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ABSTRACT

A mathematical model is developed resulting in a computer program
for the prediction of the behavior of plumes from multiple cooling
towers with multiple cells. A general integral method based on the
conservation of mass, momentum, energy (heat), and moisture fluxes
(before and after plume merging), were employed in the prediction scheme.
The effects of ambient stratifications of temperature, moisture, and wind
are incorporated in the model.

An axisymmetric round plume is assumed to be emitted from each
individual cell before interference with neighboring plumes. A finite
length slot plume in the central part and two half round plumes at both
ends of the merged plume were used to approximate the plume after merging.
The entrainment and drag functions are calculated based on the modified
merged plume shape.

The computer output provides the predicted plume properties such as
excess plume temperature, humidity and liquid phase moisture (water
droplet), plume trajectory, width, and dilution at the merging locations
and the beginning and ending points of the visible part of the plumes.
Detailed printout and contour plots of excess temperature and moisture
distribution can also be obtained if desired.

Based on comparison with laboratory data this model gives good
predictions for the case of dry plumes (no moisture involved). It should
be noted that several empirical coefficients are as yet not accurately
known. Verification of this model for the wet plume (such as for
prototype cooling tower plumes) and the determination of the values for
these empirical coefficients to be used in prototype applications must

await detailed comparison with field data.
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CHAPTER 1

INTRODUCTION

The use of multiple cooling towers is a common means of disposal of
waste heat from large power plants. A better understanding of the be-
havior and interaction of plumes from multiple towers would be useful
not only to cooling tower design and operation, but also in the assess-
ment of their environmental impact. Due to the relatively close
proximity of neighboring tower exits, the individual plumes from multiple
cooling towers rapidly interfere with one another, thus changing the
overall plume shape and its mixing characteristics. In addition, the
ambient stability (temperature profile), humidity, wind velocity and
wind direction to the tower array also influence the plume behavior.

In this report a mathematical model resulting in a computer program is
developed which will provide the framework to allow reasonable predictions
to be made of the characteristics of plumes from multiple cooling towers
under various ambient conditions.

Throughout this report, no distinction will be made between a
plume and a jet. Neither will the distinction be made between the multi-
ple plumes from the several cells of a tower and the multiple plumes
from several individual towers.

The plume from a cooling tower is a buoyant jet which has been
studied in the past by numerous investigators, such as Mortom, et al.
(1956), Morton (1957), Slawson and Csanady (1967,1971), Koh and
Brooks (1975). Several existing single tower plume models, including
dry and wet plumes, were developed by Briggs (1969), Hoult et al. (1969),

Abraham (1970), Fox (1970), Csanady (1971), Wigley and Slawson (1971, 1972),



Hirst (1971), Hanna (1972), Weil (1974), Wigley (1975a,b), and
Schatzmann (1977).

A model for multiple plumes was first developed by Koh and Fan
(1970) in analysing the analogous problem of disposal of waste heat into
the ocean by multiple port diffusers. The integral method was used and
the individual round buoyant jets were approximated by a two-dimensional
slot jet after interference. A transition region during merging was
considered. Although a discontinuous centerline temperature resulted at
the point of merging, the overall predictions of the plume properties
were quite satisfactory, Jirka and Harleman (1974) approached the
multiple port diffuser problem by replacing it with an equivalent slot
jet having the same mass and momentum fluxes as the multi-port discharge.
As expected this method generally over-estimates dilution except for
those instances when the plumes are very close to each other initially.
Briggs (1974) added an enhancement factor to his single tower equation
for plume rise by considering the effects of number of towers and tower
spacing. Meyer et al. (1974) modified Briggs' equation and used a
"peak factor" to develop a model which can give a fairly good prediction
of visible plume length. However, the prediction of the plume
trajectory is less accurate. Davis (1975) developed a mathematical
model for calculating plume rise and dilution from multiple cell
mechanical draft cooling towers with the wind normal to the tower array.
The entrainment function used includes the effects of plume interference
and the changing entrainment surfaces during merging. The model also
provides calculation techniques for various modes of plume development.

The plume properties remain continuous when the calculations proceed
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smoothly from one zone to another. The values of the coefficients in
his entrainment function still need to be determined from suitable
laboratory and field experiments.

Data from multiple towers are very scarce. Chan et al. (1974)
made laboratory simulations of plumes from multiple towers using water
as the fluid medium. Two sets of normalized excess temperature distri-
butions were presented. These are useful for model comparisons. The
studies by Carpenter et al. (1968) and Slawson et al. (1975) at TVA
gave field data on plume trajectory and some plume properties. More
complete data including plume trajectory, width, dilution, and ambient
- conditions (i.e. temperature, humidity and wind velocity profiles, wind
direction to tower array, tower configuration, etc.) however are required
for proper verification.

The model developed in this report is based on a general integral
method applied to the conservation equations for mass, momentum, energy,
and moisture fluxes. An axisymmetric round plume is assumed initially
for each tower exit. As the plumes merge, combinations of round and
slot plumes are employed to simulate the shape of the resulting merged
plumes. The merging criteria, merging processes, changes of plume
shape and entrainment functions are a part of the model and are discussed
in Chapter 2. Some results of model predictions and comparisons with
laboratory and field data are presented and discussed in Chapter 4. A
computer program has been written to perform the calculations and is

included in Chapter 3 and Appendices A and C.
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CHAPTER 2

THEORETICAL MODEL

The present mathemtical model is developed for the prediction of
plume properties from multiple cooling towers. These include plume
temperature, moisture (vapor and liquid phases), excess temperature,
excess moisture, velocity, width, dilution, trajectory and visible
plume length. For ease of application to practical situations, this
model is capable of handling rather arbitrary vertical profiles of
ambient temperature, humidity, and velocity; arbitrary but steady wind
‘direction to the tower array; and randomly arranged tower configurations,

The assumptions made in developing this model are as follows:

1. The flow is fully turbulent. Molecular transport can be
neglected in comparison with turbulent transport so that there is no
Reynolds number dependence.

2. Longitudinal turbulent transport is small compared with
longitudinal advective transport.

3. Pressure is hydrostatic throughout the flow field.

4., The cross~plume profiles are similar for plume velocity,
temperature, density, humidity and liquid phase moisture.

5. The Boussinesq assumption is wvalid. This implies that the
variations of fluid density throughout the flow field are small compared
with the reference density chosen. The variations in density are only
considered in the buoyancy term.

Using these assumptions, a general integral model for multiple
cooling tower plumes based on the conservation of mass, momentum, energy

and moisture fluxes along the plume trajectory is developed. By providing
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the ambient conditions and the empirical equations for entrainment and
drag, the conservation equations are integrated stepwise for the center
line properties along the plume trajectory. Before interference the
plumes are assumed to be individual, axisymmetric, round buoyant jets.
During the merging process, a combination of a finite slot jet in the
central part and two half round jets at both ends is assumed to be the
cross—sectional shape of the merged plume as an approximation but only
for the calculation of entrainment and drag. Finally, the completely
merged plume gradually tends to become round in cross section again,
whereupon the individual axisymmetric analysis is reapplied. The for-
mulations of the basic plume conservation equations, entrainment function,
merging criterion and merging process are presented in the following

sections.

2.1 Formulation

The coordinate system chosen with a typical cooling tower configura-
tion is shown in Figures 2.1 and 2.2. The x-axis is parallel to the
steady ambient wind direction. s 1is the coordinate along the plume
path and 6 is the angle between the tangent to s and the x~axis. The
individual plumes from the cooling tower cells are presumed to be dis-
charged vertically into a stratified atmosphere, and bent over due to
the effect of ambient wind. The plume properties are defined as velocity
U, density p, temperature t, specific humidity q, and liquid phase
moisture 6. Here, the specific humidity (vapor phase moisture) q and
liquid phase moisture ¢ are defined as the ratio of mass of vapor (or
liquid) phase moisture to the total mass of the mixture in a unit

volume. The subscripts o, p, and a are used for the values at tower
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Figure 2.1 Top View of the Coordinate System Associated with the
Cooling Tower Configuration

VA
4 Ug cos 6

up= Ug cosG+u

Figure 2.2 Side View of the Coordinate System Associated with the Cooling
Tower Configuration
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exit, in the plume, and in the ambient atmosphere, respectively. The
plume volume flux Q, kinematic momentum flux M, temperature deficiency
flux T, vapor phase moisture (or humidity) deficiency flux H, and liquid

phase moisture deficiency flux W are defined as follows:

Q=J, U, da (2.1)
M=, Up2 da (2.2)
T=[, (e, — £,) U da (2.3)
BH= [, (q, = q,) U, da (2.4)
W= [, (o, = 0,) U, da (2.5)

Any '‘rainout' of liquid droplets in the ambient atmosphere will be
neglected so that o is equal to zero.
The conservation of mass equation is:

d
= (/4 o, Uy dA } = o E (2.6)

where E is the volume rate of entrainment of ambient fluid. The function
used for E is an emﬁirical expression including the effects of plume
geometry, local mean velocity, buoyancy and ambient turbulence. The
detailed form of E is presented in Section 2.2.

The conservation equation for horizontal momentum flux is:

d 2 _ 1 2 .2 .
s | IA P Up dA « cos 6} =p_ UE+3Zp U " sin” 6 C, Wd|51n 6|

(2.7)
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where the first term on the right hand side of equation (2.7) is due to
the momentum of the entrained ambient fluid and the second term is due
to the horizontal drag force (Fan, 1967) on the plume; Cd is a drag
coefficient to be determined empirically and Wd is the width of the
plume; the absolute value of sin® is used in order to account for both
the ascending and descending parts of the plume.

The conservation equation for vertical momentum flux is:

d 2 .
ag'{fA oy Up dA - sinf} =

1 2 . .2
8y (0,=p,) dA - gf, p o A 7o, U + sin” 6 CiH, coso
(2.8)

where the first term on the right hand side of equation (2.8) is the
buoyancy force due to the density difference between the plume and
ambient fluid; the second term is the effect of the weight of liquid
droplets suspended in the plume; the third term is the vertical drag
force on the plume with the negative and positive signs corresponding
to 0<6g¢m/2 and -m/256<0, respectively.

Koh and Fan (1970) have shown that the governing equation for the

flux of a tracer quantity C is as follows:

dc

d ___=2
I (€, = C) U, dA = - —= IN U, da (2.9)

ds
where CP and Ca are the tracer concentrations in the plume and the

ambient, respectively. Now considering the temperature flux and also

taking into account the effects of atmospheric adiabatic lapse rate T
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and the liberation of latent heat due to condensation of water vapor
inside the plume (Csanady, 1971), the conservation equation for energy

(or heat) flux is derived as follows:

dT
a

L
d _ . d v
i N (t,-t,) U, da = ( o+ r) sin6 fA U, dA + 3 fA Cpa o, U, dA

(2.10)

where LV is the latent heat of evaporation (or condensation) i.e.,
L,(t) = [597.31 - 0.57x(t°C)] x 4.1868 Jg™~ for £0°C and
L= [677 + 0.622 x (£°C)] x 4.1868 for t<0°C, and Cpa is the specific
heat of air at coastant pressure.

The conservation equation for (vapor and liquid phase) moisture

flux is:

dq
d d ~ a .
= /a (a, - q,) U, dA + 33 fA o, U, dA = - —= siné IR U, da

(2.11)

We assume a top-hat distribution of plume properties across the
plume. Therefore, Up’ Tp, pp, qp, and cp are constants inside the

plume. In particular, Up is defined as follows:

U.=U cosB + U (2.12)
P a

where U is the 'net' plume velocity relative to the ambient wind.
Applying the relationship between temperature and density for a constant

pressure process (pressure variations in the plume cross section is

neglected) we can write:
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t t
2= EB-; and :_ P P 2 (2.13)

t
aQ _ p
S F (2.14)
a
d t 2 .2
S5 (M coso} = Ei {U, E+ 0.5 U " sin“0 C4 Wy|sine|}  (2.15)
d tp fa ‘s 2 .2
5 (M sind} = g { e a,} fa dA I e 0.5 U_“ sin“0 £; W cos®
(2.16)
d Lv d ta
ag'{T - E——'W} = - ( iz + F) « sinf - Q (2.17)
pa
d—{H+W}=-dqa-sin9-Q (2.18)
ds z :

In addition, the equations for the geometrical relations yield

%§-= cosb 2.19)
%2 = gin® (2.20)

Since Up’ tp’ op and Wd can be written in terms of M, Q, T and W
(Koh and Fan, 1970); for instance, Up = 2M/Q for round plume, the system
of equations (2.14) to (2.20) constitute seven ordinary differential
equations for the eight unknowns, Q, M, 6, T, H, W, x and z as functions

of s. For closure, one more equation is needed. This extra condition is:
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o =0 for a4, < qSp (dry plume)
(2.21)

= t for 2 et plume
4 = dgp (tp) qp * dg, (wet plume)

where Isp is the plume saturation specific humidity.

Equation (2.21) implies that when the plume is unsaturated, no
liquid phase moisture due to condensation need be considered and when
the plume is saturated, the plume humidity is equal to the plume satura-
tion specific humidity. To calculate the saturated specific humidity,
thermodynamic equilibrium between liquid and vapor is assumed. The
Clausius-Clapeyron equation (or tabulated values) can then be used to
calculate the saturated humidity. The equation used in the model to

calculate the saturated specific humidity dq is (Linsley et al.,
1975):

0.622es(t) 0.622 es(t)
q (t’P) = _ = _
s Pt 0.378 es(t) Pd(z) + es(t) 0.378 es(t)

(2.22)

where t and p are absolute temperature and pressure, respectively; Pt
is the total pressure which is the sum of the dry air pressure Pd(z)
and the saturated vapor pressure es(t).
Since the variation of pressure is small (for instance, AP = 1% of P
corresponding to Az ~ 100M), the absolute pressure at sea level (i.e.,
Pd = 1013.25 mb) is used in equation (2.22), which becomes:

0.622 es(t)

15(t) = 197375 ¥ 0.622 e (O (2.23)

An approximate expression of es(t) was developed by Richards (1971)

as
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2 3 4
e (£)=1013.25 x exp(13.3185 t ~1.9760 t " -0.6445 t _"-0.1299 t ")
where
tS
ty=l-%

and ts is the steam point temperature (°K). The result from this equation
is very accurate (to within 0.17%) over the wide range of temperature -50°C
to 140°C (Wigley, 1974). Within the range0° to 100°C it is accurate to
within the limits of accuracy of the accepted Goff-Gratch formula. 1In
this study tg is equal to 373.16°K. Because both dq and t are unknown
in the governing equations, the implicit form of equation (2.23) would
require an iteration scheme in the calculation. In the model, the Newton
method was adopted for this iteration.

With the additional equation (2.23) and the Newton iteration method,
the system of equations (2.14) to (2.21) may now be solved given the initial

values of the unknowns at tower exit (v s=o0). The initial yalues are as follows;

=Tpn 2
a U,da=7D" U

Q

(o} (o}

— o
6, = 90

Mocoseo =0

. 2 . no 2.2
M _sing jA Up dA = 4D " U " = Q, U,
Ly T 2 Ly
G, = Ty - c "% =70 Uy (to "% ¢ 0,) (2.24)
pa pa
L
_ _ v
B Qo(to tao ° C o)
pa
F =H +W =2ZD20U (q - +
) o o & o "o ‘o T 9 oo)
=Q, (q - 9 T o)
X, = 0
z =20
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where the subscripts o and ao are associated with the values at tower
exit (or initial values) and the ambient at the same level, and

L (t) = [597.31 - 0.57 x t_(°C)] x 4.1868 Jg *, and C p = 1.005 3¢ tex L,

2.2 Entrainment

The entrainment of ambient fluid into the plume is a function of
plume geometry, local mean velocity, buoyancy, and ambient turbulence.
The entrainment function first proposed by Morton et al. (1956) is:

E. =oa2mb U (2.25)
1r P

where o is entrainment coefficient determined from experiments; b is the
round jet radius; and UP is the jet centerline velocity.

Based on the integral conservation equations of mass, momentum,
energy, and mechanical energy, and assuming similar profiles, Fox (1970)
and Hirst (1971) derived an entrainment function for round jets which
includes the effect of buoyancy to the entrainment. It reads as follows:

a

_ 2 .
Elr = (al + f;; sinB) 27b Up (2.26)

where a; and a, are entrainment coefficients, and FrL is the local
densimetric Froude number defined as FrL = Upz/[(pa - pp) b g/po] =

2 . . , .
UP /[(tp - ta) tobg/tp ta], and g is gravitational acceleration. Based
on experimental results, a, was determined to be 0.057 for pure round
jet with Gaussian profile distribution (i.e., FrL -+ «), Hirst (1971)

suggested the value of a, = 0.97. This appears to be too large when his

results are compared with experiments. A better estimate of the value of
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a., can be made from the work of List and Imberger (1973), who, based on

2

dimensional analysis and experimental data, derived a similar expression

for E,_ for round jets (Koh and Brooks, 1975)

1r
E,_ = (0.057 + 2983y oy g (2.27)
1r FZ P
2 _ 5/2, - . . . .
where F© = m /u“g with m being the kinematic momentum flux

2
= fA UP dA, u the volume flux = fA Up dA, and B the buoyancy flux

P, —P
= fA gl 2 P dA.
P Py

Comparing equations (2.26) and (2.27) in a quiescent ambient
(i.e. sin® = 1) and calculating F2 by using the Gaussian similarity
profiles for UP and pp, one finds a, = 0.083 FrL/F2 = (0,4775. Hence

equation (2.26) becomes

0.4775

Fr

E = (0.057 +
1r L

sin8) 27b Up (2.28)

The entraimment coefficient a in equation (2.25) has the extreme

values for pure jet (i.e., Fr. - «) aj = 0.057 and pure plume (i.e.,

L

FrL -+ 0) ap = 0.082 in a quiescent ambient. A critical value of FrL

may be determined from

0.4775

FrLC

0.082 = 0.057 +
which gives

FrLC = 19.1

For Gaussian similarity profiles of plume properties it will be

assumed that

0.4775

E Fr

(0.057 + sin®) 2wb Up for FrL > 19.1

L (2.29)
0.082 « 27b Up for FrL £ 19.1

1r
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which implies that FrL = 19.1 was considered a small number below which

the entrainment of a buoyant jet is similar to that of a pure plume.
Experimental results for two-dimensional slot jet are not sufficiently

comprehensive to obtain a similar entrainment expression [i.e., equation

(2.29)] (Koh and Brooks, 1975). Therefore, based on the experimentally

determined entrainment coefficient, the following form will be used for

the slot jet with Gaussian profile distribution, viz.,

ElS = 0,14 + 2A - UP (2.30)

where A is the length of the slot jet.

The entrainment functions embodied in equations (2.29) and (2.30)
are based on Gaussian profiles of plume properties. In this study,
top-hat similarity profiles are assumed. The difference in the resulting
entrainment functions [equations (2.29) and (2.30)] due to this is a
factor of V2. Therefore, equations (2.29) and (2.30) can be rewritten

as follows:

0.6753
E1r = (0.0806 + —ﬁzz——-31ne) 2mb Up for FrL > 19.1
(2.31)
= 0.1160 27b Up : for FrL < 19.1
Els = (0.198 - 2AUp (2.32)

As the plume bends over towards the direction of the ambient wind,
the plume velocity is about equal to the wind velocity. Then the entrain-
ment should be nearly as if the plume were a two-dimensional thermal in
a stagnant atmosphere. This entrainment is proportional to the jet

periphery and the velocity of the thermal, Abraham (1970) proposed the
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following form

E2 = a, P Ua sin6 cosH (2.33)

where P is the jet periphery, cos6 is arbitrarily chosen to diminish the
thermal type of entraimment closed to the initial stage of the vertical
jet, and ag is the entrainment coefficient for a line thermal. For

large Reynolds number, the experimentally determined value of ag is

0.5 (Richards, 1963). But a better value suggested by Koh and Chang (1973)
from their plume measurements and numerical model is 0.3536, which will

be used in this present model. Thus

E, = 0.3536 P Ua sind cosf (2.34)

Another type of entrainment is associated with ambient turbulence,

and expressed as

E3 = a, P Ué (2.35)

where 3, and U; are the entrainment coefficient and a measure of turbulent
velocity fluctuations. Based on dimensional analysis, Briggs (1969)
found that U; is associated with eddy energy dissipation in the inertial
subrange and gave an estimate of a, = 1. In practice, the root-mean-
square value of the ambient wind velocity fluctuation may be used to
approximate U;, which is equal to a few percent of the mean wind velocity
under normal atmospheric conditions.

Finally, we may combine equations (2.31), (2.32), (2.34) and (2.35)

to construct a complete entrainment function as

E =P {a|U[+0.3536 U_|sin6|cos6+1.0 U} (2.36)
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where for a round jet,

P = 27b
o = 0.0806 + 22733 [gine| for Fr, > 19.1
rL L
= 0.1160 for Fr. g 19.1

L

and for a slot jet,

P =2A

a = 0,198
Here U is the net velocity in the plume relative to the ambient velocity;
the absolute value is used here to account for both the ascending and
descending parts of the plume.

In the literature on buoyant jets, various investigators employing
the integral approach have devised differing entrainment functions. A
recent survey for the round jet can be found in Wright (1977). The
entrainment function expressed in equation (2.36) and incorporated in
the present model is but one possible expression. Should a different

form be shown to be superior in the future, the model can readily be

modified.

2.3 Merging Process

The individual plumes from the multiple cells of a cooling tower
typically merge within a relatively short distance from the exits.
Before the plumes merge, equations for individual round buoyant jets
are applied in this model to calculate the plume behavior. When several
individual plumes are merged, the resulting plume cross-section is no

longer round, but rather tends to be elliptical in shape. In this model,
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this merged plume is approximated by a slot jet in the central part and
two half round jets at the two ends of the merged plume as shown by the
solid lines in Figure 2.3. The nonuniform size of the plume is due to
the effect of the wind direction with respect to the tower configuration.
In general, it is necessary to consider all types of plume merging
including all the possible combinations between individual round plumes
and modified merged plumes as shown in Figure 2.4. The basic merging
criterion considered here is that the plume cross—-sections are in con-
tact with each other. An additional criterion is incorporated for the
merging between two individual round plumes: the area of the trapezoid

. should be equal to the sum of the areas of the two half round plumes

as circled by the dashed lines in Figure 2.3. When the plumes satisfy
these merging criteria, they are merged. The fluxes of the merged plumes
are summed to maintain the conservation of fluxes. Moreover, the new
shape and the new centroids of the merged plumes are determined,

and the integration of the equations is continued. Upon merging, the
entrainment and drag functions are altered due to the change in plume
shape. The merged plume shape is characterized by the radii Bl and B2 of
the two half round plumes, length of the slot jet A, and the angle ¢
(shown in Figure 2.3) between the centerline of the (inclined) plume
cross-section and the horizontal line parallel to the y-axis. As the
plumes merge a new set of Bl, B2, A and ¢ should be determined in order
to calculate the entrainment and drag and to check if any other new
plume merging occurred. To determine Bl, B2, A and ¢ the plumes are
classified into two categories: one will be called horizontal for which

the total width (WD) of the new merged plume is larger than the total
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ALZ

Figure 2.3 Merged Plume Shape
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Figure 2.4 Definition Sketch
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Figure 2.4 Definition Sketch
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height (HT), otherwise, it will be called vertical. Both types are
illustrated by Figures 2.4(a), (c) and (e); and (b), (d) and (f),
respectively. These two categories are not different in substance

and the distinction is made primarily for coding convenience in the
computer program. Bl and B2 are chosen to be the radii of the left end
(or lowest end) and the right end (or highest end) of the horizontal (or
vertical) plumes, respectively. The left end of the plume is the end
closer to the x—-axis. For the cases of merging among individual round
plumes as shown by Figure 2.4(a) and (b), ¢ is the angle between the
horizontal line and the line connecting the two centers of the merged
ending plumes. For the cases of merging between merged plumes, ¢ is the
average of angles ¢l and ¢2 of the merging plumes 1 and 2, respectively,
as shown in Figures 2.4(c) and (d). For the cases of individual round
plume 2 joining the merged plume 1 as shown in Figures 2.4(e), (f), (g)
and (h), ¢ is assumed to maintain the original value of the merged plume
2 since the resulting merged plume is envisioned to be dominated by the
merged plume 2. After Bl, B2 and ¢ are determined, A can be calculated

by the following equations.

