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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 Morton, 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 ale (1969), 

Abraham (1970), Fox (1970), Csanady (1971), Wigley and Slawson (1971,1972), 
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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 ale (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 a1. (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 a1. (1968) and Slawson et a1. (1975) at TVA 

gave field data on plume trajectory and some plume properties. More 

complete data including plume trajectorYJ width J di1ution J and ambient 

conditions (i.e. temperature J humidity and wind velocity profi1es J wind 

direction to tower arraYJ tower configuration J 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 J momentum J energYJ 

and moisture fluxes. An axisymmetric round plume is assumed initially 

for each tower exit. As the plumes merge J combinations of round and 

slot plumes are employed to simulate the shape of the resulting merged 

plumes. The merging criteria J merging processes J changes of plume 

shape and entrainment functinns 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. 



I 

I 

I 
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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 valid. 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 is the coordinate along the plume 

path and e 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 

D, density p, temperature t, specific humidity q, and liquid phase 

moisture 0. Here, the specific humidity (vapor phase moisture) q and 

liquid phase moisture 0 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 0, p, and a are used for the values at tower 
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z 

~~--~~~------------~ .. x 

Figure 2.1 Top View of the Coordinate System Associated with the 
Cooling Tower Configuration 

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 Ware defined as follows: 

Q = fA up dA 

M 

T 

H 

fA (t - t ) U dA pap 

(2.1) 

(2.2) 

(2.3) 

(2.4) 

(2.5) 

Any 'rainout' of liquid droplets in the ambient atmosphere will be 

neglected so that a is equal to zero. 
a 

The conservation of mass equation is: 

d 
ds { fA P U dA} = p E P P a 

(2.6) 

where E is the volume rate of entrainment of ambient fluid. The function 

used for E is an empirical 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 { fA Pp 
U 2 dA • cos e} 1 U 2 sin 

2 e Cd Wd 1 sin el ds Pa UE+'2 p 
p a a a 

(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 sine is used in order to account for both 

the ascending and descending parts of the plume. 

The conservation equation for vertical momentum flux is: 

(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~e~~/2 and -~/2~e<0, respectively. 

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

flux of a tracer quantity C is as follows: 

(2.9) 

where C and C are the tracer concentrations in the plume and the p a 

ambient, respectively. Now considering the temperature flux and also 

taking into account the effects of atmospheric adiabatic lapse rate r 
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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: 

L f (t - t ) Up dA = - (ddTZ
a + r) ds A p a 

J Lv 
sine fA up dA + ds fA C-- a U dA 

pa p p 

(2.10) 

where L is the latent heat of evaporation (or condensation) i.e., v 

L (t) = [597.31 - 0.57x(tOC)] x 4.1868 Jg-l for t~O°C and 
v 

L [677 + 0.622 x (tOC)] x 4.1868 for t<O°C, and C is the specific 
v pa 

heat of air at constant pressure. 

The conservation equation for (vapor and liquid phase) moisture 

flux is: 

(2.11) 

We assume a top-hat distribution of plume properties across the 

plume. Therefore, U p' T p' Pp' qp' and a are constants inside the p 

plume. In particular, U is defined as follows: p 

U U cose +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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and 

The conservation equations may now be rewritten as: 

t 
~=1E 
dS t 

a 

(2.13) 

(2.14 ) 

(2.15) 

~ {M sine} 
ds 

t -t t 
{ p a _ cr } J dA - 1 0 5 U 2 . 2e ewe g + • S1n d d cos t 'p A t a a a 

L 
~ {T - ~ wj 
ds C - (dd:

a + r) . sine· Q 
pa 

~ {H + w} 
ds 

dq 
a = - ~ • sine • Q 

(2.16) 

(2.17) 

(2.18) 

In addition, the equations for the geometrical relations yield 

dx 
- = cose ds 

dz 
ds = sine 

(2.19) 

(2.20) 

Since U , t , cr and Wd can be written in terms of M, Q, T and W 
p P P 

(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, e, 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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for q < q (dry plume) p sp 

(2.21) 

for q ~ q (wet plume) p sp 

where qsP 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 q is (Linsley et al., s 

1975): 

Pd(Z) + e (t) - 0.378 e (t) s s 

(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, bP = 1% of P 

corresponding to bz ~ 100M), the absolute pressure at sea level (i.e., 

Pd = 1013.25 mb) is used in equation (2.22), which becomes: 

as 

0.622 e (t) s 
qs(t) = 1013.25 + 0.622 e (t) 

s 
(2.23) 

An approximate expression of e (t) was developed by Richards (1971) s 
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e (t)=1013.25 x exp(13.3l85 t -1.9760 t 2 - 0.6445 t 3-0.1299 t 4) 
s v v v v 

where 

1 
t s 
t 

and t is the steam point temperature (OK). The result from this equation s 

is very accurate (to within 0.1%) over the wide range of temperature -500 e 

to l40 0e (Wigley, 1974). Within the range 0° to 1000e it is accurate to 

within the limits of accuracy of the accepted Goff-Gratch formula. In 

this study ts is equal to 373.l6°K. Because both q and t are unknown 
s 

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 towel," exit COl: $.=0)' The initial values al,"e as follows; 

M cose = 0 o 0 

M sine = f U 2 dA = .1I. D 2 
0 0 A P 4 0 

G T 
Lv ~ D 2 U -W = 0 0 C 0 400 pa 

Q (t - t 
Lv 

o 0 ao e pa 

F H +w =.1I.D 2 U (qo = 0 0 0 4 0 0 

Qo (qo - qao + 0"0) 

x 0 = 0 

z = 0 0 

U 2 Qo u 0 0 

(t 
Lv 

t -e - 0"0) (2.~4) 0 ao 
pa 

0"0) 

- qao + 0"0) 
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where the subscripts 0 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 (OC)] x 4.1868 Jg-l , and C = 1.005 Jg-lOK-l . 
v 0 pa 

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: 

