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INTRODUCTION

The rather excessive public preoccupation of the immediate past with
what has been labeled the 'environmental crisis' is now fortunately being
replaced by a more sustained and rational concern with pollution problems
by public administrators, engineers and scientists. It is to be expected
that members of the engineering professions will in the future be
called upon to design disposal systems for gaseous and liquid wastes which
meet strict pollution control regulations and to advise on possible
improvements to existing systems of this kind. The engineering decisions
involved will have to be based bn reasonably accurate quantitative pre-
dictions of the effects of pollutants introduced into the atmosphere, ocean,
lakes and rivers. A key input for such predictions comes from the theory
of turbulent diffusion, which enables the prediction of the concentrations
in which pollutants may be found in the neighborhood of a release duct,
such as a chimney or a sewage outfall.

While for the water-related problems there are numerous existing
methodologies which are based on rigorous application of the fundamental
theory, the approaches presently used for the air-quality problems are yet
to be improved. In many cases, rather crude FPA designed pseudo-analytical
models are used for administrative judgement of air quality standards. All
of the EPA designed air quality models are based on the application of
Gaussian plume (or puff) dispersion in an unbounded domain with a variety
of statistical and empirical adjustments which are often difficult to
justify. These EPA designed models can produce reasonable results in some

cases such as the far-field concentration prediction of an unbounded plume

ina uni-directional wind. In many cases, however, predicted values are
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expected to be far from reality because of the excessive empiricism and
simplifications in their approach. In such cases, EPA air quality models
can only serve as crude guidelines for comparative purposes. One of the
gréat difficulties in carrying out more rigorous air quality modeling
approaches is undoubtedly the problem of predicting the three-dimensional
wind field over a complex terrain in which pollutants are transported.

In theory, it is possible to directly solve the three-dimensional equation
of motion for the wind field provided that reliable boundary conditions
can be incorporated. In practice, however, such an approach would be a
prohibitive undertaking in view of limited computer resources. In this
respect, the EPA approaches for air quality modeling are quite under-
standable.

The present study is an attempt to compromise between the practical
applicability and the theoretical conformity in prediction of three-
dimensional, steady-state air quality over a complex terrain. The unique
feature of the model developed herein is the method of optimizing the 3-D
wind field using the variational principle and sparsely measured field
data. Since the optimized wind field fully satisfies the continuity
requirement, the mass conservation for the subsequent pollutant dispersion
computation is guaranteed. This study is, howover, not intended to
alleviate all the shortcomings of the EPA-type approaches, but rather is
an improvement in limited situations. This particular report is fully
devoted to the model development stage of a possible continued study and
no attempt of calibration and verification with field observation data

has yet been made.



Method of

The basic continuity equation of fluids is given by
9 T e (oT) =
v + ¥ {pu) 0
where p = fluid density
t = time
-+ .
V= = divergence operator
U = fluid velocity vector
Assuming the compressibility of the air to be negligible,
Equation (1) reduces to
.o o~ oAy W
v u 3x " dy ¥ az 0
where X, ¥, z = C(Cartesian coordinate system
u, v, w = X, y, z - components of wind velocity
For a complex terrain, it is convenient for model generality to
transform the coordinate system as shown in Figure 1.
¢
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MODHL DEVELOPMENT

Variational Optimization for 3-D Wind Field

Figure 1. Coordinate Transformation
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In the figure,

i
X i
Yo =il } (3)
2o = B Gy J
where (x, ¥, z)} = Cartesian ccordinate system
(E, n, 2} = urved coordinate system
hifx, ) = height of the ground surface from any datum.
e 98 e 9E Ol g g OBLL -
since =7 i 3y 15 5 LB St U, and = 1 aalie
follows that
ar __3h
9% - 9E 4
9. .. 8
BV an (5)
U - =l du dh
ox 3¢ 3z 9E (6)
3V av ov ah
By @ one - e on (7)
I A
B e : (8)
Summing Equations (6), (7), and (8), we obtain the continuity
equation for the transformed coordinate system as
ou - gidhvdne RN B el eV WS g (9)
9 - ot 96 an M o )

Equation (9) is the basic condition for the flow-field of an incom-
pressible fluid in which a dissolved or suspended substance must obey

the conservation of mass principle.
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The approach taken in this model is to enforce this condition
[Equation (9)] for the domair of interest while utilizing sparse

velocity measurement data to the maximum extent,

Let

I - > . 4 - -+
v = U(E, n, C)i + V(g, My C)J + W(g, n, C)k
= estimated wind field based on field measurements.
> - -+ >
Vo= U(E, LIS C)l + V(E, n, ﬁ)} + W(g, T, g)k

= computed wind field which satisfy the continuity

[Eqpation (91].

In order to minimize the square of (ui-ﬁi) subject to Equation (9},
the present approach utilizes the optimization of a functional,

F(u, v, w, 1), as

L2
I-= (u, -u, av + A du,
m[%“ﬁ i) ] m i o-dhm hoay gy (10)
agi 3E 3z an 3L
where oy = weighting factors;
X = adjoint function or spatially-variable Lagrangean

multiplier;
dvV. = dE dn dg;

and the subscript, i, is the standard index notation.
Taking the variation of Equation (10) and applying freen's
first identity, we obtain

41 = JJJ {[2al(u—ﬁ)l— g%— + %%—%% 1 6u



9A oh 3\

+[205 (V-V) = §;~3r} sv
+[2a3[w~;) —-%%— Sw

du - ah 9w 9V oh 3v 3w
e 61} dg dn dg

e sehe o 0

+ )\6'{11! dn dg
| gB

oh 9h s i (
i (A6w EE-ASu e léwjif.dg dn (11)

in which EB’ Ny and CB indicate the boundariesof £, n, and ¢,
respectively.

Since the variations 68u, 6v, and éw are arbitrary within the
E - n - ¢ domain, the condition which minimizes (ui»aif is 61 = 0.
Thus, we obtain the Euler-Lagrange equations for the interior of

the domain as:

L EZ: _,_.B_h, E.B‘_\
Lt u + %(BE BE BCJ

b 9X _ 9h 3A L
V= v+ %(Bn 5% g ( (12)
w= w+k %%

At the boundaries, the surface integrals must also vanish; i.e.,

[J AdSudndz = 0 (13-a)
4



J Advdedy = 0 - {13-b)

n

ah 2h . -

JJ A (Bw ~3E Su — o §v) dEdn = 0 (13-¢)
C

At the open free boundaries, velocities cannot be prescribed.

Therefore, we obtain open boundary conditions:

~

A = 0
lL;B
A = 0 (14)
B f
A = 0
guB
where X is the upper boundary surface on the g-axis.
CUB
At the ground surface, £ = 0; however, there are five possi-

bilities which satisfy Equation (13-c}. They are:
(a) A =20

(b) u, v, and w are prescribed.

(c) %%.: 0, and w and v are prescribed.
(d) %%-: 0, and w and u are prescribed.
() 3h _ 8h - -
3 " an - 0, and w 1s prescribed.
. ah sh .
Since SE- * 0, 5;—%=0, and du, év, and éw are not arbitrary at

the ground surface, only (b) can serve as the boundary condition



on the ground surface.
For a viscous fluid, u=v = w= 0 on a solid surface.
Substituting this condition into Equation (12), we finally obtain

the ground surface boundary condition for A as,

-

dA

3 =0 =0

B =

= : (15)
3\ =

oz |z=0 =

Substituting the Euler-Langrange equations [Equation (12)] into

the continuity equation [Equation (9)], we obtain the field equation

for A as,

32N upe 082 R ) Z ah)2| 32

ag? an? g an ac?

,feh 322 ah a2 ) _ (3%h  2Zh)a)

9f 3EdZ  9n 9ndgj 9E an*)ag

_,fen ohda oV dhpv 3w

‘2{35 SE ot . omipE ag] (16)
By solving Equation (16) for A subject to tli: boundary conditions

[Equations (14) and (15)] and substituting into the Euler-Langrange
equations [Equations (12)], we can obtain the optimized three-
dimensional wind field which fully satisfies the continuity

requirement.



Initial BGstimate of Wind Field Using Sparse Mcasurement Duata
Prior to the optimization described above, an initial estimate
of the three-dimensional wind field must be constructed utilizing
limited field measurement data. In the present model, two optional
interpolation schemes are considered. Scheme 1 is a simple
direct distance-based non-linear (exponential in this case)

interpolation, i.e.,

=%
I

8 L (17)

in which U, = U, V, W = estimated wind components at a particular
location;

= actual measured wind components at location

e
N

&>

=
==

Ji=1,2, »m);

distance between a particular location where wind

Ly
I

components are to be estimated and the location
of the measurement station;

weighting factpr.

Y
n

Although this scheme is simple and could provide a reasonable esti-
mate for relatively flat grouhd surfaces, it becomes increasingly
difficult teo justify as the v;riation in ground level becomes
significant; this approach c;nnot take into account the boundary

layer wind profile near the ground. Furthermore, field measurement

e
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of the w-component of local winds is prohibitively difficult inpractice.

The second scheme is intended to improve the deficiency of
Scheme 1 by taking into account the boundary layer wind profile.
For most meteorological purposes, the vertical wind profile is

adequately expressed by the power-law (Johnson, 1959; Geiger, 1965):
= k
<[y (18)
Vi

where v is the mean wind speed at some height z, and v; is the
measured wind speed at some standard height, z;. The exporent, k,
varies with surface roughness and atmospheric stability and usually
ranges from 0.1 to 0.6. A detailed analysis of the exponent, k,
can be found, for example, in DeMarrais (1959).

In Scheme 2, the vertical profile of horizontal components
(a0 and V) is estimated using the power-law and measurement data at
each station. These vertical profiles {(at j = 1, 2ee--+n stations)
are then interpolated horizontally for each node point of the entire

grid system. The interpolation method used for this scheme is:

- n =
WV SCESY S e RS Waa (e (19)
L i L5
J
where wj(g,n} is a dimensionless weighting function and ﬁ“sj is the
> z

horizontal component of local wind at a particular height for each
measurement station. As with Scheme 1, the weighting function
wj(g,n) is based on the assumption that the influence of each
station at a given position is inversely proportional to some power

of the distances between the position and the measurement stations.



