EMUS( I Y)EML'REF
EMUE(IfY)=ElUREF

41 Er.Lw(IY)=EMUUREF
CHAPTER 5 5 5 5 5 STARTING PREPARATIONS 5 5 5 5 5 5 5
C----- I INDICES FOR REFERENCE-PRESSURE POINT AND MONITORING LOCATION

CALL CONSTS
C ---------------------------CALCULATE FLOWIN AND REF. RES.-SOURCE VALUES

FLOWI N=0.0
DO 520 1Yr'NLY1,INLY2

530 FLOWIN=FLO4I N4UINLETtRHOREF*DYV(IY) R(I Y)
RSREF ( JPP)=F LOWIN
RSREF1VJU)= FLCWIN'U INLET
RSEF( UV)=RSREF(U)
RSPEF(JH)=FLOWIN.-HINLET

C VALUE OF TKE AND TED AT INLET
TKEINZ FACTKE -UINLETtw2
TEDIN=TKEIN-SQRT(TKEIN)*CD/(FACTED*RLEG)

C FACTORS FOR NCRMALIZING RESIDUAL SOURCE
RSREF(JTKE)=TKEIN-FLOWIN
RSREF(JTED)= TEDIN- FLOWIN

C CONSTANTS FOE Y+
CYPTW= CD25-DYGc(NY'J/EMUREF
CTAUTW=Et.'UREF/DYG( NY)

C CONSTANTS FOR x+

CXPLW=CD25-DXG(2)/EMUREF
CTAULW=EMUREF/DXIJ(2)

C- -------------------------------------- INITIALIZE VARIABLE STORAGES
DO 50 JPHI=1,JLAST
IF(JPHI.EQ.JRHO.OR.JPHI.E.JEMU) GO TO 50
11=IZERO(1.PHI)+1

CAS01660
CAS01670
CAS01680
CAS01690
CAS01700
CASO1710
CAS01720
CAS01730
CAS01740
CAS01750
CAS01760
CAS01770
CAS01780
CAS01790
CAS01800
CAS01810
CAS01820
CAS01830
CAS01840
CAS01850
CAS01860
CAS01870
CASO1880
CAS01890
CAS01900
CASO1910
CAS01920
CAS01930
CAS01940
CAS01950
CAS01960
CAS01970
CAS01980
CAS01990
CAS02000
CASO2010
CAS02020
CAS02030
CASO2040
CAS02050
CASO2060
CAS02070
CAS02080
CASO2090
CAS02100
CASO2110
CA02120
CASO2130
CASO2140
CASO2150
CASO2160
CAS02170
CASO2180
CASO2190
CASO22CO

"3
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12=ILAST(JPHI)
DO 51 1=11,12

51 F(1)=0.0
50 CONTINUE
C------------------PUT U=UINLET AND H=HINLET IN FIELD, EXCEPT AT WALL

DO 5009 IX=2,NXM2
DO 5009 IY=2,NYM1
I=1Y+NYa(X-1)

5009 U(l)=1.0
DO 5010 IX=2,NXM11
DO 5010 IY=2,NYM2
1=IY+.(IX-1 )NYM1 

5010 V(1)=1.0
DO 501 1 IX=1,NX*1A
DO 5011 IY=2,NYM1
I=Y+(IX-1)'NY
TKE(I1)=SORT( TKEIN)
TED(I1) =SQRT ( TEDIN)
EMU(i)=CD*RHO(I)*TKE(I)**2/TED(I)+EMUREF

5011 CONTINUE
DO 5012 IY=INLY1,INLY2

X=2 -
1= 1 +NY
1W=1-NY

5012 EMU(IW)=CD.RHO(IW)*TKEIN**2/TEDIN+EMUREF
p0 5013 1Y=IOUT1,IOUT2
I= Jy+NY
I\.'=1-r Y

5013 EMU(IW)=CDSRHO(IW)*TKEIN-2/TEDIN+EMUREF
C------------------INITIALIZE TDMA-LINE STORAGE

DO 555 IY=1,NXYP
555 P(IY)=aO.C'

DO 501 IY=1,NY
AN(IY)=:0.0
DV(lY)=0.0
AS(IY)=0.0
AE(IY)=0.0'
AW( 1Y) =0-0
SU( Iy) =0.0
SP( Iy) =0.0
DU(IY)=0.0 .
VOLUME (IY)=0 .0
PP(IY)=0.0

501 PHIOLD(IY)=0.0
C______________-INITIALIZE Y-DIRECTION ARRAYS

DO 502 IX=1.NX
YPUST1(IX)=0.0
YPUSI2(IX)=0 .0
TAUTWi(IX)=0.0 .

502 TAUTW2(IX)=0.0 .
C--------------INITIALIZE Y-DIRECTION ARRAYS

DO 503 IY=1.NY
TAULW( IY)=0.0

503 XPUSLW(IY)=0.0
C---------------------------------- PRINT OUT STARTING VALUES
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CA502210
CAS02220
CAS02230
CASO2240
CAS02250
CASO2260
CA5C2270
CASO2280
CASO2290
CAS02300
CASO2310
CASO2320
CAS02330
CAS02340
CAS02350
CAS02360
CASO2370
CASO2380
CAS02390
CASO2400
CAS02410
CAS02420
CAS02430
CAS02440
CAS02450
CASO2460
CAS02470
CAS02480
CAS02490
CA502500
CAS02510
CASO2520

-CAS02530

CAS02540
CASO2550
CAS02560
CASO2570
CASO2580
CASO2590
CASO2600
CASO2610
CAS02620
CAS02630
CASO2640
CASO2650
CAS02660
CAS02570
CASO2680
CASO2690
CAS02700
CASO2710
CAS02720
CAS02730
CAS02740
CAS02750

M.Ma
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IF(KTEST.GT.O) CALL TEST 13
IF(KINPRI.GT.0) CALL OUTPF
GO TO 60

55 IF(ISTEP.GT.1) GO TO 65
CHAPTER 6 6 6 6 6 STEP CONTROL 6 6
60 CONTINUE

DO 69 JPHI=1,NEQ
69 RSSUM(JPHI)=0.0

RSSUM(JPP)=O..0
FLOWUP=FLOWI N
IF(ISTEP.GT.1) GO TO 64
IFCILINE.GT.0) GO TO 65

C-----------------Y-DIRECTION TDMA TRAVERSES
62 LINEF=2

LINEL= NXM1
NODEF=2
NODEL= tYM1

NODEF1=NODEF-1
NODELI=NOCIEL-1
NODLPi=NODEL+1

64 ILI4E= LlNEF
C------------------------
65 CONTINUE -

IX=ILINE
Ixp1=Ix+1
lX1NY= (IX-1 ) *NY
IX1NY1=(1X-1)INYM11
IX2N'Y2=(IX-2 )NYM2
DO 66 jPHItI1,JLAST

66 IXNY(JPHI)=IX1NY
IXNY(UV)=IX1 NY1
IX'NY(JP)=IX2NY2-1

CHAPTER 7 7 7 7 7
1F(ISTEP.LT. ISTCH)
RELAX(JTKE)=RELTKE
RELAX(JTED)=RELTED

70 CONTINUE

FOR BOTH X- AND Y-DIREC

QUANTiTIES RELATED TO I

-BOUNDARY CONDITIONS
GO TO 70

IF(ISTEP.GT.1) GO TO799
C----------U V H ON THE LADLE WALL

I N= N Y+ I X1 N Y
IN,/=NY-1+lX1 NY1
IS=1+1 X1NY
ISV=l+ IX1NY1
U(IN)=0.0
VjlNV)=0.0C
U(!S)= 0.0
V(ISV)=0.0
IF(IX.NE.2) GO TO 75
DO 7001 I=1,IlM1

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

7002 U(I)=UINLET

ONVERSATIONAL MONITOR SYSTEM

6 666 6 6 60

CAS02760
CAS02770
CASO2780
CAS02790
CASO2800
CASO2810
CASO2820
CASC2830
CAS02840
CASO2850
CAS02860
CAS02870
CAS02080
CASO2890
CAS02900
CASO2910
CAS02920

TION TRAVERSES CAS02930
CAS02940
CASO2950
CASO2960
CAS02970

X VALUE OF TDMA LINE CASO2980
CAS02990
CASO3000
CAS03010
CAS03020
CAS03030
CASO3C4O
CAS03050
CASO3060
CAS03070
CAS03080

7- 7 7 7 7 7 7 7 CA503090
CAS03100
CAS03110
CASO3120
CASO3130
CASO3140
CASO3150
CAS03160
CASO3170
CAS03180
CAS03190
CAS03200
CASO3210
CAS03220
CAS03230
CAS03240
CAS03250
CASO3260
CAS03270
CAS03260
CASC3290
CASO3300

PAGE 006
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DO 7003 I=12P1,13M1
7003 U(!)=0.0

DO 7004 I=IOUT,I0UT2
TKE(I)=TKEIN
TED(I)=TEDIN

7004 U(I)=-UINLET
DO 7005 I=14P1.NY

7005 U(I)=0.O
75 CCNTINUE

799 CONTINUE
C-------CALCULATE TAU AND Y+ FOR LADLE WALL LEFT

1=2+IXINY
IE=I-NY
UP=U(IE)+(U(I)-U(IE))*FUNODE(IX)
ABSUP=ABS(UP)
IF(IX.EQ.2.AND.ABSUP.LE.TINY) UP=TINY
RSQRiK=RHO(I)'SORT(TKE(I))
YPUSTI(IX)=RSQRTK-CYPTW
IFYPUST1(IX).GT.11.5) GO TO 701
TAUTWI(IX)=CTAUTWaUP
GO TO 710

701 TAUTW1(IX)=CAPPA+UP*RSORTK-CD25/ALOG(ECONST*YPUST1(IX))
710 CONTINUE

C---------CALCULATE TAU AND Y+ FORLADLE WALL- RIGHT
I=NYM1 +IX1NY
IW=I-NY
UP=L(lW)+(U(I)-U(IW))*FUNODE(IX)
ABSUP=AOS(UP)
IF(1X.EC.2.AND.ABSUP.LE.TINY) UP=TINY
RSQRTK=RHO(I)'SQRT(TKE(I))

YPUST2(IX)=RSCRTKACYPTW
IF(YPUST2(IX).GT.11.5) GO TO 702
TAL'TW2 (IX)=CTAUTW-UP
GO TO 711

702 TAUlW2(IX)=CAPPA*UP*RSQRTK*CD25/ALOG(ECONST*YPUST2(IX))
711 CONTINUE

C CALCULATE TAU AND X+ FOR LADLE BOTTOM
IF(IX.NE.NXM1) GO TO 720
DO 721 IY=2,NYM1
I=IY+IX1NY
IV=IY+IXINYI
ISV=IV-1
VP=V(ISV)+(V(IV)-V(ISV)) tFVNODE(IY)
PSORTK=RH0(I)*SQRT(TKE(I))
XPUSLW(IY)=RSORTK*CXPLW
IF(XPUSLW(IY).GT.11.5) GO TO 722
TAULW( IY)=CTAULW*VP
GO TO 721

722 TAULW(IY)=CAPPA*VP*RSQRTKaCD25/ALOG(ECONST*XPUSLW(IY))
721 CONTINUE
720 CONTINUE

CHAPTER8 8 8 8 8 ADVANCE 8a88888 8888888
80 CONTINUE
C-------------------PUT NTRAVS EQUAL TO NTDMAOR TO OTHER VALUES TO GIVE
C MULTI-TRAVERSE ON SELECTED LINES

TEM PAGE 007

CASO3310
CAS03320
CAS03330
CASO3340
CAS03350
CAS03360
CAS03370
CASO3380
CAS03390
CASO3400
CASO3410
CAS03420
CASO3430
CAS03440
CASO3450
CASO3460
CAS03470
CAS03400
CAS03490
CASO3500
CAS03510
CAS03520
CAS03530
CASO3S40
CASO3550
CAS03560
CASO3570
CAS03580
CASO3590
CASO3600
CASO3610
CAS03620
CAS03630
CAS03640
CAS03650
CASO3660
CASO3670
CAS03E680-
CASO3690
CASO3700
CAS03710
CAS03720
CAS03730
CAS03740
CAS03750
CAS03760
CA503770
CASO3780
CAS03790
CASO3800
CASO3810
CASO3820
CASO3830
CAS03840
CAS03850

soAi
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NTRAVS=NTDMA CAS3860
C----------------------- PUT GREAT INTO ARSL'S CAS03870

DO 85 J=1.NEO CA503880
85 ARSL(IX.J)=GREAT CA503890
C - OUTER LOOP FOR CARRYING OUT A MAX. OF NTRAVS TRAVERSES ON LINE IX CAS03900

DO 1000 NT=1,NTRAVS CAS03910
KOUtJT( IX)=NT CAS03920
RSMAX=O. .CAS03930

C - INNER LOOP FOR ALL VARIABLES (PLUS ONE FOR PREPARATIONS FOR TRANSFERCASO3940
C TO NEXT LINE OR TO NEXT SWEEP OF FIELD) CAS03950

CO 1001 UPHI=1,NEQPI CASO39GO
IF(PHI.EQ.NEOP1) GO TO 960 CASO3970
IF(KSOLVE(JPHI).EQ.0) GO TO 1001 CA503980
JG=uGROUP(JPHI) CA503990
IF(JG.NE.5) GO TO 84 CAS04000
IF(NT.EQ.NTRAVS) GO TO 81 CAS04010
IF(RSMAX.GT.RSCHEK) GO TO 1001 CAS04020

84 IF(ARSL(IX.JPHI).LT.RSCHEK.AND.ARSL(IX,JPHI).GT.0.) GO TO 1001 CASO4030
81 IF(JPHI.NE.JU) GO TO 83 CA504040

IF(JX.EQ.NXM1) GO TO 1001 CA504050
C----------------------- UPDATE UPHI ON TDMA LINE CASO4000
83 RSLINE(I X.JPHI)=0.0 CAS04070

LABPHI=JPHI CAS040BO
CALL COEFF(J;HI) CAS04090
CALL MODIFY(JPHI) CASO4100
IF(KIEST.GT.2) CALL TEST 31 CASO4110
CALL SOLVE(JPHI) CAS04120
IF(UPHI.GE.JU) CALL BOUND(JPHI) CAS04130
RSLINE(1X.JPHI)=R.LINE(IX.UPHI)/RSREF(JPHI) CA504140
ABSRC=ABS(RSLINE(IX,UPHI)) CAS04150
ARSL(IX,UPHI )=ABSRS CASO4160
RSWAx=AMAX1( RSM.Ax.ABSRS) CASO4170
IF(KTEST.GT.1) CALL TEST 21 -CAS04160
GO TO (1010.1020,930,940,1001), UG CAS04190

CHAPTER 9 9 9 9 9 COMPLETE 9 9 9 9 9 9 9 9 9 9 9 9 CASO4200
930 CONTINUE CAS04210
COMMENT INSERT INSTRUCTIONS HERE TO UPDATE RHO. ALSO CALL CAS04220
COMMENT BOUND(RHO) IF APPROPRIATE CA504230

GO TO 1011 CAS04240
940 CONTINUE CAS04250
COMMENT INSERT INSTRUCTIONS HERE TO UPDATE EMU. ALSO CALL CAS04260
COMMENT BOUND(EMU) IF APPROPRIATE CASO4270

DO 911 IY=NODEF,NODEL CAS04280
I=IY+IXINY CASO4?90
EMUNEW=(CD*RHO(I)*TKE(I)/(TED(I)+TINY))*TKE(I)+EMUREF CAS04300
EMU(I)=EMU(I)+(EMUNEW-EMU(I))*RELAX(JEMU) CASO4310

911 CONT:NUE CAS04320
CALL BOUND(JEMU) CAS04330
GO TO 1001 CAS04340

960 IF(NT.EO.NTRAVS) GO 10 961 CAS04350
IF(RSMAX.LE.RSCHEK) GO TO 961 CAS04360
GO TO 1001 CAS04370

C-----------------PREPARATIONS FOR TRANSFER TO THE NEXT LINE OR TO CAS04380
C THE NEXT SWEEP OF THE FIELD CASO4390
C --------------- SUM OF RESIDUAL-SOURSE VALUES ON LINE FOR EACH UPHI CAS04400

U,
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961 DO 962 J=1,JPP CAS04410
IF(KSOLVE(J).EO.0) GO TO 962 CAS04420
IF(J.EQ.JU.AND.IX.EO.NXMI) GO TO 962 CASO4430
RSSUM(J)=RSSUM(J)+ARSL(IXJ) CASO4440

962 CONTINUE CAS04450
C------------------------CHECK IF LAST LINE OF FIELD REACHED CAS04460

IF(ILINE.EQ.LINEL) GO TO 963. CAS04470
C--------------- ------- PREPARE FOR MOVING TO NEXT LINE CASO4480
COMMENT IF REQUIRED. CALCULATE FLOWUP FOR THE NEW LINE HERE. IN ThE CASOA490
COMMENT PRESENT SET-UP FLOWLUP HAS BEEN PUT EQUAL TO FLOWIN, AS CAS04500
COMMENT PROBLEMS OF THE FIXED FLOW-RATE TYPE ASSUMED CAS04510

ILINE=ILINE+1 CAS04520
GO TO 55 CAS0d530

C - PREPARE FOR BEGINNING THE NEXT SWEEP OF THE FIELD CASO4540
C MAX. RESIDUAL-SOURCE VALUE IN FIELD FOR CONVERGENCE CHECK CA504550
963 RSMAX=0.0 CASO4560

. DO 964 J=1,JPP CAS04570
964 RS'AX= AMAX1 ( RSMAXRSSUM(J)) CASO4590
C ADJUST P'S TO GIVE ZERO AT REF. LOCATION CAS04590

PIPREF=P(IPREF) CASO4600
DO 965 IP=l,NXYP CASO410

965 P( IP)=P( IP)-PIPREF CAS04620
GO TO 110 CASO4630

CHAPTER 10 10 10 10 ADJUST 10 10 10 10 10 10 10 10 'CAS04640

C -------------------------ADJUSTMENT AFTER UPDATING U'S CAS04650
1010 IF(KSOLVE(JRHO).EQ.0) GO TO 1011 CASO4660

CALL BOUND(JU) CAS04670
GO TO 1001 - CA504680

C ------------------------OVERALL CONTINUITY CORRECTION CAS04690
1011 IF(KMPA.NE.0) CALL OVACON CAS04700

CALL BOUD(%JU) CASO4710
IF(KTEST.GT.1) CALL TEST 22 CAS04720
GO TO 1001 CA5047-30

C ------------------------ADJUSTMENT AFTER UPDATING V'S CASO4740
1020 -IF(KSOLVE(JPP).NE.0) GO TO 1021 CAS04750

CALL BOUND(JV) CAS04760
GO TO 1001 CAS04770

C -------------------------CELL-WISE CONTINUITY CORRECTION CASO4760
1021 RSLINE(IX,JPP)=0.0 CAS04790

CALL COEFF(JPP) CASO4800
CALL MODIFY(JPP) CASO4910
LABPHI=JPP CA504620
IF(KTEST.GT.2) CALL TEST 31 CAS04830
CALL SOLVE(JPP) CAS04840
RSLINE(IX,JPP)=RSLINE(IXJPP)/RSREF(JPP) CASO4850
ARSL(IX,JPP)=ASS(RSLINE(IX.JPP)) CASO48GO
CALL CELCON CAS04870
IF(KTEST.GT.1) CALL TEST 23 CASO4680

CALL BOUND(JV) CASO4E90
GO TO 1001 CAS04900

C--------------END OF INNER J-LOOP CASO4910
1001 CONTINUE CAS04920
C------------------------ END OF OUTER NTRAVS LOOP CAS04930
1000 CONTINUE CAS04940
CHAPTER 11 11 11 11 PRINT 11 11 11 11 11 11 11 11 11 CASC4950
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110 CONTINUE CAS04960
C------------------------ PRINT OUT RESIDUAL SOURCES AND VARIABLE VALUES CAS04970
C AT MONITORING LOCATION (IXMON,IYMON) CAS04980

IF(MOD(ISTEP,NOUTP1).EQ.0) CALL OUTPI CA504990
C----------------------- PRINT OUT OF FIELD VALUES CAS05000

IF(RSMAX.LE.CCHECK) GO TO 115 CAS05010
IF(ISTEP.LT.0) GO TO 115 CASO5020

114 IF(M1OD(ISTEP,IPRINT).NE.O.OR.ISTEP.EQ.0) GO TO 112 CAS05030
115 CALL OUTPF CASO5040

GO TO 120 CAS05050
112 IF(ISTEP.EQ.LASTEP) CALL OUTPF CAS05060
CHAPTER 12 12 12 12 DECIDE 12 12 12 12. 12 12 12 12 12 CAS05070
C----------------------- CONVERGENCE CHECK CAS05080
120 IF( RSMAX.LE.CCHECK) CO TO 1299 CAS05090
C----------------------- CHECK IF LAST STEP IS REACHED CAS05100

IF(ISTEP.GE.LASTEP) GO TO 129 CAS05110
128 ISTEP=ISTEP+1 CAS05120

GO TO 60 CASO5130
129 CALL OUTP2 CAS05140
1299 WPITE(9,1300) NX ,NY CAS05150

WPITE(9.1301) (X(I),I=1,NX) CAS05160
WRITE(9-,1201) (Y(I),I=1,NY) CAS05170
WRIJE(9,130I) (F(I),I=1,3766) CAS05180

1300 FOW.IAT(214) CASOS190
1301 FORJ.A (5E13. 5) CAS05200

END CAS05210
SUEROUTINE OUTPUT CASOS220
COW?'ON CAS05230
1/CASEl/UINLET,FLOWIN,RPIPEXPIPE.FXSTEP.HINLET,HWALL CASOS240
2/E-a DYG(22).DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS05250
2,PSYG(?2).RSYwv22).RV(22).RVCBi22),SYG(22).SYV(22),Y(22).YV(22) CASC5260
3/DNYONXIAE(22).AN(22),AP(22).AS(22),AW(22),C(22),D(22),DIFE(22) CAS05270
3.DIFN(22),DU'(22), DIFW(22).DU(22)LDV(22),EMUE(22).EMUN'(22) . CAS05280.
3 ,EMUW(22),HCONE(22),HCONN(22), HCONW(22) CAS05290
3,PHIOLD(22).RHOE (22).RHON (22), RHOW(22),SP(22),SU(22) CAS05300
3.VOLUME(22) . CCNN' 22), CONS(22) , CONE(22) ,CONW(22) , ESMPHI (22) CAS05310
4/DNX/ DXG(22).DX U(22),FU(22).FUNODE(22), KOUNT(22),RDXG(22) CA5320
4,RDXU(22),RSXG(22).RSXU(22).STORE(22),SXG(22),SXU(22),X(22).XU(22)CAS05330
5/DJPHI/ IEW( 10),ILAST(10) , IMON(10).IXNY(10),IZERO(10) CAS05340
5,JGROUP(10).KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) CAS05350
5,FSSUM(10),ITITLE(10) CAS05360
CO%-ON CAS05370
6/D0/CCHECKDD,FLOWPC,FLOWSTFLOWUPGREATILINEIPLRS,IPREF,IPRINT CAS0538
6.ISTEP ,IXIX1NY.IX1NY1,IX2NY2.IXMON,IXP1.IXPREF.IYMON,IYPREF CAS05390
6.JLEMU, JH.JLASTJLIM1.JLI,2.JLIM3, JLIM4,JP, JPP,JRHO CAS05400
6. IU,v , JVP1, KINPRI ,K.PA, KRAD.KRHOdU, KTEST. LABPHI CAS05410
6, LASTE P. LINE F , L INEL .NEQ, NEQP1 CAS05420
6 NODEF.NODEF1,NODEL,NCDEL1.NODLP1,NTDMA,NUMCOL CAS05430
6,NANXMAX,NXMI ,NM2,NXYG,NXYP, NXYU,NXYV CAS05440
6, NY. NY?.'AX, NY M1 , NYM2. PI. RSCHEK, RS.MAX, T INY CA505450
COMMON /PRCP/ EMUREF ; PRL (1 0) , PRT (10) , RHOREF CAS05460
COMMON/D2D1 / ARSL (22,10) .RSLINE (22, 10) CAS05470
COMMON/D2D2/U(462),V(462),TKE(484),TED(484),H(484),PP(22),P(400) CASO5460

7, RHo(464),EM1U(484) CAS05490
7, INLY(10)IOUT(10),KIN,KOUT,RELTKE,RELTED,ISTCH CASO5500

co)
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COMMON CAS05510
9/TURB/CIC2,CDSORTCDCD25.ECONST.CTAUTWCYPTWTAUTWI(22) CAS05520
9,TAU1W2(22), YPUSTI(22),YPUST2(22) CASO5530
9,TAULW(22),XPUSLW(22),CTAULWCXPLW CAS05540
9,GENK(22),FACTKE,FACTED,JTKEUTED,CAPPA CASOS50
9g.,INLY1,l1NLY2.IOUT1, IOUT2I 1M1, I2P1,13M1,I4P1 CAS055G0
COr'MON /ABC/AREA E CAS05570
DIMENS ION F ( 3766) CAS05580
DIMENS1iON DI FS(22) ,EMUS( 22) ,HCONS(22),t RHOS( 22) CAS05590
EQUIVALENCE (DIFS(2),DIFN(1)), (EMUS(2),EMUN(1)) CAS05600
EQUIVALENCE (RHOS(2),RHON(1)), (AREAEAREAW) CAS05610
EQUIVAILENCE (HCONS(2) , HCONN(1)) CAS05620
EOUIVALENCE (F(1),U(1)) CASOC5630
DIMENSION A(22),B(22) CAS05640
EOUIVALENCE(A(1),AN(l)),(B(1),AS(1)) CA505650
UATA KTRIP/0/ CAS056GO

CHAPTER 1 1 1 1 1 P.ELIMINARIES 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 CASOS680

ENTRY OUTPH CAS05690
C------------------------------- THE PROBLEM CASO5700
20 WRITE(6,201) CAS05710
201 FO:rMAAT(///1X,1OX,50HLAMINARUNIFORM-PROPERTY FLOW IN A CIRCULAR PICAS05720

IPE /IX,10X,50(H-)) . CAS05730
C---------------------------------- PROBLEM INFORMATION CASO5740

REY=RHOREF*U INLET',2.1'RPI PE/EMUREF CAS05750
WRITE(6,210) XPIPERPIPEUINLET,REY,HINLETHWALL CAS05760

210 -FORMAT (//1X,1OH XPIPE,10H RPIPE,10H UINLET, CAS05770
11-OH REY. NO.,10H HINLET,10H HWALL/1X,1P6EI0.2) CAS05780

WRITE(6,250) NXNYNXMAXNYMAX CAS05790
LRITE( 6,251) KRAD,NTDMA, KMPA.,LASTEP,RSCHEKCCHECK CAS05800

250 FOmIAT(/1X,10H NX,10H NY,10H NXMAX,10H NYMAXCAS05810
1/1X.4I10) CASO5B20

251 FOMAT (/1X9,1OH KRAD,10H NTDMA,1OH KMPA,10H LASTEPCAS05830
1,10H RSCHEK,10H CCHECK/1X,41l0,lP2E10.2) CAS05840
RETURN CASOS850

CHAPTER 3 3 3 3 3 FIELDOVALUES 3 3 3 3 3 3 3 3 3 3 3 CASOSGO
ENTRY OUTPF CAS05670
DO 31 JPHI=1.JLAST CASO580-
IF(JPHI.EQ.JPP) GO TO31 CAS05890
IF(KSOLVE(JPHI).EQ.0) GO TO 31 CASO5900

32 CALL PRINT(JPHI) CAS05910
31 CONTINUE CASO5920

KTRIP=0 CAS05930
RETURN CAS05940

CHAPTER 4 4 4 4 PRINT OUT OF RESIDUAL SOURCES AND MONITORING VALUES CAS05950
ENTRY OUTP1 CAS05960
IF(ISTEP.LE.2) GO TO 110 CAS05970
IF(MOD(ISTEPIPLRS).NE.0) GO TO 1140 CASOS9BO

110 WPITE(6,1100) ISTEP.ISTEP CAS05990
WRITE-(6.9999) CAS06000
WRITE(6,1101) (ITITLE(K),K=1.JP) - CASO6010
DO 11B IX=2,NXM1 CA506020

118 WRITE(6,1102) IX.KOUNT(IX),(RSLINE(IXI),d=1,JPP) CAS06030
1150 WRITE(6,1103) (R3SUM(U),J=1,JPP) CAS06040

DO 116 J=1,JP CASQE050

A)
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IF(J.NE.JPP) GO TO 1160 CA506060
STORE(J)=0.0 CAS06070
GO TO 116 CAS060O

1160 I=!MON(J)+IZERO(J) CASC6090
STORE(J)=F(I) CAS06100

116 CONTINUE CASO6110
WRITE(6,1104) IXMONIYMON . CASO6120
WRITE(6.1105) (STORE(J),J=1,JP) CAS06130
KTRIP=0 CASC6140

C----------------------- KTRIP IS A LOCAL 'TRIPPING CONTROL SWITCH' CAS06150
GO TO 1170 CAS06160

1140 KTRIP=KTRIP+1 CAS06170
IF(KTRIP.GT.1) GO TO 1141 CAS06180
WRITE(6,1114) CAS06190
WRITE(6.1110) IXMON,IYMON CAS06200
WRITE(6,9999) CAS06210
WRITE(6,1111) (ITITLE(K).K=1.JP) CAS06220

1141 WRiTE(G.1112) ISTEP,(RSSUM(),J=1,JPP) CASO-230
00 117 J=1,JP CAS06240
IF(J.NE.UPP) GO TO 1142 CAS06250
STORE(Jd)=0.0 CAS06260
GO TO 117 CAS06270

1142 I=JMONJ()+IZERO(J) CAS06280
STORE(J)=F(l) CAS06290

117 CONTINUE CAS06300
WP!TE(6,1113) ISTEP,.(STORE(J),t=1,JP) CAS06310

1170 CONTINUE CAS06320
1100 FORMAT(/IX,14HITERATION NO. ,13,2X,70(1H=),4X,14HITERATION NO. , CAS06330

1 13// CAS06340
I 1X,63HALGEBPAIC SUM OF RESIDUAL SOURCES AT EACH LINE--RSLINE(IX,CAS06350
IIPH1}/) -CA506360

1101 FORMAT(1X,13HIX NO. TRAVS,2X,10(3X.14,3X)) CAS06370
1102 FOPMAT(1X.12.6X.I2.3X,IP1OEIO.2) CAS06380
1103 rC;rAT(/1X.37HSUM.1 OF ABS. VALUES OF RSLINE(IX,JPHI)// CASOG390

11X,13(1H-).1P10EI0.2/) CASO400
1104 FOPMAT(/1X,31HVALUES AT MONITORING LOCATION (,12,1H,,12,IH)/ CASOS410

I IX,6X,IP1OE10.2) CAS06420
1105 FORMAT(IX,13(iH-),1Pl0EI0.2) CAS06430
1110 FCPMAT(/1X.58HSUM OF ABS. VALUES OF RSLINE(IX.JPHI), PRECEDED BY CAS06440

1'*-*/1X,30HVALUES AT MONITORING LOCATION(,I2,IH,,I2,IH), CAS06450
2 22H, PRECEDED 2Y-------) CAS06460

1111 FO;MAI (/1X.6X,5HITER.,3X,10(3X,I4,3X)) CAS06470
1112 FORMAT(/1X.6H--*-*.i,1X.I3,3X,1P1OE10.2) CASOS480
1113 FORMAT (1X.6H---- -,1X,13.3X,1P1OE10.2) CAS06490
1114 FoRMAT(//iX.60(lH-)) CAS06500
9999 FLRMAT(/1X.56H( 1 = U, 2 = V. 3 = H, 4 = PP, 5 = P. 6 * RHO, 7 a ECASC6510

IMU )/) CAS06520
RETURN CAS0530

CHPTER 5 5 5 5 5 5 5 CASOE540
ENTRY OUTP2 CASOG550
D050 IX=2,NXM1 CAS06560
I=2+PI X-1)SNY CAS06570

50 STORE(IX)=TKE(I)/ABS(TAUTW1(IX)/RHO(I)) CAS06580
WRITE(6,500) (IX,TAUTWI(IX).YPUST1(IX),STORE(IX),IX=2,NXMI) CAS06590

500 FODMAT(//1X,20H VALUES OF - WALL//1X,3H IX,2X,11H TUU , CAS06600
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111H Y+ ,11H K/UTAU**2 /(1X,13,2X,1P3ElI.3)) CAS06610

DO 59 IX=2,NXM1 CAS06620
l=NXA+(IX-1 )-NY CAS06630

59 STCPE(IX)=TKE(I)/ABS(TAUTW2(IX)/RHO(I)) CAS06640
WRITE(6,500) (IXTAUTW2(IX),YPUST2(IX),STORE(IX),IX=2,NXMI) CAS06650
FACTOR=CD/CD 25 CAS06660

C---------- CALAULATE AND PRINT OUT LENGTH SCALE CAS06670

00 503 IX=1,NX CAS06EBO

DO 503 IY=1,NY CAS06690
I:IY+(IX-1)*NY CAS06700

503 TED(I)=FACTOR-TKE(I)*SQRT(TKE(I))/(TKE(I)*RPIPE+TINY) CAS06710
CALL PRINT(JTED) CAS06720

RETURN CAS06730
END CAS06740

SUBROUTINE CCNST CAS06750
COM10N CAS06760

1/CASE1/UINLETFLOW IN.RPIPE.XPIPEFXSTEP,HINLETHWALL CA506770

2/MDNY/ DYG(22).OYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS06780

2,RSYG(22),RSYV(22),RV(22).RVCB(22),SYG(22),SYV(22),Y(22),YV(22) CA506790

3/DNYONX/AE(22).AN(22),AP(22).AS(22),AW(22),C(22).O(
2 2 ),DIFE(22) CASOG800

3,DIFN(22),CLUW(221, DIFW(22),DU(22) ,DV(22),EMUE(22) , EMUN( 22) CAS06610
3 . EMuW(22),HCCONE(22),HCONN(22), HCONW(22) CAS06820
3,PHIOLD(22),RHOE(22),RHON(22), RHOW(22),SP(22).SU(22) CASOE830