= a 2TIb U 
P 

(2.25) 

where a is entrainment coefficient determined from experiments; b is the 

round jet radius; and U is the jet centerline velocity. p 

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: 

a2 (al + --- sine) 2TIb U Fr
L 

p (2.26) 

where a l and a 2 are entrainment coefficients, and FrL is the local 

densimetric Froude number defined as Fr
L 

= U 2/[(p - p ) b g/p ] = pap 0 

U 2/[(t - t ) t bg/t t], and g is gravitational acceleration. Based p p a 0 p a 

on experimental results, a l was determined to be 0.057 for pure round 

jet with Gaussian profile distribution (i.e., FrL + 00). Hirst (1971) 

suggested the value of a2 = 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 2 can be made from the work of List and Imberger (1973), who, based on 

dimensional analysis and experimental data, derived a similar expression 

for E1r for round jets (Koh and Brooks, 1975) 

2 where F m5i2i~2B with m being the kinematic momentum flux 

(2.27) 

fA up
2 

dA, ~ the volume flux fA up dA, and B the buoyancy flux 

f 
Pa -Pp 

A gUp dA. 
Pa 

Comparing equations (2.26) and (2.27) in a quiescent ambient 

(i.e. sine = 1) and calculating F2 by using the Gaussian similarity 

profiles for Up and Pp ' one finds a 2 = 0.083 FrLiF2 ~ 0.4775. Hence 

equation (2.26) becomes 

E
lr 

= (0.057 + 0.4775 sine) 2TIb U 
Fr

L 
p (2.28) 

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

values for pure jet (i.e., Fr
L 

+ 00) a j = 0.057 and pure plume (i.e., 

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

may be determined from 

which gives 

0.082 = 0.057 + 0.4775 
Fr

LC 

Fr
LC 

= 19.1 

For Gaussian similarity profiles of plume properties it will be 

assumed that 

E1r = (0.057 + 0~~~75 sine) 2TIb Up for FrL > 19.1 

(2.29) 

0.082 • 2TIb Up for FrL ~ 19.1 
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which implies that Fr
L 

= 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., 

E1s = 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 1:2. Therefore, equations (2.29) and (2.30) can be rewritten 

as follows: 

(0.0806 + 0.6753 sine) 2nb U for Fr
L 

> 19.1 
Fr

L 
p 

0.1160 2nb U 
P 

E1s = 0.198 • 2AUp 

for FrL ~ 19.1 

(2.31) 

(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 

(2.33) 

where P is the jet periphery, cose is arbitrarily chosen to diminish the 

thermal type of entrainment closed to the initial stage of the vertical 

jet, and a3 is the entrainment coefficient for a line thermal. For 

large Reynolds number, the experimentally determined value of a3 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 

E2 = 0.3536 P Ua sine cose (2.34) 

Another type of entrainment is associated with ambient turbulence, 

and expressed as 

(2.35) 

where a4 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 
a 

subrange and gave an estimate of a4 = 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 a 

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 {ulul+0.3536 U Isinelcose+l.O U'} a a (2.36) 
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where for a round jet, 

P 27Tb 

a = 0.0806 + 0.~;~3Isinel for FrL > 19.1 

0.1160 for FrL :::: 19.1 

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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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. BI 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 I and 2, respectively, 

as shown in Figures 2.4(c) and (d). For the cases of individual round 

plume 2 joining the merged plume I 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 BI, B2 and ~ are determined, A can be calculated 

by the following equations. 

For horizontal plumes: 

A (WD-BI-B~/cos~ for cos~ ~ 0 

A HT-BI-B2 for cos~ = 0 

For vertical plumes: 

A (HT-BI-B2)/sin~ for sin~ \ 0 

A = WD-BI-B2 for sin~ = 0 (2.37) 

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 band a. Because of the different entrain
s 

ment rates for round and slot jets, the calculated plume cross-section 

determined by b l' b 2' b and a may not be smooth enough to represent a r r s 

realistic ~ape. 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 is proposed: 

[0.5TI (B12 + B22) + A (Bl + B2)] • U (2.38) 

A + Bl + B2 (2.39) 

(2.40) 

where UrI' 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. 



-24-

---1 

bs 81 
82 

.A 
~J 

a ., 

--- .J ---

Figure 2.5 Modified Merged Plume Shape 



-25-

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 O.5x (A • cos¢ + B1 + B2) for cos¢ \. 0 

Bl for cos¢ = 0 and B1 ~ B2 

B2 for cos¢ 0 and B2 > Bl 

BXZ O.5x (A • sin¢ + Bl + B2) for sin¢ ~ 0 

B1 for sin¢ = 0 and Bl ~ B2 

= B2 for sin¢ = 0 and B2 > B1 

(2.41) 

Due to the uneven change of B1, B2 and A for each integration step, 

the y-coordinate of the plume centroid also needs to be readjusted. 

The amount of adjustment ~y noted in Figure 2.6 is 

[ 
A.+B1.+B2. A·+1 A·+1+B1·+1+B2 ·+1 ] 

~y = J J J x ~ + B2 _ J J J • I cos¢ I 
2 A. j+l 2 

J 

[ 
A·+1 

= o.5xl cos¢ Ix (B1j - B2j )x ~ + B2j +1 - B1 j +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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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) = I 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) = 0 

(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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I Input J 
~ 

I Call BLANK to initialize some storages I 
~ 

I Calculate gradients of ambient profiles I 
~ 

I Call SETIC to set initial conditions J 
~ 

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

l 
Call CHKNWP to check if any new plume appears 

~ 
Call ALIGN to align the existing plumes at approximately 

the same x-coordinate 

l 
I Call PLMERG to check if any plumes merged J 

! 
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 

~ 
L Check stop J 

! yes 

I Printout minimum amount of results I 
~ 

I Further output needed? J 
1 yes 

I Call OUTPUT for detailed printout and contour plots J 
~ 

-, END J 

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 0 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. 