The weighting function is, therefore, expressed by:

w.(E,n) = rTﬁ / ; rTB (20)
] J j=1 ]
where r',r is the horizontal distance betwecn position (7 ,n») and
station j. The exponent is chosen here as § = 2.0, the same value
successfully used by Platzman (1963) for the Great lLakes region,
Thus, Scheme 2 can retain the boundary layer vrofile in the
entire domain of interest for the initial estimate. Scheme 0 doces
not attempt to cstimate the vertical component of wind ard assumes
initially that @{f,n,5) = 0 everywhere.  The subuoequent aptimicatlaon,
however, will enforce the continuity and compute the w-coamponent
for each node,
A more physically plausible estimate of vertical wind profile

would be the usc of the turbulent boundary layer cquation (Sutton,

1953):
G_ 1 kn [ZJ'ZOJ (21
u, K - Zop

in which u is the mean horizontal component of wind at elevation

2 above the ground, u, is the friction velocity, k is the von Karman
constant, and z  1s the roughness parameter of the ground surfacce.
Although this approach is not included as an option in the present

stage, it could be readily included in the futurc.

Three-Dimensional Convective Dispersion

For a Cartesian coordinate system, the steady-state convective

dispersion equation is given by



Jdc ac ac 9

%y hmE o

where c = the mass
Dy = Dylxy ¥
Dy = Dyf}(, Y
DZ 5 D;(X, Y

Q=% Qe vy 7))

Although it is not strictly correct, the conventions for air

dc (. 9c) D (o g -
- wd - - @

concentration;
z) 1

! X, ¥, and z-component
z) of local diffusivity;
z)

= local source/sink (mass/time).

(22)

quality analysis express the concentration in terms of volume ratio.

Then, ¢ becomes a dimensionless volume

must have the dimensions of

volume/volume/time., The boundary

condition for Equation (22) is eithexr:

c specified,
ac G
or unc—Dnan specified.

vatio (such as ppm) and Q

In order to be compatible with the optimized wind field for the

(§,n,z) coordinate system, Equation (22) must also be transformed.

After a lengthy operation, the convective-dispersion equation for the

(§,n,z) system becomes:

oc _ 8¢ sh v
9 3t 93¢ an

_(aDa oh 39&]&2 ’
9

32¢ oh 32c
Dz« Do e

oDp _ 3h 9Dpdc

{g;]— an 'B'C_]Bn

. Hé}l 22Dp _ 9h 3Dy _ 2% Jac

Jac 3 | o
9z an 3

U]

[[gﬁf2aD£ #50h D5 4éus 92N }ac

€] 8¢ | 9JF 9 = G9EZ oz
) ’§E~232C
&lag) 8c?

anj 3z an 9n



w2 . ; ? an1? A2
DS op MRy —3—91 Lo
an nan anag Mant 81
g, he a’e N
-5 — - IJC %*;‘7 S, L23)
a0 ‘
where u = ulf,n,z};
v o vIf,n,0};
wo= w(f,n,z);
h = h(f,n};
Ul’_. = D.'f [ﬂ,nsﬁ];
Dy = Dple,n,g);
DC = Dc(é:ﬂ;ﬁ);
¢ = c(E,n,L};

Q = Q(&,n,z).

The boundary condition for Equatien (23) is either:
C specified

or flux specified.

Theretore, for the ground surface where ¢ = 0,

ac _
5‘“:-“— = (0 (24

i aries ¢ = F= = =
and for the other flfe open beundaries, at £=0, £ gmax’ n=0, n nmax,
and Q:Cmax’ the boundary condition is dependent upon the local wind

direction.

For inflow boundaries, the flux must be known., Thus,

i Cbackground (25)
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For outflow boundaries, the efflux is closely approximated as
N

oc ! = constant
ag &S0
max

del 2 = constant (26)
98~ 9z BE|, o o, .

2 “max
EE-“ EE-QE- = constant
_OT] BC Bn_ n:O, n=nmax

Numerical Method of Solution

Equations (12), (16) énd (23) with the appropriate boundary
conditions comprise the basis for the present modeling effort. The
three-dimensionality and the complexity of transformed equations
necessitate the use of a simple numerical technique which requires
a minimum amount of storage allocation. In the present numerical
scheme, the governing equations are discretized in the finite
difference form using non-uniform grid spacing. The non-uniform
grid system increases programming complexity and execution time
considerably as compared with the uniform system (Af = constant,
An = constant, and Az = constant). In vicw of versatility in model
application, however, such shortcomings could be justified. For
both Equations (16) and (23), the iterative method of Liebmann has
been employed for its least memory requirement. For the solution
of A [Equation (16)], the Liebmann method has been extrapolated
(successive over relaxation by points) for faster convergence. For
the solution of ¢ [Equation (23)], the method has been unextrapolated

(Gauss-Seidel iteration) for ensured stable convergence.
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In the concentration computation, the cvaluation ol ¢ on the
ground surtace imposes some difficulticos associated with the enforce-
ment of the no-slip condition. [In the present magmerical seheme, thee
ground level concentrations are evaluated at o swmewhat ruised
location, 1.c., one-fourth of the first vertical mesh distance
% of zz(1)].

A user's manual and solution strategies arc given at the hesd
of the program listing in Appendix A.  An cxample input and the

corresponding cutput are given in Appendix B and ia Appandix €,

Numerical Stability

Since liquation (10) is essentially a Poisson cquation, it
imposcs no critiéal stability problem. However, as with anv
conveutive transport cyuation, Bquation (23) is not always numerically
stable.  For a linear one-dimensional steady-state convective-
dispersion ecquatlon, it has been shown (see, for example, Roache, 1972)
that the cell Reynolds number condition(or somectimes called the Peclet
condition) must be satisfied tou ensure numerical stability of the

centered difference scheme, i.e.,

where Rc i1s the cell Reyneolds number, u is the constant transport
velocity, Ax 1s the characteristic distance cqual to the node

spacing, and @ corresponds to the diffusivity in the x-direction.
Lquation (27) Js a nccessary and sufficient condition only for the
constant velocity, one-dimensional centercd {inite difference for

an infinite domain. Although the effects of multi-dimensionality,
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space-varying velocity, non-uniform grid spacing, and enforcement
of particular boundary conditions cannot be ascertained by
Lquation (27), it can generally serve as a reliable guidelinc.

In the present model development, this condition is approxi-
mately enforced at each node point in all directions and local
diffusivities are adjusted accordingiy. It should be noted,
therefore, that diffusivities actually used in the computation may
differ considerably from the values assigned initially depending
on local wind and grid spacing. Generally, the longer the distance
between the nodes, the greater the value of diffusivity is required
for a given wind speed.

For the optimum use of the variable grid spacing system,a fine
horizontal mesh should be used near emission sources, preferably
near the center of domain. In the vertical direction, numerical
stability is not a serious problem since the w-component of wind is
generally small. Aside from the numerical stability, determination
of local diffusivity should be based on a careful consideration of
wind speed, roughness of ground surface, and atmospheric stability.
In general, the vertical eddy diffusivity increases linearly

upwards from the ground surface within the boundary layer.
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APPENDIX A

SCURCE PROGRAM LISTING

# 36 JOB JNM:VDdA?SoCLﬁSS=”qDf$p=3'PQI=5§USEq='NERIUJG’H\
% #5 LST CLASS=A-0DISP=0,RPEMOTE=D22,C0PY=14R85=100 1
/7 J03 VIWAQS
/7 IPTION NOLISTNOLISTXeCATAL IBM JCL
// EXEC PRIOC=USRCLZ2

PHASE VOWAQS o=
// EXEC FFORTRAN
C
Codudedeatssestu o tatintddndnitt MODEL VOIWAQS 0t & e de st e et e 26 e e e e e s
[ = e
C % A THREE DIMENTIONAL VARIATIOMALLY-UPTIM{ZED WINMD FIELD AND AIR =
& GUALLITY SIMJULATION MOQEL FIR  ARBITRARY SROUND TOFJGRAPHY aNlD i
C % NIN-UNTFORM SATD SPACING se¢ COPYRIGHT 2V AKTID HAKFE s APRL19IHZ2. #
L om A REEG TS SRES R, NGO PART OF THIS ODCUMENMT “AY RE o
C % PEPRAODUCEDs STORED IN A RETRATEVAL SYSTEM, CR TRAMSMITTED IM ANY &
C %  FIAY OR BY aANY MEAMLy ELECTRICy MECHANICAL ¢ PHOTOCOPYING. =
C = PRECORDINGs JF DTHERWISEs WITHIUT THE PRIDR ARITTEMN PERMISSION 2
C % 0OF THE AUTHOR. a
ot
O fode G oo St e B s o 0 o el o o 8 e e A 2t K i
C
Fo o s T i e s = ARRAY SIZE INFORMATINN —=-cmse e e e e
€ —==- THIS PROGRAM EAPLOYS THE AUTIOMATIC ARHAY TRANSFER SCHEME FOR
C =-=- SUBRIUTINES. IF NECESSARY, ADJUST THE DIMENSION SIZES IN MAIN
C —---= PROGRAM ONLY, SUNROUTINES CAN REMAIN UMALTERED.
C

