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ABSTRACT

The equation for diffusion in a binary gas mixture is integrated over
each of a number of elements into which the R-Z system volume is divided. The
rasulting equations are soluble using the TWIST programme to give the mass
fraction variation through the system. The Programme is suitable for analysis
of any device which utilises pressure diffusion for the separation of a binary
gas mixture, the components of which have approximately equal molecular weights
and is describable in the R-Z coordinate system, Applications include the
centrifuge, the vortex tube and the Vortex Matrix.

A knéwledge of the mixture mass flow and pressure distribution throughout
the system is assumed. A weakness of this method is the requirement of a fine
subdivision of the system volume when such flows are large.

The TWIST programme has been applied to a counter-current centrifuge and

the results compared with those from Cohen's theoxy.
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1. INTRODUCTION

Although the time dependant behaviour of an isotope separating device can
be quite an important subject, much can be learnt from a study of its steady-
state behaviour. _

Pressure diffusion is employed in most separative devices, including the
ultra-centrifuge, the vortex tube, and the Becker Nozzle. We concentrate here
on those devices in which the binary gas mixture is caused to rotate about an
axis.

Cylindrical coordinates are convenient for the description of these
systems, but to avoid the calculational complexity and expense of a full 3D
solution, it is necessary to eliminate at least one of the three spatial vari-
ables, R, Z or 8, For the ultra-centrifuge and, to a lesser extent, the vortex
tube, RZ modelling should be satisfactory. For the vortex matrix, an RZ model
could be considered adequate.

Rotation of the gas induces a centrifugal field which, whilst it has no
intrinsic separating effect, induces a pressure gradient which performs the
separation. Although its tangential component is predominant, the gas velocity
will also have radial and axial components. These 'secondary' flows will affect
the radial pressure gradient and will also induce an axial pressure gradient.
As it is the resultant pressure gradient vector which performs the separation,
we must allow for both radial and axial components. This is particularly
necessary for the vortex tube device where rapid axial deterioration of the
radial pressure gradient could occur.

It is assumed that the pressure field and secondary flow distributions are
known throughout the volume of the device. A knowledge of the secondary flows
is required for the calculation of mass transport resulting from bulk fluid
flow.

It is further assumed that the difference between the molecular weights
of the component gases is small so that the mixture molecular weight can be
taken to be independent of position.

For the complex secondary flow patterns possible in a vortex device, it
appears that the mass diffusion equations can only be solved by numerical
methods. For more simple secondary flows in certain devices, analytical solu-
tions are available (Cohen 1951), and their use is recommended. Cohen cbtained
an analytical solution for the counter-current centrifuge by neglecting the
effect of axial diffusion on the radial concentration gradient. Here the
numerical method would be useful only to cross-check results.

Before proceeding to the numerical method, the mass diffusion equation is
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cast in dimensionless form. The input data for the resulting computer pro-
gramme (see Appendix B) becomes dimensionless, thus avoiding the restrictions
of a specific set of units. In addition, the result of any computer run is
easily recognisable as being applicable to any system described by the particu-
lar set of dimensionless data.

The numerical method seeks to evaluate the mass fraction at the centre of
each of a number of elements into which the volume is divided. A feature of
this method is the use of an integral rather than a differential approach;
this conserves matter irrespective of the coarseness of subdivision of the
system volume,

The method produces a set of simultaneous equations for the unknown mass
fractions. Following a description of the computer programme TWIST for the
solution of these equaticns, an application of the programme to a counter-
current centrifuge is discussed, with the results compared to those from Cohen’s
theory.

2. DIMENSIONLESS EQUATIONS

For a binary mixture, the steady-state equation of continuity of species
A is, from equation 18.3-4 of Bird, Stewart and Lightfoot (1960),

V. (pA v + jA) =0 : «ea (1)

whexre v and jA are vector quantities, v being the mass averaged velocity and
jA being the mass flux of species A with respect to v; Pa is the density of
species A,

Considering only ordinary (concentration) diffusion and pressure diffusion
fluxes to be relevant, then

3y = 3.0 4 38 cea(2)

From equation ¢ of table 16.2-1 of Bird et al. (1960)

j:ﬂ = - 0DVu, eea (3)

where ( is the mixture density, D is the mass diffusivity and mA ig the mass
fraction of species A. From equation 18,4-9 of Bird et al, (1960)

v :
() _ -c? A _ 1
jA - _—_p.R.T . MA » l'lB » D [XA . MA( M_ p) . VP] " . (4)

where ¢ is the molar density and X, is the mole fraction of A, the lighter of
the species,D is the diffusion coefficient, M the molecular weight, R the gas

constant and P and T are the pressure and temperature. As it is preferable to
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work in terms of mass fraction, we write

. .+ (B)

This gives,

AP} _ _c T -

JA - R.T - I'iB - D . LIJA (VA MA/D) L4 VP - .10(6)
For a perfect gas,

1-

T lecologfia, .2

VA —C—'M D(MA'F MB) -00(7)
s0,

j;(\P)=-pD.%M-.w-(l-w) .Vap . .o (8)

Substituting pA = p.wA in equation 1, we can drop the subscript A and use

equations 3 and 8 to obtain

=

V.(pvw)=V.(pDVw+pD.-A—M-.m(1-w).V.iLnP) . .ss (9)

Defining a characteristic length L* and a characteristic product of
density and diffusion coefficient (p.D)*, and then multiplying equation 9
through by (L*)2/(p.D)*, the following dimensionless form is achieved:
D.-Aﬂm(l-w)vnnp) .o e (10)

V.ew =V . (n c Yw+n . 7w

where V = L*V

“~

and G is the dimensionless mass flux

~

pv

G=W . «se (11)
Also,
=20
n - (DD}* -nl(12)

and, since it is generally accepted that pD is independent of pressure, n
reflects the temperature dependence of pl.
Integrating equation 10 over a volume enclosed by a surface 8, then by

Green's theorem

-:[Gmds+anm.ds+fng-%n-m(1-w)V£nP.ds=0 oee (13)



where
s = §/(L*)% . ce. (14)

The tilda in equation 13 can be discarded provided it is noted that all
length measurements must be expressed as multiples of L* and all mass fluxes
as multiples of (pD)*/L*. It follows that any mass flow integrated over a
given area must be expressed as a multiple of (pD)*/L*. With this understand-

ing, we can write,

—wa.ds+fn.des+fn.%.Q—M-.wtl-w)vslnp.ds=o ... {15)

3. FINITE DIFFERENCE APPROXIMATION

3.1 Introduction

The volume of the cylindrical system is divided into a number of intervals
separated by surfaces with areas

{2) S -

By Tiel

2
- ri) =T (r:i+1 + ri) Gri «e. (16)

{R) -
and Ai,j 21Tri (zj+1 zj) = 2nri sz _ e A7)

where r, and zj are the coordinates of mesh lines defining the intervals.

Figure 1 shows how the mass flow rates wig) and wi?)

faces of each interval whilst other quantities wij are defined at the mid

are defined at the sur-

points of each interval.

3.2 Convective Flow

In applying equation 15 to one of the above intervals, we first consider
the term representing convective flow of the desired species across the surface.

We require values of w at the surfaces, and these are obtained by linear inter-

polation. For example, the value of W corresponding to wiz; is

’

(2

“i,3- T (1'q;2)) Wi, 3 T 9 Y41 .e.(18)
where
a'® = 62,/(62, + 6z, ) ... (19)
j M j-1
then with
At = br /8, + 8r ) v (20)

we obtain



}

“¥ij41 L(i'q3+1
®y [ (
+wij (}-qi

(R) (R)
Viv1,3 _(;_qi+1

Using mass conservation,

W(z) . W(R)

{Z)
13 iy ~ "

ij+1

_ L (R)
i+l,]

and equation 21 can be cast in the more convenient form

- [ 14 cads = wig) q;Z)
B ol
o
'“ifi,j ‘l'qiii)

This equation gives the convective flow of

element located away from boundary surfaces.

in section 3.S.
3.3 Concentration Diffusion

Wiser ¥ Y5e1 Y4y ]*
(R)
“i5 T4 wi—l,j]
(R)
“i41,5 ¥ Y41 Yy ]_ ---(21)
=0 .. (22)
(wi,j-l - wij)
“in 7 Y,50
“1,5 7 %,y
(wi+1,j - wi,j) . vs(23)

the desired species into a volume

Boundary intervals are considered

The concentration diffusion current across surface A;z; is approximated,
r
from equation 15, by
0@ | @ [ 9,917 ] s oA | 20 ]
ij ij 6zj-1/(2ni,j-l) ij zj/(2nij)
]
= oa(®) Pi,3-1 - Y, ] (24)

where W is an interpolated concentration of surface Aij-l'

(z)

The total concen-

tration diffusion current into volume interval i,j, is

z)

. ~(2)
=0y 3 PJ+l

1,]

_ nf
Ci + C

d/;.Vw.ds

(R)
i,J

(R)

- ci+1,j



(Z) (Z)

T3 Uiga T %) T Cga Crgn T 9y
(R) _ (R) -
+ cij (wi-l,j wij) + Ci+1,j (wi+1,j wi,j) ... (25)
where,
(z) _ ,,(2)
i3 = gy /(sz_l/ni'j_l + sz/nij) ... (26)
and
(R) _ ., (R)
Ci5 = 2B /(Gri_l/ni_l'j + Gri/ni'j) . e (27)

Boundary terms in equation 25 will be considered after expressions have
been generated for pressure diffusion.

3.4 Pressure Diffusion

The pressure diffusion current across surface A{?) is approximated, from

equation 15, by

- R - .
p(z) N A(Z) £n Piifl n P ) A(z) in P - &n PiJ
ij i3 ° Q(Z) ij Q(Z)
i,j-1 ij
(z) *MBy51/P4)
=A,. ... (28)
ij Q(Z) + g(z)
1j-1 ij
where P is an interpolated pressure at Aig) and
(z) _ DoAM o
Qij = 6zj/[ Ny . e w”ij . .ea(29)
Similarly, the pressure diffusion current across surface Ai?’ is:
® _,® AR5 44
P.. ""A.. - -.-(30)
ij ij 9(R) + Q(R)
i-1,3 43
where
(R} _ D AM
Qij = GriA 5 m w(l-w)]ij . e (31)

The total pressure diffusion current into volume interval i,j is:

D AM _
i!.a .M—.w(l-w)Vﬂ,nPdS—Si'j

= Piz? -p@ 4 pR) _pR)

» N 3 3 . L3N I ) 32
i3 3 T P50 Y P,y T P g (32)
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For elements adjacent to boundaries, it is assumed that the nett diffusion
from both pressure and concentration effect, is zero acrosé the boundary surface.
For example, if element i,j-1 is outside the boundary whilst i,j is inside,
then

(2) _ (Z) _
Ci 3 @y 4.1 79,5 * P50 - ... (33)

3.5 Boundary Conditions

In sections 3.2, 3.3 and 3.4 above, volume intervals located away from
boundary surfaces have been considered. For an interval adjacent tc a soliad
boundary surface, the convective flow across that boundary must be zero, as
must diffusion from both pressure and concentration effects. Hence the rele-
vant terms in equations 23, 25, 32 are set to zero. For positive outflow, it
is assumed that w outside the boundary is egqual to that just inside. 1In
addition, pressure diffusion across the boundary can be ignored and the rele-
vant terms in equations 23, 25 and 32 can be discarded. For positive inflow,
the convective flow of desired species, Win . win is usually known at a large
distance from the boundary where mass diffusion can be neglected, At the
boundary, the total flow of desired species must also equal Win TN but
because of the possibility of mass diffusion across the boundary, the concentra-
tion at the boundary will not necessarily equal win' This does not affect the
application of the boundary condition (that the total flow of desired species
equals win . win) which is accounted for by setting the concentration and
pressure diffusion terms to zero and the convective flow equal to Win . win'
The appropriate term of equation 23 then becomes Win(win - wi,j)'

3.6 Mass Balance for Volume Interval

Collecting the various terms for flow of the desired species into volume

element i,j we have from eguations 15, 23, 25 and 32

@ @ ) @
R M PE LR W

(z)

(l‘qj+l

) W } o+

1,941 " %%,3

s u® qiR) (wi-l,j -

{R) (R
1,4 ) Ty gt

- _ )
130 " Yia,9 940 @iy 5 T 95

+ CFZ{ {w - W Yy + C(Z)
i,]

i,9-1 " %i,5 1,54 ©@ 3+

PR - W,
i,j+1 1,]

(R)

+ C, .
i.]