Cl 
....... 
N 

12 

10 

8 

6 

4 

2 

o 

-32-

Exes TEMP ij TWRS 1 ARRAYS 0 DEG TO WIND 

- 2 L-..JL...-L---L--L..--L.....L-...L-"'--.L...-..lL.......l---'-- ..l.-..1..-L-..JL---'---1.--L--L..-L--L-..I.-..L.-L-J--'---L~ 

o 2 4 6 8 10 12 
X/O 

Figure 4.1 Excess Temperature Distribution for the Case of 4 Towers in 
Linear Array and 0° to Wind Direction 



-33-

Exes HUMI ij TWRS 1 ARRAYS 0 oEG TO WIND 

4 6 
x/o 

8 10 12 

Figure 4.2 Excess Humidity Distribution for the Case of 4 Towers in 
Linear Ar~ay 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 0 to Wind Direction 



-39-

Exes HUMI ~ TWAS 1 ARRAY 135 DEG TO WIND 

o 

_2~-L~LJ-L~~~~~~-L~~-L~~~~~~~ 

o 2 4 6 8 10 12 
x/o 

Figure 4.8 Excess Humidity Distribution for the Case of 4 Towers in 
Linear Array and 135 0 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 0 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 central 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-II, potential 

temperature gradient -= ae 0.59 ok/100m, 0 < :~ ~ 1.0 °k/m). The other az 
is for two towers in an ambient with a temperature inversion (TVA-14, 

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

gradient and average wind velocities at a few levels were 

available only rough estimates of ambient temperature and wind 

velocity profiles were constructed based on the limited data. 
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Figure 4.13 Comparisons of Plume Trajectory, Width and Dilution Between the 
Present Theory and Fan's (1967) Experiments for F = 20 and K = 8 



250 200 

-.i. = 200 
D 

-46-

, 
_..1... 

D 

TRACES OF JET BOUNDARIES (0.5Icm ORIFICE) 

• PRESENT THEORY ...,..,..., STATIONARY JET EXPERIMENT (PHOTO NO. 7646.4) 

o EXPERIMENT (FAN, 1967)""""'" TOWED JET EXPERIMENT (PHOTO NO. 7656.4) 

-- FAN'S THEORY 

F=40 k=8 60 (g) 

100~----~1-------~,----~1------~1-------~,----~,~----~ 

• PRESENT THEORY 

o EXPERIMENT (FAN, 1967) 

80 I- -

60- -

40- -

• 
• 0 

201- o -

e 
0 ________ 1~------~1------1~----~1~----~1------~1------~ 

20 40 60 80 100 120 140 
SID 

50 
, 

y 

D 

• 

Figure 4.14 Comparisons of Plume Trajectory, Width and Dilution Between the 
Present Theory and Fan's (1967) Experiments for F = 40 and K = 8 



o 

250 200 

PRESENT THEORY 

o EXPERIMENT (FAN ,1967) 
- FAN'S THEORY 

, 
..!..: 250 
D 

---

=200 

150 

-47-

, 
x 

-0 
100 50 

50 
y 

D 
TRACES OF JET BOUNDARIES(O.51cmORIFICE I 

I"""-"STATIONARY JET EXPERIMENT (PHOTO NO.7646.1 , 

,..../'.TONED JET EXPERIMENT (PHOTO NO. 7657.4) 

F=80 k = 16 60(j} 

100~----~'-------~1----~1~----~1-------~1----~1~----~ 

• PRESENT THEORY 

80r-
o EXPERIMENT (FAN, 1967) 

-

60- -

, 

0 0 

40r • 0 
-

• 0 

20- • -
0 

I I t I 

20 40 60 80 
SID 140 

Figure 4.15 Comparisons of Plume Trajectory, Width and Dilution Between the 
Present Theory and Fan's (1967) Experiments for F = 80 and k = 16 



5 

- - - EXPERIMENT 

4 --PRESENT THEORY 

Ua t--- " 3 i-= PLANE ED 
MEASUR 

2 

o 

-I 

- 2 r < < < < < < < , ( ( {, 

"" , 
I 

\ 
"- -- ...... 

/ 

I 

". .... -

... -.I ". 
/ 

-,... 

_I ~'_~_~_~_~~~~_~ __ ~ __ -L_~_~ __ ~ __ L-_~~~~ __ .~_~_~ __ ~ 

o 2 3 4 5 6 7 8 9 

I 
.j::-
():) 

I 

Figure 4.16 Comparisons of Plume Excess Temperature Between the Present Theory and Chan et a1. 's 
(1974) Experiments for F = 4 and K = 1.02 



-49-

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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Figure 4.18 Comparisons of Plume Trajectories Between the Present Theory and TVA (1968, TVA, two towers) 
Field Data in an Atmosphere with an Inversion (ae/az=1.42°K/100 m) 
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Table 4.1 Input Data Cards for Example Cases ~ifferent Wind Directions 
Array (3 cases) and Round Array (one case) of Towers) 

--CASE--ClT4 TOWERS IN ONE ARRAY- 0 DEGREES TO wIND 

to a Line 

4 120 30 30 11 
---0---0-0-310 0 1 -1--- 1 r---l------------

.00000 11.45000 2?90000 34.35000 
- .00000 .00000 .00000 .00000 

.00000 100.00000 20n.OOOOO 
10.50000 10.30000 10.10000 
70.00000 70.00000 70.00000 

-~4.10000 5.22504 5.76969 4.10000 5.22504 
5.76969 4.10000 5.22504 5.769~9 

-~---'}.44880 10.26800 - 31.90000-----.02821------.-00000 
5.00000 5.00000 n 0 0 0 

--EXeS TO~P 4 TWRS 1 ARRAYS 0 DEG TO WIND ZlD - - -------
Exes HUMI 4 TWRS 1 ARRAYS 0 DEG TO WIND lID 

--Exes LIQM 4 TWRS 1 ARRAYS 0 DEG TO WIND lID 

5.76969 

--~A SE -( 2 Y---4--TOWERS prONE ARRA Y--900EGPEES-TO WI NO--- -
4 120 30 30 11 

------0 - 0 - -0 3 10 01--- r--1----1--1--------
.00000 .00000 .00000 .00000 

--.00000 - 11.4500022.90000 - 34.3500(1 -----------------
.00000 100.00000 200.00000 