3,VOLUME(22) , CONNI 22) ,CONS(22) . CONE(22) ,CONW('22) , ES4PHI (22) CAS06840
4/DNX/ DXG(22).DXU(22).FU(22),FUNODE(22),KOUNT(22),RDXG(22) CAS06350
4,RDXU( 22),RSXG(221),RSXU(22).STORE(22),SXG(22),SXU(22).X(22).XU(22)CAS066O
5/DJPHI/ IEW (10),ILAST(10) ,XIMON(10),IXNY(10).IZERO(10) CAS0670
5..GROUP(1O),KADS3R(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) CAS06880

5,RSSUM(10),ITITLE(10) CASOE90
Co.ooN CAS06900

6/CD/CCHECK.DP.FLOWPC.FLOWS.FLOWUP.GREATILINEIPLRS,I--EF,IPRINT CASCE910
6,1STEP ,IXIXINY.IX1NYl1IX2NY2,IXMONIXP1,IXPREF,IYMON (PREF CAS06920
6,oEMU, JH,JLA ST ,JLIM1 .LIt2,dLIM3.JLIM1, JP, dPP, JRHO CAS06930
6, JU.JV .JVPI. KINPRI .HK.PAi, KRAD, K RHOMU, KT EST , LABPHI CAS06940
6, LASTE P. LINE F , LINE.L ,NEQ, NEQP1 CAS06950

6,NOOEFNODEF1 ,NODEL ,ODEL1,NODLP1 ,NTD 1 A,NUMCOL CAS3G960
6,NXNX%AX.,NXKM1 ,NX,.2,NXYG,,NXYP, NXYUNXYV CAS06970

6.NfNYX l X,NYM1,NYP.M2,PI,,RSCHEK, RSMAX,TINY CAS06980
CO'.'flON/PROP/ EUPEF.PRL( 1 0) PRT (10) ,RHOREF CAS06990
CO2.ON/D2D1 / ARSL( 22,10) , RSLINE (22,10) CAS07000
CO'.tON /D202!/U(462),V(462),TKE(484),TED(484),H(484),PP(22),P(400) CASO7I010

7,RIO(484) ,EMeU(484I CASC7020
7,INLY(10).!OUT(10),KIN,KOUTRELTKERELTED,ISTCH CAS07030
Coi.1N CAS07040
9/TU.rB/CIC2,CDSQRTCDCD25.ECONSTCTAUTW,CYPTW,TAUTW1(22) CAS07050
9,TAUlw2(22) , YPUST1 (22) .YruST2( 22) CAS07060
9,TAULW(22).XPUSL'.(22).CTAULW.CXPLW CAS07070
9.GENK(22),FACTKE,FACTED.JTKE,JTEDCAPPA CAS07080

9.INLY1 ,NLY2,IOUT1,IOUT2,l1M1,12P1,13M1,I4P1 CAS07090
CC-MMCN /ABC/A REAE CAS071 CO
DIIENSION F(3766) CASO71 10

DIWENSION DIFS(22),EMUS(22),HCONS(22),RHOS(22) CAS07120
EQUIVALENCE (DIFS(2) ,DIF'4(1)), (EMUS(2),EMUN(1)) CAS07130

EOUIVALENCE (PHCS(2),RH0N(1)), (AREAE,AREAW) CA507140

EQUIVALENCE (HCONS(2),HCONN(i)) CAS07150

-I
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EQUIVALENCE (F(1),U(1)) CAS07160
DIMENSION A(22),B(22) CAS07170
ECUIVALENCE(A(1),AN(1)), (B(1),AS(1)) CAS07180

C---------------------- CONSTANTS RELATED TO NX AND NY ------------------ CAS07190
ENTRY CONST2 CASO7200
NXM1=NX-1 CASO7210
NXM2=NX-2 CAS07220

NV?-.1 =NY-1 CAS07230
NYM2=N Y-2 CAS07240

C-----------------------TOTAL NUMBER OF NODES FOR DIFFERENT VARIABLES CAS07250
NXYG=NX*NY CAS07260
NKYP=N XMh2*NYM2 CAS07270
NXYU:N XM1 *NY CAS07280
NXYV=NX+NYM1 CAS07290

INLYI nINLY(1 ) CAS07300
INLY2= INLY(KIN) CAS07310
IOUT1=IOUT(1 ) CAS07320
10UT2= ]OUT(KOUT) CAS07330
ii 1= 1 N LY1-1 CAS07340

12P1=INLY2+1 CAS07350
13M1=1 OUTI-1 CASO7 360
14P1=I OUT2+1 CAS07370
RETURN CAS07380

C --------------------- CONSTANTS RELATED TO VARIABLES ------------------ CAS07390

ENTRY CONST3 CAS07400
JVP1=JV+1 CASO7410
NEOP1=NE041 CA507420
KPHOMU=KSOLVE(URHO)+KSOLVE(JEMU) CAS07430

C ---------------------- IZERO,ILAST AND IEW FOR DIFFERENT VARIABLES CAS07440
IZERO(1)=0 CAS07450
DO 35 J=1,JLAST CAS07460
IF(J-JU) 310.301,310 CASO7470

310 IF(J-JV) 320.302,320 CASO7480
320 ]F(-jP) 330,303,330 CAS07490
330 IF(u-JPP) 305,304,305 CAS07500
301 IL=NXYU CASO7510

ILMAX= (NXMAX-1)*NYMAX CAS07520
IEW(j) =NY- CAS07530
GO TO 34 CAS07540

302 1L=NXYV CAS07550
ILMAX=NXMAX*(NYMAX-1) CAS07560
IE'W(J) =NYM1 CAS07570
GO TO 34 CAS07580

303 IL=NXYP CAS07590
ILMAX= (NXMAX-2)*(NYMAX-2) CAS07600
JEWIJ)=NYM2 CAS07610
GO TO 34 CAS07G20

304 1L=NY CAS07630
ILMAX=NYMAX CAS07640
IEW(J)=0 CAS07650
GO TO 34 CAS07660

305 IL=NXYG CAS07670

I LMAX= NXMAX= NYMAX CAS07680
IEW(J) =NY CAS07690

34 ILAST(J)=IZERO(J)+IL CAS07700
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IF(J.EQ.JLAST) GO TO 35 CAS07710
JPI=J+l CAS07720
IZERD(JP1)=IZERO(J)1LMAX CAS07730

35 CONTINUE CAS07740
C -------------- ASSIGNING VALUES TO JGROUP(JPHI) CAS07750

DO 351 d=1,NEQ CAS07760
LGROUP(J)=5 CA507770
IF(J.EQ.JU) JGROUP(J)=1 CAS07780
IF(LI.EQ.JV) UGROU(J)=2 CA507790
XF(L.GE.LLIM1.AND.d.LE.JLIM2) JGROJP(J)=3 CAS07800
IF(J.GE.JLIM3.AND,J.LE.JLIM4) JGROUP(J)-4 CAS07810

351 CONTINUE CAS07820
C ---------------------- ASSIGNING NAMES TO THE TITLE-ARRAY CAS07830

ITITLE (JU)=JU CAS07840
ITITLE('JV)=JV CA507850
ITITLE(JP)=JP CAS07860
ITITLE(.JPP)=JPP CAS07870
ITITLE(dTKE)=JTKE CA507880
ITITLE(dTED)=JTED CA507890
ITlTLE(JRHO)=jRHO CASO7900
ITITLE (JEr.:U)=jEMU CAS07910
ITITLE(UH)=JH CAS07920
PETURN CAS07930

C ------------------- CONSTANTS RELATED TO CHAP. 5 OF MAIN-----------CASO7940
ENTRY CONSTS CAS07950
IPREF= IYPREF-1+(IXPREF-2)*NYM2 CA507960

S DO 56 d=1,LAST CAS07970
IF(L.EQ.JPP) GO TO 56 CAS07980
IMCN(J)=IYMDN+(IXMON-1)* IEW(d) CAS07990
IF(J.EQ.JP) IMON(J)=IYMON-1+(IXMON-2)*IEW(d) CASOGOOO

56 CONTINUE CAS08010
RETURN CASO8020
END CAS08030
SUBROUTINE ADdUST CASO8040
COMMON CASO8050
1/,SE1/UINLETLOWINRPIPE.XPIPE,FXSTE.nNLET,HWALL CASOBOGO
2/DNY/ DYG(22).DYV(22),FV(22),FVNODE!7: . '22).RDYG(22),RDYV(22) CAS08070
2,RSYG(22).,RSYV(22),RV(22).RVCB(22),3': ~),SYV(22),Y(22),YV(22) CASO8080
3/DNYONX/AE(22).AN(22).AP(22).AS(22),AW(22).C(22),D(22),DIFE(22) CASCBC90
3,DZFN( 22),OUW(22); DIFv(22),DU(22),DV(22), EMUE(22),EMUN(22) CASO8100
3 ,E.-.UW(22),HCONE(22),HCONN(22), HCONW(22) CASO8110
3.PHIOLD(22).RHOE(22),RHON(22), RHOW(22),SP(22),SU(22) CAS0120
3,VOLUME(22).CONN(22),C0NS(22),CONE(22),CONW(22),ESMPHI(22) CAS08130
4/DNX/ DXG(22).DXUt22),FU(22),FUNODE(22),KOUNT(22),RDAG(22) CAS08140
4,RDXU(22),RSXG(22)-,RSXU(22),STORE(22),SXG(22),SXU(22),X(22),XU(22)CAS08150
5/DJPHI/ IEW(10),ZLAST(10),IMON(10),IXNY(10),IZERO(10) CAS08160
5,jGRDUP(10),KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(1O) CAS08170
5,RSSUM(10),ITITLE(10) CAS08180
CO!,1ON CAS08190

6/DO/CCHECK,DP,FLOWPC.FLOWST,FLOWUPGREAT,ILINE,IPLRS,IPREF,IPRINT CASO8200
6,ISTEP IX,lX1NY.IXlNY1,IX2NY2,IXMON.IXP1,IXPREF,IYMON,IYPREF CAS08210
6. EMU,dH.LLAST.JLIM1,JLIM2,JLIM3.JLI4.14,JP,JPP,JRHO CASO8220
6,uU,JV,JVP1.KINPRI,KWPA,KRAD,KRHOMU,KTEST, LABPHI CAS6230
6,LASTEP,LINE F,LINEL,NEQ,NEQP1 CAS08240
6,NODEF,NODEF1,NODEL,NODEL1,NODLP1,NTDMA,NUMCOL CASO8250

-a
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6,NXINXMAXNXMINXM2,NXYGNXYPNXYU.NXYV
6,NY,NYMAXNYMi.NY412 ,PIRSCHEH, RSMAXTINY
COrMoN /PROP/E1U'REF ,PRL( 10) ,PRT(10)HRHOREF
COrh%'N/D2D1/ARSL(22,10),RSLINE(22,10)
COMMCN/2D2/U(462),V(462),TKE(484),TED(484),H(484),PP(22),P(400)

7,PHO(4(84),EMU484)
7,INLY( 10),]OUT(10),KIN,KOUT,RELTKE,RELTED,ISTCH
COMMON

9/TU-PEB/ClC2, CD.-SORTCD,CD25,ECONSTCTAUTWCYPTWTAUTWI(22)
9,TAUTW2(22),YPUST1 (22) ,YPUST2( 22)
9, TAULW(22),X PUSLW( 22 )CTtAULW,CXPLW
9,GENK(22),FACTKE,.FACTED,JTKEJTED,CAPPA
9,I1LY1,1INLY2 ,IOUT1, 1DUT2 , I IM1,12P1 ,I13M1,14P1
CCMMON/ABC/A REAE
DIMENSION F(3766)
DIMENSION DIFS(22),EMUS(22),HCONS(22),RHOS(22)
EQUIVALENCE (DIFS(2),DIFN(1)), (EMUS(2),EMUN(1))
EOUIVALENCE (RHOS(2),RHOJ(1)), (AREAEAREAW)
EQUIVALENCE (HCOtJ5(2),HCONN(1))
ECUIVALENCE (F(1),U(1))
DIMENSION A(22),9(22)
EQUIVALENCE(A(1),AN(1)),(B(1),AS(1))

CHAPTER 1 1 1 1 1 OVERALL-CONTINUITY CORRECTION I I 1 I
ENTRY OVACON
1F(IX.EQ.NXM1) RETURN

C----------------------- ADJUST MEAN PRESSURE
FLOWST=0.0
SUMA=0 .0
SUMRA= 0.0
DO 104 IY=NODEF,NODEL
I=IY+IX1NY
IE= 1 +NY
AREA=SYG(IY)*R(IY)'
SLrA-SUMA+AREA
RA=0.5'(RHO(I)+RHO(IE))*AREA
SjR.,= SUMRA+ RA
FLOWST=FLOt.ST+RA-U(I)

104 CONTINUE.
DELL'=( FLOWUP-FLOWST)/SUMRA
DP=-DELU*(FLOWUP*FLOWST)/SUMA
FLOWPC=0.0
DO 105 IY=NODEFNODEL

C----------------------- CORRECT P AT DOWNSTREAM PLANE
I P= IY- 1 + I X2NY2+NYM2
PFIP)= P(IP)+DP

C-----------------------CORRECT U'S
I=IY+I X1NY
IE=I+NY
ROE=0.5*(RHO(I)+RHO(IE))
U(I)=U(I)+DELU
FLCWPC=FLOWPC+U(I)*POE*SYG(IY)*R(!Y)

105 CC TINUE
IF(IX.EQ.NKM2) RETURN

C---------------ADD DP TO ALL OTHER DOWNSTREAM LOCATIONS
I I=4Y2+NYM2+IX2NY2rl

CASOS260
CAS08270
CASO8280
CAS08290
CAS08300
CA308310
CAS08320
CAS08330
CASO8340
CAS08350
CASO8360
CAS08370
CAS008380
CASO8390
CASO8400
CA508410
CAS08420
CAS08430
CAS08440
CAS08450
CAS08460
CAS08470

I CASO84B0
'CAS08490

CASO8500
CAS08510
CAS08520
CAS08530
CAS08540
CAS08550
CAS08560
CA508570
CAS08580
CAS08590
CAS08600
CAS08610
CA50920
CASB630
CAS08640
CAS08650
CASO8GO
CASOE70
CA032O80
CASO8S9O
CAS08700
CAS08710
CA508720
CAS08730
CAS08740
CAS08750
CAS08760
CA508770
CAS08780
CAS03790
CAS06800
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00 1075 IP=I1,NXYP CAS08810
1075 P(IP)=P(IP)+DP CAS08820

RETURN CASOBB30
CHAPTER 2 2 2 2 2 CELL-WISE CONTINUITY CORRECTION 2 2 2 2 CASO8840

ENTRY CELCON CAS08850
IF(KSOLVE(JU).EQ.0) GO TO 200 CAS08860
IF(IX.EQ.NXM1) GO TO 200 CAS08870

C----------------------- CORRECT U'S ON TDMA LINE. CA5088B0
DO 21 .IY=NODEF,NODEL CAS08690
I=IY+I XiNY CASO8900
U( I)=U (I )+DU ( IY)"PP( IY) CAS8910
IW= I-NY CAS08920
U(IW)=U(lW)-DUW(KY)*PP(IY) CAS08930

21 CONTINUE CAS08940
C----------------------- CORRECT V'S ON TDMA LINE CAS0US50
200 IF(KSOLVE(JV).EQ.0) GO TO 210 CAS08960

DO 201 IY=NODEF,NCDEL1 CASOB970
IV=IY+IX1NY1 CAS0980

201 V(IV)=V(IV)+DV(IY)*(PP(IY)-PP(IY+1)) CASOBQ90
C------------------------- CORRECT P'S ON TDMA LINE CAS09000
21,0 1F(KSOLVE(JPP).EQ.0) RETURN CASO9010

ICCNST =IX2NY 2-1 CASC9020
RF=RELAX(JP) CASO9030
DO 211 IY=NODEF,NDDEL tASO9040
IFP=IY+ICONST CASO9050
PlIP)=P( XP)rPP(IY)*RF CASO9060

211 PP(:Y)=O.0 CASO9070
PETURN CAS09080
END CAS09090
SUBROUTINE BOUND(LPHI) CASO9100
COr.10N CASO9110
1/CASEl/UINLET,FLO'wIN,RPIPE.XPIPE.FXSTEP,HINLET,HWALL CAS09120
2/DrY/ DYG(22).DYV(22),FV(22).FVNODE(22),R(22),RDYG(22).RDYV(22) CAS09130
2,RSYG(22),RSYV(22),RV(22).RVCS(22),SYG(22).SYV(22),Y(22),YV(22) CAS09140
3/NYCNX/AE(2 2) . AN 22) .AP (22) , A S(22) , AW(22) , C(22) .O(22) ,DIFE(22) CASO9150
3,MIFN(22),DJW(22), DIFW(22),DU(22) ,DV(22),EMUE(22),EMUN(22) CASO9160
3 ,EMUW(221,HCONE(22),HCONN(22), HCONW(22) CASO9170
3,PHIOLD(22), RHOE(22),RHON(22), RHOW(22),SP(22),SU(22) CASO9180
3, VOL!'ME (22) , CNN( 22) , CONS (22) , CONE (22) , CONW (22) , ESMPHI (22) CAS09190
4/WNX/ DXG(22).DXU(22).FU(22),FUNODE(22),KOUNT(22),RDXG(22) CAS09200
4.DXU(22).RSXGt22),RSXU(22),STORE(22),SXG(22),SXU(22),X(22),XU(22)CAS09210
5/DJPHI/ IEI (10).ILAST(10).IMON(10),IXNY(10).IZERO(10) CAS09220
5.uGROUP(10),KADSOR(10),KSOLVE(10).KR5(10),RELAX(10),RSREF(10) CAS09230
5,R5SUM(10).ITITLE(10) CAS09240
CO'.3ON CASO9250

6!DO/CCHECK.DP.FLOWPC,FLOmST,FLOWUP,GREAT,ILINE,IPLRS,IPREF,IPRINT CASO9260
6,ISTEP .. IXIX1NY,IXINY1,x2NY2,IXMON.IXP1,IXPREFIYMON,IYPREF CAS09270
6,%JEMU .JH. JLA ST . JLL.11. JLlM2,LIM3, JLIM4, JP, JPP.dRHO CASO9280
6,JU.JVJVPI.KINPRI,KMPA.KRAD. KRHCM'J,KTEST, LABPHI CAS09290
6, LASTE P. LINE F, LINEL, NEO. NEQC1 CASO9300
6,!ODE F , NODE F 1 , NOZE L.NODE L1 , NOD LP 1 , N1TDC'MA,NUMCOL CASO9310
6, NXNX'MAXNXfMI, NXM2,iNXYG ,NXYP, NXYU,.NXYV CAS09320
6,NY,NY.AX,NYhM1 ,NYr2,PI, RSCHEK, RSMAX, TINY CASO9330

COMMON/PRCP/EMUREF,PRL(10),PRT(10),RHOREF CAS09340
CO; 1IMON/D2DI/ARSL(22.10) , RSLINE (22,10) CASO9350
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COMMON/02D2/U(462),V(462),TKE(484),TED(484),H(484),PP(22),P(400) CASO9360
7,RHO(484),EMU(484) CAS09370
7, INLY(10),IOUT(1O).KIN,KOUT,RELTKE,RELTED,ISTCH CASO9380
CO ,0N CAS09390

9/TURS/C1,C2,CD.SQRTCD,CD25,ECONSTCTAUTW,CYPTW,TAUTW1(22) CASO9400
9,TAUTW2(22) , YPUST1 (22) ,YPUST2( 22) CAS09410
9. T AJLW (22 X PUSL':( 22) ,CT AULW, C XPLW CAS09420
9,GENK( 22),FACTEACTE,.ITKE,JTED,CAPPA CAS09430
SINLY1,INLY2,IOUT1,IOUT2,11M1, 12P1,13M1,I4P1 CAS09440
CO1ON /ASC/ A REA E CA509450
DIMENS ION F ( 37 66) CA509460
DIMENS ION. DI FS (22) .EMUS ( 22) ,HCONS(22) , RHOS (22) CAS09470
EQUIV A LENCE (DIFS(2).DIFN(1)), (EMUS(2),EMUN(1)) CAS09480
EQUIVA LENCE (PHOS(2),RHON(1)), (AREAE,AREAW) CAS09490
EQUIVALENCE (HCONS (2) ,HCONN(1) ) CASO9500
EQUIVALENCE (F(1),U(1)) CASO9510
DIVENSION A(22),B(22) CAS09520
EOUIVA LENCE(A(1),ANII1))(B(1).AS(1)) CAS09530

CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 CAS09540
dPHI=L PHI CASO9550
IF(JPHI.EQ.JU) GO TO 20 CAS09560
IF(JPHI.EQ.JH) GO TO 30 CA509570
IF(UPHI.EQ..JEMU) GO TO 40 CASO9580
IF(JPHI.EQ.JTKE) GO TO 50 CAS09590
IF(JPHI.EQ.JTED) GO TO 60 CASO9600
IF(JPHI.EO.dV) GO TO 70 CASO9610
IF(JPHI.EQ.JRHO) GO TO 80 CAS09620
RETURN CAS09630

CHAPTER 2 2 2 2 2 UPDATING OF U ON BOUNDARIES 2 2 2 2 2 CAS09640
20 CONTINUE CAS09650

RETURN CAS09660
30 CONTINUE CAS09670
CHAPTER 3 3 3 3 3 UPDATING OF H ON BOUNDARIES 3 3 3 3 3 CASO9680

RET UP N CASO9690
40 CONTINUE CAS09700

CHAPTER 4 4 4 4 4 CAS09710
C--------------LADLE FREE SURFACE CAS09720

IF(IX.NE.2) RETURN CAS09730
DO 41 IY=2.NYM1 CASO9740
I=lY+IXINY CAS09750
IW=I-NY CAS09760
IF(IY.GE.INLY1.AND.IY.LE.INLY2) GO TO 41 CAS09770
IF(IY.GE.IOUT1.AND.IY.LE.IOUT2) GO TO 41 CAS097B0
EMU(IW )=EMU( I) CAS09790

41 CONTINUE CASO9800
RETURN CASO9B10

CHAPTER 5 5 5 5 UPDATING OF TKE CASO9820
50 CONTINUE CASO9930

C-------FREE SURFACE CASO9840
IF(IX.NE.2) GO TO 5001 CAS09850
DO 501 IY=2.11M1 CASO9860
I=IY+IX1NY CAS09870
IW=I-NY CAS09880

501 TKE(IW)=TKE(I) CASOSB90
DO 502 IY=12PI,13M1 CASO9900
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1=XY+1 XINY CASO9910
IW=I-NY CAS09920

502 TKE(1W)=TKE(I) CA509930
DO 503 IY=14P1,NYMI CAS09940
I=IY+J XINY CAS09950
IW=I-NY CAS09960

503 TKE(IW)=TKE(1) CAS09970
5001 CONTINUE CASO9970

C--------- LADLE WALL CAS09990
IL=1+1 XINY CAS 10000
IR=NY+IX1NY CAS100 0
TKE(IL )=0.0 CAS10020
TKE(IR)=0.0 CAS10030
RETURN CASI0040

60 CONlINUE CAS10050
CHAPTER 6 e 6 6 6 UPDATING OF TED CAS10060
C-------FREE SURFACE CAS10070

IF(1X.NE.2) GO TO 6001 CAS10080
DO 601 IY=2,l1MI CAS1009
I=IY+IXINY CAS1100
IW=I-NY CAS1010

601 IED(IW)=TED(I) CAS10120
DO 602 IY=12P1,I3M1 CAS10130
I=IY+1XINY CAS10140
1W=1-NY CAS10150

602 TEDiIW)=TED(I) CAS10160
DO 603 IY=14P1.NYMi CAS10170
1=1(YIYXINY CAS10170
IW=I-NY CAS10190

603 IED(IW)=TED(I) CAS10200
6001 CONTINUE CAS10210
C-----------LADLE WALL CAS10220

IL=1+1XINY CAS10230
IR=NY+IXINY CAS10240
TED( IL)=0.0 CAS10250
TED(IR )=0.0 CAS10260
RETURN CAS10270

CHAPTER 7 7 7 7 UPDATING OF V CAS10280
70 CONTINUE CAS10290

C----------FREE SURFACE CAS10300
IF(IX.NE.2) RETURN CAS10310
111=11M-i CAS10320
DO 701 IY=2.ItI CAS10330
I1Y+IXINYI CAS10340
IW= 1-N Yfvr1 CAS10350

701 V(Iw)= V(1) CAS1C360
1112=1 3.1-1 CAS10370
DO 702 1Y=12P1,III2 CAS10380
I=IY+IX1NYI CAS10390
IW=1-NYM1 CAS10400

7C2v(iw)=v(i) .CAS10410

DO 703 IY=14P1,NYM2 CAS10420
I=IY+i XKNYI -CAS10430

IW=1-NYMi1 CAS10440
7?3 V(XW)=v(I) CAS10450
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RETURN CAS10460
CHPTER 8 a 8 8 UPDATING OF RHO CAS10470

80 CONTINUE CAS104BO
RETURN CAS10490
END CAS10500
SUBROUTINE SOURCE(LPHI) CAS10510
CCr.'ON CAS10520

1/CASE1 /UINLETFLOWIN.RPIPE.XPI PEFXSTEP,HINLET.HWALL CAS10530
2/DNY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS10540
2,RZYG( 22) ,RSYV(22) ,RV(22) .RVCB(22) ,SYG(22) ,SYV(22) ,Y(22) ,YV(22) CAS10550
3/DNYONX/AE (22),AN(22),A-P(22),AS(22),AW(22),C(22),D(22).DIFE(22) CAS10560
3,D1FN( 22) ,DU J(22), DIFW( 22) ,DU (22) ,DV(22) ,EMUE(22) ,EMUN(22) CAS10570
3 , EMUA(22 ) ,HCONE (22), H CONN( 221 , HCONW (22) CAS10560
3,PHIOLD(22), RHOEt22),RHOB(22), RHOW(22),SP(,22)SU(22) CAS10590
3,VOLUME(22) CCNJ(22) ,CON;S(22) CONE(22) ,CONW(22) ,ESMPHI (22) CAS10600
4/DNX/ DXG(22 ) ,DXU( 22) .FU(22) , FUNODE(22) ,KOUNT(22) ,RDXG(22) CAS10610
4.RoxU(22),RSXG(22),RSXU(22),STORE(22),SXG(22),SXU(22),X(22).XU(22)CAS10620
5/DiPHI/ IEW( 10),ILAST(10),IION(10),IXNY(10).IZERO(10) CAS10630
5 ,IGOUP(10),KADSOR (10),KSoLVE( 10),KRS(10),RELAX(10),RSREF(1Q) CAS10640
5.RSSUM(10),ITITLE(10) CAS10650
C;T-.1CIN CAS10660

6/E>/CCHECK.DP.FLOWPCFLO'ST.FLOWUP.GREATILINE,IPLRS,IPREF,IPRINT CAS10670
6.IS1 EP .IXIX1NYIX1NY1IX2NY2,IXMON.IXP1,IXPREF,IYMONIYPREF CAS10680
6.EMU, JH.JLAST .,JLI1.JLIr2,LIM3, LlM4,uP,dPP,uRHo CAS10690
6.JU,LV, JVP1,KINPRI,KMPAiRAD.KRHOMU,KTEST,LABPHI CAS10700
6, LAST EP, LINEP F, L IN EL.NEO, NECPI CAS10710
6, NODE F,NOLEF 1 ,NODE L. NODE L1, NOD LP1 , NTDMf1A,NUMCOL CAS10720
6,NXNXMAX,NXM1,N,42.NXYGNXYP, NXYU,NXYV CAS10730
6 ,NjY,NY MAX,N'rM.1 .NYM2, P! , RSCHEK. RSMAX,T INY CAS10740
CO'AMON /PROP/EVUREF ,PRL( 1 0) DRT ( 10) ,RHOREF CA S10750
CO?'10N/D2D1/ ARSL(22, 10) .RSLINE (22,1U) CAS10760
C0;rN/D2D2!U(462), V(462) .TKE( 484) . TED(484) ,H(484) ,PP( 22) ,P(400) CAS10770

7.RHO(484) ,EMU(434) CAS10780
7,INLY(10),10UT(10),KIN.KOUTRELTKE,RELTED,ISTCH CAS10790
CCirON CAS10800

9/TURS/Cl.C2,CD,.SORTCD,CD25.ECONST,CTAUTW,CYPTW,TAUTWI(22) CAS10810
9,TAU1W2(22).YPUSTI(22).YPUST2(22) CASlO20
9,TAULW(22).XP USLW( 22),CTAULW,CXPLW CAS1030
9.,GENK(22).FACTKE,FACTED,JTKE,dTED,CAPPA CAS10840
9, INLY1 ,INLY2,IOuT1,IOUT2,IM11.I2Pl,I3M1,I4P1 CAS10650
CO?.'ON / A BC/ A R E A E CAS10860
DIMENSION F( 3766) CAS10870
DIMENSION DI FS(22)EMUS(22),HCONS(22),RHOS(22) CAS1O8O
EQUIVALENCE (DIFS(2).D:FN(1)), (EMUS(2),EMUN(1)) CAS1OB90
EQUIVALENCE (PHOS(2),RHON(l)), (AREAEAREAW) CAS10900
EQUIVALENCE (HCONS (2),HCONN(1)) CAS10910
EQUIVALENCE (F(1),U(1)) CAS10920
DIMENSION A(22),5(22) CAS10930
EQUIVALENCE(A(1),AN( )).(B(1),AS(1)) CAS10940

CHAPTER 1 1 1 1 1 PRELiMINARIES 1 1 1 1 1 1 1 1 1 1 CAS10950
JPHI=LPHI CAS10960
IF(JPHI.EQ.JU) GO TO 20 CAS10970
IF(JPHI.EQ.JV) GO TO 30 CAS10960
IF(JPHI.EQ.JPP) GO TO 40 CAS10990
IF(JPHI.EQ.JH) GO TO 50 CAS11000



FILE: CASE005 FORTRAN A

IF(JPHI.E0.JTKE) GO TO 60
IF(JPHI.EQ-JTED) GO TO 70
RETURN

CHAPTER 2 2 2 2 2 ADDITIC
20 CONTINUE

RETURN
CHAPTER 3 3 3 3 3 ADDITIC
30 CONTINUE

RETURN
CHAPTER 4 4 4 4 4 ADDITIC
40 CONTINUE

RETURN
CHAPTER 5 5 5 5 5 ADDITIC
50 CONTINUE

RETURN
CHAPTER 6 6 6 6 6 6 6 ADDIT:

60 CONTINUE
C2M17C2-1 .0

CONVERSATIONAL MONITOR SYSTEM

ONAL SOURCE TERMS FOR U

ONAL SOURCE TERMS FOR V

ONAL SOURCE TERMS FOR P'

ONAL SOURCE TERMS

IONAL

FOR H

2:

3:

44

5!