(R) ;
@0, "%, * Ciaa,g Caaa,y T, Y

+8, ,=0 . eea (34)



Define
R _ @) @) (@)
< c! \ ... (35
ioJ i) i,j qj 7 (35)
N2 NG ) N ¢ ) (@
1'3 = Ci,j+1 Wi'j+1 {1 qj+1) ... (36)
L A L e (37)
1,] 1,] 1,7 1
PR R (R (R
1,9 " Cien,5 7 ia,y TTegy) - ---(38)
Then
_ (z-) (2+) (R-)
“1,500 7 81,5 P O P G RS Yo s

(R+}

i,5 wi+1,j . ‘ «es (39)

3.7 1Iterative Solution of Finite Difference Equations

The non-linear dependence of Si,j and wi,j and its neighbouring w's
suggests an iterative scheme to obtain a solution. an initial guess of the
concentration (w) field allows the S field to be calculated from equation 32
{using equations 28 to 31) then a new w field can be calculated using the
linear equation 39 for each volume interval.

In general, the number of volume intervals will be too large to contem-
plate a direct solution of equation 39 so an inner iterative loop is required
with an outer iteration loop working on Si,j' For the non-symmetric matrix
involved in the inner loop, the extrapolated successive iteration method
(Lee and Stone 1959) has been applied. This method is convergent provided
that the h's of equations 35 to 38 are positive. From equations 26 and 27, it

is noted that the C's are positive hence it is required that:

(Z) 5 (Z} (Z) _(2)
C;'s [w. | (@, or 1 ") vl (40)
R R R R

and Cé’; > Iwi’!| . (qi ) or l-qi )) : ... (41)

depending on the flow direction.

Substituting for the q's from equations 19 and 20 and for the C's from

equations 26 and 27 and ignoring any small differences between nij and its

neighbours, we obtain the convergence criteria:

2an. .
(sz or 8z, .) — 3 I (Z)I

j-1’ < I (Z)/A(Z)I =20 4i6 .o o (42)



and

(Gri or Gri_l) < T—Tﬁ;zi%iy—- = znij IG;?)| . oo (43)
Wij /iy |
where the G's are mass fluxes.

The extrapolated successive iteration method requires an acceleration
parameter, the w in equation 3,16 of Lee and Stone (1959), w=l gives unaccelera-
ted successive iteration. It was found that a value of w of between 1.5 and
1.7 has halved the number of iterations required for problems so far attempted.
4, THE COMPUTER PROGRAMME TWIST

The computer programme TWIST has been developed to solve the equations
derived in the previous sections. A FORTRAN IV listing is given in Appendix C.

4.1 Input Data

The necessary input data for the TWIST4 version are detailed in Appendix
B. It should be noted that these must be expressed in dimensionless form in
terms of the characteristic variables as defined in Section 2.

4.2 Convergence Problems

Initial difficulties associated with the stability of the programme have
been overcome to some extent by adopting a more flexible programming philoso~
phy. It was found necessary at an early stage to build in procedures to check
the convergence or otherwise of both the inner and outer iteration loops, to
terminate the programme if there was no convergence. This did not prove to be
as simple as expected as an initial fluctuation must be permitted due to the
arbitrary nature of the initial guess at the concentration field. Also,
convergence to a requested accuracy may not be possible due to the quasi-
stationary nature of the solution when the 'final' value has been reached,
where slight fluctuations may occur due to round off errors. The programme
will terminate after 10 successive divergences in either the inner or outer
iteration loops.

4.3 Switching Between Iteration Loops

The optimum point at which to switch between the inner and outer iteration
loops will depend on how strongly the coefficients determined in the outer loop
depend on the parameter determined in the inner loop. Two alternatives have
been made available in TWIST4. The user may specify the number of inner and
outer loops to be traversed after which the programme will terminate. The
default optidn will proceed with the inner loop iteration either until the
convergence has reached the required accuracy or until therconvergence (change

in concentration between successive iterations) ig less than 10% of the'
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maximum change between the first and second iterations of the loop, whichever
occurs first. The programme will then return to the outer loop to recalculate
coefficients, These criteria reduce significantly the computer time involved
in reaching the final solution. In addition the programme will return to the
outer loop immediately if there is a concentration change of 50% or more between
successive iterations.

4,4 Problem Size

To alleviate problems caused by the small mesh intervals required when
large flows are involved, the overall mesh size has been made flexible within
the limits of IMAX*JMAX = 2000 rather than having a fixed size in either
direction.

IMAX

number of points in the radial direction
JMAX = number of points in the axial direction.
5. COMPARISON WITH COHEN'S THEORY FOR THE COUNTER-~CURRENT CENTRIFUGE

A flow distribution which could be readily treated by both TWIST and by

Cohen's centrifuge theory was

G =

+g,0 < r <r
2

g constant
- < <
g,l’.‘i r r }

where GZ is the axial mass flux and r, the outer radius of the device. The
relative proportions of product and re-circulating flow can be varied by
changing r;.

Appendix A gives the e¢gquations resulting when Cohen's theory is applied
to such a flow distribution. To compare TWIST to this theory, the enricher

end of the centrifuge is isolated and our parameters chosen as,
r = 3.87 P Z = 30
0O

and

ar? = :
o RT

= 0.2 ?

V being the peripheral velocity.

The case of complete recirculation (zerc product flow) was chosen with
down flow L set at the optimum value of equation Al5. For our selected value
of L this is L = 55,335,

For numerical stability, TWIST requires a mesh increment

2Tr o
8z < 2/g = Lo - 2r° 1{[2 fn ; l]
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or 6z < 1.7 for our selected value of L,

Choosing 20 axial mesh intervals, with 6z = 1.5, we have more than enough
for accuracy, but a basic difficulty of the TWIST method is revealed, for
larger flows would require a proportionately larger number of mesh points, and
realistic centrifuges could have flows which are an order of magnitude greatex
than Lopt' making data preparation tedious and lengthening co?z?ter time,

In the radial direction, six annuli of equal flow area Aij were chosen,
Figure 2 shows the internal flow distribution, with the length of the smallest
arrow being equal to L/6, that is 9.22. TWIST requires an inflow with concen~
tration defined at at least one point, so a small through flow of magnitude
0.01 had to be imposed and added to the flows in the centre core. An extra
axial mesh interval was needed for definition of the feed concentration which
was taken as 0.007,

For the particular problem under consideration, Cohen's theory (equation
Al6) gives a separation factor of 1.554. The computed concentration profile
from TWIST is plotted in Figure 3. Although the concentration profile itself
has converged, the level has not. This was evident from the outflow concen-
tration which should have converged to that of the feed stream. The lack of
convergencé produced mass balance errors of the same order of magnitude as
the feed flow of the desired isotope. However, no convergence difficulties
were experienced with more realistic feed flows.

The maximum separation factor calculated by TWIST was 1.576. This in-
cluded radial separation which was neglected in Cohen's axial separation
factor. The TWIST axial separation factor varied from 1.478 at the inner
core to 1.501 at the outer annulus.

This good agreement shows that results from the code are valid for this
type of device. Further comparisons of the code with experimental measurements
would be an advantage.

6. CONCLUSIONS

The computer programme TWIST is available for the solution of pressure-
diffusion problems describable in an R-2 coordinate system. The programme
would be particularly suited to the analysis of separation in vortex tube
devices with their complex secondary flow patterns, but alsc has application
to the counter-current centrifuge, if only to validate the results of simpler
theories. Such an application has indeed confirmed the result of Cohen's
theory for the case of complete re-circulation.

The particular numerical technique used in TWIST was chosen so that mass

is conserved irrespective of the coarseness of subdivision of the system volume.
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However, for numerical stability, the method is found to require a very fine
subdivision of the system volume when the internal mass flux is large. Its
applicability to realistic counter-current centrifuges is doubtful.

For problems with realistic throughput (feed, product and waste mass
flows) no severe convergence problems arise. Typically, each outer loop
requires several hundred inner iterations and some five to ten outer loops are
needed. The concentration level itself is slow to converge for problems with
small mass throughput, but this is understandable in terms of round off errors
and is of little consequence.
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8. NOTATION

(Notation is as follows except where otherwise defined in the text).

A Lighter component of binary gas mixture.

Aé?’ Area in radial direction of interval ij defined by equation 17.
Ag) Area in axial direction of interval ij defined by equation 16.
A* Characteristic area (multiple of (" ?).

B Heavier component of binary gas mixture.

Ci?) Coefficient defined by equation 27.

Cig) Coefficient defined by equation 26.

Ci?) Concentration diffusion current across surface Aii).

Cig) Concentration diffusion current across surface Aig).

c Molar density.

‘D Diffusion coefficient.

D Mags diffusivity.

G Mass flux.

G Dimensionless mass flux (defined by equation 11).

R Radial mass flux at interval ij.

1]



%)
ij

'R ]
ij
(R+)

h(Z—)

H
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ij
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Axial mass flux at interval ij.

Axial mass flux.

Iteration coefficients for mass fractions as defined by equations
35 to 38.

Mass flux of species A with respect to V
Concentration diffusion mass flux.

Pressure diffusion mass flux.

Characteristic length.
Mixture molecular weight.

Molecular weight of species A.
Molecular weight of species B.

Pressure.

Pressure at interval ij.

Pressure diffusion current across surface Ai3).

(%)

Pressure diffusion current acreoss surface Aij .

Variables related to mesh intervals, as defined by equations 19 and
20.

Gas constant.
Radius
Radigl coordinate of mesh line i,

Outer radius of device.

Surface
Dimensionless surface defined by equation 14.

Total pressure diffusion current into volume interval ij.

Temperature.
Peripheral velocity.

mass averaged velocity.



af®
i3

w'?
ij

AM
Sr

2
1

14.
Mass flow rate in radial direction at interval ij.

Mass flow rate in axial direction at interval ij.
Mole fraction of species A.

Length of device.

Axial coordinate of mesh line j.

Difference in molecular weights of species.
Radial mesh interval. '

Axial mesh interval.

Mixture density.

Density of species A.

Defined by equation 12 to reflect temperature dependence of {(pD)
Value of n applicable at interval ij.

Mass fraction of species A.

(2)
1§-1°

Mass fraction of species A at interval ij.

Interpolated mass fraction at surface A

Variable defined by equation 31.

Variable defined by equation 29.
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APPENDIX A

COHEN'S APPROACH FOR THE COUNTER-CURRENT CENTRIFUGE

By recognising that all length measurements are expressed in multiples of
L* and all mass fluxes are expressed as multiples of (p.D)*/L*, equation 10 can
be written without the tilda as:

V.aw = V. (W0 + 0 B . %ﬂ-. ® (1<) V.in B) . ...AL

For zero radial flow, zero axial pressure gradient, uniform temperature

(n=1, D=D and w<<l, this equation reduces to:

dw _ 8%mw . 19 dw . AM 3n p]
GZ'5_£_ zz+raror[ar+m o W o. dr . ...A2
Taking the radial pressure distribution as that for a solid body,
3w 0%w , 13 w
Gz. Z—-—-2-+-Eﬁ'.r|:-5§_-+ a.r.w] ' . A3
iz
where
_ A . (Qey?
- RT o-.Aé’

with due regard to the dimensionless form of equation A3 it is the same as
Cohen's equation 6.45., Using his method of eliminating the r dependence of W
we obtain the simplification:

dw
— -+ = - e
(c2 + c3) iz (P +c1) w P“’p A5
where
r r
o
¢y = a! r! GZ . 2mr'dr'dr .« A6
Co = 'ﬂ'xz ee A7
o

x r
0 2
and c¢3 =f r ! [f GZ . Zﬂr'dr'] dr/2m +++AB
o o

where wp is the concentration at the product end and P is the product flow (in
maltiples of (pD)*L*). Consider the flow distribution

G_ =

+ 0 < r < r
gl J‘
Z

—g'ri< r < IO} g constant . ... A0



A2

The total up and down flow is

_ 2

L = g ...Al0
and the product flow
2 2

P =Tg [2ri rol e All

is varied by changing X, .