10.50000 10.30000 10.10000- -- ----------------------_.---- .. 
70.00000 70.00000 70.00000 

X/D 
X/D 
X/O 

4.10000 

4.10000 5.22504 5.76969- 4-;10000 -5~22504- 5.76969 4.10000 
5.76969 4.10000 5.22504 5.76969 
9.44880 10.26800 31.900(10 .02821 .00000 
~.OQOOO 5.00000 a 0 0 0 

~-Xr-:;--IE'),P 4 TWRS ] I\PRAYS 90 OG TO HIND ZID x/a 
EXCS HUMI 4 TWRS 1 ARPAYS 90 DG TO WIND liD X/D 

- Exes LIQM 4 TWRS 1 ARPAYS 90 DG TO WINO Z/D X/D 

eASE(3) 4 TOWERS IN ONE ARRAY 135 OEGPEFS TO WIND 
4 120 30 30 11 

--I) -- --0'--- 0 3 10 0 --"-T---T-- -,.--"--1 -- r------
.00000 8.10000 1~.19000 24.29000 

-------- ;0 a 0 0 0 A. 1 0 0 0 0 11;. 1 90 0 0 - 24 • 290 0 0 
.00000 IOO.OOOOO 200.00000 

-10.-50000 10.30000 10.10000 
70.00000 70.00000 70.00000 

-'---~710000 -- 5.22504 - 5.76969---4~10000- - 5.22504 
5.76969 4.10000 5.22504 5.76969 

-------9.44880 10.26ROO - 31.90000 .02821 
5.00000 5.00000 0 0 0 0 

- £xes TEMP 4 TWRS 1 ARRAY 135 OEG TO WINDlID 
Exes HJMI 4 TWRS 1 ARPAY 135 DEG TO wINnZ/D 

---D:CS--UQM 4- HIPS 1 ARRAY 135-nEG TO-WINDZlO-
CASE (4) 5 TOWERS IN ROUND ARRAY 

---- 5 -100 --3030 11 .---- ---------- -------

o 0 0 3 10 0 0 1 1 1 1 
------~-OOOOO 5.00000 10.00000 15.00000·20.00000 

10.00000 .00000 20.00000 2.00000 12.00000 

5.76969 4.10000 

X/D 
X/D 
X/D 

-----; 00000 -100.00 ('\ 00 200.00000-------------.... ---------.----- ---- _. ---- -
10.50000 10.3000n 10.10000 

-----70;00000 70.00000 70.00000--------------- -. 
4.10000 5.22504 5.76969 4.10000 

- ----5.76969 4.10000 5.22504 5.76969 
9.44880 10.26800 31.90000 .02821 

--------5.00000· 5.00000 0 0- 0-- 0 
Exes TE~P ~ TWRS IN ROUND ARRAY 

- Exes HU41 5 TWRS I N ROUND ARRA Y 
Exes LIQM 5 TWRS IN ROUND ARRAY 

ZlD 
ZlD 
ZlD 

5.22504 
4.10000 

.00000 

5.76969 4.10000 
5.22504 5.76969 

X/D 
X/O 
X/D 

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- (})- --60(Or- -F=20 -K=8 ---------- ----.-~-----.---------~-----------

------T-350 - - 1 
o 0 0 

1 
2 

1 
1 000 o o 0 

• 0 ---~--.- ------.. ----.--------",,- ,-," .. 

• 0 
--- .00000-";;50. 00000 -.----~ -------~~--~~~-.---- ------ -

31.87000 31.87000 
- ~ --~ ~ 0 0 0 0 0 • 0 0 0 0 0 

.13700 .13700 
---·~-00760·--:.;:r~ 10000 .- 20 ~OOOOO--;-OO-Oo 0---;-00000·----., 

. -------------- ----------- --------~- ----

CASE (2) 60 (G) F=40 K=8 ----- -<>-- . __ ..... " .... _ ..... _-- .. - .... --... ----.. --------.... --- "-' 

1 350 1 1 
-- -----(f----cr--· 0---2 

.0 
-; 0------ - - ..... 

• 00000 -50.00000 

o 

-~D.570 0 0"'-26. 57000-·----------------·--· 
.00000 .00000 

------.20400 . ~ 20400 
.00760 -1.63000 20.00000 .00000 

-----CAst -(3)- '60 (j) "F=80-k=16 .------... -

1350 
o 0 

1 . 1 
o 2 -----;0 --.-.-. -.- .-..... 

• 0 

1 
1 

------·;00000 - -50 .00 00 0 
23.31000 23.31000 

---.. -;00000 -.00000 
.14600 .14600 

-----.00760-·· ";;2~32000 . 

o o o o o 

.00000 

o 

-.00000 
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Table 4.3 Input Data Cards for Chan et a1. 's (1974) Experiment 
with F = 4, K = 1.02 

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

6 100 21 17 11 
0 0 1 2 0 0 1 1 0 0 1 

.00000 .00000 .00000 .00000 .00000 .00000 

.00000 .06501 .13003 .19504 .26006 .32507 

.00000 900.00000 
25.00000 25.00000 

.00000 .00000 

.37621 .37621 .37621 .37621 .37621 .37621 .37621 

.37621 .37621 .37621 .37621 

.05690 .38374 30.00000 .00000 .00000 

.50000 .50000 1.00000 3.00000 
6.31250 5.06250 0 0 0 0 

.37621 

EXCS TEMP 6 TWRS 1 ARRAY 90 DEC TO WIND Z/D X/D A3=0.3536 CD=1.5 
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Table 4.4 Input Data Cards for TVA (1968, TVA-II, single tower) Field Data in 
-----------a-Stabte-tttmuspheric -Cond:i;tion (cHl / 8z tr.~Kfli:)O -m)---

-- - -1· 300 
o 0 

---- ~OOOOO 

.00000 

1 
o 

- T-
8 

1 
1 o o o o o o 

----.-00·00-0-1 on-;oo 0 00·--150 ~ 00000-200-.00000-· 250 ~-OOOOO 
20.00000 20.16000 20.24000 20.32000 20.40000 

100.00noo 100.00000 100.00000 100.000no 100.00000 
4.10000 4.10000 4.10000 4.70000 5.30000 
7.90000 17.10000 139.00000 .67883 .00000 

CASE (2) 100~ EXIT HUM! & 70% AMB HUM! 