For horizontal plumes:

A

(WD-B1-B2)/cos¢ for cos¢ % 0

I
o

A = HT-B1-B2 for cosg

For vertical plumes:

A = (HT-B1-B2)/sing for sing % O

1]

i
o

(2.37)

A = WD-B1-B2 for sing

When the new shape of the merged plume is determined, then the calcula-

tion can be performed forward one integration step for the round jets at
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the ends and the slot jet (with unit fluxes found by dividing the total
fluxes of the slot jet by the finite length A) in the central part.

This will result in new values for the radii of the round jets at the
ends of the merged plumes, brl and br2 and the half width and length of
the central part slot jet bS and a. Because of the different entrain-
ment rates for round and slot jets, the calculated plume cross-section
determined by brl’ br2’ bS and a may not be smooth enough to represent a
realistic *tape. The discontinuities occurring at the junctions of the
round and slot jets are demonstrated by the dashed line curve in Figure
2.5. In order to eliminate the discontinuity and to obtain a modified
smooth plume cross-section described by Bl, B2, and A, the following set

of equations 1is proposed:

2 2 =
0.57 (brl Url + br2 UrZ) + 2bsaUS

[0.57 (BL® + B22) + A (BL + B2)] + U (2.38)
a + brl + er = A + Bl + B2 (2.39)
B1/B2 = brl/er (2.40)

where Url’ Ur2’ Us and U are the plume velocities corresponding to the
half round jets with radii brl and br2’ the slot jet with half width bs’
and the overall merged plume defined by Bl, B2 and A, respectively.
Equation (2.38) describes the redistribution of the volume flux
from the calculated merged plume to the proposed modified plume. Equa-
tion (2.39) maintains the same plume length between the calculated and
modified plumes. Equation (2.40) keeps the same ratios of the radii of

the two half round plumes between calculated and modified plumes.
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After the modified plume shape is determined, the half width, BY
and the half height, BXZ of the merged plume, indicated in Figure 2.3,
can be determined by the following equations for the purpose of checking

plume merging at the next step:

BY = 0.5x (A * cos¢ + Bl + B2) for cos¢ X 0
= Bl for cosp = 0 and Bl > B2
= B2 for cos¢p = 0 and B2 > Bl

BXZ = 0.5x (A * sin¢ + Bl + B2) for sing % 0

= Bl for sin¢ = 0 and Bl 2 B2
= B2 for sin¢ = 0 and B2 > Bl
(2.41)

Due to the uneven change of Bl, B2 and A for each integration step,
the y-coordinate of the plume centroid also needs to be readjusted.

The amount of adjustment Ay noted in Figure 2.6 is

+ +B2,
. A +BL B2, ) Asul v 5 _Aj ¥l B2, .
v 2 Al j+1 2

cos¢|

A
- L -
0.5x|cosé |x [(Blj B2j)x Aj + B2j+l Blj+1]

where j and j+1 refer to the calculation steps.

With the modified merged plume cross-~sectional shape, the entrain-
ment and drag force can be determined and the conservation equations
integrated. During the calculation, barring further merging, the length
of the slot jet A generally will be reduced and the radii of the two
ending round plumes will be increased. Finally, when A diminishes to

zero, the shape of the merged plume cross—-section becomes practically
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(Aj+BIj —BZj)
X A:+| +B2

i i+
2Aj

J

Aj+1+Blj+1+B2j+
2

A+l

0.5 X (Aj+BIj-B2j) X

0.5 X (Aj+Blj+82j) “BZj
= 0.5 X (Aj*‘Blj‘BZj)

Figure 2.6 Correction of Ay for the Merged Plume
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round. At that point, a round plume is again adopted to carry through

the final stage of plume calculation.
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CHAPTER 3
COMPUTER PROGRAM

The governing equations for predicting the dynamic behavior of
multiple cooling tower plumes were presented in Chapter 2. No analytical
solution can be obtained due to their complexity as well as the arbitrary
ambient conditions in the governing equations. Therefore, a computer
program written in Fortran IV language was developed to solve these
equations. A standard fourth order Runge-Kutta method was employed in
the solution. The inputs to the program include tower exit conditions,
ambient conditions, tower configuration, entrainment and drag coeffi-
cients, and some control parameters. The basic routine of the computer
program begins with inputting data, setting initial conditions (sub-
routine SETIC) and calculating the first plume (from the tower with the
smallest value of x) by setting an indicator IND(I) = 1 for ith
individual round plume (subroutines RUNGS and DERIVR). As the calcula-
tion continues, the subroutines CHKNWP, ALIGN and PLMERG are called to
check for the appearance of any new plumes, to align the existing plumes
at approximately the same x-coordinate, and to check for the merging
among the existing plumes, respectively, along the direction of the
plume trajectory. If new plumes appear (whenever x exceeds the x-
location of downstream tower exits), the results for such new plumes are
calculated stepwise until the stage is reached to necessitate the
checking of the merging criterion. If the plumes merge, the indicator
of the ith and the jth plumes are changed to IND(I) = 2 and IND(J) = O

(J>I). In the subroutine RESETI, the fluxes of the merged plumes are

added together, and the initial conditions for the merged plumes are
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reset. The subroutines DERIVR and DERIVS are called to calculate the
plume half widths and velocities of the round and slot jets in order

to determine the shape of the modified merged plume. Then, subroutine
DERIVE is used to calculate the dynamic properties of the modified merged
plume. The calculation stops when the integration step number is equal
to the desired (input) step number. The outputs include the input
information, and the calculated plume properties such as temperature,
excess temperature, moisture, excess moisture, half width and trajectory
at visible, merging and final stages of the plumes. The detailed list-
ings and examples of the input and output are presented in Appendix A.
The general structure of the computer program is described by the flow
chart shown in Figure 3.1. Some important variables in the text and
program are compiled and listed in Appendix B. The complete computer

program is presented in Appendix C.
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Input

!

Call BLANK to initialize some storages

Calculate gradients of ambient profiles

Call SETIC to set initial conditions

Call RUNGS and DERIVR to calculate the results
of individual round plumes

!

Call CHKNWP to check if any new plume appears

¥

Call ALIGN to align the existing plumes at approximately
the same x-coordinate

Call PLMERG to check if any plumes merged

Call RESETI (including call RUNGS, DERIVR, DERIVS and DERIVE)
to reset the initial conditions and calculate
the shape and results of the modified merged plume

3

Check stop

} yes

Printout minimum amount of results

Y

-t Further output needed?

yes

Call OUTPUT for detailed printout and contour plots

END

Figure 3.1 Flow Chart of the Computer Program
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CHAPTER 4

RESULTS, COMPARISONS AND DISCUSSIONS

In this chapter, four example cases are presented. The results of
the present theory are also compared with the laboratory results of Fan
(1967), Chan et al. (1974), and field data from TVA (Carpenter et al., 1968).

In the example runs, a line array of four cooling towers and a round
array of five cooling towers are considered. For the cases with the line
array, three wind directions (i.e. 0°, 90°, and 135° with respect to the
tower array) are chosen. The input data cards are shown in Table 4.1,
which include the number of towers, the desired number of calculation
steps, control parameters, tower configuration, ambient levels, temperature
profile, humidity profile, wind velocity profile, tower exit conditions,
coefficients of contour plots and heading of plots. Normally, the outputs
consist only of the input information, the results at the merging points,
and those at the beginning and ending points of the visible phases of plumes.
However, detailed printouts and/or contour plots can also be provided by the
program upon request. The contour plots of excess temperature, humidity
and liquid phase moisture for these examples are shown in Figures 4.1
through 4.12. The plots represent the distribution of the highest values
projected onto the X-Z plane. Detailed explanations of the input and
output parameters are presented in Appendix A.

Three sets of data from Fan (1967) for a single jet, one set from Chan
et al. (1974) for six towers and two sets from Carpenter et al. (1968) for

a single tower and multiple towers are chosen for comparison with the model.
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Figure 4.1 Excess Temperature Distribution for the Case of 4 Towers in
Linear Array and 0° to Wind Direction
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Figure 4.2 Excess Humidity Distribution for the Case of 4 Towers in
Linear Array and 0° to Wind Direction
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Figure 4.3 Excess Liquid Phase Moisture Distribution for the Case of
4 Towers in Linear Array and 0° to Wind Direction
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Figure 4.4 Excess Temperature Distribution for the Case of 4 Towers in
Linear Array and 90° to Wind Direction
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Figure 4.5 Excess Humidity Distribution for the Case of 4 Towers in
Linear Array and 90° to Wind Direction
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Figure 4.6 Excess Liquid Phase Moisture Distribution for the Case of &4
Towers in Linear Array and 90° to Wind Direction
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Figure 4.7 Excess Temperature Distribution for the Case of 4 Towers in
Linear Array and 135° to Wind Direction
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Figure 4.8 Excess Humidity Distribution for the Case of 4 Towers in
Linear Array and 135° to Wind Direction
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Figure 4.9 Excess Liquid Phase Moisture Distribution for the Case of 4
Towers in Linear Array and 135° to Wind Direction
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Figure 4.10 Excess Temperature Distribution for the Case of 5 Towers
in Round Array
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Figure 4.11 Excess Humidity Distribution for the Case of 5 Towers in Round
Array
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Figure 4.12 Excess Liquid Phase Moisture Distribution for the Case of
5 Towers in Round Array
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The input data cards for these cases are shown in Tables 4.2 through 4.5.
The ambient conditions for the data from Fan and Chan et al. are
uniform. The velocity and temperature at the tower exit and ambient
are chosen to satisfy the given values of densimetric Froude number F
and velocity ratio K. The predicted results of dilution, plume trajectory
and width for Fan's cases are shown in Figures 4.13, 4.14 and 4.15, and
are compared with his experimental results. The comparisons are
generally good. The predicted excess temperature distribution
for the six tower case from Chan et al. is shown in Figure 4.16, together
with the experimental results. In this case the six towers are in one
line array and the ambient flow to it is normal. The contour plot is for
the distribution of values in the centrél x-z plane. It seems that the
present model tends to overpredict the excess temperature. The main
reason might be because of the neglect of the effect of the mixing in
the plume wake zone in the present model. However it should also be
noted that the experimental results of Chan et al. may have been influ~-
enced by the blockage of the flow by the model towers due to the finite
width of the experimental flume.

The field results from TVA at the Paradise power plant include two
cases. One is for a single tower in a stable ambient (TVA-11l, potential
temperature gradient %g-= 0.59 °k/100m, 0 < gg < 1.0 °k/m). The other

is for two towers in an ambient with a temperature inversion (TVA-14,

28
9z

gradient and average wind velocities at a few levels were

= 1.42 °k/100m > 1.0 °k/m). Since only the average temperature

available only rough estimates of ambient temperature and wind

velocity profiles were constructed based on the limited data.
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Present Theory and Fan's (1967) Experiments for F = 20 and K = 8
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Three ambient relative humidity profiles (100%, 70%, 0%) associated with
the relative temperature profiles were generated and tested. The exit
plume humidities were assumed 100% (saturated) except for one dry plume
case which is 0% for ambient and exit humidities. The input data cards
are presented in Tables 4.4 and 4.5. The predicted results and the compari-
sons are shown in Figures 4.17 and 4.18. From the variations of plume
trajectory for different ambient humidity conditions, the effect of the
ambient humidity can be seen to be quite significant. Similar conclusions
could be drawn for the effect of ambient temperature and wind velocity.
The present model overpredicts the plume trajectories for TVA's cases.
This could be due to the incomplete information of the ambient conditions
and the neglect of drift in the tower initial conditions. Adequate

ambient and source conditions are mandatory for proper model validation.
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Table 4.1 Input Data Cards for Example Cases Qifferent Wind Directions to & Line
Array (3 cases) and Round Array (one case) of Towers)

"TTCASE (1Y T4 TOWERS IN ONE ARRAY ™ "0 DEGREES TO WIND —~ ~

4 120 30 30 11
T o0 0 — 0 3 10 0 1y Yy 11 T e e
«00000 11,45000 22.90000 34,3500
" +00000 .00000 .00000 «00000
«00000 100,00000 200,00000
"7 10.50000 10,30000 10.10000 T T
70.00000 76,00000 70.,00000
TTTTTT4.10000 5.22504 5.76G69 4,10000 5.22504 5.76969
5.76969 4,10000 5.22504 5.76969
TTTTTTY,44880  10,.26800 T 31.90000 77T L.02821 77 7,00000°
5.00000 5.00000 n 0 0 0
TTEXCS TEMP &4 TWRS 1 ARRAYS 0 DEG 7O WIND Z/D 7777 -
EXCS HUMI 4 TWRS 1 ARRAYS 0 DEG TO WIND Z/D
"""" EXCS LIQM 4 TWRS 1 ARRAYS 0 DEG TO WIND Z/D -
TTTASE (2774 TOWERS IN ONE ARRAY 90 DEGREES 'TO WIND™™ ™" 7
4 120 30 30 11
o0 0 3 10 [t U A SRS S S B
«00000 .00000 .00000 «00000
UL 00000 T 11.45000 22.90000 T 34,35000 T 7T
«00000 100.00000 209.00000
© - 10.50000 10,30000 10,10000° —— —~TTTTTTTTTTTOY
70.00000 70,00000 70,00000
4410000 5.22504 5.76969 7 4710000  5,22504 7 5.76969
5.76969 4,10n00 5.22504 5.76969
7T 9,.44880  10,26800 31.90000 «02821 00000
5.0G6060 5.00000 0 G 0 0
TTTEXCSTTEMP "4 TWRS 1 ARRAYS 90 DG TD WIND Z/D 7
EXCS HUMI 4 TWRS 1 ARRAYS 90 DG TO WIND Z/D
T EXCS LIGM 4 TWRS 1 ARPAYS 50 DG TO WIND Z/D
‘CASE "(3) 4 TOWERS IN ONE ARRAY 135 DEGREFS TO WIND
4 120 30 30 11
e T R O P IRE It s Bt Gty et SRR
«00000 8,10000 16,19000 24.,29000
00000 8,10000 1A,19000 24.29000 T
«00000 100,00000 200.,00000
"10.50000 10.30000 10.10000 -
70.00000 70,00000 70,00000
=3 T10000 7T 5,22504 7 5.7696977764,10000 7 5.22504 0 5.76969
576969 4,10000 5.22504 5.76969
90448800 10,26800 C31.,90000 T .02821 7 L00000
5.00000 5.00000 0 0 0 0
" EXCS TEMP 4 TWRS 1 ARRAY 135 DEG TO WINDZ/D
EXCS HJIMI & TWRS 1 ARPAY 135 DEG TO WINDZ/D
“TEXCSTUIGM & TWRS 1 ARRAY 135"DEG TO WINDZ/DT "7 7 7
CASE (4) 5 TOWERS IN ROUND ARRAY
——s%7le0 30 3011 oo T T B
0 0 0 3 10 0 0 1 1 1 1
TTTTTTTS00000  5,00000 10.,00000 15.00000 0 20.00000
10,00000 .00000 20,00000 2.00000 12.00000
T, 00000 100,00000 200,00000 T T T T s e
16,50000 10,30000 10.10000
***** 70.,00000 TO,00000 T70,00000 7 7 T T ) -
4,10000 5.22504 8,76969 4,10000 5.22504 5.76969
TTUBLT6969 0 4,10000 5.22504 5.76969 4,10000 5,22504
9.44880 10,26800 31.90000 «02821 00000
TTTTT5.000007 5,00000 0 o o0 - T
EXCS TEMP 5 TWRS IN ROUND ARRAY 2/0
T EXCS HUMI 5 TWRS IN ROUND ARRAY 2/D o
EXCS LIAGM 5 TWRS IN ROUND ARRAY /D0

X/0
X/
Xx/0

4410000

x/D
x/D
X/0

x/D
xsD

- X/0

X/0
X/D
x/D

4,10000

4,10000

4,10000
5,76969

5.22504

5.,22504

5.,22504

5.22504
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Table 4.2 Input Data Cards for Three Cases of Fan's (1967) Experiments with
F=20, K=8; F=40, K=8; and F = 80, K= 16

~ CASE (1) "60(D)y F=20 K=8

TUTTIT3S0 1 1 -
© 0 o0 2 1 0 0 0o 0 0 0

_— -0 SR S
o0
T L.00000 -50,00000 " - T )
31.87000 31,87000

«00000 .00000
«13700 «13700
T .00760 7 7-1,10000  20,00000° <0000n 000007

_CASE (2) 60(G) F=40 K=8

o0
00000 -50,00000

T 264570007 26.57000° -
«00000 .00000
T T .20400 - .20400 o
«00760 -1,63000 20,00000 «00000 .00000
T CASE (3)Y 60(J) F=80 K=16" B o
T173%0 1 1 1 )
0 0 0 2 1 0 0 0 0 0 0
- —g— — e e e
o0
T 7.00000 ~50,00000 T o
23.31000 23,31000
400000 0 L,00000 -
«14600 «14600
T 007607 7=2,32000 20.000007 " L00O000 T .00000
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with F = 4, K = 1.02

Input Data Cards for Chan et al.'s (1974) Experiment

Case (1) 6 Towers in One Array 90 Degrees to Wind F=4, K=1.02

6 100

~

U U

.00000
.00000
.00000
25.00000
.00000
.37621
.37621
.05690
.50000
6.31250

EXCS TEMP 6 TWRS 1 ARRAY 90 DEG TO WIND Z/D

21 17 11
1 2z 0
.00000
.06501
900.00000
25.00000
.00000
.37621
.37621
.38374

.50000

5.06250

1

.00000
.13003

.37621
.37621
30.

00000

1.00000

0

0

1

0

0 0 1

.00000
.19504

.37621

.37621

.00000

3.00000
0

.00000
.26006

.37621

.00000

.00000
.32507

.37621 .37621 .37621

X/D A3=0.3536 CD=1.5
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.Table 4.4 Input Data Cards for TVA (1968, TVA ll single tower) Fleld Data in
—a-Stabte-Atmospheric fcnd‘rtitm—(%efﬁz-G‘WKflﬂO m) e

TTCASE (17 T100% EXIT HUMI & 100% AMB HUMI "~
TT771 300 1 1T 1 T
0 0 0 3 1 0 0 0 0 0 0
T Jo0000 ’ S T e

.00000
. 00000 100, 000007150,00000 200,00000 250,00000 300,00000 350,00000 400,0000N
20.,00000 20,16000 20,24000 20,32000 20,40000 20,48000 20,56000 20,64000
- '100.00000 l00,00000 100,00000 100,00000 100,00000 100,00000 100,00000 100,0000N0
4,10000 4,10000 4,10000 4,70060 5,30000 5.90000 6,50000 7.10000

~ 7.90000 117,10000 139,00000  ,67883  ,00000

CASE (2) 100% EXIT HuUMI & 70% AMB Huvy

1 300 1 1 1

TTTTTOTT0 0 8 170 0 0 0 [ D | R

00000
17 2 e ——
+00000 100,00000 150.,00000 200,00000 250.00000 300,00000 350,00000 400.00000
T20.,00000 19,61000 19,42000 19,23000 19.,04000 18.84000 18,65000 18,46000
~70,00000 70,00000 70,00000 70,00000 70,00000 70.,00000 70,00000 70,00000
4,10000 4,10000 4,10000  4,70000  5,30000 590000 6,50000 7.10000

7.90000 17,10000 139.00000 «67883 .00000 ’

TCASET (3) 7 100% EXIT HUMI & 0% AMB HuMI
TTUTTIT360 1 vy T T
¢ 0o o0 8 1 o0 0 o0 0 0 O
e BB000 T e e S D
+00000
T 700000 100.,00000 150,00000 200400000 250,00000 300.00000 350,00000 400,00000
20.00600 19,61000 19.42000 15.23000 19.,04000 18,84000 18.,65000 18.46000

00000 ,00000  .00000 00000 00000 00000 00000 <0000
4410000  4,10000  4,10000  4,70000 5,30000  5.,90000 6.,50000  7.10000
TTTT7490000 T 17.10000 135,00000 67883  ,00000
CASE (4) 0% EXIT HUMI & 0% AMB HUMI

1 300 1 1 1
TTTETToeOTTe T8 1 T 00 0 0 0
«00000
00000
«00000 100,00000 150.00000 200.,00000 250,00000 300.00000 350,00000 400,00000
20400000 19.61000 19,42000 19.23000 19,04000 18,.,84000 18,65000 18,46000
.00000 .00000 00000 00000 »00000 .00000 «00000 «0000n
4,10000 4.,10000 7 4,10000 TT4,T700007 5,30000 T 5,50000 6.,50000 7.10000

7.90000 17.10000 139,00000 00000 «00000
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- _Table .4.5 TInput Data Cards for TVA (1968, TVA-14, two towers) Field Data in.an. ____ _

Atmosphere with an Inversion (36/3z=1.42°K/100 m)

TTCASET (1)777100% EXIT HUMI & 100% AMB HUMI™ ™~

T2 300 1 "1l
o ¢ o6 » 1 o0 1 0 0 0 O
77 .00000 29.06000 T T T T e
«00000 54,65000
TTTTTL00000  50,00000 100.00000 150,00000 200,00000 °250.00000
7.00000  7.43000  7.86000  8.2900n B8.72000 9,15000
TTT100.00000 100.00000 100,00000 100.00000 100.00000 100.60000
8.60000  8,80000  9,10000 10,50000 11.60000 12.50000
779410000 10,50000 11460000 12.60000 0 0 7T -
7.900060 20,20000 145.00000 « 73951 «00000
~CASE (2) 100% EXIT HUMI & 70% AMB HUMI T

T 27300 1 1 1

0o 0 0 6 1 o0 1 0 0 0 O
<00000 "29,06000 T . ' T
«00000 54,55000
TTTTTTL00000  50,00000 100,00000 150.00000 200.,00000 250.00000
7.00000  7,22000 7,44000 7.67000  7,.89000  8.11000
""""" 70.00000 70.00000 70.00000 70,0000 70.00000 70.00000
8.60000 8,80000  9,10000 10,50000 11.60000 12,50000
TTTTTH100007710,50000 711060000 7 12.60000 7 T N
7.90000 20.20000 149.60000  .73951  ,00000
TUCASE (3) 7 100% EXIT HUMI & 0% AMB HUMI
e g ¢ ] ) e e .
o 0 0 6 1 0 1 0 0 o -0
TTTTITL00000 29.06000 T T T o
.00000 54,65000
© .00000 50.00000 100.00000 150,00000 200.00000 250.00000
7.00000  7.22000  7.44000 7.,67000 7.89000  8.11000
TTTTTTTL00000 TTTT,00000 770000077 77L00000 T 400000 .00000
8.60000 8.80000 9.10000 10.50000 11.60000 12.50000
9410000 7 10,50000 T11.60000 12.60000
7.90060 20,20000 149.00000 . 73951 <00000
TUUCASETU4Y TTTTT0% EXIT HUMI & TTT0% T AMB HUMI
““““ T27300 1Tl 1T T I T
o 06 0 6 1 0 1 ©0 0 o0 ©
TTTTTL00000 29.06000 T
.00000 54,65000
TTTTTTL00000 7750,00000 100.00000 7150200000 °200.00000 250,00000
7.00000  7,22000  7.44000  7.67000  7.89000  8.11000
TTTTL000007  L,00000 T .00000 7 T .00000 00000 .00000
8.60000  8.80000 9.10000 10,5000n 11.60000 12,60000
T7779.10000 7 10,50000 11.60000 12.60000
7.90000 20,20000 149.00000 000010 .00000

8,60000

8,60000

8.60000

8.80000

8,80000

8,80000



-57-
CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

In this study, a mathematical model and corresponding computer
program have been developed for the prediction of plume behavior from
multiple cooling towers. Some comparisons between the predictions
based on the present model and the measured results from laboratories
and the field are made in order to test the model. The following
conclusions and recommendations are made based on this study.