In terms of L and P, equations A6 and A8 yield

N

r 2 2
o L° +2PL ~ P
C1—a.8 . T «aahl2
and
2 2 2
_ 1 J2P° - L (P+L) 2L
¢ =37 3 3 R O (§I£) ...Al3

The solution to equation A5 is, for the enricher end of the centrifuge,

o = a;= (P+c1) / |P+ey.exp |- Gatos" _Z ...Al4

where W is the feed concentration and Z is the enricher length. By allowing
negative L, equation Al4 is also valid for the stripper, in which case P would
dencte the waste rather than product flow.

At zero production, o is stationary when

M__s
= = + [ A
b= Topt T F T [2.£n 2-1] .+ .A15

The positive result gives the optimum enricher flow and the negative

result gives the optimum stripper flow. The maximum separation factor is

(a.ro. ) ’ 8
Cnax = OXP 16 Y12.4n 2-1 -+ «Al6




APPENDIX B
PREPARATION OF INPUT DATA FOR TWIST4
INPUT DATA FOR TWIST4

Card 1: (Format 20Ad)
Card 2: (Format 20A4)
Card 3: (Format I3)

Title cards to describe the run.

NC Number of cases to be processed (programme terminates
when NC becomes zero).
FIRST CASE SPECIFICATION
Card 4: (Format 3I3,6E10.0)
IMAX,JMAX Number of Radial and Axial mesh spaces.
(Maximum problem size IMAX*IMAX=2000).

NBF Number of points at which concentration is to be
defined. (Must be at least 1).

AM,BM Molecular weights of species A and B with respect to
characteristic mixture mean, (species A being the
lighter). (Must be non-zero, and unequal.)

AREA Characteristic area A* as a multiple of (characteris-
tic length, L*)2,

RD Ratio p/D (must be non-zero), normally = 1.0,

ACC Accuracy for the final iteration of the inner and
outer loops. (Maximum variation in concentration
between successive iterations.) This figure will be
used to terminate the iteration if NINNER and N@UTER
are not specified on the next card.

GUESS Guess at concentration for all undefined internal
points (must not be zero or 1.0). This figure is not
required for cases when a variable initial guess is to
be made (see card 16) or when restarting a case from
punched cards (NPUNCH=2).

Card 5: (Format 4I3,2E10.0)
NPUNCH To determine punched card outputs.
NPUNCH=0, No punched card output. _
NPUNCH=1, Punched card output of final concentration
field.
NPUNCH=2, For case being restarted with punched cards
from previous run.

NINNER#O Number of iterations for inner loop.



B2

N@UTER#O Number of iterations for outer loop.
W Acceleration coefficient.
Usually 1.0€W<2.0, the default option being W=1.5.
Card 6: (Format 36I2)
N(I,T) Boundary specification for all elements.
N=0 for elements outside the boundary.
N=1 for elements inside the boundary.
Card 7: (Format 2I3, El0.0)
I,J,F(I,7) There will be NBF cards in this set (i.e. at least
one) as specified on Card 2.
The concentration, F, is specified for point (I,J)
for which N(I,J} must equal 0 (F(I,J)#0 or 1}.
Card 8: (Format I3) _
IN To determine the method of reading in the radial mesh.
IN=1, Read in mesh in Format (E6.0,1I3) as cards 9a.
IN#1l, Read in mesh spaces individually as cards 9b.
Cards %9a: (Format E6.0,I3)
B DR(I),N Indicates N radial mesh spaces of width DR(I). A new
card is required for each change in mesh width until
I(N)=IMAX. DR(I) must be a multiple of the chosen
characteristic length, L*,
Cards Sb: {(Format 12E6.0) _
DR{I) Radial mesh spacing for each interval as a multiple of
characteristic length, L.
Card 10: (Format I3) '
N t To determine the method of reading in the axial mesh,
cards lla or llb. (Similar to card 8 for radial mesh).
Cards lla: (Format E6.0,I3) .
DZ(I),N. Indicates N axial mesh spaces of width DZ(I) similar to
cards %a for the radial mesh.
Cards llb: (Format 12E6.0)
DZ (J) Axial mesh spacing for each interval as a multiple of
characteristic length, L*,
Cards 12: (Format 12E6.0)
P(I,T) Relative Pressure field. (New card required for each
change in axial position.)}
Card 13: (Format I3)
ITEMP To determine the temperature field,



B3

ITEMP=1 read in an eta field on cards 14
ITEMP#1 assume a uniform eta field, next cards type 15.
Cards 14: (Format 12E6.0)

T(I,J) Eta field referred to characteristic eta.

' (New card required for each change in axial position.)

cards 15: (Format (3%,11E6.0)}/12E6.0...)

wz{1,1) . e

WR{l,1) WR(2,1) . « + Flow field

Wz (1,2) e .

The flow field is input with axial and radial elements on alternate lines.
Due regard must be taken of mass conservation requirements.

Flows are calculated with respect to A*(8D)*/L*.

Card 16A: (Format I3)

(If NPUNCH.EQ.2 only cards 16C are required)

KZ Determines guess for initial concentration iteration.
KZ=0 will set all non defined concentrations=GUESS,
KZ=1 will read in a variable guess (see caxds 16B).
KZ=@ or 1 programme terminates.

Cards 16B: (Format 12E6.0)

F{I,3) Initial guess at concentration for all points (L,T),
.including specified points {only if KZ=1 on card 14,
otherwise omit these cards).

Cards 16C: (Format 6E12.5)
(only used if NPUNCH.EQ.2)
F(I,T) Initial quess at concentration field for all points.
.-Read in punched cards as output from the previous run.
3. CHANGE OF DATA FOR NEXT CASE

(Provided NC was specified as greater than 1)
Card .18: (Format I13)
NCHTP Type of data change for next case.
NCHTF less than zero, programme terminates.

NCHTP=0 all data to be changed, requires a new set of
cards 4 to 17.

NCHTP=1 a few data items to be changed in the same
problem geometry (see card 19 et sequens).
Card 19: (Format 2I3)

NN Specifies which items are to be changed as follows:



NM

NN=-3
NN=~2

NN=-1
=0

NN=+1

NN=+2

=43
Total

B4

change entire flow field but no other items.
change some values of flow field and some P, T,
or molecular weights.

change some P, T, or molecular weights.

change some items in flow field but no other
items.

change accuracy or acceleration scheme, but no
other items.

change pressure field but no other items.
change eta field but no other items.

number of changes to flow, eta and pressure

fields (options NN=-2, -1 and O only).

(N.B.

In option NN=-2,NM is number of items to be

changed in flow field and number of items in eta +

pressure.)

If more complex data changes are required it is recommended that the
facility NCHTP=0 be used on CARD 18.

Cards 20
NN=-3
-2

NN=-1
NN=0

NN=+1
NN=+2
NN=+3

New set of cards 15.

(i)

(ii)

(iii)

(iv)

Namelist, changes in molwts AM or BM using
namelist e.g. B$MPLWT AM=1.001 $END.
Changes in Pressure or temp using Format
(Al,2{LX;I3), 2%X,E13.6)
e.g. P(I,J) = +1.,005071E+00

T(I,J) = +0.999999E+00
For changes in flow field Format
(A2,2(1%,13), 2X,El13.6)
e.g. WZ{I,J)=+1,000000E+00
Changes in iteration scheme use namelist ENEWACC
for any of items ACC,W,ALAMAX ,ALAMIN,NSPEED.

As for items (i) and (ii) of NN=-=2
As for item (iii) of NN=-2
As for item (iv) of NN=-2

New set of cards 12

New set of cards 14.
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APPENDIX C

PROGRAMME LISTING

HA TN INE
11537 FriR

CIMENSTUN CREZCO0)CZ(2CCCH,CPI20001,07(2000),AR{2000),A2(200C),
TRPI2000C), TL2000) s F(200C)sFM1(2G00)+FPLIZ0CO) o FFU 20000 .HL(2000),
P (20C0Y W HLIZ2CEC) $HDI2€00) 42U M{2000},5(2000)

DINFENSICN CR{Z001),D7(2001)

CYNERSTCR AN(2C07)

DINFSSIUN WR{2C04) +WZ{ZC00) K520 04)

HEAD(L27000) INMAX,JMAX _

INPI = [#AX4]

IVP2= I MAX+?

JMPL = IMAX 4]

JMP2 = MAX+? '

CALL MATM? (CR,GCZIBRGZ4AR, nz. i FM1.FP1,FF FL,HR,HU,HD,SUN.S,
TOF DL "\ WE aWZ ghS |INQX1JNA¥ 11Mp1!IMP2’JMP1!JMP2)

TCOC FORMATI(213)

SOOI

ENDC

SURRAQUTINE  NMATIANZ (CR, C?:CR:QZ.AQ AZ PyT,FyFNY, FPY, FF HL.HR HU!““?
TSUMyS Ry DZsh s nl s WZ NS INAX; IVAN, TIMPL, IIMPE'JJNP!.JJMP

MATWLINE TAPUT CATA: NGy NCHTP

NC=Nil, OF CASES TG PRLCESS

NCHYP=TYPE {OF CATA CHANCE FOR NEXY CASF.

NCHTP=(Cy CHARGE ALL [ATA. ,

NCHTP=1, CHANGE A FEW ITENS (SEF SUBRQUTYNE DATACH),

COMMON /AREA/ BREA

CONMMAN /BUESS/ GUESS

COMMIN /FOCLRTS s ANAM -

CCNMN /NBF/ ATF

COMMON /PUKCH/ NPUKCH

CCMMUN 7L ANBDA/ ALAMAX'ﬁIAFIh

CCMMAON ZLINMT IS/ IMPL,IMF2, NMF1, JMP2 .

COMMON FACC/ ACC +EMAX], QLPP#,BETA NJ,H.NSPF‘D NINNER,NBUTFR
COMMON JCOAVRG/ CONVY oKk '

IMPL=1TMPYL

INE2=TTMP2

JVPL =4.0MP1

JNP2=J NP2

CIMENSTINN CR(INPlivﬂZ(Jﬂpli

DIMENSICN hR(INPZ:JPPZ’;NZ(INPZ;JMPZ!

DIMENSION  POINMAXINAXD  TCINAX, JVAX)

DIMENSTON FUIMAKX, JMAX!.FN1(iNAXiJMAK)'FplllﬂAXvJMAX)

10
20
39
40
50
£0
70
80

100
110
120
130
140
150
160
170
180
190
200

210
220
230
240
250
260
2170
280
290
300
210
320
330.
340
350
360
370
380
390

4Q0

410
420
430
440
450
460
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CIMIWETON MOINVEL, JMFL)
CIMENSTCON ﬁﬁllyﬂxvdﬂﬂxl,£2(JMAX'
DIMERNSTON gu{Invax) ,n21dvaxr)
CINMENSION CROIMAX, UVAX ), rZ(lPﬁXuJ”ﬁX’
CIMENSTION FE(INMAX JNMAKY
CIMENSTON AS{INP2,UMPZ)
NINENSICN S{IMAX, JMBX)
DINMEMETGN FLETIMAX 3 JVAX)yHRITINAX, JMhX},HU1TWEXgJNAX3;
F"(lWAXpJNﬂX|y UMEIVMAX ,UNAY)
CIMENSTON CHERL40)
READII,?OD))(CHBR(I)1]=Tv40)
WAITE(2,20CL I(CHAPLT},1=3,£0)
Nt h=Q
33
tnd =1
KK =0
REAL(YL200C) NC
vPITE(3,3C(0) NC
IF{rC.Lia0) Gr T2 1C0OC
CALL CASEINCF g FNL 5P o uR WZ4DRyTZyPy Ty RN, AL AVAX
t ALAMIN G AS pIMAX s UMAX G TNFT, INED,UMPL, JMF2)
CALL IDNTEFYU{N SRS IMAX, JVMAX L IMPY, IMP 2, IMPL, IMP2)
AL INLSETUF L FNL G FFRFaASyTNAX, JMAX)
CALL FRONEF{AR (A7 qDRG[724LF 3yCZ4RyIMAX, JMAX)
CALL CNTFFICRYyCZy AR AZWCRGCZ T o NSy IMAX, IMAX L3,C4)
CALL POVFFRIF g ARG A2 ySy Py Ty Ry LRy CTo NSy TMAX,JMAX U3 4 ,UR, 7))
CALL TEPREPUWR 942 9CR Q74 CF yCZyHL4HR4HUYZyHE 3 SUNL, I VAKX, JNAX)
CALL TNUDCFIFFMLFPY Sy HL s F Ry HUGHD aSUM NS INAX , JMA X )}
AR sNK Y .
FRANK R GEaNTTE R AN  NCLTER aGE o T o ANDGMITNNERGGELY ) GN TN 1011

TE NJ=l, TRNER LOCP HAS GCME AS FAR AS PCSSIALE AND CAM ACHIEVE NO

BITTER ACCURACY CUE TC RCULMY COFF ERRORS, 60 TO NEXT CASE,

IFi{NJeZQe ) GC TC 1006
CALL MXONCHOF GFFINMAX JMAXZ,COAV2)

CFECK TE CLTER LGOP DIVERGING.