_____________ OTMAA Xy JMAX gKMAK)
------------- VITHAX g JMAX g KMAK)
_____________ WITMAZLg JHMAX yKMAX)

mm e ACTIMAK g JMAX 9 MAX)
------------- AKX {ITMAX o JMAX o KMA X
_____________ AEY(TMHAK g JMAXY g KMAX)
e AKZIIMAX ¢ JMAX oK MAX)
------------- DUITMAXy JMAX g XMAKX)
~~~~~~~~~~~~~ HIIMAXy JMAX)
------------- XX IMAX=1)
_____________ YY({JMAX=1])
------------- LIIKMAX=-1)
------------- UMt NM)

e Y M NM)

-------------- WML M)

------------- XM{NM)

------------- YMINH)

------------- ZMINM)

------------- I1S(4C)

------------- JSIMC)

------------- KSIMC)

------------- SCUMC)

_____________ TJKPL MAXCLIMAX s JMAX o KMAX) -~ L )
------------- ROILS UMM
------------- UP{NMyKMAX)
------------- VPIHNMgKMAX)
_____________ ZKIEMAN ]
------------- THI MAXO(IMAX g JUMAX) )
_____________ IV MAXD(TMAX o JMAX) )
_____________ KUT{IMAXS=IMAX )
------------- KOJETMAX®JMAX )
............. ILFFTJL JMaAX = KMAX=-1))
------------- ILEFTKIJMAX® (KMAX=1))
_____________ IRITEJEJMAXE=(KMAX=1))
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NP U, AMYEE A=Y =) METERG A) |- J=dA-1.

PIORFSPOIL I GFL Yy Usve AYN WoCRHARDIIHTS T MPASUR N

TN VELDLFTY N METC RS PEH SECIT AT (anid
K's YUYy AND M LT ANIDNS.

PHERE ARE Tw) TYPES IF WiNY FIELD INTTRPILATIODN SCHEME £NR
IMITIAL ESTIMATE DEPENUING UPON THE LHUICE OF “I[NTFP™ NPT,
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ease LF LINTEP

LR

s e

sess IF TIMTEP

e wa
TN
e 0w
]
R
s 0 a
s e aaw
LR

MEADO0NS
FLAT F1FLD
GRASS FIELD
ATRFIELD
DFSERT
WIDDED ARES

sewe mEIGHT
ssee IMEGAL
enes EPSL
esee PIOWER
enwe ITAAXL

wui THE FILLIWING

THERE ARE FOUR

st [N THF

saee [F IDIS

1]

1

as 1s me

A SIMPLE JDIRCCT MOM~-LINEAR (FXPOMENTIAL)D
DISTAMCE=-BASED INTERPULATION IS USED FOR aALL
THE THREE COMPONENTS OF LOCAL WINDJ,

THE WEISHTING FACTOR "WelGHT™ MUST BE SPECIFILD
FOR THIS OPTION BUT "PONER™ FACTOR IS UNUSED.

THE VERTICAL wWIND PRCFILE IS ASSUMED TO FOLLOW
THE POWER LAW AND HORIZJINTALLLY INTERPOLATED
UJSING NUON-LIMEAR (DISTANCE#%-21 [NTERPOLATION,.
JERTICAL COMPONENTs W(IsJsK) IS SET FyUAL TD
JERJ EVERIYWHERE LETTING THE ENFORCEMENT IF
CONTINUILITY TAKE CARE UF IT I THT SUBSEJIUENT
IPTIMIZATIONS. THIS OPTIODN REAQUIRES THAT THE
EXPINENT OF THE PUWER-LAW "POWER" BE SPECIFIED
RUT THE "AEIGHT" FACTOR 1S UNUSED. A GUIDELINE
OF THE MAGNITUDE QF "PUWER" IS GIVEN BELOW =

HETGHT RAMGE; SUPERADIABATIC; NEUTRAL; STABLE; [HVERSION

TG Je25 2 GIESsAl: SR e renniy 0=61
49 : Jelé& : J.20 = Tel2b Js 36
¥ i T e32=aTT

—
[V ANV
- C

i
O
s =
Lo Bl
o -5
T
o Al
P
3
fabis
e |
-
—
ts - RE |
+

61 Jelb : Dwld 3 De22 = oo
5 5

WETGHTING FACTOR FDOR WIND FIELD INTERPOLATI N
OVER-RELAXATION FACTIR FOR WIND-FIFLD COMPUTATIOM
QELATIVE ERRDR TILERAMCE FOR WIND-FIFLD COYPUTATION
EXPOMENT GF TAE AIND PROFILE POWER=-LAW ( SEE ABOVE )

MAX MM

Space

P

L IF Iglsp

sess IF I0ISP

ssss IF IDISP

Tgas SELECTION OF

SPLED

1

IT SHDULD BE

MUMBEA 77 SOR ITERATION FOR WIND COMPUTATION

INPUTS ARE AFQUIRED UNLY WAEN "COMPC™ = 'YES ' .

1

YPES OF APPARENT EDDY DIFFUSIVITY SPECIFICATION

DECEMUING JPON THE CHIICE NF "IDISP™ OPTIONs 1 TO 4,

DIFFUSIVITY IS COMSTAMT THROUGHOUT THE DOMATIN.
JNLY ONE WALUT OF "CK" 15 RAEAD IM.

HORIZONTAL AND VERTICAL OITFFUSIVITIES ARE
SPECIFIEDs TWU VALUES "CKH" AND MCKVY
ARE READ [N

HORIZOMTAL OIFFUSLIVITY IS CONSTANT BUT VERTICAL
DIFFUSIVITY [S A FUNCTINN OF HEIGHT ADOVE GROUND.
MLLHT AMD MAKZIlyleK)e K o= 1, KMAXY™ ARE READ 1.

DIFFUSIVITY IS5 FULLY SPACE=-NEPENDENT. AKX(IvJeK)s
AKY (TeJdeKiy AND AKZUIeJeK) MUST GE READ IM FOR
EACH NODE POINT.

"INISPY DPTIIN AND VALUES OF DIFFUSIVITIES MUST F&
DETSRMIMED BY JSER BASED Oy SOUNL LOGICAL COMSIDERATIONS DF #IND
TUXBULENCE LEVELe STASBILITYs AMD ATJUSHANESS OF TERRAIN.
DIFFUSIVITIFES

HAVE THE UNIT OF METER=%2/55C.

NOTED +HIWEVERe THAT ASSIGMED MAGNITUDES OF
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Lamr DBIFFUSIYITLIES Aay 00 30 SRS TOU 0 T0Y LATAY B oM i 4 Tyt
T ATARUT0 STRALLEEY BT EM T (et e Y T, ARy v L7 ),
. DU ING T DT LR T TYLS ARG L THM, THG S S IAnE LTy R N N L
K Dy AUTTIPATICALL Y PNE e LR FTe DALH T 0-K Mgs b v ey
ST RUSTAN LS AT L YL a R G T Y eyt L,
ATLAL OLFF L TETEL S Iubd 1 Tk COY e BT Mgy, Tebprr o,
P L0000 da by iy et Ak aRIIGREN TLTTT AL Y,
LT OLONSTANT ol USIVITY 0Ly GHE L P iD=
eaew S AND DM D TIRESUNT AL ANTY WORTIOAL 2T oasIvT
P oA TILY 4T LN Ess
P T S R N A A A I S IR B AT [ERTOHE A £
vaen CUERRUSTYTTY VL He DaAT= 3007 e[ b T Al g EL oy
P L I U N X R R S R |
sewe ATXETMAR e DA U AN Dy ARY LTI NN E g T ) RN LT a e g it g A
TONPALT S UET-NDEANEL T DIEFUSIYITE s b 2L WUl TR
seww M0 R I A L I T WU ¥ 1 I B PR TS L M
T N Tl L AT S T REALH GOl B Y LT I A LI R
ceea JBtMD) ER IR L B T I v L | I N R NS
smes L5 01ML) :
. SCAm) TOSTNER L E S TREGT R AT T Al T M g L AT N LA )
T FArNbTANT 1 SO CE s MUNT ©0F L0l i Fl b TH L TR S AT Wa
IR B e P A e A T T N P O |
T e B O 1 I L T T N P O 1 |
LR TMO wdF e b AN MEIMLE Gt . EEMAR-2
e L ¢ DORLLATTIVEL bRRIY TIOLEGS W00 P CaNE . 1l Tat oy,
wewn ITHAYL 2 MMM LR DY ST [T AT BB YN, L0 A
eawn Sl ot T ST AT WL LR T AT D TR TN DLNL L. YurELE
s s ol T ML O PLTYFO. 8 UalLFD LR OPEY = ot v
eren SCKOHTD 1 BALAS UMY I AT AT (THCIRTSAT [N [N PPw
D T T Lk Pl B L
....... B e m e e e e e e e e e e e e e b mm e
FuPOT = 4. F : INPUT PardA“FTT RS H UORMAT
SHOJO T CRR)=[%A Lt :
- —— - o= m o o mm———— = L - ——— v ————— = = T = = —— #m— e m mmm m ————
1 H 1 : TITLE T
_______ o e r  m o md m e e m e m e m e e e e — L R m M e e e b m o = e — m — - -
A : H TOTLIAD G MO G PECHTD P INTES g HL A, HENSE SR
: Do Ve W PT ML LT RTINS I N |
_______ b e e o e b m e e e m e e e mm e ek b e md b mm e e e
3 : 1 fOTRAL AR MK HEE N i
e e e - ———— = o — m e m mm e mmma = N o m o w mm momm o a o mw m w - - —
4 SONTMAK=I /LT RN T e el Torrra,r
------- B s e e o R e EE E e e e e mm s E R e m - — e — e d mm s A o —
" I VAR A A R ER I L R ] N AR |