1 300 1 1 1 
------0--- 0--- 0----8----1---0--0---0-~_U--0---o_-·-

.00000 
----- ---.00000 

.00000 100.00000 
-----20.00000 19.61000 

. 70.00000 70.00000 
4.100004.10000 
7.~0000 17.100no 

150.00000.200.00000 250.00000 
19.42000 
70.00000 

4.10000 
139.00000 

·19.23001) 
70.00000 

4.70000 
.67883 

19.04000 
70.00000 

5.30000 
.00000 __ .,. ___ .... _ .. _". _. _.~_ .. '·~_~_N~'·~'_·_~____ ,, ___ ~ .. __ ._._ .. 

-- ---r-30 0 -- -r - 1 

o 0 0 
--------. ; 00000 - -_ . 

• 00000 

1 
1 

-- --- - ~-O 000 0 1 00 • 00000 
20.00000 19.61000 

.00000 .00000 
4.10000 4.10000 

.- .... --- 7 • 9000 O' 17 • 1 0 000 

0% M18 HU"11 

o o o o a 

150.00000-200.00000 
19.42000 19.23000 

.00000 .00000 
4.10000 4.70000 

]39.00000 .67883 

CASE (4) oq::. EXIT HUM! & 0% AM8 HUMJ 

1 30 I) 1 1 
0·-' 0'---0 -'·8 

.00000 
o 

----;00000 ---~------ --------------- .. --- . 

o 

o 

250.00000 
19.04000 

.00000 
5.30000 

.00000 

o 

• 00000 100.00000 150.00000 200.000no 250.00000 
------2"0-;-00000 --19.61000 19.42000 19.2300n 19.04000 

.00000 .00000 .00000 .00000 .00000 
---4-;TOOOO--4~-10noo -4.10000---4~ 70000---· 5.30000 

7.90000 17.10000 139.00000 .00000 .00000 
------- . - -- -- -~ - -

300.0/)000 
20.48000 

100.000on 
5.90000 

300.00000 
18.84000 
70.00000 

5.90000 

300.00000 
18.84000 

.00000 
5.90'000 

300.00000 
18.84000 

.00000 
.. 5.9001)0 

350.00000 
20.56000 

100.00000 
6.50000 

350.00000 
18.65000 
70.00000 
6.50000 

350.00000 
18.65000 

.00000 
6.50000 

350.00000 
18.65000 

.00000 
6.50000 

400.0000r; 
20.64000 

lOO.oooor; 
7.10000 

400.00000 
18.46000 
70.00000 

7.10000 

400.00000 
18.46000 

.0000(1 
7.10000 

400.00()00 
18.46000 

.00001) 
7.10000 
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·-T.a.bla.dL5 Input Da!:a..-Ca.r:d..sJ:.or TVA (1968, TVA-14, tWO_1:.O.w.ers) Eield_Data inu_arL __ -
Atmosphere with an Inversion (38/3z=1.42°K/lOO m) 

--CASe- (1)- -1009; EXIT HUI-!I & 100% MAB HUHr-----------------

o 1 a o o o 
---~-2 300 -1 - 11 

o 006 1 
- -- • 0 0 0 0 0 29 • 0 6 0 0 0 

.00000 54.65000 
------~OOOOO 50.00000 

7.00000 7.43000 
~--100.00000-]no.ooooO 

8.bOOOO 8,800no 
-----9.1000010.50000 

7.YOOOO 20.20000 

100.00000 
7.86000 

100.00000 
9,10000 

11.60000 
149.00000 

IS0.00DOr. 200.00000-250.00000 
8.29000 8.72000 9.15000 

10o~00000-100.00000 100.00000 
10.50000 11.60000 12.60000 

-12.600no 
.73951 .00000 

---2-~OO-1-1---1 

o 0 061 o 1 o o o o 
----;00000 -- 29. 06000----------------------------------------------

.00000 54.65000 
------.00000 -- 50.ooooofoo~-00000--150_;llOOOO -200.00000 

7.00000 7.22000 7.44000 7.67000 7.R9000 
70.00000 70.0000070.00000 70.00000 70.00000 

8.60000 R.80~OO 9.10000 10.5000~ 11.60000 
---9 ;-1 0000-1 0,50000 - --11 :-60000 -- 12.60 a 0('1-

7.90000 20.20000 149.00000 .73951 .00000 

CASE (3) 100~ EXIT HU4I & 

-2-300-----1---1·- --1-
o 0 061 

--- .00000 29.06000 
.00000 54.65000 

o 1 o o 0-0 

-- .00000 50.00000 100.00000 150,00000 200.00000 
7.00000 7.22000 7.44000 7.67000 7.89000 

------------.00000 ----.00000 ---'.00000·-- --~OOOO() - .00000 
8.60000 8.80000 9.10000 10.5000n 11.60000 
9.10000 - -10.5000nll.60000 -12.60Mj(\ 
7.90000 20.20000 149.00000 .73951 .00000 

---~--2 300--1---1------ 1 ------ --~~--------- ----

o 006 1 0 100 0 o 
-~-------~-OOOOO - 29.06000 _._- ----.---

.00000 54.65000 
------; 00000--50. 00000 

7.00000 7.22000 
--~ .00000 ---. 00000 

8.60000 8.80nOO 
--.-9 ~ 1 0 0 0 0 -- 1 0 • 50 0 0 0 

7.90000 20.20000 

100.00000150-;00000-200.00000 
7.44000 7.67000 7.89000 

- .ooono -- .oonon .00000 
9.10000 10.5000n 11.60000 

11.60000 12.60000 
149.00000 .00000 .00000 

250.00000 
8.11000 

70.00000 
12.6(lOOfl 

250.00000 
S.IlOno 

.oonoo 
12.60000 

250.00000 
8.11 ono 

.000no 
12.60000 

8.60000 8.80000 

8.60000 8.80000 

8.60000 8.80000 

8.60000 8.80000 
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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 

a3 , as 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 dataancluding 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(ll) =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. 
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INPUT SEQUENCE 