IF(CONVZCGTLCOAVL)  KK=KK+} _
!F(KK‘GT.lC, GC TC lOCE to . N
CORVYL=TCNYD :

TSST [F ACTH IANER AMD QUTEK LCCPS SUFFICIENTLY CONVERGED.
TRE{C NV oLTo ACCoANNGENAXL L LToACC) GO TO 1006

OUTER LALP NCT CCNVERGEL. FRINT PRESENT RESULT AND RETURN TO
RECALCULATE CCEFFICIFATS, '

WRTIT®(3,30CL)
CALL FPRINTIF,INAX  JNMAX)
GC TC 1CCz

CASE COMVERGETD, PRINT ANSWER,

LA WRITE(Z2,20C2)

470
Ago
490
5CD
510
520
530
40
550
BeN
%70
SAQ
5490
600
610
£20
630
A4C
680
6£0
£7C
ARO
690
700
710
720
T30
7490
7¢0
160
770
T80
790
aQ0
810
820
a20
840
B0

1000
1010
1020
1030



c3

WRITE(3,30CV)
CBLY, EPRINT(F,INAX,IMAX)
GL TZ 16C7

PC0E IF‘N-E(JoloCQAhC.NSPf’EE.E‘C.C, G 72 1010

SOy M

[aEnXel

NI=0Q
NEPERED=0
wRITE{3,20C5)
{ALL FPRINT(F,INAX, JMAX)
#=1.0 .
GcnoTe 1002
IC1C wRITE(3,30C4)
CALL FPRPINT(F L IMAX, JMAX)
GC 1C 1007
1031 WRITE(®, 2005}
CALL FPRINTIFIMAX JMAX)
G TO Y007
1065 WRITE(3,30(2)
CALL FPRINTIF,INAX,JMAX)

PREPARE FCR NEXT CBSE,.

1CCT7 NC=NC-2
IF{NPUNCH.CFWl) CALL FPUNCF(F-[HAX.JMAKI
WREITE{3,3CC0) NC
IF{NCoeLESQ) GT TC 100C -
CFEAD{2+20CC) NCHTP

CETERMINE METHOD FOR CHANGING BATA FOR NEXT CASE,

KK =20

TE (NCHTP) 100C 4 1001 ,10€8

1008 CALL CATACK (ANAJPyT,RC WRsWZ o NS, IMAX s JMAXY

FRGM TYPE OF DATA CHANGE MADE, LETERMINE WHERE TO RESTART PROELEM,

IF{NKNFCef) GG TC 1GE€T7"
TFINNN) Y002,1003,1004

YCCE CONTINUES

2GO0C FCRMAT(L2)

2001 FORMAT(2044)

I0UG FORMATI'Y Y eNG, OQF CAQFS TC SCLVE=1,13) C

L01 FORMATIN rALrULATEﬁ CONCENTRATIEN FIF!D',I/}

3C02 FORMAT{') CUTER LCCP CONVEFGERY)

2003 FORMAT(!) CUTER TTFRATICN NCT CCNVERGING, PROGRAMME TERMTNATING.')

004 FORMAT('O THIS CASE WIIL MY CCAVFRGE BEYONC PRESENT VALUES DUE TO

i FOUND OFF EPRCRSe PRCCEELING TO NEXT CASF. ')

aC0s FCRMAT('OFUTHFR CONVERGENCE ‘IS - INHIBITED 3y ACFELERAIIUM TECHNIQUEf

Lets/y 0 PROGRAMME WILL REVEFT T NON-ACCELERATED SCHEME TO ACHIEVE
2F INAL. RESULT, )

BCCE FORMAT('0 REQUESTED NUWBER OF CUTER LODPS CIMPLETED, *)

STCP
ENG

1040
1050
1Ca0
1070
1€ 80
(50
1100
1120
1130
1140
11,50
1160
11730
1180
1190
1200
1210
1220
12130
1240
1250
1240
1270
1280
1290
13cCo
1310
1320
1730
1340
1350
1260
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
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SUBRAUTING CASCIN (F  FM] FE]  WEywly IRy DZ Py T RN ALANAX, ALAMTY
¢ NSy TMAX Z UNAX,THPY JTAMED L UNEY, JMF?)

INEUT TATA +7B THIG raSe:
CAWI) LURCIVAT 31%,4F1C40)

ANAX=NUMES S OF PATTAL NEGE SPACES |

JMAY INLART 2 OF AXTAL MESE SOACES (IVAXF JMAXLLT o 2000)
CEBF=RUVSSE CF POIATS AT WHICH COINCENTRATIONS DEFINED (GEL 1)

KM= TR LA wELGET CF SEFCIES A ( WRT MIXTURE MEAN)

B=MLECYLA? WS ICHT CF SPECTES B ( WRT MIXTURE MEAN)

ARFA=CHARACTERISTIC PGFA _ _

RU=(ORESSuL DIFFLSICN CCEFY/(CIINCENTRATION NDIFFLSION COEF)

ACC=ACCURACY

CUFRSS=GURSS AT TONCENTHATION FOR ALL UMENOWN POINTS{NF,04Ra 1)

CARD 72 FCEMAT(2]32,261C4C)
APLNCH=0 N BUACHER CARD TAPUT FR SUTPUT

NPUNCH=Y FOE PULNCHe! TLTSUT CF FINAL CONCCENTRATICON FIELD
WOLNCH=? FCR CASE AZING PRESTARTEL WITH CARNS FRCM PREVINUS RUA

NENMIR NUMAER OF TTERATICNS FCE TNNER LUNP, (CPTIONAL)

INLTER

MLMGER OF TTDRATICNS FOR CYUTSR LNOP, (CPTTICAAL)

w:ACCELEﬁﬁTICh DARANFTER
lc :1.

CARD SET 2:{FCRRAT 2413)
NIT+d) I=),IMAX;J=1,JMAX
N=C FCR VCLUME ELENMERTS CUTSINE BOUNCARY
e 1 FNR VL LUME FLFNthT< INSIDE BOUNCARY

fAQD S‘T 42 (FFPMAT(?ligFTCoC)i
IrJyF‘I JY ] .
BLINTS (T,Jl AT WHFICH COMNCENTRATTION IS CEFINED
ANTY 21 0,0) CONCENTRATICN AT THIS POINT (NOT O OR 1}

CARD §: (FCRMAT 13)
CINy METHCD EOR RgAEIAG IN RADTAL MESH
rn =0, INFUT VESH 88 CLFEDS &2
IN=1, .INPLT MESH As crROS 68

A0 SET £ATTFCRVAT 128€.C) j'-aﬁ“'*
COR(I) 1=1,IMAX
IADTVICUAL® RADIAL *Esr SPACINGS (DINENS [CNLESS)

cnan SET A {FC“MAT EfaUy12)
T UAZN CDENNTES N MESH SFACES CF WIpTH &
A NEW CARE (IS REQUIRED FOR FACH CHANGE Ik MESH WINTH
bNTIL SIGMA(NJ=INn7 ' :

L CARD TIUFCEMAT 13)
NG METHED FOR kEABIhG TN BXIAL MESH (SEE CORD 51

I8=0,5
CARN SET T4: iPCRMAT 1 2F, 09

1560
1570
1580
1550
16400
1510
1620
1630
1440
180
1660
1670
1680
1650
1700
1710
1720
1730
1740
1750
1760
1770
1780
1750
1900
1810
1820
1830
1840
1850
1860
1870
1£80
18450
1900
1810
1920
19130

Mo

1660
1970
1980
1990
20C0

. 2010

2020
2030
2040
2050
2060
2070
2080
2090

- 2100

2110
2120
21170
2140
2150
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NILJ) d=l,JVAX .
INDTYTICUAL AXIAY MESH SEACINGS

CARD 57T 7P'(rrHVﬁT EEaC,1%)
u,M MESH WITDTH ARF N(o GFF £S5 CARD S“T €18

CrRn SET B3(FLENAT Y2 0E.C)
P(T.9) I=1,INMAX U =Y, 00X
PRESSUDT FISLN INEW A0 FLR EACH CHANGE 18 AXIAL POSITINN)

CAxD Ge(FCRAAT J3)
[TEMP, M3THCH CF PEACIMG IN ETA FIELC
ITeMa=g, Q€20 IN ETA FIELD CM CARD SET GA

CAR[ S¥T Q81{FIHMAT ) ZE6,C)
TlIeJdY T=1,IMAX3 =1 ,0NAX
FTA FIELDy FEFLFCTS TEMPERATURE DEPENCANCE CF RO*D

Iu=],
Car:y SFT VOT(FCRMAT (72X, i\Fé o/ 1?f6 N

RALTAL AND AXTAL FLCW FIFLF TN UNITS OF RO%, AX, V%

WIC01,1}) ‘d?'cll-)_ sa 0 CWI(TMAX, L)
WR(1,1) WRI(2,1) veeWR{IMAX, 1) WREIMAX+1,1)

Wl le2) , WZlZ242) see WZ(IMAX, 2}
KR{1,2) - : WRIEZ2,2) ,..HR(!Mﬁx.Q) WREIMAX 41,2 .

Wi JNAX) WZI{zyJMAX) ‘e e WZ{IMAXyIMAX)
WRIY yJMAY) WR{Z2,JMAX) eooWRIIMAX, JMAX) WROIMAX4), JMAX Y}

W2l JMAX+]) WLz, IMAX4L) ‘ ooohl(TMAchM&X+ll

ALL ARRPAYS H&CTU ON MAXT NN NESH GF 30 % 30

CIvVENSION P(INAAyJMAXlvFNL(!HAN.JMAX).FPI(INAX,JMAX}.
TECIMAX G IMAX) o TOIVAX W JBAXD W CROTNFY ~ )4 DZLINPY),

2 NSUIMP2,J¥P2) yuR(INP2 ,JHF;I,NZI!”P?.JMPZ!

COMMCN JAREA/ RREA

CrLWMON /ACC/ ACC4ENMAXD, ALFrA.BFTn NJ,NvNSP[quNIHNFR:NDUTFR
CLEMIN /GLESS/ GUESS

COMMON /NMCLWTS/ AN,RM

COMMON /PUNCH/ NPUNCH

COMMON /NBF/ NBF

COMMON /TIGHT/ ACCY

WRITE(A,2000)
REMD FIKEST (ARD FOR STZE CF FRCELEM

PEADCD+?000,END=10CLTNAN ) JMAX ¢ NBF 3 AMyRM ARF £,RD,ACC ¢ GUES S
WRITEA3,30CL)INMAX, JVAX yNUF 4AN 4 BM,AREAZRD,ACC, GUESS

NOLNCH=0

ke A)(x97000|FND“1004l MPUNCHyNTANER yNOUTER , W
IF{NINNFQ.FP.I.ANneNFLTFF (Fel) WRITE(3,301%) NUUTER'NINNFR

CHECK VALICITY CF INPLT [21A.