------- Fmma s ma o s f m o e o E o E e E e A e e T o e ek AN o o o o = . m o m a  —
- TOIMMAN-I RS LA et Mt} HE L L]
------- L e T e i T T S Sy -—— -
7 PoLIMAXTSAANY T C{HIT ed eI =TelMaN =T g aMa 0 HIES R ]
H sl H M
et S T E e E - —-————- B o E R EE mE L == L i T IR
il H 1 HE HE
_—— = o — - — e == - e = == = e e i I et ] - -— -
£ : tyre HEE AP IR RIS AN A NN NI VEE I G BT T g I N
: WAL YT 214004 :
_______ b o e e e e e b e e e e e m e e e e i ——— b ———
1 : 3 DODINTEO R IGHT 9O GALe TS Ly L LY S e
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: DOPUWER , TTMAXL

THE FOLLOWNTNG INPUTS ARE REJUIRED ONLY LF ®COMPCY™ = *yos§ ¢

1 : MC R
e — - —-—— Fom s s e e o -
“C SOUCISHL b dSUELY oKSUT HeSCULY Y e I=1eMC) ¢ 3LByFB.D
—— - R # e -
: : 1 T EPSUITMAXC IDISPe ILEVEL«UIKGRD 2 FRaNel[Be
2 . : : 2F8L0
- h e e B e s s am e e e e e e e e S e e e e e
: 1 s CRG CINLY TR WD SIP =T
sy L R P B R e e R
A 1 T CKMeCKY (IMLY IF "IDjiSu
e e e I e et
il $CRHL CONEY STF NWIDILSPt =31
e e et e e e
T KMAX/LN Do (AKZ(Le LK) pK=1eKMAX)
: TLAMLY TIF "IDISPU=3)
s S e B T s I e R ey L P

DO IMAXEJMAK POLLLARKE [odeX ) o I=1p IMAXY y =1 pJMAX)

POSRMAXI/LD 2 GK=LeKMAX) (DNLY IF "[0iSPH=za)
co s GG e e Bl g S s Eatba AR e
TOLIMAXEKIMAX ¢ ((LAKY(LyJof) o121y IMAXTJ=14JMAX) 1 LOFBLO
TOEKMAX) /LYt yK=1eKMAX) {ONLY IF "[DiSP"=4) :
e I P — e s = - o tm s m— - ———
DOUIMAXSIMAL 2 C(LAKLUI oK) 9B=19IMARI 3 J=1 9 MAX) = LOFBLO
SKMAXDI/LO 1 gK=LeXMAX) (DNLY IF “IDISP"=4) :
e ———————— e e e e o —————

&% 60 00 0% E00 080 RS EN Si’]LUTIjri SI—QATEF’IF() AND PREC&UTIDP‘JS &5 % 4 PO 0SS E BB

.
.
®
L]

s ea

s wa

s s

RO Y

BFCAUSE AF THE NOW=UNIFIRY, THREL-DIMENSIONAL GRID SPACTING
SCHEME USED [N THE ALGORITHM, IT IS COMSIDERARLLY TIME=CINSUMING
Ti) RUN THIS PROGRAM,. PRESENTLY » IMAXTJMAXGKAAX=9700 IS SET AS

A LIMIT JF GRID SYSTEM.

IT IS RECOMMENDED THAT SRID SYSTEM RE CONSTRUCTED WITHIM THIS
LIMIT UNDFZ #O3IMAL CINITTIONS.

THZ EIX0OR TOLELANCES ( FPSL AND 2P5C ) SHOJLD BF COMPRNYISEN

AT TH= LEVEL OF 0eDD1 LN 2RDER T3 SAVE EXECUTION TIME,

IT SHIULDO BF SNOTeD THAT THE NUARLE OF ITERATIONS REQUIRFED IS A
FUNCTION OF THE NUMBER OF GRID PUIMTS AS WELL.

NORMALLYs FOR TPSL=FPST=0.001, ITMAXL SHIULD RS AT LEAST 200 aND
ITHAKC SHDJLD SF AT LEAST 252,

T JIPTIMUM OVER-RELAXATIIN FACTOR U DM
COMPUTATION CANNIT BE PREDETETMINZD 51
HUALROUS FAZTORS. HIAZYER e JIMEGAC=1eR
ESTIMATE MURYALLY. IF THE RELATIVE ERR VALY OSCILLATES WITH
LARGE AMPLITUDES,y IT MAY AELL BE THAT CHEGAD IS TOO LARGE.

IF THE S3ILJTION E7R LAMBDA DIVERGES ¥ BLIWS WPy TRY BMEGAL=1,0
AV THE-CAST fJF TNCREASED NJHMAER OFE: NTERATIONS L ITAAXL ).

[F 1T STILL OUJIES MUT COMVISGEw SJIMETHING ELSE MUST RE WkNG

Fox THE CONCENTRATION SOLUTIONy DIVERGING OR NLDYIN5 UP SOLUTION
[Y21ZATES THaT THE 4AGHITUDES OF DIFFUSIVITIZES ARE TOi SMALL.

THE MUYMERTCAL STABRILITY REJUVIRES THAT THE PECLET OMDT TT0OM

Bl SATISFIEZN AT EACH PIINT FIF ANY COMVECTIVE-DISPERSION PROBLEM.
THIS CONMDITIIN IS APPRIXIMATELY ENFORCED DJRING THE EXECUTION

JF THF ALGORITHM AND DIFFUSIVITIES ARE ADJJSTFD LNCALLY.
THEREFTIREs STAGLE CONCENTRATION S0LUTION DDES NNT NFCESSARILY
MEAN A CORRECT SOLUTIGYN ANU IT 15 AN ABUSIVE USE JF THE NOY-
UNMIFIRM 3RID SPACING SCHEME TOD APPLY TO AN EXCESSIVELY SPACE-

EGAL ) FOR THE WIND-FIELD
= IT I35 A FUNCTION OF
HEH LD RE A GOOR TNITIAL




Cosewe VAAYINS (PIRTICULAMLY IN HOURTZ INTAL D!RECYI?NI GRID SYSTEM UNDER
L saas HIGH WINO SPEED CONDITIONS,
C

c-.....-...t--...t.lll.tl'.llli.'.llt.lt.Qt....l'l...l!.l.l..l‘l.‘.'l.t.

C

~
-

INTERERS2 KTy KilJy FLFFT gy ILFFTLdy TRITFJ, TRITEK . JFENT [,

A JESNTKy JRALKI. JBACvE

DIMENSTION UI15s15elde VELSe 190100y WI1543S5190, ACEISeLS50101,
AAKET e L5elo)e ACYLLS5 415941010 LI AR TR I/ Y
CUlb%elBaliby AULSyLS) EXU1a y YYUL40y Z22(NT),
UAtatde v200She d%02% 0y XMIOSEs YMUI51, Z¥EJ% 1,
15005 e JS5035hy K51 350 SCIO5 1, TJUKPLLIa), BOTYY 26,
IS5 a0t WPLISS L0 ITKlimyy IHIGRY, TVILS). RUT 122 ),
KASE225he ILFFI U135}, TLEFTEI13S ) TRITFJF135,
PalTFKLLAY), JERMTIEL 38y JFRNTKLI13S), JBACKIC] 35,
JUBACKKEL3S by AXL2MELE35) ) HXMEUC L3S )y WY L2 10 135},
HYYAMEL A% by FLLRILZISHS Z2RARE139), TIFRELINS T, 220135

COMATWN ZINDOTY Thy 1IN, 17T, TPy LOMPCY PEZHDy FINTER,

b PLAMBOy PuvWy PCONDy PLT /HFAD/ TIILELeN)

CIMMAN FOIMINN/ TAAXY JMAKy KHMAKS TM1y JV0, KALy 1M94, Jusi, <MA4,

L WMy MCe LJXNs JMINe JITGEHy [J4Xe MUde MIK, K

COMMBY /RH&S/ WETGHTy PINERy IINTEP, UYWT

COMMON JRELAYL/ OMFLALY AGEMOLs EPSLs ETAXC

COUMMON fRelLAdLs €250 TT4aXCy I1015%y ZLEVELy SLRGRD FHVOLISPY

£ (Xe CRHy Covy

DATA ISI7E 7/ AX07 /4 ¥YEy £ oahYrs

[l Al 2l S T e B o B

~
w

Ctsseserrssisne FEFINTITION OF T/70 UMITS ¢4+ tsssaebbin
C
11
o
137

ELEE T

1
3
q
[
Lo'ooootooooﬁootoooootooooooo&o;oioto"¢a+004t000oo++g+
C

REAUCTIHT2™) T1TLE

REAZII LMY Thuymp, COMPCy PECHOy PINTER, PLAMLD Y PUVW, PLCONC, PLT

REaDfIfelI]} IMAX, JUMAX, KMAX

[F 1 IYaxegaxsKaax 6T. [SIZE ¥ LO T 90

4l = [Max - ]

JML = JMAX -

KL = kMaY - |

[u9 = jv) - )

JMe = M) . )

KMMY = K4t - |

MId = TYax & JMyx

MIK = [MAY & kM)

MJaK = JHAY ¥ LMy

FJaMx AN 0 [ AAL, JMAX )

2
LR = magh { P™l, g1y KML )
JHMLY = MINC € 15y JMAX
JITER 2 JmMax / 1%
IF U Jwax oGl. JITEROLS | JITER = JITER » 1
REAUDITIL 12 1 XXIL)y | = LeIMl )
READTITRIZ) 4 YYLI)s 1 = ledm) )

REASETT 020 4 22(0)e 1 = LyKML )

I¢ii) = 0,0

DI T ¢ = 24 KMAX

IRIKY = IKEK=1) ¢ FZiK=-1)
T CONTINUE

23
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FEAICTIL e 1D2) U f HOledds I=1stitax Ve ld=l.JdMAX )

READETEL1J01) NM

READITIL 123 U O XA0D)e YMULby ZMUTbe UMOI)y VMUT)y WMELY ),
[ I = ls N |

REASULT4105) ITHTEPs all15HTs JUMEGALy EPSLy POWEAs [ TMAXL

TE GO TINTER alTayl DR iBIVTER G #GTw 25 35«70 9

LR IMEGAL e aTe i 2e wilHe OYMEGAL ST ETISEG0SR0SHE

J EL i e 8 G L S R e e i S ra i T

IFE {POHER oL Ts 28 allRe POWER GTe 477 1iGO 10 95
5 AGEMOL = DMEGAL = 1.0 ;

IF ( CDMPC oNE. YES ) GO TH 5

READ {1ls171) MC