SOURCE TERM FOR K

DO 61 lY=NDDEF,NODE.L
I= IY-16IXNYIY=iNYI=I - N '
114=1+1 ,a
INx=lw+1l
15=1-1-

ZSW w11I V-!IV+ IX INY1
ISV=IV-1
IEV-IV+NYMI
ISEV=IEV-1
I WV=IV -NYM1
I SV = i wV-i1
DJDX= ( U(I1)-U(1W))sRSXG(IX)
DVDY=(V(IV)-V(ISV))*RSYG(IY)
DUDY=0.5-(U(IN)+U(INW)-U(IS)-U(ISW))/(Y(IY+1)-Y(IY-1))
DVD.X=0.5*(V(IEV)+V(ISEV)-V(IWV)-V(ISWV))/(X(IX+1)-X(IX-

1 1))
IF(KPAD.E0.2) GO TO 63

62 GENK(IY)=(EM'U(I)-EMUREF)*(2.0* (DUDX**2+DVDY.*2)+(DUDY+
I DVDX)*a2)
GO TO 64

63 VP=V(ISV)+(V.(IV)-V(ISV))*FVNODE(IY)
VPDR=VP/R(IY )
GENK(IY)=(2.*(DUDX**2+DVDY**2+VPDR**2)+(DUDY+DVDX)**2)*
I (EWU(I)-EMUREF)

64 CONTINUE
SU(IY)=(1.5GENK(IY)+C2M1lRHO(I)*TED(I))*VOLUME(IY)

61 SP(IY)=-tC2*RHOO(I)*TED(I)+0.5*GENK(IY))'VOLUME(IY)/
1 (TKE(I)+TINY)
RETURN

CHAPTER 7 76 7 7 7 TURBULENT ENERGY DISSIPATION 7 7 7 7
70 CONTINUE

C2Mi=C2-1.0
TC2FMl=2.0*C2-1 .0
DO 71 IY=NODEF,NODEL
I=IY+IXiNY

CASI1010
CASI 1020
CAS11030

2 2 2 CAS11040
CASI1050
CASI11060

3 3 3 CAS11070
CAS11080
CAS11090

4 4 4 CASI1100
CASI1110
CASI1120

5 5 5 CAS11130
CAS11140
CAS11150
CAS11160
CAS11170
CASI11180
CAS11190
CASI1200
CAS11210
CAS11220
CAS11230
CAS11240
CAS1i1250
CAS11260
CASI11270
CAS1i1280
CAS11290
CASI 1300
CASI1310
CAS11320
-CAS11330
CAS11340
CASI1350
CAS11360
CASi1370
CAS11380
CAS11390
CASI11400
CAS11410
CAS 11420
CAS11430
CAS11440
CAS1i1450
CAS11460
CASI 1470
CASI 1480
CASI11490
CAS11500
CAS11510
CAS11520
CAS11530
CAS11540
CAS11550

PAGE 021



FILE: CASE005 FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 022

ETVDK=TED(I')'VOLUME(IY)/(TKE(I)+TINY) CASI1560
SU(IY)=(C1*GENK(IY)+C2MIARHO(I)*TED(I))4ETVDK CAS11570

71 SP(IY)=-RHO(IY)*TC2M1 wETVDK CAS11580
RETURN CAS11590
END CAS11600
SUBROUTINE MODIFY( LPHI) CAS11610
COVMON CAS11620

1/CASEI /UINLET.FLOWINRPIPEXPI PE,FXSTEP,HINLET,HWALL CAS11630
2/DNf/ DYG(22 ).DYV(22),FV(22),FVNODE (22),R(22),RDYG(22).RDYV(22) CAS11640
2,RSYG(22),RSYV(22),RV(22),RVCB(22),SYG(22),SYV(22),Y(22),YV(22) CAS11650
3/DNYONX/AE(22).AN(22),AP(22),AS(22),A W(22) ,C(22) ,D(22) ,UIFE(22) CAS11660
3. D1FN( 22) ,DUi( 22) , D1FW ( 22) ,DU ( 22) , DV (22) ,EMUE ( 22) .EMUN(22) CAS11670
3 ,EI UW(22),HCONE(22),HCONN(22), HCONW(22) CAS11680
3.PHIOLD(22).RHOE(22).RHO:(22), RHOW(22),SP(22),SU(22) CAS11690
3,VOLUME (22) , CONN(22) ,CONS (22) , CONE(22) ,CONW(22) , ESMPHI ( 22) CAS11700
4/DNX/ DXG(22).DXU(22),FU(22),FUNODE(22),KOUNT(22),RDXG(22) CAS11710
4.PDXU(22),RSXG(22),RSXU(22),SORE(22),SXG(22),SXU(22),X(22),XU(22)CAS11720
5/DuPHI/ IEW(10),ILAST(10),IMON(1O),IXNY(10),IZERO(10) CAS11730
5,JSROUP(10),KADEOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(1O) CAS11740
5,PSSUM(10),ITITLE(10) CAS11750
COMMON CAS11760

6/DO,'CC HECKDp,FLo1IPC,FLOwsT,FLOWUP.GREAT,ILINE,IPLRS,IPREF,IPRINT CAS11770
6,IS1EP ,.IX1N'f,IX1NY 1,IX2NY2.IXMONIXP1,IXPREFIYMON,IYPREF CAS11780
6,JEMU, JH,LLA ST, JL!,M1 ,JILIM2, JL IM3, JL 14, JP, JPP, JRHO CAS11790
6. JU. JV , jVP1. KINDR! .KMPA, KRAD, K RHOMU, KTEST, LABPHI CAS11800
6, LASTEP. LINE F. LINELNEQ, NEQP1 CASi1810
6, NODE F , NO[b F 1 , NOE L ,NODE L 1 .NO L P1 , N T ',1A , NUMCO L CAS11820
6,NX,NXMAX.NX r11 NXM2,NXYG,NXYP, NXYU,NXYV CAS11830
6,NI ,NYMAXNYrMI ,NYv12,PI, RSCHEK, RSMAX TINY CAS11840
COT.rON /PROP/ EMUREF ,PRL( 1 0) ,PRT (10) ,RHOREF CAS11850
COWMJN/D2D1/ APSL(22. 10) , RSLINE (22. 10) CAS11860
CC'.M/D2D2/U(462),V(462),TKE(484),TED(484)H(484),PP(22),P(400) CAS11870

7,RHO(484), EU(484) CASi1280
7,INLY(10).IOUT(IO),KIN,KOUT,RELTKE,RELTED,ISTCH CAS11890
CO. .10N CAS11900

9/TURB/C1,C2,CD.SQRTCDCD25.ECONST,CTAUTW,CYPTW,TAUTW1(22) CAS1191O
9,TAUTW2(22), YPUST1(22),YPUST2(22) CAS11920
9.TAULW(22).XPUSLW(22),CTAULW,CXPLW'- CAS11930 -
9,GENK(22).FACTKEFACTEDJTKE,JTED,CAPPA CAS11940
9,JNLYI, INLY2,IOUT1,IOUT2,IiM1 ,12P1,13M1,I4P1 CA511950
COTiN / ABC/ A RE AE CAS1 1960
DIMENSION F(3736)- CAS11970
DIMENSION DI FS(22),uEMUS(22),HCONS(22),RHOS(22) CAS11980
EQUIVALENCE (OIFS(2),DIFN(1l)), (EMUS(2),EMLUN(1)) CAS11990
EOUIVALENCE (RHOS(2),RHON(1)), (AREAE,AREAW) CAS12000
EQUIVALENCE (HCONS(2),HCONN(1) ) CAS12010
EOUIVALENCE (F(1),U(1)) CAS12020
DIMENSION A(22),B(22) CAS12030
EQUIVALENCE(A(1),AN(1)),(B(1),AS(1)) CAS12040

CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 CAS12050
JPHI = L PHI CAS12060
IF(JPHI.EQ.JU) GO TO 20 CAS12070
IF(JPHI.EO.JV) GO TO 30 CAS12CSO
IF(JPHI.EQ.JPP) GO TO 40 CAS12C90
lF(JPHI.EQ.JH) GO TO 50 CAS12100

C,,
C
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IF(JPHI.EQ.JTKE) GO TO 60
IF(JPHI.EO.tJTED) GO TO 70
RETURN

CHAPTER 2 2 2 2 2 MODIFICATIONS TO TI
20 CONTINUE
COMMENT--------AT LET-SIDE WALL

AS(2)= 0.0
1=24VXiNY
TAUAI=0.5*(TAUTW1(IX)+TAUTW1(IXPI))
TAUA1=ASS(TAUAI)
UI=U(I)
ABSUI=ABS(UI)
SP(2)=SP(2)-TAUA1+SXU(IX)/ABSUI

C ------ AT RIGHT SIDE WALL
l=NYMI +IX1NY
ANINYM 1)=0.0
TAUA2=0.5w(TAUTW2(IX)+TAUTW2(I XP))
TAUA2= ABStTAUA2)
UI=U(I)
ABSLII=ABS(Ul
SP(NYMII)=SP(NYM1)-TAUA2*SXU(IX)/ABSUI

C---------NEAR FREE SURFACE
IF(IX.NE.2) GO TO 250
DO 210 IY=2,I1M1

210 AwlIY)=0.0
DO 211 IY=I2P1,I13M1

211 -AW(lY)=0.0
DO 212 IY=14P1,NYMIl

212 A4(IY)=0.0
250 CONINUE

IF(IX.NE.NXM2) RETURN
DO 251 '=2,NYM1 -

251 AE IIY) =0.O
RETURN

30 CONTINUE
CHAPTER 3 3 3 3 3 MODIFICATIONS TO T
C -------AT FREE SURFACE

IF(IX.NE.2) GO TO 310
lI Il1Ml-1
DO 31-1 IY=2,III

311 AW(IY)=0.0
I112=1311-1
DO 312 IY=I2P1,II,12

312 AW(IY)=0.O
DO 313 IY=I4P1,NYM2

313 AW(Y)=O.0
310 IF(IX.NE.NXM1) RETURN

DO 340 IY=2,NYM2
I=IY+1X1NY1
AE(IYB=0.0
TAiJA=0 .5-* (TAULW(IY )+TAULW(IY+1 ))
TAUA=A BS(TAUA)
Vi=V(I)
ABSVI=ABS(VI

340 SP(IY)=SP(IY)-TAUA*SYV(IY)/ABSVI

HE U-EQUATION COEFFICIENTS

HE V-EQUATION COEFFICIENTS

CAS12110
CAS12120
CAS12130
CAS12140
CAS12150
CAS12160
CAS12170
CAS12180
CAS12190
CAS12200
CAS12210
CAS12220
CAS12230
CAS12240
CAS12250
CAS12260
CAS 12270
CAS12280
CAS12290
CAS12300
CAS12310
CAS 12320
CAS12330
CAS12340
CAS 12350
CAS12360
CAS12370
CAS12380
CAS12390
CAS12400
CASI2410
CAS12420
CAS12430
CAS12440
CAS12450
CAS12460
CAS12470
CAS12480

CAS12490
CAS12500
CAS12510
CAS12520
CAS12530
CAS12540
CAS12550
CAS12560
CAS12570
CAS12560
CAS12590
CAS12600

CAS12610
CAS12620
CAS12630
CAS12640
CAS12650

U,-
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RETURN
CHAPTER 4 4 4 4 4 MODIFICATIONS TO THE P'-EQUATION COEFFICIENTS
40 CONTINUE
C------------------------ PUT P'=0 NEAR EXIT

AS( 2)= 0.0
AN (NYM 1)=0.0
IF(IX.NE.NXMi) RETURN
DO 47 1Y=2,N-%1

47 AE(IY)=0.0
RETURN

CHAPTER 5 5 5 5 5 MODIFICATIONS TO THE H-EQUATION COEFFICIENTS
50 CONlINUE

RETURN
CHAPTER 6 6 6 6 6 ----MODIFY OF K-EQUATION

60 CONTI-NUE

SPI=0. 0
SUi=O. 0
SP2=0. 0
SU2=0. 0

C-------------FREE SURFACE
IF(IX.NE.2) GO TO 610
DO G1 IY=2,IIM1

61 AW(IY)=0.0
DC 62 IY=12P1,I3M1

62 AW(IY)=o.0
DC 63 IY=14P1,NYM1I

63 tw(iY)=O.0
tN(NYTI =0.0

AS(2)= 0.0
610 CONTINUE

C---------LEFT SIDE WALL
IY1=2
AS(IY1)r=0.0
I=1Y1+ IXINY
Iw1=I-NY
1 NW=! W1+1
IN=I I
P=:(I1W)+(U( I)-UfIWi))1FUNODE (IX)
UN=U(INW)+(U(IN)-U(INW))*FUNODE(IX)
UN=A6S (0.5'*(UP+UN))
IF(IX.EQ.2.AND.UN.LE.TINY) UN=TINY
ABS1AU = SS(TAUTW1 (IX))
SU(IYl)=ABSTAUrUN-SXG(IX)*R(IY)
SP(IY1)=-CD-RHO(I)*S2*TKE(I)>UN*SXG(IX)*R(IY1)/(ABSTAU+TINY)
SU1=SU(2)
SP1=SP(2)

C-----------RIGHT SIDE WALL
IYd2= NY a 1
AN(IY2)=0.0
1=IY2+IX1NY
IW=I-NY
ISW-'W-1

UP=U(IW)+(U(I)-U(IW))*FUNODE(IX)
US=U(ISW)+(U(IS)-U(ISW))*FUNODE(IX)

CAS12660
CAS12670
CAS12680
CAS12690
CAS12700
CAS12710
CAS12720
CAS12730
CAS12740
CAS12750
CAS12760
CA S12770
CAS12780
CAS 12790
CAS12800
CAS 12810
CAS12920
CAS12830
CAS12840
CAS12E50
CAS128GO
CAS 12870
CAS12680
CAS12890
CAS12900
CAS12910
CAS12920
CAS12930
CAS12940
CAS12950
CAS12960
CAS12970
CAS 12980
CAS12990
CAS13000
CAS13010
CAS13020
CAS1 3,230
CAS13040
CAS13050
CAS13060
CAS13070
CAS13C0
CAS13090
CAS13100
CAS131 10
CAS13120
CAS1i3130
CAS13140
CAS13150
CAS13160
CAS13170
CAS13180
CAS13190
CAS13200

-nN,
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US=A3S (0.5* ( UP+US) )
1F(IX.EQ.2.AND.US.LE.TINY) US=TINY
ABSTAU=ABS(TAUTW2(IX))
SU(IY2 )=ABSTAU4US*SXG(IX)*R(IY2)
SP(IY 2 )=-CD*RHO(I)*2*TKE(I)*US*SXG(IX)*R(IY2)/(ABSTAU+TINY)
SU2=SU(IY2)
SP2=SP (IY2)

C---------LADLE BOTTOM
IF ( IX. NE.NXM1) RETURN
DO 650 1Y=2.,NYM2
AE(IY)=0.0
I=IY+I X1NY
IV=IY+ IXINY1
ISV= IV- 1 - Y.1
ISWV=l SV-NYM1
IWV=IV-NYM1
VP=V(ISV)+(V(IV)-V(ISV))*FVNODE(IY)
VW=V(ISWV)+(V(IWV)-V(1SWV))*FVNODE(IY)

VW=ABS (0.5*(VP+VW)
ABSTAUzABS(T ALILW( IY))
SU(IY)=ABSTAU-VWvSYG(IY)*R(IY)
SP(IY) =-CDARHO(I)uo*2*TKE( I)*VW*SYG(IY)*R(IY)/(ABSTAU+TINY)

650 CONTINUE
SU(2)= SU(2)+ SUI
SU(NYMol1 )=SU( NYMi1)+SU2
SP(2)= SP(2)+SP1
SP(NYMIl)=SP( NYM1)+SP2

660 C'TINUE
RETURN

CHAPTER 7 7 7 7 7 7 MODIFY TO THE E-EQUATION COEFF.
70 CONTINUE

SP1=0. 0
SU1=0.o0

C
C

IF(IX.NE.2) GO TO 750
DO 71 IY=2,I1MI

71 A-. 'IY)=0O.-0
DO 72 IY=12P1,13M1

72 AW(IY)=O.0
DO 73 IY=I4P1,NYM1

73 AW(IY)=0.0
750 CONTINUE

C. ~ .---- LADLE WALL LEFT
IY1=2
I=IY1+IX1NY
CDK=SQRTCD*TKE(I)
TEDi=CDK-S0RT(CDK)/(CAPPA*DYG(NY))
PHIOLD(IY)=TEDI
SU(IY1 I=GREATuTEDI
SP(IY1 )=-GREAT
SUi=SU(2)
SPI=SP(2)

C--------LADLE WALL RIGHT
IY2=NYM1

CAS13210
CAS13220
CAS13230
CAS13240
CAS13250
CAS13260
CAS13270
CAS1 3280
CAS13290
CAS13300
CAS13310
CA S13320
CAS13330
CAS13340
CAS13350
CAS1i3360
CAS13370
CAS13380
CAS13390
CAS13400
CAS13410
CAS13420
CAS13430
CAS13440
CAS13450
CAS13460
CAS13470
CAS13480
CAS13490
CASI 3500
CAS13510
CAS13520
CAS13530
CAS13540
CAS13550
CAS13560
CAS13570
CAS13580
CAS13590
CAS13600
CAS13610
CAS13620
CAS13630
CAS13640
CASI13650
CAS13660
CAS13670
CAS13680
CAS13690
CAS13700
CAS13710
CAS13720
CAS13730
CAS13740
CAS13750

W~1
(31
wA
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I=IY2+IXINY CAS13760
CDK=SORTCD*TKE(I) CAS13770
TEDI=CDK.SORT(CDK)/(CAPPA*DYG(NY)) CAS13780
PHIOLD(1Y2)=TEDI.= CAS13790
SU( IY2)=GREATwTEDI CAS13800
SP(1Y2)=-GREAT CAS13810
SU2=SU(NYM1) CAS13820
SP2=SP(NYMi) CAS13830

760 CONTINUE CAS13840
C ------------ LADLE BOTTOM CAS13850

IF(IX.NE.NXMI) RETURN CAS138GO
TERM=1./(CAPPA-DXG(NX)) CAS13870
DO 700 IY=2.NVM1 CAS1380
I=IY+1 X1NY CAS13890
CDK=SQR1CD-TKE(I) CAS13900
TEDI=CDKOSQRT(CDK)*TERM CAS13910
PHIOLD(IY)=TEDI CAS13920
SU(IY)=GREAT*TEDI CAS13930
SP(IY)=-GREAT CAS13940

700 CONTINUE CAS13950
SU(2)=SU(2)+SU1 CAS13960
SP(2)z SP(2)4SP1 .CAS13970
SU(NYMI1)=SU(NYM1)+SU2 CAS13980
SP(NYM1)=SP(NYMI)+SP2 CAS13990

701 CO'I NUE CAS14000
RETURN CAS14010
END CAS14020
SUjPOUTINE GEOM CAS14030
COr?.',ON CA514040
1/CASEl/UINLETFLOWIN,RPIPE,XPIPE,FXSTEP.HINLET,HWALL CAS14050
2/W'!Y/ DYG(22).DYV(22),FV222),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS14060
2,RSYG(22).RSYV(22),RV(22),RVCB(22).SYG(22),SYV(22),Y(22),YV(22) CAS14070
3/DNYONX/AE(22).AN(22LAP(22),AS(22),AW(22),C(22),O(22),DIFE(22) CAS14080
3.DIFN(22),DL'.s'(22). DIFYI(22),DU(22),DV(22).EM-lUE(22),EMUN(22) CAS14090
3 ,E'v Uw(22,,HCONE122),HCONN(22), HCONW(22) CAS14100
3,PHIOLD(22) , RHCE(22) ,RHON(22), RHOW(22),SP(22) .SU(22) CAS14110
3.VOLUME(22),CONN(22),CONS(22),CONE(22),CONW(22),ESMPHI(22) CAS14120
4 DNX/ DXG(22),DXU(22),FU'22),FUNODE(22),KOUNT(22),RDXG(22) CAS1413O -
4,RDXU(22),RSXG(22LRSXU(22L),STCRE(22).SXG(22),SXU(22),X(22),XU(22)CAS1414O
5/DJPHI/ IEW(1O),ILAST(10),IMON(10),IXNY(10),IZERO(10) CAS14150
5,JGROUP(10),RADSOR(10),KSOLVE(10),KRSki0),RELAX(10),RSREF(10) CAS14160
5,RSSUM(10),ITITLE(10) CAS14170

COr.i0 N CAS14180
6/DO/CCHECKDP.FLOWPC,FLOWSTFLOWU',GREAT,ILINE,IPLRS, IPREF,IPRINT CAS14190
6,ISTEP .IXIX1NY.IX1NY1, IX2NY2,IXMDNTXP1, IXPREF,IYMON,IYPREF CAS14200
6,JEMU, JH,JLASTJLIM1 ,JLIr12,dLlM.13.JLIr.4,dP,JPP,JRHO CAS14210
6,JU,UV,JV1,KINPRIKPA,KRADKPHOMU,KTEST,LABPHI CAS14220
6.LASTEP.LINEF,LINEL,NEQ,NEQP1 CAS14230
6,NODEFNODEF1.NCDEL,NODEL1.NODLP1,NTDAP,NUMCOL CAS14240
6,NX,NXMAXNX..1 ,NXM2,NXYG,NXYP, NXYU,NX V CAS14250
6,NY,NYMAX.NYM1,NY%2.PI,RSCHEK, RSMAX,TI.NY CAS14260
COMO?.2N/PRC/EMUREF,PRL(10),PRT(10),RHOREF CAS14270
COMMON/D2D1/ARSL(22,10),RSLINE(22,10) CAS14280
COMMON/D2C2/U(462),V(462).TKE(434),TED(484),H(484),PP(22),P(400) CAS14290

7,RHO(484) ,EMU(484) CAS14300
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7,INLY(10),IOUT(10),KINKOUTRELTKERELTED, ISTCH
COUMMON

9/TURB/C1.C2,CDSQRTCD,CD2S,ECONST,CTAUTW,CYPTWTAUTWI(22)
9,TAUTW2(22), YPUST1(22),YPUST2( 22)
9,TAULW(22),XPUSLW(22),CTAULWCXPLW
9,GENK(22),FACTKEFACTEDUTKEJTED,CAPPA
9,INLY1,.NLY2 ,IOUT1,IOUT2,IIM1,12P1,13M1,14P1
COMMON /ABC/A REAE
DIMENSiON F(3766)
DIMENSION D1FE(22),EMUS(22),HCONS(22),RHOS(22)
EOUIVALENCE (CIFS(2),DIFN(1)), (EMUS(2)v,EMUN(1))
EQUIVALENCE (RHOS(2),'RHON(1)), (AREAE,AREAW)
EQUIVALENCE (HCONS(2),HCONN(1))
EQUIVALENCE (F(1),U(1))
DIMENSION A(22),B(22)
ECUIVALENCE(A( 1),AN(-)), (8(1) , AS(1))

CHAPTER 1 1 1 1 1 1 PRELIMINARIES 11 1 1 1 1
GO TO(21,22),KRAD

CHAPTER2 2 2 2 2 2 2 RADII 2 2 2 2 2 2 2 2 2
21 DO 25 IY=1,NY
25 R(IY)=l.

GO TO 23
22 DO 20 IY=1,NY
26 R(IY)=Y(IY)
23 CONTINUE
CHAPTER 3 3 3 3 3 3 3 CELL-NODE DISTANCES 3 3 3 3 3
C----------------------------------------------GRID-NODE DISTANCES

DXG(1)=0.0
DYG(1)Q=0.0
DO 30 IX=2,NX
DXG(IX)=X(IX)-X(IX-1)

30 RDXGU(I)=l./DXG(IX)
DO 31 1Y:2.NY
DYG(IY )=Y(IY )-Y(IY-1)

31 RDYG(IY)=1./DYG(IY)
C- ------------------------------------------U-NODE DISTANCES

XU(1)=X(1)
DO 32 IX=2.NXM2

32 XU(lX)=0.5a(X(IX)+X(IX+1))
XU(NXM1)=X(NX)
XU(N4X0.0 .
DXU( 1)=:0.0
DO 33 IX=2,NXM1
DXU(IX)=XU(lX)-XU(IX-1)

33 RDXU(IX)=1./DXU(IX)
DXU(NX)=0.0

C---------V-NODE DISTANCES AND V-CELL BOUNDARY RADII
YV(1)= Y(1)
RV(1)=R(1)
RVCB(1)=R(1)
DO 34 IY=2,NYM2
YV(IY)=0.5-(Y(IY)+Y(IY+1))
RV(IY)=0.5*(R(IY)+R(IY+1))

34 RVCB(IY)=R(IY)
RVCB(2)=R(l1)

I
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CAS14310
CAS14320
CAS14330
CAS14340
CAS14350
CAS14360
CAS14370
CAS14380
CAS14390
CAS14400
CAS14410
CAS14420
CAS14430
CAS14440
CAS14450
CAS14460
CAS14470
CAS14460
CAS14490
CAS14500
CAS14510
CAS14520
CAS1 4530
CAS14540
CAS14550

3 3 CAS14560
CAS14570
CAS14580
CAS14590
CAS14600
CAS14610
CAS14620
CAS14630
CAS14640
CAS14650
CAS14660
CAS14670
CAS14680
CAS14690
CAS14700
CAS14710
CAS14720
CAS14730
CAS14740
CAS14750
CAS14760
CAS14770
CAS14780
CAS14790
CAS14800
CAS14810
CAS14820
CAS14830
CAS14640
CAS14850
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YV(NYM1)=Y(NY)
RV(NVMtI)=R(NY)
RVCB(NYM1 )=R (NY)
YV(TJY) =0.0
RV(NY) =0.0
RVCB(NY)=0.0

DYV(1)=0.0
DC 35 IY=2.NYM1
DYV(IY)=YV(IY)-YV(IY-1)

35 RDYV(IY)=1./DYV(IY)
DYV(NY)=0.0

CHAPTER 4 4 4 4 4 4 CELLDIMENSIONS 4 4 4 4 4 4 4
C----------------------------------------GRID-NODE CELLS

SXG(1)=0.0
DO 40- IX=3,NXM2

40 SXG(TX)=0.5*(DXG(IX)+DXG(IX+1))
SXG(2)=DXG(2)+0.5*DXG(3)
SXC(NXM1O)=0.5*DXG(NXM1 )+DXG(NX)
SXG(NX)=0.0
SYG(1)=0.0
DO 41 IY=3,JYM2

41 SYG(IY)=0.5-(DYG(IY)+OYG(IY+1))
SYG(NY )=.0
SYG(2) =DYG(2 )+0.S.DYG(3)
5Y'(NYM1 )=DYG(NY)+0.5*DYG(NYM1)
DO 45 1Y=2,NXM1

45 RSXG(1X)=1./SxG(iX)
DO 46 lY=2,NYM1

46 RSYG(IY)=1./SYG(IY)
C --------------------------------------- U-VELOCITY CELLS

SXU(1)=0.0
SxU(2) =X(3)-X(1)
NX!.A3=NX-3
DO 42 IX=3.NXM3

42 SXU(IX)=X(IX+1)-X(IX)
SXU(NX,12)=X( NX)-X(NXM2)
SXU(NXM1)=0. 0
SXU(NX)=D.0
DO 47 IX=2.NXM2

47 kSXU(I1X)=1./SXU(IX)
C----------------------------------------V-VELOCITY CELLS

c;VV(1)=o.0
SYV(2) =Y(3)-Y(1)
NYA3=N Y-3
DO 43 1Y=3.NYM3

43 SYV(IY)=Y(IY+1)-Y(IY)
SYV(NYM2 )=Y(NY)-Y(NYM2)
SvV(NYM1 )=0. 0
SYV(NY )=O.0
DO 48 IY=2.NYM2

48 RSYV(IY)=1./SYV(IY)
CHAPTER 5 5 5 5 5 5 FACTCRS FOR INTERPOLATING U AND V 5 5 5

FU(1)=0.0
DO 50 IX=2.NXM1

50 FU(IX)=(X(IX)-XU(IX-1))/(XU(IX)-XU(IX-1))

CASI4860
CAS14870
CAS14880
CAS14890
CAS14900
CA314910
CAS14920
CAS14930
CASIA940
CAS14950
CAS14960
CAS14970
CAS14980
C ASi14990
CAS15000
CAS15010
CAS15020
CAS15C30
CAS15040
CAS15050
CAS15060
CAS15070
CAS150BO
CAS15090
CAS15100
CAS15110
CAS15120
CAS15130
CAS15140
CAS15150
CAS15160
CAS15 170
CAS15180
CAS15190
CAS15200
CAS15210
CAS15220
CAS15230
CAS15240
CAS15250
CAS15260
CAS 15270
CAS15280
CAS15290
CAS15300
CAS15310
C AS 1532@
CAS15330
CASI15340
CAS15350
CAS15360
CAS15370
CAS15380
CAS15390
CAS15400

FILE-0 CASE005 FORTRAN A PAGE 028



Lis - -- 7 -

VIE:CSEO FORTRAN A
CONVERSATIONAL MONITOR SYSTEM PAGE 029

FU(NX).=0.0
DO 52 IX=lNX

52 FUNODE(1X)=FU(IX)
FV(1 )=0.0
DO 51 IY=2,NYM1

5 FV (IY) = (Y (IY)-YV (IY-1))/(YV (IY )-YV (IY-1))
FV(NY) =0.0
DO 53 lY=1,NY

3FVNODE (!Y)=FV( IY)
FU( 2) = 0. 0
FU(NXMI)=1.0
FV(2)=0.0
FV(NYM1)=1.0
RETURN
END
SUPROUTINE COEFF(LPH-I)
CMDON
1/CASE1 /UINLET, FLOWINRPIPEXPIPEFXSTEPHINLET,HWALL
2/DIJY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22)
2,RSYG(22) ,RSYV(22),RV(22).RVCB(22),SYG(22),SYV(22),Y(22),YV(22)
3/DNYONX/AE(22),AN(22),AP(22),AS(22),AW(22),C(22),0(22),DIFE(22)
3,DIFN( 22) ,CUW(22), DIFW( 22) ,DU (22) ,DV(22) , EMUE(22)rENIUN(22)
3 , EW'(22 ) , HCONE ( 22) .HCONN(22),. HCONW (22)
3,rHIOLD(22),r HCEI22),RHON(22), RHOW(22),SP(22),SU(22)
3 ,VCLUME (22,CN) , ON(22 , CON S ( 22), CONE (22) ,CONW (22) , ESMPHI (22)
4/DNX/ DXG(22) ,DXU( 22) ,FU(22) ,FUNODE(22) ,KOUNT(22) ,RDXG(22)
4,RDXU(22),RSXGI22).RSXU(221,STORE(22),SXG(22),SXU(22),X(22),XU(22
5/DJPHI/ IEW( 10),1LAST(10),IMON(10),lXNY(10),IZERO(10)
5,JGROUP(10),KADSOR 10) ,KSOLVE(10),KRS(10),RELAX(10) ,RSREF( 10)
5,RSSU1%(10),1TiTLE(10)

CO"042N
6/0'/CCHECK.DPFLOWPCFLOWSTFLOWUPGREAT,ILINEIPLRS,IPREF,IPRINT
6,ISTEP ,IX,IXlNY,IX1NYIIX2NY2,IXMCN,IXP1,IXPREF,IYNION,IYPREF
6, JEMUpJH.,JL A ST ,JL 1 1 ,JLIM2,JLIM3.JL IM4,JP,JPPvJRHO
6.,JUu V ,JVP1 ,K INPR I , KMPA4. KRAD, K RHUMU , KT EST ,LABPHI
6L, AST E P, L INE F , L INE L ,NEO , NEOP1
6 ,NODE F , NODEF, I.NODEL , NODE LI .NOD LP1 ,NTDMA , NUMCOL
6,NX,NX;, X,NXM1 ,NX2,NXYG,NXYPNXYU,NXYV

165 ', NY N' AX,NY1.NY 2, P I, R SCHEK, RSMAX ,T1NY
CC7:.1MN /PRCP/EEMURE F , PR L (1 0) , PRT (10) ,RHOREF
COLION /DaDl/ ARSL (22,10), RSLINE (22, 10)
COIJ/D2D2/U(462) ,V (462 ) ,TKE ( 484) , T ED(484),H(484),PP(22),P(400)

7,;HO(484) ,Er.u(484s1
7.!NLY (10) ,OUT(10),KJN,KOUTRELTKE,RELTEDISTCH
CCOMMON
9/TUR/C1,C2,GDSQRTCDCD25,ECONST,CTAUTWCYPTW,TAUTW1(22)
9,TAUw2(22),YrUS'1(22),Y)RsT2(C22)
9.TAJLW(22).XPUSLW(22),CTAULW.CXPLW
9,GENK(22),FACThE,FACTED,JTKEjTED,CAPPA
9, INLYI , INL Y2 , OUi1 , IOUT2 , ;iN1 , 12P1 , 13M1 , I4P1
C1ON/ ABC/A REAE
D1UEIS ION F( 3766)
DIMENSION DI FS (22) , EMUS ( 22),HCONS(22) ,RHOS (22)
EQUIVALENCE (DIFS(2).DIFN(1))E, (EMUS(2)9,EMUN(1))
EQUiVALENCE (RHOS(2),RHON(1)), (AREAEAREAW)

CAS15410
CAS15420
CASI5430
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CA S15490
CAS15500
CAS15510
CAS15520
CAS 15530
CAS15540
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CAS 155GO
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CAS156.00
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)CAS15670
CAS15680
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CAS15780
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CAS1i5950
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EQUIVALENCE (HCONS(2),HCONN(1))
EQUIVALENCE (F(1L)U(1)).
DIMENSION A(22),B(22)
EQUIVALENCE(A(1),AN(1)),(B(1),AS(1))

CHAPTER 1 1 1 1 1 PRELI1MINARIES 1 1 1 1 1 1 1
C----------------DEFINE ARITH.Ma1ETIC FUNCTION FOR COMBINING
C_ APPROPRIATELY CONVECTION AND DIFFUSION CONTRIBUTIONS
C--------------------------------------------------------HYBRID SCHEME

C CONDIF(DIFFFCONV.CONV)=AMAX1(0., DIFF+FCONV,CONV)
C---------------------------------------------------------UPWIND SCHEME

CONDIF (DIFF, FCONV, CONV)= AMAX1( DIFF,D1FF+CONV)
JPHI=L PHI
IF(KRAD.EQ.2) GO TO 12
ASSIGN 1001 TO LG
ASSIGN 201 TO LUI
ASSIGN 211 TO LU2
ASSIGN 301 TO LVI
ASSIGN $11 TO LV2
ASSIGN 401 TO LP
GO 10 13

12 ASSIGN 1002 TO LG
ASSIGN 202 TO LUI
ASSIGN 212 TO LU2
ASSIGN 302 TO LV1
ASSIGN 312 TO LV2
ASSIGN 402 TO LP

13 IF(KSOLVE(JRHO).EQ.0) GO TO 120
C-------------- --- CELL-WALL DENSITIES

IF(JPHI.GT.JVP1) GO TO 120
IF(JPHI.EQ.tJU) CALL CELPH (JPHIJRHO)
IF(JPHI.EO.JV) CALL CELPHI(JPH1,JRHO)
IF(JPHI.EQ.uVP1) CALL CELPHI(JPHItJRHO)

C------------TRANSFER DENSITIES STORED IN AN( ) TO RHON( ),ETC.
N2=NODEL
IF(JPHl.E0.JV) N2=NODEL1
RHOS (N DEF)= AS( NtJDEF)
DO 111 IY=NODEFN2
RHON(IY)=AN( IY)
RHCE(IY)=AE( IY)

111 RHOW(IY)=AW( IY)
120 IF(KSOLVE(JEMU).EQ.0) GO TO 130
C ------------------------CELL-WALL VISCOSITIES

IF(dPHI.GT. JVP1) GO TO 130
IF(JPHI.EQ.JU) CALL CELPHI(JPHIJEMU)
!F(JPHI.EQ.JV) CALL CELPHI(JPHIJEMU)
IF(jPHI.EC.JVPI .AND. JPHI.NE.JPP) CALL CELPHI(JPHI,JEMU)

C----------TRANSFER VISCOSITIES STORED IN AN( ) TO EMUN( ), ETC.
N2=NODEL
IFVJPHI.EQ.LV) N2=NODELI
EMUS(NCDEF)=AS(NOOEF)
DO 121 IY=NODEF,N2
E'(N(IY)=AN( IY)
EMUE(IY)=AE(I Y)