TF(WehFe0a0) GC TC 1OC
h=)al

WRTTE(3,36C9) -

CONTIAUE

WRTTE(3,20100 W

21¢0
2170
21490
2160
2200
2?10
2220
2230
2240
2250
2260
2270
2280
2260
2300
2310
2320
2230
2340
2350
2360
23270
2380
2390
2400

2410

2420
2430
2640
2450
2460
2470
2640
2490
25¢0
2510
2520
2530

2540

2550
25€0

-25170

2520
2580
2600
2610
2620
2630

. 2640

2650
2660
2670
2680
2690
2700
2710

2720

2730
2740
2150
2760
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TLOC¢

e EeEn
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[ RS

Ccé

CALL TRVIAL (RL,INAX,JNAX)

SET ALL COMENTRATIONS F(T,J) TC€ ZFPQ
SET ALL PRINTS AS CUTCIDE FRCALFNM BOUNDARY UNTIL SPECIFISD,

LN 110Gy I=1,1vax

0T 12C0 J=1,JMA

01, 012040

NE{E#1,d¢Y )=0

CONTINYE

CALL CONODEF (ELFNM1,FPY Ny IbAX,y JVMAX)
CALL. ACCTST tAaCCY

CRINT CONCEMTRATION FOR LACH DFFINED POINT,

WRITES (2,303

WRITE(2,40C7)

N TOCY I=3,IMAX

LE 1007 J=lgJMAX

TFAF(L 3 e MNELO) WRITE{Z,1CC2) T4J.FEUI,4)
CONTIRUE:

READ IR MESH SPACINGS TR,C2

WRITE(3,2013)
2TTE(7,30C8)

CCALL MESHIN (DR, IMAX)

Oy ey

TQ07

Iccs

AOD

Jcces

1CC4

2C0¢
2C01}
20CC
2

02

CWRITE(3,20(8)
CALL MESHIN (DZ,JMax)

HEAD IN PRESSURE & TEMFERATURE FIELOS,

WRITF{3,3006)

CALL FREAD (FoJMAX, JMAX,NS)
CCALL FPRINT (P yIMAX,UMAX)
READ(L,2001) ITEMP
JF{ITEMPLECLL) GO TC ICOS
WRITE(3,2038) '

BE 10C7 T=3,IMAX = -

6 1007 J=Yy Max

T{1,s4)=Y,0 '

¢C TN 1004a

WPITE(R,30CT)

CALL FREAD {T,INAX,JVMAX,NSY)
CALL FPRINT (T ,IMAX,JNAX)

READ IN FLCW FIFLD AND PERFGFM A MASS BALANCE CHECK.

CALL FLOWIN (WRy,WZ,INMAX,JMEX) -
CALL FLUCHFK {wWRyWZINMAXJJIMAX)
KETUR K =

WRITE{(3,2012)

STCP

FORMAT (313 ,AE10.,0)
FCEMAT{4AT3,251C.0) .
FORMAT( Y30 P [NFUT UATAY,//)

Te! AM=',1PELC434/ " BM=',1FE1042,/" AREA=',1PFEL0L3,

2 /9t RN=0APEIVL3, /st BCCT ¥, 1PEV0.3,/, " GUE$5="1951C!BIII

FORMATI'O SPECIFIED CCACENTRATICNS®)

FORMAT(®0®, " MESH SIZEy"yT12,% RADIAL %V, 13,7 AXTAL 'y /7y NBF=?,13,/

2T
2781
2761
?280¢
281!
282¢
287
284l
285¢
2REC
287(C
288¢(
299¢
290¢
291 ¢
292¢
293(
234¢(
POR(
296¢
25 7¢(
258(
299(
300
03¢
302¢(
EX k14
304¢C
305¢
206¢
307¢
308¢(
A09(C
310¢
311¢
3L 2¢
213¢(
3t 4¢
11 5¢
316¢
317
A} 8¢
31 9¢(
320¢
321<
322¢(
323¢(
324¢

2328¢

326¢
327(
328¢(
329¢
330¢
a31(
332(

3331

A2 4¢
338¢
336(
337
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FLRIATOED P HIAT, I=24, [Z,3K,¢ J='y13,%x,'CHVC='.1PE10.3D

FOERATI) Dol AL FESHTE /)

PORAATIO) AXIAL MESHY /)

FORAATLEY) FRESCSLOL FICoNDY)

FURMAT(YD FTA FIFLN (TENFRFATURF DEPSNDANCE (F RryEn ) 1)

FAIRGATIO o/ 7/ ACCFLERATICr CRITERIA, W, YAS SPECIFTIEN AS 2PN,

AS THIS WOULR MCT ENBRLE THE PRCELEM YA go SCLVER 'y /9 ' THE VALUS

HAS BEUEN RESET TC Le61)

FIRAATI YD FIOST ARDZR ACCELFRATION WILL 2F ySFD FOR INNER LOCP ITE

AT NG Ty /0 W 3 1 ,1PLTC,.T)

FUANATE Y 0, (PEIGRANNE TERNINATIAG DUE TN UNEXPECTED END NE INPYT D

EYA (SURNUTING CASEIN} ) S

FERMAT(tgy) :

FOSMATONY UNIZCRM TEMLFRATLRE ASSUMED, ?)

FORMATE V) QZIRSTER TC Aym FRCGRAMME FOR %, 14,4 QUTER LAIPS, FEACH
AF *,74," TIANST (NS 0) S

CNC

SUFRCUTINE TRV 1AL (RO, IVAX,JMAX)
CHFCK INPLT FCR TRIVIAL CASES,

CIVMMON ZBREP JAREA
COMAIN JMCLLTS/ AM,BNM
COMNION /NSF/ NEF

IF([“ax*J“AX¢GT020CUI‘Gf TC 1c0C
!F‘!MAX.LE.O.CR.J”QX.[‘.O' GO TC 19001
DN ip=pAN

TFINMEQL0) GC TN 1003
IF‘AMOLFOOQOPOEMCIEOO’ GC T 1G5cC3
IF(AREALLF 4O) €O T 1004

IF (ROeFD40) CC TO 100¢

TF{NBFeLESLQ) GIZ TC t07e

WRITE(3,3007)

RETUR N

kKITELZ,320C0)
$TCP

wP ITE(3,300")
sTCP
WRITE(3,30CH)
£T€P
WRITE(3,20CY)
sTCP ‘
wWRITS{1,10C4)
ST

A ITE(, 2005)
RN LR '

gN TN 1007

10neé

acue

2

aRITE(3,3C(5)
sTCP ' :

FORUATUVL ! WMESH STZE HAS EEEN SPRCIFTED AS GREATER THAN2000 0 PR
"HLEM TS TED LARGE FNR THE BRCGRAMMEM!,/, 0 REDEFINE THE PROBLEN v,



YO

R

Oy My

ce

YT LESS MESH SPACES, Y )
30.0) FURMATLOY v rvpE Sy Haq PUFN SEECTFRIED fJITH TMAX CR JMAX A4S ZERC OR
INEGATIVE . PRCCRANMNYE TEEMTIMATING, *)

N7 FCRMATEVL S, VISOTOPES A + & HAVE SAME MOLECULAR WRIGHT S0 THERE IS

1o PRUALEM TC SCLVE, pFEGFAPN% TERMIMNATING. 7))

TG FCRMATIYLY L9 (CRT ISOTOFE FAS ZFRC MOLECULAR WEIGHT ST THEKE !S NI
VPRCBLEM T SCLVE. PENCRAMME TEEMINATINGS ')

2G04 FORMAT(YL W' CHARACTERISTIC AREA SOECIFI®D AS ZERO DR N&JATIVE. PRC
THLEM HAS NC PHYSICAL SIZE, PRUCGRAMME TERMINATING, *)

SOCT FORMATICL Y VRN SPFCIFIEL AS ZFRC, VALUE OF 20D=),0 WILL RE SUBSTITU
ATECS!

YCGF FGH;A%('I','CCNC“NTRATIFR MUST -EF DEFINFEC FCR AT LEAST 7IMF POINTL !
Ny/et PROGAAMME TERMINATING,!)

TCT OFARMATIN0 Yy 2/ /4 DATA CHECK WTRVIALY COMPLETFDR ')

END

s SURKOLTING AESEIN(AMESE MAXNIM)
SUARULTINE TC PEAD IN MESE SPACINGS.
RIMSNSTCN AMESH(MAXDIN)
KEAD(Y,200C) TN
TE(INSENLI IGE TC 1C00
RIADLL,2C0Z I (AMESHI by 1) yMAXD IV}
5C T2 1001

1060¢ 121
NNz

1602 FEAD(1,2G01) AN
ANTNN4N -

U0 30C2 J=I4NN
FIC02 AMESH{ 3) =A
T=hN+1 _
TF{NMNaLT«MAXNINM) GC TC 1cc°
1LY DN 1004 I=1,VMAX(IM
TF(AMESHIT ) o LS80 0) GC TC 1C05
1ICCH WITEL(3, 10COIAHFSHIII
PETURN }
1008 WRITEC3,30C1) 14 AMESHIT)
STCP
200G¢ FCRMATLI?) .
SUCY FOCRMAT(ES,Q,T13)
2C07 FERMATHIL2EE, C)
200C FORMATIIZ2{ 1Y, PF10.3) )
)1 FCEMAT(Y MESH INTERVAL SFECEIFIEL AS ZERO IR NEGATIVE. POINT 18=1,
TIA,0INTERYAL V#LUF-'.’PEJC--./,' PROGRAMME TEAMINAT TNGa '
END

CSLARIUTINE FLOWIN (WRoWZy TNAX, JMAX)
READ IN FLCW FIELD

CONMMON ZLIVITS/Z TMPLIFF2,JMPL, J¥P2
NINVENSIIN WRUINEZ,INP2)WI(TRP2Z,0MP2)

SET LCCP 1IMTTS

3930
334C
3950
2G&C
ISTC0
3930
_AcGn
4000
4010
4020
4030
4040
4080
4CE0
4070

4080
4060
41C0C
4110
4120
4130
4140
4150
4360
4110
4180
4190
42C0
4210
4220
4230
4249
4250
42460
4270
L2EQ
4290
4300
43140
4320
43130
434(Q

. 4350

4360
4370

4380

4350
4400
4410
4420
4420
4440
4450



OO
YCOF

teen

1004

YCOE
itCT

“1C) &

Soleee

2COC
2001
2C00

Aoy

02
20C?

SN, Y

EBLERELY.S

1K=

11=1

IF(IMelE&2C) GO TOC 1CC1
I«={K+10

GC YC 002

Tk=iM

Y1002 g= I.JPAA

IKEL=IK+Y

R= AICL.ZOOJJ(HZ(I,J).l-II.Ikl
READCL?00CH I wRIT o J) 1217 ,1KPY)
READCL P00 (W Z{L yJMPY ) I=11,TK)
TEFIIMJLFLI0EGC TC 1004

IV M=1(

T1=1K+1"

(LIS IS EH O

CORT INUS

WAITE(3,300%)

FT=1

K=

TM=TMAY

IF(IMaLEo€) GC TC 10D0€¢
Tkz[K+4 T

GiZ T 107

TR=TM+ 1K

IKFL=IK+1

WRITF(343C00)

D3 1008 =1, JMAX
VRITE(3,30072)3(W2{I4J)y1= IleK’

ARITEL3,30CAIIIIWR{T D), J)cl=!I;IK"HR|IKPl.JI

o

WRITEC(323002)CWZIT+JMF1) 12T, 1K)

TF IV é) GG TC 100§

IM=IM-&
1=K

G0 TC 1005

CONTINUE

RETUAN:

FCRMAT(LZEé,0)
FORMAT(*QY 4/ //7/7)
FORMAT(*X ¢, FLCW FTELDY )
FURHATI'U'oﬁ(lOX.lPFlC.3)l
FORMAT(YO? 462 PEX 03y~ (4,12
ENC '

SURRAOUTINE FLKCHK IHPvNI IFAX.JPﬂXl

CHEGK WR(14J)=C, IE¢ AC FLCKW FACIALLY Acnuss rsm:e LINF,

PRINT TUT ANY CPFEMNDEHS,

ty p!3y"‘9lerIPE10 3)

CDHMJN/LIN‘TS/IMPI'IHP7oJPFl J”P?

DYMENSICN hR(IFFZoJ”PZD.NZI]MPZ.JMP?)

N0 L1000 J=1,JNMAX

TOO0 TF{WR{1sJ) eHEaUs) HPITE(3nELOOIJpWPI1nJ!