READITI w1340 {0 6 LS Gy JSIOhhE OSIETNN SEEIENTIT = e ME )

DI U5 1 = 1 e

IF ( 1StI) -~ 3
15 TF ( 45001 - 3

) 91y 16, 16
{ )
L7 IF ( IMMM - [501
{ I
I

Fla 1Ty L7

} ) 91, 13,4 13
I 1 9ls 19y 19
1} 91y 154 15

18 TF MMM RS
J BT B sy R
15 LT INUE
READILo1J6) EPSCy [THMAXZe IOISPy ZLEWYELy BCKGRD
IF [ IDISP «LTW 1 «ORe IDISP wGTe. & F GO 7D 95
GJ T0 | 1,2|3U4 by IDISP
1 READ(IIL122) CK
G3 TO 3
2 READ(ITw132) CHHy CHY
G2 TD 5
3 READ(IIN122) CKH
READIIIZ132) ( AKZ{LlyleK)y K = lo¢ KMAX )
Ga T3 5
4 READUIL9102) € € € ARX{T9JaK)el=17IMAX Jod=LladMAiX ) aK=1,KMAX )
READEIT 91221 € 0 € AKY(LlaJeK)aI=19IMAKX D1aJ=LloJMAX ) yK=1,KMaX |}
READIITS102) & ( { AKZ(IwJoK)gl=lyIMAX Ded=ledMAX ) yK=1sXMAX )
S COMTINUE

DO VAT =) JLIMAX
DI L0 =, gt
DO 10 % = 1, KMaX
d (TedeK) = NN
V [(IsdsK) = 0,3
W (LedaK) = 0,7
ACTLaJrK]) = N7

12 CONTINUE

VAT = J4J

LE-GESNME B e T 0GR SRR

Rl el

UVAT = ABS  UMIT) ) + ABS( VMUL) ) + ABS { WMILY ) + UVWT
12 CIONTINUE
13 CONTINUE

RO IE =2y ]
D3 11 J = 29 JM1
BLE K =21y gML

ALILedak) = 1.0
11 CIONTINUE

CALL PRIMNTS ( PECHOy Ly Uy Vs We He ACy XX9 YYye 224+ UMy VM, W4y
L XMy YMy ZAy I5s JS59 KSy SCe AKXy AKYs AKZ, ZKy IJKP )

CALL INTERP ( Uy Ve Wy A9 XXe YYe Z2ys Ullse Vs WMy XMy YHe ZM,
£ RUISe UPs VP )
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1

S S T
FE S S I

Ay o e —

Call & IMTA 4 PIRE Ry 2w Uy My Ade M AT AXg ¥¥e [0y 0%y WM My
L CAh YAt Fite Tae sy M e AKENe AYe AKT, LKy Lusr )

TALL WL AM U Ll M Wy e ALy XXe ¥Ye P20

DALY PYINTS L PLAM T 3y Us Wy Ay My Aly AF ¢ YY 4 T/ UMy WF, Ay,
A YAw ¥ 0 T Do B0 P ooy LUy ATy N¥Yy ATy Fey LD
TALL Ve 1 Ue e ¥y 1le M0a XXe ¥¥y 77 0

Caty DFEMTY L Wy e Ja oy oma Me Ay 0¥y Y T 0Ty e Ay
t Fote Yy e e d3e KOy 0w BAdNy adfy AKS . fV oy Jae )

TF 4 L0y WMee ey BTy 2o

CALL 577 00 0 iy e Wy by NLe iy N¥ie FSw INe L0 7w L Ty

" AHN s AKY e AL Ty L Moy Thed Ty 11 VE L, LT
I [Tk JF2MNT Ty SR Tay JAALE L THED 9y A Ty
i FHAMAM ¢ HY [ 2My HyMYeMy PFLFE, [140. SERe B S

FAlL P2IMTS 0 PLIN s S By e Wy M Ae Mae YW, 0, LMy, we, o4,
L Fole ¥t U Daa 1G5 Mo cile frn. LMYy AP, ST THRC

IF { FLE Wlew YOS 1 T3 TN Ty
TALL PLaOTEZ U hle Iy Iwy XX ¥Y¥s Fiv iJ !
ST 0P

WAT T IT fe 020

Gy T 20
WA TTEUL 32000
ros TN 2y
Al THID e g™ 1)
[T I P
ARETI T e d )
TN,

Wil TELTUe 276)
ER N B e
WHTITEE[Le 2020
LT 2y

F3maTl 2 aa )

FaImary LuI o

FIlvaaTd lLafrid.: )

FIAORATE aFH.™ |

Fa-Mali $[9yFd,.) )

TORvAll Tdawl bada 12 )

FUosalt Fda a0l el e )

Flaovall 1o " adwdy SI7F0 131 4 ar 500 20y ARRTE ), 279, /7,

L * Taly 1 & FROTCoTiys SMLsytgi P Payy, NT Ak o+,

&L PINACYL R TES T WIS S BAT S h LSRN T I = U RTINS M e
£ ' 1T o AT IS4 T 10 8 ARKANAE TP GRT 1 Yy Tha, v,

N * AlAl YTy [F ATHTILUIVLY FEOERDNANY s Y CHARGE THE ',
f TLIAIT ¢ I T20 ) Ay T AT L TATE M T oty St THTOMAKEL Y,
5 PO UAMETAC L D e AT T [ U A s
FARaal & 1ML, SOULLE L ILATIO I, ST 36 Qp T YHE FULE 1Y [0, t,
£ PRALL . I A - R b B AR VA . Tl B IS A S PR R

£ ANt TSEMOL b e CPAX=20 " a8 IS0 WD WatiIa Yy
Y, L B R B N R T SN S L I PP B I S B B

L 'oetFe IKMAX=Z3 )
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2.3 FORMATE LHD* OVER RELAXATION FACTOR (OMEGAL) MUST 3F°,
£ POBCTWEEM o0 AND 2430 @33 RUN ARJRTED.' )
2.5 FIYMATI( LHDW' DIFFUSIVITY rf+t JPTION, [DISPs ™MUST BEY,
L Y1 OOR 2 3% 3 3% 4 wdEw RUNDARORTED, msmnr )
28 FIURMAT( LHY.' THE £ XPOMEMT JF THE WIND PRUFILE POWEH LaW [57.
L ' NORMALLY DETWNEEN 0,07 AND 0L77 S OUN ABDRTED.
207 FORAATD 1HYy' THE WING INTEAPJILATION DPTIOMy ITNTEP, MUST PEt,
L 1 R wds QUM ABDRTED. @kt )
E b 0
C
C
SUMROUTINE [NTCRP { Uy Ve Wiy He XX YYs 274 UM, YM, Wu,
6 XMs Y¥My ZMy RIISe UPy VP )
COMHON /GIMENN/ THAR, JUAXy KMAXe TMy JiMy 99e T4MA, IMMM, KMYM,
£ My 4Co LJKXy JMINs JITERs T J¥%Xe MIJy MIKe MK
COMACHN /190077 11y [0y ID9 2140240 3,04405:06+DT,08
COMADN /RGWS/ Ty POWER, ITNTEPy UVWT
DIMENSTON LHCIMAX p JUAX9KUAX )9 VOBIIMAK qJHAL g K4AX )y
5 MBS IMAX g JAAX o XM )y HUTHAX g JMAK ) g XACIMIy YYL2M),
& C2UKM)y UMINIe VMIN)y WMINIy XM{Nls YMIN)e ZM{N)q
& RIISUN)s UP(MaKMAK )y WP (Mg KMAYY
IF | UVYWT «iEle Ged ) RETURN
LF (e EENRE P =l ol el ety
12 CONTINUE
DRl =y TR AR,
16 st 00 B LR B i
2 BRI = ‘e
Gd TN &
3Rl = RI + XXLI-1)
4 DI 1 J = 1y JMax
BE S eo i gy
SR e
GEETE T
a RJ = RJ + YY(J=1)
T RK = T
DI L K = 29 “MAX
RK. = RX + 72(K=1) & H{IsJ)}
SIGMWI = o,
S AT S 0
SIGMVA = 0.
SIGMWA = D
E
Pl e L R |
ARG = SIRT (“l KMIL) I %52 + {(RJ=-YMIL)) & + (REK=ZM{L})REZ ) =*
LE (ARG = 10 ) 2Ly 259 25
] (e (i = & i | -AHG )
SIGHUWIL = SIGAWT + WI
SIGMYUA = STGMUA + WL % UML)
SIGUVA = S5T54MVA + Wl = VYM(L)
SIGMWA = SIGYAA +« WI #* WMIL)
J0 CANTINUE
63 T 3D
29 WRITE(LID3DD)
WRITE(I 10D} WT
W= Wi s s
WRITELTQOe200) WT
WRITE(I Oy 3000
G TO 1D
30 UBILeJeK) SIGHMUA / STGHMMWI

VEITLsJeK)
WAL Jde KD

SIGMVA / STGHMKI
SIGHWA / STGMWI

WT
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CITINULFE
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IST = “MAXD ( 1TYAX=50y 27 )

IF [ DUM3I E%. Ced ) RETURY
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Cl1C = ZZ21R / 2Z1(1})

DRI Ko e 08 ) L TES £ 3

ERMAX = O,

DD 10 T = 2y IMM

Mz La=i]
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DXY = XX(IM)

ALPH4A = DXM / DX

ALDPL = ALPHMA + loJ

DAPL = DX = ALPI

FI1Y = ALPHA / DAL

FX = ( le = ALPHA ) / DXM

Eiisl = (R B

) b e e 0 TR B

S2X = =2. / { DX # OXM )

SIAXE T = (e SHG RGP

DI L0 J = 24 UMY

JM = g -1

JBo= g+ .1

(Y =YD

DYM = YY(JM)

HETA = DYM / DY

BETL = BETA ¢ L.

OBT1 = DY & RETL

FIY = BETA / DATL

F2Y = ( l. =~ 4ETA ) / DY%

FI¥ = = { FlY + F2Y )

51Y = 24 / ( DY % DBT] )

SeY = =2, / 0L DY * DYM )

S ER R s (S STRVRS e )

HIJ = Hilyd) »

HX = FLIX % HUIPoJ) ¢ F2X % ~jIJ + F3X % H{IM,eJ)
HY = FLY % HULeJP) ¢ F2Y %= HIJ ¢ F3Y & HUIeJd"*)
HXX = 51X & HIIPyJ) + 52X % HIJ + S3X %= H(I%eJ)
HYY = SL1Y % H(I4JP) + 52Y & HIJ ¢ S3Y % H(I,JM)
Cl = le + HXLHYY + HY®HY

C? = =2, % HX

C3 = «2, % yy

Ch = =HXY = HWyy

S2XY = S24 ¢ 52¢