121 EMUW(IY)=AW( IY)
130 IF(JPP.EQ.JVP1) GO TO 140
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IF(JPHI.NE.JVPI) GO.TO 140 CAS16510
C----------------------- CONVECTION TERMS AND DIFFUSION-TERM*PRANDTL CAS16520
C NUMBER FOR GENERAL PHI EQUATIONS CAS16530

SXGIX=SXG(IX) CAS16540
AREA=SXG(IX) IRV(NODEF1) CAS16550
DIFS(NOOEF)= EMUS(NODEF)*AREA*RDYG(NODEF) CA516560
ISV=NODEF1+I XINYi CAS16570
HCONS(NODEF)=0 .5RHOS(NODEF)*V(ISV)*AREA CAS16580
RDXGIX=RDXG( IX) CAS16590
RDXGII =RDXG( IXPI) CAS16600
DO 156 IY=NODEFiNODEL CAS16610
IYr1=I Y-1 CAS16620
I=IY+I XINY CAS16630
IW=I-NY CAS16640
IV=IY+ IX1NYI CAS16650
AREAN=SXGIX CAS16660
AREAE=SYG(IY) CAS16670
CO TO LG.(1001,1002) CAS16680

1002 AREAN=AREAN*RV(IY) CAS16690
APEAE= AREAE- R(IY) CAS16700

C AREAW=AREAE . THROUGH EQUIVALENCE CAS16710
1001 VOLUM'E(IY)=AREAE-SXGIX CAS16720
C DIFS( IY)=DIrN(IYo1) THROUGH EQUIVALENCE CAS16730

DIFN(I Y)=EMUN( IY) -AREAN* RDYG( I Y+1) CAS16740
DIFE( 1Y)=EMUE( IY)*AREAE*RDXGII CA516750
DIFW(IY)=EMUW(IY)SAREAWSRDXGIX CAS16760

C HCONS(IY)=HCONI(IYM1) , THROUGH EQUIVALENCE CAS16770
HCONN( IY)=O. 5.RHON( IY)hV( IV)*AREAN CAS16780
HCONE( IY)=0.5-RHOE(IY)-U(I)*AREAE CAS16790
HCONW(IY)=0.5-RHTJW(IY)*U(IW)*AREAW CAS16800
CONN( I Y )=HCONN( IY) +HCONN I Y) CA516810
CONS(I Y)=HCOr4S(IY)+HCONS (IY) CAS16820
CONE( IY) LHCONE (IY) HCONE IY) CAS16830
CC1NW( I Y )=HCONX ( IY) 4 HCONW (IY) CAS16840
ES'."PHI ( I Y) )C ONS( IY )-CONN ( I Y)+CONW (IY)-CONE (IY) CAS16650

156 ESMPHI (IY)1A!.A X (0 .0. -ESMPHI (I) ) CA S16360
140 IF(JPHI.EQ.JU) GO TO 20 CAS16870

IF(JPHI.EQ.JV) GO.TO 30 CAS1680
IF(JPHI.EQ.JPP) GO TO 40 CAS16690
GO TO 50 CAS16900

CHAPTER 2 2 2 2 2 COEFFICIENTS FOR U-EQUATION 2 2 2 2 2 CAS16910
C----------------------- FOR Y-DIRECTION TDMA TRAVERSES CAS16920
C CALCULATE DIFFUSION AND CONVECTION COEFFICIENTS FOR SOUTH BOUNDARY CAS16930
C OF OTTOM CELL CAS16940
20 AREA=SX(IX)*RV(N0DEF1) CAS16950

DN=EMU S(N0DE F) - ARE A*RDYG (NODEF) CAS16960
ISV=NODEF1+IXINY1 CAS16970
ISEV=ISV+NYMI CAS16980
HCN=0.25*RHOS(NODEF)*(V(ISV)+V(ISEV)).AREA CAS16990

C----------------------- COEFFICIENTS FOR ALL CELLS ON THE STRIP CAS17000
FUIX=FU(IX) CAS17010
OMFUIX=1.-FUIX CAS17020
FUIXP1=FU(IXP1) CAS17030
SXUIX= SXU(IX) CAS17040
RDXUIX=RDXU(IX) CAS17050
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RDXUI1 =RDXU( IXPI)
RSXUIX=RSXU(IX)

C SET DU(IY)
IF(IX.NE.2) GO TO 281
DO 280 IY=NODEF.NODEL

280 DU(IY)=0.0
281 CONTINUE

DO 285 IY=NODEF,NODEL
285 DUW(Y )=DU( I Y-)

ASSIGN 27 TO NGOTO
IF (wRHOGMU. NE. 0) G TO 28
ASSIGN 25 TO NGOTO

28 DO 26 IY=NODEF.NODEL
I=IY+Ix1NY
IE=I+NY
IW=I-NY
IV=IY+IXINY1
I EV=iV+4 NYMI
15 V=IV-l
1SEV=IEV-1
xPF1n- 1+IX2NY2
IEP=IP+NYM2
Iyp1=IY+1
AREA4= SXUIX
AREPE=SYG( IY)
GO TO LU1,(201.202)

202 APEAN PtE AN.RV(IY)
AREAE= AREAE-R(IY)

C AREAW.AREAE , THROUGH EQUIVALENCE
201 VOLUWE(IY)=AREAE'SXUIX

DS=DN
CN=ztN( IY)t AREAN-RDYG(IYP1)
DE=ETMUE ( IY)"* AREAE-RDXU(IXPI)
LW:= E::UWt 1 ' ) A EAW- RDXUIX
HCS=ZHCN
FHCN=RHON( IY)0.25 (V (IV)+V(IEV ))uAREAN
CNtHCIJ+HCN
CS=CGS +HiCS
CE=RHOE(IY)' AREAE*(U(I)+(U(IE)-U(I))*FUIXP )
CW=RHOW(IY)s AREAWO(U(IW)+(U(I)-U(iW))wFUIX)
FCE=FUlxP1*CE
FC=cMFUIXGCW - .

C ------------------------ERROR SOURCE OF MASS

SATIONAL MONITOR SYSTEM

ES.ASS=CS-CNCtCW-CE
FM=AMAX1(O.C.-ESMASS) -

C------------------ COMBINING DIFFUSION AND CONVECTION CONTRIBUTIONS
AN(!Y) nCONDi F (DN,-HCN,-N)
ASCIY)=CGNDIF(DS, HCS, CS)
AE( IY)=CONDI F(DE,-FCE,-E)
AW('I. ) 1 CZND 1FD W, FCW, CW)

C--------------------------SOURCE TERMS
DU(IY)=AREAE
Std(IY)=FM*U( I)+DU(I Y)*(P)-IPP ( IEP))
SP(IY) =-FM
GO.TO NGOTO, (25,27)
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27 DUDXW=(U(I)-U(IW))*RDXUIX
DUKXE= (U(IE)-U(I))*RDXUI1
STERM=(EMUE( IY)*UDXE-EMUW(IY)*DUDXW)*RSXUIX
DVDXN= (V(1EV)-V( IV))"RSXUIX
DVDXS=(V(ISEV)-V(ISV))hRSXUIX
GO TO LU2,(211.212)

211 STERM=STERM+(EMUN(IY)*DVDXN-EMUS(IY)*DVDXS)/AREAE
GO TO 213

212 STERf=STERM+(EMUN(IY)+RV(IY)*DVDXN-EMUS(IY)*RV(IY-1)*DVDXS)/AREAE
213 SU(I'Y)=SUtIY)+STERM-VOLUME(IY)
C----------------------- STORE U IN PHIOLD
25 PHIOLD(lY)=U(1)
26 CONTINUE
C----------------------- PUT BOUNDARY END VALUES IN PHIOLD

11=NODEF14IXINY
12=NODLP1+IXINY
PHLOLD(NOVEF1)=U(I1)
PHlOLD(NODLP1)rU(12)

C----------------------- ADDITIONAL SOURCE TERMS IF REQUIRED
IF(KADSOR(JU).NE.0) CALL SOURCE(JU)
RETURN

CHAPTER 3 3 3 3 3 COEFFICIENTS FOR V-EQUATION 3 3 3 3 3
C----------------------- FOR Y-DIRECTION TOMA TRAVERSES
C CALCULATE DIFFUSION AND CONVECTION COEFFICIENTS FOR SOUTH BOUNDARY
C OF BOTTOM CELL
30 AREA=SXG(IX) *V(NCDEF1)

ISV=NODEFI+IXINY1
DN=EMUS(NCDEF)*AREA-RDYV(NODEF)
CN=RHOS(NCDEF)'V(ISV)*AREA

C-----------------------COEFFICIENTS FOR
SXGIX=SXG(IX)
PDXG!Xr=RDXZ( IX)
RDXG! 1 =RDXG( IXPI)
RSXGIX=RSXG( IX)
ASSIGN 38 TO NGOTO
IF(KRHOMU.NE.C) GO TO 34
ASSIGN 37 TO NGOTO

34 Dfu 36 IY=4ODEF,NODEL1
I:!Y41XINY
IN=I+1
IW=1-NY
INW=Iw+1
1v=IVY+IX1NY1
INV=IV+1
ISVrIV-1
]P=IY-1+IX2NY2
INP=IP+1
IYP1=l V-I-
APEAN= SXGIX
A~rEAE=SYV(IY)
GO TO LV1,(301,302)

302 AREAN= AREAN RVC8( IYP1)
AREAE= AREAE* RV(IVy)

C AREAW=AREAE , THROUGH EQUIVALENCE
301 VOLUME(IY)=AREAE-SXGIX

ALL CELLS ON THE STRIP

CAS17610
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DS=DN
DNtEMUN( IY) aAREAN*RDYV( I YPI)
DE=EMUE( IY) aAREAE*RDXGI 1
DW=EMUW(IY)' AREAWg-RDXGIX
CS=CN
V-N=V(IV)+(V( INV)-V(IV))*FV(IYP1)
CN=RHON(IY)aVN&AREAN .
FCS=(1.-FVtIY))CS
FCN=FV (IYP1 ) 'CN
HCE=0.25sRHOE(IY)+(U(I)+U(IN))*AREAE
ICW=0. 25*RHOW(IY)*(U(INW)+U(IW))*AREAW
CE=HCE 'HCE
CW=1CWiHCW

C -------------------------CALCULATE ERROR SOURCE OF MASS
ESMASS=CS-CN+CW-CE
FPi=AMAX(0.0,-ESMASS)

C------------- COrB1INING DIFFUSION AND CONVECTION CONTRIBUTIONS
AN(IY)=CONDI F(ON.-FCN,-CN)
AS(!Y=CONDIF(DS, FCS, CS)
AE(IY)=CONDIFDE,-HCE,-CE)
AW(IY)=CONDF(D, HCW, CW)

C------------------SOURCE TERMS
DV(IY)=VOLUME(IY)-RSYV(I Y)
Sj( IY)=FMeV (IV)+DV(IY)*(P(IP)- P(INP))
SP(IY)=-FM
GO TO NGOTO, (37.38)

37 STERM=0.0
Ir(KRAD.EQ.2) STERM=STERM-0.5* (EMUN(IY)+EMUS(IY))*V(IV)/RV(IY)**2
GO TO 313

38 DUDYE=(U(IN)-U(I))*RSYV(IY)
DUOYW= (U( INW.)-U(iW) )*RSYV( IY) -
ST E R.= (EMUE( IY)*DUDYE-EMUW(IY)*DUDYW)*RSXGIX
DVDYN=(VU(INV)-V(IV)-)*RDYV(IYP1)
DVDYS= (v(lV)-V(ISv) ).RDYV(IY)
GO 10 LV2.(311,312)

311 ST ERM= ST ERM+(E!MUNIY) *DV DYN-EMUS (IY) * DVDYS) /AREA E
GO TO 313

312 STER'.I=STER'.+(EUN(Y)*R(IYPI)*DVDYN-EMUS(IY)*R(IY)*DVDYS)/AREAE
STERTM=STERM- (Er.'UNf IY)+EMJS(IY) )*V(IV) /RV(IY)s*2

313 Sv(IV)=SU(IY )4STEPrI-VOLUME(IY)
C----------- --------- STORE V iN PHIOLD

P1IIOLD(IY)=V (IV)
36 CONTINLIE
C-----------PUT BOUNDARY END VALUES IN PHIOLD

IV1NODEFI+I XINYI
PH10LD NOrEF 1 ) =V ( IV1)
IV=NODEL+1+I X1NY1
PHIOLD (NODEL )=V( IV)

C ------------------------ADDITIONAL SOURCE TERMS IF REQUIRED

IF(1ADSOR(JV).NE.0) CALL SOURCE(tJV)
RETURN

CHAPTER 4 4 4 4 4 COEFFICIENTS FOR PRESSURE-CORRECTION EQUSTION
C----------------------- FOR Y-DIRECTION TDMA TRAVERSES

40 SXGIX=SXG(IX)
DO 46 IY=NODEF.NODEL

PAGE 034

CAS1816O
CAS18170
CASIBI80
CAS18190
CASI8200
CAS18210
CAS16220
CAS18230
CAS18240
CASI6250
CAS18260
CAS18270
CASi18280
CAS18290
CAS18300
CA318310
CAS18320
CAS19330
CASi8340
CAS18350
CAS18360
CAS18370
CAS18380
tAS18390
CAS18400
CAS18410
CAS18420
CAS18430
CAS18440
CAS18450
CAS18460
CAS18470
CAS18480
CAS18490
CAS18500
CAS16510
CAS18520
CAS18530
CAS18540
CAS18550
CAS18560
CAS18570
CAS18580
CAS18590
CAS18600
CAS16610
CAS18620
CAS18630
CAS18640
CASl1650
CAS18660
CAS18670
CAS18680
CAS18690
CAS18700



71 -

-FPtIt-CASE005 -- FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 035

J=lY+1XINY CAS18710
IW=i-NY CAS18720
IV=IY+IXiNYI CASi 730

ISV=IV-1 CAS19740

ARHON=SXGIX*RHON(IY) CAS18750

APHOS=SXGIX- RHOS(IY) CAS1B760

APHOE=SYG(IY)-RHOE(IY) CAS18770

APHOW=SYG(JY )*RHOW(IY) CAS18780
IYMI= IY-1 CAS18790

GO 10 LP,(401,402) CAS18800
402 AR:1Or4= ARHON-RV(IY) CAS18B10

ARHOS= ARHOS* RV(IYMI) CASIE820

APHOE= ARHOE-R( IY) CAS18830

AR1'0-= ARHCW- R (IY) CASIS40

401 AN(lY)=ARHONADV(IY) CAS18650
AS(IY)=ARHOS4DV(IYMI1) CAS18860
AE(IY)=ARHOE*'DU(IY) CAS18870

Aw(IY)=ARHOW-DUW(IY) CAS183880

C-- ---------- CALCULATE ERROR SOURCE OF MASS CAS18890

ESMA3S=-ARiON-V(IV)+ARHOS-V(ISV)-ARHOE*U(I)+ARHOW*U(IW) CAS1B900

RSLINE(IXJPP)=PSLINE(lX,JPP)+ESMASS CAS18910

C------------------------ SOURCE TERMS CAS18920

SU(ll )=ESMASS CAS18930
SPjy)o.o CAS18940

C----------------------- SET PHIOLD TO ZERO CAS18950
. PHIOLD(IY)=O.0 CAS18960

46 CONTINUE CAS18970

C----------------------- PUT.BOUNDARY END VALUES IN PHIOLD CAS16?80
PHIOLD(NOCEF1)=0.0 CAS18990

PHIOLD(NODLPI)=0.0 CAS19000

C----------------------- ADDI-TIONAL SOURCE TERMS IF REQUIRED CAS19010
IF(KADSOR(JPP).NE.0) CALL SOURCE(JPP) CAS19020

RETURN -CAS19030

CHAPTER 5 5 5 5 5 PHI EQUATION 5 5 5 5 5 5 5 5 5 5 CAS19040
50 RFRT=1./PRT(JFHl) CAS19C50

C----------------------- COEFFICIENTS FOR ALL CELLS ON THE STRIP CAS19060
ICONST= IXNY(JPFI)+IZERO(JPHI) CAS19070

IEWPHI =lEv(JPHI) CAS19080
DO 56 IY=NODEF,NODEL CAS19090
I=IY+ZCONST CAS19100

IE=I+IEWPHI CAS19110
lw=l-I EWPHI CAS19120

DS=DIFS(IY)*RPRT CAS19130
rN=DFN(IY' RPRT CAS19140

DE=DIFEt ,) y RPRT CAS19150
D=D (IY)-RPRT CASI9160

C----------------------- ERROR SOURCE OF MASS CAS19170
FM=ESMPHI(IY ) CAS19180

C------------------ COMBINING DIFFUSION AND CONVECTION CONTRIBUTIONS CAS19190
AN(lY)=CONDIF(DN.-HC9NN(IY),-CONN(lY)) CAS19200
AS(IY)=CONDIF(DS. HCONS(IY), CONS(IY)) CAS19210

AEiY)=CCNDIF(DE,-HCONE(IY),-CONE(IY)) CAS19220
AW(IY)=CONOI F(DW, HCONW(IY), CONW(IY)) CAS19230

PHIOLD(IY)=F(I) CAS19240

C------------------------ STORING PHI IN PHIOLD CAS19250

cn
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C------------------------SOURCE TERMS CAS19260
SU(lY)=FM*PhICLD(IY) CAS19270
SP(V)=-FM CAS19280

56 CONTINUE CAS19290
C----------------------- PUT BOUNDARY END VALUES IN PHIOLD CAS19300

I1=NODEF-1+1CONST CA519310
!L=N0ODEL+1+ICONST CAS19320
PHIOLD(NODEF1)=F(11) CAS19330
PHIOLD(NODLP1)=F(IL) CA519340

C-------------------------ADDITIONAL SOURCE TERMS IF REQUIRED CAS19350
IF(KADSDR(JPHI).NE.0) CALL SOURCE(%JPHI) CAS193GO
RETU-N CAS19270

END CAS19380
SU2RCUTINE CELPHI(JCELL,LPHI) . CAS19390
CO"MON CAS19400
1/CASE1/UINLET.FLOWIN,RPIPE.XPIPE.FXSTEP,HINLET,HWALL CAS19410
2/0DNY/ DYG(22).DYV(22),FV(22).FVNODE(22),R(22),RDYG(22),RDYV(22) CAS19420
2,RSYG(22).RSYV(22) ,RV(22).RVCB(22).SYG(22),SYV(22),Y(22),YV(22) CAS19430
3/DNYONX/AE(22uAN(22).AP(22).AS(22),AW(22),C!22).0(22).DIFE(22) CAS19440
3,DIFN(22).DUd(22). DIFW(22).DU(22).DV(22),EiUE(22).EMUN(22) CAS19450
3 .EMJW(22),HCONE(22),HCONN(22), HCONW(22) CAS19460
2P--IOLD(22).RHOF(22),RH0!N(22), RHOW(22),SP(22).SU(22) CAS19470
3,VOLUME(22).CCN(22),CONS(22),CONE(22),CONW(22),ESMPHI(22) CAS19460
4/DNX/ DXG(22)DxJ(22),FU(22).FUNODE(22),KOUNT(22),RDXG(22) CAS19490
4,RDXU(22),RSX't(22),RSXU(22),STORE(22).SKG(22),SXU(22>,X(22),XU(22)CAS19500
5:DUPrAl/ IEW(IO1.ILAST(10).IMON(10),IANY(10),IZERO(10) CAS19510
5,JGP9UP(10).KADSOP(10),KSC'LVE(10),KRS(10),RELAX(10),RSREF(10) CAS19520
5, PSSUM( 10).I TITLE (10) CAS19530

CD'MON CAS19540
6/uO/CCHECK.DPFLDwPC,FLO:NSTFLOwUP,GREAT,ILINE.IPLRS,IPREFIPRINT CAS19550
6,ISTEP ,IX,IX1NY.IX1NY1,IX2NY2.XMON,IXP1.IXPREF,IYMON.4YPREF CAS19560
6,ErJ,JH.JLAST.JL!MI.JLI'.2.!LIM3,JLIM4,JP,JPP,JRHO CAS19570
6,.jU. jv.JVP1.KINPPI.K r.PA.VJrAD,KRHOMU,KTEST,LABPHI CAS19580
6.LLASTE P,LINELF*.LINE L .Nr-Q'4EQP1 CAS19590
6,N0DEF,NDEF1,NODEL,t4ODEL1,NODLP1,NTDMA, NUMCOL CAS19600
6,NX.NXIAAXNXA1 ,NX--2,NXYG,NXYP, NXYU,NXYV CAS19610
6,NYNYflAX.NY"1,JYM2,PRS--HEK. RSMAX.TINYCAS19620
CCLO.SN/PflCP/E.URE.F PRL(10),PRT(10),RHOREF CAS19630
CD'.tM.CN/D2D1/ASL(22,10),RSLINE (22,10) CAS19640
C0.-'N/D2D2/U(462),V(462),TKE(484),TED(484),H(484),PP(22),P(400) CAS19650

7,FHO(4 04) ,EMU(484) CAS19660

7.INLY(10).IOUTi;O),KIN.KOUT,RELTKE,RELTED,ISTCH CAS19670
Cm.-uN CAS19680

9/TURE C1.C2.CD,SRTCD.CD25,ECCNST,CTAUTW,CYPTW,TAUTW1(22) CAS19690
9,TAUTW2(22), YPUSTI(22).YOUST2(22) CAS19700
9,TAULW(22).XPuSLw(22),CTAULW.CXPLW CAS19710
9.CEK(22),FACTKE.FACTED.JTKETED,CAPDA CAS19720
9,INLY1.INLY2.I0UT1IC0UT2,11M1,12P1,I3M1,14P1 CAS19730
CO1.",N/ABC/AREAE CAS19740
DIJMESJIN F(3766) CAS19750
DIWENSION DIFS(22).EMUS(22),HCONS(22),RHDS(22) CAS19760
EQUIVALENCE ''"FS-2),DIFN(1)), (EMUS(2),EMUN(1)) CAS19770
EQUIVALENCE ( JS!2).RHON(1)), (AREAE,AREAW) CAS19780
EQUIVALENCE (HCCNS(2),HCONN(1)) CAS19790
EQUIVALENCE (F(1),U(1)) CAS19800

C'
4~h
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DIMENSION A(22),B(22) CAS19810
EQUIVALENCE(A(1).AN(1)),(B(1),AS(1)) CAS19820
JPHI=LPHI CAS19830
IF(JCELL.EO.JU) GO TO 10 CAS19840
IF(JCELL.EO.JV) GO TO 20 CAS19850
GO TO 30 CAS19860

C ------------------------CELL-WALL PROPERTIES FOR U-CELLS CAS19870
10 CONTINUE CAS19880
CCMMENT...AEAW,AN.AS ARE USED AS TEMPORARY STORAGES, VALUES THERE CASI990
CDMMr.ENT...SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SUBROUTINE CAS19900
C----------------------- INDICES TO ACCOUNT FOR EFFECTS OF ENDS CAS19910
C----------------------- BOUNDARIES (EAST AND WEST) CAS19920

LE=O CAS19930
LW=0 CAS19S40

.IF(x.EO.2) LW=NY CAS19950
IF(IX.EO.NXM2) LE=NY CAS19960

C ------------------------EAST AND WEST WALLS CAS19970
ICOrST=IX1NY+IZERO(JPHI ) -LW CAS19S80
NY LE=NY+LE CAS19990
DO 11 IY=NODEF.NODEL CAS20000
I=IY-I CONST CAS20010
IE=1+NYLE CAS20020
AW( IY)I=F(I) .AS20030

11 AE(IY)=F(IE) CAS2004O
C ------------------------NORTH AND SOUTH WALLS CAS20050

IINODEF1+1CONST CAS20060
J E=1+NYIL E CAS20070
AS(NODEF)=0.5*(F(I)+F(ZE)) CAS20080
IF(NODEF.GT.2) AS(NODEF)=0.25*(AE(NODEF)+AW(NODEF))+0.S.AS(NODEF) CAS20090
DO 12 IY=NODEF,NODEL1 CAS20100
ZYPl Y+1 CAS20110

12 ANFIY)=0.25.(AE(IY)+AW(IY)+AE(IYP1)+AW(IYP1)) CAS20120
C----------------------- AN FOR LAST CELL CAS20130

IN=NODEL+1+lCCNST CAS20140
iNE=lN+NYLE CAS20150
A(TDEL=O.5.(F(IN)+F(INE)) CAS20160
IF(NODEL.LT.NYM1) AN(NODE-L)=0.25v(F(IN-1)+F(INE-1))+0.5*AN(NODEL) CAS20170
RETURN CAS20180

C ------------------------CELL-WALL PROPERTIES FOR V-CELLS CAS20190
20 CONTINUE CAS20200
CO%.MMENT...AEAWANAS APE USED AS TEMPORARY STORAGES, VALUES THERE CAS20210
COMMENT...SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SU3ROUTINE CAS20220
C ------------------------FACTORS TO ACCOUNT FOR EFFECTS OF END CAS20230
C---------------BOUNDARIES (EAST AND WEST) CAS20240

BWW=0.25 CAS20250
EEW=0. 25 CAS20260
IF(IX.EQ.2) BWW=0.5 CAS20270
IF(IX.E0.NXM1) BEW=0.0 CAS20280
6,wE=0. 5-BINW CAS20290
BEE=O. 5-BEW CA520300
C---------------------- EAST AND WEST WALLS CAS20310
ICONST =IX1NY+IZERO(UPHI) CAS20320
DO 21 IY=NODEF,NODEL1 CAS20330
I=IY+iCONST CAS20340
lN=I+1 CAS20350
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IW=I-NY CAS20360

INW=IW+1 CAS20370
IE=I4NY CAS20380
INE=IE+1 CAS20390
FPN=F(-I)+F( IN) CAS20400

AW(IY)=BW*(F(IW)+F(INW))+BWE*FPN CAS20410
21 AE(IY)=eEWeFPN+3EE*(F(IE )+F(INE)) CAS20420
C-----------------------NORTH AND SOUTH WALLS CAS20430

I=NODE F1+ICONST CAS20440
AS(IODEF)=F( I) CAS20450
IF(NODEF.GT.2) AS(NODEF)=F(I+1) CAS20460
N2=NODE LI-i CA520470

ICONSIT=1+1 XlNY+IZERO(JPHI) CAS20480
DO 22 IY=NODEF.N2 CAS20490
IN= Y+ICONST CAS20500

22 AN(IY)=FIlN) CAS20510

C ------------------------AN FOR LAST CELL CAS20520

INN=NDDEL+ICONST CAS2C530
A14(JODELlI)=F (INN) CAS20540
IF(NODELI.LT.NYM2) AN(NODEL1)=F(INN-1) CAS20550
RETURN CAS20560

C----------------------- CELL-WALL PROPERTIES FOR G-CELL CA520570

30 CONTINUE CAS20580
COMMENT...AE.AW,ANAS ARE USED AS TEMPORARY STORAGES, VALUES THERE CAS20590
COMIAMEN1...SHOULD BE APPROPRIATELY TRANSFERRED IN THE CALLING SUBROUTINE CAS20600
C----------------------- FACTORS TO ACCOUNT FOR EFFECTS OF END CAS20610

C----------------------- BOUNDARIES (EAST AND WEST) CAS20620

BW=0. 5 CAS20630
BEW=0.5 CAS20640
1F(IX.EO.2) BWW=1. CAS20650
IF(IX.fO.NXM1) BEW=0. CAS20660
PIE =I.- B WCAS20670
BEE=1.-BEW CAS20660

CALL FOUR CELL WALLS CAS20590

ICC NST=I%1NY+IZERO( JPHI) CAS20700
I=NODE F1+ICONST CAS2071 0
AS(NODEF)=F( I) CAS20720
IFiNDJEF.GT.2) AS(NODEF)=O.5*(F(I)+F(I+1)) CAS20730
DO 31 IY-NODEF,NODEL CAS20740

1=ZY+ICCNST CAS20750
IN=I+1 CAS20760
IE=14NY CAS20770
1WrI-NY CAS20780
AN(IY)=0.5*(F(t)+F(IN)) CAS20790

AV.'(iY)=BWW-F(IW)+EWE'F(I) CAS20800

31 AE( IYl=BEW*F(I )+iEEF(IE) CAS20810
IF(NODEL.LT.NYM1) RETURN CAS2CB20

C ------------------------CORRECT AN FOR THE LAST CELL CA520230
1P=t40DEL+ICONST CAS2040

ANI(ODEL)=F( IN) CAS2050
RETUP14 CA520860
END CAS20870

SUBROUTINE SOLVE(LPHI) CAS2OE80

COc.'ON CAS2090
1/CASE1/U!NLETFLOWIN,RPIPE,XPIPEFXSTEPHINLET,HWALL CAS20900
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2/DNY/ DYG(22).DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS20910
2,RSYG(22),RSYV(22),RV(22) ,RVCB(22),SYG(22),SYV(22),Y(22),YV(22) CAS20920
3/DNYONXAE(22).AN(22).AP(22).AS(22),AW(22).C(22).D(22),DIFE(22) CAS20930
3.DIFN(22),DUW(22), DIFW( 22),DU(22),DV(22), EMUE(22),EMUN(22) CAS20940
3 ,EMLW(22),HCONE(22).HCOIJN(22), HCONW(22) CAS20950
3,PHIOLD(22),PRrOE'22),PHON(221, RHOW(22),SP(22),SU(22) CAS20960
3,VCLUMF(22).CGN:4m22),CONS(22),CONE(22),CONW(22),ESMPHI(22) CAS20970
4/DNX/ DXG(22).DXUI 22).FU(22),FUNODE(22),KOUNT(22),RDXG(22) CAS20980
4,RDXU(22),RSXG(22),RSXU(22),STORE(22),SXG(22),SXU(22)LX(22),XU(22)CAS20990
5/DJPHI/ IEW (1C),ILAST(10).,IMON(1O),IXNY(10),IZERO(10) CAS21000
5,JGPOUP(1O),KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) CAS21010
5.PSSUM(10).IITLE(10) CAS21020
COM.1MN CAS21030

6/0,/CCHECK.DP.FLOwPCFLOa&ST,FLCWUP,GREAT,ILINE,IPLRSIPREF,IPRINT CAS21040
6,ISTEP ,IX.IX1NY..X1NY1,IXZN(2,IXMON.IXPi,IXPREF,IYMONIYPREF CAS21050
6,UEMUJH.JLAST.JLI!.1,JL.142.JLIM3,JLI17,,JP,JPP,JRHO CAS21060
6,uU,uVJVP1.KINPRIKMPA,KRAD,KRHOMU,KTEST,LABPHI CAS21070
6.LASTEP.LINEF.LINE L.NEO, :aCP1 CAS21080
6.NODEF,NOCEF1.NODEL.NODEL1.NODLP1,NTDMA,NUMCOL CAS21090
6.NXNXSSAX.NX M1.,NV-2.NXYG ,NXYP, NXYU,NXYV CAS21100
6,NYYWAX,NYM1,N(M2.PI,RSCHEK, RSMAXT1NY CAS21110
C ,l'2N/PHO1'/E'ruREFPRL(10).PRT (10),RHOREF CAS21120
CY;.O?/2D1/A3L(22, 10), RSL.1NE (22,10) CAS21130
C.;2DN/DC2/Uv0G2 ,(462),TKE(484),TED(484),H(484),PP(22),P(400) CAS21140

7.F10(454),EMU(464) CAS21150
7,ANLV(10).IOUI(10),KIN.KOUTRELTKERELTED,ISTCH CAS21160
'*COM.ON CAS21170
9/luRB/CI.C2.CD.SQWTCD.CD25,ECONST,CTAUTW.CYPTW,TAUTWI(22) CAS21180
9.TAUTW2(22),YPUST1(22).Y'UST2(22) CAS21190
9,TAULWi22).XPUS..'(22),CTAULW,CXPLW CA521 200
9."EN1(22),FACTKE,FACTEDJTt'KE,JrED.CAPPA CAS21210
9,INLiy, 1NLY2 ,lOUT 1, ]OUT2 ,1I1Mhi, 12P1, I3M1 ,14P1 CAS21220
COtNONA/ABC/AREAE CAS21230
DIMEtS IDN F 3766) CAS21240
Ell:ENSION DIFSt22),EMUS(22),HCONS(22),RHOS(22) CAS21250
EQUIVALENCE (DIFS(2).DIFN(1)), (EMUS(2).EMUN(1)) CAS21260
EQUIVALENCE (RHS(2),RHON(1)), (AREAEAREAW) CAS21270
EQ!VALENCE (HCONS(2),HCONN(1)) CAS21280 -
EQUIVALENCE (F(i),U(1)) CAS21290
D;MENSZN A(22),B(22) CA521300
FQUIVALENCE(A(1).AN(1)),(B(1),AS(l)) CAS21310

COMMENT...... A AND 8 HAVE BEEN MADE EQUIVALENT TO AN, AS RESPECTIVELY CAS21320
JPUI=LPHI CAS21330
RRELAX=1./RELAX(JPHI) CAS21340
RELAX1=1.-RELAX(JPHI) CAS21350
KSPHI=KRS(JPPHI) CAS21360
ICOTST=INY(JPHI)+IZERO(UPHI) CAS21370
IEWPHI=IEW(UPHI) CAS21380
NCDE2=NODEL CAS21390
IF(JPHI.EQ.JV) NODE2=NODELI CAS21400
NF2=NODEF+NODE2 CAS21410
A(NODEF I)z0.0 CAS21420
C(NODEF1 )=PHIOLD(NODEF1) CAS21430

C----------------------- FOR Y-DIRECTION TDMA TRAVERSES CAS21440
IF(J2HI.NE.JPP) GO TO 12 CAS21450

-Jmmi
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C ------------------------FOR P' EQUATION ONLY
DO 11 IY=NODEF.NODE2
IYM1=IY-1
D(IY)=AE(IY)+AW(IY)+AN(IY)+AS(IY)-SP(IY)+TINY
C(IY)= SU(IY)
TERM=1 ./(D(IY)-B(IY)*A(IYM1))
A(IY)= A(lY)* TERM

11 C(IY)= (C(IY)+C(IlM1)*B(IY))*TERM
C---- BACK SUBSTITUTION FOR P'

DO 111 IY=NODEF,NODE2
IYBACK=NF'4-IY
PHJOLD(IYBACK)=A(IYBACK)+PHIOLD(IYBACK+1)+C(IYBACK)

111 PP(IYBACK)=PHIOLD(IYBACK)
RETURN

12 IF(PELAX(JPHI).EQ.1.) GO TO 13
C ------------------------FOR PHI WITH RELAX. FACTOR .NE. 1

DO 14 IY=NODEF,NODE2
iYV1=1 Y-1
I=IY+1CONST
IE=i+IVWPHI
Iw= I-I EWPI
AP('IY)=AN(IY )+AS(IY)+AE(IY)+AW(IY)

SU( I Y)=SU(I Y )+AE( I Y) *F(IE)+AW( IY) *F( IW)
C ------------------------STORE AN IN STORE FOR RESIDUAL-SOURCE CAL.