4460
4470
4489
4450
4500
4510
4520
4520

. 4540

4550
4560
4570
4580
454q()
4ACQO
4610
LE20
430
4540
4650
46,60
4470
4690
4RS00
47C0
4710
4720
4730
47490
4750
4760
4170
4780
4790
48C0
4810
4820
4830
4840
4psQ
4860
4870
4880 .
4890

4900

4910
4920
4930

49407

4950
4960

4970

4980,

4990



eNaln

Oy Oy

YT YOOI GO

Cl0

CHECK MASS BALANCLEy PFINT CLT ARY DFFENDERSS

WRITS(5,73000)
k=2
CC 100y J=1,JMAX
N 1901 I=Y,IMAX
WAL (T g J) 4 4R g J)=wZ I 4V )= R(T42,4}
IFlaweSa0.0) €F TE 10GY
WP ITE(3,30C2 )T e d o ab
NELRED]
TCOL CORTINUE
[FIMN I QD)) WRITE(I,2C07)

SEY IF THERD ARE AC FERCRS TN MASS BALANCE,

RETURN :
ACCC FORAATIY LY JVERECR=ALL WR{1,.J) SHCULD BF ZERO FOR SYMETTHRY ABCULT R=
1'.).0'1/2X!'VR‘1 ",I?s',=‘il”:10-?)
200Y FORAATLOS ¢, 'ERENPS TN MASS PALANCE, ALL WW SFOULD BE ZERNG Y,/
SO0 FORMAT(Y ¢ Thiw( 'y T3,4%,%,172,%v)=t,1PE10.3)
AT FOEMATLY MO EFRGRS TN MASS PALANCE.Y)
ENG

SLERAUTING (ATATHINAN g Fo T FDeWRWZ NSy IMAXy JVAX)
SLHRJUTINE TC VARY CFRTAIN DATA ITFMS FOR A NEW CASE IN THE SAME
CECMETRY AS PREVICUS (25F.
UATA INPLT USING NAMELIST FOCRMAOT .6 .
- SUBRCUTIYE PERFCENMS CHECKS N CPANGFD ITEMS 10 AVOID SPURIOQUS
FFFORES,
SPECIFY DATA ITEMS TC EE LFANGED LSING ¢AN?
AN==3, LTHANGE ENTIRE FLCW FIELD BUT NO OTHER TTEMS,
hh==2y CHBAGE TTENS IN NAMELISTS FLUS PRESS+TEMP, DR FLNW FIELDS
tN==1 y CHANGE ITEMS Th MCLH®T CR PRESS OR TEMP FIELDS
Mz Oy CEANGE TITENMS IM FLCw FIELL NNLY
MN=+1l, CHANGE ITENS IAh ACC CNLY,
FN=+2, CRANGE ENTIRE FEFSSUPE FIELD ONLY
MN=+3, CHANGE ENTIRE ETA FIELD CAMLY.
hv= TOTAL NINEFER CF CHAMGES TC FLCW.TEMPHPRESS FIELCS.
CFITONS ARh==2,=-1 AND C CNLY

COMMONZLTMITS/TMPL THMPZ JUMFY ,UNF2
DIVENSTON FUTIMAX JMAX) o TLINAX, Y NBXI,WR(IMP?oJMPZ’v
1 wW2UTMPZ 4 4%P2) JASCINP2 yUMFZ)
COVMTH /ACC/ ACCoEMAXY ALFHA,BETA N W, NSPEED, NINNER JNDUTER
COMMON /NCLWTS/ AN, BN '
COMMIN JAREA/ AREA
CCOMMON /NRF/ NBF
COMMON /LANUDA/Z ALANAX,ALAMIN
NAMELTST/ SCLWT/Z AN, BN
NAMEL IST /NEWACEG/ ACC . heAL ANAX, ALAMIN,MSPFFP
PATA OP/YEY/oTT/ TN/ JWRR/ WRY/ S WLZ/TWZY /4REL/ VRO Y
wAITE(3,2000)
2060 FORMAT(Y1* , 9 SUBRQUTINE CATECH')
REANLL,TCO0)I NN NM
WRITELR,20CL NN, AN

5000
5010
5020
030
5040
5¢80
5060
5C70
5080
BCS0
5100
S1190
5120
£1130
5140
5150
51£0
5170
5180
5190
5200
5210
5220

5230
5240
€250
5260
5270
5280
£290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5340
54C0
5410
5420
5430
5440
5450
5460
5470
5480
5490
5800
5510
5520
5530
5540



[ e

S0
T

e

Ti.¢g

1P

pIOn

1201

ptoz

ANV

1o

Ccll

FOWANTLY 30 AN =9 JF2, 0 Rzt T2}
FOEA2T(7] 3}

TEEAR=T) 19,2,° (04,1105

CALL FREATLP,INMAX, J¥AX NS
ARTTE(T,52C0)

SERAST(Y ¢, tNTw DRESSURE ETrLCe)
JALL FPRRINT (P,IMAX,JMAX)
A==

LI TURN

CALL EOFAC (T, INAX, IMAX, NS

w2 ITE(2,12C0 )

ECAMAT(YY ATw ETA EIRQLY)

CALL RPEINT (T, IMAX, MAXY
Noh=~1 '

PEYJRN

THFINNGN =2} Cr TC 12C1

TALL FLOWIN (Wil TMAX, JMEX)
CALL FLWOHK (hlywZ,IMAX,JUNEX)
ApN=0

EFETRN

CONT TNUF

TE{N) I0C 42 C07520053
AT (Y A0LRT)

wWRITELR, MOLWT) : |

CALL TRVIAL {(RFC,INMAX,JMAX)

N0 1400 IT=1,MM 7
PEAD(L 3403 )1CEs T Je VAL
WRITE(3,13C4)LH, I ¢JdsVAL
IF{CHGEQWFF) GC TC Y4(2
1F{CHEQATT) GC TC 1403
WRITFL3,13C5)

GC TO 1400

P{T.J)=VAL

GL TL 14Q0

T(TIyJ)=VAL-

CONTINUE

CFCRMAT (AL 21X e03) 42X sE134€)

IF{NNGEQe=2) CC TC 10C2
GC TQ 1004

2 90 1300 TI=1,NM

READ(L +L301) Chalydyval
WRITE(2,13C4) CHaTpJeVEL
IFICHFJeWRFY CC TC 172C2
IFICHLEQaWZZ) GO TEC 1302
IF{CH. 0. REDY GC TC L7C6
WRITE (3.1%C5)

GNTO 1300

aR{I s J)=VaL

GC TC 1200

B0 =yAL

GC 10 13¢e

WZ Ly JI=VAL

CONT INUE , :
FORMATIAZ y 2L X eI 3)92X9E124E8)

FURMATIYO A2, (Y T3, 0,4, 13, )= *,IPEL3LA) .

FORMATI 1 30X o 'FRRCR IM FLRMATL') -

5650
5560
S570
S840
£54Q
5400
5610
5620
5630
5640
5650
S6 60
5470
5680
5690
57C0
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5840
5A70
5880
5890
5900
5910
5920
5920
5940
5960
5960
5070
5980
5990
60C0
6010
6020
6030
6C40
6050
6060
€070
6080
6090
61.C0
6110
6120



cl2

CALL FIWEEK {wR,wZ o INMAX, JHLx) ' £13

TZUMNgFleg=2) GO TC 1I0CT £1 4

GoOTY 10C4 1%

AN A L =ALS 816
=S FEern ' 17

AT AL AVAY 619
ADSALAMIN /Y
CARLANGNTWACC) ’ 20

PR ITE (e AT RACT) £211

TFE (N @M aNSPFTNGIOR G AT (AP AL MAX TR AT MELJALANIND TALL FIGENY (ALPH o ?
TAGRETR) £72 3

C IF *w ACC 0T 1% ACC, (6SF wILL PE UYPRASSED, £2 54
g 62 &L
TELALG LS ACCY ) GO TC X(CE 627(
ARITE(Z,2202) ALC 42 8(

Y0z SURAATIYY Now ACCURACY TS ARCT LESS THAN FNR PRIVICHS CASE.ND USEFUY £7 5S¢
TL RPESULT wOULD i PROCLC“C Ty /y ! PROGRAMNME WILL BYPASS THTS CASE.f &3 0(

L I : £€311¢
ApANER A3 2¢
HETURN - ' 62 34

TCOA NRA=AA ) ’ £34¢(
TE{NMabJe=2) ANA==1 HAK(
CETURN : €3 AL

FH9 . : 637(
COLBKAOLTING IDNTRY (Ng RS, IMAX  NAX, TMPY, IMP?,UMP1, JHPZ) £3 80

C . €390
C SFT ONS=0-FOK [LEMENTS CLTSICE SIMPLE PROPLEM PCUNTARIES AND NS=N &40C
i FCQ ALY DEFINFE PrINTSe HEMCES NS=0 FOR EXTERNAL POINTS, 641Q
C NE=L FNT TATERNAL FCIMNTS, MS=2 FCR EXTERNAL FOINTS WITH DEFINED 4462
C (ONCENTRATICA, F(1,J) £42(Q
C &4 4C
CTIMENSION NOIMEL, NPL ) JNS(INPZ, JMP2) 645(

LO 2020 T1=3,1vP2 ’ A4 6(

ANE(Y, 2 1=20,C - 646 7C

2070 WS{I 4 JMP2) 20,0 : 6480
DY 232% J=1,J3Mp? ' S : h45SQ

NE(Y o d0)=0.0 : 6500

FIFY HES{IMPY, ) =040 : : A510
DY 2023 J=1.JMAX ' 6520

N 20g2 I=)1,1MAX A53C
TROAS{I )y J+lVaFida?) CC TCO ZUZ? ' A54C
NSEL+T v d+t =M1, J) ‘ A5 50

TOT I CONTINYE ) : 5560
2073 COATIANLYE . 65TC
r A58(C
C PRIAT NUT VALUES OF NS{1,4) : ' . 4£549C
C : _ 6600
‘ AR ITE(H, 1317 : £61¢C
DC 20704 J=1ydMp2 . B 662¢

PATe WRTTEL2,Y1IR)ENSLT 3 d) 120, 0MF2 ) 663(
FETURN AO4C
TAVTOFOEMATLOLY P VALYUES CF NST /755X, *NS=0 —EXTERMAL 1,4/, 5X,'N5=1 ~{NTER 665 ¢(
"NALyUNNDFFINET CONCY /45X 3082z ~FXTERNALZCONCe CEFTNED®, /) ‘ GEEC

TI2A FORAATLYNY 2K 322X 12)) . ' i CRETC

ENL - 658(
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2hat
210C

1.C1

1062

Yoo

reoc

‘T(IiqudﬂhilthtIFPZ sJMEZ ), 03 0aMAXTY, C4IJ”AXI’CR11MAX|JMAX’r

Ccl4

SLAFOUTINE FUCCEFR (AR ALy LR D79 CReQZy Ry IMAX, JMAX)

FINITE FLEMSAT COFFFICIENTS

COMNMONIL IV TITE 71400 W IMEZ , JMEY,, UVES
rrwwhh JARFESN/ PREA
NYNMENSION IRUIMAXSUMAXRJ«AZEIN2X ) ORCINPY ), CZ ¢ IMPY )y
JEATAARY yTZUUMAX )4 RUTINEY)
FI=3,1415G245
"(1LiI=Cs}
R{Zr=DR(1)

AZ(L ) =P #Q (2 )RR (1V/ARFA
C"’.{l)"'q

GJIY Y=L 0

('3 2107 J=1,JMAX

Al 4 d)=0.10
B0 2100 1=7, Ivax

WRIT ) =TR{I MW/ ULR{]I}+DR(1=-0}}
ALT+L) =R )+CR (1}

AT (LY Y=PT2(RL 142 )+ LT )}*(R{I}/AREN.
AR{T 2 ) =2 2PTI4RII DT (V) /2RER

CC 21CY J=2,dMRX
A*lI,Jl-?.#PI*PlI!*DZ(J)/!F&&
GZ(3)=DZ LI /D2 Y402y~ lll
CONTIAUE

FETURN

ENC

SUBROUTING GRTFFE (CR4CTGVAR W PIZ DR DTy TyNS,IMAX, JNAX,C3,C4)

CCNCENTRATICN CIFFUSICA TEFWM

COVAGK/LIMITS/INPL,IMP2,UMF), JVF2
DIMENSION ARCINAX JMAXYZAZEIMAX ), CRUTIMPL )4 DZ(IMPL ),

PC2UIMAX, ¥ EX)

LO 1000 1=1,[MAX

1S=1+1%

D 1000 J=1,JMAX

JS=4+1 : :
IFINSITS,JS) oECeO) GO TO Y1CCO
1F(JSWNEL3) GC TC 1001 :
CY=0Z42)/T(1,1)

IFLISWNE,2) 6C TO 1002
CACH=0R(1I/T(L, )
C2=NZ(JI/TIT4d)
CLLI)=DRITI/T(Y,4)
TFINS(IS+J)afCe0) GN TC 1CC2
CZUT o )= *AZ LT}/ (CL4CE)
C1eC2 ' '

SANS(T,0S8)ekCe0) GO TL 1CCO _
CRITyJIs2,%AR( T, J) /(€200 +C4(Y))
CR30HY=Caty)

CONTINUE
fETURN

CEND

7780
7200
7310
7220
7230
73490
1350
7260
7370
7320
7380
7400
7410
76240
7430
7440
7450
460
7470
1480
1490
7500
7510
7520
7530
7540
7550
7560

7570
7580
7550
7600
74610
1620
7630
17640
1650
1660
%670
7480
1690
TT00
1710
120
1730
7740
7750
7760
7770
7780
7790
7800
7810
7820
7830
T840



1

e

t

icLe

1001

LA )
ice?