(1) The model is developed for arbitrary vertical profiles of
ambient temperature, humidity, wind velocity, and arbitrary tower
arrangement. The velocity defect for the downstream towers due to the
effect of the upstream towers and plumes can be included by specifying
different ambient velocity profiles for each plume. A general expression
for the velocity defect of the downstream towers might be developed in
the future.

(2) The temperature range for which this model is valid is -50°C
to 140°C, because of the accuracy associated with the calculation of
the saturation humidity.

(3) A set of suggested values of entrainment and drag coefficients
have been incorporated in the computer program. Because of the rapid
merging and usually rapid bending over of the plumes, the coefficients
ag, Qg and Cd are the most important ones. Better estimates of their
values are needed such as by further experimental study or field program.

(4) The merging criteria and processes (defined in this model by

equations (2.38) (2.39) and (2.40)) could also be improved when further
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research results on plume interaction are available.

(5) The blockage and recirculation effects in the wake zone of the
towers and plumes have not been incorporated in the present model.
Future effort could be made to include these effects.

(6) Based on comparisons between model and laboratory results
(Fan, and Chan et al.), good predictions of dry plume behavior can be
obtained. In order to verify the model for actual cooling tower plumes,
a more complete set of experimental data (including the plume width,
trajectory, dilution and detailed ambient profiles of temperature,
humidity and wind velocity)are required. Therefore, a complete set of

field measurement are strongly recommended for validation of the model.
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APPENDIX A
COMPUTER PROGRAM

The computer program based on the model and listed in Appendix C
was tested on an IBM 370/158. The detailed input and output information
are listed in this Appendix. The input ambient wind velocity profiles
(AU(NP,MG)) for each tower are designed to allow consideration of the
velocity defect in the wake of upstream towers (i.e., the tower array
parallel to the ambient wind direction). In addition, some suggested
input values are listed below for reference:

NS = 300
NX = 40

NY = 40

NCONT = 11

IX(3) IX(6) = IX(11l) =0
In this Appendix, the input sequence as well as the input and output

variables are tabulated, explained and related to the symbols used in the

text of this report.



A=-2

INPUT SEQUENCE

Symbol Parameter Format Subroutine
NP, NS ,NX,NY,NCONT 514 CTPS
(IX(1),I=1,11) 1114 MTP
(CX(1),I=1,NP) 8F10.5 MTP
(CY(1),I=1,NP) 8F10.5 MTP
(AZ(1),I=1,MG) 8F10.5 MTP
(AT(1),I=1,MG) 8F10.5 MTP
(AH(I),I=1,MG) 8F10.5 MTP
((AU(I,d),J=1,MG),I=T,NP) 8F10.5 MTP
DI(1),U0(1), TO(1),HO(1),WO(T) IX(1)=0+ 8F10.5 MTP
(DI(I),I=1,NP) IX(1)=1* 8F10.5 MTP
(Uo(I),I=1,NP) IX(1)=1* 8F10.5 MTP
(TO(I),I=1,NP) IX{1)=1* 8F10.5 MTP
(HO(I),I=1,NP) IX(1)=1* 8F10.5 MTP
(WO(I),I=1,NP) IX(1)=1* 8F10.5 MTP
A1,A2,A3,A4,CD, TURBF IX(2)=1* 8F10.5 MTP
DX,DZ,X0,Z0 IX(3)=1* 4F10.5 OUTPUT
WIDTH, HITE,MORE,NOMAP,ICENT IX(11)=1* 2F10.5 OUTPUT
NOTICK 414

(HEDN(k) ,k=1,10), (LABY(L),L=1,5),(LABX(M) ,M=1,5) IX(8)=1* 20A4 OQUTPUT
(HEDN(k),k=1,10),(LABY(L),L=1,5), (LABX{(M),M=1,5) IX(9)=1* 20A4 OUTPUT
(HEDN(k) ,k=1,10), (LABY(L),L=1,5), (LABX(M),M=1,5) IX(10)=1*  20A4 QUTPUT

+ Skip card if IX(1)=1
* Skip card if the corresponding IX(I)=0, (I=1,2,3,11,8,9,10)



In Program
NP

NS

NX, NY
[ CONTA (NX,NY) ]

NCONT
[ CONTB (NCONT) ]

IX(1)

IX(2)

IX(3)

IX(4)
IX(5)

IX(6)
IX(7)

IX(8)

IX(9)

IX(10)

IX(11)

A-3

EXPLANATION OF THE INPUT SYMBOLS

In Text

Remarks

Total number of towers
Desired number of calculation steps

Horizontal and vertical grid sizes, respec-
tively (for contour plot)

Desired contour levels for plotting

IX(1)=0 Same exit conditions of all the _
plumes (Input one card only)

IX(1)=1 Different exit conditions of the
plumes

IX(2)=0 No input card of entrainment and
drag coefficients is needed

IX(2)=1 Input the desired entrainment and
drag coefficients

IX(3)=0 No input card of DX, DZ, XO and ZO
is needed
IX(3)=1 Input the desired values of DX, DZ,

X0 and ZO

IX(3)=-1 No plot needed

MG Number of vertical levels for
ambient conditions

INRPR Interval of detailed printout for
plume 1

IPNT=0 For contour plot (always use IPNT=0)

LC=0 For cluster array (round array) of
towers

LC=1 For line or random array of towers

IX(8)=0 No contour map plotted for plume
excess temperature

IX(8)=1 Contour map plotted for plume
excess temperature

IX(9)=0 No contour map plotted for plume
excess humidity

IX(9)=1 Contour map plotted for plume excess
humidity

IX(10)=0 No contour map plotted for plume
excess liquid moisture

IX(10)=1 Contour map plotted for plume excess
liquid moisture

IX(11)=0 ©No input card of WIDTH, HITE, MORE,
NOMAP, ICENT, and NOTICK is needed

IX(11)=1] 1Input the desired values of WIDTH,
HITE, MORE, NOMAP, ICEKT and NOTICK
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Remarks

In Program In Text
CX(NP) X
CY (NP) y
AZ (MG)
AT (MG) ta
AH(MG) q,
AU (NP ,MG) u,
DI(NP) Do
UO (NP) U,
TO(NP) to
HO(NP) a,
WO(NP) 9
Al,A2,A3 aj,an,as
and A4 and ay
CD Cd
TURBF U!

a
DX,DZ
X0, 20
WIDTH,HITE
MORE
NOMAP
ICENT
NOTICK

x—coordinates of towers (in m)
y-coordinates of towers (in m)
Ambient levels (in m)

Ambient temperature profile corresponding to
AZ(I) (in °C)

Amhient relative humidty
P t

1 3 - £ 1.~ PN 4 ~m
ing to AZ(I) (in f the saturation

humidity)

profile correspond-
g

Q

ercerncage

Ambient wind velocity profile corresponding
to AZ(I) for each tower (in m/sec)

Diameter of each tower (in m)
Exit velocity of each plume (in m/sec)
Exit temperature of each plume (in °C)

Exit specific humidity of each plume (in
kg/kg)

Exit liquid phase moisture of each plume
(in kg/kg)

Entrainment coefficients (Default: Al1=0.0806,
A2=0,.4775, A3=0.3536, A4=0.)

Drag coefficient (Default: CD=1.5)

Intensity of ambient turbulent fluctuations
(in percentage, decimal; Default: TURBF=0.)

Increments of grid size in x and z directionms,
respectively (Normalized by the diameter of
the first tower; Default:DX=0.5, DZ=0.5)

Location of the center of the top of the
first tower in the grid (Normalized by the
diameter of the first tower; Default:X0=1,
20=2,)

Width and height of contour map, respectively
(Inches; Default: 8", 8'")

MORE=1 Do not finish off the map (Default:
MORE=0)

NOMAP=1 Do not force grid to be -square
(Default :NOMAP=0)

ICENT=1 Do not center the title (Default:
ICENT=0)

NOCITK=1 Do not draw tick marks (Default:

NOTICK=0)



In Program In Text Remarks

HEDN(10) 40 characters to plot as title on top
(Default: Blank)

LABY(5) 20 characters to plot as label on vertical
left (Default: Blank)

LABX(5) 20 characters to plot as label on horizontal

bottom (Default: Blank)



EXPLANATIONS OF THE OUTPUT SYMBOLS

In Program In Text Remarks

EXIT,COEF,TWLC,AMBL, Correspond to IX(1) to IX(11l)

INPR, IPNT,LC,ETPL, respectively

EHPL,EMPL, COPL

Al1,A2,A3,A4,CD, a],a2,23,3an, Same as input symbols

TURBF Cd’ u!

a

NTHP The Jth plume

CX,CY Same as input symbols

[(CX(1),CY(I)]

DIA,VELO,TEMP,HUMI, DosUps tos Tower diameter, exit values of

LPMO [DI(I),U0(I), 4300 plume velocity, temperature,

HO(I)WO(T)] specific humidity and liquid phase
moisture, respectively

NSTEP* The Nth step of calculation referred
to each tower

X,Y,Z X,¥,2 The horizontal, lateral and vertical

[PX(NP,NS),PY(NP,NS), coordinates of plume center

PZ(NP,NS)]

PTEMP,PHUMI,PLQEMOIST tp,qp,oP Plume temperature, specific humidity

[PT(NP,NS),PH(NP,NS), and liquid phase moisture respectively

PW (NP, NS) ]

EXCEST, EXCESH At, Aq Excess plume temperature and specific

[PET(NP,NS),PEH humidity

(NP,NS) ]

PCROSEC HT/2 Half height of plume cross-section

[BXZ(I)]

SLOTLEN[A(I)] A Finite length of slot jet of the
merged plume

PANGLE[PCOS (NP,NS) 6 The angle between the tangent of

PSIN(NP,NS)] plume trajectory and the horizontal
line

DILUTN Q/Qo Plume dilution

[PDIL(NP,NS) ]

PVELO [PU(NP,NS)] Up Plume velocity

* NSTEP refers to the number of calculation step of plume 1 when each
plume first appeared
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APPENDIX B

EXPLANATION OF THE IMPORTANT SYMBOLS IN THE PROGRAM MTP

In Program
PX (NP,NS)
PY (NP,NS)
PZ (NP,NS)
PS(NP,NS)
PCOS (NP,NS)
PSIN(NP,NS)
PQ(NP,NS)
PMX (NP,NS)
PMZ (NP,NS)
PF (NP,NS)
PG (NP,NS)
PH(NP,NS)
PW(NP,NS)
PT (NP,NS)
PET (NP,NS)
PEH(NP,NS)
PAN(NP,NS)
PU (NP,NS)
PENT (NP,NS)
PA (NP,NS)
PB(NP,NS)
PC(NP,NS)
PDIL (NP,NS)
CONTA (NX,NY)
CONTB (NCONT)
IND(I)

IS(I)
MP (1)
MS(I)

A(D)
B1(I)
B2(1)
BXZ(I)
BY(I)
PMCOS (1)
PMSIN(I)
DW(I)
NBV(I)
NEV(I)
PAI

GRA

Al

A2

A3

Ab

In Text

»—zsmnuﬂNszO

[w
el
|
[

>PHCdoon o
)

Nal
o

b or (B1+B2)/2

BXZ
Q/q,

Bl

B2
BXZ

BY
cosd
sin¢
2+BY

IND(I)=5
IND(I)=1
IND(I)=2
IND(I)=3

Remarks

¥ K ok % b b b N ¥ o H %

*

Excess temperature
Excess humidity
*
Net plume velocity
%
*
Average plume width
*
Plume dilution
Normalized PET,PEH & PW (or PEW)
Contour levels
Indication of the status of each plume
Plume which has not been started
Single plume
Merged plume
All plumes are merged
Beginning step number for each plume
Merged plume pair
Merged plume step numbers associated

with MP(I)
%

% ok ¥ ¥ *

*

Beginning step number for visible plume
Ending step number for visible plume

3.1415926
*

*
&
*
*



In Program In Text

CD Cq

TURBF Uz

ucC U

B P

TP t

HP qg

WP Op

ET tp -ty

EH qp = qg

MG .

ALV Ly

CPA Cpa

ANG )

ITHP

ENTRAN E

IQ

IL

IK

KE (I)

Y(I) Y(1)=Q
Y(2)=Mcos®
Y(3)=Msinb
Y(4)=G
Y(5)=F
Y(6)=x
Y(7)=z

YP(I)

YRl(I),YRZ(I),

& YS(I)

YR1P(I),YR2P(I),
& YSP(I)

* Refer to "List of Symbols"

Remarks

%
*
*
Plume width
*
*
*

Excess temperature
Excess humidity
Elevation level

*

*
*
*

ith plume
*

All the plumes have not been
completely merged

All the plumes have merged

All the plumes have merged and
become a round plume again

Number of merged pairs

Plume step number

Ending step number of each plume
*

¥ % % ¥ *

%

Derivatives of Y(I) with respect to s

Y(I) associated with the two half
round plumes and the central slot
plume for the merged plume

YP(I) associated with the two half
round plumes and the central slot
plume for the merged plume



APPENDIX C

LISTING OF PROGRAM
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FORTRAN IV G LEVEL 20.7 VS FAIN DATE = 6/07/717 14:32:
0001 DIMENS]CN IA(-),I(Z&)
c NP=NUMBER_LF PLUME,NS=NUMBER_OF CALCULATION STEP, NX:NY=DESIRED _
c GRID COF CONTOUR PLOT, NCCNT=DESIRED CCNTOUR LEVELS
L0002 . 3 REAC(542+END=5) NP4NSsNXsNY, NCONT
0003 2 FCRMAT (514}
0004 . N4=MAXCINX,NY] R
0005 NTOTAL=NP*NS
0006 TALC)=NTOTAL *23+NX*NY+FNCONTHNG : . —
0007 CALL GETVEC(1IA)
o)+ ] 0} Ay =1A3) .
0009 D0 1 J=2,24
0010 .1 I4JI)=ILI-1)+NTOTAL .
0011 1€25)=1(24)+NX*NY
0012 —JL26)=TL25)4NCONT . —

0013 CALL MTP(IACI(Y)), IA(I(Z),'IA(1(3')11A(](4,),IA(I(5))vIA(I(é))f i

S ATALIAT7)) 2 TALTIL{8)IJALTI(9))TALTI(10)), JACI(L1)), JACTILL2)),TA(T(13))
2o TACICL4) ) o TACTULS) ) »TACTI(16))TALI(L1T7))2A(TI(18)),IA(I(19)),

 BIALTI(20)), TACI(21) ) JALTI(22)), TALI(23)),JA(1(24)),1IA01(25)),
GIALI(26)) s NP o NSy NX ¢ NY yNCONT s NG)

0014 CALL FREFUP{TA] e e S
0015 GC 70 3
0016 G _SIQP — e e o

0017 ENC




FORTRAN IV G LEV. MTP DATE = 6/01/77 14232

SLBROUTINE MTP(PX'PZ::PQ PMX ¢ FMZy PGy PF,PCOS»PSINIPENT,PULPS+PB,PA,

0001
e e AP T PETsPhsPEH P s PANSPDIL s PY sPLsCCNTAZCCNTBsCONTC o NP9 NS yNX s NY 4
2NCONT 4N& )
0002 EXTERNAL DERIVE ,DERIVS,DERIVE
0003 DOUBLE PRECISION AQ,BQ+LQyDQ
0004 _ ... LOMMCN /STCRELIZIND(30), INDT{30),NOVIK{30),1S5(30)
1 /STOREZ2/¥P(30),M5(30),11P(30)
2 SSIODRF3/AHI30) AT {3C) 4AZL30) +AHG(30) ,ATG(30) »AU(30,30), _
A AUG(30,301
. 3 . /STOFRE4/AL30)4BL1{30),82{30),BX2Z1301}+BY{30),PMCDS(30),
4 PMSIN(30) +DW(30) yNBVI(30) 4NEV(30) 4NCVI30)
- N 5 LCONST1/PAl yGRAJALSAZ4sA3 A4, CD TURBFaUCy By TPETsHP sEHs WP o
6 MGyMG1yCFRLALVyCPAZANGIQy ITHP,ENTRAN
— 7 JCONST2/ 11 JNIT,IKeNI,NIPY . B
8 /CCNST3/AG,BQ,CC,0Q
R, -9 - ALCONTUU/WIDTHHITE ) MOREZNIMAP , ICENTL,NOTICK,HEDN(10), R
* LABY (5),L ABX(5])
o B_. —ZSTOKES/DI{30),U0(30) +TOL(30) yHC{(30) sW0{30) L
0005 DIMENSION PX(NPyNS) PZI{NPyNS})+PQINP, NS),PMX(NP,NS,,PHZ(NP,NS)'
1PRINP¢NS) o PUINPINSY s PEANPSNS ) s PGINPyNS)IsPCOSINP S NS PSININP4NS),
CPENTINPyNS )9 PHINP ¢yNS) s PHNINP ¢NS) ¢PEHINP4NS) CX(30)+CY(30),KE(30),
e 3PTANP GNS ) 4 PSANP G NS s PAINPINS) JPETANP ¢ NS)s PANINP ¢NS) yPY{NP ¢NS),» _
4Y{B) YP(8B) +Y¥SIB8),YSP{B8)+YRI1(B),YRIP(B)},YR2(8),YR2P{B)},PDIL{NP,NS.
S SCONTALNX S NY) +CONTBUNCONT ) o LONTCANG) »I1X(12) pMGPAZ {30) yMGST1(30) 4 _
6PCINP4NS) 3 LCHK(30),AHP(30)
L INITIAITZF STORAGES e
0006 CALL BLANK(PX,PZ, PQ’pMX.PMZ:PB,PU,PF,PGyPCOS,PSIN PENT,PT,PS,PA,
I __ e 1PET 2 PEHs PANe PY s PDIL g PHyPHyPC yNP s NSy NXy NYy NCONT 4 N4y CONTALCONTB, _
2CONTC yMGPA2sMGSTL yDX¢DZ X009 ZCyIPNT 9 KE oLCHKyAHP)
I Lo ~INPUT_CONTROL _PARAMETERS . -
0007 READ(5,2) (IX{(I),1=1,11)
D008 MG=1X{4) - B . .
0009 INTPR=IX{(5)
0010 IENT=1X{61} R e - —
0011 LC=1X(7)
- L INPUT _TOWER CONFIGURATION - .
0012 READ(S5,1) (CX{I)yI=1,4NP)
0013 RFAD(S,1) (CY(T1),1=1,NP) P - oo
C INPUT AMBIENT CCNDITIONS
0014 =00 READI(5,1) (AZ2{I1)4,1=1,MG} . . -~
0015 REAC(5,1) (AT{1)41=1,MG)
Qe16 . REAC{5,41) (AHP{1),1=1,MG) S
0017 READI(5,13 ({AU(TI,J)J=1, MG’,I 19NP)
0018 IFLIX{1) GT 01 GO _T0 34 o
C INPUT TOWER EXIT CONDITICNS;DI=DIA. UC= VELO.. TO TEMP ., HO HUMID
C___ — W0=L IQUID PHASE MOISTURE _ — I . o
0019 READ(5:1)DI(1)1UC(1)1TD(1’9HG(1);HO(1)
Q020 D0 24 I=24NP S —
0021 CI(1)=CI(1)
0022 MC{1l=LC4{1) e - e
0023 T0(1)=T0O(1)
0024 — HO(IJ=ECL1) S
0025 24 WC{I)=wC(1)
0026 i GO YO 2S5
0027 34 READ(ﬁ'l) (DI{I)y 1= lyNP)

0028 READ(5,41) (UQ{1),1=1,NP) -
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FORTRAN IV G LEVEL 20 7 vs MTP DATE = 6/07/77 14:32
0629 READ(5,1) (TO(I},I=1,NP)
0030 . _ __READI5,1) AHO(IdaI=1sNP) _ . . __ .
0031 READI(S+12 (WO(1)sI=1,4NP)
0032 35 IF{IX{2) .LE. O) GO 10 32
C INPUT COEFFICIENTS OF ENTRAINMENT AND DRAG ;TURBF=TURB. FLUCT.
AU o TURBF=Z(IN DECIMAL) CF AMBIENT WIND VELCCITY
0033 READ(541)A1,A24A3,A44CD,TURBF
0034 LCFRL=A2/71{0.116—-21) I . e
0035 1 FURMAT(8F10.5)
_0036_.__ . _ 2 FORMAT(1214}..  __ _ _
0037 32 WRITE(€,555)
D038 _ 555 FDRMAT(1H1). . _._
0039 WRITE(64+3)
0040 _3_FORMATL1 X, UNITS OF THF VARIABIFS') . _ _ ... __ e
0041 WRITE(644) .
0042 4 FORMAT{1X, 'L ENGTH:M, _TEMP:L, _MOISTURE:KG/KGy VELD:M/SEC, _ANGL
1:DEG')
_0043  WRITE(E+SOINPaNS NXGNYSNCONTY . B
0044 WRITE(6449)
0045 WRITEL£L,36) - _ e e
0046 WRITE(6,48) (IX(J)ed=1,11)
0047 50 FORMAT{1X,*NO. CF_TOWERS=',14," NO. CF CALCULATION STEPS=',14,

1 GRID SIZE (XsY)="914s" X',I14,* CCNTOUR LEVELS=",14//])

0048 e 4S FORMAT(1X,'CONTROL PARAMETERSY) . _ - -
0049 3¢ FORMAT{' EXIT COEF TwWLC AMBL INPR IPNT LC ETPL EHPL .
1'EMPL __COPLT) e e R
0050 48 FORMAT(1X,11(14,2X)//7)
0081 . WRITE{E,5) S -
0052 5 FORMATI(1X, 'CDEFFXCIENTS OF ENTRAINMENT AND DRAG'Y)
-0053. —eee . WRITE (bvbJAl4A24A3a A4, CD,TURBF . .-
0054 6 FCRMAT(L1X,%A1=% 4FB8.5,5X,*A2=",F8. 5;5X7'A3"'F8 575Xy'A4"vF8.5,5
10 CD= o FB LS, BNy *TIURBF=4,FR.5//) e s e
0055 WRITE(6,7)
Q056 7 FORMAT(1X,*AMBIENY PROFI{ESY) . __ . —
0057 WRITE(6,8)
0058 8 FORMAT{3X,"HEIGHT* 4 TX4*TEMP?, 12X, ' HUMIDITY 49X, *VELOCITY? ]}
0059 DO 556 1=1,MG
0040 TK=ATL{1}+273 .16
0061 T=1e=373.16/TK
0062 EST=EXP({13.3185=(1.S7€+{0.6445+0.,1229%T)*T)*T}+*7) e
0063 ES=0,622%1013.25*%E3T
_0Q€4_ FSH=ES/{1013.25+ES]) ——— R
0065 55¢ AH(1)=AHP(])*0.01*FSH
D066 D0 9 _1I=1,NMG U
0067 S WRITE(6,10)AZUI1)AT(I)yAH(I) JAHP (1) AU(1,1)
-~ 0068 10 FORMAT (1X 4 2(Fl0aS532X)eFl0e631Xs {8 4FHa25"2)"42X+F1l0.5) i
0069 WRITE(6,11)
0070 11 FORMAT(/Y. _
0071 WRKITE(6412)
00712 12 FORMATLIX,*TOWER CONFIGURATICN AND EXIT COCNDITIONS®') .
0073 WRITE(6,18)

0074 18 FORMAT(Z2X s NTHPY 46Xs 'LX"4BXs 'CY ' 4BX,"LIA® 4 4Xs"VELD' 46 X, *TEMP',9)
1*HUMI ' 49X, *LPMO*Y)

0075 . 0O 17 I=l,NP..