Symbol Parameter Format Subroutine 

NP,NS,NX,NY,NCONT 514 CTPS 

(IX(I) ,1=1,11) 11 14 MTP 

(CX(I) ,1=1 ,NP) 8Fl0.5 MTP 

(CY(I) ,I=l ,NP) 8F10.5 MTP 

(AZ( 1),1=1 ,MG) 8Fl0.5 MTP 

(AT (I ) , 1=1 , MG ) 8Fl0.5 MTP 

(AH( I), 1=1 ,MG) 8Fl0.5 MTP 

( (AU (I , J ) ,J = 1 ,MG) , 1=1 , N P ) 8Fl0.5 MTP 

01(1) ,UO(1), TO(1) ,HO(1) ,WO(1) IX(l)=O+ 8F10.5 MTP 

(OI(I),I=l,NP) IX(l )=1* 8F10.5 MTP 

(UO( 1),1=1 ,NP) IX(l )=1* 8F10.5 MTP 

(TO(I) ,1=1 ,NP) IX(1)=l* 8F10.5 MTP 

(HO(I) ,1=1 ,NP) IX(l )=1* 8F10.5 MTP 

(WO ( I ) , 1=1 , N P ) IX(l )=1* 8F10.5 MTP 

A1,A2,A3,A4,CO,TURBF IX(2)=1* 8F10.5 MTP 

OX,OZ,XO,ZO IX(3)=1* 4F10.5 OUTPUT 

WIDTH, HITE,MORE,NOMAP,ICENT IX(l1)=l* 2F10.5 OUTPUT 
NOTICK 414 

(HEON(k) ,k=l, 10), (LABY(L) ,L=l ,5) ,(LABX(M) ,M=l ,5) IX(8)=1* 20A4 OUTPUT 

(HEON ( k) , k= 1 , 1 0) , (LABY (L) , L = 1 ,5) , (LABX (M) ,M= 1 ,5) IX(9)=1* 20A4 OUTPUT 

(HEON ( k) , k= 1 , 1 0) , (LABY (L) , L = 1 ,5) , (LABX (M) ,M= 1 ,5) IX(10)=1* 20A4 OUTPUT 

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



In Program 

NP 

NS 

NX, NY 
[CONTA(NX,NY) ] 

NCONT 
[CONTB(NCONT)] 

IX(l) 

IX(2) 

IX(3) 

IX(4) 

IX(5) 

IX(6) 

IX(7) 

IX(8) 

IX(9) 

IX(lO) 

IX(ll) 

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(l)=O 

IX(l)=l 

rX(2)=O 

IX(2)=1 

IX(3)=O 

IX(3)=l 

Same exit conditions of all the 
plumes (Input one card only) 
Different exit conditions of the 
plumes 

No input card of entrainment and 
drag coefficients is needed 
Input the desired entrainment and 
drag coefficients 

No input card of DX, DZ, XO and ZO 
is needed 
Input the desired values of DX, DZ, 
XO and ZO 

IX(3)=-1 No plot needed 

MG 

INRPR 

IPNT=O 

LC=O 

Number of vertical levels for 
ambient conditions 

Interval of detailed printout for 
plume 1 

For contour plot (always use IPNT=O) 

For cluster array (round array) of 
towers 

LC=l For line or random array of towers 

IX(8)=O 

IX(8)=1 

No contour map plotted for plume 
excess temperature 
Contour map plotted for plume 
excess temperature 

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

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

IX(lO)=O No contour map plotted for plume 
excess liquid moisture 

IX(lO)=l Contour map plotted for plume excess 
liquid moisture 

IX(ll)=O No input card of W1DTH, HITE, MORE, 
NOMAP, ICENT, and NOTICK is needed 

IX(ll)=l Input the desired values of WIDTH, 
HITE, MORE, NOMAP, ICENT and NOTICK 



In PrograIll 

CX(NP) 

CY(NP) 

AZ(MG) 

AT (MG) 

AH(MG) 

AU(NP ,MG) 

DI(NP) 

UO(NP) 

TO(NP) 

HO(NP) 

WO(NP) 

Al,A2,A3 
and A4 

CD 

TURBF 

DX,DZ 

XO,ZO 

WIDTH,HITE 

MORE 

NOMAP 

ICENT 

NOTICK 

In Text 

x 

y 

z 

ta 

U a 

D o 
U 

o 

A-4 

Remarks 

x-coordinates of towers (in m) 

y-coordinates of towers (in m) 

Ambient levels (in m) 

Ambient temperature profile corresponding to 
AZeI) (in °C) 

Ambient relative humidty profile correspond
ing to AZ(I) (in percentage of the saturation 
humidity) 

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: Al=O.0806, 
A2=O.4775, A3=O.3536, A4=O.) 

Drag coefficient (Default: CD=1.5) 

Intensity of ambient turbulent fluctuations 
(in percentage, decimal; Default: TURBF=8.) 

Increments of grid size in x and z directions, 
respectively (Normalized by the diameter of 
the first tower; Default:DX=O.5, DZ=O.5) 

Location of the center of the top of the 
first tower in the grid (Normalized by the 
diameter of the first tower; Default:XO=l, 
Z0=2. ) 

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

MORE=l Do not finish off the map (Default: 
MORE=O) 

NOMAP=l Do not force grid to be -square 
(Default:NOMAP=O) 

ICENT=l Do not center the title (Default: 
ICENT=O) 

NOCITK=l Do not draw tick marks (Default: 
NOTICK=O) 



In Program 

HEDN(lO) 

LABY(5) 

LABX(5) 

In Text 

A-5 

Remarks 

40 characters to plot as 
(Default: Blank) 

20 characters to plot as 
left (Default: Blank) 