ST04E( IY)=AN(IY)
C ------------------------INCLUDE RELAXATION FACTOR IN TDMA COEFFICIE

-0(I11= (AP(IY )-SP(IY))*RRELAX+TINY
C(IY)=SU(IY)+RELAXI-'D(1IV )'PHIOLD(IY)

C- ------------------------MDIFY TDMA COEFFICIENTS FOR BACK SUBST1TU
1ERM=1./(C(IVY)-B(IV)*A(IYMI))
A(IY)=A(lY)- TERM

14 C(!Y)= (C(IY)+C(IYM1 )*B(IY))*TERM
GO70 110

C ------------------------FOR PHI --- NO RELAXATION

13 DO 18 IY=NODEFNODE2
IY':1=lY-4

I=IY+I CCNST
IE=-1E.-PHI
IW=I-1EwPH1
AP(IY)=AN(IY)+AS(IY)+AE(IY) )AW(IY)

SU(IY)=SU(IY )+AE(IY) eF(IE)+AW(IY)*F(IW)
C----------------------- STORE AN IN STORE FOR RESIDUAL-SOURCE CAL.

STORE( IY)=AJ(IY)
D(IY)=AP(IY)-SP(IY)+TINy
C(IY)=SU(Iy)

C-----------------------MODIFY TDMA COEFFS. FOR BACK SUBSTITUTION
TERM=1.,(IC(Y)-B(IY) *A (IYM1))
A I Y)= A(IY)-a ERr.m

18 C(IY)= (C(IY)+C(IYMI )*B(IY))*TERM
110 IF(KRSPHI.EO.O) GO TO 120

------------------------ PESIDUAL-SCURCE CALCULATIONS

DO 115 1Y=NDDEF,NCDE2
IF(SP(IY).LE--l.E20) GO TO 115

RS=(AP(IY)-SP(IY))OPHIOLD(IY)-SU(IY)
I -STORE(IY)*PHICLD(IY+1)-AS(IY)*PHIOLD(IY-1)

ENT

TICi

CAS21460
CAS21470
CAS21480
CAS21490
CAS21500
CAS21510
CAS21520
CAS21530
CAS21540
CAS21550
CAS21560
CAS21570
CAS21580
CAS21590
CAS21600
CAS21610
CAS21620
CAS21 630
CAS21640
CAS21E50
CAS2160
CAS21670
CAS21680
CAS21690
CAS21700

S CAS21710
CAS21720
CAS21730

N CAS21740
CAS21750
CAS21760
CAS21770
CAS21780
CAS21790
CAS21800
CAS21810
CAS21820
CAS21530
CAS21640
CAS21850
CAS21860
CAS21670
CAS21860
CAS21890
CAS21900
CAS21 910
CAS21920
CAS21930
CAS21940
CAS21950
CAS21960
CAS21970
CAS21S80
CAS21990
CAS22000

co
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115 RSLINE(IX.JPHI)=RSLINE(IXJPHI)+RS CAS22010
C-----------------------: BACK SUBSTITUTION IN TOMA OPERATIONS CAS22020
120 DO 100 lY=NODEF.NODE2 CAS22030

IYSACK:UF2-I Y CAS22040
?H!DLD(IYDACK)=A(IYBACK)4PHIOLD(IYBACK+1)+C(IYBACK) CAS22050
1=IYBACK41CONST CAS22060

100 F(I)=PH]DLD(IYBACK) CAS22070
C ------------------------MODIFY DU AND DV FOR NON-UNITY D(IY) CAS22080

IF(JPHI.NE.JU) GO TO 102 CAS22090
DO 103 IY=NODEFNODE2 CAS22100

103 DU(1Y)=DU(IY )/D( if) CAS22110
RET UN .CAS22 120

102 IF(JPHI.NE.JV) RETURN CAS22130
DO 106 It=NODEF,NODE2 CAS22140

106 DV(IY)=DV(IY)/D(IY) CAS22150
RETURN CAS22160
E1ND CAS22170
SUOROUTINE PRINT(LPHI) CAS22180
COSMON CA522190
1/CASE1/UNLET.FLO.IN.RPIPE,XPIPE,FXSTEP,HINLET,HWALL CAS22200
2/C1rY/ DYG(22).D(v(22),FV(22).FVNODE(22).R(22),RDYG(22),RDYV(22) CAS22210
2.RSYG(22),RSYV(22),RV(22),RVCB(22),SYG(22),SYV(22),Y(22),YV(22) CAS22220
3/D'JYONX/AE(22),A N(22).AP(22),AS(22).AW(22)C(22),D(22),DIFE(22) CAS22230
3,D0FN(22),DU(22). DIFW(22),DU(22),DV(22),EMUE(22),EMUN(22) CAS22240
3 .ETU.(22),HCoNE(22),HCONN(22), HCONW(22) CAS22250
3.PHIOL D(22). RHOE{22).RHON(22), RHOW(22)9,SP(22) , SU(22) CAS22260
3.vCLU'.E(22).CCr'NN22)CON3(22).CONE(22).CONW(22),ESMPHI(22) CAS22270
4/D~X/ DxG(22%),DXU22),FU(22),FUNODE(22),KOUNT(22),RDXG(22) CAS22280
4,RDXU(22).RSXG(221,rSXU(22).STORE(22).SXG(22),SXU(22),X(22),XU(22)CAS22290
5/DJPHI/ IEW(10),ILAST(10),IMON(10).IXNY(10),IZERO(10) CAS22300
5,JGROUP(10).KADSOR(1O),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) CAS22310
5,RSSUjM(10).I TITLE 10) CAS22320
CM,4NCAS22330

6/DO/CCHECK.DP.FLOWPCFLOSTFLO,UPGREAT.I LINE,IPLRS,IPREF,lPRINT CAS22340
6,ISTEP .lX,!X1NY.IX1NY1,1X2NY2,IXMON.IXPIIXPREF,IYMON,IYPREF CAS22350
6,jEMU.djH.dLAST.JLI 1,JL 2,JLI3,JLIM4.P,JPP,JRHO CA22360
6.JU,Jv.UVP1.KINPRIvK MPAKRAD.KRHOMU,KTEST,LABPHI - CAS22370
6.LASTE PLINE F.L1NE L .NEQ, NEOP1 CA522280
6,NODEF,N0nEF1.NODEL.NDEL1.NODLP1,NTDMA,v1UMCOL CAS22390
6.NX,NXM AAX,NXM1,N 22.NXYGNXYP,NXYUNXYV CAS22400
6,NY.NYMAX,NYMINYM2.PIRSCHEK,RSMAX,TINY CAS22410
CCW.?'lCNPPOP/EMJREF, PRL(10), PRT (10).RHCREF CAS22420
CO7-1ON/D2W1!/ASL(22.10),RSLIJNE(22.10) CAS22430
Cr'::D/2D2!U462),V(462)TKE(44),TED(484),H(484),PP(22),P(400) CAS22440

7,9HU(484).EMU(484 1CAS22450
7,11Ly(10),IOUT(10),KIN,KOUT.RELTKE,RELTED,ISTCH CAS22460
CD1ON CAS22470
9/TURB/C1,C2,CDSORTCD,CD25,ECONST,CTAUTWCYPTWTAUTWI(22) CAS22480
9.TAUIw2(22).Y-USTI(22),YPU3T2(22) CAS22490
9,TAULA4(22).K ELW 22) ,CTAULW.CXPLW CAS22500
9,GENK(22),FACTKE.FACTEDJTKEJTED,CAPPA CAS22510
9, 11 LY1,1NLY2.'OUTi1,IUT2 .11i,12P1 ,13M1 ,14P1 CAS22520

COIMON /ABC/A REAE CAS22530
DIWENSION F(3766) CAS22540
DIMENSION DIFS(22),EM-USS(22),HCONS(22),RHOS(22) CAS22550
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EQUIVALENCE (DIFS(2),DIFN(1)), (EMUS(2),EMUN(1))
EOUIVALENCE (RCHS(2),RHON(1)), (AREAEAREAW)
EOUIVALENCE (HCCNS(2),HCONN(1))
EQUIVALENCE (F(1),UL1))
DIW-mENSION A(22),B(22)
EOUIVALENCE(A(1),AN(1)),(B(1),AS(1))

CHAPTER 1 1 1 1 PRELIMINARIES 1 1 1 1 1
JPHI=L PHI
lF(JPHI.EO-JP) GO TO 12

C---------------------------------------FOR ALL PHI'S EXCEPT P
KOLUM1=1
KOLUM2=NUMCO L

10 LITIIT1=KOLUMI
LIlIT2=KOLUM2
LTOPzI Ew(JPHI)
LBOT=1
IF(JPHI.NE.JU) GO TO11

C -------------------------------------------------- FOR U
IF(LIMIT1.GT.NXM1) LIMIT1=NXM1
IF(tIMIT2.GT.NXMI) LIMIT2=NXMI
GO TO 20

C-------------------------------------------------FOR OTHER PHI'S
11 IF(LIMIT1.GT.NX) LIMIT1=NX

IF(LIMIT2.GT.NX) LIMIT2=NX
GO 10 20

C----------------------FOR P
12 KOLUM1l=2

KOLUM2 =NLMCD L+1
13 LIMIT1=KOLUM1

LIMIT2=KLC.U IJM
IF(LlMII'.GT.NXMI) LIMIT1=NXM1
I F(LI.11T2. GT.NXM1 ) LlMI T 2=NXM1
LTOP=NYe'Ml
LBOT=2

CHAPTER 2 2 2 2 PRINT TITLE OF VARIABLES 2 2 2
20 CONTINUE

WRITE( 6,9999)
WRI1E(5,200) ITITLE(dPHI),ITIT LE(JPHI)

200 (oMA1(!1X,l1SFIELD VALUES OF ,1X, 14, 2X,22(1H-),14,22( IH-))
CHAPTER 3 3 3 3 PRINT FIELD VALUES 3 3 3 3 3

DO 39 II(=LBOTLTCP
IY=LTOP-IIY+LEOT
DM) 30 IX=LIMiT1,LIMIT2
IF(JPHI-JU) 301,31,301

301 Ir(JPH1-dV) 302,32,302
302 ]F(JPHI-JP) 303,33,303
303 CONTINUE
31 I=IY+(IX-1)*NY

GO TO 3000
32 I=iYAIX-1)NYM1

GO TO 3000
33 I=IY-1+tIX-2)*NYM2
3000 I=l+IZERO(JPHI)
30 STORE(IX)=F(i)

IF(JPHI-JV) 310,311,310

CAS22560
CAS22570
CAS22580
CAS22590
CAS22600
CAS22610

I CAS22620
CAS22G30
CAS22640
CAS22650
CAS22660
CAS22670
CAS22680
CAS22690
CAS22700
CAS22710
CAS22720
CAS22730
CAS22740
CAS22750
CAS227G0
CAS22770
CAS22780
CAS22790
CAS2200
CAS22810
CAS22820
CAS22830
CAS22840
CAS22850
CAS22860
CA522870
CAS2298-0
CAS22390

2 2 CAS22900
CAS22910
CAS22920
CAS22930
CAS22940

3 CAS22950
CAS22960
CAS22970
CAS22980
CAS22990
CAS23000
CAS23010
CAS23020
CAS23030
CAS23040
CAS23050
CAS23060
CAS23070
CAS23080
CAS23090
CAS23100
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310

311
39

320

321
360

C----
350

3100
3101
3102
3103
9S99

CONVERSATIONAL MONITOR SYSTEM

WRITE(6,3100) IY,Y(IY),(STORE(IX),IX=LIMITILIMIT2) CAS23110
GO 7O 39 CAS23120
WRI.TE(6,3101) IYYV(IY),(STORE(IX),IX=LIMITILIMIT2) CAS23130
COWTINUE CAS23140
IF(JPHI-JU) 320.321,320 CAS23150
WRITE(6,3102) (IX,X(IX),1X=LIMIT1,LIMIT2) CAS23160
GO TO SGO CAS23170
WRI1E(G,3103) (IX.AU(IX),IX=LIMIT1,LIMIT2)- CA323180
IF(JPHI.EQ.JU) GO TO 350 CAS23190
IF(JPHI.EQ.JP) GO TO 350 CAS23200

--------------------- FOR ALL PHI'S OTHER THAN U AND P CAS23210
IF(LIMIT2.EQ.NX) RETURN CAS23220
KOLUU1=KOLUM 1+NU'ACOL CAS23230
KOLU-2 =KULLM2+NUMCOL CAS23240
GO TO 10 CAS23250

----------------------- FOR U AND P CAS23260
IF(LIMIT2.EO.NXM1) RETURN CAS23270
KIEU' 1KOLUM I+Nt1C0L CA323260
gQOtUo2"OLIM2+NU ZOL CAs23290
IFJP HI.EO.JU) GO TO 10 CAS23300
GO TO 13 CAS23310
FOR'AT(IX,1X,ZHY(,I2,2H)=,1PE9.3,4A.,10(IPE9.2,1X)) CAS23320
F',1AT ( X,,3HYv ,12,2H)=,IPE9.3,2X,10(lPE9.2,1IX)) CA523330
FOiMT(/5X.5HX(IX). 9X,10(12,1H=,F6.2.1X)//) CAS23340
FOt.tD.AT(/,5X,SHUIIX), 8X,10(12,lH=,F6.2,IX)//) CAS23350
r^. MAT(/1X,5GH( 1 = U, 2 = V, 3 H, 4 = PP, 5 P, 6 = RHO, 7 a ECAS22260

10L' )/) CAS23370
RETURN CAS23380
END CAS23390
SUEROUTINE TEST CAS2300
COf:lCN CAS23410
1/CASE1 /UIJNLETFLOWINRPIPE.XPI :E.FXSTEPHINLET,HWALL CAC23420
2/ONYf! DYG(22),DYV(22).FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) CAS23030
2,RSYG(22),R5YV'22),RV(22).,RVCB(221.SY3(22),SYV(22),Y(22)1YV(22) CAS23440
3/DNYONX/AE(22).AN22),AP('22).AS(22).AW(22).C(22),D(221,01FE(22) CAS23450
3,DIFN(22),DUW(22), DIFW(22),0U(22),DV(22) ,EMUE(22),EMtUN(22) CAS23460
3 ,EllUTW(22,HCONE(22).HCONN(22), HCONW('22) CAS23470
3.PH10OLD2 RHZE(22),RHO'(22), RHOW(22),SP(22).SU(22) CAS23480
3,VOLUMr(22).CNN(22),CONS462), CONE(22),CON22)ESMIPHI(22) CAS23490
4/!r-X/ DXG(22),DXUt22),FU(22).FUNODE(22),KOUNT(22),RDXG(22) CAS23500
4.PDXU(221.RS YG(22i,RSxU(22),STORE(22),SXG(22).SXU(22),X(22),XU(22)CAS23S10
5/DJPHI! IEW(10),1 AST(10).IMON(10),IXNY(10),IZERO(10) CAS23520
5,JGROUP(10),KADSOR(10),KSOLVE( 1O),KRS(10),RELAX(10),RSREF(10) CAS23530
5.PSSUM(0),ITITLE(10) CAS23540
CO1.iMON CAS23550

6/DD/CCHECK.DP.FLOWPC,FLOwST,FLOwUP,GREAT,ILINEIPLRS,1PREF,IPRINT CAS23560
6,!STEP ,IXINY,IX1NY1,1x2JNY2.IXWN.IXP1,1XPREFIYMONIYPREF CAS23570
6,EUU, JH.JLAST.JLIM1JLIr.2.JI3,0L0.3,JP,JPP,JRHO CAS23580
6,JUuVJVP1,KINPRI.K.PAK;AD.KRHOYUKTEST.LABPHI CA523590
6.LASTEP,LINEF,L-IEL,NEOJEOP1 CA523E00
6,NODEF.NODEF1,NODEL.NODEL1,NOOLP1,NTDMANUMCOL CAS23610
6, NX, NXMA X, NXM1 , NXM2, NXYG , NXYP, NXYU.NXYV CA523620
6,NY.NYMAX.NYM1,Nf7%2.PlRSCHEK,RSMAX,TINY CAS23630
CO.rODN/PROP/EMUREF ,PRL(10),PRT (10) ,rRHOREF CA23640
COMMON/02D1/ARSL(22,10), RSLINE (22,10) CAS23650
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COrIN/D2D2/U(462).v(462)TKE(484),TED(484),H(484),PP(22),P(400) CAS23660
7,RO (484).EMU(484) CAS23670
7,INLY(10),10UT(10),KIN,KOUTRELTKE,RELTED,ISTCH CAS23680
COMlON CAS23690
9/IURB/C1.C2,CDSQRTCD,CD25.ECONSTCTAUTW,CYPTWTAUTWi(22) CAS23700
9,TUTW2(22),YPUST1(22).YPUST2(22) CAS23710
9.TA.ULW(22).XP'SLAI22),CTAULWCXPLW CAS23720
9,GENK (22),FACTKE.CACTED,UTKEJTEDCAPPA CAS23730
9,ILY1.INLY2,IOUT1,10UT2,11M1,12P1,13M1,I4P CAS23740
COt'0DN/ASC/AREAE CAS23750
DIT.MENSION Ff3766) CAS23760
DIMESJO4 DlFS(22),EMUS(22),HCONS(22),RHOS(22) CA523770
EQUIVALEN'CE (DFS(2),DIFN(1)), (EMUS(2),EMUN(1)) CAS23780
EOUIVALENCE (RI2),RHO (1)), (AREAEAREAW) CAS23790
E'U!VALEJCE (HCCNS(2),HCONN(1)) CAS23600
EQUI VA LENCE (F(1),U(1)) CAS23810
D-IENSION A( 22).3(22) CAS22820
EQUIVA LENCE(A(1),IANI1)), (B(1)9 AS(1)) CAS23830

CHAPTER 1 1 1 1 PRINT-OUT FOR LEVEL I ONWARDS 1 1 1 1 1 CAS23840
C------------------------------ GEOMETRICAL QUANTITIES RELATED TO GRIDCAS23850

ENTRY TEST 11 CAS238G0
WPITEIG;200) KIEST CAS23570

200 FOr.AT(/1X2GHDIAGNOSING PRINT-OUT IEVELI4,2X,30(1H-)) CAS23880
WPITE(G,201) (K.X(K).DXG(K),SXG(K),K=1,NX) CAS23890

201 FORMAT(/1X.2HIX.1x,10H XI0H DXG,10H SXG/ CAS23900
1(1.(,12.1X,1P3E10.2)) CAS23910
WRITE(6,202) (KxU(K),DXU(K),SXU(K),FU(K),FUNODE(K),K=1.NX) CAS23920

202 FOrrMAT(/1X.2HIX,1X,10H XU,10H DXU,10H SXU, CAS23930
1 ICH FU,10H FUNODE/(1X,12,1X,IP5E1O.2)) CAS23940
W:PITE(6.203) (K.Y(K),R(K),DYG(K),SYG(K),K=1,NY) CA323950

203 Fo;MAT(/iX,2HIY,1X.!0H Y.10H R,10H DYG, CAS23960
1 10H SYC/(1X,12,1X.,IP4E1O.2)) CAS23970

WRITE(6,204) (KYV(K),RV(K),RVCB(K),DYV(.),SYV(K),FV(K), CAS23980
I FVNODE(K),K=1.NY) CA323990

204 rORMAT(!1X,2HY,1X,10H YV,10H RV,10H RVCB, CAS24000
1 10H DYV,1OH SYV,10H FV,1OH FVNODE/ CAS24010
2(1X,12,1X,1P7E10.2)) CAS3020
REI UPN CAS24030

C------------- -------------------- VARIABLE INFORMATION CAS24040
ENTRY TEST12 - CAS24050
WRITE(6.300) CAS240RO

300 FORMAT(//1X.30HDEPENDENT VARIABLE INFORMATION,20(1H-)/) CAS24070
WRITE(6,9999' CAS24C80
WPITE(6,301) NEQ.(ITITLE(K),K=1.NEQ) CAS24090

301 FORMAT(/IX.4HNEO=, 14,1X,5(1H-),20(l4,1H,,1X)) CAS24100
IF(KSOLVE(JPP).EQ.0) GO TO Z8 CAS24110
V1ITE(6,30C2) CAS24120

302 FOR.AT(1X,14X.44HPRESSURE CORRECTION EOUATION IS ALSO SOLVED.) CAS24130
38 WRITE(6,303) CAS24140
303 FORMAT(/1X,4H J .4HUPHISH JGROUP,6H KSOLVE,BH KADSoR. CAS24150

1 8 KRSSH RELAX,8H IZERO,8H ILAST,8H IEW) CAS24160
'.2TE( 6,304) (K,ITITLE(iKG).CGROLP(X).KS0LVE(K),KADSOR(K), CAS24170

1 KRS(K).RELAX(K),IZEPOEK),ILAST K),IEW(K),K=1,JLAST) CAS24180
304 FOflMAT(lX, 12,2X, i4,4JBF8.2.3I) CAS24190

WRITE(G,305) tLIMI,JLIM2,JLIM3,JLIf4 CAS24200

PAGE 044

N)



C I U (!Y>

-FILE: CASE005 FORTRAN A CONVERSATIONAL MONITOR SYSTEM PAGE 045

305 FORMAT(/IX,BH JLIMI,8H JLIM2,8H JLIM3,8H JLIM4/1X,4&8) CAS24210
9999 FORMAT(/IX,E6H( 1 = U, 2 a V, 3 a H, 4 v PP. 5 a P, 6 = RHO, 7 a ECAS24220

IMU )/) CAS24230
RETURN CAS24240

C-------------------------------------- INITIAL VALUES IN FIELD CAS24250
ENTRY TEST 13 CAS24260
j1=1 CAS24270
IF(KINPRI.GT.O) Ji=JP CAS24280
DO 521 UPHI=d1,JLAST CAS24290
IF(JPHI.EQ.JPP) GO TO 521 CAS24300
CALL PRINT(JPHI) CAS24310

521 CONTINUE CAS24320
RETURN CAS24330

CHAPTER 2 2 2 2 2 PRINT-OUTS FOR LEVEL 2 ONWARDS 2 2 2 CAS24340
C-------- STARRED VELOCITIES AND THEIR RESIDUAL SOURCES ON TDMA LINE CAS24350

ENTRY TEST 21 CAS24360
IFtKTEST.GT.2) GO TO 804 CAS24370
IF(LABPHI.EO.1) WRITE(6,803) IX,KOUNT(IX) CAS24380
IF(LABPHI.EQ.2.AND.IX.EQ.NXM1) WRITE(6,803) IX,KOUNT(IX) CAS24390

803 FORMAT(/IX,53(IH-),4H IX=,12.12H, KOUNT(IX)=,I3) CAS24400
804 ISYI1BL=1 CAS24 10

I(LABPHI.GT.JV) ISYMBL=0 CAS24420
K2=lEW(LABPHI) CAS24430
WRITE(6,9999) CAS24440
WPITE(G,600) IX.ISYM.BL,ITITLE(LADPHI),(PHIOLD(K),K=1,K2) CA224450

800 FO.IAT(/1X,3HIX=,12,IH,,1X.I1,1IH VALUES OF ,14,1H*,1P5El0.2, CAS24460
1 51/1X.24X.1P5EI0.2)) CAS21470
wR1TE(G,801) ITITLE.LABPHI),IX,RSLINE(IX.LABPHI) CAS24480

801 FORMAT(1X,38HALGEERAIC SUM OF RESIDUAL SOURCES OF ,14,6HAT IX=, CAS24490
1 12,4H IS,10x,1PE10.2) CAS24500

9998 rCRMAT(/1X,56H( 1 = U, 2 = V, 3 = H. 4 = PP, 5 = P, 6 = RHO, 7 a ECAS24510
IMu ) CAS24520
RETURN CAS24530

C----------------------- MEAN-PRESSJRE-CORRECTION -QUANTITIES CAS2I540
ENTRY TEST 22 CAS24550
Wr.ITE(G.1090) IX,FLOWUP,FLOWST,OP CAS24560

1080 F-'t-AT (/1X.3HIX=,I2,5H.....,7HFLOWUP,,7HFLOWST,,20HMEAN-P CORRECTlCAS24570
1ON =,1P3E10.2) CAS24580

WRITE(6,1082) FLOWPC CAS24590
1082 FORMAT(IX,36HMEAN-PRESSURE CORRECTED FLOW RATE = ,BX,IPE1O.2) CAS24600

K1=1+IXINY CAS24610
K2=K1+NYMI CAS24620
WPITE(6,1081) (U(K).K=K1,K2) CAS24630

1081 FOM!.AT(1X.24H;TEAN-PRESS. C. U(1 - NY),1P5E10.2, CAS24640
1 5(/ix,24X.1P5E10.2)) CA524650

RETURN CAS24660
C----------------------- F'-CORRECTION QUANTITIES CAS24670

ENTRY TEST 23 CAS24680
WPITE(6,1C93) IX.RSLINE(IX,JPP) CAS24690

1093 FORMAT(/1X.42HALGEBRAIC SUM OF ERROR MASS SOURCES AT IX=,13, CAS24700
1 5H IS.14X.1PE10.2) CAS24710
wV:TE(6,1090) IX,(PP(K),K=1.NY) CAS24720

1090 FOR.MAT(/IX,3-ix=,12,2x,12HPP(1 TO NY) ,5X,1P5E10.2, CAS24730
1 5(/1X,24X.1P5Ei0.2)) CA524740
Ki=l+IXNY(JU) CAS24750
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K2=KI+NYMI1 CAS24760

wPITE(G.1091) IX,(U(K),K=K1,K2) CAS24770

1091 FORMAT(1X.3HIX=,I2,2X,17HPP C. U(1 TO NY) ,1PSE10.2, CAS2470

I 5(/IX.24X,1P5E0.2)) CAS24790

K1=1+IXNY(JV) CAS24800

K2=K1+NYM2 CAS24810

WRITE(6,1092) IX,(V(K).K=K1K2) CAS4820

1092 FORMAT(1X,3HIX=,I2,2X,17HPP C. V(1 - NYMI),IP5El0.2, CAS24830

I 5(/IX,24X.1P5E10.2)) CAS24840

RETURN CAS2450

CHAPTER 3 3 3 3 3 PRINT-OUTS FOR LEVEL 3 ONWARDS 3 3 3 3 CAS2480

C----------------------- COEFFICIENTS OF FINITE-DIFFERENCE EQUATIONS CAS24870

ENTRY TEST 31 CAS24080
IF(LABPHI.EO.1) WRITE(6,2030) IX,KOUNT(IX) CAS24890

IF(LABPHI.EQ.2.AND.IX.EQ.NXM1) WRITE(6,2030) IX,KOUNT(IX) CAS24900

2030 FORMAT(/X,53(1H-),4H IX=,12,12H, KOUNT(IX)=,13) CAS24910

WITE(6,9997) CAS24920

WSIT E( 6,2020) ITITLE(LABDHI) ,IX CAS2,1930

2020 FO,'AT (//1X,1HCOEFFIClENTS OF ,14,2X.17HEQUATION FOR IX =,14,2X,2CAS24940

l('jH-)//IX,2HIY.2X,10H AN,10H AS,10H AE, CAS24950

110H AW.10H SU,10H SP,10H PHIOLD) CAS249GO

WPITE(6,2021) tK,AN(K),AS(K),AE(K),AW(K),SU(K),SP(K),PHIOLD(K),KUICAS
2 4 970

INY) CAS24980

2021 FOWMA7T(1X ,12 .2X.,1P7 E10.2 ) CAS24990
9997 FQ-PAT(/1X,56H( 1 = U, 2 = V, 3 = H, 4 s PP, 5 = P, 6 = RHO, 7 a ECAS25000

191U )M) CAS25010

REIURN CAS25020
END CAS25030
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THE COMPUTER PROGRAM FOR PARTICLE COAGULATION



Symbols

CPART1 (I)

CPART10 (I)

OCP (J,I)

FF (I)

FFF (I)

COEN (I)

COES (I)

COEE (I)

COEW (I)

JCPI

JCPIO

DELT

STAN1

STAN2

STAN3

XCP (I,J)

MONTOR (I)

CPINP (I)

TIMEF

ACCOM

ALPH (I,J,K)
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Meaninfg

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

The number of particles in the I-th class of sizes at the
previous time step.

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

Array used to store the variables, OCP (J,I). FF (I) and
FFF (I) are made ecuivalent 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 particle sizes.

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

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

The variable which are made equivalent 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 particle numbe in I-th size class.

Final time step.