0076 17 HRITE(6.13)IvCX(I)vCY(IhDI(I)'UO(IhTO(I)'HO([)vKO(I)

0077 12 FORMAT(I X o159 43XeFTa243XsFTa243XsF02223X9F6e2+3X3sF8e3+43X9sF12.8+3)
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FORTRAN IV G LEVEL 20.7 VS MTP DATE = 6/07/77 14:32
1F12.8)
0078 . . . HRITE(£:262) . ___
o CALCULATIGCN OF TEMPERATURE,HUMICITY AND VELOCITY GRADIENTS
0079 MG1=MG-1
0080 0O 14 I=1,MG1
0081 - I11=1+1
0082 DV=AZ(11)-AZ(I)
0083 .. ATGLI)=(ATAIIJ-ATLII}/DY . .. R
0084 14 AHG(I)=(AH(II)=AH(I)}/DV
0085 . . DO 47 J=1,NP o _
0086 DG 47 1=1,¥G61
0087 ... . . . 11=I+1 o
0088 DV=AZ(I11)-AZ(I)
JMB9~_~___~£meLbL1lMMhlU_MMLJLUDL~_____qw“w . e
0090 DO 148 1=1,NP
0091 .. . DO2=DI(IV/ 20 S -
0092 BXZ{1)=DC2
0093 _ . . __ .. .BY({I)=DO2 ] e N
0094 B1{I)=C02
_00S5 148 B2{1)=LC02 . S e
0096 WRITE(6,15)
0097 . . .15 FORMAT{1X,'PLUME .1 _APPEARS AT NSTEP= _.1%,//) ~
o SET INITIAL CONDITICAS
0098 - . .. _TIp=YI0M(1) . e .
0C99 ALV=FALVITP)
0100 CALL SETICAYGITHPGCXY o o . e
o INTEGRATIGN BY RUNGE-KUTTA METHOD
0101 =0 s
0102 S=0.
0103 . IKT=1 o S
0104 DS=0I (ITHP /20
0105 GO TN _8S8 E— . ——
0106 86 I1F{NIP1 .GT. NP) GO 70O 1S
et € . CHECK-IF _ANY NEW_PLUME _APPEARS
0107 CALL CHKNWP(PXyPZyPQyPMXyPMZ yPG oPF yPCCS o PSINy PENT PUy PSP By PA,PT,
e 1PET s PHyPEHsPWsPAN,PYPDIL ,PL,CXo NPy NS)DERIVR LY KE)
01c8 16 IF(NII-1)164+105,105
—0109 3632 IKT=IK4#NOVIK{1) U, e —
0110 ITHP=1
011 ALV=FALV{TIP) S .
0112 DS=0.1*%PB( 1,IKT-1)
0113 598 CALL RUNGS (S sDS 7Y+ YP, L ,DERIVRY __ . ___
0114 Bl(1)=B
0118 B2{l11)=B e e
0116 BxZ{1)=8
0117 BY(1)=8B_ —— — e
C SCLUTICNS FOR SINGLE PLUME
0118 ———— CALL- SCLUTNIPX,PY 4Pl PQyPMXy PMZ PGy PFPU,PENT,PS,PA,PB,PCOS,PSIN
lPT,PET,PHLPEH.PH,PAN,PDIL,PC.CY,Y,YP,S.ITHP,IKT,NP NS
0119 GO _I0_ 78 - e
C CHECK IF ANY NEW PLUME MERGING CCCURS

0120 — 105 CALL ALIGNIPXsPYsPZyPUsPVMXyFMLsPGPFsPUSPENTPS+PAWPB+PL,yPLOS,
1PSINsPT s PET 4 PHyPEH PHy PAN, PDIL 9y CYy Y, YPy YS9 VYSP»YR1yYRLIP,YR2,YR2ZP,
e 2DERIVESDERIVS+DERIVR S +LL e NP ¢NSHKE)
0121 CALL PLMERGIPXyPYyPZyPTyPET+PHyPEHPWsPAsPB,PAN,PDIL,PCCS,PSIN,
1LY o NP4 NS o KEo MGPAZ o MGSTL o PL AL CHK,PUD . ..




FORTRAN Iv 6 LEVEL 20 7 VS MTP DATE = 6/01/77 14:32:
0122 16 0g 23 l loNI
D123 __ I1THP=1
0124 IKT=IK4NCVIK(I)=-IS(I)+1
0125 JFLIND(I1) LTel) GO T0O 23
0126 DS=0.1%PB(I1,1KT-1)

RESET INITIAL CONDITIONS AND CALCULATE PLUME PROPERTIES FOR SINGLE

AND MERGED PLUMES

01217 LALL RESETI(I 4 IKT oDS oS oyNPINSsCY Y YP,YSsYSPsYRLYR1IPyYR2,YR2P, -
1CERIVEDERIVS yDERIVRePXyPZyPQyPMX,PMZyPGyPF+PLOS,PSINJPENT,PU,PB,

e 2PAGPTLPETSPEHPHW,LC)

ob

c SOLUTICNS OF PLUMES INCLUDING SINGLE & MERGED PLUMES
0128 ______ . _CALL SOLUTN(PXsPY,PZyPQePMXsPMZsPGyPFPU,PENT,PS,PAyPB,PCOS,PSIN,
1PToPET+PHyPEH PwyPANPDILyPC oCY Y YPySols IKToNP,NS)
0129 23 CCNTINUE — —m
0130 IL=0
0131 . 78.D0_-77 I=1.NP_ .
0132 IF(CIK+NOVIK(I)) .LT. NS) GO TO 77
0133 INDMId=O . R
0134 77 CONTINUE
__0135 DC_ 75 _J=1,AP e B
0136 IF(IND(I) .GT. O) GO TO 79
0137 I5.CONTINUE . .. ..
0138 GC TO 80
0139 . 36 IK=IK+#l
0140 IFLIQ-2186,164357
D141 BC DL 81 _J=1.NP e e s - e -
0142 IF(KE(I) .LE. O) GO 10 82
L0143 JFALCHK{I) _.1T. 1)G0-T0 81
0144 KE(T}=KE{I)+1
0145 — edE=RELTY
0146 K=MGPAZ(T) .
0147 1L =MGSTIi(]1)+] _ - . ) [
0148 PX(I,J)=PX{KsL)
0149 PIAl 4 d) =PI AL . .
0150 PBUI»J)=PB(K,L)
0151 o PCAIeJdI=POUK,LY
0152 PCOS{I,4)=PCOS(K,L)
0153 PSINI I, )=PSIN(K,1]} e e P
0154 PET(I,J)=PETIK,L)
0155 PEH(I,J)=PEHAKeL}
0156 PHIT¢d)=PwlKyL)
0157 e _GO-T10 81 —_ .
0158 €2 KE(11=NS
-015¢ 81 CONTINUE - e e e
0160 WRITE(6,808)
0lsl 808 _FORMAT(1X,'RESULTS OF THE VISIBLE PLUMES')
0162 WRITE(64225)
o163 CH=Qe
0164 DO 807 I=1,NP
0145 KEN=KE(I) } I ) e
0166 DO 803 J=1,KEN
0167 IFAPW{14J)+GT.0.)6G0 10 802 -
0168 IF(NCV{I).EQ.0)G0 TO 803
ole9 O NEN(I)SS o
0170 NCV(1)=0

0171 LH=2 — R
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FDRTRAN IV G LEVEL 20 7 VS v¥TP DATE = 6/37/ 717 14:32:
0172 HRITE(6,809)JvlvPX(IvJ)ypl(IyJ)vPY(IvJ‘vPT(I JYsPETUI 43} o PHEI v J)
o e APEH (1 5 J) o PWLI 3 ) o PBUI 4} s PCAIloJ) s PAL{IsJ)}sPANIIyJ),PDILLI,3),
2PU{I4J1}
0173 BC0Y9 FORMAT(1X22(1591Xd s 3(FB84e291X)s2{FT2a291X)s3{FBa541X)461(FTe2,1X)4/)
Cl74 GO TO 803
c17s5 ... 802 IFINCV(1J.NELOJGO TO 803
0176 NBV(I)=d
_0177_. NCV(I)=1 .. e -
0178 CH=1l.
0179 . WRITEL(65241) 01 4PXL14ddePZLI4d}+PY (I3 J)9PT (144} PETII vJ}sPHITIVJ),
IPEH( I J)sP WL sJ)yPBUIeJd yPCUTod)sPA(I yJ)yPANIIJ)PDIL(I4U),
I 2PUL1,4)
0180 241 FDRMAT(IX:Z(IS:IX)13(F5 291X) 924 FTe291X)y3{F8.541X),6(FT742,1X))
0181 803 _CONTINUE PO e
0182 IF(CH-1.) 804,805,807
0183 B804 WRITEL(E,233)1 . -
0l84 233 FORMAT(1X, 'NO VISIBLE PART OF PLUME FOR PLUME®,14/)
-0l85_ . __ . ___GGCIYD BOT7 . - -
0186 B8C5 WRITE(€5243)1,J
0187 . 243 FORMAT(1X,*PlUMF*,14,* STI{! VISIBIF AT THE TERMINATION STEP',.14/.
0188 8C7 CONTINUE
0189 —— o o WRITE{&4242} —
0190 242 FORMAT(//)
0191 . WRITE{64224) .
0192 224 FORMAT(1X, *RESULTS AT THE LAST STEP UF CALCULATION?)
0183 o WRITEL(6,225) e s
0154 225 FORMAT{1X4*NSTEP NTHP X Z Y PTEMP EXCEST

-1y Y PHUMY  EXCESH PLQDMDIST PAVHFWD PCROSEC SLOTLEN PANGLE %,
2°DILUTN  PVELO')

0195 - C e NTHP=1 .
0196 uRITE(b.zzems.NTHP,PX(1.NS),qu,Ns».PY(l.NS:.PT(l.NS),PET(l.NS)

1PHLY ¢NS) sPEH{14NS) s Pill o NS) s PELL1sNS) s PCLALaNS)sPALLINS)sPAN(LIsNS),
2PDIL (1 4NS)HPULL14NS)

0197 e~ 226 FORMATA1X 420 1501X3 33 {FBa291X)22(F722,1X)e3(FB8a5¢1X)s6(FTa241X)o77
0198 CALL CUTPUT(PXsPYPZyPT yFPET4PH,yPEH,PuyPA,PLPAN,PDIL, PSIN,PCOS,
_ o JCONTAS CONTB s CUNTC o KE s INTPR g IPNT o NX g NY JNCONT SNG4y NPeNSoIX yDX 9 DZ 4 X0y
22CPBsPS,PU)
—0199 RETIURN [ e

0200 END




FORTRAN IV G LEVEL 20.7 VS BLANK CATE = 6/07/77 14:32:
SUBROUTINE BLANK(PXsPZLPQsPMXyPMZ PB4 PUIPF+PGyPCOSPSINLPENT,
e APT o PS4 PAJPET 4 PEH PANSPY ,PDIL sPHsPHsPLaNPaNSyNXy NY,NCONTyN4,CONTA,
2CONTBsCONTCyMGPAZ ¢y MGST1 9DX 902 ¢yXO9ZC oI PNT4KEGLCHK,yAHP)
0002 LOUBLE PRECISION AQ,BQ,CQ,0Q
6003 COMMON /STCREL/ZIND(30),INCT(30),NOVIK{(30),1S(30)
/STORE2/MP{301)4MS(30),11P(30)
/STORE3/AH(30),AT{30),AZ(30)4AHG(30),ATG(30)+AU(30,30),
AUG(30,30). __ - —
/STORE4/A(30)+81(30),B82(30),8XZ(30)+BY(30),PMCOS(30),
. _. PMSIN(30)+DW {20} yNBVI30)NEVI30) ,NCV(30)
JCGNSTL/PAT yGRAJAL §A2,4A3 4 A4 CDsTURBFyUCIByTPyET9HP 9 EHy WP
MGy MGl CFRL sALV4CPAJANG:IQ+ITHP 4 ENTRAN
JCONST2/IL W NIToIKeNI,NIPL
e JSYLRES/DI{30),U0(30) sTOL30)sHLL{30) 4wW0(301
/CONST3/4Q.BQ+CQ,CQ
0004 R - ~DINMENSICN PXANPoNS )4 PZANPINS)4PQINP¢NSIoPMXINP¢NS},PMZINP4NS),
1PBINPoNS) s PUINP ¢NS) 9 PFINPoNS) ¢ PGINP ¢NS)4yPCOSUINP4NSI4yPSININPsNS ),
_2PENTANP NS PTINP NS} PSINP NS} PAINP4NS)+ PETINP NS} PEHINP4NS),
3PAN(NP gNS) yPHINP NS ) o PWINP yNS) ¢ PY (NP, NS )y PDILANPyNS)s CONTA(NX,NY),
4CONTBAINCONT) o CONTC (NG) o MGPA2(30) yMGSTL1{30). s PLANPNSIKE(30), .
SLCHK(30)+AHP{30)

0001

OB~ e wh N

0065 - .. DO-4 - 1=1,AP U e -
0006 MGPA2( 1)=0

0007 . .. . MGSTILIN=O0 -

0008 IS(1)=0

0009 LCHK(1)=0 [

0010 A{1)=0.

GOl e NBVAI =0

0012 NEV(1)=0

0013 ... . . ACVAId=0 .

0014 CWll)=C.

0015 PMSIN(I)=0 S B
601l6 PMCCS(I)=0.

0017 - e INDAIIES

0018 MP(1)=0

0019 . . ___MS{Id=G . ...

0020 1IP(1)=0

0021 IADTLI)=0 e e o
0022 4 NOVIK{I)=0

0023 . DC 1 I=1,NP e R

0024 DG 1 J=1,NS

0025 pX{l4J4)=0 : ] e

0026 PZ(1+4)=0.

0027 PQiled)zl —_ I
0028 PMX{1,J1=0.

0029 o .o PMI{14J)=0. B

0030 PF(1,J)=0.

0031 — o PGLI4dI=0e .

0032 PC(I4J4)=0.
0033 PALI L, J)=0 —

0034 PCOS(14J)=0.

0035 .. —PSIN(I4J1=0 B

0036 PU(T,J)=C.

0037 PENTAI4d)=0e .

0038 PET(I,J)=0.

_0039 PEH{L,.J}=0 B
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0040 PT({I,J)=C.

0041 PS{l,Jd)=0. —— -
0042 PA(I44)=0.

0043 _PHIT ,J)=0.___.

0044 PY{I,4)=0.

0045 . PAN{1,J)=0. .. .. .

0046 PDIL(I,J=C.

00642 1 PulleJd)=0 P
0048 DO 2 I=1,NX

0049 .. D0 2. J=LeNY
0050 2 CONTA(I,J)=0.

0081 DO .3 I=14NCONT .. _.___

0052 3 CONTBLI)=0.

0053 DO 5_1=1,N4 e S
0054 5 CONTC(I)=0.

0055 . -D0- 6151430
0056 DC 6 J=1,30

00857 AUG(I14JI=0 E - N
0058 6 AU(I,J4)=0.

0059 D0 7 1=1,30 e e e e
0060 KE(1)=0

0061 — o A413=0 R - -
0662 AT(1)=0.

D063 . .. _AHP{1)=0 I .
0064 AR(1)=0.

_0D6s5 ATIG(1)=0. e e - s o e
0066 7 ARG(1)=0.

0C6T e AG=0.000009153132 S - R
0068 BQ=0.0002112502

0069 o CQ=0.00366024% S
0070 DQ=0.009494118

0071 LPA=1.005. ——— - e
0072 PAI=3.14159265

. 0013 e GRASS.B8066_ . -
0074 Al=0.0806

0075 _A2=0.6153 S
0076 A3=0.3536

0027 ALG=0 o - . e e ———
0078 CD=1.5

0079 TURBF=0. e , s
0080 DX=0.5

Q081 CZ=0.5% e .
0082 Xx0=1.

O083 20=2 e e X e
0084 IPNT=0

_ Qo445 CFRL=A2/{0.116=-A1} . . o S
0086 iL=0

Q0087 NII=0 — _

0088 I1k=1

0089 10=1 I B
0090 NI=1

0091 NIP1=2 S . e
0092 1THP=1

0ce3 IND{1l)=] - e
0094 1s(1)=1

0085 RETURN e
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14:.
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0001 FUNCTION FALV(TC)
e £ _.T0 DETERMINE LATEN EHEAT ALY .
0002 IF(TC .LT. 0.) GO TC 1
0003 FALV={597.31~0.57*TL )*4 . 1868 -
0004 GO 70 2
0005 o 1 FALV=(677.01+0,622*TC)*4.186
0006 2 RETURN .
-Deoz —_END —— o e




C-12

FORTRAN IV G LEVEL 20.7 VS SETIC DATE = 6/07/77 14::
0001 SUBROUTINE SETIC(Y,I1,CX)
0062 . . . _COMMON ZCONST1/PAI ;GRASAL,A2,4A3,A4,CD,TURBFsUCIBsTP»ETsHPyEHs WP,
1 MGyMG1yCFRL ALV CPAJANGIQyITHP,ENTRAN
2 JSTORE3/AHI30)4AT(30),AZ(30),A+G(30)+ATG(30),AU(30,30),
* AUG(3C+30)
. 3 /STORES/DI(30),U0{3C),TO(30},H0(30) +W0(30)
0003 DIMENSICN Y(8),CX{30)
—0004 YL1}=PAI*DIA I)*DI{II*ARS(UOLTII /4. . —
0005 Y{2)=0.
0006 . _ . YA3)=Y{1)*%UDL(]) -
0007 Y(4)=Y(1)*{TO(I)-AT(1)-wO(I)*ALV/CPA)
0008 .. Y45 =Y{1I*{HO(IJ)=AHL134+W0(1))
0009 Y{6)=Cx{1) )
.0010 —Y(7l)=0. e e . c—
0011 RETURN
0012 - e - —_END - ——
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0001 SUBROUTINE RUNGS (XyHyNyY¢YPRIMEy INDEX,DERIV)
p002. . __DIMENSICA Y{B) sYPRIME(8) ,Z(8)snL1(B)sW2(8)sW3{B)sw4(8)
c RUNGS—RUNGE-KUTTA SOLUTICN OF SET OF FIRST ORDER 0.D.E. FORTRAN I
c DIMENSICAS MUST BE SET FCR EACH PRCGRAM
C X  INDEPENDENT VARIABLE
c H  INCREMENT DELTA XsMAY BE CHANGED IN VALUE
c N  NUMBER OF ECUATICNS
e €Y. _DEPENDENT _VARIABLE BIOCK ... _ONE DIMENSIONAL ARRAY e
¢ YPRIME  DERIVATIVE ELOCK ONE DIMENSIONAL ARRAY
c THE PROGRAMMER MUST SUPPLY INITIAL VALUES OF Y(1) TO Y(N)
c INGEX IS A VARIABLE WHICH SHOULD BE SET TO ZERO BEFORE EACH
< INITIAL ENTRY TO THE SUBROUTINE, leEa., TO SOLVE A DIFFERENT
c SET OF EQUATICNS OR T3 START wITH NEW INITIAL CONDITIONS.
€ .. _THE PROGRAMMER MUST WRITE A SUBROUTINE CALLED DERIVE WHICH e
c CCMPUTES THE CERIVATIVES AND STORES THEM
€ . _THE ARGUMENT LIST 1S SUBROLTINE DERIVE(XsNsY,YPRIME)
0003 IF{INDEX) 54551
6004 . _1D0.2 I=1yN . L ! o
0005 WL(I)=H*YPRIME(I])
0006 2 2(1)=y (1)t lW1(1)%.5) — - - —
00c7 A=X+0. E¥H
0008 CALL DERIVUAsNyZ,YPRIME)
0009 DC 3 I=1,N
0010 . W201)=H*YPRIME(I) _
0011 3 Z(I)=Y(I)+.5%W2(1)
0012 o ASX+0.5%H_ e e S
0013 CALL DERIV(AN,Z,YPRIME)
0014 - L0 4 I=1,N -
0015 W3(I)=HxYPRIME(T)
"o00l6 S F5 SEL7S SFIETE P R
0017 A=X+H
0018 . CALL DERIVIAGNGZGYPRIMEN s oo R
0019 DO 7 1=1,N
0020 o WA(I)=HEYPRIME(I)
0021 T V(I =YD+ (((2.% (W2 (1) +W3 (1) D) +WLLTD+Wa (1) )/6.)
0022 Ll X=X4H ,
0023 caLL DERIV (XsNy Y, YPRIME)
0024 010 £ S R
0025 5 CALL DEPIV(XsNyY,YPRIME)
0026 G INDEX=1.. . . . . -
0027 & RETURN

Qo028 ... END.. . .
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0001 SUBROUTINE DERIVRIS,A,Y,YP)
Qo002 . . DOUBLE PRECISICN AQ,BC,CCyCQ
0003 COMMON /STOREL/INC{30),INDT(304,NOVIK{(30),IS(30}
1 /STORE3/AF{30),AT(30) +A2(30),AHG(30),ATG(30)4U(3 (s, 30),
A ALG(30,30)
3 /CONST1/P2I1,GRAyALsA24A3,A4,CD,TURBFyUC+ByTP+ETs1P, EHs WPy
4 MGyMGl CFRL yALV,CPAJANGo 1L, ITHP,ENTRAN
- /CCNST3/AC,BQ,CQ,4DQ
6 /STORES/CI(30),U0(30),TO(30),H0{30),80(30)
0004 DIMENSION Y(8),YP(8)
DETERMINE AMBIENT CONDITIONS
0005 TPK=TP+273.16
Qo006 TOK=TO(ITHP)+273.16
0007 DO 88 1=2,4MG
0008 IFLY(7) .GT. AZ(I)) GC 710 88
0009 dAI=1I-1 .
0010 CZ2Z=Y(T7)=-8Z2(11)
0011 TA=AT{II}+ATG(1])*C2L
0012 HA=AH(II )¢#AKG(IT)%*CZ2
0013 UA=AUCITHP, I1)+AUGIITHP,11)*C27
0014 TG=ATG(11])
0015 HG=AKGI(ITd
0016 GO TC SO
0017 88 CONTINUE
0018 DZ1=Y(74=AZ(MG1)
0019 TA=AT(MG1}+ATG(MG1)*[D2Z1
0020 HA=AH{MG1)+AHG(MG1)%xD2Z1
0021 UA=AU(ITHP MGLl 2+ AUGUITHF ,MG1¥%DZ1
0022 HG=AHG(M¥GL )
0023 TG=ATG(NMG])
0024 S0 TAK=TA+272.16
0025 UP=UA%*TURBF
DETERMINE MOMENTUM,TRAJECTCRY ANC VELOCITY CF PLUME
0025 PM=SQRT(Y(2)xY(2)+Y(3)*Y(3))
0027 PCOS=Y(2)/FM
0028 PSIN=Y(3)/FM
0029 IF(PCOS NE. 0.) GO TC &6
0030 ANG=90.
0031 GO TO 8%
. 0032 85 ANG=ATAN(PSIN/PCCS)*180./PAI
0033 85 SIGN=1. '
0034 IF{FSIN LY. Oo.) SIGA=—-1.
0035 APSIN=ABS(FSIN)}
0036 SY=PSIN*Y(1ls
0037 UC=pPM/Y(1)
0038 U=UC=UA*PCOS
0039 SPM=SQRT(FAI*PM4
0040 B=Y{(1)/SEM )
0041 USU=UC*P AT *B*B
0042 PMC=CD*B*UAXUA*PSIN*PSIN
0043 Y4=Y(4}/LSU
0044 Y5=Y{5)/LSU
0045 Cl=ALV/CPA
0046 C2=Y4+TA+C1*x(YS5+F2)
C3=Y5+HA