GLEEL “=-C0): ok CE

D 160 % = Ly ®KMH

ALPIJS = ALITeJdeK)

KM = £ = |

R P b ) L o i g |

KP = ¢ + |

JUTJK = UBIIeJeK)

VALJK = V3llsdeK)

UaX = FIX % UB(IP,JeK) + E2X % URIJK + Fix =
VBY = FLlY * V3(I1.JPyK) + F2Y & VA1 JK
DL = L1(K)

UBITIMyJyK)

+ F3Y % VB(IysJY4K)
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L = L5 ) 4 DENOM FOOMEGA - AGEMD = ALPLJK
LYy D13
L2 ALfledal) = 4 - ¢ SLEXTEL L IP gyl ) + ST AL I T Me Jo )
A Ol FAl MDDyl ) FEAREI RN RIS
L LR O N P ] BLilsdezl
& LI 8 LR ST & TR I O IO T HYSY 2T ad w2~ Va0 442}
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LY €INTINGE
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TV OMBEIFFI L de 00
YOWATTEITI D 1) [T. TleMax
TV 0 E2MAL=T15 ) {71y LOLs 102
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131 WRITELIOL2M5)
WRITE(IOe206)
RETJRN

1J4 WRITE(IUe20%)
WRITE(ID«200)
RETJRN

1J5 WRITE(IDy2007)

STUP

2172 FIRMA U -EH Dy

£

2R S AT

222 FURMATHL /4207 !
Ey"ROR/EPS = "GWFIN. 34/ /9824y "RELAXATION FACTOR (OJMEGAL) MAY HAVE®
G+ BEEN A BAD

2.3 FIRMATH

&

218 FIRMATI

L

255 FIRMATI

2.5 FIR4A
237 FI#MA
3
E N

T
I

/

10X "EPROR VALU:

12Xy "COMPUTAT IO

ITsy ERMAX

v 23X "CONVEIGENCE TREND OF LAMBDA=SIR' 4 //y

ZOXy"ITERATION NO. " el2Xy

Xy las LTXyFLLLT )

TN CONVERGENCE AT "413,°

CHOICEw"e// )

e gttt B o

S RUN AYORTED.

'RELATIVE ERRO2* )

ITERATIONS WITH MAX, ERT

T1I) LARGE FOR CONTINUED COAPUTATIOY 'y

ooty e
St e

EA e e ] .// ]

AILL PROCEED ALTHIUSGH THE ERROR VALUE®,

[5 IVE-UROER LARGER THAN SPECIFIEDe's/ )

LHY D30 " LAMBDA-SD2? CUNVERGED !!?

(o IHGyi X6t "= ") 1}
(LHU 9 IX S " ITERATION = *yI134%y AND MAXe ERAOR = "4FllaTe/y
1044 *CONVERGENCE OUTLOJK IS VERY DIM .. RUM ABNRTED.')

SUBROUTINE 0V
COMMON /DIMEMN/ ITMXs JMXe K9UXy [MMy JiMM,
Ny MLy TJAKy JMIMe JITERy ITJYMX, MIJs MIKe MJK
CIMMON /RGAS/ BUMLe DUMZ, 13UM, DUM3 ;
DIMENSIUN UCITMX g JAX oKMX) 0 VIIAX g JUXaKMX )y WIIMX g JAXGKMX )y

HOTA% g JMX Yo £ (CTMNy JUXKMX) 9 XX
NUMS o £
XXATAMHM) /XX (1M}
YYLMMM) S ¥YY (gmm)
Z2(KRMY) / ZZ(KMM)

&

3
LR
ALPJ
PETJ
GaAMY
ALPD
BETO
ALPLU
BETLY
GaMlLy
ALPLD
ACTLD
FxlJ
Fx2J
Fail
Fyll)
FYZ2J
FY3.J
FZllJ
Fé2u
Fi1J
Fx1)
FX20
FX30
FYLD
FYZ20
FY3D

LI LI | I

o mon

£ 1 T T e T T T T T A T A I [

XX(1)
YY(1)
ALP
RETY
GAaMd
= ALPD
BETH
(e ®
=ALPLU

“

/

/
+
+
+
+
+

{ Uy Vs We He As XXa YY,

JeJ ) RETURN

XXte)

YyYi2)

l‘

L.

la

L.

L-

tLPy )/ XX{IMM) = ALPLU
/XXMM

= I FXL) « EXZ2U 1}

[ 2. ¢+

BETY )/ { YYULJMM) % BETLU

- BETIU / YY(JMM4)
- (URYLEE s Ry 20 !

{i o

Gang )/ ZZIKMM) = GAMLIU

4

= LAM1Y /S ZZIKMMM)
= (FZLU - EZ2U0)
- ALPD / ( XX%(2) #® ALP1D )

ALP1D

/

Xx(1)

- ( FX10D « FX2D )

= QETOD /£ toyflie) ¥ RETLR )
BETLD / YYil)

= [ FY1D « FYz2D )

DI 1D I = 1.

IM =

I

=t31;

I

MX

)

L)
KMAy MMMy JMMMy KMMM,

(IMM)y YYLJIAM) 9 ZZ(KMM)

)

|
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41
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Gy
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53
55

v =2 1 + |

[F 0 4t ) 11w 1hy 12

PEb I-01% ) léa 13y 11
tux = |

ST 1y,

Tl = -

R R

o=

iy o= XX (1)

e = xx i)

ALPTE = Mg oy

Frl o= &LPda /S 1 Dt BLPTHA e 1. ) )
Fx' = ¢ Ly - aLfra )/ s
Fad = - 1 “rl + Fx2
Tk

[ R A R N L

o 4=

gz L3

T ™ 1 cle 2l 22

TE O J-J% ) 2as 23, 23
iy =

L1 TN ma

ruy = -1

YT 25

Iny = 7

Y = ¥y ()

o= Y M
LTV = Y™ /DY

FYL = BiTA / © o JY = 8 PETA o |, b}
FY2 =4 1. - ufifa ) / Dyw
FY3 = - { FYL + Fr2 )

1F § 10X 3 37 314 32

M = B0 Al A ¢ FREDE M4 ¢ FX 3D RESIEINE

52 T3 1% ’

AX = FXD % HEIPyJ) ¢ FX2 % HUiLed)l + FXT % H{IMyJ)

510 TN 3.

X = PXLUE HE LMYy J) ¢ FX2U5 H{TM™,J} & F¥4ilx HiTYMMy 1)
IF 0 T0¢ 1 atly 6ly 82

AY = PYLDE MU Led) + FYZ20% HUled ) + FYIDS ML, 1)

G T 45

HY = FYL & HULWJP) + FYZ2 * HIlsd) + FYR & HUI,04)

G54 T 435

HY = EY LU HUT9dMa) o+ FY2U2 HI L JMM) & FY3LUE H{], Jua9)
CANTINUS

D1 L0 K = 2, {MX

L £ -1
K P < ¢ 1
TF [ 4 ~ MK ) 5644 %3, 53
Ol = ZIiKt

NI = 2714M)
SAMA = DMy D7

F2L = GaAMA / [ 07 = t Giv4 s . 1 }
FZ2 = { 1e = GaMa ) 7 Dn
FZY = = 1 Fr1 « F22 %

AL 2 FTL % a0TedakPY o F22 & Af(LadaR} » FZF & AlledoKM}

L) T0 5%

Al = FZLL 2 AT gJeKMX) & FI2U & AT 9JeKMM) » FZ 3 = Af Ly SaKMMM)
IF 10X | 60 b1y a?
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11
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1:3
12

14

AX = FXLID#HA[34JeK) + FXZDHA(25J9K) + FX3D%AL1sJ4K)
Gl TO 65 :
AX = FXL#A(LIPJaK) ¢ FX2HA(L9JoK) + FX3TA(IMyJ oK)

(E ]

AX = FXiURaA{IMYgJaK) + FX2URALIMMyJaK) + FX3J=A(TMMMy JeK)
EE IRy e Ty Taloy s 3

AY = FYLOTRALLs34K) + FYZORALT929K) + FYADEA(T 4] 4K

Gt e 2y

AY = FYL®A(I e JPyK) + FYZ2ZTA[TsJaK) + FY2HALT»JMaK)

G T e g ’

AY = FYLUSALLy MY k] & FY2URALT 9JMMeK) + FY3U2A[TJ41MMeK)
BTy dy$) =2 J0TedaK] 0 AKX = HXOEAL L 0.5

VITadeK) = WiledeR) + { AY = HYHAL ) % U5

WiLgdet) = W(IeJeKI + A} = 3.5

CONTINUE
RETURN
Es D)

SUSROUTINE PRINTS [ P¥My IDy Us Ve Wy Hye ALy XXy YYy 27 UMe VM,

L Wy ¥My YYy ZMy ICe JCy KOy SCy AxXy AKYs AKZy 2ZKs [JKP )

COMMON /INDJT/ Ils I0y [0OTe TOUMP, COMPCy PECHCy PINTER, PLAM3D,
E PUYWy PCONCy PLT /HEAD/ TITLELZ2D)

CIOMMON /DIM:zNN/ T4Xy JMXy KMXy [MMy JMH, KMYe 14YMy JMMMy KMMM,
L MMy MLy TJ<Xe JMIMs JITER,y I1JMX, MIJe MIKs MJK
CIMMON /RGAS/ ATe POWERS. LINTEPy OUM3 /HVYDISP/ CKy CKHe CKV
COMMON /RELAXL/ OMUGALy ALEMOLY EPSLs [THAXL

CIOMMDN /RELAXC/ EPSCe ITMAXCy 1015Ps ZLVe BCKGRY

DIMENSTON UBTA g JAKgKMX )y VITMX gdAX g KMX ) g Wl THMX g JMX g KMX ) o

[ 307 4]

ZLLCM )y UMINT Yy YMLNAY s WMITEA Yy XMMM)y YMINM],

2ALNM)y TCUIMC)y JUIMC)e KCIMC)y SCIMC)e TUKPLIJRX),

& AKX LAY 9 I aMX )y AKY(TMX g IJMXpKMX)y AKZEIMX 9 JMX 3 KMX)y
ATU )y VTIE3)e ACLZ)y AUL 2430y APL2)

DATA nUCLelde AJ0192)y aJile3)y AULZ2el)s aU(2+2)s AUC243) /

£ AHESTs 3HIM&y 3HTEDe 3IHIFTy 3HIMIy 3HZED /s YES / 4HYES /

DATA AT / 3-AAXe3HAKY 3H4AKZI /Sy VT / 1HU9lHVelHK f¢ AC / LHLs1HC /

& y AR e y4H BpM /

o

EE o py s SN WSS RET RN
G TO (lel2ede2e31y 1D