The accomodation factor for the particle coalescenc (now
taken as 0.3)

The coagulation factor between the I-th and the J-th class
particles at the grid point K.
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BLOCK DATA BLOO0010
COMMON BLOO0020
1/CASEl/UINLETFLOWIN.RPIPE,KPIPE.FXSTEPHINLET,HWALL BLO00030
2/DNY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) BLO00040
2,RSYG(22),RSYV(22).RV(22),RVCS(22).SYG(22,SYV(22),Y(22),YV(22) BLO00050
3/DNYONX/AE(22),AN(22),AP(22).AS(22),A'.-.(22),C(22),D(22),DIFE(22) SLOOC060
3,DIFN( 22) .DUW(22) , DIFW( 22),DU(22) , DV(22), EUE(22), EMuN(22) BLOCCO70
3 .EMUw( 22),HCONE(22),HCCNN(22), HCONW(22) BL00080
3,PHIOLD(22), RHOE(22),RK5oN(22), RHOW(22),SP(22).SU(22) BLO00090
3,VOLUME(22),CONN(22),CONS(22) CONE(.2).CONW(22),ESMPHI(22) BL00O100
4/DNX/ DXG(22).DXU(22),FU(22).FUNOE(22),KOUNT(22),ROXG(22) BLOO0110
4,RDXI(22)RSXG(22),RSXU(22),STORE(22),SXG(22).SXU(22), X(22),XU(22)SLo00120
5/DtJHI/ IEW( 10),1ILAST (10).:N(0) ,XN'( 10 ) ,IZERO(10) BLU00130
5,JGROUP( 10), KADSOR(10) .KS OLVE ( 10) ,KRS (10), RELAX( 10) ,RSREF(10) BLOOO140
5,RSSUM(10),TITLE(10),KTITLE(10),KEW(10),KLAST(10),KZERO(1o) BLO00150
COMMON BLCO0160

6/DO/CCHECKDP,FLOWPC,FLOWST,FLOWUP,GREATILINE,IPLRS,:PREF,IPRINT BLOO0170
6,ISTEP ,IX.IXINY,IX1NYI , IX2Nf2,lXMON,IXP1,XPREFIYMONZYPREF BLO00180
6.JEMU,JH,JLAST,JLIM1 ,JLI .2,LIM3,JLIM4.JP,URP,URHO BLO00190
6 ,1U,JV ,UVP1 ,K INPRE1 , KMPA ,9K R AD.K RHOMU, K T E STL ABPH I BLOO0200
6,LAST E P, L INE F, L INELNEO. NEOP BLOO0210
6,NODE F , NODE F 1 ,NCDE L. NO.E L1 , NOD LP1 ,NTDVA ,NUMCOL .BLO00220
61,NX ,NX MAX ,NXM.1 , Nx-12,NXYG , NXY.P , NXYU, rn'YV BLO0230
6.NY ,NYMAXNYM1NrM2, PIR SCHEK, RSMAX, T INY BLO00240

COMM!ON /PROP/ EWJREF , PRL (1 0, PRT ( 10)1, RHOREF BLOO0250
COMoN/2D1ARSL(22, 10) , RSLINE (22,10) BLO00260
COMMON/D2D2/U14G2),V(462),TKE(484),TED(484),H(484),PP(22),P(400) BLO00270

7 ,RHO(464),El.U(4a4) LO00230
CO'ON BLOOC-290
9/TURB/CIC2,CD,SQRTCDCD25,ECONST,CTAUTWCYPTW,TAUTW1(22) BLO00300
9,TAUTW2(22), YPUST1(22) ,YPUST2(22) 6LO00310
9,TAULW(22),XPUSLW 22),CTAULW,CXPLW BL00320
9,GEK(22),FACTKE,FACTED,JTkE,JTED,CAPPA BLOO0330
9,CPART-(484),CPART2(484),CP5RT3(484),CPART4(4s4),CPART(484) BLO00340
9,CPART6(4sa),CPAPT74z4),cPARTr(484).CPART9(484).CPARTO(484) BLOOO3S
CO!/ON/PART1/OCP(84,) .AL2PH(10,.10o,22) .RP (10)DELTT1ME,NUr,5ER BLO0030

1 , CNREL ,COEE ( 4.1) .COEN(4-1) , COE S (484) ,COEW( 484) ,CPINP( 1 0) ,VOLG(484) BL000370
1 ,ST AN1 (22,10 ) ,9STAN2 (22, 1 0) ,ST A N"3122, 10) ,JCP1,JCP2 ,JCP3.,JCP4, JCP5 BLO00380
1 ,JCP6, JCP7. J CPS, JC P9.JCP 10.KPH I , KKLAS T ,MONTOR (10) BLOO0390

COMMON/ABC/AREAE BLOC0400
DIMENSION F ( 37E6),FF(4840),FFF (4640) BLOO0410
DIMENSION DIFS(221,EMUS(22).HCONS(22).RHCS(22) BLO00420
EQUIVALENCE (HCCNS(2).HCONN(1)),(FF(1),CPART1(1)) BLOC0430
EQUIVA L ENCE DIF S(2),DIFN(1)), ( EMUS -2) , EMUN(1)) 5LO00440
EQUIVALENCE (RHOS(2).RPON(1)), (AREAE,AREAW) BLOO0450
EQUIVALENCE (F(1),U(1)). (OP(1,1),FFF(1)) BLOO0460
DIMENSION A(22),B(22) BLOO0470
EQUlVA LENCE(A(1),AN(1)).((1),AS(1)) BLO00480

CHAPTER 1-----------------GENERAL.FLOW PARAr.ETtRS B -LO.j-90
DATA GREAT,TINY,P!/1.E30, 1.E-30, 3.1(15926/ BLC00500
DATA RPIPE,XPIPE,UINLETHINLET,.HWALL/.- BLO00"510

1 250.,250.,72.,0.0,0.0/ BLOO520
DATA KTEST/O/ BLO00530
DATA RP/0.0002.0.0004,0.0006,0,.000,0.001 ,0.0012,0.0014,0.0016 BLOO05 40

1 ,0.0018,0.002/ BLOO0550
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CHAPTER 2--------------- GRID BLO005GO

DATA NXMAXNYMAX/22,22/ BLO00570

DATA KRAD/1/ BLOCO0580

DATA FXSTEP/1.0/ BLOOCS90

CHAPTER 3--------------- VARIABLES BLO00600
DATA JU. JV,JTKEJTEDJHJPPJP,JRHOJEMUJLAST/ 6LO00610

1 1, 2, 3, 4, 5, 6, .7, 8, 9, 9/ BLO00620

DATA JCP1,JCP2,JCP3,JCP4,JCP5,JCP6,JCP7,JCPBJCP9,UCPIOKKLAST/ BLO00630

11,2,3.4,5,6,7,8,9,10,10/ BLO00640
DATA KSOLVE /10C1/ BLOO0650

DATA KRS/l0sl/ BLO006G0
DATA KADSOR/10*1/ B6LO00670

CHAPTER 4- --------------PROPERTY DATA BLO00680
DATA RHOREF, EMUREF/7.2,0.06/ SLO00690

DATA PRL,PRT/20*1.0/ BLO00700

CHAPTER 5--------------- STARTING PREPARATIONS BLOO0710

DATA IXPREF, IYPREF/2,2/ BLO00720

DATA KINPRI/0/ BLO00730
CHAPTER 6---------STEP CONTROL BLO00740

CHAPTER 7--------------- BOUNDARY CONDITIONS 8LO00750

DA-TA C1,C2,CDCAPPAECONST/ BLO00760

1 1.43,1.92,0.09,0.4,9.0/ BLO00770

DATA SORTCD,CD25/ 0.3,0.54722/ BLO00780

DATA FACTKE,FACTED/0.005,0.03/ SLO00790

CHAPTER 8 ---------------- ADVANCE BLO00800
DATA NTDMA/1/ BLOO0810

CHAPTER 9--------------- COMPLETE BLO00820

CHAPTER 10 ---- --- ADJUST BLOC0830
DATA KMPA/0/ BLOO0840

CHAPTER 11----------------PRINT BLOO0850

DATA NUMCOL/10/ BLOO0860

CHAPTER 12-------------- DECIDE BLO00870

END BLO00880

L~tBLOCFOR TRAN *
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C MAIN PROGRAM MAI00010
COMMON MAI00020
1/CASEI/UINLET.FLOWINRPIPE.XPIPE,FXSTEP,HINLET,HWALL MA100030
2/DNY/ DYG(22),DYV(22),FV(22).FVNODE(22),R(22),RDYG(22),RDYV(22) MA100040
2,RSYG(22),RSYv(22),RV(22),RVCB(22),SYG(22),SYV(22),Y(22),YV(22) MAIOOO5O
3/DNYONX/AE(22),tN(22),AP(22).AS(22).Aw(22),C(22),D(22;,DIFE(22) MA1000GO
3,DIFN( 22) ,DUW(22), DIFW(22),DU(22),DV(22),EMUE(22) ,EMUN(22) MA100070
3 ,EMUW(22)HCONE(22).HCONN(22), HCONW(22) MA100080
3,PHIOLD(22).RHOE(22),RHON(22), RHOW(22),SP(22),SU(22) MA100090
3,VOLUME(22),CONN(22),CONS(22), CONE(22),CONW(22),EsMPHI(22) MAI00100
4/CNX/ DXG(22),DXU(22),FU(22) ,FUNOE(22),KOUNT(22),RDXG(22) r1AI00110
4,RDXU(22),RSXG(22) .RSXU(22).STORE(22).SXG(22),SxUC22).X(22),xU(22)MA100120
5/DJPHI/ IEW( 10 ILAST(10),I70JW(10),IXNY(10)IZERO(10) MAI0130
S.JGROUP(10).KADSOR(10),KSOLVE(10),KRS(10),RELAX(10).RSREF(10) MAI00140
5,RSSUM(10),XTITLE(10),KTITLE(10),KEW(10),KLAST(1O),KZERO(10) MAI00150
COMMON MAI00160

6/D0/CCHECK,DPFLOWPC,FLOWST,FLOWUPGREAT,ILINE,1PLRS,IPREFIPRINT MAI00170
6,ISTEP .IXiIXINY,IXINY1, 1X2NY2,IXMON,IXP1,lXPREFtIYMON.IYPREF MAI00180
6,JEMU, JH.dLASTJLIM1 ,JLIM2,JLIM3,JLIMAJP,JPP,JRHO MAI00190
6,jU.JVJVP".KINPRI,KMPA,KRAD,KRHOMU,KTEST,LABPHI MAI00200
6.LAST E P,LINE F, LINE L ,NEQ, NE0PI MAI00210
6,NODEF.NODEF1,NODEL.NODEL1,NODLP1 ,NTDT.IA,NUMCOL MAI00220
6,NX.NXMAX.NXMI1,NXM12,NXYG,NXYP,NXYU,NXYV MA100230
6,NY.NMAXNYM.NYM2,PI,RSCHEK, RSMAX,T!NY MA100240

COMMON/PROP/EMUREF,PRL(10),PRT(10),RHOREF MAI00250
COMMr, ON/D2Dh/ARSL(22,10),nRSLINE(22,10) MAI00200
C1Yc.1N/D2D2/U(462,V(462).TKE(484),TED(484).H(484),PP(22),P(400) MAI00270

7 , tHO(44),EMU(404) MAI0020
7 .lNLY(10),IOUT(10),KIN.KOUT,RELT(E,RELTED,ISTCH MAI00290
COMMON MA100300
9/TURB/C1,C2.CDSQPTCDUCD25,ECONSTCTAUTW,CYPTWTAUTWI(22) MAI00310
9.TAUTW2(22), YPUST1 (22) ,YPUST2( 22) MAI00320
9.TAULW (22)9,XPUSLW(22) ,CTAULW,CXPLW MA100330
9,GENKI22),FACTKE,FACTED,JTKE,JTED,CAPPA MA 100340
9,CPARTI( 4 84),CPART2(484),CPART3(4S4).CPART4(484),CPART5(484) MAI00350
9,CPART6(494),CPART7(484),CPARTr(484),CPART9(484),CPARTO(484) MA100330
CO:MON/PART1/OCP(4Z-4,10 ,ALPH( 10,10,22) ,PP(10),DELT,TIME,NUMUER MAI00370

1,CNRELCO.EE(484),COEN(4B4),CCES(434),COEW(484),CPINP(10),VOLG(484)MAIOn3SO
1,STAN1(22,10),STAN2122,10),STAN3(22,10),JCP1,JCP2,JCP3,dCP4,dCP5 MA100390
1,JCP6,CP7,JCP8,JCP9,jCP10,KPHI,KKLAST,MONTOR(10) MAI0400
COMrMON/ABC/AREAE -MA 100410
DIMENSION F(376G),FF(4340),FFF(4840) MA100420
DIMENSION DIFS(22),EMUS(22),HCCNS(22),RHOS(22) r"A100430
EQUIVALENCE (DIFS(2),DFN(1)), (EMUS(2).EMUN(1)) MA100440
EQUIVALENCE (RHDS(2),RHON(1)), (AREAEAREAW) MA100450
EQUIVALENCE (HCONS(2),HCCNN(1)).(FF(1),CPART1(1)) MAI0460
EQUIVALENCE (F(l),U(1)), (OCP(,1l),FFF(1)) MAI00470
DIMENSION A(22),B(22) MAI00430
EQUIVALENCE(A(1),AN(1)),(B(1),AS(1)) MAIO0490
DIMENSION XCP(434,1O) MAICOSGO
EQUIVALENCE (XCP(1,1),CPARTI(1)) MAI0510

CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 MAIS020
CASEI..... LAMINAR, UNIFORM-PROPERTY, DEVELODING FLOW IN A PIPE MA100530
C0MMENT.................ALL NUMERICAL DATA ARE PUT IN VIA BLOCK DATA MAI00540

READ(5,1300) KTEST MA100550
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CONVERSATIONAL MONITOR SYSTEM

READ(5,1300) NXNY
READ(5,1301) (X(I),,I=,NX)
READ(5,1301) (Y(I),I=1,NY)
READ(5,1301) (F(I),I=1,3766)
READ(5,1302) (RELAX(I),I=1.10)
READ(5,1305) NTDMA,LASTEPNOUTP1
READ(5,1302) CNREL,TIMEFDELT.ACCOM
READ(5,1301) (CPINP( I),I=1,910)
READ(5.1305 ) (MONTOR(I),I=1,10)

1302 FORMAT (8F10. 0)
1305 FORMAT(1015)

ISTEP=0
ILINE= 0
TIME=0 .0
NUMBER =0

C --------- ----- PRINT OUT HEADINGS
CALL OUTPH

CHAPTER 2 2 2 2 2 GRID 2 2 2 2 2 2 2 2
C ---------- QUANTITIES RELATED TO NX AND NY

CALL CONST2
C------------------------------------------CALCULATE GR

CALL GEOM
IF(KTEST.GT.0) CALL TEST 11

CHAPTER 3 3 3 3 3 VARIABLES 3 3 3 3 3 3

ID

3

MA100560
MA 100570
MAI00560

MA100590
MA 100600
MAI00610

MA100620
MA100630
MAI00640
MA 00350
MA100660

MA100670
MAI00580
MA100690
MA100700
MAI00710
MA100720

2 2 2 2 MAI00730
MAI00740
MA100750

QUANTITIES MAI00760
MAI00770
MA100780

3 3 3 3 3 MA100790
C---------------------------- CONSTANTS RELATED TO VARIABLES

CALL CONST3
IF(KTEST.GT.0) CALL TEST 12

CHAPTER 4 4 4 4 4 PROPERTY DATA 4 4 4 4 4 4 4 4 4 4
C--------------------------------- PUT REFERENCE VALUES IN FIELD
C--------------------------------- CELL-WALL DENSITY AND VISCOCITY

CO 41 IY=1.NY
RHC'4( IY):RHOREF
RHUS(IY)=RHOREF
RHOE( IY)=RHOREF
RHOC(IY)=RHCREF
EMUN(IY)= EMU REF
EMUS( I Y ) = EMU R EF
EM'JE( IY)=EMU REF

41 EMUW(IY)=EMUREF
CHAPTER 5 5 5 5 5 STARTING PREPARATIONS 5 5 5 5 5 5 5
C--- I INDICES FOR REFERENCE-PRESSURE POINT AND MONITORING LOCATION
C------------ ------------- CALCULATE FLOWIN AND REF. RES.-SOURCE VALUES

RSEF( JCP1)=CPINP(l1)
RSREF( UCP2)=CPINP(92)
RSREF(tUCP3)=CPINP(3)
RSREF(JCP4)=CP1NVY 4)
RSFEF(JCP5)=CPINP(5)
RSREF(JCP6)=CPU;P(6)
RSREF(JCP7)=CP1NP(7)

RSREF(JCPS)=CPIrIP(8)
RSREF(JCP9)=CPINP(9)
RSREF(JCP10)=CPiNP(10)

C------------- --------------- INITIALIZE VARIABLE STORAGES
C CONSTANS FOR Y+

CYPTw=C025*DYG(NY)/EMUREF

MA 100800
MA100310
MA1 00320
MA 100830
MA100840
MA100850
MA100860
MA100870
MAICC8GO
MA!00890

NIA100900
MA 100910
MA 100920
MA100930
MA100940
MA 100950
MA 1009GO
MA 100970
MA I 00980
MA100990
MAI01000
MA 101010
MA01020
MA 101030
MAI 1040
MAl1l 050
MA10i053
MA10 1070
MA i01090
MA 101090
MAI01100

PACE 00'2FILE: MAIN FOR T RAN *



CONVERSATIONAL MONITOR SYSTEM

CTAUTW=EMUREF/DYG(NY)
C CONSTANTS FOR X+

CXPLW= CD25*DXG( 2)/ EMUREF
CTAULW=EMURE F/DXG( 2)

C ZERO CLEAR
DO 499 1=1,4840
FFF(I)=0.

499 FF(I)=0.
DO 50 KPHI=1,KKLAST
11=KZERO(KPHI)+1
12=KZERO(KPHI)+(NX-1)*NY
DO 51 1=11,12
FFF(I)=CP1NP(KPHI)

51 FF(I)=CPINP(KPHI)
50 CONTINUE

C------------------INITIALIZE TDMA-LINE STORAGE
DO 554 IX=1.NXM1-
ii=(IX-1)*NY+1
12=(IX-i)*NY+NY
CPART1 (11)=0.
CPART1(12)=0.
CPART2(11)=O.
CPART2 (I2)=0.
CPART3 (11)=0.
CPART3(I2)=0.
CPARI4(I11)=0.
CPART4 (12)=0.
CPARTS(I11)=0.
CPART5(12)=0.
CPART6(11)=0.
CPART6(12)=0.
CPART7(11)=0.
CPART7(12)=0.
CPARTB(11)=0.
CPARTB(12)=0.
CPART9(11)=0.
CPART9(12)=0.
CPARTO(I11)=0.
CPARTO(I2)=0.
DO 533 KPHI=1.KKLAST
OCP(I1,KPHI)=0.
OCP(12.KPHI)=0.

553 CONTINUE
554 CONTINUE

DO 555 IY=1,NSYP
555 P(IY)=0.0

DO 501 IY=1,NY
AN(IY)=0.0
DV(IY)=0.0
AS(IY)=0.0
AE(IY)=O.0
AW(IY)=0.0
SU(IY)=0.0
SP(IY)=0.0
DU(IY)=0.0

MA101110
MAI01 120
MA0 10130
MAI01140
MA101 150
MAI01I160
MAI0i 170
MA10 1180
MAI01190
MA101200
MAI01210
MAI01220
MA 101230
MA1010240
MAI01250
MAI01260
MA 101270
MAI01O280
MAIl01290
MA 101300
MA101310
MAI01320
MA 101330
MA 101340
MAT01350
MAI01360
MAI01370
MAI01380
MAI01390
MAI01400
MA101410
MAI01420
MAI01430
MAIO440
MA101450
MAI01460
MAI01470
MA 101480
MAI01490
MA!01500
MAI01510
MAI101520
MAI 01530
MAI01540
MAI01550
MAI01560
MAI01570
MA 101580
MAT01590
MAI01600
MAI01510
MAI01620
MAI 1630
MAI01640
MAI01650

o
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CONVERSATIONAL MONITOR SYSTEM

VOLUME (IY)=0-.0 MAXI016G0

PP( IY)=0.0 MA101670

501 PHIOLD(IY)=O. OMAIO1680
C_ -_-_--.-_INITIALIZE Y-DIRECTION ARRAYS MAI01690

DO 502 IX=1,NX MAI01700

YPUSTI(IX)=0.0 MA101710

YPUST2(IX)=O.0 .- MAI01720

TAUTW1 (IX)=0.Of MA101730
502 TAUTW2(IX)=0.O MA10 1740

C--------------INITIALIZE Y-DIRECTION ARRAYS MAI01750

DO 503 XY=1,.NY MA101760

TAULW( IY)=0.O MAI01770

503 XPUSLW(IY)=O.0 MAI01780
CHAPTER 7 7 7 7 7 BOUNDARY CONDITIONS 7 7 7 7 7 7 7 7 MA101790

C-----CALCULATE TAU AND'Y+ FOR LADLE WALL LEFT MAIO1800

NODEL=NY-1 MAII610

NODEF=2 NAIOi820

NODEFI=NODEF-1 MA101830
IXP1=1X+1 MAI01840

DO 7999 IX=2,NX MA101850

lXlNYl=(IX-I)*NY MAIOISGO

lX1NYI =(IX-1 )* (NY-1) .MA101870

DO 7699 KPHI=1,KKLAST . MAI01800
7699 IXNY(K PHI)=( IX-1).*NY MAI1 890

I=2+1XINY MAI01900

IE=I-NY MAI01910

UP=U(IE)+(U(I)-U(IE))*FUNODE(IX) MA101920
ABSUP=ABS(UP) MAI01930

IF(1X.EQ.2.AND.ABSUP.LE.TINY) UP=TINY MAI01940
RSQRTK=RHO(I )*SQRT(TKE(I)) MALOI950
YPUST1(IX)=RSQRTK-CYPTW MIA1019GO
IF(YPUSTI(IX).GT.11.5) GO TO 701 MAI01970
TAUTW1(iX)=CTAUIW*UP MAI0190
GO TO 710 MAI01990

701 TAUTWI(IX)=CAPPA*UP*RSQRTKtCD25/ALOG(ECONST*YPUST1(IX)) MAIC2000

710 CONTINUE MAlO2010

C---------CA LCUL A T E TAU AND .Y+ FORLA DLE WA LL- RIGHT MA10202C
IrNYMi1+IX1NY MA102030-
14=1-N Y MA 102040

UP=U(IW)+(U(I)-U(IW))*FUNODE(IX) MA02050

ABSUP=ABS(UP) MA102060
IF(IX.EO.2.AND.ABSUP.LE.TINY) UP=TINY MA102070
RSORTK=RHO(I)*SQRT(TKE(I)) MA102080
YPUSI2(IX)=RSQRTK-CYPTW MA102090
IF (YPUST2( IX ) .GT. 11.5) GO TO 702 MAIO2100
TAUTW2(IX)=CTAUTWAUP MAIO21 10
GO TO 711 MAI02120

702 TAUTW2(IX)=CAFPA*UP*RSQRTK-CD25/ALOG(ECONST*YPUST2(IX)) MAIO2130

711 CONTINUE MAIO2140

C CALCULATE TAU AND X+ FOR LADLE BOTTOM MA102150

IF(IX.NE.NXM1) GO TO 720 MA102160
DO 721 IY=2,NYM1 MAI02170

I=IY+IX1iNY MAIO2180

IV=IY+IXINY MAiO21190
ISV=IV-1 MAI02200
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ILE: MAIN FOE CONVERSATIONAL MONITOR SYSTEM

I=IXINY+NYM1
COEN(I)=0.
IW=1-NY
UA=0.5w(t(I)+U(IW))
FRIC=ABS(TAUTW2(IX)/(RHO(I)*UA*UA))
SQHF=SQRT(FRIC/2.)
SPLS=4.0*RHO(I)/(18.*EMUREF**2)*0.05.UA**2*SOHF*RP(KPHI)1*2
STAN2(X,KPHI)=(FRIC/2.)/(1.+SQHF*(1525./SPLS**2-50.6))UA

IF(IX.NE.NXM1) GO TO7998
DO 7997 IY=2,NYM1
I=IY +IX1NY
IV=IY +LXINYI
COEE(I)=0.
ISV=IV-1
VA=0.5*(V(I)+V(ISV))
FRIC=ABS(TAULW(IY)/(RHO(I)*VA*VA))
SCHF=SQRT(FR 1C/2.0)
SPLS=4.0*RHO(I)/(18.*EMUR=F**2)*0.05*VA**2*SQHF*RP(KHI)**2

VPzV( ISV)+(V (IV)-V(ISV))*FVNODE(IY)
RSQRTK=RHO(I )*SQRT (TKE(I))
XPUSLW (IY)=RSQRTK*CXPLW
IF(XPUSLW(IY).GT.1.5) GO TO 722
TAULW( IY)=CTAIJLW+VP
GO TO 721

722 TAULW(IY)=CAPPA*VP*RSQRTK*CD25/ALOG(ECONST*XPUSLW(IY))
721 CONTINUE

720 CONTINUE
KPHI=1
CALL COEFF(KPHI)
DO 53 IY=2,NYM1
i=IY+IX1NY
COEE(1 )=AE(ZY)
COEN(.I ) =AN( I Y )
COES(I)=AS(IY)
COEW(I)=AW(IY)

53 VOLG(I)=VOLUME(IY)
7999 CONTINUE

DO 7998 IX=2,NXMI
IXiNY= ( IX-1 ) *NY
IXINYI=(IX-1)*(NY-1)
DO 7998 KPHI=1,KKLAST-
I=1X1 NY+2
COES(1)=0.
IW=I-NY
UA=0.5*(U(l)+Ul(IW)) -.-
FRIC=ABS(TAUTWI(IX)/(RHO(I)*UA*UA))
SQHF=SQRT(FRIC/2.)
SPLS=4.-RHO(I)/(18.*EMUREF**2)*0.05*UA**2*SQHF*RP(KPHI)**2
STAN1(IXKPHI)=(FRIC/2.)/(1.+SQHF*(1525./SPLS**2-50.6))*UA

C
C
C

C
C
C

MA102210
MA102220
MA102230
MA 102240
MA102250
MA 102260
MAI02270
MAI02280
MA102290
MA 102300
MA 102310
MA102320
MA102330
MA 1 02340
MA 102350
MAI02360
MA102370
MA 102380
MA102390
MAI02400

MAIC2410
MA 102420
MA 102430
MAI02440
MAI02450
MA102460
MAI02470
MA 102480
MA I02490
MAI02500
MA102510
MAI02520
MA 102530
MA 102540
MA 102550
MA 1 025G0
MAI02570
MA102580
MA 102590
MAIO2600
MAIO2610

MAI02620
MA102G30
MA 102540
MA 102650
MA 102660
MA:02670
MA 102660
MA 102690
MA102700
MA102710
MA I12720
MA102730
MA I12740
M0A12750

0:)
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CONVERSATIONAL MONITOR SYSTEM

STAN3(IYKPHI)2(FRIC/2.)/(1.+SQHF*(1525./SPLS**2-50.6))*VA MAI02760

7997 CONTINUE MA102770

7998 CONTINUE MAi102780
C----------------- PRINT OUT STARTING VALUES MA 10(2790

4000 CONTINUE M4A102800

NU'BER =NUMBE R+1 MA102810
TIME=TIME+DE LT MAA02320

ISTEP=N1 MA10 2830

IF(KTEST.GT.O) CALL TEST- 13 MA!02840

IF(KINPRI.GT.0) CALL OUTPF MAIO2850

GO TO 60 . MA 1028G

55 IF(ISTEP.GT.1) GO TO 65 MAi102870

CHAPTER 6 6 6 6 STEP CONTROLL MA102880

60 CONTINUE MAI02890

DO 69KPHI=1.KKLAST MA102900

69 RSSUM(KPHI)=Q.0 MA102910

IF(ISTEP.GT.1) GO TO64 MA102920

IF(ILINE.GT.0) GO TO65 MA102930

C--------------Y-DIRECTION TOMA TRAVERSES MA102940

62 LINEF=2 NAI02950

LINEL=NXMl MAI102060

NODEF= 2 MA102970
NODEL= NYM1 MAI02980

C-------- FOR BOTH X- AND Y-DIRECTION TRAVERSES MA102990
NODEF1 =NCOEF-1 MA 103000
NODELI=NODEL-1 MA103010
NODLPI=NODEL+1 -A103 020

64 ILINE=LINEF-MAI03030
C-------------QUANTITIES RELATED TO IX VALUE OF TOMA LINE MAT03040

65 CONTINUE MA102050

IX=ILINE MA 103060
lxP1=IX+1 MA103070

IX1NY= (IX-1)*NY MA103080

iI1NY1=(IX-1)*NYMI MAI03090

IX2N(2=(IX-2 )*NYM2 MA103100
DO 66 KPHI=1,KKLAST MA1031 10

66 1XNY yP1I)=XHII1NY M".AI03120

CHAPTER8 8 . 8 8 ADVANCE 8 8 8 8 8 0 8 8 8 8 8 8 MA103130
80 CONTINUE MAI03140

C----------------- PUT NTRAVS EQUAL TO NTDMA.OR TO OTHER VALUES TO GIVE MA103150
C MJLTI-TRAVERSE ON SELECTED LINES MAI03160

NTRAVS=NTDMA MA103170

C------------------------PUT GREAT INTO ARSL'S MA103160
DO 85 J=1,KKLAST MA103190

85 APSL(IX.)=GREAT MAl103200

C - OUTER LOOP FOR CARRYING OUT A MAX. OF NTRAVS TRAVERSES ON LINE IX MA103210

KOLUNT( JX)=NT MAI03220
R3MAX=0. -MA103230

C - INNER LOOP FOR ALL VARIABLES (PLUS ONE FOR PREPARATIONS FOR TRANSFERMAIO3240

C TO NEXT LINE OR TO NEXT SWEEP OF FIELD) MAIC13250

DO 1001 KPHI=1,KKLAST MA1O32e60
IF(NT.EQ.NTRAVS) GO TO 63 'AA103270

C-----------------------UPDATE UPHI ON TDMA LINE MAIO3280
83 RSLINE(IXKPHI)=0.0 MAI03290

LABPHI=KPHI MA103300
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FILE MAIN- FORTRAN * CONVERSATIONAL MONITOR SYSTEM

DO 899 IY=2,NYMI
DO 899 I=1,10
DO 899 J=I1,10
InI=IX NY+IY

899 ALPH(I ,JIY)=1.6 7 *((RP(I)+RP(J))*0.S)**3*(TED(II)/EMUREF*RHOREF
I 0.5*ACCOM
KCONST=IXNY(KPHI)+KZERO(KPHI)
KEWPHI =KEW(K PHI)
DO 898 IY=NODEF,NODEL
I=IY+K CONST

898 PHIOLD(LY)=FF(l)
11=NODEF-1+KCONST
IL=NODEL+1+KCONST
PHIOLD(NODEF1)=FF (I1)
PHIOLD(NODLP I)=FF( IL)
CALL SOURCI(KPHI)
CALL MODIFY(KPHI)
CALL SOLVE(K PHI)
1F(ILINE.NE.2) GO TO 8201
11=I1NY+5
12=LXINY+6
13=1X1NY+14
14=IX1NY+15
XCP( 12 , KPHI ) XCP( 13,KPHI
XCP(1,KPHI)=ACP(14,KPHI)

8201 CONTINUE
CALL BOUND(KPHI)

RSLINE(I1,KPHI)=RSLINE(IX,KPHI)/RSREF(KPHI)
ABSRS= ABS(RSLINE( IX,KPHI))
ARSL (I X ,KPHI )=ABSPS
RStAAX= AMAXI ( RSMAX, ABSRS)

1001 CONTINUE'
IF(ILINE.EQ.LINEL) GO TO 110-
ILINE= ILINE+1
GO TO 65

C ------------------------END OF INNER J-LOOP
C----------------------- END OF OUTER NTRAVS LOOP

CHAPTER 11 11 11 11 PRINT 11 11 11 11 11 11 11 11 11

110 CONTINUE
ILINE=0

C ------------------------PRINT CUT RESIDUAL SOURCES AND VARIABLE VAL

C AT MONITORING LOCAT10N (IXMON,IYMON)

CHAPTER 12 12 12 12 DECIDE 12 12 12 12 12 12 12 12 1

C ------------------------CONVERGENCE CHECK

C ------------------------CHECK IF LAST STEP IS REACHED

CALL OUTPI
IF(ISTEP.GE.LASTEP) GO TO 129

128 ISTEP=ISTEP+l1
GO TO 60

129 CONTINUE
IF(NUMBER.EQ.2)DELT=2O.
IF(NUMBER.EQ.4) DELT=30
IF(NUMBER.EQ.6) DELT=60.
IF(NUMBER.EQ.9) DELT=100.
ISTEP= 0

MA 103310
MAI03320
MA103330
MA 103340

)**MA103350
MA 103360
MAIC3370
MA 103360
MA!1033n0
MA103400
MA103410
MA0I 03420
MA103430

MA103440
MA103450
MA 1034GO
MA 103470
MA 1034"60
MA 103490
MA 103500
MAI03510
MA103520
MAI03530
MA 103540
MAI13550
MA 103500
MA 103570
MA103580
MA103590
MA 103600
MA!03510
MA103620
MA!03630
MA C103C40

MA 103650
MAI1C3660
MA103670
MAI103680
MAI03690
MA 103700

UES MAIO3710
MA 103720

2 MAI03730
MA 103740
MAI03750
MA1103760

MA103770
MA!103780
MA I013790
MA103300
MA!C31 0
MA 103320
MA 103630
MA103940
MA1033850
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FILE: MAIN FORTRAN * CONVERSATIONAL MONITOR SYSTEM PAGE 008

IF(NUMBER.EQ.6) CALL OUTPF MA103860
IF(NUMBER.EQ.9) CALL OUTPF MAI03870
DO 1299 1=1.4840 MA!03080

1299 FFF(I)=FF(I) MA103690
IF(TIME.LT.TIMEF) GO TO 430U MAIO3900
CALL QUTPF MAI03910
STOP MAI03920

1300 FORMAT(214) MA103930
1301 FORMA T(5E13.5) MA 103940

END MA103950
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SUBROUTINE SOLVE(LPHI) SOLOO010
COMMON SOLOO020

1/CASEl/UINLET.FLOWINRPIPE.XPIPE,FXSTEP,HINLET,HWALL SOLOO030
2/DNY/ DYG(22),OYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) SCLOOC40
2.RSYG(22),RSYV(22),RV(22tRVCB(22),SYG(22),SYV(22),Y(22),YV(22) SOLOO050
3/DNYONX/AE(22),AN(22),AP(22),AS(22),AW(22),C(22),0(22),DIFE(22) SOLO0060
3,DIFN(22),DUW(22), DIFW(22),DU(22),DV(22),EMUE(22),EMUN(22) SOLOO070
3 ,EMUW(22),HCONE(22).HCONN'22), HCONW(22) SOL0000
3,PHIOLD(22).R-IOE(22),RHON(22), RHOW(22),SPt22),SU(22) SOLOO090
3,VOLUME(22),CONN(22),CONS(22), CCNE(22),CONW(22),ESMPHI(22) SOLO100
4/DNX/ DXG(22).DXU(22),FU(22).FUNODE(22),KOUNT(22),RDXG(22) SOL00110
4,RDXU(22),RSXG(22),RSXU(22).STORE(22).SXG(22),SXU(22),X(22),XU(22)SOL00120
5/DJPHII/ IEW(10),ILAST(10),IMON(10).IXNY(10),IZERO(10) SOLOO130
5,dGROIP(10),KADSON(1O),KSOLVEt 1O),KRS(10),RELAX(10),RSREF(10) SOLOO140
5,RSSUM(10),ITITLE(10),KTITLE(1O),KEW(10),KLAST(10),KZERO(10) SOLOO150
COMMON SOLOO160

6/DO/CCHECK,DD.FLOWPC,FLO.-STFLOWUP.GREATILINE,IPLRS,IPREF,IPRINT sOL00170
6,ISTEP ,IXIX1NY,1X1NY1, IX2NY2,1XMON.,1IXP1,1XPREFIYMON,IYPREF SOLOO180
6,JEMU, JH.JLASTJLIMi..LIt2.JLiM3.JLIM4,JP,IJPPRHO SOLOO190
6.JU.V.VP1,KINPI~,KMPA,KRADKRHOMAU,KTEST,LABPHI SOLOO200
6.LASTEP,LINEF.LINELNEQ.NEQP1 SOLOO210
6,NODEF,NODEF1.NODEL.NODEL1,NODLP1,NTDMA,NUMCOL .SLOO220
6,NX,NXMAXNXM: ,NxM2.NXyG.U4XYP, NXYUNXYV SOLOO230
6,NY,NYMAX.NYI.NfM2,PI,RSCHEK, RSMAXTINY SOLOO240
COMMfJN/PROP/EMU-EFPRL(10).PRT (10),RHOREF SLL00250
COMMON/02D1/ARSL(22,101,RSLINE(22,10) SOL002GO
C.OMMON/2D2/U(462).V(462),TKE(494).TED(434),H(484),PP(22),P(400) SOLOC270