. TO ASSUME THE PLUME IS SATURATED AND CALCULATE THE SATUR ATED PLL
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0048

0049
0050

0051
0052
0053
0054
0055

0056
0057
0058

0059

0060
00¢1
0062
D0é3
0064
0065
0066
0067
0068
0069
.0070

0071
0072
0073
0074
0075
0076
0077
0078
0079

C

c

19
.178

99
10

C-15

DERIVR DATE = 6/07/717 15:27:

HUMIDITY AND TEMPERATLRE

CALL ITER(TPKshP,EST4C1,C2)

TO CETERMINE THE PLUME LIQUID PHASE MOISTURE
WP=(C3-+P

IF(WP «GT. 0.} GC TO 79

DRY PLUME

WP=0,

HP=C3

TP=TA+Y4

TPK=TP+273.16

GO 1D 178

WET PLUME

TP=TPK-273.16

ET=TP-TA

EH=KP=HA

T0 CETERMINE ACIABATIC LAPSE RATE
GAMA=FGAMA(TAK - A}

DETERMINE PLUME ENTRAINFENT

RT=TPK/TAK '

PER=2,%PAI*B

IF(RT .EC. 1<) CGC TO S9
FRL=UC*UC*TPK/(GRA*TCK*ABS(RT-1. )*B)

IF(FRL «GTe CFRL) GO TC 9

Al2=0.,11¢

GO YO 10

Al2=A1+A2%APSIN/FRL

60 TC 10

Al2=A1"

ENTRANZPER*(A12%2BS{U)+A32UA*APS IN*PCOS+A4*UP)
EQUATICNS CF 'CCNSERVATICN OF VOLUME,MCM. ,ENERGE AND MJI5T. FLUXES
YP{1)=ENTRAN*RT
YP(2)=(UA*ENTRAN+PMC*ZFS IN) *RT
YP(3)={RT=1.~WP)*GRA®LSL/UC-SIGN*FMC*PLOS*RT
YP(4)==(TG+GAMA}*SY

YP(5)=—HG*SY

YP1&)=PCCS

YP{T7)=PSIN

RETURN

END
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0001 SUBROUTINE DERIVS{SyN,Y,YP)
0002 DOUBLE PRECISICN AQ,BC,(C,D0Q
0003 COMMON /STCREL/INC(30),INDT{30),NOVIK(30),1S(3C)
1 /STORE3/AH(304,AT(304,A2(3C)yAHG(30},ATG(30),AUL50,301,
A ALG(30+30)
3 JCONST1/PATyGRA,ALy A2 ,A3,A4,CD,TURBFyUCsBsy TP ETed Py EHy WF»
&4 MGyMGLl yCFRLZALVSCPAJANG, IC, ITHEPLENTRAN
5 /CCNST3/72¢,BC»CQ,CQ
6 /STORES/CI(30),UC(301,TO{20),H0O(30),W0(30)
0004 DIMENSICN Y{8),YP(8)
0005 TPK=TP+273.16
C DETERMINE AMBIENT CONDITIONS
0006 TOK=TO(ITHP}+#273.16
0007 DO B8 I=2:MG
0008 IF(Y(7) oGTe AZ(I}d GC TO 88
0009 B 11=1-1
0010 DZZ=Y{7)-AZ(11)
0011 TA=AT(I1)+ATG(I1#%C2Z
0012 HA=AR{IT)+¢AHG(IT)*DZZ
0013 UA=AU(ITHP,I1 ) +AUG(ITHP,I11)*C22
0014 TG=ATG(I1s
0015 HG=AEG(11)
0016 60 70 90
0017 88 CONTINUE
0018 DZ1=Y(T7)=AZ{NMG1)
0019 TA=ATIMGII¢ATG(MGL %021
0020 HA=AH{MG1) +AHGIMC1)*DZ1
0021 UA=AU(ITHP 4MGL1) +AUG({ ITHF ,MG1)*DZ1
0022 TG=ATG(MG1l
0023 HG=AHGI{MG1 )
0024 90 TAK=TA+273.16
0025 UP=UA*TURBF
c " DETERMINE MOMENTUM,TRAJECTCRY AND VELOCITY CF PLUME
0026 PM=SQRTIY(Z)*xY(2)+Y(3)xY(3)}
0027 PCOS=Y(2)/FM
0028 PSIN=Y(3)/FM
0029 85 SIGN=1.
0030 JF(PSIN «LT. 0.} SIGN=-1.
0031 APSIN=ABS(FSIN)
. 0032 SY=PSIN%®Y (1}
0033 UCc=PM/Y(1)
0034 U=UC~UA*PCOS
0035 B=Y{10%Y(1b/(2.%FM)
0036 . USU=2.*B*UC
0037 PMC=CD*UAXUA*PSIN*PSINXC.5
0038 Y4a=Y{(4)}/LUSU
0039 Y5=Y(5)/LSU
0040 - Cl=ALV/CPA
0041 C2=Y4+TA+C1%(Y5+}2)
0042 C3=Y5+HA
C TO ASSUME THE PLUME 1S SATURATED AND CALCULATE THE SATUR ATED PLUNE
-C . " HUMIDITY AND TEMPERATURE
0043 CALL ITER(TPK,HP,EST,C1,C2)
C TO CETERMINE ThE PLUME LIQUID PHASE MOISTURE
0044 WP=C3-HP

0045 . JF(WP .GTe 0.) GO TO 79
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C DRY PLUME
. 0046 .. WP=0, U
0047 HP=C3
0048 TP=TA+Y4
0049 TPK=TP+273.16
0050 GO 7O 178
c WET PLUME
0051 79 TP=TPK-273.16
0052 178 ET=TP-TA
0053 EH=HP-HA
c TO CETERMINE ACIABATIC LAPSE RATE
0054 GAMA=FGAMA(TAK,HA) \
C DETERMINE PLUME ENTRAINMENT
0055 TPK=TP+2173.16
0056 RT=TPK/TAK
- 0057 . ~ ENTRAN=2,%{0s198%ABS{U» tA3*UAXAPSIN*¥PCOS tA4XUP
c
0058 YP{1)=ENTRANXRT
0059 YP{23=(UA*ENTRANSFMC*ZPSIN)*RT
0060 YP(3)=(RT-1.~WP)*GRA*LSL/UC-SIGN*FMC*PCOS*RT
0061 YP(4)=={TG+GAMA)*SY
0062 YP{5)=~HG*SY
0063 YP(£}=PCCS
0064 YP(T)=PSIN
0065 RETURN
0066 . END

c-17

DATE =

6/07/77

15:27:

EQUATICNS OF CCNSERVATICN OF VOLUME,MOM.,ENERGE AND MOIS 1. FLUXE§



C-18

FORTRAN IV G LEVEL 20.7 VS DERIVE DATE = &/07/77 15:27:
0001 SUBROUTINE DERIVE(S/N,Y,YP)
0002 DOUBLE PRECISION AQ,B(,CGC,LCQ
0003 COMMON /STOREL1/INC(30),INDT{30),NOVIK(30),15(30)
1 /STORE3/AH{30),AT(304,AZ(3C),AHG(30),ATGI30),AU(3 0,30},
A AUC(30,3C)
2 /STCRE4/A(30)481(30),82(3C},BXZ(30),BY(30),PMCUS{30¢,
3 P¥SIN(30),DW(30),NBV{30),NEV(30),NCVI30Q)
. 4. JCONST1/PALlsGRAS AL, A24A3,A49CDsTURBFZUCBsTPETsrd Fy EHs Fy
5 MGyMG1sCFRL yALVyCPAJANG, ICy ITHPSENTRAN
6 JCCNST3/2C+BQ.CQLCQ
7 ) /STORES/CI(30),UC(30),TO(30},HO(30)+wC(30)
0004 DIMENSION Y(8),YP(8)
0005 TPK=TP+273.16
c DETERMINE AMBIENT CONDITIONS
0006 TOK=TO(ITHP)+#273.16
0007 . ......DO BB I=2.MG
0008 IF(Y(7) .GT. AZ(I)) GC TO 88
0009 I1I=1-1
0010 DZZ=Y(7)~-AZ{11)
0011 TA=AT(II )+ATG(II ¥%D22Z
0012 HA=AH(IT )+ ARG(IT)*DZZ
0013 UA=AUCITHP,I1)+AUGIITHP,IT)%CZZ
0014 TG=ATG(II}
0015 . HG=AHG(I1)
0016 G0 70 SO
0017 88 CONTINUE
0018 DZ1=Y(7)=22(MG1)
0019 TA=AT(MG1)+ATG(MGL)I*D21
0020 HA=AH{MG1 ) +AHG(NMG1i*CZ1
0021 UA=AULITHP 4MGL )+ AUG{ TTHFMG11%DZ1
0022 TG=ATG(MG1)
0023 HG=AKG(MG1}
0024 S0 TAK=TA+273.16
0025 UP=UA*TURBF
C DETERMINE MOMENTUM,TRAJECTORY ANC VELOCITY OF PLUME
0025 PM=SQRTIY(2)*Y(2)+Y{3)*Y(3))
0027 . PCOS=Y(2)/FM
cozs PSIN=Y(3)/FM
0029 IF(PCOS .NE. 0.) GO TC 86
0030 . ANG=90.
0031 GO TO €5
‘0032 86 ANG=ATAN{PSIN/PCCS)*180./PAI
0033 85 SIGN=1.
0034 IF(PSIN .L7. 0.} SIGN=-1.
0035 APSIN=ABS(PSIN)
0036 SY=PSIN*Y(1)
0037 UC=PM/Y (1)
0038 U=UC-UA*PCCS
0039 USU=UCK(ALITHP )% (BL{ ITHP)+B2(ITHP ))+0.5*%PAI*(BL(ITHP)*B1 (I THFP )+
1B2(1ITHP)*B2(ITHP}))
0040 PMC=0.5%CD*JA*UAXPSIN*PSIN®DR(ITHP
0041 . Y4=Y(4)/USU
0042 Y5=Y(5})/LSU
0043 _ C1=ALV/CPA
0044 C2=Y4+TA+C1*(Y5++)

0045  _ . —LC3=Y5+HA
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0085
0036
0087

79
178

106
108

104

99

107

TO ASSUME THE PLUME 1S SATURATED AND CALCULATE THE SATUR ATED PLUNM!
HUMIDITY AND TEMPERATURE

CALL ITER(TPK,hP4EST,C1,C2)

TO DETERMINE THE PLUME LIQUID PHASE MOISTURE
WP=C3-HP

IF(wP 4GT. 0.) GC TO 79

DRY PLUME

wWP=0e

HP=C3

TP=TA+Y4

TPK=TP+273.16

GO YO 178

WET PLUME

TP=TPK-273.16

ET=TP=-TA

_EH=HP—-HA

TO CETERMINE ADIABATIC LAPSE RATE
GAMA=FCAMA(TAK,HA)

DETERMINE PLUME ENTRAINMENT
TPK=TP+273.16

RT=TPK/TAK

PER=2+ %A ITHP}

Al2=0.198

IF(RT .EQ. 1.) GC TO SS9
FRC=UC*®UC*TPK/(GRA*TCK*ABS(RT-1.))
FRL=FRC/BL1{ITHP)

IF(FRL oGT, CFRL# GO TC 106
B12=0.11¢

GO TC 108

B12=A1+A2*%APSIN/FRL
FRL=FRC/B2(ITHP)

IF(FRL .GT. CFRL) GO TO 104
C12=0.116

G0 TO 107

C12=A1+A2*APSIN/FRL

60 7C 107

B12=Al

C1l2=A1

ENTRAINMENT OF TWO HALF ROUND ENDING PLUMES
ENTR=PAT*(ABS(UI*(BL (ITHP)*RB124B2(ITHP)I*CL12) #(BL(ITHP)+3 2( ITHP))

15 (A3*%UAXAPSIN®PCCS+ASL*UF )

ENTRAINMENT OF ThC HALF ROUND PLUMZS AND SLOT JET
ENTRAN=PER*(A12*ABS(U)+A3%UARAPSIN*PCOS+A4*UP) +ENTR

EQUATIONS OF CCNSERVATICN OF VOLUME,MOMe sENERGE AND MOiST. FLUXES
VP 1)=ENTRAN®RT

YP({2)=(UA®ENTRAN+PMC X 2P SIN)*RT
YP(34=(RT=1.~WP)*GRA®LSL/UC~-SIGN*#PMC *PCOS*RT

YP(4)==(TG+GAMA)*SY

YP(E)=—-HG*SY

YP{6)=PCCS

YP{7)=PSIN

. RETURN

END
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0001 SUBROUTINE PHI(IsJRyMeCYPZyNPyNS+IKQ,IKP)
0002 . __COMMON /STOREL/IND(30)sINDT(30),NOVIK{30),15(30)
1 /STORE4/A(30).81(30),B2(30),8XZ(30),8Y(30),PMCOS(30)},
L 2 _PMSIN{30) sDw{ 301 sNBV(30)sNEV(30) 4NCV(30)
0003 DIMENSION PZ{NP4NS),CY{(30)
I £ . TO CALCULATE THE ANGLE OF THE INCLINATION OF MERGED PLUME (PHI)
C0C4 TJR=INLT (JR)
-00C5 _IM=INDT(M) - e+ e I
0006 IF(IJR NE. IM) GO TO 1
0007 —  _ IF{IJR EQa 1 .AND. IM EQ. 1) GO TO 2
00G8 IF{JR +EQe. M} GC TQ 6
oo IFUIJR _EQe 2 oAND. IM .EQ. 2) GO TO 4
Q010. 2 DY=ABS(CY(JRI-CY(M})
0011 D7=ABS{PZAURGIKPI=PZIMZIKQ)) _ _ .. . . ... C e
0012 DS=SQRT(OY*DY+DZ%DZ)
0013 . __FMCOS(1)=D¥Y/DS . .
0014 PMSIN(I)=DZ/DS
Q0015 GO IO S5 — [ L P
0016 1 IF{IJR LNE. 1) GC 10 &6
0017 I PMCOSL 1 )=PMCOSIM) e e
0018 PMSIN(I)=PMSIN(M)
0019 .. . GC TI0 S5 _ - RN
0020 € PMCOS(1)=PMCOS(JR)
0621 .. . . CPMSIN(I)=PMSINIJRY
0022 GO TO 5
.0023. 4 LOSS=PMCLS(JRI*PMCOSIMI=PMSINIJRI*PMSINIM)  _ e e
0024 PMCOStI)=SQRT(0.5%({1.+C0SS))
0025 - PMSIN{I)=SQRT{0.5%(1.=C0SS}]) .
0026 € RETURN

0027 — .. _END




Cc-21

FORTRAh IV G LEVEL 20 7 v< ITER DATE = 6/07/77
0001 SUBROLTINE ITER(TPK HPsEST4C14C2)
0002 . .. JS8=373.16/TIPK . __ . __.
0003 T=la=TS
3004 EST=1013.25%EXP{113.3185-({1.576+({04644540.1299%T )*T)*T7T)*T}
0005 ES=0.622%EST
0006 ___ L HP=ES/(1013.25+ES)
00C7 FTIPK=C2~-C1*¥HP+273.16-TPK
0008, o IFAABSAFIPK) Ll T. 0.01}) RETURN.
0009 DST=(13.3185~({3.952+({1.9335+0.5196*T )*T)*T)*TS/TPK
0010 . _ FIPKD=—1.+C1%*HPADST*{HP~-1.]
0011 TPK=TPK-FTPK/FTPKD
0012 e GO TO 1
0013 END

14:32



FORTRAP\ IV G LEVEL

c-22

20.7 VS  FGAMA o DATE = 6/07/77 14:32

0001 FUNCTICN FGAMA(TAK,HA)
. .-L —T0 DETERMINE _ AD.[ABAI.IC__LAPSE RATE

0002 T=1.-273.16/TAK
0003 EST=EXP(({13.3185-(129764{0.6445+0.1229%T)*T)*T)*T)
0004 ES=0.622%1013.25%EST
0005 HAS=0495*ES/ (1013.25+4ES)
0006 IF(HA .GE. HAS) GC TC 1

oL _DRY_ACTAEATIC LAPSE RATE . L=
0gQ7 FGAMA=0.GCS76
0008 e 60 102 . - .
0009 1 RESP=EST/TAK

e _SATURATED .ADIABATIC LAPSE RATE

0010 FGAMA=0,0CS576*%(1.+5420.%RESP)/(1.+839C000.*RESP/TAK]}
D001y 2 RETURN ____. e —
0012 END




C-23

FORTRAN IV G LEVEL 20 7 VS

SDLUTN

DATE 6/07/777 14:32:

0001 SUBROUTIAE SOLUTN(PX'PYyPZ PQvPMXpFMZ.PG,PF PUyPENT,PS,PA,PB,PLOS,
e s e 3P SIN P T e PET s PHIPEH s P s PANS PDIL s PCoCYsYsYPsSs1sJs NPy NS)
0002 CCMMON /STORE4/A(30),B1(30),B2(3C)sBXZ(30),BY(30),PMCOS(30),
1 . FMSINAL30) +DW (301 +NBY(30),NEV{30)},NCV(30)
2 JCONST1/PATl yGRAYAL,A24A39A43COyTURBFsUCIBsTPHET4HP4EHe WP,
— - ,3 - J&.G.MGI' CFRL 'ALV 'CPA'ANG'IQ'ITHP'ENTRAN
4 /STOREL/IND(30),INDT{30),NOVIK(30),1S(30)
0003 DIMENSION PXANPGNS) 4 PYINP NS PZINP sNS) 4PQINPJNS) PMXINP,NS), -—
LPMZINPyNS) yPGINPyNS) yPF(NPsNS) s PUINPyNS),PENTINPsNS)y PSINP,NS),
U _2PAINP ¢ NS) o PBUANP4NS} s PCOSINP 3sNS) ¢+PSINIANP NS} o PT(NPsNS) ,PETINP,NS )},
BPH(NP¢NS) s PEHINP¢NS) sPWINP ¢4NS) s PAN(NP ¢NS) yPDILUNP,NS) »CY{(30)+Y(8),
S 4YP{B) 4 FCANF(NS) .
0004 PXIIJd=YLE)
0005 PZ{ls,43=YLT) e e e -
0006 PY(I,J)=CY(])
0007 . .- PQUILIIsYLY) N
0008 PMX(1,4)=Y(2)
0009 L PMI(1,3)=Y{3) . _— -
0010 PG(I,J)=Y(4)
0011 PF{]l,31=Y(5) z - [ [
0012 PUlT s J)=UC
0013 - -PENT{]9J)=ENTRAN . -
0014 PS(I,4)=S
005 . - . o PA(Y G d¥=A(YY
016 PCLI N )=BXZ(1)
D017 PRI, J)=8 _ - .
0018 PCOS(I,J)=YP(6)
0019 - L PSIN{IsJdI=YPLTY —
0020 PT(I,J4)=TP
0021 e PETL L 4 =T — - —
0022 PH{I,J)=HP
0023 PEH{IJ)=EH - e
0024 PW{IyJ)=WP
. 0025 L PANLI,J)= - —— — ——
0026 PDIL(I,Jdd=Y(1)/PCH(I,1)
0027 . _ —RETURN . R
0028 END




C-24

FORTRAN 1V G LEVEL 20.7 VS  CHKNWP " " DATE = 6/07/77 14:32:

0001 SUBRUUTINE CHKNWP (P X 4PZoPAyPMX,PMLyPG9yPFyPCOSPSINJPENTPUyPS,PBy
e e e o APAVPT S PET s PHPER s Py FANS PY o POIL o PCsCX o NPy NSy, DERIVRsCY2KE)
0002 EXTERNAL DERIVR
0003 LCOMMON /STOREL/ZINDL30),INLTI30) NOVIK(30),1S5(30)
/STORE4/A(30) 4,B1(301,B2(30)+BX2{(30),BY{(30),PMCOS(30),
PMSINI{30) ,DW(30) +NBVI3C)sNEV(30) 4sNCV(30)}
/CONST1/PAl,GRAy ALy A24A34A4+CDyTURBFoUC,BoTPETHP,EH, WP,
e MG MGLaCFRL 3 ALV CPASANGsIQ: ITHPs ENTRAN —
/CCNSTZ/IL NIT2IKyNIJNIPL
- I _/STORES/DI{30),U0(30),TO(30),HC{30),W0(30)
0004 DIMENSION PXINP¢NS) yPZINPyNS) yPQINP yNS) ¢PMX(NPyNS)sPMZ(NPNS ),
APBUNPsNS) s PUINP ¢NS ) o PFINP¢NS)sPGINP¢NS)sPCOSINP ¢4NS) yPSININP+NS) »
2PENTINPoNS) yPA{INPyNS) PTINF NS} CX(30),Y(8)yYP(B)sPSINP4NS),
3PHINPJNS) s P (NP ¢NS) s PET{NP JNSIsPEHINP JNS) sPANINP gNS) 9 PYINP,NS )y _ _
GPCILINP,NS )y CY{30),KE(30)yPCINP NS}

!
LoV T SR UV N

e S CHELK IF _ANY_ NEW PLUNME AFPEARS
0005 IKK=IK+NOVIK(1}-1S(1)
0006 e IF(PXA1 3 IKK) o1 Te CXANIPL1I}} GG TO_ 19 _ . .. . - R
00C7 NIPP=NIP1
0008 — D022 J=NIPP NP e e S
0009 DS=DI(J1/20.
0010 - — . IF{ABS(CXANIPP)=CX(J)}) LGE. LS) GO 10 22
0011 NI=NI+1
0012 - MRITE(6440)4eIKK _. . .
013 40 FORMAT(IX:'PLUME'«ZX'IBo APPEARS AT NSTEP=',15//)
Ol4 _NII=l — e e Ceem
0015 IS(J4)=1KK
0016 - — . . NOVIK{JI=NOVIK(1)}. . e -
0017 NIP1=J+l
J018 . e INDAIY L
0019 IKS=1
C SET _.IhlIlAL._.CCN.DlI.ILAS__.____ e = o <o e
0020 TP=T0(J)
0021 .. ___ALVSFALVATPY . . R
0022 CALL SETIC(YJ.CX}
00623 . L=0 e —
0024 S=0.
0025 I1THP=J S PSS
0026 30 CALL RUNGSIS, DS:7;Y:YPprDERIVR)
o027 . BXZMS)=B . -
C SCLUTICNS FOR UNMERGED SINGLE ROUND PLUME :
0028  CALL _SOLUTN(PXePYPZ 4PQsPMXsFMZ PG 4PFsPUsPENTPS,PA+PByPCOS+PSIN,
1PT4PET+yPFHyPEH,PWsPANPDILyPCyCY Y9 YP4SyJy IKSyNP4NS)
C CHECKING THE CRITFRICN FOR STCPPING TEE CALCULATION OF THE NEwW . __.
c ISSUED SINGLE PLUME
0029. AFAPZ(J+IKS) oGE. PZAL1,1KKJ}) GO TD 23 . _ —
0030 IF{IKS .GE. NS) GO TC 22
0031 IKS=IKS+#1 . = L.
0032 DS=8*0.1
.0033 AlLV=FALVI(IP) . R . —
0034 GC TO 320
0035 . 22 KE{JI=IKS B R
0036 2 CONTINUE
0037 . — . 19 RETURN . .