20 characters to plot as 
bottom (Default: Blank) 

title on top 

label on vertical 

label on horizontal 



A-6 

EXPLANATIONS OF THE OUTPUT SYMBOLS 

In Program 

EXIT~COEF~TWLC~AMBL~ 

INPR,IPNT,LC,ETPL~ 
EHPL, EMPL, COPL 

Al ,A2 ~ A3 ~ A4 ~ CD , 
TURBF 

NTHP 

CX~CY 

[ (CX ( I) ~ CY ( I) ] 

DIA,VELO,TEMP,HUMI~ 

LPMO [DI (I) ~ uo (I) , 
HO(I)WO(I) ] 

NSTEP* 

X,Y,Z 
[PX(NP,NS),PY(NP,NS)~ 

PZ(NP,NS)] 

PTEMP,PHUMI~PLQllMOIST 

[PT(NP,NS),PH(NP,NS), 
PW(NP,NS)] 

EXCEST, EXCESH 
[PET(NP,NS),PEH 
(NP,NS)] 

PCROSEC 
[BXZ(I)] 

SLOTLEN[A(I)] 

PANGLE[PCOS(NP,NS) 
PSIN(NP,NS)] 

DILUTN 
[PDIL(NP ,NS)] 

PVELO [PU(NP,NS)] 

In Text 

al,a2,a3,a4, 
Cd ~ U' a 

x,y,z 

t:.t~ t:.q 

HT/2 

A 

e 

Q/Qo 

u p 

Remarks 

Correspond to IX(I) to IX(ll) 
respectively 

Same as input symbols 

The Nth plume 

Same as input symbols 

Tower diameter~ exit values of 
plume velocity~ temperature, 
specific humidity and liquid phase 
moisture, respectively 

The Nth step of calculation referred 
to each tower 

The horizontal, lateral and vertical 
coordinates of plume center 

Plume temperature~ specific humidity 
and liquid phase moisture respectively 

Excess plume temperature and specific 
humidity 

Half height of plume cross-section 

Finite length of slot jet of the 
merged plume 

The angle between the tangent of 
plume trajectory and the horizontal 
line 

Plume dilution 

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(I) 
MS(I) 

A(I) 
Bl (I) 
B2(I) 
BXZ(I) 
BY(I) 
PMCOS (I) 
PMSIN(I) 
DW(I) 
NEV(I) 
NEV(I) 
PAl 
GRA 
Al 
A2 
A3 
A4 

In Text 

x 
y 
z 
s 

case 
sine 
Q 

:x 
F

Z 

G 
H 
W 
T 

tp - ta 
qp - qa 

e 
U 
E 
A 

b or (Bl+B2)/2 
BXZ 
Q/Qo 

A 
Bl 
B2 

BXZ 
BY 

cos</> 
sin</> 
2·BY 

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

Remarks 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

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) 

* 
* 
* 
* 
* 
* 
* 
* 

Beginning step number for visible plume 
Ending step number for visible plume 
3.1415926 

* 
* 
* 
* 
* 



In Program In Text 

CD Cd 
TURBF U' a 
UC Up 
B 
TP tp 
HP qp 
WP O"p 
ET tp - ta 
EH qp - qa 
MG 
CFRL FrLC 
ALV Lv 
CPA Cpa 
ANG e 
ITHP 
ENTRAN E 
IQ 

IL 
IK 
KE(I) 
Y(I) Y(I)=Q 

Y(2)=Mcose 
Y(3)=Msine 
Y(4)=G 
Y(5)=F 
Y(6)=x 
Y(7)=z 

YP(I) 
YRI(I),YR2(I), 
& YS (I) 

YRIP(I),YR2P(I) , 
& YSP(I) 

* Refer to "List of Symbols" 

B-2 

<3 

=3 
>3 

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 



C-l 

APPENDIX C 

LISTING OF PROGRAM 



C-2 

FORTRAN IV G LEVEL 20.7 VS />lAIN LATE 6/07/17 14: 32: 

0001 DIMENSICN IA(2),I(26) 
_______ --'C'----1SP=.MJI'I..BER--LE-£lJ.JMLllIS=.NlJMBER-.llF _LALCULATl ON STEP, NX, NY=DESI RED 

C GRID OF CONTOUR PLOT, NCCNT=DESIRED CCNTOUR LEVELS 
_0002 ________ 3 READIS.2,END=9) NP~NS,NX.NY.NCONT 
0003 2 FGRMAT(SI4) 

1)004_______ _ N4=MAXOLNX.NYJ 
0005 NTOTAL=NP*NS 

-0006 _________ -1A12J-=.NJ DIAl * 2 3±&~:t:.lllLCt¥T:t ~4 _______ _ ___ 
0007 CALL GETVECIIA) 

_-!lOC8 ----- _U1)=-IAl3J _____ _ 
0009 DO 1 J=2,24 
-0010--------1 l.t.JJ=l.tJ--1J+NTDTAL -
0011 !IZ5)=I(24)+NX*NY 
_-O~2-__-Jj2bj ~25-J +-1IIUJNT _______________ _ 

0013 CALL I'ITPIUdI(U).IAIIlZJ),IA(I131),IA(1(4J),IA(I(S))rIAIII61), 
___ _____ -1.1 A 11 1 7j J -flA-!l C8l-).1 A ( 11 9) J , IA (j ( 10 J J , IA ( I ( 11) j, IA ( I LlZ J J, I A (1 U31 J 

2, I A I I I 141 J , I A I I ( 15)) , I A ( I ( 16) J , I A ( I (17 J J , I A ( I (18) ) , I A ( I (19)1, 
_______________ 31AIH20JJ-t-lALll2liJ.LULLllJJ-tJAUl23JJ oIA (l( 24J). lA( 1 (25J J , 

4 I A I I (26) ) , NP , N S , NX • NY ,NC (NT. "'4) 
----'llU.!t CAl 1 . ...FRE.E.liP.L.lAl _____________ _ __ . __ 

0015 GC TO 3 
---001.6 ---___ --5 --SlOP-

0017 ENe 

----- ---------

---------------- -

-----------------._ .. _- -
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FORTRA~ IV G LEVEL 20.7 VS ~TP DATE '" 6/07177 14:32 

0001 SL8ROUTINE MTPIPX,Pl,PQ,P~X,FMI,PG,PF,PCOS,PSIN,PENT,PU,PS,P8,PA, 
_____ . ____ ----1P r ~ P£r~p~P£H.s.P..ilI .. P.Abl .. £Dll .. PY .. P~CCNTA .. CCNTB ,CONTC, NP, NS ,NX, NY. 