1CQ=

10065
1LCe

cl5

SULRNGTINS BOTFE (F AF g A7y 84 F o THRD, 1My D7 g NS » IMA X, JMAX, .

K PR TIPS A W

L SSUHE DIFFUSIGN TREERN

CONMON ZMCLA TS/ AMyuM '

COvanh JLINITS, TVPT L INPT, UMPY, jap2

CTMEHS TN FCIMAX y JMAK Ly AP CTMAX, SNAXD, AZ (JMAX) o STTMAXy JMAX Y
IUCIMARGIAAX) g TUIMAK, GVAX) G TRETVEI) G NZCIMPLY G NSTLIMP2, JMP D),
PUBLTMP2) UL IVEZ )y URLTFEZ , UMPZ ), LZITMP2, JMP2)

Nz M=t

CUMY=Y /12 o 0Nn00) o

START 0 U TRE TTEPATICN LICF

7 RQ06 T=l,INF}
JS=1+])
Ne 1Lacs Jd=1, dMEY
JS=J+]}
[F{NS(TS %) aFCeD)Y G TD 1(CH
SR QUMY IT LD G *FLY s a=F (T, J))*!FlI'J)/AM+ll--F(I J))1/8¥))
IF!JS NE,Zz) CC TC IOOC
L=DZ44{) =pTuw
If(iS.NF-EI GC TR Y00}
L3 =ne (3 pePLLY
CONTINUE
Le=nZ i) =pngy
Ua ) =NR{I1xpPOUM
TRANSIIS s JieFCaQ) GO TC IC(Z
PZ=P({1,J=13/0(1,J)
[FIPlatEGal) CC TC 1007
LICTy d)sAZ (D)L OGIRT )/ LUY+2)
GC T 10
UZET1,J)=0.0
bl=y? _ -
IF{NS({T s JS)eFRaU) G TL 1CCH
PR=P{[=14J)/P{T,J)
IF(PrefQe1) GU TC 1004
UR(I.Jl-“Pll,Jl*ALCh(kF}/(L’IJ)+U4(J}3
G 15 ACCR
UH(I'J"“DQ\.’
U3l =uaty)
CONTIANE
NC10C7 I=1,IM2X
IS=1+1
L 10C7 J= 1 JM Y
NEENED )
IFINS(TIS,JS)ECa0) EO TC Y LCT
SUTp ) sURLT 4 )+l (T4d) - UR(TS,J)-UZII'JS)

ICCT CONTINUE

1.

RETURN

Uz{l,Ji=0.C
LTy d1=D40C
G T2 1006
ENC

7880
7960
7870
7880
7890
7900
7910
7920
7930
7540
7950
7560
7970
7980
7950
ROQO
8010
8020
8030
8040
8050
R060
POT0
8080
8050
8100
8110
81.20
8130
8140
8150
) 60
8170
8180
aren
8200
2210
8220
R230
R240
1250
27260
8270
8280
A2 90
8300
8210
8320
8330
8340
8350
8360
83170
8380
8390



Ty Y

6

SUARIIUTINE TLPRZP (R yWZ o CFyOZyCRGCZy AL o HR, e HR y SUM e NS » TMA X, JHAX) 2401

, R4)(
PREPANATICA CF SUMARTY FDLFLLHLsFR FOR IANER [TERATICN AL 2(

: A

COMMINZL IMITS/TVPY THMEZ JUNFYL,, JMFD ' 844
UINENSIO\ WRUTNED G UNPE JyWZ{IMEZ 2 JMP2) R4 5(
GRCTAAXY s QT CIMAX) fCRITMAX y JNAX Y, CZ('MAX.J%AXl'hl{anXgJWAXI,HR(IMA £4 64
'x,|ng),HU(1MAA,JMAxl.rr({wnx,Juaxi,SUM(IM&x,JMAxl.Nt(IMP?,JMF?l 947¢

k=1 84 8¢(

DY 1012 I=1, TMAX : : 94 9¢(
1S=1+1 . _ 250¢

Lﬂ 1012 JFI,J“éx ' AR (

=4+ . A5 2(
lF(MS(IS,J<l MELLTY GO TC 1C3¥2 28 2¢(
TEANS(1,JS)eFECa0) GG TC 16CO B854

HO (T 3 JI=CRIT pd )% WRET,JIAQRIT) £88(

_ GC T A091 . ) AR&(
OO FD{1yJ)=0a0 , ‘ as7(
TFAR{Y v J) aGToCatd) HOMT b )=HR{T ) A580

101l TFINSITISyd)alte0) GC TC 1CCP ‘ asg(
HL{Ty J)=C218140104 WIlTad 202 () ' 8600

G TC 103 , o , : 861C

007 FL{L+d)=0,0 : _ _ R6E2C
TFAWLLT 1) a5TaCeO) HLET 4 J)=WZ(1,J) ‘ : ] : REAC

1007 TFEINS(TS+Y ,US)e5Q60) GC TC YICC4 : , RE4C
HUGT . J1=CR(15,4) *WFE{ISs 1 {1a=-QRUIS)} . 865¢

GC TQ 10C5 L : , 956
109 HL(I.JI~0 0 e - : . 36TC
I {WR{1Syd ), LT.b.O) HU(I.J)=-NP(I§,J) o . : A68(

10045 TFINS(IS, S+ ).5Qe0) GC TC 1006 : ‘ A4
HR{I 2 JI=CZ(14+Jd5) U214 S (le=CZ(US5)) o RTCC

5C 10 weY , - - 871¢

ACCe HRIT 4 J1=0.C o BT2(
TRAWZ(TsJS)alTe0a0) HROTyJ)==WZ(1,J5) : ' 873C
ACCT SUMIT Uy =HRET o JI+HULT s Jd+FLE L, JY4HDIT ) : B74C
TFIHL (T3 J) eLTeCWuC) GC TC 3(113 . B75C

1692 IF(HR(TeJ) el Ta0e0) GC TC 3C24 o " 376¢
CI0CS TE(HUCGT Y J) LT 06 0) Ge TC 115 : - : : : 8T7C
T01C TRELHDI T JY oL TaGaC) GO TC 1C1¢ - _ R78(
TOYY IF{SUMET, J} EC.C) wP!TE(J'-COOF Ted . o : 979(
1012 CONTINUE : . _ . ' 180¢
IFtKeEGa) NR!Tqu ﬂOC]) : o _ 381¢(
RETURN 982¢(

1012 1FIKGEQe L) NP!1F(3.3OC¢I ‘ : : ‘ : A83¢(
“GALL UNQTRL (I,J LZ(I,J), WZILTed),Q2000) ) 884(
K=K+l o , : : 28%5(

¢C TC 10CH _ ' o Anel

10v4 TFIKGEQ. L) WRITE(3,3002) ' _ - RBT(
CALL UNSTUL (2'JS'C?(!1J33 'WZ(!;JS).QZlJS)*I.) ) : : ARA(
TREKEY _ S ‘ o R c o ABG(
GOOTO 1099 ' : C ' ' o 89 0(

TS 1F({Ke T Qe 1) HRITE(3,30C2) 891¢(
CALL UNSTBL (3,185 CRU1S,4) s WR{ISyJ) QRIS )I=1 ) A92¢(
K=K+l _ B89 3(
GCOTC 1010 ' _ : RQ &4

3AYE TF{KGEQLY) WRITFU(3, 30c2) ‘ o ' 895{
CALL UNSTBL (4414CPtT4d)y  WF(T4J),0R(1)) 896t
K=K+ ‘ . . B9

Gr T 10V ~ eggt

PULC FLRMAT(IN Y g 0GUNM{ 1,13, %5 4,12,%)=2C00"}) - B899



[a X2

300
’Jr\Oﬂ

ﬁ:ﬁh

- €17

FORMAT(*D ALL FF COEFFICIENTS ACCEPTED AS GE ZFRO FOR STABILITY ')
SERMATENY WARNING==THIS FE{BLEM MAY BE UNSTABLE AND NOT CONVERGE. ¢
1e/9 10 STABILITY AND COMVERGENCE MAY BE ACHIFVED RY USING A FINER M
PEGH 1y /4 10 SUGGESTED ACTICAS 3 YW/}

ZND

SUBKUTINE INLICP (F FMloFF14S,HLyHRy HUy HDy SUM NS, TMAX, JMAX)

INNER ITERATICN FCR COMCEMIRATICAS

CLOMMON/LINVITS/INPY G IME2 G UNFL 4 UNE2

1CCC

1001
l1ca2

100’

lalake]

10cH
1Go4

CONMON FACC/ ACC EMAXT JALPHALBETA,NJ W NSPFEE,NINNER NOQUTER
DINMENSTON F{INnx.JNAXI,FN1IIPAX,JPAXD,FPI!!MAX'JMAXIc
ISOIMAX s VA XY S FLT I MAYX, JNAX),HR(INAXyJHAXl.HUllHAX.JﬂAXI HDUIMAX, JMA
JXYSSUNLTMAX, JMAX) JASLINP2,UNB2)

K={

THMAX2 3040

AA=10040

SMLACC=0,0

WRITE(3,3002)

CALL FPRINT{F,INAX'JNAX)

JCT=)

EMAX1 =200

JCT=JOTH)

770 1082 I=1, 1VMAX

[1S=1+) ]

DD 1002421, JMAX

NEENE D

CIFINSIIS ,Jﬁl.hF-l) GO 10 1002
FN=(§|I.JI+HB(!,J)*FII-!,J)+HI(I.J)*F(I'J 1!+FU(I'J)*F(I+I'J)+HR(I
LoJFaF (T, J+3) }/SUNMIT, )

EFRR2ABStFEN-F(1,J))

CHECK THAT STEFS IN F ARE hCT TCOC GREAT AS TO INVALIDATE PRESENT
COEFICIENTS, IF THFY ARE, SET TE RETURN TO BUTER LOOP AFTER 2ITN
CIFIERRGT«F{14J)/240) K=K4 6

IFGERR.GT.EMAXI) EMAX1=ERR

IF(NSPEEDaEQel ) GO TN 1001

F(I.Jl=H*Fh+(l.-w}*F(l Ji

GO TO 10072

FPllI,Ji-F(I,Ji411.+ALPHn EET#)-FMI(I,J!*ALPP&+FN*BETA

CCNTINUE

IF{NSPEED, EQ.II CALL RESET lF.FH!,FPl.NS,IMAx,JNAX)

IFLJCT/AAG LE. !.0) GC TC 1CC32 .