7,RHO(484 ,EMU(4B4) SOLOO280
7.INLY(10),IOUT(10).KINKOUT.RELTKE,RELTED,ISTCH SOL00290

COMMON SOLOO300
9/TUR/C1.C2.CD.SORTCD.CD25,ECONST,CTAUTWCYPTW,TAUTW1(22) SOLOO310
9.TAUTW2(22), YPUSTI(22),YPUST2(22) SL00320
9,TAULW(22),XPU5Lw(22),CTAULW,CY.PLW SOLOO330
9,GENK(22),FACTKE,FACTED.JTKE,JTED,CAPPA SOL00340
9,CPARTI(484VCPART2(484),CPAPT3(484).CPART4(484),CPART5(484) SOLOO350
9,CPART6(4B4),CPART7(484),CPARTB(484),CPART9(484).CPARTO(484) SOL00360
COMMON/PART1/OCP(484,1/)/,ALPH%10,10,22),RP(10),DELT,TIME,NUMBER SOLOO370
1.CNREL,COFE(484).COEN(484).COES(484).COEW(484),.CPINP(10).VOLG(484)SOLOO380 -
1,STAN1(22,10).STAN2(22,10),STAN3(22,10),JCP1,JCP2,4CP3,JCP4.JCP5 SOL00390
1,JCPG,JCP7,JCPB,JCP9,JCPIO.KPHIKKLAST.MONTOR(10) SOLO0400
COMMON/ABC/AREAE SCLOC110
DIMENSION F(376t3),FF(4840),FFF(4240) SCLOO420
DIMENSION DIFS(22),EMUS(22),HCONS(22),RHOS(22) SOL00430
EQUIVALENCE (DIFS(2).DIFN(1)), (EMJS(2),EMUN(1)) SOLO0440
EQUIVALENCE (RHOS(2),RHON(1)). (AREAEAREAW) SOLOO450
EQUIVALENCE (HCONS(2),HCONN(1)),(FF(1),CPART1(1)) SOLOO460
EQUIVALENCE F(1).U(1)), (OCP(1,I),FFF(1)) SL00470
DIMENSION At22),B(22) SOLOG480
EQUIVALENCE(A( 1) ,AN(1)),(8(1),AS(1)) SOL00490

COMMENT...... A AND 8 HAVE BEEN MADE EQUIVALENT TO AN, AS RESPECTIVELY SoLCC500
KPHI=LPHI SOL00510
RRELAX=1./RELAX(KPHI) SOLOO520
RELAX1=1.-RELAX(KPHI) SCLOO530
KRSPHI=KRS(KPHI) SOL00540
KCONST=IXNY(KPHI)+KZERO(KPHI) SOLOO550
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IEWPHI=KEW(KPHI)
NODE2=NODEL
NF2=NODEF+NODE2
A(NODEF1)=0.0
C(NODEFI)=PHIOLD(NODEFI)

-------------------- FOR Y-DIRECTION TDMA TRAVERSES
12 IF(RELAX(KPHI).EQ.1.) GO TO 13
C-----------------------FOR PHI WITH RELAX. FACTOR .NE. 1

DO 14 IY=NODEFNOOE2
IYMI=IY-1
I=IY+KCONST
IE=I+IEWPHI
IW=1-IEWPHI
AP(IY)=AN(IY)+AS(IY)+AE(IY)+AW(IY)
SU(IY)=SUtIY)+AE(IY)*F(IE)+AW(IY)*F(IW)

C----------------------- STORE AN IN STORE FOR RESIDUAL-SOURCE CAL.
STORE(IY)=AN(IY)
C----------------------INCLUDE RELAXATION FACTOR IN TDMA COEFFICIENTS
D(IY)= (AP(-IY)-SP(IY)) RRELAX+TINY
C(IY)=SU(IY)+RELAX1*D(IY)*PHIOLD(IY)

C----------------------- MODIFY TOMA COEFFICIENTS FOR BACK SUBSTITUTION
TERM=1./(D(IY)-B(IY)wA(IYM1))
A(IY)=A(IY)*TERM

14 C(IY)= (C(IY)+C(IYMl )B(IY))*TERM
GO TO 110

C-----------------------FOR PHI --- NO RELAXATION
13 DO 18 IY=NODEF,NODE2-

IYMI=1Y-1
I=IY+KCONST
IE=I14EWPHI
IW= I-I EWPHI
IMTzIY+(IX-1 )wNY
IME=IMT+NI
IMW=IMT-NY
IMN=IMT+1
IMS=IMT-1
AE(IY)=COEE(IMT)
AN(IY)=COEN( IMT)
AS(IY)=COES( IMT)
AW(IY)=COEW( IMT)
VOLUME ( IY)=VOLG( IMT)
SP( IT) =VCLUME( IY)*SP(IY) *RHOREF

AP( IY)=( ( RHO( IMT)*VOLUME(IY ) )/(CNREL*DELT))+AN(IY)
I +AS(IY)+AW(IY)+AE(lY)
SU(IY)=AE(IY)*F'FF(IE)+AW( IY)oFF(IW)+SU(IY)*RHO(IMT)*VOLUME(IY)

I +((VOLUME(IYI.RHO(IMT))/(CNRELsDELT) )OCP(IMT,KPHI)
C----------------------STORE AN IN STORE FOR RESIDUAL-SOURCE CAL.
STORE( IY)=ANfIY)
D( IY)= AP(IY)-SP( IY)+TINY
C(IY)=SU(IY)
C----------------------MODIFY TOMA COEFFS. FOR BACK SUBSTITUTION
TERM4=1 ./(D(IY)-B(IY)*A(IYrM1))
A(IY)=A(IY)* TERM

18 C(IY)= (C(IY)+C(IYM1)*B(IY))*TERM
110 IF(KRSPHI.EQ.0) GO O 120

SOLO05GO
SOL00570
SOL00580
SOL00590
SOLOO600
SOLOCGI0
SOLOO620
SOL00630
SOLO640
SOLOO650
SOL00660
SOL00670
SOLO0680
SOLOOG90
SOLOO700
SCL00710
SOL00720
SOL00730
SOLOO740
SOLO0750
SOL00760
SOL00770
SOLO0780
StL00790
SOL 0800
SOL00810

SCLO0820
SOLOO830
SOLO0840
SO LO0350
SOLOC 860
SOL00870
SOLOO88-0
SOLO890
SOLO0900
SOLO910
SOL00920
SOL00930
SOLO0940
SOLOC950
SOLOO960
SOL00970

SOLO0980
SOL00990
SOLO1000
SOL01010
SOL0 1020
SOLO1030
SOL01040
SOL01050
SOL01060
SOLO 1070
SOL01080
SOL01090
SOL01100
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C---------------------'RESIDUAL-SOURCE CALCULATIONS SOL01110
DO 115 IY=NODEFNODE2 SOLO1120
IF(SP(IY).LE.-1.E20) GO TO 115 SOLO1130
RS=(AP(IY)-SP(IY))*PHIOLD(IY)-SU(IY) SOLO1140
I -STORE(IY)-PHIOLD(JY+.1)-AS(IY)*PHIOLD(IY-1) SOL01150

115 RSLINE(IXKPHI)=RSLINE(IX,KPHI)+RS SOL01160
C----------------------- BACK SUBSTITUTION IN TDMA OPERATIONS SOL01170
120 DO 100 IY=NODEF,NODE2 SOL01180

IYBACK=NF2-I Y SOL01 190
PHIOLD(IYBACK)=A(IYBACK)*PHIOLD(IYBACK+1)+C(IYBACK) SOL01200
I=IYBACK4KCONST -'SOL01210

100 FF(I)=PHI-OLD(IYBACK) SOL01220
RETURN SOL01230
END SOL01240

'~0
0
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SUBROUTINE SbURC1(LPHI) SOU00010
COMMON SOUOC020

1/CASEl/UINLET,FLOWIN,RPIPEXPIPE,FXSTEP,HINLET,HWALL SOU0030

2/DNY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22).RDYV(22) SCOU00040

2,RSYG(22).RSYV(22),RV(22),RVCB(22).SYG(22),SYV(22),Y(22),YV(22) SOUQOOSO
3/DNYONX/AE(22),AN(22),AP(22).AS(22),AW(22).C(22),D(22).D!FE(22) SOU000O
3,DIFN( 22) .DLW(22) , DIFW ( 22) ,DU(22) ,DV(22) .EMUE (22) , EMUN( 22) SOU00070

3 ,EMUW(22).HCONE(W22).HCONN(22). HCONW ( 22) SOUOZoBO
3.PHIOLD(22),R HOE(22).RH0N(22), HOW(221,SSP(22) , SU(22) SoUCcO90
3,VOLUME(22) . CONN( 22) ,CONS(22) ,COiE(22) .CONW(22), ESiPHt1(22) souoo1oo

4/DNX/ DXG(22),DxU(22),FU(22),FUNODE(22),KCUNT(22) .RDXG(22) SOUQOllo

4,RDXU(22),RSXG(22),RSXU(22).STORE(22).SXG(22),SXU(22),X(22),XU(22)SOUO120
5/DJPrI/ IEW( 10)., I LAST (10 ) JMON( 10), IXNY(10) ,ZERO (10) SOU00130

5,JGROUP(10),KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) 0U00140
5,RSSUM(10),ITITLE(10),KTITLE(10),KEW(10),KLAST(1O),KZERO(10) SOU00150

COMMON SOU00160
6/DO/CCHECK,DP,FLOWPC,FLOWST,FLC.WLP.GREATILINE.IPLRSIPREFIPRINT S0U00170

6,1STEP , IX, I X1NY, IXINY1,1 X2NY2 , IXMCN .,IXP1 , IXPREF , IYMON .,IYPREF SOU001BO
6.,JEMU, JHJLAST, JL IM1 ,JLI712,JL I M3,LIM4 , JP, JPP,JRHO SOUOO190

6,JUJV,JVPI ,KINPRI, KMPAKRAD.KRHOMU,KTEST,LABPHI SOU00200
6, LASTE P. LINE F., LINE L, NEO, NEOP1 S2U00210
6,NODEF ,NODEF I ,NODE.L, NODE L ,NODLP1,NTDMA,NUMCOL .S0U00220
6,NX,NXMAX,NXM1.NxM2,NXYG,rNXYP, NXYU.NVYV SCU00230

6,NY, NYvMAX, N .M11,NYM2, PI . RSCHEK. R SMA-t , T iNY SOUCC240

COMMON /PROP/ EMUREFI, PRL( 1 0 ) , PRT ( 10) , RH0REF SOU00250
COMMON/D2D1/ A;SL(22, 10) ,RSLINE (22,10) SOUOC260
CO.MON/D2D2/ U(-462) , V (462),TKE%(464) .TED(484 ),H(484),PP( 22),P(400) SOU00270

7,PHO(404),EMUI484) SOU002BO

7,XNLY(1O),IOUT(10),KIN,KOUTRELTKERELTED,ISTCH SOU00290
COMrION SOU00 300

9/TUR8/C1,C2.CD.SQRTCDCD25.ECONST,CTAUTW.CYPTWTAUTW1(22) 50U00310
9,TAUTW2(22), YPUST1 (22),YPUST2(22) SCUCC320

9,7AULW(22).XPUSLW(22),CTAULW.CXPLW SOUCO30

9,GEN(K(22).FACTKE.FACTED.JThE.jTED.CAPPA 50U00340
9,CPART1(484),CPART2(434),CPART3(484),CPART4(484),CPART5(484) SOU00350

9,CPART6(484),CPART7(484),CPARTB(484).CPART9(484),CPARTO(484) SOU00360
COr.VON/PARTI/OCP(484,10) ,ALPH(10,10,22) ,RP (10) ,DELTTIME,NUMDER SOUOOJ7O
1,CNRELC0EE(44),COEN(484),COES(44),COEW(

4 S4),CPINP(i0),VOLG(484 )SCUO0380 -

1,STANI(22,10).STAN2(22,10).STAN3(22.10).JCP1,JCP2,JCP3,UCP4.JCPS SOU00390

1,JCP6, CP7.JCP8,JCP9,JCP10,hPHIKKLASTMONTOR(10) SOU00400
Co01MON/ABC/A REAE SOu00410
DIwENSION F(3766)LFF(4840)FFF(4640) SOUOO-120
DIMENSION DIFS(22),EMUS(22).HCONS(22).RHOS(22) SOUC2430
EOUIVALENCE IDIFS(2),DIFN(1)), (EMUS(2),EMUN(1)) SOU00440
EQUIVA LENCE (RHOS(2),RHCN(1)), (AREAE.AREAW) SOUC0450
EOUIVALENCE (HCONS (2),HCNN(1)),(FF(11.CPART1(1)) SOUc04-30
EOUIVALENCE (F(1),U(1)), (OCP(1,1),FFF(1)) SOU00470
DIMENSION A( 22).5(22) SCU004930
EQUIVALENCE(A(1),AN(1)),(E(1),ASU1)) SCUC0490

DIMENSION XC P (484, 10) S0200500

EQUIVALENCE(XCP(1,1).CPART1(1)).sOUC0510
CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 SOU00520

KPHI=LPHI DU 00530

DO 10 IY=1,NY SCU00540
SU(IY)=0. SOU00550

coma
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10 SP(IY)=0. SOU00560
IF(KPHI.EQ.JCPI) GO TO 100 SOU00570
IF(KPHI.EQ.JCP2) GO TO 200 SOU00580
IF(KPHI.EQ.JCP3 ) GO TO 300 SOU00590
IF(KPHI.EQ.JCP4) GO TO 400 SOU00600
IF(KPHI.EQ.JCP5) GO TO 500 SOU00610
IF(KPHI.EQ.JCP6) GO TO 600 SOUOOG20
IF(KPHI.EQ.JCP7) GO TO 700 SOU0CG30
IF(KPHI.EQ.JCP8) GO TO 800 SOU00G40
IF(KPHI.EQ.JCP9) GO TO 900 SOu00650
IF(KPHI.EQ.JCP10) GO TO 1000 SOUOOGGO
RETURN SOU00670

C SOUOO580
C SOUOC690
100 CONTINUE SOU00700

DO 101 IY=2,NYMI SOU00710
I=IY+IX1NY SCIU00720

101 SU(IY)=C.0 SOU00730
DO 102 IY=2,NYMI SOU00740
I=IY+IXINY SOU00750
DO 103 J=2,10 SOU00760

103 SP(IY)=-ALPH(1,J,IY)*XCP(I,1)*XCP(IJ)/XCP(IKPHI)+SP(IY) S0U00770
SP(IY)=SP(IY)-0.1428*ALPH(1,1,IY)*XCP(I,1)**2./XCP(IKPHI) SCU00780

102 CONTINUE SCU00790
RETURN SOUCO8O

C SOUOC1O
C SOUCC820
200 CONTINUE SOU00830

DO 201 IY=2.NYMI SOUOO340
I=IY+lXNY SOUOC950

201 SU(IY)=0.5*ALPH(1,1,IY)*XCP(I,1)**2*0.1428 SOUD0860
DO 202 I-Y=2,NYM1 SOU0070
I=IY+I X1NY SOU0080
DO 203 J=3.10 SOUOC890

203 SP(IY)=-ALPH(2,J,IY)*XCP(1,2)*XCP(IJ)/XCP(I,KPHI)+SP(IY) SOU0O900
SP(IY)=-ALPH(2,1,IY)*XCP(I,1)*XCP(I.2)-0.0526/XCP(I,KPHI) 50U00910

1 -ALPH(2,2,IY)*XCP(I.2)**2*0.4216*0.5/XCP(I,KPHI)+SP(-IY) SOU00920
202 CONTINUE . SOU00930

RETURN SOU00940
C 5000950
C SOU00960
C 50100970
300 CONTINUE S0U00960

DO 301 IY=2,NYMI 50U00990
I=IY+IX1NY 5o01000

301 SU(IY)=0.0526*ALPH(2,1,Iy)*XCP(I,1)*XCP(I,2)+0.42IOWALPH(2,2,IY) SOU01010
I *XCP(I,2)**2-0.5 SOU01020

DO 303 IY=2,NYMI S0U01030
I=IY+IX1NY 50101040
DO 302 J=4,10 SOU01050

302 SP(IY)=-ALPH(3,d,IY.)*XCP(I.3)*XCP(I,J)/XCP(IKPHI)+SP(IY) SOU01060
SP(IY)=SP(IY)-0.027-ALPH(1,3,IY)*XCP(I,1)-0.2162 SOU01070

1 *ALPH(2,3,IY)*XCP(I,2)-0.7296*ALPH(3,3,IY)*XCP(I,3) SOUOioeO
303 CONTINUE SCL01090

RETURN SOU01100

PAGE 002
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C 5sou01110
C SOU01120
C SOU01130
400 CONTINUE SOU01140

DO 401 IY=2,NYMI SOU01 150
I=IY+I XINY SOUQ1 160

401 SU(IY)=0.027*ALPH(3,,1Y)*XCP( I,3)*XCP(I,1 )+0.2162*ALPH(2,3,IY) SOU01170
I *XCP(I,3)*XCP(I,2)+0.7296*ALPH(3,3,IY)*XCP(I,3)**2.*0.5 SCUOI180
DO 403 IY=2.NYMI SCUO1190
I=IY+I XINY SQUO1200
DO 402 J=4,10 - SCU01210

402 SP(IY)=-AlPH(4.d.IY)*XCP(I,4)*XCP(IU)/XCP(I,KPHI)+SP( IY) SOU01220
SP(IY)=SP(IY)-0.0163WALPH(1,4, IY)*XCP(I,1)-0.1311*ALPH(2,4,IY) SOU01230

I *xCP (I ,2)-0.4425*ALPH( 3,4, IY )uXCP(I ,3) SOU01240
403 CONT I N UE SOU01 250

RETURN SOU01260
C SOU01270
c- SOU01280
C SOU01290
500 CONTINUE SQU01300

DO 501 IYz2,NYM1 SOUC13 0
I=IY+1 X 1NY SOU01320

501 SU( IY) =0.0163*ALPH(4,1 ,I Y)*XCP (I ,4)*XCP(I. 1)+0.1311*ALPH(4,2, IY)* SOU01330
I XCP(1,4)*XCP(l,2)+0.4425*ALPH(4,3,IY)wXCP(I,4)*XCP(I,3)+ 9OU01340
I 0.9671*ALPH(4,4,IY).XCP(I,4)**2.*0.5 SOU01350
DO 503 IY=2,NYM1 SOU013G0
I=1Y+IX1NY SOU01370
DO 502 =5,10 SOU01380

502 SP(IY)=-ALPH(5.J,IY)sXCP(I,5)*XCP(IJ)/XCP(I,KPHI)+SP(IY) SOU01390
SP(IY)=SP(IY)-0.0109*ALPH(5.1, IY)+XCP(I,1)-0.0878*ALPH(2,5,IY) SOUO1400

1 *XCP(I.2)-0.2966-ALPH(3,5,IY)*XCP(I,3)-0.7031*ALPH(4,5,IY)SXCP(ISoU01410
1 .4) SOU01420

503 CONTINUE SOU01430
RETURN SOU01440

C SOU01450
C SOU01460
C SOU01470
C SOU01480
600 CONTINUE 10U01490

DO 601 IY=2,NYM1 SUO1500
I=IY+IXINY SOU01510

601 SU(IY)=0.0329*ALPH(4,4,IY)*XCP(I,4)-*2.*0.5+0.0109*ALoH(1,5,IY)* SOU01520
I XCP(1,1)*XCP(i,5)+0.0678*ALPH(5,2,IY wXCP(I,5)*XCP(I,2)+ S0U01530
I 0.2966*ALPH(5,3,1Y)-XCP(I.3)+ XCP(I,5)+0.7031*ALPH(5,4,IY) SCUO1540
1 aXCP(I.5)XCP(1,4)+0.7324*ALPH(5,5,!Y)*XCP(I,5)**2.*0.5 SOU01550
DO 603 IY=2,NYM1 SUO1560
1=IY+IXINY SOU01570
DO 602 J=6,10 SOU01580

602 SP(IY)=-ALPH(6,J,Y)*XCP(I,6)*XCP(I,J)/XCP(I,KPHI)+SP(IY) SOU1590.
SP(IY)=SP(IY)-0.0077-ALPH(6,1,IY)*XCP(l,1)-0.0629*ALPH(6.2,IY)* SU01600

1 XCP(I.2)-0.2125*ALPH(6.3,IY)*XCP(I.3)-0.5036+ALPH(6,4,IY)* SOU01610
1 XCP(I.4)-0.9840*ALPH(G,5,IY)*XCP(I,5) SOU0162U

603 CONTINUE SOU01630
RETURN SOU01G40

C SCU01650
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C SOU01660
C SCU01670
700 CONTINUE SOUo1680

DO 701 IY=2,NYM1 SOUO1690
I=IY+IXINY SOU01700

701 SU(IY)=0.2676 ALPH(5,5. IY)*XCP( I,5)**2.*0.5+0.0077*ALPH(1 ,6,IY)* SOU01710
I XCP(I,6)*XCP(I,.)+0.0629*ALPH(2,6,IY)*XCP(I2)*XCP(I,6)+ SCU01720
I 0.2125*ALPH(3,6,IY)=XCP(I,3) XCP(I,6)+0.5038*ALPH(6,4,IY)* SOU01730
I XCP(I,6)wXCP(I,4)+0.9840*ALPH('6,5,IY)*XCP(I.6)*XCP(I,5)+ SOU01740
I 0.4736*ALPH(6,6,IY)*xCP(I,6)**2.*0.5 SOU01750
DO 703 IY=2,NYM1 SOU017GO
I=IY+I X1NY SOU01770
DO 702 U=6.10 SCU01760

702 SP(IY)=-ALPH(7,dIY)*XCP(I,7)*XCP(I,d)/XCP(IKPHI)+SP(IY) S0U01790
SP(IY)=SP(IY)-0.0058*ALPH(1,7,IY)*XCP(I,1)-0.0472*ALPH(2,7,IY)* SOU01800
1 XCP(I,2)-0.1596*ALPH(3,7, IY))XCP(13)-0.3785*ALPH(4,7,IY)'XCP(ISCU01810
I ,4)-0.7394.ALPH(5,7,IY)*XCP(I,5) SOU01820

703 CONTINUE SOU01830
RETURN SOU01840

C SOUO 1650
.C scoU01Go
C SOU01870
800 CONTINUE SOU01870

DO 801 IY=2,NYM SOUO1890
I=IY+IXINY SOU01900

801 SU(IY)=0.5264vALPH(6,6,IY)*XCP(I,6)**2.*0.5+0.0056*ALPH(7,1,IY)* SOUI0910
1XCP(I,7)4XCP(I,1-)+0;04724ALPH(7,2, IY)XCP(I,7)*XCP(I.2)+0.1590*ALPSCU01920
IH(7,3, IY)*XCP(I',7)*XCP(I,3)+0.3785*ALPH(7,4,!Y)*XCP(I.7)*XCP(1,4) SOU01930
1+0.7394wALPH(7,5,IY)-XCP(I,7)*XCP(I.5)+0.7836sALPH(7,6,IY)wXCP(I,7SOU01940
1 )*XCP(1,6)+0.1984*ALPH(7,7,IY)*XCPtI,7)*b2.*0.5 SCU01950

DO 803 IY=2,NYMI SOUC19GO
I=IY+IX1NY SOU01970
DO 802 J==8,10 SOUO1960

802 SP(IY)=-ALPH(8,J,IY)*XCP(I,8)WXCP(I,J)/XCP(I.KPHI)+SP(IY) S0U01990
SP(IY)=SP(IY)-0.0044ALPH(B.1,IY)wXCP(I.1)-0.0367aALPH(8.2,IY) SOU02000

I *XCP(I,2)-0.1242wALPH(8,3, IY)*XCP(1.3)-0.2947-ALPH(8,4,IY) SCUO2010
1 XCP(I,4)-0.5758'ALPH(6.5,IY)*XCP(I.5)-0.9951*ALPH(8,6,IY)* SOU02020
I XCP(1,I)-0.5353-ALPH(8,7,IY)*XCP(I,7) SOU02030

803 CONTINUE S0U02040
RETURN SOU02050

C SCUO2CGO
C S0U02070

C SCuLO2CO0
900 CONTINUE SOU02090

DO 901 IY=2,NYM1 S0u02100
I=IY-+IX1NY SOUO2110

901 SU(IY)=0.2164*ALPH(7,6,IY)*XCP(I,7)uXCP(1,6)+0.8016'ALPH(7,7,IY) SOU02120
1 *XCP(I,7)*XCP(I,7)*0.5+0.0044*ALPH(8,1,IY)*XCP(I,8)*XCP(I,1) S0U02130
I +0.0367*ALPH(B,2,IY)*XCP(I.8)*XCP(I,2)+0.1242tALPH(8,3,IY) S0U02140
I *XCP(I,8)XCP(I,3)+0.297-ALPH(B,4,AY)&XCP(I,8)XCP(1.4)+ S0U02150
1 0.5758-ALPH(8,5,lY)wXC'(I .8)*XC?( I,5)+0.9951*ALPH-1(8, 6, IY)a S0U02160
1 XCP(I,8)*XCP(I,6)+0.535*ALPH(B.7,IY)*XCP(I,8)*XCP(I,7) SOU02170

DO 903 IY=2,NYM1 SoUo2180
I=IY+IX1NY SCU2190
DO 902 J=7,10 SOU022 00
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902 SP(IY) m-ALPH(9, JIY)*XP ( I,9) *XCP( I ,J)/XCP (I ,KPHI)+SP( IY)
SP(IY) SP(IY)-0.0035*ALPH(9,1, IY)*XCP(1,1 )-O.Od293vALPH (9,2, IY)s
I XCP( I,2)-0.0994-ALPH(9,3,IY)*XCP(I,3)-0.2359.ALPH(9,4,IY)v
I XCP( I,4)-0.4610-OALPH(9,5, IY)*XCP(I,5)-0.7967*ALPH(9,6,IY)s
I XCP(I,6)

903 CONTINUE
RETURN

C
C
C
C
1000 CONTINUE

DO 1001 IY=2,NYM1
I=IY+IX1NY

1001 SU(IY)=0.4647*ALPH.(87,IY)*XCP(1,h)XCP(I,7)+0.92786ALPH(8,8,IY)
1 .XCO(I,8)**2.*0.5+0.0035*ALPH(9,1 ,IY)*XCP(I,9)*XCP(I,1)+
I 0.0293*ALPH(9,2, IY)*XCP(I.9) *XCP(I ,2)+0.0994*ALPH(9. 3,IY)*
I XCP( I,9).XCP(I.3)+0.2359*ALPH(9,4,IY)*XCP(I,9)eXCP(I.4)+
1 0.4610ALPH(9,5, IY).XCP(I,9)*XCP(I,5)+0.7967*ALPH(9,6.IY)*
I XCP( 1,9)*XCP(I,6)+0.7B28VALPH(9,7,IY)*XCP(I,9)*XCP(I ,7)+
1 0.2722*ALPH(9,G, IY)*XC?( I19) *XCP(I ,6)

DO 1003 IY=2,NYM1
I=IY+ IX1NYV
DO 1002 J=6,10

1002 SP(IY)=-ALPH(10,J, IY)pXCP(I,10)*XCP(IU)/XCP(I,KDHI)+SP(IY)
SP(IY)=SP(IY)-0.0027*ALPH(10.1.IY)*XCP(I,1)-0.0239*ALPH(10.2.IY)

1- *XCP(I,2)-0.0813*ALPH'( 10,3,IY)*XCP(I,3)-0.1931*ALPH( 1O,4,IY)*
1 XCP(1I,4)-0.3773wALPH(10,5,IY)*XCP(1,5)

1003 CONTINUE
RETURN
END

S0U02210
SOUO2220
5002230
SOU02240
SOU02250
SOU022GO
SOU02270
SOU2C280
SOU2290
SOU02300
SOU02310
SOU02320
SOU02330
SOU02 340
SOU02350
SOUO23GO
SOL02370
SOU02380
S0U02390
SOU02400
SOU02410

.SOUO2-^20
SOU02430
SOU02440
SOU02450
SOUG2460
SOUO2470
50U02480
SOU02490
SOU02500
SOU02510

aCma
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SUBROUTINE PRINT(LPHI) PRI00010
COMMON PR00020

I/CASEI/UINLET,FLOWINRPIPE,XPIPEFXSTEP,HINLETHWALL PRIOCO3O
2/DNY/ DYG(22).DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),oYV(22) PRIO0040
2,RSYG(22),RSYV(22),RV(22),RVCB(22),SYG(22),SYV(22),Y(22),YV(22) PRIOCC5O
3/DNYONX/AE(22),AN(22),AP(22),AS(22),AW(22),c(22),D(22),DIFE(22, PRICOC0GO
3,DIF(22),dUW(22). DIFW(22),DU(22),DV122),EMUE(22).EMUN(22) PRI00070
3 ,ENUW(22),HCONE(22),HCONN(22), HCONW(22) PRI0000
3.PHIoLD(22),RHoE(22)RIoN(22), RHOW(22),SP(22),SU(22) PRIO0090
3.VOLUME(22),Con(22),CCNs122),CONE(22 1CON.(22,ESMPHI(22) PRIC0100
4/DNX/ DXG(22),DXUc22),FU(22).FUNODE22),vKOUT(22).RDXG(22) PRIC0110
4,RDXU(22),RSXG(22).RSXU(22;.STORE(22).SXG(22),sxu(22),x(22),xu(22)PRloo12o
5/DUPHI/ IE#(10).ILASJ(1O),IMON(1O),IXNY(1O),IZERO(10) PRI00130
5,JGROUP(10),KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) PR100140
5,RSSUM(10),1TITLE( 10),KTITLE(1 0),KEW(10),KLAST(10)YKZERO(10) PRIO0150

COMMON PR100160
G/DO/CCHECK,DPFLOWPC,FLOWST,FLOWUP,GRE-AT,ILINE,IPLRS,IPREFIPRINT PRIC0170
6,ISTEP IXIX1NY,1X1NY1,IX2NY2,IxJMN,1XP1,IXPREF,IYMoN,YPREF PRI00180
6,vIJEMU,LJHIJLASTJLIM 1.dLIM2,JLIM3,JLIM,JPJPP,JRHO PRIO0190
6,JUvJV.VPI ,KINPRI,KMPAKRAD,KRHOMU,KTESTLADPHI PR!00200
6,LASTEP. LINEF,LINELNEQNEQP1 PRIO0210
6,NODEFNODEF1.NODEL,NODEL1,NQDLP1,NTDMANUMCOL PRI00220
6,NXNXMAXNXMiNX'.2,NKYGNXYP, NXYU.NXYV PRIO0230
6,NYNYMAX,NYM1,Nvr.2,PINR5CHEK,9RSMAX,TINY PRICO240
COM'.N/PROP/EIUREFPR.L( 10),PRT(10) ,RHOREF PRIO0250
COMON/D2D1/ARSL'22,1o),RSLINE(2210) PRIO0260
COAMoON/D2D2/U(462),V(462)TKE(44)TED(484),9H(484),PP(22),P(400) PR100270

7,RHO(484),.EMU(484) PRI00280
7,1NLY(10)aIOUT(10),KIN,KOUTRELTKE,RELTED,ISTCH PRI00290

COMMON PRIO0300
9/TURB/CI.C2.CDSORTCD.CD25,ECONST,CTAUTW,CYPTWTAUTW1(22) PRIO0310
9,TAU7W2(22),YPUST1(22),YPUST2 (22) PRa100320
9,TAULW(22),XPUSLW(22)CTAULW.CXPLW PR100330
9,GENK(22),FACTKE.FACTEDJTKE.JTEDCAPPA PRI00340
9,CPART1(484).CPART2(aa4)CPART3(484).CPART4(484),CPART5(484) PRIO0350
9,CPART6(484),CPART7(484),CPA IT8(484).CPART9(484),CPARTO(484) PRI00360
COMMON/PART1/OCP(484,10),ALPH(10,1 C22),RP(10),DELT,TIMENUMSEn PR100370
1,CNREL,.COEE(484),COEN(484),COES(484).COEW(484).CPINP(10).VOLG(484)PRIO0380
1,STANI(22.10),STAN2(22.10).STAN3(22,1l),JCP1,JCP2,JCP3dJCP4,JCPs PR100390
1.JCP6, JCP7,JCP8,1CP9,JCP10,KPHI,KKLASTMoNTOR(10) PRIOO400
COMMON/ABC/A REAE PRI00410
DIMENSION F(3766),FF(4e40),FFF(4840) PRI03'20
DIMENSION DIFS(22).EMUS(22).HCONS(22),RHOS(22) PR100430
EOUIVALENCE (DIFS(2),DIFN(I)), (EMuS(2),EMUN(1)) PR100440
EQUIVALENCE (RHOS(2),RHONJ(1)). (AREAE.AREAW) PR100450
EQUIVALENCE (HCONS(2), HCNN(1)),(FF(1),CPART1(1)) PRI0046O
EQUIVALENCE (F(1l)U(1)),OCP(1,1),FFF(1)) PRIOO470
DIMENSION A(22),B(22) PRI"0490
EQUIVALENCE(A(1),AN(1)),(B(1),As(1)) PR 10490

CHAPTER 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 PRi0O500
KPHI=LPHI PRI00510

C---------------------------------------FOR ALL PHI'S EXCEPT P PR100520
KOLUM =1 PRIO0530
KOLUM2 =NUMCO L PRI00540

10 LIMITI=KOLUM1 PRI00550

FILE _-PRI-NT-. E -- -OR TRAN A PAGE 001
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LMIT2 sKOLUM2
LTOPK EW (KPH I)
--.BOTal

C ----------------------- FOR OTHER PHI'S
: JF(LIMIT1.GT.NX) LIMIT1= NX
IF (LIMIT2.GT .NX) L IMI T2=NX
GO TO 20

.C- -------- ----------------------------------- FOR P
CHAPTER 2 2 2 .2 PRINT TITLE OF VARIABLES 2 2 2 2
-20 CONTINUE

WRITE(6.9999)
WRITE(6,200) KTITLE(KPHI ),KTITLE(KPHI)

200 FORMAT(/1X,I5HFIELD VALUES OF,1X, 14v2X,22(lH-)lI422(lH-))
CHAPTER 3 3 3 3 PRINT FIELD VALUES 3 3 3 3 3 3

00 39 IIY=LBOTLTOP
IY=LTOP-IIY+ LBOT
DO 30 1X=LIMITILIMIT2

31 I=1Y+( IX-1)-NY
3000 I=I+KZERO(KPHI)
30 STORE( IX)=F'F (I)
310 WRITE(6,3100) IY,Y(IY),(STORE( IX),IX=LIMIT1,LIMIT2)
39 CONTINUE
320 WRITE(6.3102) (IX,X(IX),IX=LIMIT1,LIMI T2)
C--------------------------------- FOR ALL PHI'S OTHER THAN U AND P