0028 END




FORTRAN IV G LEVEL 20.7 VS

C-25

ALIGN DATE = &€/07/77 14'32:*

0001 SUBROUTINE ALIGN(PX:PYVPZvPQyPP‘X PMZyPGyPFsPUIPENTPS,+PA,PB,PC,
I o o APCDS s PSINSPI+PET gPHAFEHs PHoPANSPLILsCY, Y, YPsYS,YSPsYR1,YR1IP,YR2,
2YR2PyDERIVE+DERIVSyDERIVRyS+LCy NFyNS,KE)
0002 EXTERNAL DERIVE.DERIVS,DERIVK
0003 COMMON /STGREL/IND(30), INDT(30),NOVIK(30),1S(30)
1 JCCNST1/7PAl sGRAJALSA2 A3 ,A43CO s TURBFUCsBeTPETsHPyEHs WP,
2 MGyMG1sCFRL ALV CPAJANGIQy ITHP,ENTRAN
e 3. SCCNST2/IL oNITsIKeNIoNIPL . .. _. -
4 /STORE4/A(30) 4810301 +82(30)+8X2(30),8Y(30),PMCOS(301i,
e .5 - PMSIN(30)+DW{30) 4NBV{30)4sNEV{30) 4NCV(30)
0004 DIMENSION PX(NP,NS),FY(NF NS) ¢ PZINPyNS)yPQINP NS} PMX INP,NS),
_ APMZINPeNSI oPGI{NP yNS) oPFINP oNS) s PUINP 4NS) s PENT(NP NS} 4 PSINPyNS},
2PA(NP,NS )y PBUINP,NS) yPCINPyNS)yPCOSINP ¢NS)+PSININP,NS) 4PTI(NP,NS),
— _3PET(NP JNS) yPHINP¢NS) s PEHINPIAS) o PH INP ¢NS) o PANINP NS ), PDIL (NPsNS 1,
4CY{30):,Y(8), YP(B)yYS(B)yYSP(8)sYR1(8),YRIP(B) 4YR2(8),YR2P(8B]),
P — S -.-BKE{30) e —
0005 I11= IK+NOVXK(1) 1
Lo06 ___  PXMAX=PX{l.1}) -
0007 OC 1 I=1,NI
..D008 IM=IK+NOVIK(I)=1S(1] o .
0009 IF(PXMAX oLT< PX{IsINM)) PXMAX= PX(I:IM)
~0010 . — . _1 CCNTINLE — — -
0011 DD 2 I=1,NI
Q012 - ~IF{INDLT) LT. 1) GO TO 2
0013 IM=IK+NOVIK{I)-IS(])
. 1 11 IF(IM_.GE. NS} GO TI0 2 e e e e
o0Y15 DS=PB(I,IM)*0.1
0016 - . . IF{{PXMAX=PX{I14IM}-DS) _.LT. 0.3 GO TOQ 2
0017 IM=IM+1
0018 . S IFLINDC(I) <6T. 1) GO TG 8 —
0019 IF{IM .GT. KE(I)) GO 7O 8
0020 BilLI1)=PB(I,IM]). e e i e PR
0021 B2(1)1=PB(],1M)}
0022 o BXZ{II=PBULILIMY B T —
0023 BY(I)=FPB(I,IM)
0024 - PCAT IM)=PBLLLIM).
0025 GC TO ¢
Q00286 B _1THP=I - [ [
0027 IKT=1IM
0028 CALL RESETI( I IKT 4DSsSsNPyNSsCY Yo YPYSeYSPsYR1,yYR1P,YR2,YR2P, __
1DERIVEIDERIVS+DERIVR ¢PX 4 PZyPCePMXy FMZ PGy PFyPCOS+PSINJPENTsPU,PB,
e P2PAPTLPETLPEH,PH,LC)
0029 CALL SOLUTNIPXsPY,PZ P2, PMX:PHZvPGvPFvPUyPENT PS, PAvPB,PCOS,PSINy
_1PTPET (P PEHG PR PANPDIL ¢ PL LY oY o YPLSoIo IKToNPSNSY o .
0030 9 NOVIK(I)=NOVIK(I)+1
Q03 00 G I0 1Y S - JE _
0032 2 CONTINUE
0033 e —— RETURN J— - -
0034 END




C-26

FORTRAN IV G LEVEL 20.7 VS . FLHERG 7 DATE = 6/07/17 142322

0001 SUBROUTIN‘ PLMERG(PX;PY,PZ,PT PETyPHePEHPW PA,PB,PAN,PDIL,PCOS
- o 1PSINSCY s NP NSy KEs MGP A2, MGST1,PC 4 LCHK,PU)

0002 COMMON /STCREL/IND(3Q)+INDT(30) +NOVIKI(30),15(30)
/STORE2/MP(301+MS(3C)11IP{30)
/STCRE4/A(30)+B1(30),82(30)+8XZ{30),BY(30),PMCOS(30},

PMSIN(301} sDW{30) +NBV(30)sNEV(30},NCV(30)
/CONST1/PAlGRAyALyA24A39A4sCDsTURBFyUCsBeTPyEToHP sEH, WP,
— MG MG] LCERLGALYCPALANG, 1Qs ITHP, ENTRAN R
JCONST2/ILWNIToIKsNI4NIP]

0003 DIMENSION PX(NP4NS)}sPZ{NPsNS),PBI{NP,NS},PCOS(NP,NS},PXI(30),

1PYI(30),PZ1(30),PBI{30)4PCCSI(30)+CY(30)9IRE(301+4PSININPsNS]),

,m\y;#~m_7ﬂﬁ,ﬂwfﬁ2PSINI(BOJ. EL30),PYANPNS);PTINPSNS) sPETL{NP NS} yPH(NP,NS},

BPEH(NP ¢NS) ¢ PHINP NS ) ¢PAINP 4NS) ¢ PANINP,NS) » PDIL(NPyNS) +MGPA2(30),
—_ 4MGST1(30) 4, PCUNP 4NS)»B11130) ,B821430),B8X21{30},BYI{30)+AI(30}), . ___
SLCHKI{30)sPUINP,NS)
L . - REARRANGE THE TRAJECTORIES OF THE -EXISTING PLUMES L

t

i

!
obndp b

0004 NJ=0

~0C0s5 DO 101 _1=)14,0N1_ e [
Q006 IFCIND(T) - 1)101,102.102

_00017 102 I1SC=IK#NOVIK(I)}=1S41]) e . e
0008 NJ=NJ+1

0009 — — _PXI{NJI=PXLILISC) - —_— B —
0010 PYTINJ)I=CYI(I)

0011 PZIINJII=PI LISy e
0012 PBI(NJ)I=PB(],ISC)

0013 PCOST{NI)=PCOSII,15C) _— — e
0014 PSINI(NJ)=FSIN(I,ISC)

0015 ATINJ)=ALIJ) N - -
0016 BlI{(NJ}=B1 (I}

0017 ~B2IANJI=B241) G e -
0018 BXZI(NJI=BXZ{1) :

0419 SYI(NJI)=BY(]1]) e e e [
0020 IRE(NJ)=I

0021 101 CONTINUE - - e e e e S —

C CHECK PLUME MERGING

0022 =0_. _ S -
0023 NIl=NJ-1
0024 DO 103 I=1,,N1I1 S ot e e
0025 J1=1+1 '

‘~002644_~ﬂ__;47~__k00_lDBAJEJJ,LJAQAAAAVV_ﬁmww,””,ﬂ, o e
Q027 PYD=ABS(PYI(I)-PYI(J)])
0028 _PID=ABS(PZI{I)-PZILI)Y . R
0029 PYZ=SQKT(PZD*P2D+PYL*PYD)

0030 SR=BXZIL1}*PCOSI(I}+BXZI{JI*PCOSTLIY . e e
0031 SR2=BYI(1)+8YI(J)

-0032 IF{SR=-PZD}103,10,10 S e
0033 10 IF{SR2-PYD)}103,104,1C4

0034 104 JIF(AI{]) EQ. 0. AND. AI(JY) .EQ. 0.) GO TJO 1 . S
0035 GO TO 106

LDO36 ]l ARFAI=C.5%PAT*(BIT(1)*BII{T1)+BIT(JI*BII(IID . _ . e e
0037 AREA2=PYZ*(BLlI(I1)+B11(J))

-0038 IF{AREA1I=AREA2) 103,106,106 .. __ e
0039 10¢é IL=1IL+1

———— € RECORD THE PAIRS _OF THE MERGEC PLUMES
0040 MPLIL)=IRE(I)

0041 “MS{IL)=IRF(J]) —




C-27

FORTRAN IV G LEVEL 20.7 VS FLMERG DATE = 6/07/717 14:32:
0042 11=IRE(I)
0063 cm—JdJ=IRELJ) . S
0044 INDT(JJI=INDL(JIY)
0045 ~ _INDT{II)=IND(II)
- c RESET IND(II)=2,IND(JJ)=0 FOR JJ>II WHEN PLUMES II AND JJ MERGED
0046 __ INDLJJI=0
0047 1IP(JJ)=IK+NOVIK(JJIDI-IS(JJ)
—0048 _IF{IND(IT}=1) 103,131,113 . . ... S
0049 111 IND(II)=2 ‘
0050 - 113 IIP{II)=IK+NOVIK{II)=IS{II)
0051 103 CCNTINUE
0052 .. . _IF(IL=1)1£4107,4205
0053 205 k=1
0054 206 1=K+l N o —_
0055 DO 200 I=I1,IL
0056 . _IF(MS(KJ.NE.MS(I})GO TO 20C ... .
0057 IF(MP{I)=-NMF(K))204,200,203
0058 203 JF(IND(IJ.EQ.0)G0 T0 200 . .. .. . __*_ S
0059 CIND(1)=0
-0060 TIP(I)=IK#NOVIKIID=ISUT) e
0061 GO TO 200
0062 204 IF(IND(K}.EQ.0)GO IO 200 . . . -
0063 IND(K) =0
0064 —— . 1IP{KI=IK+NOVIK{KI=IS{K) . . : -
0065 200 CCNTINUE
0066 K=Ktl1 , S e
0067 IF(KaLT.ILIGO TO 206
c PLUME MSRGING CCCURS
0068 1C7 WRITE(€,1C€)
0069 108 FORMAT(1X, *RESULTS OF THE PAIRS OF MERGED PLUMES AT MERGING PLACE®
1)
0070 WRITE(€,112) — B . N
0071 112 FORMAT(1X,*NSTEP  NTHP X z Y PTEMP EXCEST®

1,  PHUMI  EXCESH _PLQDMCIST PAVHFWO PCROSEC SLOTLEN PANGLE %y
Z'DILUTN - PVELOD')

0072 8C 109 I=1,1L — . . _ S
0073 INDX=1
0074 LP=MP(1]) et e e+ O
0C75 LS=MS(1)
0076 MT=11P(LP) -
0077 NT=1IP(LS}
00178 MGPA2(4S)=4P_ A : R
0079 MGSTL{LS)=MT
0080 IF(KFE(1S] GT NT) GC T0O 116 e s
0081 LCHK{LS)=1
..0082 KE{LSI=NT [ R L
0083 116 WRITELG6,110)MTyLPyPXALP s MT )y PZILPyMT)4PY(LP ¢MT) 4 PTILP 4MT),

IPET({ P4 MT} 4PH{LPoMI) o PEHULP 4 MT) s PHILPoMT) o PBLLP +MT I PLILPMT ),
2PA(LPyMT ) s PANILPyMT ) +PDILALPyMT) 4PU(LP4MT)

D084 110 FOBMAT {1Xe2{16,1X) a3 (FRa2,1X)32{FTa2s1X0e3iFBa5s1X)+6{FTa2elX)) _
ocss IF(INCX~1)117,117,118

-00856. 117 INDX=2 S

0087 LP=LS

Q088 . MI=NT

0089 GO TO 116

0080 118 WKITELA,119)
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FORTRAN IV G LEVEL 20.7 VS PLMERG DATE = 6/07/177 14:32:,

0Gsl 119 FORMAT(/)

0092 . .. —ACS LONTINUE . _ .

0093 DO 777 I=2,NI

00S4 IF(IND(I)=1) T77,779,779

0095 777 CONTINUE

0096 _ NII=O

0CsS7 1THP=1

0098 - — 777G DO _400_I=2,NP e e e

0099 IF(INDUI))16+400,16

0100 . . __  40C CONTINUE e - - -
c ALL THE PLUMES ARE MERGED WHEN IND{I)=0 FOR 1<I<KNP+l

0101 A - IND(1}=3 - .

0102 1Q=3

0103 NI=1 e e e

0104 ITHP=1

0105 ... ..—— _16_-RETURN e e

0106 ENC




C-29

FORTRAN Iv G LEVEL 20.7 VS RESETI DATE = 6/07/17 19:42:-

0001 SUBPDUTINE RESETI(I,IKT,DS, SvavN51CY'Y7 YP'YS,YSP, YR, ¥X 1P yYR2,
e Y R2E S DERIVELDERIVS 1 DERIVR y FX Py PQy PMX+ PN o PGy PFoPCCSs P INPENT,
2PUyPByPAPT,PETyPEHPW,LC)

0002 - - — - — EXTERNAL -DERIVE,DERIVS,DERIVR . — -
0003 ‘COMMCN /STCREL/INC(30), INDT(30),NOVIK(30),15(30)
e el S STORE2/MP (304 4MS(300,11P (30
2 /STCRE4/A(301,B1(30),82(30),B8XZ(30)4BY(30),PMCISL 30),

—3 —— PESIN{3O0 I+ BN (30 NEBYV(IOIJNEVI(30)I4NCV(30i -
/CONST1/PAT+GRAyALyA2,A3,A4,COs TURBFoUC)B+TPET oA Fy EHy WPy
S MGy MGl 9 CFRLA ALV CPALANGy 1Ly ITHPLENTRAN -
JCONST2/ILNII,IKsNI,NIP]

0004 - ————— DIMENSION FX{NPyNSIyPZLAPIAS) PQUINP NS) o FMXINPyNS)yFML(N Fy NS)»
IPB{NP NS} yPFINPyNS) 4y PG(ANP,NS)+PENTINPNS)IRP(30},C03(32 )y YI(B),

e 2YPL{8) 2 LYL 3B+ PTLNRI NS I PETANE S NS4, PUL NP ASI 9 ¥S(84,YSP(E) 4 - ——
3PAINPYNS) s PCOSINP4NS)4PSIN(INPSNS)YR1(B)},YR1IP(B),YR2(8), Y(ZP(B):

C e — L P EH (NP y NSy PHANP y NS IH{30) - -

Q005 - IK1=IKT=1

[ B

0006 o YALIEPOU I L) e e —
0007 Y(2)=PPX(I,IK1)
-8008 V3R R » e
0009 Y{4)=PG(1,IK1)
0010 Y (SIaPF Iy} —— e S
0011 Y{6)=PX(1,1K1)
0012 oo o YA TI=P AR I
0013 APT=PT(1,IK1)
. 0014 -— LF{IND{I)=2)29,38+30 — S
0015 30 IF(1L)32,32,33
i— ———€ ———RESET INITIALCONDITIENS—WHEN -ANY -NEW PLUME MERGING OCCU §S e
0016 33 IRP(1)=1
0017 ——— 1K= e R
0018 MM=1 -
0019 SRt T e —
0020 M=I
0021 - ———dJR - — e e
0022 MZ=
0023 — ———— —EYMANI=CY{13+BY (1} oo e
0024 CYMINI=CY(1)=BY(I}
8025 ———————— PIMANI =R LT KB X B
0026 PZMINI=PZ(I,IK1}=BXZ (I}
0027 CYMANSCYMANT s e
0028 CYMIN=CYMINI
0029 - PZMAN= PZMAN] S ——
0030 PIMIN=PZMINI
-§031 6356 ~34—datyit e e
0032 IFCIRP(MM)=MP(J1034535,34
~0033 —— 35 -JJerSi) e R
0034 DO 86 NR=1,1JK
0035~ FA I FRPANR I+ £ 67347 E6 e
0036 86 CONTINUE
e G SUMMING—R VOLURE, MOMENT UM ENERCYAND—MO I STURE —FLUXES OF ~T HE ———
c MERGED PLUMES
0037 — TP HNCY B =TS d—
0038 Y(1)=Y(1)4POUJJ, IKP)
0039 - YA 242 YA 2P PM Xy BRP )

0040 Y(3)=Y(3)+PMZ(JJHIKP)

08041 Y-tob- = ¥4+ PGy KP4 ' e e e e e




C-30

FORTRAN IV G LEVEL 20.7 VS RESETI DATE = 6/01/77 19:42:
0042 Y(S) Y(S)#PF(JJ 1KP

D043 e PQ{ T 13 =P LA L J 4R QI 1D

0044 APT=APT+PT(JJ,IKP)

0045 S—TIK=TJK+1 - - - :

0046 IRP{TJIKI=JI

0047 — ———— ——CYMANC=CY{JJI+BY(JI)} —

0048 CYMINC=CY(JJII=-BY(JJ¢

-0049 PIMANC=R L ddy TP+ BXEAdd) . e
0050 PIMINC=PZ(JJ IKP)=BX2Z(JJ)

0051 - e o — I F{INDT{Jd) —=ETo-13-60 TO 401 - — -

0052 IF(INDT(1)=2) 401,400,4C1

0053 400 -IF{IH{1+—9€Ts -2 60 TC-404 - :

0054 IF(CYMANI .GE. CYMANC .AND. CYMINI .LE. CYMINC) GO TO 3+«

—8055 —6G--T0—401 R S
0056 404 IF(PZMANI oGE, PIMANC o£NDs PZMINI .LE. FZNMINC) GO YO 3%

0057 — 401 1F{CYMAN CE+ CYMANC) GC TO 244 — - -

0058 CYMAN=CYMANC

9059 ———— “—dR=JJ - —— - —_— e
0060 244 IF(CYMIN JLE. CYMINC) GC TO 28
-0061 —CYMIN=CYMING - - -

- 0062 M=JJ

0063 28 FF{PEIMAN < CE+PLZMANCI—6C-TO 26— - -

0064 PIMAN=PZMANC

D065 —— - FRT TP G e e -
0066 26 IF(PIMIN .LE. PZIVINC) GO TC 34
BT PIMIN=PZMING e — B
0068 MZ=JJ

0069 — 34 CONTINUE e e

0070 IF(MM=1JK) 58,5%,59

0071 58--MM=MM+1 e e

0072 GO TO 60 )
-90¥3 —— 59 J (MM} } 3242, £ ES e I
0074 859 APT APT/FLCAT(IJK)
08075 {T1=0 SHPIMANSPIMIN}——— —— — B
C LC C MTANS CLUSTER OF TCWERS; LC=1 MEANS LINE TOWER ARKAY
B0 ——— —JF L L-1 )} 51545724575 o e e
0077 575 CY(1)=0.5*(CYMAN+CYMIN)
8878 &6—F8—-571 : e —
0079 572 IKQ=IK+NCVIK(M)-IS(M)
0086 HKP=IK+NCVHHAIR} ISR} — — i — @ — — —— - e
0081 DCYAI=CYMAN~CYMIN
g2 DPZAT=PZMAN—PZMIN— : e
0083 IF(CCYALD LY. CPZAT) CC TD 402

008 (VI CHHN el TP ZMAN-PIM NI} —EO-FG—4 02— — - - e

0085 TF(CY(M) .EQ. CY(JR)) GC TO 407
6086 EYDZ=ABSHP LMy IKEI=PLAIRyIRPIS —— —
c TO CALCULATE THE ANGLE GF THE INCLINATION OF MERGED PLUME (PHI)

-0087 CALL—PHIHEvdRyMy CYyPLyhFy NSy IKGy IKP) o —

0088 IF(CYDZoNEaO4#GO TO 4C8
89 FHd=2 - e

0050 GO TO 409

0091488 ~FH{ 14=1 ——— — -

0092 409 BL(1)=PB(M,I1KQ)