AA=AA+YO00,.0

"WRITE(3,3002)

CALL FPRINTUF,INAX, JMAX)'

thT!hUt

LFEC& CCNVERG&&CF DF lthF ITER#TIBN

'IF(EMAX?.LT.SNLACCI SPlﬁCC=ENAX2
[F(EMAX) 4GEoSHLACCIK=K+]
[F{NINNERe CToJCT4CR, NIthF LTele ER NDUTER.LT.II GO TC 1008
WRITE(3,20C(5)
RETURN
IF(K=500). 10C6,+1004,100%
ARTTE(3,3004) ACC,JCY

3000
S010
9020
9030
3040

2050
5060
$C70
5080
3¢S0
91.00
9110
9120
3130
9140
5150
5160
9170
9180
9190
9200
5210
9220
$230
9240
9250

9260

9270
9280
9290
93¢0
9310
$320
9330
9340
9350
9360
9370
9380
$390
9400
9410
9420
9430
9440
9450
9460
%790
9480
5490
9500
9510
9520,
9530
9540
9550



M0

la¥aly

1Cax

SOk

ieCT

207G

EXiDA
0%
3002
004

30408

160
1003

cls

LELICTe (s Sut ) RETURN

TE(PSPRE e Fla e AN JCT LT 500 GC TN 030
S

LETJRA

TEGPET N Fla Do AME A JCTa LT B0 GG T 10OUQ
AaRTTELR,30C0)

TN

SMAKZ=TMAN D

CHOOGE CLIVIRGERCE TOLELARLY FOR IMNER LOOP T 8F 1710 OF MAX
SHANSY 0N E1ST [TFRATION (R ACC #HICHEVER IS5 LFAST,

(0,0 TN a0y

TOLsYMAX? /10,

TEAT Lel Te 2 0) TCL=ACC

SHLALC =0 NA XD

TEARMAX L, GTo TRL) GO TO 10C(C

PFCISPRI NG EN D AN JCTLLT«5CC) GC TN 1090

A ITH{,20080) TC0L

wRITE{ 3, 2907} 40T

TETRN

EORARTIY TAMEL [TERATICON FAS CHENGEN CONC BY 50% RETURNING TO GUTY

LIROLOCE TC RFOALCULATE CORFFICIENTS,Y)

ECRMAAT(VOCCIVERGENMCE TCLRFRANCE FCR THIS ITERATICN = ',)1PE1I0.3)
FLRIATHINY Y '

EORAAT(YOINYRER LOAP COMNYFRCED TN ¥, T4, TTERATICNS,')

FORMATEY TNMER TTERATION MCT (ONVERGING T1) REQUIRED  ACCURALY (=1,

TAIPEL Qe Ry ' JoAFTER v,13,1 TTERATICNS, RETURNING TQ QUTER LOOP, ')

FNEYAT( 10 REQUESTED MUNBERP CF IANER LONPS COMPLETED. ')
FNE ' : ' B

SUBRGLTINE FREAT (XgNS,TNAX, JMAX)
SLRKGLTING TC REAT IN VARICLS FIELDS.

GIVENSION x{(12,12C)

N7 T30 =1y JYAX

REANCL,LACMIIXETyd) T l,iﬂbx)

©C L3002 I=l,IvAX

[EIX{]4JlelFeC) GC TG cCUC

CONT INYIE
CONTINYS

PETYRN

TR INS(1+Y, J+1)05Qe0) CC TC 100?

WA ITE(3,1003) Trd,X‘!qJ) :

3TLCP

FLRAATIL2EE.C)

ECRMATU L Y, "ELEVNENT CF PRESSURE CR TEMPERATYRE FIELD SPECIFIFD AS
VAERY) R ONEGCATIVE, THIS HAS NC PHYSICAL MEANINGs "4/ % POINT IS, (%
113404413, % e FLEMENT VALUE 4AS “"IpFlO 3, /+" PROGRAMME TE=RMINATI
5NG')

N0

586
G557
958
559
960
561
GK2
ch3
ChG
Q965
G566
557
Qs A.
9~ 9.
S7C
971
972
Q73
aT74¢
o751
97 &4
9T T
978t
979¢{
380!¢(
gAY (
GR2{
9831
FRL(
98 5¢

EELY!
QR T
9881
IROG(
$9(!
99%1¢
9921
9934
Q9 4t
9951
99 6{
99T
99 8]I
999
1 0001
1001

1902

1003

-1 004

1008
1006



I NN ]

RN IR
[SUREN I

R
LSRN

[P RPRUIERY
et D)

©J o Py
SRR -3

DY

000

cl9
SLARSUTTMT TPRINTIX,TMAX, JVAX)

SULARCUTINE TC PRINT CLT VERICLS FIELDS

DIMINSICN X(INAX VAKX

{I=3

[k=1)

IN=TMAX ,
IF{IMJLEL3) G TC 2271
IK=TK+a ‘
GC TO 92372

[K=1i4+1K

DL 2223 Jd=) VAN
WREITE(A, 1122 )4 X014d)yT=11,1K)
[F{IMaL:a3) 60 TL 2274
vz M=a

[T=ITK+?

ARTTE(R,2171)

GG T 2220

CONTINUE

FLRMATC(' Q" 4/ /)
FURMAT{*D 4 314X,1PR12,5))
IETYRN

END

SUBRKOUTINF MXCNCH {(FoFF,INAXy N AX,CONY2Z)

u‘TtQMIN: MAX CCNC CHAMGE 1IN LAST ENNER LONOP AS CONVZ
UPLATE FF ARRAY TC PRESENT CCNCQ

NIMENSTON F{IMAX,JMAXlsFF(IPAX;JNAXl
COMM{IN /CCAVRG/ CONVY 4KK

CONV2=0,0

B0 1000 I=1,1NFAX-

00 1009 J=l.JNMAX
C=AAS(F{l,J)-FF(1,J}]}
IF(CatTaCCAV2) GC TO 1ICO0
CCnv2=C :
FF(I,J'EF‘I!J)_-

CONTINUE

SETUK D

ENnC

SUBRNUTINF CONDEF (FgFP]vFFlvaINAXqJHAX|

JIMENSINN FOIMAX, JPAX},FFI(IFAX,JN&X).FPI(IMﬂX JMAX)'NlIMAX,JMAX!

CUMMON /NBE/ NEF

CCOMMON Z/TIGHT/ ACCH

RE&Y TN PRCBLENM BCUNDARIES N(1,J)

WRITE(2,3004)
wITE{3,,30CL)

READ( L 2CCOICONTT Y9 I21 3 IFAX) yJ=1yIMAX)
WHITE(3,30C2 0N 3) o T=1 3 INAX 5 d=) , JMAX)

19070
10080
13090
10100
10110
10120
1C130
10140
1cl50
1Q1&0
10170
10180
ta190
10200
16210
rczzo
10230
10240
10250
10240
10270
10280
10290
10300

10310
10220
10330
10340
1C25Q
10340
10370
103sc
10390
10400
10410
10420
10430
10440
10450
10440
10470
10480

"10490

10500
10510
10520
10520 -
10540
10550
10560
10570
10580
10590
10600
10610



c20

FROpLrM BFCUNTCARY
FERM ACCY AS A TIGHT ACCURALY CRITFRIA BASEC CN THE CEFIMED
CORCENTRATICN AT LAST SPECIFIFD POINT, NBF,

A0 0

SO 1000 IT=1,NPF
PEAY(L,20010F T,d,F(T,41%
ACCL=F(I3d 1/, CF408
TF{N{T 4y d) e Bl ) WRITE(Z2,2CCC) 1,44
TRUFTUL9J) el alel0alRaf (I ydlafFCaleC) 6D TC 2001
HLOC CONTINUFE
BETUXM
IO0Y WRITE(R, 2003}
STCP
PC0¢ FORYMATI(2512)
2001 FORMATI(212,510.0C)

QGO0 FCRMAT (YL, VERFCR IN TRPUT ',/ CONCENTRATION HAS SEEN DFFINFD FOR -

1 A POINT Ih"EF THE SYSTEN BOUNCARY?®,/,9PNTAT 1S, T=t,13,2X, VJ=1,
c1E)

3C0% FORMAT('D BOUNCARY SPECIFICATICNY )

TOGZ FORMAT(IO,3312X,12)1}

TO0T FURMAT(Y Y, FCOMCENTRATION FOR ARCVE POINY HAS BEEN SPECIFIED AS 1,
10 IR 0.0 THEST VALUES ARE. !MBFSS!HLF FOR A FINITE PROBLEM. %, /,

: 71 PROGRANMME TFPNINATIRC.')

3004 FOFMAT(tOT)

C
' ENC
S SUBRIOUTINE ACCTST (ACC)
; CCMMON /TICHT/ ACCH
P . :
C CHECK THAT INPLT ACC FIGURE 15 SUFFICIENTLY SMALL TO GIVE A
c MEANTAGFUL AMSWER. IF IT If NOT, PRINT RECOMMFNDED VALUE,
C .

IF{ACC.LEaCaD) 2CC=ACC)
TF(ACC,LT. ACCY) PETUPh
WRITE(3,30C1) '
WRITB(3,3000} ACCY.
RETURK
2306 FORMAT(YO RFQUESTFD ACCURACY MAY NOT BE SUFFICIENTLY SMALL T2 GIVE

1 A MEANINGFUL ANSWERL '/, ' RECCMMENDED VELUE FOR THIS CASE 1S5 ACC=

© . 2 Y,W1PELND.?)
?COI FCRMAT(tQ1)
END ‘

SUBROUTINE HINSTBL (TyJ4Cy |Ql-
. G0 TO (‘000;1001 1002'100‘lt
100) CONTINDE -
1000 WRITE(3,3000) J
. GL. TD 1004
Le02 CONTINUS
1002 WRITE(3,2081) 4
1C04 F=(wt(Q Cy
ARITE(2,3003) F
. ’ RE TURN : ' '
2000 FCRMAT{ 'O MAKE AXIAL NMESH FINER ﬁRDUND J =y Y413, BY FACTCR OF')
1001 FCRMAT{'0) NMAKF RACIAL RESH FINERYAROUND I =, Y5 13,' BY FACTOR 0¥}
“O03 FORAAT('+? ,58X,1PE12.6) ‘ .
ENC

READ LN GTVEN CONCENTRATICMS F(T,J), CHECK THAT PGSETION 1S DUTSDE

10620
10630
1040
10650
1C660
10670
10680
10690
10700
1¢710
10720
1Cc730
1CT40
10750
10750
10770
10780
1C790
10800
10810
10820
10830
10840
10850
10860
10870
10880

10890
10900
10910
10920
10930
10940
10950
10960
10970
109480
10990
11000
11010
11020
11030
11040

11050
11060

‘110710

11080
11090
11100
11110
11120
31130
11140
11150
11160
11170
1118¢



OO

H

10¢C

1C0C

z60¢

c21

SUBRDUTINE  RESET (FyFMI FREIZNSoINAX, JMAX)

SHBRCUTINF T8 UPCATE COAC. VALLES AFTER EACH TTERATICK LOGP

COMMONZLUINITS/IMPI B IMEZ,UNF)L o JMF2
MIMENSION FUIMAX) dMAX) oFM] (IMAX JMAX) , FPLITMAX, JMAX )},

NS{INP2,LNP2)
NC Yudn T=1, IMAX
7] 000 J=1,JVAX

TFANS{F+],J+1)4£9,2) C€C TC 100C

FML(T 4 J) =F (1 4d)
FI, J)=FPU(1,4)
CONTENUF

RETHRR

NC

SUBRDUTINE FPUNCHIX,TNMAX, JNAX)
CIMENSTON X(INAX,JWAX Y}

D0 1000 J=ke JMAX
WRITE(2940C0 (X (T1edbeI=14 IFAX)
RETURA

FOEMAT(A{YFELZ.5))

GND

SUBRIUTING PRESTRTUIX,TMAX, JNAX)
GINENSTCON XCIMAX, JVAX)

DO 10C0 Jd=1ydMax
READ(L1+2000) (X{T4d) s I=lyIN2X)
RETURN :
FCRMAT(6(ELZ45))

ENE

11150
11200
11210
11220
11220
11240
11280
11260
11270

11280

11290
11300
11310
11320
11330

11340
11250
11360
11370
11380
11390
11400

11410

11420
11420
11440
11450
11460
11470