IF(L]MIT2.EQ.NX) RETURN
KOLUM1 =KOLUM1+NUMCOL
KOLUM2 =KOLUM2+NUMCOL
GO TO 10

C------------------ FOR U AND P
3100 FORMAT(1X,1X,2HY( ,12,2H)=,1PE9.3,2X,10(IPE9.2,lX))
3101 FORMAT(lX,3HYV( ,12,2H)=. 1PE9.3 ,2X,10(PE9.2,IX))
3102 FORMAT(/5X,5HX(IX), 9X,10(I2,1H=,F6.2,X)//)
3103 FORMAT(/5X,6HXU(IX), SX,10(12,1H=,F6.2,1X)//)
9999 FORMAT(/1X,56H( 1 z U, 2'= V, 3 = H, 4 = PP, -5 = P, 6 = RHO, 7

IMU )/)
RETURN
END

SYSTEM

PR100560
PR 100570
PR100580
PRI00590
PR 100G00
PR100610
PRIO020
PR IOOU30

2 PR100640
PRI100650
PRICOGGO
PRI00670
PRl001O0
PR 100590
PRI00700
PRIC0710
PRIO0720
PR100730
PRI00740
PR100750
PRIO0760
%PRI00770
PR100780
PRIO0790
PRO0800
PR 100810
PR100820
PRI00530
PRI1040
PR I00850
PRIQOB60
PRIOCS70
PRIC0880

EPRIO090
PRIO0900
PRI00910
PRI00920
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SUQROUTINE OUTPUT OUTOOO10
COMMON OUT00020

1/CASEI/UINLET,FLOWIN,RPIPE,XPIPE.FXSTEPHINLET,HWALL OUT00030
2/DNY/ DYG(22),DYV(22),FV(22),FVNODE(22),R(22),RDYG(22),RDYV(22) OUTOOO40
2, RSYG(22),RSYJ(22) ,RV(22).RVCB(22),SYG(22) ,SYV(22),Y(22),YV(22) OUT00050
3/DNYONX/AE(22),AN(22),AP(22),AS(22),AW(22),C(22) ,0(22).DIFE (22) OUT00060
3,DIFN(22),DUW(22), DIFW(22),DU(22), DV (22).EMUE(22),EMUN(22) OUT00070
3 ,EMUW(22),HCONE(I22).HCONN(22), HCONW(22) OUTOOCOQ
3.PHIOLD(22) . RHOE (22) ,RH',((22), RHOW(22),SP( 22),SU(22) OUT00090
3,VDLUME(22),CONN(22),C0NS( 22),CONE (22),CCN':(22),ESMPHI(22) OUTOQOG
4/DNX/ DXG(22),DXU(22),FU(22),.FUNODE(22).KOUNT(22),RDXG(22) OUT00110
4,RDXU(22),RSXG(22),RSXU(22).STCRE(22),SXG(22),SXU(22), X(22),XU(22)UTOOI20

5/DJPHI/ IEW( 10),ILAST(10),IMON(10),IXNY(10),IZERO(10) OUT00130
5,JGROUP(10),KADSO (10),K SOLVE( 10),KRS(10),RELAX(10),RSREF(10) OUT00140
5,RSSUM(10),ITITLE(1O),KTITLE(10),KEW(10),KLAST(1O),KZERO(10) OUT00150
COMMON DUTO 00

6/DO/CCHECK,DP.FLOW PC,FLOWSTFLOw UPGREAT,ILINE,IPLRSIPREF,IPRINT OUT00170
6,ISTEP ,X,IX1NY. LX1NY1 , IX2NY2 , IXM01, !XP1 , 1XPREF , IYMON , IYPREF OUT00160
6,JEMUiJHJLASTJLIM1 JLIM2,JLIM3,JL7:,JP,tJPP,JRHO OUT00190
6,JU.JV,dVP1.KINPRI,KMPAKRIDKRHOMU,KTEST,LABPHI OUT00200
6,LASTEP.LINEF,LINEL.NEQ,NEOP1 OUT00210
6,NODEF ,NODEF 1, NODELNODELI ,NODLP1 ,NTDPA,NUMCOL 'OU100220
6,NX,NXMAX,NXM1.NXM2,NXYGNXY.P,NXYU,NXYV OUT00230
6,NY,NYhlAX,NYM1 ,NY',12,PI , RSCHEK, RSMAX,TINY OUT00240
CO'.iON/PROP/ EMUREF ,PRL( 10) ,PRT (10) . RHOREF OUTOC250
CoMMON/D201/ARSL(22,l10) ,RSLINE (22.10) OUTOU2G0
COrAMON/D2D2/U(462),(462),TKE(484),TED(484),H(484),PP(22),P(400) OUTOC270

7, RHO(484),EMU(434) OUT00280
7, INLY(10),IOUT(10).KIN.KOUTRELTKE,RELTED,ISTCH OUT00290
COMMON OUT00300
9/TURB/C1,C2,CD,SOrTcD.CD25,ECOr4ST,CTAUTW.CYPTW,TAUTW1(22) OUT00310
9,TAUTW2(22),YPUST1(22),YPUST2(22) 0U100320
9,TAULW (22), XPUSLW( 22) ,CTALLW, CXPLW OUT00330
9,GENK(22),FACTKE,FACTED,JTKEJTEDCAPPA OUT00340
9.CPART1(484) ,CPAR T2(484.),CPART3('S4) ,CPART4(484),CPART5(484) OUT00350
9,CPART6(484),CPART7(484),CPARTB(484),CPART9(434).CPARTO(484) OUT00360
COr.ON /PAR11 /CCP(B84, 10) ALPH( 10, 10 22) ,RP( 10) .ELTT'.ENUMLER OUT00370

1,CNREL,COEE(484),COEN(484),COES(484).COEW(484).CPINP(10),VOLG(484)OUT00380
1,STAN1 (22.10),STAN2 (22,10),STA N3(22,10),JCP1,jCP2 ,JCP3, JCP4,JCP5 OUT00390
1,JCP6,JCP7,IJCP8,CP9,JCP10,KPHIKKLAST ,MONTOR(10) OUTC0400
COr'oN/ABC/AREAE OUTO%410
DIMENSION F(3766),FF(4840).FFF(4840) OUT00420
DIMENSION DIFS(22),EMUS(22),HCONS(22).RHOS(22) OUT00430
EQUIVALENCE (DIES(2).DXFN(1)), (ErMUS(2),EMUN(1)) OUT00440
EQUIVALENCE (RHOS(21,RHON(1)). (AREAE,AREAW) OUT00450
EQUIVALENCE (HCCNS (2),HCONN(1)),(FF(1),CPA RT1(1)) OUT00460
EQUIVALENCE (F(L),U(1)),(OCP(1 ,1)FFF(1)) OUT00470
DIMENSION A(22i),B(22) OUT004SO
EQUIVALENCE(A(U),AN(1))_, ((1),AS(1)) OUTT0O490
DATA KTRIP/O/ OUT00500

CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 1 OUT00510
CHAPTER2 2 2 2 HEADINGS 2 2 2 2 2 2 2 2 2 2 2 2 OUT00520

ENTRY OUTPH OUT00530
C------------------------------- THE PROBLEM OUT00540
20 WRITE(6,201) OUT00550

m-A
'.0
00
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201 FORMAT (///IX ,10X50HLAMINARUN IFORM-PROPERTY FLOW IN A CIRCULAR PYOUT00560
IPE /1X,10X,50(1H-)) 0UT00570

PROBLEM INFORMATION OUT00580
REY=RHOREF*UINLET*2. *RPI PE/EMU REF OUT00590
WRITE(6,210) XPIPErRPIPE ,UINLET,REYHINLETHWALL OUT00600

210 FORMAT(//1ZIOH XPIPEOH RPIPE,1QH UINLET, OU700G10
110H REY. NO..10H HINLET,10H HW:.ALL/1X,1P6E10.2) OUTOCG20

WRI TE(6,250) NX ,NY ,NXM!AX ,NYMAX OUT00630
WRITE(6,251) KRADNTDMA , KMPALASTEP,RSCHEKCCHECK OUT00640

250 FORMAT(/IXIOH NX,10H NY,10H NXMAXIOH NYMAXCUT00650
1/1X,4l 10) OUT00660

251 FORMAT(/1X1H KRADI0H NTDMA,O1H KMPA,10H LASTEPOUTOOG70
19,1OH R SCHEK,10H CCHECK/IX,4110,1P2EI0.2) OUTOC680
RETURN OUT00690

CHAPTER 3 3 3 3 3 FIELD VALUES 3 3 3 3 3 3 3 3 3 3 3 OUT00700
ENTRY OUTPF OUTOC710
DO 31. KPHI=1 ,KKLAST OUT00720

32 CALL PRINT(KPHI) OUT00730
31 CONTINUE OUT00740

KTRIP= 0 OUT00750
RETURN OUT00760

CHAPTER 4 4 4 4 PRINT OUT OF RESIDUAL SOURCES AND MONITORING VALUES OUT00770
ENTRY OUTP1 OUTCC780

WRITE(6.1000) TIME OUT00790
Dc 50 1:1,10 CUT00800
L=MONTOR(I) OUT00810
WRITE(6,1001) JCPART1(I),CPART2(J),CPART3(J),CPART4(U),CPART5(J) OUT0020

50 WRITE (6,1002) CPART6(J),CPART7(J).CPARTB(d),CPART9(J),CPARTO(J) OUT00830
1000 FORMAT(/1X,5HTIME=F7.2) OUT00840
1001 FORrIAT(14,5E12.5) OUT00850
1002 FORMAT(4X,5E12.5) OUTOOGGO

RETURN OUT0070
END OUT00880
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SUBROUTINE MODIFY(LPHI) MOD00010
COMMON M3D00020

1/CASE1 /UINLET,FLOWIN,RPIDE,XPIPE,FXSTEP,HINLET,HWALL MOD00030
2/DNY/ DYG(22).DYV(22).FV(22).FVNODE(22).R(22),RDYG(22),RDYV(22) MOD0C04 0
2,RSYG(22),RSYV(22).RV(22),rVCB(22),SYG(22),SYV(22),Y(22),YV(22) MOD0050
3/DNYONX/AE(22),AN(22),AP(22),AS(22),AW(22)C(22),D(22YDIFE(22) MODOO060
3,DIFN(22),DUW(22), DIFW(22),DU(22),DV(22),EMUE(22),EMUN(22) MOD00070
3 ,EMUW(22)HCONE(22).HCCIN(22). - HCONW(22) MOD0030
3,PHIDLD(22),RHOE(22),RH'd 22), RHCW(22).SP(22),SU(22) MOD00 90
3,vOLUME(22),CONN(22),CCNS(22),CONE(22 ,CONA(22),ESMPHJI22) MCD00100
4/DNX/ DXG(22),DXU 22)q,FUt22) ,FUNODE(22),KOUNT(22) ,RDXG(22) O000110
4,RDXU(22),RSXG(22),RSXU(22),T0RE(22),SXG(22),sXU(22).X(22),U(22)MroDoo 120
5/DJPHI/ IEW( 10),ILAST(10),IMON(10),IXNY(10),IZERO(10) MODOO130
5,JGROUP(1O),KADSOR(10),KSOLVE(10),KRS(10),RELAX(10),RSREF(10) MODOO14O
5,RSSUrA(10),lTITLE(10),KTITLE(10) ,KEW(10),KLAST(10),KZERO(10) MODo0150
COMMON .. MODOO 160

6/DO/CCHECKDPFLDWPC,FLOcnST,FLOWUP,GREAT,ILINE,IPLRSIPREFIPRINT L1OD00170
6,ISTEP ,IXIX1NY,IXINY1,IX2NY2,IX?1m.1xPIXPREF,IYMON,IYPREF ME00130
6,JEMU, JHJLAST.LJLIM1.dLIW,JLIM3,JLIM4,JP,UPP,RHO MCDOO190
6, U,JV,dVP11,KINPR I,KMPA,KRAD,KRHC'LJ,hTEST, LABPHI MOD00200
6,LASTEPLINEF,LI:7ELNE0,NEQP1 MOC00210
6,NODEF,NODEFINOEIIODEL1 ,NODLP1,NTDvOA,NUMCOL M0000220
6,NXNXMAX.NXM1.NX2NXYG,NXYP,NXYU.NXYV MCD00230
6,NY,NYMAXNYM1,NYVPIRSCHEK, RSMAX,TINY MOD00240
COW'AON!P P/E.1UREF,PRL( 1019,PRT(10),.RHOREF M0D00250
CCI.t'OND201/AR$L(22,10),9 NSLINE(22,10) MCD00260
CO1MO0N/D2D2/U(462),V(462),TKE(434),TED(44),H(484),PP(22),P(400) M0000270

7,PHO(484) ,EMU(484) MODO02SO
7,XNLY(10),1OUT(10),K1N,KOUTRELTKE,RELTED,ISTCH MOD00290
CO11MON MOD00300

9/TURB/C1.C2,CD.SQR-TCDCD25.ECONST.CTAUTWCYPTW,TAUTW1(22) M0000310
9,TAUTW2(22),YPUSTI(22),YPUST2(22) MOD0320
9,TAULW(22),XPUSLW(22),CTALW.CX PLW r- CoCC330
9,EK2)FCKACETEdEAP MODOO34O
9,CPART1(484),CPArT2t484),CPART3[4s4).CPART4(4s4),CPARTs(4B4) M0D00350
9,CPART6(4B4),CPART7(484),CPARTS(484).CPART9(484),CPARTO(484) MD000C360
COMMON/PART1/OCP(484,10),ALPH(10,10,22),RP(1o),DELT,TIMENUMBER MOD00370

1,CNRELCOEE(4B4).COEN(484).COES(484).COEw(484),CPINP(10).VOLG(484)Moo00,30
1,STAN1(22,10),STAU2(22,10),STAN3(22,10).uCPl,JCP2.dCP3,JCP4,0CP5 MCD00390
1.dCP6,JCP7.JCP8dCP9,JCP10,KPHI,KKLAST,MoNTOR(10) M0000400
COMON/AC/AREAE 00D0041 0
DIMENSION F(37W5),FF(4040).FFF(4S40) D10300120
DIMENSION DIFS(22)-,EI,uS(22),HCONS(22),RHOS(22) Mn0430
EQUIVALENCE LDIFS(2),DIFN(1)), (EMUS(2),EUN(1)) MOD00440
EQUIVALENCE (MHOS(2),RHON(1)), (AREAE.AREAW) MOD00450
EQUIVALENCE (HCONS 2),HCONN(1.(FF(1)CPART1(1)) MCDO0460
EQUIVALENCE (F(1),U(1)).(OCP(1,1),FFF(1)) MoD00470
DIMENSION A(22),B(22) r0000"0
EQUIVALENCE(A(1),AN(1)),(B(1),AS(1)) .D900490

CHAPTER 1 1 1 1 1 PRELIMINARIES 1 1 1 1 1 1 1 1 1 1 1C0O500
KPHI=LPHI -MODi00510
SP(2)=SP(2) M000520
SP(NYM 1)=SP(NYM1) t ooD0530
IF(IX.NE.NXMI) RETURN MOD00540
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tECONST--

SUBROUTINE CONST CON00I 0
COMMON CON00020
1/CASE1/UINLETFLOWINRPIPEXPIPEFXSTEP,HINLETHWALL CONOC030
2/DNY/ DYG(2.2),DYV(22),FV122),FVNODE(22),R(22),RDYG(22),RDYV(22) CON00040

2,RSYG(22),RSYV(22),RV(22),RVCB(22),SYG(22) ,SYV(22),Y(22),YV(22) CON00050
3/DNYONX/AE(22),AN(22)LAP(22),AS(22),AW(22), C(22),D(22),DIFE(22) CON00060
3 , DIFN( 22) , DUW(22), DIFW( 22) ,DU (22) ,DV(22) , EMUE(22) ,EMUN(22) CONOOO7O
3 EMUw(22),HCONE (22),H CONN(22) , HCOAW (22) CONOOBO
3,PHIOLD(22),..RHOE(22) ,RRHOW(22),SP(22) CONOO090
3VOLUME (22) , CO(22) ,CNS(22) ,CONE(22),CONW(22) ,ESMPHI ( 22) CONO010O
4/DNX/ DXG(22).DXU(22), FU (22) , F UNODE(22),KOUNT(22)RDxG(22) CON 1
4,RDXU(22),RSXG(22),RSXU(22),STORE(22).SXG(22),SXU(22),X(22),XU(22)CONOOI20
5/DJPHI/ IEW( 10),ILAST(10),IMON(10), lJY(10) ,IZERO(10) CON00130
5.JGROUP(10), KAOSOR(10) ,KSOLVE( 10) ,KRS( 10), RELAX( 10) ,RSREF(10) CON00140
5,RSSUM(10) ,l 1TIT LE( 10) ,KTIT LE(1 0) ,KEW(10)K LAST (10),KZE RO(10) CON00150
CO.1MON CON00 160
6/D0/CCHECK,DP.FLOWP.C.FLOSTFLOWUP.GrEATI LINE, IPLRSIPREF.IPRINT CON00170
6,ISTEP ,IXIX1NY,IX1NY1,IX2NY2,IXMONIXPIIXPREFIYMONIYPREF CON00180
6,LJEMU, IJHvJLAST,LJLIM1,JLIr.129JLIM3,JLIM4,JPUPP.JRHO CON00190
6,LU, JV ,9JVP1, KINPRI .KMPA ,KRAD, K RHOMU, KTEST ,LABPHI CON00200
6. LASTE P, LINE F, L INE L.NEQ, NEOPI CO00210
6,NODEF,,NODEioNODE L,NODE L1 .NOD LP1.,NTDMANUMCOL CON00220
6,NX,WXMAX.NXM1,NXM2,NXYGNXYP. NXYU,NKYV CCN00230
6,NY,NYMAX,NYM1,NY"12, PIR SCHEK .,RSMAX,0T I1Y CoN0C240
C0MMroON/PROP/EMUrPE F , PR L ( 10) ,PRT (10) , RHOREF CON;C250
COMMON/D2DI/IARSL (22.10),RSL INEI(22, 10 ) CON00260
-COMMON/D2D2/U(462),v(462),TKE(484),TED(484).H(484),PP(22),P(400) CON00270
7,RHO(484),EMU(484) CON002B0
7,INLY(10),IOUT(10),KIN,KOUTRELTKE.RELTEDISTCH CON00290
COM,ON CON00300
9/1URB/CIC2,CD,SORTCD.CD25,ECONSTCTAUTWCYPTWTAUTW1(22) CON00310
9,TAUTW2(22), YPUST1 (22) ,YPLST2 (22) C0N00320
9,rTAULW(22),XPUSLW(22),CTAULW,CXPLW CON00330
9,GENK(22),FACTKE.FACTEDJTKE.JTED,CAPPA CON00340
9,CPART1(4B4),CPART2(484),CPART3(484),CPART4(484),CPART5(4B4) CON00350
9,CPART6(484),CPART7(484),CPARTB(484),CPART9(484),CPARTO(484) CON00360
CCMMON/PARTI /OCP(484,10),1.ALPH( 10,10, 22) ,RP (10),DELT ,TIME,NUMDER CON00370

1,CNREL,COEE(484),COEN(484).COES(484),COEW(484),CPINP(10),VOLG(484)CON00380
1 ,STANI (22,10) .STAN2I 22. 10) ,STA!N3(22 , 10) ,JCP1 ,JCP2,tJCP3 , JCP4,JCP5 CON00390
1,JCPG.JCP7,JCP8,JCP9,JCP10,KPHI,KKLAST,MONTOR(10) CONOC400
COMMON /A BC/ A RE AE CONQ0410
DIMENS ION F ( 3766) , F F (484 0) .FF F (4840) C0N00420
DiMENSION DIFS(22),EMUS(22),HCONS(22).RHOS(22) C0N00430
EQUIVALENCE (DIF512)DIFN(1)), (EMUS(2),EMUN(1)) CON00440
EQUIVALENCE (RHOS(2),RHON(1)), (AREAE,AREAW) CON00450
EQUIVALENCE (HCONS(2),HCONN(1)),(FF(1),CPARTI(1)) CON00460
EQUIVALENCE (F(1).U(1)), (OCP(1 ,1),FFF(1)) CO00470

DIMENSION A(22),Bi 22) CcNC0400

EQUIVALENCE(A(1),AN(1)),(B(1),AS(1)) CON00490
-C- - CONSTANTS RELATED TO NX AND NY ------------------ CONO0500

ENTRY CONST2 CON00510
NXMI=NX-1 CON00520
NXM2=NX-2 CON00530
NYMi=NY-1 CONo0540
NYM2=NY-2 CON00550

CONVERSATIONAL MONITOR SYSTEM
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C --- --------------- TOTAL NUMBER OF NODES FOR DIFFERENT VARIABLES CONOOSGO
NXYG=NX*NY CON00570
NXYP=NXM2*NY M2 CON0580
NXYU=NXM1*NY CON00590
NXYV=NX*NYM1 CONOO600
RETURN CON0061 0

C --------------------- CONSTANTS RELATED TO VARIABLES ----------------- CON00620
ENTRY CONST3 CONC0630
KRHOMU=KSOLV E(JRHO)+ SOLVE(JEMU) CON00640

C--------------------- IZERO,ILAST AND IEW FOR DIFFERENT VARIABLES CON00650
IZERO(1)=0 CON0660
DO 35 J=1,LAST CON00670
IF(&-dU) 310,301,310 CON00680

310 IF(J-JV) 320,302,320 CONO690
320 IF(J-JP) 330 ,303,330 CCN00700
330 IF(d-0JPP) 305,304,305 CON007 10
301 IL=NX'YU C0N00720

ILMAX= (NXMAX-i)*NYMAX CON00730
IEW(J) =NY CON00740
GO TO 34 CON00750

302 IL=NXYV CON00760
ILMAX=NXMAX* (NYMAX-1) CON00770
IEW(d) =NYMI CON00 780
GO TO 34 CON00790

303 IL=NXYP CON00800

I LMAX= (NXMAX -2)* (NYMAX-2) CON003 10
IEW(J)=NYM2 CONO0820
GO TO 34 CON0030

304 IL=NY CONO0840
I LMAX=NYMAX CONG00950
IEW(J) =0 CONCC860
GO TO 34 CONG0870

305 IL=NXYG CON00860
I LMAX=NXMAX-'NYMAX CON00890
IEW(J)=NY CON00900

34 ILAST(J)=IZERO(d)+lL CON00910
IF(J.EQ.JLAST) GO TO 35 CON00920
JP1=J+1 . CON00930
IZERO(JP1)=IZERO(J)+ILMAX CCN00940

35 CONTINUE CON Oo; 50
C ---------------------- ASSIGNING NAMES TO THE TITLE-ARRAY CONOG960

KZERO(I)=0 CON00970
DO 45 K=1,KKLAST CON00980
IL=NXYG CON00990
I Lt.*AX= NXMAX- NYMAX CONG 1 000
KLAST(K)=KZERO(K)+IL CON01010
KEW(K)=NY CONI 020
IF(K.EQ.KKLAST) GO TO 45 CON01030
KP1=K+1 CON01040
KZERO(KP1)=KZERO(K)+ILMAX CON01050

45 CONTINUE CONO1060
ITITLE (JU)=JU CON01070
ITITLE(JV)=dV CONOl00
ITITLE(UP)=JP CONO1090
ITITLE(JPP)=dPP CON01100
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ILEa -COEFF

CONDIF(DIFF, FCONV,CONV)zAMAXI(DIFF, DIFF+CONV)
KPHI= L PHI
IF(KRAD.EQ.2) GO TO 12
ASSIGN 1001 TO LG
GO TO 13

12 ASSIGN 1002 TO LG
13 CONTINUE
C-----------TRANSFER VISCOSITIES STORED IN AN( ) TO EMUN( ), ETC.

CALL CELPHI(KPHI.UIEMU)
N2=NODEL
EMUS(NODEF)= AS(NODEF)
DO 121 IY=NODEFN2
EMUN(I Y)=AN( IY)
EMUE(I Y)=AE ( IY)

121 EMUW(.I Y)=AW( IY)
C ------------------------CONVECTION TERMS AND DIFFUSION-TERM*PRANDTL
C NUMBER FOR GENERAL PHI EQUATIONS

SGIX=SXG(IX)
AREA:SXG(IX) *RV(NODEF1)
DIFS( NODEF )= EMUS(NODEF) *AREA*RDYG(NODEF)
ISVmNODEF1I 1INYI
HCONS ( NODEF) =0.5*RHOS(NODEF)*V (ISV) *AREA
RDXGIX=RDXG( IX)
RDXGI1=RDXG( IXPI)
DO 156 IY=NODEF,NODEL
IYM1=IY-1
I=IY+JX1NY
IW=I-NY
IV=IY+IXiNY1
AREAN=SXGIx
AREAE=SYG(IY)
GO TO LG,(1001,1002)

1002 AREAN=AREAN-RV(IY)
AREAE=AREAE*R(IY)

C AREAW=AREAE , THROUGH EQUIVALENCE
1001 VOLUME(IY)=AREAEwSXGIX
C D1FS(IY)=DIFN(IYM1) , THROUGH EQUIVALENCE

DIFN(IY)=.EMUN(IY)-AREAN*RDYG(IY+1)
DIFE( 1Y)=EMU E(IY)h-AREAE*RDXGII
DIFW( I Y)=EMU'( IY) -A REAW*.OXGIX

C HCONS(IY)=HCONN(IYM1) , THROUGH EQUIVALENCE
HCONN(IY)=O.5-RHON(IY)*V(IV)AREAN
HCONE(IY)=0.5-R4OE(IY)-U(I)AREAE
HCONW( IY)=.5*RH0W( IY)*U(IW) 'AREAW
CONN(IY)=HCONN(IY)+HCONN(lY)
CONS(IY)=HOONS(IY)+HCONS(IY)
CONE( I Y)=HCCNE( IY )+HCO4E CIY)
CONW(IY)=HC0Nw^(IYI+LHCoW (jI)

ESMPHI(IY)=CONS(,Pt)-CONN(IY)+CONW(IY)-CONE(IY)
156 ESMPHI ( I Y)A MA A1(0 . 0 -ESPHI ( IY))
CHAPTER 5 5 5 5 5 PHI EQUATION 5 5 5 5 5
50 RPRT=1./PRT(KPHI)
C ------------------------COEFFICIENTS FOR ALL CELLS ON

KCONST=IXNY(KPHI)+KZERO(KPHI)
KEWPHI=KEW(KPHI)

5 5 5

THE STRIP

5

~ COECOSGO
COE00570
COE00580
COE00590
COE00600
COE00610
COE00620
COE0030
COE00640
COE 00 650
COE000GO
COE00670
COE00680
COE00690
COE00700
COE00710
COE00720
COE00730
COE00710
COE00750
COE00760
COEO00770
COE00780
eOE00790
COE00200
COECOOsIO
COE00820
COE00830
COE00840
COE00850
COE00860
COE00870
COE00880
COE0090
COE00900
COE00910
COE00920
COE00930
COE00940
COEOO950
COEOOGO
COE00970
COECO980
COE00990
COEO1000
COE01010
COE01020
COE01030
COE01040
COE01050

5 COE01C60
COE01070
COE01080
COE01090
COE 01100

Ch
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DO 56 IY=NODEFNODEL COE01110
mI@Y+KCONST COE0 1120
KE'l+I EWPHI COE01130
IW=I-KEWPHI COE01140
DS=DIFS( IY)* RPRT COE01 150
DN=DIFN( IY) RPRT COE01160
DE=DIFE(IY)*RPRT COE01170
DW=DIFW( IY)* RPRT COE01180
--------------------- ERROR SOURCE OF MASS COE01190
FM=ESMPHI(IY) COE01200

C----------------- COMBINING DIFFUSION AND CONVECTION CONTRIBUTIONS COE01210
AN(IY)=CONDIF(DN,-HCONN(IY),-CONN(IY)) COE01220
AS(IY)=CONDIF(DS, HCONS(I), CONS(IY)) COE01230
AE(IY)=CONDIF(DE,-HCONE( IY),-CONE(IY)) COE01240
AW(IY)=CONDIF(DW, HCONW(IY), CONW(IY)) COE01250
--------------------- STORING PHI IN PHIOLD COE01260

C----------- ----------- SOURCE TERMS COE01270
56 CONTINUE COE01280
C----------------------PUT BOUNDARY END VALUES IN PHIOLD COE01290
C----------------------- ADDITIONAL SOURCE TERMS IF REQUIRED COE01300

RETURN COE01310
END COE01320
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CELPHI FOR TRAN

BWWu0. 5
BEW=O. 5
IF(IX. EO.2) BWW=1.
IF(IX.EO.NXMI) BEW=0.
BWE=1.-BWW
BEE. -BEW
C-----------------------ALL FOUR CELL WALLS
ICONST =IXINY+IZERO(JPHI)
I=NODE FI+ICONST
AS(NODEF)=F( I).
IF(NODEF.GT. 2) AS(NODEF)=0.5*( F(I)+F(I+1))
DO 31 IY=NODEF,NODEL.
IxIY+ICONST
IN=1+1
IE!+NY
IW=I-NY
AN(IY)=0.5*(F(I)+F(IN))
AWC IY) =BWW-F ( IW)+BWE'F( I)

31 AE(IY)=BEW*F(I)+OEEvF(IE)
IF(NODEL.LT.NYMI) RETURN

C------------------------CORRECT AN FOR THE LAST CELL
IN=NODEL+ICONST
AN(NODEL)=F( IN)
RETURN
END

CELOO560
CELOO570
CELOO5SO
CELOO590
CELOO600
CELOO610
CELOO620
CEL00630
CE L00640
CELOC650
CELOCEGO
CELOOB70
CELOOGGO
CELOO690
CEL00700
CEL00710
CEL00720
CEL00730
CELOO740
CEL00750
CEL00760
CEL00770
CEL00780
CEL00790
CELOB080
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CONVERSATIONAL MONITOR SYSTEM

IF(KPHI.EQ.JCP5) GO TO 50
IF(KPHI.EQ.-iCPG) GO TO 60
IF(KPHI.EQ.JCP7) GO TO 70
IF(KPHI.EO.JCP) GO TO 60
1F(KPHI.EQ.JCP9) GO TO 90
IF(KPHI.EQ.JCP10) GO TO 100
RETURN

10 CONTINUE
IF(IX.NE.2) RETURN
DO 11 IYzINYMI
I=IY+iX1NY
IW= I-NY

11 CPART1I(IW)zC PART1 ( I)
RETURN

20 CONTINUE
IF( IX.NE.2) RETURN
DO 21 1YuINYM1
IW=I-NY

21 CPART2 (IW)uCPART2( I)
RETURN

30 CONTINUE
IF(IX.NE.2) RETURN
DO 31 IY=1,NYM1
luIY+IXINY
IW=I-NY

31 CPART3(IW)=CPART3(I)
RETURN

40 CONTINUE
IF(IX.NE.2) RETURN
DO 41 IY=1,NYMI
I=IY+iX1NY
IW=I-NY

41 CPART4(IW)=CPART4(I)
RETURN

50 CONTINUE
IF(IX.NE.2) RETURN
DO 51 IY=1.NYMI
I=IY41XINY
IW=I-NY

51 CPART5(IW)=CPART5(I)
RETURN

60 CONTINUE
IF(IX.NE.2) RETURN

C
C

C
C

C
C

C
C

50U00560
BOU00570
80U00580
BOU00590
BOUGO600
BOU00G10
BOU00620
BOU00630
BOU00640
BOU00650
BOUGU60
BOUOOG7O
BOU00680
BOU00690
BOU00700
B0U00710
BOU00720
BOU00730
BOU00740
BOU00750
BOUoV700
BOU00770
BOU00780
BOU00759V
60U00800
BOU00810
BOU00820
BOU00830
BOU00840
BOU00850
BOU00860
B3OU0C870
BOU00880
BOUO890
2OU00900
80U00910
BOU00920
BOU00930
BOU00940
BOU00950
BOU00960
BOU00970
BOU00980
BOU00990
BOU01000
BOU01010
BOU01020
BOU01030
BOU01040
BOU01050
BOU01060
BOU01070
BOU01080
BOUO1090
BOUO1100
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FILE: BOUND FORTRAN *

DO 61 IY=l,NYMII
I=IY+IXINY
IW=d-NY

61 CPART6(IW) CPART6( I)
RETURN

C
C

70 CONTINUE
IF(IX.NE.2) RETURN
DO 71 IY=1,NYM1
uI=Y+IX1NY
IW=I-NY

71 CPART7(IW)zCPART7(I)
RETURN

C
C
80 CONTINUE

IF(IX.NE.2) RETURN
DO 61 IY=1,NYM1
I=IY+IX1NY
IW=l-NY

81 CPART8(IW)=CPARTB(I)
RETURN

C

90

91

C
C

CONTINUE
IF(IX.NE.2) RETURN
DO 91 XY=I,NYM1
I=IY+IX1NY
IW=I-NY
CPARI9(IW)=CPART9( I)
RETURN

100 CONTINUE
IF(IX.NE.2) RETURN
DO 101 IYzI,NYMI1
I=IY+IX1NY
IW=I-NY

101 CPAR 0(IW)zCPARTO(I)
RETURN
END

CONVERSATIONAL MONITOR SYSTEM

301)01110
BOU101120
BOU11130
BOU01140
BOU01150
BU0 1 1160
BOU01 170
BOU011 60
BOU0 190
BOU01200
BOU01210
BU01220
BCU01233
BOU01240
BOU01250
BOU01260
BOU01270
BCU01280
BOU01290
BOU01300
BOU01310

.80U01320
BOU01330
BOU01340
BOU01350
BOU01360
60U01370
BOU01380
BOU01390
B00 1400
BOU01410
BOU01420
BOU01430
800 1440
BOU01450
BOU01460
BOU001470
BOU01480
80101490
BOU01500
BCU011510
BOU01520
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