0093 - —B2( I ImPBAIRIKPY e

0094 IF(PMCOS(I) oEQs Cod CO TO S8

~0665 ———————— A ]} =B A =B B2 PN ES ) o ——— - B




C-31

FORTRAN IV G LEVEL 20o7 VS RESETI DATE = 6/07/77 19:42:
0056 GO TO 573
0097 — 888 -A{])=DP2AI-BI4II=B2{ ) ——— e -
0098 GC TO 572
0099 402 JR=JRZ
0100 M=MZ
o101 - - C IKQ=IK+NOVIK{M)=1S({M)
0102 IKP=IK+NCVIK(JRI-IS(JR)
0163 JFAPZ4IR y IKPA —p EQe—P LIy K@ —68—F0 4T ——————— S —
0104 PZY=ABS(CY(JRI=CY(M))
[T o - TO CALCULATE THE-ANGLE-CF -THE -INCLINATION OF MERGED PLUSE (PHI} -
0105 CAttL PHI(leR'P’C‘vPZ'f\F'NS'XKQ)IKP)
0106 - ————— ——IF{PIY.NE.0.I6C T0- 431 -
0107 IH(I)=3
—o168 — 60 T8 -432 —— ——
0109 431 TH{1)=1 o
0110 — - 432 Bl{I)=PB{MyIKQ} — — — e -
0111 © B2(1)=PB(JR, IKP)
ot12 -~ —— — - IF{PMSIN{I) +EQ.—0O=)—6C-FO-989 — - - R
0113 A(T#=(DPZAT=-BL(TI4=B2(I) s/FMSIN(I S
-0114 -60-T8-573 - - e
0115 989 A{1)=DCYAI-B1(I1)=B2(1)
0136-—-— — -~ G0 TQ 573 - —
0117 407 A(I)=A{JR)
0118 -~ BUTI=BI(IR) = e R
0119 B2(1)=B2(JR)
0120 PMCES{IH=RNGAS{IRY S S P -
0121 PMSIN(I)=PMSIN(JR)
0122— - ———— I H{ IS FH{IR ) - o e e e e —
0123 573 CY(1)=0.5*(CYMAN+CYMIN)
0126 ——— I F(A{1+-sEQe DB $GC—TO38 —— - = -~ - —
0125 GO T0 574
P12 ——— 32 G145 T Iy E I H— e . ——
0127 " 571 IF(IND(I#=2129,41,29
0128 570 1F(A{I1}38438+39 - - - G —
0129 38 A(1)=0.
0130 — — — — —IF{IND{I+=3 440 y41v40 — S
0131 41 1Q=4
8132 FNGH-T = : — o ——
0133 GO TO 29
0134 40-IND{Id=1 e R
0135 GG 10 29 \
Q13639 JR=I— e e
0137 IKP=1K1
6138 'Ll‘ { —— R e e - T———
0139 1KQ=1K1
—774444444v€~——~—kfSE?—%;C~—FBR—¥+E~H*LF*R60NB‘PtUME-Agﬂ**wff' e e
0140 574 BBB=PAI*BL(I*BL(II*ABS(PU(M,IKQ}
BL4l AL VIR FALVAPTAMy KO — —— e —
0142 ALVZ=FALVIPT(JR, IKP))
0143 ——— yR1{}1+=BBB S SR
0144 YR1(2)=BBB*PU{M, IKQ)XPCCS(M, IKQ)
0145 ————— YR IAII=BEBRPU{ M, IKQ) PSS IN(M yIKQD - — -
0146 YR1(64)=BER*(PET(M, IKQ)=ALVI*PW(M,1KQ))
0147 YRI{S}=BBRA(PEHIMyIKQIH+EN( My IKQ) )
0143 YRI(6)=PX{M,IKC)

i‘q MBI 4TI P I LM KD —_—
"‘9 TR ICTI T ey Iy




Cc-32

FORTRAN IV G LEVEL 20.7 VS RESETT DATE = 6/01/17 19:42:
c RESET 1.C. FOR THE HALF ROUND PLUME
—0150—————— ——BRB=PAIRBHIIEE2LIIRABS{PULJIRYIKPI) — - - -
0151 YR2(14=BBB
0152 -~ - - - YR242)=BBB*PU(JR,IKP)*PCOS (JR,1KP)
0153 YR2(3)=BBB*PU{JR,IKP )} #PSIN(JR, IKP)
0154 ——— o - - YR2{4)=BRB*(PET{JR, IKPI~ALV2*PW(JRyIKP )
0155 YR2(5)=BBB*(PEH(JRs IKF ) 4PW(JR,IKP))
0156 ¥R 246 =PX IRy IKPD —_— e e ——
0157 YR2(74=PZ{JR, IKP}
G RESET-1.C+—FOR--THE-CENTRAL -SLOT JET
0158 YS(1)=(Y(1)=0.5*(YRLCL)+YR2(1é o0 /ALY 4
0159 ——¥S(24={Y42)=0. 5% LYRI{23+4YR2(2) )} /A1)
0160 YS(3)=(Y(2)-0.5*{YRL{3)+4YR2(3))) /A1)
61 B B B S A N T O T —
0162 _ YS(SH=(Y(54-0.5*(YRI(E04YR2(51 40 /A(1}
0163 ~ —————— —¥S{6I=NLE) — - —— — - —
0164 YS(T)=Y(7)
© G CALCULATE -NEW -HALF WILTH-AND-VELB, OF THE-HALF RCUND PLJME e
0165 L=0
0166 ————— ALV=ALV] - D —
0167 CALL RUNGS(S,;DSs5sYR1,YR1P,L ¢DERIVR)
0168 —-— —— - CALLRUNES{STBS 759 ¥RIJYRIP LA DERIVRY - - , -
0169 BR1=8
Q170 ——— —— — YR ISYC— - e m = e e . —
0171 $=5=-DS
——p G CALGULATS NEW—HALF—WEETA—ANDVELC~OF -THE—HALF—ROUND PLJ M —
0172 L=0
0173 ALVeALY2 — : - S
0174 CALL RUNGS(S,DS+5,YR2,YR2P L ,DERTVRS
0175 —————— — —CALL-RUNGS{SyDSySyYRZyYR2PyLyDERIVR) - -~ - : e
0176 BR2=8 ~
-~ S e P . —
0178 $=5-DS
L ——CALCULATE -NEW -HALFWILTH-AND VELO. OF THE SLCT JET e
0179 L=0
0180 ALVEFALVAAPT o e
0181 CALL RUNGS(SyDS,59YSyYSFsL,DERIVS)
B8 CALLRUNGS{ Sy By Sy ¥Sy ¥ SRyt DERIVS § —— e
0183 BS=E
0184 ——- US=ucC - . e
0185 © §=S=DS
L GALGULATE-MERGECPLUME-wITH THE _MODI.F1ED -PLUME -SHAPE OET ERMINED C
c THE PREVICLS STEP
186 FI D o p—— b P e st .
0187 CALL RUNGS(S,DS,7,Y,YP,L,DERIVE]
0188 - CALL—RUNGS{SyDSy Ty Yo ¥F L, DERIVE)
c DETFRMINE BL,B2 AND A CF THE MODIFIEC PLUME SHAPE FCR CaLCULATING
& —ENTRAINMENT -AND-ERAG—FCR NEXT-STEP -  —
0189 uu=uc
-8190 — Wbl ' R
0191 Ce1=BR2/BR1
0192 CB2=W+BRIFBR2 — =
0193 CB3=(1, 5707963*(EthBRI*UR1+8R2*ER2*UR2ltz.*BS*H*USo/uU
0164 ————— — —€B4=la+CBL- —— — -
0195 APL=1.5707963% (1. +CBL*CE1)~CB4XC B4

7_61%—_——6,PH D"xlvfﬂDL




FORTRAN IV G LEVEL 20.7 VS RESETI DATE = 6/07/1717 19:42:
0197 CP1=-CB3
- 0198 — —— B IP=B1{I1]) — e

0199 82P=82(1)

0200 s - AP=A(]) — - — -

c THE DETERMINED Bl.az nnc A

0201 ————— BT )= {—BP14+SQRT(EPI*RPI=4 kAP 1 XCPLI 4/ (2,%AF 1)

0202 B2(1)=CB1%*B1(])

0203 A{I}=0B2-CB4*B141) - .
0204 B=(B1(1#+B2{149%0,5

0205 IF(ACIIIGL1E4418y4d9 — o e —
0206 418 A(1)=0.

0207 IFCING{I4=39 42044214420 - - -

0208 421 1Q=4 )

0209 NG I =4 e

0210 GO TO 21

0211 - ——— 420 -IND(1)=1 — e : ——
0212 60 TO 21

0213 - 419 - DY=0.5%{ B2 {1 )=BI14 I+ (B1F=B2P}*A(I }/AP )X ARS{PMCLS(I)) . —
0214 CY(T)=CY(1)+DY

e DETERMINE—SOME—LENGTH—SCALES-FDOR—FHE-USE-CF -MERGING CRITER ION

0215 AL=0.5%{BL(1)+82(1))

C0216——  — ————ALC=AL O S S *PMCES IR T ) —— —— e — e —
0217 . - ALS=AL+0,5*PMSIN(IdI*A(]}

0218 — g Q= FH {1} e e -
0219 GG TO (4114412,413),LC

—0220 —————— 41} -BY{H=0L SRR - SR ——
0221 BXZ(I1)=ALS

0222 GO TJO 416 —— e e e e S
0223 412 BY(1)=ALC

02244-~—~44~n44——sx2(1+-A#Ax1+ei4;4waz4xa)A—A~~~f~ﬂm~~w e e
0225 GO 1O 416

0226 —— 413 —BXZ{I}=ALS — S,
0227 BY(I)=AMAX1(BL(I),B2(1))

0228 ————416-DH{ T I= 25 %BY (14 S ——
0229 60 TOo 31

— c CALCULATE SINGLE ROUNDFLUNE oo o

0230 29 L=0

0231 M V=FARVAPRT N . S —
0232 CALL RUNGS(S+DSs7yYsYFyLsDERIVR)

0233 —GALL—RUNGS{Sy DSy T+ ¥y YFybyDERIVR) -~ ~— . -
0234 Bl(!)-B

0235 2¢1)=g - . e -
0236 BXZ(I)=B

0237 BY4{I)=B ‘ e

0238 31 RETURN

—0239 END- _ —

i
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FURTRAN IV G LEVEL 20.7 VS OUTFUT DATE = 6707777 19: 42-

0001 SUBROUTINE OUTPUT(PX PV'PZ.PT,PET PH.PEH,PhyPA PC, PN!,PUIL:PSIN:
e —— P LC S CONT AV CONT B CONT Ly KE INTPRy FANT N Xy NY s NCONT o N4 o NPy N 8y I Xy DXy -
2D24+X0,2C,PB4PS,PU)

0002 - . - COMMON /STOREL/INC(304,INDT{304,NOVIK(304,1S(30s
1 JCCNTUU/WIDTH, HITE, MORE NCMAP o ICENT 4 NOTICK,HEDN(1 0d o
------------ ——2 ce . LABY(5),LABX(5) - -
3 /STORES/D1(301,UG(30),TO(30),HO(30),W0(30)

D003 DIMENSIGN PXANP NS Iy PN ANy NS )P ZA NP NS} PTUNRy NS ) s PET(N? 4 S0+
LPH{NP yNS) yPEH(NP ¢NS) s PHINP4NSs o PAINP yNS» ,PCINP NSy PANINP, NS,
2PDILANPy NSy PSINANPy NSy PCOSINP ¢ NS, CONTAINXoNY) 5CONTAINWNT) 4y - —
3CDNTC(N4),KE(30)'IX(12)'PB(NPpNS) PS{NP 43NS}, PUINP,NS)

00604 ——— —IF{INTPR »LE2—0+-GG FC20 - — -
0005 WRITE(6,41)
0006 — | FORMAT{IX,IDETAHLED RESULTFSCFRPLUME— L) ——— o
0007 WRITE(E, 294
0008 -2 FORNMAT{I Xy INSTEP —NTHP ~ X ———— — 7 ¥ oo —PTEMF EXCEST
" 1" PHUMI EXCESH PLQDHUIST PAVHFWD PCRCSEC SLOTLEN P ANGLE
e PADTLYTN —RVELOY) e e e
0009 1=1
10 D83 ~d=I+NSvINTPR -
0011 3 WRITE(64241)d914PX{I,J)4PZLT4d), PYH.J) PTH.J).PET(I,J) PH(I¢d)y
S A P EH Iy 33 v PRI 39 PR (I Iy PCUI I Iy PALT v ) yPAN( 103 ) o POIC (L 9d )y ———
2PULLE,Jd4
0012 241 -FORMATAI Xy 241541 X}y 3{F B2y 1X Iy 2{FTa2 91 X1y 3{FB. 5, 1X) 16(FT7 a2 91X) ) —
0013 10 IF(IX(3))15,21,20 ’
POIHT Q- READ{S42ZHE Xy DIy ZE SR
0015 22 FORVAT(4F10.5) )
0016 ———— 24 IF X)L E€) 60 F0- 26—~ - -
o017 REAC(S,zsoHIDTH,HITE,MGRE.NDMAP,ICENT NOTICK
0018 28 FORMATH2FI0:554T4) - - e e -
0019 NCONB=-NCCNT
~0020 ————————— 26 —PET R P MAXA PEFNRy NS K E — e e
0021 PEHC=PVAX{PEH,APASsKE)
-0022 ————— P EWO=P MAXAPRyNP o NSy KE4——— e e
0023 IF(PETC .GT. 0.) GO TC 14
0026————— —— I X{8I1=D-— — — —
0025 PETO=1.
26 R e s —
0027 40 FORMAT(IX.'NO EXCESS TEMP PLOT DUE TC ZERC CR NEGATIVE EXCESS?',
1 TEMPERATUREY) — S
0028 14 IF(PEHC .GT. 0.) GO TC 42
9029 ——— XA 94=0 e e
0030 PEHC=1.
-9031 R FEA6y 43 e
-0032 43 FORP’AT(IX.'NO EXCESS HUMI PLOT DUE TO ZERD CR NEGAT!V: c)CESS'
P —HUMIETTY ) — ——
0033 42 IF(FEHC «GT. 0.) GO TC 47
0034 +X{10}=0 — — — - -
0035 PEWC=1.
9336 MD]IIIL LLA
0037 46 FORNAT(IX,'NO EXCESS LIQUIC PHASE MDISTURE PLOT DUE To LERO JR'.
1 NECATIVEEXCESSHIQUIL-PHASE—MOISTURE ) —————
c DETERMINE GRID D?STRIBLTICN
0038 ———————47-DBO-11 I=l NP — e
0039 DO 11 J=1,AS

-8649 Py =Py HAEH R ——
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SORTRAN 1V G LEVEL 20.7 VS oLTPUT CATE = 6/07/717 19:42:
0041 PZ(14J)=PZ(1,J8/D1(10

0042 —PB{Iyd I =PBAId I /DI ——— o

0043 PC(T,4)=PC(1,J)/D1(1)

0044 PS(1,d1=PS{1,d)/DI{1)

0045 PW(T,J)=Ph(I,J)/FPENWD

0046 e PEH(I.J#=PER(14J4/PEHC

0047 11 PET(I,J)=PET(I,J)/PETC

£048 1=t - - -
0049 IF(IX{I) 4LE. O) GO TC 5

0050 - CALL -GRD2(CONTAyDX+DZyPXsPZyPCoPET4PCOSPSIASNPoNS KEyXJ 92 O9NX oNY)
0051 WRITE(6,21)

0052 31 FORMAT{(1X, EXCESS TEMPERATURE PLOTy//)

0053 60 TO 37

0054 ——— 3 CALL -GRD2{ CONTAy DXy BLyRXy PRIy RCyPEHPLOS+PSININPyNS 9 KE g XJ 3L it X4 NY )
0055 WRITE(6,220

0056 — 32 FORMAT(1Xy*EXCESS—SPECIFIC HUMIDITY -PLOT?,//)

0057 60 TO 37 -

0058 9 CALL-GRD2Z(CONTAyBXyDZyPXyPZyPCyPWyPCOS,PSINy AP yNS,KEy XDy 20 1NX 9 NY)

0059 WRITE(€,33)

0060 —— . 33 FORMATA LKy LEXCES S LIQLIE RHASE_MCISTURE —PLOT 5/ /4 - S
0061 37 REAP(5,30) (HEDN(K)sK= 1,10),(LAEV(L).L 195), (LABX(M) M=l ¢5)

0062 S 30 FORMAT{20A4) ————— —— :

0063 7 CALL CCNTU(CCNTA,CONTE,CONTC, #NXsAYSNCONB, TFAT)

0064 ~ — — 5 I=1+1- ———— -
0055 IF(I- 10)16,17.1=

0066 - ———————16—1F (IX{I3 55+ 8 : — R
0067 17 IF(IX({1))5,5,9

6068  — — ———15 RETURN -

0069

END




FORTRAN IV G LEVEL 20.7 VS FMAX

0001 FUNCTICN PMAX(PT,NPyhAS,KE)
0002 .. . —_ . _DIMENSION PIANP,NS),KE(30)
Q0G3 PRAX=PT{141])

00604 DG 1 I=1eNP

0005 K=KE(I)
0006 . . DC 1 J=1.K
2037 IF(PT(I44) +GTe PMAX) PMAX=PT{I,J}
0008 — 1 CONTINUE :

DATE

coo9 RETURA e e —
0010 B END

6/07/77

14:32



FORTRAN 1V G LEVEL 2047 VS

Cc-37

GRD2 ~ CATE =

14:32:

SUBROUTINE GRDZ(AoprDZoPXvPZ.PB PGyPCOSoPSIN NP yNS+KE+X0+20,1D,

e 14DY -

COMMON /STOREL/IND(3G) 'INDT( E) yNOVIK(BO) +15(30)

DIMENSICN ALIDsJUD)sRM(5)3C(5),ICL403PX{NPyNS)+PZINP+NS)+PGINP4NS),

1PBUNPsNS) + PCOSINP yNS) s PSININP4NS) vKE(30)

. _DbC 210 I=1,.,1C

CO 210 J=1,4D

e 210 AlJed)=0a . e

EO 1 N=1,.NP
DL .1 I=1.NS . L
PX(NyI)d= PX(th)fXO

‘,ng PZ{N,11=PZ{N,1)+10

KX=1
DO_2 N=l.NP S

KY=KE(N}-1

. —IFIKX «GE« KY} 60 .10 2 R

RM{1)=0.
_CA1I=PZANSKX) e

IC(L)=(PX{As KX} =PBINKX})/CX+1. 0005

IC1=PXINKX)/DX+1.00L5

e DO 2 K=KX S KY

IC(2)=(PX{Ne KX} +PBINyKX)I/LX#+1.0005

PB2S=PBINsK+1)*PSIN(NyK+1)

L ICA3)={PX{AyK+1)=PB2S)/DX+1.0005

IC2=PX{N+K+1)/DX+1.0005

1C{4)=IPX{N,K#1}+PB2S)/DX#1,0005 . _____ .. . __

PB2C=PB{N+K+1)*PCOS(N,K+1)
- PBIC=PBANSKI¥PLCLSINYK)} ...
PE1S=PBIN,K}*PSIN(N,K)

—DIZ=PLANGKEL)=PZ{N,KY

DXX=PX{NyK+1}-PX(NyK)

- LCPBC=PB2C-ERIL i R e

DPBS=PB2S~PEB1S

.-—~DS=SQRY{DZZ%LZ1Z+DXX*LXX) . . . S

CB=PB{NsK+1)-PB(N,K)
- DG=PGINKI-PGAN Xt1} .
IF(PSININ)K#+#1) LT. C.) GO TD 101

105 IL=1C(2})+1

e GO TO 112 S

104 IL=IC(3)+]
0040 GO IO 13
103 IL=IC(1)+1

112 RM{3)=(D77+DPRCI/IDXX-NPBS) e

CU3)=PZINK+1)+PB2C-(PX{NsK+1)~ PBZS)*RM(3)

112 0OXPB=DXX+LPBS_ S —

IF(DXPB .EQ. 0.) GO TO 20
RM{4)=(CZZ-DPBCY/OXPB

CU4)=PZIN,K+L1—PB2C—(PX{NyK+1)4PB2S)%RM(4)

20 TE(PSIN{N.,K+1) .FQ. Ca} GO IO 1Q9 . .

RM(2)=-PCLS(NyK+1)/PSIN(N,K+1)

e CA2I=PLANSKE L) =PX Ny K1) *¥RNM(2) . B

109 IR=1C(4)
- IFLIL GT. IR). GO _TD .99

DC 12 I=IL.,IR
JFLl _AGT.1D) G0 IO 12 .

IFLIC(1)=1043)) 103,104,105 e
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FORTRAN Iv G LEVEL ZC 7 \/< R GRD2 CATE = 6/07/77 14:32:
0055 IF(I <LT. 1) GO TO 12
0056 -  __ X=DX*FLCATA{I1=1)_ _ _ __ __ ___ .
0057 IF(I .GT. 1C(3)) GO TO 7
0058 _ZU=RM(3)%X+L(3)
0G59 GO TO 8
0060 . -4 LU=SRM{2)*X+((2)
0061 8 JU=ZU/DZ+1.0001
L00£2 IF(] GTs _1C(2)33 60 TQ0 X0 . - R
0063 IF(T .GT. IC(1)) GO TO 115
0064 - . ZL=RM(3)xX+C(3) o
0065 GO 10 11
D066 . 115 ZL=RM{1)xX+L (1)
0067 GO 7O 11
Q0068 000 10 I =RML4IxX+#L &) e — - e
0069 11 IF((ZL-DZ*FLOAT(JU-1)) .GT. 0.‘ GO TO 12
0070 - . _JL=ZL/DI+1.9999 . ..
0071 IF(JU «LTe JLI GU T0 12
0072 CALL PD2(AsPXyPZyPBePGyPCOSsPSINJRMyC o NPeNSeNeJL o JUyDByDGeDZ Xy
10XX+DZZy14K91D+JD)
0073 12 CONTINUE e e - [
0C74 GL T0 99
~0C15 ——— 101 JFLICH2)=-1C(4)) 12141224123 -
a076 122 IL=1C(2])+1
L0077 .. GC TO0 124 e - [ -
0078 122 IL=1C{4)+]
-no79 o GC J0_125 JE U e
0080 121 IL=1C(21+1
D08l 125 EKM{4)}=(DZ2Z-DPBCI/(DXX+DPBS) . -
0082 Ci4)=PZ(NyK+1)-PB2C- (PX(N:K*I)*PBZS’*RM(‘?)
-0083 - 124 DXDP=DXX-DPBS . . -
0084 IF{DXDP +EC. 0.} GO TO 21
0085 KRM{3)=1D22+DPBCI/OXDF. e e e i e e —
Q086 C(2)=PZ(N, Kfl)+PBZC‘(PX(N.K*I)-PBZS)*RM(3)
0087 o, 21 RML2)=—-PCOSINK+]1)/PSIN(NJK+1) - -
0088 Cl2)=PZINy K+1)-PXUIN,K+1)*RM(2)
0089 . o L IR=IC(3Y I e -
0090 IF(IL «GT. IR) GO TD 99
008} . DN 128 I=11L,1K i ot P,
0092 IF{I .GY. ID4 GC TO 128
0093 0000 IF(1 iT. 1) GO TO 128 - -
C0S%4 X=DX*FLOAT(I-1]}
0095  _  IF(]1 LGT. ICL1)) GO T0 130 L R I
0096 IF(I «GT. 1C(2)) GG TO 132
CLS2 ZU=RM(4)*X+L {4]) . [
0098 GO TO 133
0099 132 ZU=RMI1)EXeCA1Y . .
0100 GO TO 133
0101 - 130 JU=RM(3)%X4L(3) e
0102 132 JUu=2U/DZ+1.0001
0103 IF{] . GI. ICfL42) GO YO 135 . = . .. e eo—
0104 ZL=RM(4) %X+ (4)
L1055 GG T0 136 - R
0106 135 IL= RM(Z)*X*C(Z)
0107 — . 136 IF{LZL-DZ*FLOAT(JU=1)) «GT. 0.) GO TO 128
01G8 JL=ZL/DZ+1.9999

..-Q109 IF(3U LT J1L) GO T0 128 . .




C-39

FDRTRAN 1v G LEVEL 20-7 VS GRD2 CATE = 6/07/177 14:32:
0110 CALL PDZ(A.PX.PZ,PB,PG,PCOS,PS;N RMyCoNPyNSyNyJL»yJU,DByDG+DZy X,y
i e . ADXX e DZZ414KelDeJDY . . .

0lll 128 CONTINUE

0112 GG RM(1)=RM(2}

0113 C(l)r=C(2)

0li4 IC(1}=1C(3)

o115 ' IC(2)=1C(4)

D11e o IL3=1C2 e — e —
0117 2 CONTINUE

o118 . CH=l.

0119 1p=1

0120 . In=20 .

0121 171 IF{ID .GT. iW) GO TO 172
o122  __1W=1D . e e e e - N
0123 ChH=0. '

0124 o 2172 ARITE(6.178) .