WRITE(IU,105) TITLFs TDJMPy COMPCy PECHOs; PINTERs PLAMBD.

L PUVds PLONZe PLT

FE TRUAR S S EiC EST A G e s alt)

WRITE(TI U LCL)

50 TO 11

nRITELLUe1N2) IOT

IF ( COMPC NS YES )N WREFSATOy 105

IF U PINTER JNES YES |} WRITE(CIOL34])

I PLAMBD oNE. ¥ES N WRITEATO 105

LE s e PN S c i S ) e R T ] B,

WRITELIUs167)

IF 1§ COMPL «Ele YES «UF. TDUMP oEWa YES } GO TO 13
WEITE(IOs LTA)

STOP

LE S TRIME S SR e WIES =N S Tl = T L R S G

LF [ CSOMPC «EQW YES 1 GO TD 14

[F { PCUNC oNEe« YES ). GI T 15

WRITELTO.LDH)

GJ TO 15

IF [ PCONL EJs YES «DR, PLT .Fie [¥ES } 50 TO 15

HETAX e dME D e AL IAXg JXiXakMA by XX(IMiM)y YYLJMM)y ZKIKMX)
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We I TidT. el 4]

STp

AR TE N Duie LEd 1T

TF 0 PLT ob Je Yo% VO WRITFETI e ia3) 21V
WHITETLDw L2 4)

WRITEITGe LT ANy tHMXe KMX

My LT L o= 1 1o

Tak Bl = 1 & 1

canriit

ARTTEOI 1Y 2)

WEITT U a3 0 i Ty Ta%@ Iy Mty b,
WeT TFTIT.ayll )

WRITF LD b T30 @ 8 T TJKP{T e 10010 1y
WHRITELT T 1L .}

WHITFIT e i1 30 08 Ty EJKP{T ) 2700 3y
Jio= 1
JE o= M

WoalTed e le i)

WHITFLE Jeila)

0 b s Ly JITES

WETTHITDe 10T 33 Ji

2020 0 - e Itk

WETTS UL Jelt3) T § HElwdly J = JBRs JF )
CONT LN
Jio= U oy |
JE o2 3 e 1 h
[# 1 2 e ,b. JITER 1 JF = )@
NI I

WRITV LTI, 00
ARTTECT ) L) M

Wl TEET e 0200 0T X 0] b b 2 Dl )y WMI L) g W D) gD =g M)

Wi J STl dell~)
WELYF I Tiupled ) TINTEPy STe VMESALe FPSL
PRETF LI Je LM

Ie L POUND W Le TES D LT 729
THTA L Sae She 21y 24 b LME
WHITEETOe 1720 CK

WEITFAL Iyl

naFD

WHTTEL D De 230 LKy LKV

il LTT LY Jp e 4

T T0

WHIFFL] Dy thed CKH

WRTTERT el 3 0 1 Ky ZKIK)s AK7 11yl 4K}
WHITS (T2 7)

vEOTT s s

WAL TELT e L2

WHITOOT Oy 12 1)

NAT IR o= Ls 3

PRSI N DL B A
LI |
JUo= JMIN

MY OAR w oz Ly JITE

e DT l25) ATUIX e Ko J3y by ZKIKI
D 3N T = 1y X

[F 4 IX=2 ) 4la42y%3
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41

43
33

51

52

53

G5

ST

(3

WRITELTOW113) Ty |

AKX{IaJdaxK)y

J=dby JE )

GJ TO 23

WRITE(TIO«118) Ie ( AKYULeJsK)y J=Jdy JF )

e plal sl e

WRITELTOe118) T  AKZULeJdeK)e J=Jd8,y JE )
CONTINUE

JBs=gas w16

JES = E S ;

LR M e G R s IBERR )R RS

COMTINUE

CANTINUE

WRITE(TIOeL23)

CIMTINUE

WATTE(IOy126) MC

WRITELIO«L27)Y ( ( Iy TICUI)s JCUIDy KC(I)y SCUI
WHITE(IOelZ271}

HWRITE(IOeLl42) PCKGRD

WRITE(TO9127)

WRITE(TOe129) EPSCe ITMAXC

WRITE(IMNe127)

It t TOJMP JNEs YES ) GO T) 52

WRITF(IOTA13D) TITLE

WRKITE(IOT 1310 [MXe JMXy KMX

ARITE(TOT#132) ( XX{I)e I = 1y [MM )
WRITE(IDTL132) | ¥YY(I)e I = 1y JYM )
WRITE(TUOT132) ( Z2(I)s 1 = 1y KMM )
WRITFITOT«132) { | H{Is+Jd)y 1 = 1y IMX )y J = 1
WHITE(TOTy133) wWTy OMEGALy EPSLy POWERe ITMAXL
WRITFIIOT131) HNK

1e N .;".

WRITE(IUT«132) [ XM(I)e I = ]
WRITEITIOT132) ( YM(T)y I = 1y NM )
WRITE{IOT«132) ( ZM{L)s I = 1ls NM )
WRITELIOT132) | UMEI)s I = 1¢ NM )
WRITE1TIUT»1320  YMIIDe I = 14 MM )
WRITELTOT9132) ( WMII)y I = 1y WM )

IF ¢ COMPE -HNT%« ¥YES ¥ GJ TI 51
WRITE(TOT,131) L

WRITE(1UTs134) ¢ ( [COLYy JOUI)e ACHtT)y SCHUID
WRTTELIDT 1310 ID15P

[ [ Ll S s oY O R ) et (0 45 (2
WLITELLODT 413201 CK

53 TO 5a

WRITE(IDT,132) CKHe CKV

LY TN 54

WHRITETT DT 91321 CHH

WRITELINT132) { AFZILleleX)ey K = 1y KMX |

G TN 54
WHITELLOTy13200 (
WRITEILOT 13200
WEITE(IOT.13200 (
Wi LTELTOT»135) OMEGAC,
RETJHRN

IF ( DUM3
WRITE(TOs144d)
WRITE(IDeL27)
RETJUFN

IF { [0=3 ) 6l
WRITE(TIUs138)
EM==

Ged )

o

tly 62

ITHMAXCy BCKGHRD

GO TJ 60

v

|

L

JMX

I

1

ly

[AKXK(I o JaK)al=1qITMX)ed=lad' X)) aK=] 4 KMX
(akKr (Lo doK oIzl IR =L M) aH=] 4 KMX
TAKZUT 9 JoK) g I=1a IMX) s d=1 9 MX) oK =1 g KMX
EPSCy

1

)
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Tw-1LF - = TINTFP
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COMTIN:

N0 IC TwEL = 1 TWLLE
M3 fl K o= L MR
JI o7 o1

JE = JMIN

Y P? s T BB TES

SHRITEGT w1l 3a) (2L 11e0pMlaMslails VTEIVEL Ly Ky JBy J7y 7KK

Tdory o= 1y MK

vl I =2 ) i Rle R3
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G010 Ty

wWhR T el sl T 0 Wl Dedalby J = oy JU 1}
LETY I RO B

WETTELT da LT 10 Ty { WlledeK)y Jd o Lty JE )
FravingL

J NEE N

g JE O 1A

TF U «0Fs JITER 1 JE = J4x

CodTiuk

XTIy

WETTRL e Le 3

CANT MY

PR L L0 wNREe ¢ 5T T T

IF [ [I%TEP «NEa 21 G033 T} T
WRIFEL L De L

WA Tl Gal27)

CAMTIMNUE

TF 1 TOUMP GHE. YES 1 2t TURN

IF 0 I waMFe % ) RUTUSN

ARITENTOT1320 0 0 L JATaJek g I71 04K s 2219 JMX )y K=laRM¥
WRATTERIOT 2320 0 0 0 WiTedyttal=TaIMXby JxledMNly K=1lgdMy
WALTEIICT132) € 4 0 wWiladaendalzbseIMY )y J=l o J¥XN )y K=]gHMX
FETJR

TF 1 [D=-4 ) 35y 95, 9%
WhLEFTSUI Dy LaDd
ITALD = 1
33 TO 37
Te 0 J004PT WNEe ¥YES ) BCTURIN
WRITEIT e 4l
ITag = 2
IKELD = 22001 = Ta?%
Tk TN
i 40 % = 1e KMY
Jios 1
JE o= JMHN
3 Fl oJn o= je o J1iEn
WRTITFLLDl2% ) aC0ITAC Yy APUETAC I, Ky iy JEy 2K
20032 L o= 1y [VA4
WEITELTI e las] Ty 0 ALETeda s J = JBe JE 1
TANTIHYL
JLo= 47T o 1

= JF o+ 15

I JY «hbe JETER 3 JF = X
3T TNU-

)
J
i

35



99 COMT INUE
WRITE(IUs122)
IF 1 ID «EDe 3 ) RETURN
IF  TDUMP JNE. YES ) RETURN
WRITELTOT 21321 0 ( ( ALITyJeK)wpI=LyIMX)y J=leJMX)y K=1eK4X )
RETJRN
132 FIAMAT [ LHLly //e55 X ute MIDEL VIWAQS midet y f/y
: S5Xe'A THURZE-DIMENSIONAL VARIATIONALLY-OPTIMIZEDY,

L ' OWIND-FIELD AND ALR=GUALITY SIMULATION OVER AN',
& 'OARBITRARLILY=SHAPED TERRAIN' s/ //140Xs20064// s
& 2K YTOUMP = 1AL BXe'COMPL = "4 A44BX,"PECHO ',
L "= YyhAhy &y *PINTER = "4A&4s/ 220X "PLAMBD = "433445X,y
L TPUYW = oLty BXe "PLONC = "3 A4y3Xy"PLT = Y4 hA4 )
171 FORMAT { LlHZ /920X TOUM? = NO  seee TAPELOR DISK) FILE OF 'y
L 10ESULTS WILL NOT BE CIEATED.' )
132 FORMAT ( iH. 419X« "PcSULTS WILL AF STORED JMN TAPE/DISK FILE NDe'y
L e U
153 FIRAAT | 1Hisp 19X,y '"COMPC = NO  sews POLLUTANT COMCENTRATION ',
i3 PEIELD WILL NOT BS COMPUTED.® )
126 FIRAAT { LHusl9Xs "PINTER = ND  eseee INTERPOLATED WINMD-FIELD (IMIT®
3 »*lal ESTIMATE) WILL NOT 35 PRINTED.® 1}
155 FORMAT { LHJy 13X "PLAYMRD = 4O  cese ADJOINT FUNCTION (SPACF=-',
A POEPENDENT LAGRPANGEAN AULTIPLYERS) WILL NOT BE PRINTED.')