Q125 178 FORMAT(1HL)

0126 DO. 662 J=1.dD_ . . e

0127 L=JD+1-J
L0128 662 WRITEL6,3) (AT 1) 1=IPeIW) e
0129 3 FORMAT{1IX,20(F5.291X))

0130 .. IFACH EL. 0.1 .GO IO 173

0131 I1P=1P+20

_0132 . . . __. AW=IW+20 . __

0133 GC TO 171

L0134 172 DO 310 N=1,NP e e e D
0135 CO 310 1=1,NS

0136 - . PX{NsI)=PXUINS,I}=X0_. __ -

0137 310 PZ(N,I1}=PZI{N,1)-20

0138 . .. . RETURN __ . I

0139 END




C-40

FORTRAN IV G LEVEL 20 7 vs FD2 CATE = 6/01/117 14:32.
0001 SUBRDUTINE PD2(AsPXsPZyPByPGoPCOSsPSINyRMyCyNP NSy NeJLsJUsDByDGy
. I 1072+ XeDXXsDZZ 3 14KeiDe dD)

0002 DIMENSICN A(ID,JD) o PX(NPyNS) 4 FZINPyNS},PBINP4NS JyPGINPsNS J,

e IPCOSINPyNS)+PSINI(NP4NS) +RM{5) ,L£5)

0003 DO 1 J=JL, WU

00C4 . IF(J 4GT«_JD) GC TG 1

0005 ) IF{J «LT. 1) GO TO 1

0006 Z=D2%*EICAT {J=1) — . e
0007 POX=PX(NyKI=PX(NyK+1)

0008 — IF(PDX .NE. 0.) 6O I0 5 _ . : L
0CQ9 ' XK1=X

0010 - . __XK=X

0011 ZK1=RM(2)%*XK14C(2)

0012 JK=RM{I)EXK$CLY) .. R
0013 GO YO 7

0014 —— 5 _RMIS)=DIL/OXX._ .. — e
0015 C(5)=PZ(NyK+1}- Px(N.Kﬂ)*RHS)

0016 L CP=1-X%*RM(5) U I
0017 IF(PSINMN(N)K+1) .EQe C.) GO TO 3

0018 XK1={L(2}=CP)/{RM(S)=RM(2)} . e
0019 GO TO 4

0020 — oo 3 XK1=PXANG K+ , - e
0021 4 ZK1=RM({5)*XK1+CP

0022 . _ 7 DXKl=XKl=X__ . . ... . i .
0023 D2Kl1=2K1-1Z
. 0024 DSB=SOERYIOXK1*DXKI4DZKI®DZKA) . . e
0025 IF(PSININyK) .EQe 0.) GO TO S

0026- S IFIPDX wELe—0ed GO TC10 . . e
0027 XK={C{L)=CP}/(RM(5)-RM(1))

0028 e GL I0AY . . e
0029 S XK=PX(N,K)

0030 11 ZK=RM{S5)*XKxLP PO e e
0031 10 DXK=XK~XK1

0032..._ . ._DIK=IXK-IK1l o e . N
0033 TSP=SQRT (DXK*DXK+DZK#DZK )

0034 . __RDSBP=DSB/DSP

0035 XPC=PX{NyK+1 }-RDSBP*DXX

0036 IPC=P7IN,K+1)-ROSRP*LTI7 . e I
0037 DXPC=Xx-XPC
0038 CIPC=Z-1PL U N . .
0039 DSC=SORT (DXPCXDXPC+DZPC*CZPC)

0040 _B=PB{N,K+1)}=RDSBPxDB . S
0041 AN=(1.-DSC/B)*(PG(N,K+1)+ROSBP*DG)
_0042 IF{AN GTa A(l.0)) A{],J)=AN — e
0043 1 CONTINUE

0044 RETURN_ . , R

0045 END




0055

C-41

FORTRAN IV G LEVEL 20.7 VS CONTL DATE = 8/03/77
0001 SUBROUTINE CONTU(AsB,Cs ISEToLIM,NN,IPNT)
0oc2 DIMENSION A(ISET,12,8(1),C(1)

0003 COMMON/CONTUU/WIToHI TE,KEY(4) \HEDN(20) s
* XNINyXNAXsYNINy YNAXyXOFF, YOFFoXSIZ 4 YSIZ 4NCONT ,IFLAG
0004 COMMON/LBLCOM/ITEST o SLBL »STTLsSSCL,STICKL
0005 IF(IPNT.LT.0)} GOTO 999
0006 IF(IPNT.GT.0) GOTO 888
0007 IF(NN.EQ.O) NN=-10 o
0008 NCONT=IABS (NN)
0009 MAX=MAXO{LIM,ISET)
0010 DO 2 I=1,LIM
0011 2 CALL MAXMIN(A(1,1),ISET,CLI),C(LIM+I}]}
0012 CALL MAXMIN(C,LIM®2,YMAX1,YMINL1)
0013 CALL SCALE(YMAX1,YMIN1,TCP,BCT,NCONT,IERR)
0014 IF(1ERR.NELO) GOTO 1000
0015 CALL MAXMIN(B,NCONT,BMAX ,BMIN)
0016 IF(BMAX.LT.YMINL1.OR.BMIN .GT.YMAX1) GOTO 4
0017 1F(NN.GT.0) GOTO 1
0018 4 DELTA=(TQP-BOT)/NCONT
0019 B(1)=BOT _
0020 DO 3 1=2,NCONT
0021 3 B(I)=B(I-1)+DELTA
0022 1 TFUIFLAG.NE.O) GOTO 6
0023 ISET1=ISET-1
0024 LIMl1=LIM=-1
0025 YSIZE=HITE ’
0026 XSIZE=WIT
0027 XMIN=1.
0028 YMIN=1.
0025 XMAX=ISET

- 0030 YMAX=L 1M
0031 YNAX =Y MAX
0032 YNIN=YMIN
0033 XNAX=XMA X
0034 XNIN=XMIN
0035 IF(KEY(2).EQ.1) 6OTO 10
0036 DX=XMAX=-XMIN
0037 DY =Y MAX-YMIN
0038 IF(DX.GT.DY) GOTO 11
0039 DUM=XSIZE
0040 XSIZE=YSIZE
0041 YSI1ZE=DUN
0042 11 YSIZE=AMINL(YSIZE,26.)

0043 DX=AMINL { XSI ZE/DX,YSIZE/CY) L
0044 XSI1ZE=DX*{ XMAX=XMIN)

0045 YSIZE=DX*(YMAX=YMIN)

0046 10 XBIG=1.3%XSIZE

0047 IF(XBIG.LT415.) XBIG=15.

0048 TF(XBIGaGT «50.)- CALL SYSXMX{XBIG)

0049 YB1G=10. e
0050 IF(YSIZE.LE.10.) GOTO 12

0051 YBIG=29. )
0052 CALL SYSPSZ(1)

0053 12 YOFF=0.5%IFIX(YBIG-YSIZE)

0054 XOFF=0.5%IFI X(XBIG-XSIZE)+0.5

XD=XSIZE/ (XMAX-XMIN}

10:14¢
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FORTRAN IV G LEVEL 20.7 VS CONTU DATE = 8/03/77
0056 YD=YSTIZE/(YMAX=YMIN)
0C57 XTOFF=0.1 )
0058 TF(YSIZE.GT.10.) XTOFF=YSIZE*.01
0059 TF(YSIZEeLTw5.+AND.XSIZE &L ToT7o5) XTOFF=YSIZE*.02
006C XTCF F=AMAX1 (XTOFF,.05)
0061 ITEST=]
0062 SLBL=1.1*XTOFF
0063 - STTL=1.2*XTOFF .
0064 SSCL=XTOFF
0065 . STICKL=STTL
0066 IF(KEY(4).NE.O) STICKL=0
0067 SYMS=0.8%XTOFF.
0068 YT =YOFF+YSIZE+XTOFF
0069 IF(YT+STTL.GT.YBIG) YT=YCFF+YSIZE-XTOFF-XTOFF-STTL
0070 XS1Z=XSIZE
0071 YSIZ=YSIZE
0072 IF(LIMJGT.ISET) XSIZ=XSIZ#LIML/ISET1
0073 IF(ISET.GT L IM) YSIZ=YSIZ*ISETL/LIMIL
0074 CALL LABEL(XCFF,YSIZE+YOFFXMINyXMAXyXSIZE,-ISETLy® *y=1,0)
0075 CALL LABEL(XSIZE+XOFFsYOFFY¥IN,YMAXoYSIZE,-LIML o* *,~1,1)
0076 CALL FINDMT(HEDN(16) 4MT16,20)
0077 CALL FINDMT(HEDN(11),MT _ ,20)
0078 CALL LABEL(XOFF ,YOFF o XMA Xy XMINy XSIZE o~ISETL yHEDN(16) 4MT16,0)
0079 CALL LABEL(XCFF,YOFF,YMAX,YMIN,YSIZE,~LIM1,HEDN{11),MT,1)
0080 CALL FINDMT(HEDN,MT,40)
0081 1E(MT.EQ.0) GOTO 6
0082 XBEGIN=XCFF+XTOFF
0083 TF(KEY(3).EQ.0) XBEGI N=XOFF +. 5%XSTZE+(.1-.4286*MT )#STTL
0084 CALL SYSSYM(XBEGIN 9 YTy STTL,HEDNsMT 404 )
0085 € 1DUM1=1
0086 IDUM 2= IDUM1+MAX
0087 IDUM3=IDUM2 +MAX
0088 1DUM4=IDUM3+ MAX
0089 CALL TOPO(AyB,C(IDUML)+C (IDUM2)4C (IDUM3),C(IDUM&) LIM,ISET)
0090 WRITE(6,100) (B(I1)yI1=1,NCONT)
0051 100 FORMAT(* ++ CONTU LEVELS ',8613.5/(1X1P10G13.5))
0092 IFLAG=1
0053 IF(KEY{1).NE.O) RETURN
0094 50 CALL SYSPLT(0ay0.4999)
. 0095 IFLAG=0
0096 RETURN
0097 1000 WRITE(6,10013 YMINL, YMAX1,NCONT
0098 1001 FORMAT(* ** TROUBLES **  MIN,MAX,NCONTOUR = *,2G13.5,15)
0099 RETURN o
0100 888 IDUM1=IPNT
o101 DO 88 I=1,ISET
0102 XBIG=XOF F+(B (1)~XMIN)#*XD
0103 YBIG=YOFF+(A(I,1)~YMIN)*YD
0104 88 CALL SYSSYM(XBIG.YBIG,SYMS,IDUML,~1,0)
0105 L RETURN o
0106 999 XBIG=XOFF#(B(1}-XMIN)%XD e
0107 YBIG=YOFF+(A(1,1)-YMIN)*YD
0108 CALL SYSPLT{XBIG,YBIG,3)
0105 IDUM1=MAXO(LIM,1)
0110 00 99 I1=1,1SET,IDUM]

 XBIG=XOFF+{B{I)}-XMIN )*XD

10:14
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FORTRAN IV G LEVEL 20.7 VS CONTLU DATE = 8/03/77 10:14:
0112 YBIG=YOFF+(A{1,1}-YMIN)}*YD

0113 96 CALL SYSPLT(XBIG+YBIG,s2)

0l1l4 RETURN

0115 END



C-44

FORTRAN IV G LEVEL 20.T VS BLK DATA DATE = 8/03/77 10
00C1 BLOCK DATA

coo02 COMMON/CONTUU/WITHI TEKEY(4) +HEDN(20) +STUFF({93), IFLAG

0003 DATA WIT,HITE+KEY+HEDN/8.,8. 14%0,20%1H /

0004 DATA IFLAG/GC/

0005 END



C-45

DATE

ViCATRsRAZRBy XY s MyN)

8/03/7117

DIMENSION V{ N 41),CNTR{1)},RA{1),RB{1)+X(1).Y{(L)

10:14

XMINy XMAX s YMIN ,YMAX ¢ XOFF ¢YOFF,XSIZ »YSIZ #NCONT

FORTRAN IV G LEVEL 20.7 VS TOPO
0001 SUBROUTINE TOPO(

0002

0003 COMMON/CONTUU/SKUPD(26)

*

0004 SX=XMAX-XMIN

0005 SY=YMAX-YMIA

0006 SMAX=AMAX1(SX,SY)

0007 SMAX1=1./SMAX

00Gs8 SS=SX%*SMAX]

0009 SYS=SY*SMAX]

0010 SSS=0.5%SYS

0011 Yl = SY*SMAX1- ,001

0012 X2 = SX*SMAX1- .001

0013 YCCONV=SMAX]

0014 DELTAX=N-1

0015 DELTAX={XMAX-XMIN)/DEL TAX
gole X{1} = 0.

0017 RB(1) = V{1,1}

0018 DC 27 J=24N

0013 RBUJI=VIJ41)}

0020 27 X(J)=X(J-1)+DELTAX

0021 DELTAY=M-1

0022 DELTAY=(YMAX-YMIN) /DELTAY
0023 Y(1) = 0.

0024 DC 28 J=24M

0025 28 Y(J)=Y(J-1)+DELTAY
0026 DO 118 K=2,M

0027 0O 30 J=1,4N

0028 RA(JI=RB(J)

0029 30 RB (JI1=VIJsK)

0030 DO 118 J=24N

0031 35 ASSIGN 112 TO t

0032 RR=RA{J)

0033 Xx=x{J}

0034 YY=Y{(K-1)

0035 37 RL=RR

003¢ XL=XX

0037 YL=YY

0038 3% IF(RL4LT.RA(J-1}) GOTC 41
0039 40 IF(RL-RB(J))I42+50 +»50
0040 41 RL=RA(J-1)

0041 XLt=x (J-1)

0042 YL= Y(K-1)

0043 GO TO 40

0044 42 RL=RB(J)

0045 xt=x (J}

0046 YL=Y{(K)

0047 50 RS=RR

0048 XS=XX

0046 YS=YY

0050 IF(RS.GT.RA(J-1}} 6GOTO 52
0051 52 IF(RS-RB(J)) 60460454
0052 52 RS=RA(J-1)

0053 XS=X (J-1)

0054 YS =Y{K-1)

0055 60 TQ 52



FORTRAN IV G LEVEL

0056
0057
0058
0059
0060
0061
0062
0063
0064
00¢5
0066
0067
0068
00¢9
0070
0071
0072
0073
0074
0075
0076
co77
0078
0079
0080
oosl
0082
0083
0084
0085
0086
Q087
oogs
0089
0090
0091
0092
0063
0094
0095
0096
0057
0098
0059
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
oligc
0111l

54

60

2062

2065

2063
2064

64

70

71

72

80
81
S1

93

94
97

S6S

10115

5001
5002

C-46

20.7 VS ToPO DATE = 8/03/77

RS=RB{J)

XS=xX (J)

YS=Y (K)

RM=RR

XM= XX

YM=YY
IF (RM=RS) 62,2062,61
IF (XM.EQ.XS <AND. YM.EC.YS} GO TO 62
IF (RM—RL) 70,2065462
IF{XM.EQ.XL <AND. YM.EQ.YL) GO TO 62
GO T0 70

RM=RA(J-1}

XM=x (J4-1)

YM=Y (K-1)
IF {RM=RS) 64,2063,63
IF (XM.EQ.XS AND.YM.EQ.YS) GO TO 64
IF (RM=RL) 7042064+ 64
IF {XM.EQeXL oAND. YM.EQ.YL) GO TO 64
GC T0 70

RM = RBLJ)

Xv=x (J)

YM=Y (K)

YCS=YS*YCONV

YCM=YM*YC CNV

YCL=YL*YCONV

YS=YS~-YMAX+YMIN

YM=YM-YMAX+Y M IN

YL=YL-YMAX+YMIN
XCS=XS*SMAX]
XCM= XMk SMAX1
XCL=XL*SMAX]

NC=1

RC=CNTR(1)

IF(NC.GT.NCONT) GCTO110

IF ( RC «NE. RM ) GO TO Sl

IF { RM .NE. RS ) GO TO $1

IF ( RL <EQe RM ) GO TO 100
IF(RC.LT.RS) GCTC 100
IF(RC=RM) 965 53,94

XPA=XCM

YPA=YCH

G0 1O 99

IF(RC-RL)106,4103,110

Q = (RC-RS)/ (RM=RS)

XPA = XCS~Q*(XCS=XCM)

YPA = YCS-Q*(YCS-YCM)

Q@ = (RC-RS)/{RL-RS)

XPB = XCS-Q*(XCS-XCL)

YPE = YCS-Q* (YCS-YCL)
IF(RC)10115,10116,10116
XPBL=0.5%(XPA+XPB )
YPBL=0.5%(YPA+YPB)

TF(ABS ( XPA-XPB1)-0G1)5C01,+5002,5002
IF(ABS (YPA-YPB1)-.0011100,5002,5002
CALL PLOTZ{XPA,YPA,XPBl,YPEL)

GO TO 100 , .

10:14:



FORTRAN IV G LEVEL

0112
0113
0114
0115
0l1l6
0117
0118
0119
0120
o121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133

10116
5003
5004

100

103

106

110
112

118

C-47

20.7 VS TCPO

1F(ABS (XPA-XPB)-.001)50035,5004,5004
IF{ABS (YPA-YPB)-4.001)10C,5004,5004
CALL PLOTZ(XPA,YPA,XPB,YPB)
RC=CNTR{NC+1)
NC=NC+1
GC TG &0
XPA = XCL
YPA = YCL
GO T0O 9%

Q=(RC=RM)/{RL-RM)
XPA=XCM-Q*x(XCM-XCL)
YPA=YCM=-Q*(YCM-YCL)
GO 10 99

GO TO Lo(112,118)

ASSIGN 118 TO L

RR =RB(J-1)

XX =X (J-1)

YY =Y (K}

G0 TO 37
CONTINUE

RETURN

END

DATE

8/03/77

10:14
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FORTRAN IV G LEVEL 20.7 VS PLOTZ DATE = 8/03/77 10:14:
0001 SUBROUTINE PLOTZ(X1lsY1leX2yY2)

00¢C2 INTEGER EC

0003 LOGICAL*1 L XS

0004 DIMENSION X(2)sY(2)oLXS(1)

0005 COMMON/CONTUL/SKIUP(26) +

* XMINg XMAXy YMINyYMAX ¢ XOFF ,YOFF ¢ XSTI ZE, YSI ZE 4 NCONRT

0006 X{1}=XSIZE *X1+XOFF

00C7 X(Z2)=XSIZE *X2+XCFF

0008 Y(1)=YSIZE *Y1+YOFF

0009 Y{2)=YSIZE *Y2+YOFF

0010 CALL SYSPLT{X(1),Y(1},3)

0011 CALL SYSPLT(X(2),Y12)+2)

0012 RETURN

0012 ENTRY FINDMT(LXS,MTsNBT)

0014 MT=NB8T

0015 DC 44 J=1.NBT

001eé TF(ECILXS(MT),* *).EQ.O0} RETURN

0017 44 MT=MT-1

0018 RETURN

0019 END



FOYN

LOC OBJECT CODE

¢Co000

0C0000
000004
000005
060008
€QoooC
000010

000012
000014

000018
00001C
000020

000024
000028
0C002A
00002E
000032
000034
000038

gC003C

000040
000044
000048
00004C

00004E
000052
0€0053
000059
00005A
0CO0SE

000060
000062

0C0066

CCO06A
00006E

SUPPORT FGR FORTRAN DYNAMIC BIT AND FULLWORD ARRAYS,

47F0
06

C7CSE3ESCSC3

(¢}
SOE 4
184F

1821
5830

5800
8800
5000

4510
0AOA
5010
4130
1813
8A10
4110

5010

98E 4
92FF
41F0
OTFE

47F 0
06

C6D9C5C5E4DT

00
90E4
184F

1821
5830

9801

4111
0a0A

FooC

D0oC

2000
3004
0002
3000
4028

3004
3000

0002
1001
3008

D00C
D00C
0000

FooC

booc

2000

3000

0000

ADDR1

0000C

0000C

00000
00004
00002
00000
00028

00004
00000

00002
00001
00008

0000C
0000C
00000

0000C

0000C

00000

00000

00000

ADDRZ
0000F
00000
00001
00002

00003
00004

00000

00000

0004E

00000

STMT

b
oV NPWN

11+
12+
13+

14+
15
16
17
18
19
20
21
22
23
24+
25+
26
27
28
.29
30

31
32
33
24+
35+
36+
37+
38
39+
40+
41+

42+
43
44
45
46
47
48
49
50
51+
52+
53

SOURCE STATEMENT

X15
X0
X1
X2
X3
X4

GETVEC

FREEUP
FREEUF

EQU 15

QU O

EQU 1

EQU 2

EQU 3

EQU 4

ENTRY F

CSECT

SAVE  (1444),,%
8 12(0,15)
oc AL1(6)

DC CL6'GETVEC?

REEUP

STM  1444,12(13)
LR X4y X15

USING GETVEC,X4 #X4
LR X2 ¢ X1

L X3,0(,X2)

USING ANCHGR, X3 #X3
L X0, DIMEN

SLA  X0,2

ST XO+LENGTH
GETMAIN R,yLV=(0)
BAL le%ts

Sve 10

ST X1, LENGTH+4
LA X3,0{yX3)

SR XL,X3
SRA  X1,2
LA X1s1(4X1)

ST X1y INDEX

PROP X3 #X3
RETURN (14+4),T,RC=0

LM 1444,22(13)

MVI 12013}y X*FF?*

LA 15,0(0,0)

BR 14
SAVE  (1444),,*
8 12(0,15)

oC ALLE6)
tc CL6'FREEUP?

ST™ 1444,412(13)
LR X&4¢X15

USING FREEUP, X4 #X4
LR X2¢ X1

L X3,08yx2)

USING ANCHOR, X3 ¥X3
R, X0y X1sLENGTH

CROP X3 #X3

FREEMAIN RoLV={0},A=(1)
LA 1,0(1)

SvC 10

RETURN (1444),T,RC=0

PAGE 2

ASM 0200 10.13 08/03/77

FREE A DYNAMIC ARRAY,

SAVE REGISTERS.
BRANCH ARODUND 1D

IDENTIFIER

SAVE REGISTERS
SET UP A BASE REGISTER.

(X2)= A(PARAMETER LIST),
(X3)= ACARRAY ANCHOR).

(X0) = DIMENSION OF ARRAY,
{X0)= LENGTH OF ARRAY IN BYTES.

{X1)= A(ARRAY).
INDICATE GETMAIN
ISSUE GETMAIN SVC

(X3)= A(ANCHOR(1}!,

(XL)= ALARRAY(1hi ~ ALANCHOREL):
CONVERT TO ARRAY INDEX WITH
RESPECT TO THE ANCHOR:

ARRAY (1) = ANCHOR(INDEX}.

PLANT INDEX IN ARRAY ANCHOR.

RETURN TO CALLER.
RESTORE THE REGISTERS
SET RETURN INDICATION
LOAD RETURN CODE
RETURN

SAVE REGISTERS.
BRANCH AROUND ID

IDENTIFIER

SAVE REGISTERS
SET UP A BASE REGISTER,

(X2)= A{PARAMETER LIST}.
(X3)= A{ARRAY ANCHGR).

(X0yX1}= FREEMAIN PARAMETERS.

RELEASE THE CORE.

CLEAR THE HIGH ORDER BYTE
ISSUE FREEMAIN SVC
RETURN TO CALLER.

11
12
13
14
15
16
23

00860000
00880000
00900000

01180000
55
56
57

59
60
61

, 62
68800001
69000001

[
Lo
67
* 68
69
70
71

00260000
00640000
00700000
00800000

124
00860000
00880000
00900000

01180000
125
126
127

129
130
131
132
03130018
03140018

64%-0



FDYN

Lac

0C0073
000074
¢cooT8
QC007C
000000
€C0000
000004
0cooo08
cCoo00gs
Q00008

SUPPORT FOR FORTRAN DYNAMIC BIT AND FULLWORD ARRAYS,

08JECT CCDE

98E4 DOOC
G2FF £00C
41F0 0000
Q7FE

ADDRL

0000C
0000C
00000

ADDR2

00000

60008

STMT

54+
55+
56+
57+
58
59
60
61
62
63

64

65

SOURCE STATEMENT

ANCHOR
D IMEN

LENGTF
INCR

INDEX

LM
[4'2!
LA

ER
DSECT
Cs

DS
ORG
cs

bS

EQU

END

1494012113}
L2(13) 4 X*FF*
15,0(0.,0)

14

[
F
ANCHDOR
2F

F

INCR

ASM 0200 10.13

RESTCRE THE REGISTERS
SET RETURN INDICATION
LOAD RETURN CGDFE
RETURN

UNUSED WORD.
BITS/ROW OR # OF FULLWORDS.

LENGTH OF THE ARRAY, BYTES.
BYTES BETWEEN ROWS IN A BIT
ARRAY.

INDEX FROM START DF ANCHOR TQ
START OF ARRAY FOR FULLWORD
ARRAYS,

[

*

AGE 3

08/03/77

00260000
00640000
00700000
00800000
465
469
470
475
476
480
481
482
483
484
486

06-D