105 FIRMAT [ 1HJ919%s AT LEAST ONE OF PUVWy TDUMYP, AND CCO%P MUST *,
& *OAE YES TD JIOGTAIN YEAWINGFUL RESULTS«"+/920Xs
£ Corldl gt RUY ARADRTFED Sfdffimds v )

137 FIRMAT  LHIy 1%e"PUVY = NO AND TDUMP = YES ssse WIMND-FIELD ',

[ PRESULT WILL MOT 3L PRINMTED's/923X+'8UT WILL #E STORED®.
& S DINEEINSEN B e Ry e
128 FIRMAT ( IHL+19Xs*PCONC = YES IS OVERRIDDEN BY COMPC = NO .' )

133 FIRMAT ( LHI9OX,'2CUNC = NJ  AND PLT = MOy AND TDUMP = ND  sess'y
* AT LEAST ONE OF THEY “UST BE YESe's/»

LO Ky Yttt RUN ABORTEQ, Stiiedishssst )

112 FORMAT ( LHS9 19X+ *PCONC = NO  AND | TOUMP = YES eeee CONCENT?,

(3o

3 *RATION RESULT WILL NOT SE PRINTER" /20X *BUT WILL B2y
& * STURED ON FILE NOs'elde*s" )

111 FIRMAT ( 1HDs/e2CAe*SI/E JF THE SRID SYSTEM : IMAX ="4I39"s "y
[ SR T IMAX =T lFe "yt ebXtKAAX =V ,15 )

112 FIRMAT  1HO /920K *LISTANCES RETHEZEN T-NIDES (METERS) ',/ )
113 FI<HAT 100 O TR X egqiivictgificys? Tty fli3y® iy E e 2y D0 i )i )

114 FIAAAT { LHIS 12X *DISTANCES EBETWEEN J-MODEZS [METERSE %/ )

115 FIUAAT ( LH24 LIXe"DISTANDES BETWEEN K-NODES (METERS) 2's/ )

11A FIRMAT ( 1Hue/ 20X "GROUND TOPDSRAPHY IN METERS HEIGHT FROM *

£ ST HE SREFERCNCE. HELGHT SN Ailil vl = 9 a0 METERS s/ 1)

T EORMAT e LH oy TG SHIGT ordi) s U= il e R Sy 53l )

B FORAAT | £Xe'I =4134°: "915F8.3

F FIRMAT ( LHOe/» 20K e ' WINY SPEEDS ARE MEASURED AT' 134t LOTATIONS®
792X "LOCATION NDa? 95Ky "X=DRDe "»5XKe'Y=2RDs "45X,
TE-TORD. o HXp"U 9l IXNy Ve GXeTW' Y/ )

L2 FIMMAT ( L2205 Xa[340X9FTa292(5XKeFTe2)93(5%X9F522)4/1 )

121 FI4MAT | LHI« LSX" 410D INTERPOLATIION DPTIDMNy ITIMTEP ='sI24' IS',

(30l

L VCHOSENY 4/ /0

! COXy YASISHTING FACTOR FOR WIND INTERPULATION®

& VOALNMELGHT) ="2tfa2e /920X "1 IGNORED IF IINTEP = 2 )%/ /w.
L PUAY P IVER-LFLAXATION FACTOR FNR LAMIDA (IMEGAL) ='4F5.2//

t DAy "MAX IMUM ERRIR TILERAMCE FOR SORLAM (SPSL) ='4E%.24//

& &5} = HeNT OF THE W1IND PRIFILE POMER LAW (POWER) ='¢F5.34¢
L Fad X" [GMNAORED IF TINTEP = 1 1's//

& EOA "MAXIMUY SORLAM ITERATION (ITMAXL) =%'4+15 )

122 FIRMAT ( LHJ s /+20Xs*IDISP JIPTION 1 1S CHOSEN eea DIFFUSIVITY '
A * IS COMSTANT & €% = *3ETa3e/l )
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DO 1 J = Ly JMX
IR ==
M

LE Al ouMas ) e S8 T

el R G e T )

iy = AR sy (RN S S DS
GJ 1O 11

DY = YL

G ] ST SR

DY = YY(JMM)

CINTINUE

DJd 1 4 = ls %X

KML = X = 1

| R R A R R S e sl

TF [ £=EKEMX } l4ys 19 14

(RIS B O B A Sl R Bt e )

1 TD L&

Dd = ZZLL1) + J.7233233

53 TO 15

D¢ = L21KMM)

IE [ DUME B0 CaD ) GD TO 23

JIEXN = A05 U UlTqeJdeK) = DX & B.554)
IF | AKX(IsJed) «GE« DIFXN ) GD TJ |19
KIUNMTE = KTJNTX + 1

AX(TeJeK) = DIFXN

IF ( AxX{Ie+JaK) «LE. AX4 ) GO T3 19

AXM = AKX(IgeJyK]
TeX = 1
JEX = J
KEX = K

IF ( AKX{IsJeX) +GREs AXMI ) GO TO 119

AXAL = aKA(laJaK)
MIKX = 1
MJKK = J
MEKY = K

DIFYN = A3S5 ( V(IpJeK) % DY ¥ 455 )
IF { AKY(IeJe) «GE. DIFYN )} 50 TO 20
KIUNTY = COJNTY + 1

AKY (TgJeK) = DIFYN

IF [ ASY(IsJdek) alfe AYM) GO WO 26

AYd = AKY(TsJdek)
Iny =1
AJvENE= N
[ S AR

IF { AXYIIysJdeA) oLGEe AYMI ) GJ TO 120

AYMT = aKY(lsJaK)
MR =
MaKyY = J
MREY = K

NDIFIN = A0S ( WilleJeK) ®= DZ * N,55 )
IF { AKZ(1+J+%) «GE. DIFZN )} GN -TOf 23
KIUMTZ = £DJNTZ + 1

AKZ L TaJdek) = DIFIN

IF ( AKZUTyJeK) WLE. AZA Y GO-TO 23

AZM = AKZI(TIgeJsK)
TGl =l
Jrz = J
KKZ = X

IF ( AKZU1edaK) o5Fe AZMI ) GO TO 123

ALMI = AKZI{TsJeK)
MIKZ = 1
MJIKZ = J
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IFl JBACK «EQs 0 ) 50 TJ 874

DI 33 JBK = 1y JBACK

[4 = JRACKI (J3K)

Kt = JBACKX(J3K)

DLDZ =  LCUIRedMMyKP+1 ) -~ CCUIBaJMMaKRB) ) = ZZHURIJBK)

CCHYaB = fRUL LT Byd"dedB) = YRU & CCO(IRJMMM,yK3)

t HYMAMIIUK) = DCRT = YY[JMM)
COUIFe Y ekB) = AMAX] | RCXGRD, CCMBB )
CONTINUJE

IF [ XUP +F). 2 ) GO TGO ROS

DI 84 <y = lg KJP

Iy = KUT(KJ)

Jx = LU

COTJKX = {RUL # CCUIKUsJKU9KMMY = ZRJ % CCOIKUg JKUqKMMM)
COUIKUgJKEUK™MAY = AMAX] ( BCKGRDy CCIJKX )

CaNTINUE

CAONTIHUE

DF 70 ITx = 2+ I4M
IF t UG ) 4ly 424 &2

= TP = K
GJ TO 43

I = IX

TiRs= el ea]
TeMue=2 il E =)

Nx = XXt1)

NDxY = XX1IM)

ALP-4A = DXM / DX
ALPL = ALPHA + 1.
DAPL = DX % ALPL

FX1 = &LPHA / DAPIL
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Fid = = ( EXl #EX2.)

SXL = 2. / ( DX % DAPl ‘)
SX2 = =2, / & DX = CXM )
§X3 = - ( SX1 + Sx2 )

DA TN Ji = 24 JMM
BF=5 [ MG S Gy G 25y E05E2

J = JMXP - JX
52 TO 53
=T

JRE =y ]
amEE g

DY = YY(J)
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L A0l b/ DENIM

ny Ty a4
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CAMA = DEIM /S 02
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AL = 12 A

FIl = naYa / uGadl

FIZ = € le - GAAA ) / Nim

FIAd = = ( FZL + Fr2

S21 = 24 /1 D1 = oaM1 )
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ERIRRi = Bt iragie)
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FFZé = F & F2¢
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CONTINUE
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212

[aa T 2B o T 3

[ 3l ol = I
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253 FURMAT ( lHue/ 920X "CONVERGENLCE THEND OF CONCa=-S0RYe// 920Xy
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235 FIRMAT ( 1lHow9Xe"ND CUNVERGEMCE AT *9I34+" ITERATIONS WITH ',

£

TMAX s ERRDU/EPS = "4F1lJe3 )

226 FORMAT ( 1HJe19Xs "CONC.=-SIR CIMVERGED !t )
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APPENDTX B

EXAMPLE  INPUT

—
=
1
—
m
L
- =
o
———
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I IBM JCL
(2o PROL=1)5CL 2
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s 15 1.
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51) 5 10N, 107 10N
LJr. 10N, 1C7. FORS 100 75, 50 25, 2Na 27
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De e e Te Ml s Ve e s e
e Na Y T MNe A s d « 5 o7 9
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5
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1
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