0002 
00u3 
0004"_ 

2NCONT ,N4) 
EXTERNAL DERIVE.OERI~S.OERIVF 
JOUBLE PRECISION AQ,BQ,CQ,DQ 
CO~~C" IST CREllINO {30J.1 NOTl30 I, NOV IK '301, IS (30 I 

1 ISTORE21"'PI301 ,MS1301 ,II PI301 
______ ~2~ _____ ~/5IDR£3jAHI301.AJ~~iU~AHGi3D).ATG'30),AU(30.301 .. 

A AUG(30,301 
3 .IS TllP.£JdAD.D) .. £Ul3D) .. B2130) .BXll30) .BY (3 0), PMCOS (30 I, _ 
4 PMSIN (301,0101130) ,NBVI 3u) ,NEVI 301, NC V(3 0) 
5 . .1CD..NS ll.1 P.'U .. GRA ,Al .. A2. A3, A4. CD. TLJRdF, UC, B. TP, ET. HP, EH, WP, 
6 MG,MG1,CFRL,ALV,CPA,ANG,IQ,ITHP,ENTRAN 

__________ .-"1. ICC NSI21..1L..HLL •. j:K .• 1H~ tlIIP-1 ____ .. ______ .. _ 
8 ICCNST3/AQ.BQ,CC,OQ 

.. - ---9 -ICCllIT-UUl1oilDTH.HU.E. MORE .. NDMAP, I CENT .. NOn CK ,HEON( 10) , 
* lABY(5),lABXI5) 

_____________ . _____ lL ____ ... --L5JOfs E 5/0 U3.QJ-t UOl3.DJ .. JDBO) .. HLt30J .. wQ130) 
0005 DI"'ENSION PXINP,NS),Pl(NP,NS),PQINP,NSI,PMXINP,NS),PMIINP,NS), 

________ --lP..B.1.NP~.u~~N5.LJ'.F~£.oblSLP..GfblP .. NS J .. PLDS 'NP .. NS). P SINI NP .• NSJ .. 
2PENTINP,NSI,PHINP,NSI,PWINP,NS) ,PEHINP,NSI,CX(30),CYI30),KEI30), 

------- - --- -3P.r !NP .NS') .. PS U>lP .• -NS.! .. P.A~ NP-O NS J .P-EH NP • NS J • PAN I NP ,NS 1 ,P Y I NP • NSl ._ 
4'1 ( 8) ,Y P (81 ,Y S (8) ,Y S PI 8) ,'tRl (8) , Y Rl P (8) ,YR2 (8) ,Y R2P ( 8) , POI II NP, N S, 
5eONrAjNX~NYL.CONrB,.uCUUT1.CCNrCfN4J.1Xf12),MGPA2(3D),MGSrl(30)._ 
6PC INP, NS I, LCHK(301, AHP(30) 

0006 
__ --LC __ --INI II 41 Tl E_....5TORAGE 5 _ " .. ______ ._ . 

CALL BLANK(PX,PI,PQ,PMX,PMI,PB,PU,PF,PG,PCOS,PS1N,PENT,PT,PS,PA, 
-----1P.ET .. P£H .. PAN. P.¥ .PDll, P-H .. PW, PC .NP. NS, NX. NY. NeONT. N4. CON TA ,CONTB, _ 

2CONTC,MGPA2.MGSTl,DX,OI,XO,lC,lPNT,KE,lCHK,AHPj 
- ----------L . . --1NPU T --LeN r BOL--P .ARAM-ET£RS 

0007 REAO(S,2) IIXII),l=1,ll) 
~ MGtiAL~. ________ _ 

0009 INTPP=IXIS) 
~Dl.Q ------- ----l.P-NT~l.x'-6.l--______ . ____ ------

0011 LC=IX(7) 
-----.--C -.----INPUT -IOloIER-LONFLGURAUDk 

0012 REAO(S,lJ (CXII),I=l,NP) 
~ ______________ ~R~ERA~D~15~~~ (CYII1.I=l,NPJ ______ _ 

C 1~PUT A"'BIENT CCNDITIONS 
--OD1!t __ ~~ __ _READj5. • .lJ --fALLlJ~.MGJ __ 

0015 REAC(S,lJ IAT(I).I=l,MGJ 
....J)Dl.6~ __________ REAL!5-t-lJ --'-AHP l..lL.lEl. MG J 
0017 READ(S,U ((AU(I,J),J=l,MG),I=l,NPJ 
001 B I F..LlXil1 r.T a I GO TO 3!t. _______ _ 

C INPUT TO_tR EXIT CONOITICNS;DI=DIA. UG=VELO., TO=TEMP., HO=HUMIO 
-----L __ -1WtlJ.QlilD PH A SE MO I 5 1UR.E n ____ • _ 

0019 
--0020---
0021 

READI5,l)D1Il),UC(1),TOllJ,HGllJ,WO(lJ 
--------D0--24-l=~ ... NP------------- ... -.-----. 

(IlI)=[lIlJ 
0022 IICi.D.=· ... I .... C ... I ..... l .... IL-______________ _ 
0023 10111=TO(1) 
~024 ~(JJ=~~~.~)--------

0025 24 WCIII=~CIll 
--0026 --.- -- -GUJD35- --.----.. - --- ... --

0027 34 REAOIS,!) (01( Il.I=l,NP) 
-illl2B _______ ~R~E~AuD I 5 011 II 10 II I ,r - I ,N PJ ________ _ 



C-4 

FORTRAN IV G LEVEL 20.7 VS MTP DATE 6/07177 14:32 

0029 READIS,ll (TOIIJ.I=1,NP) 
--LlD.3.0 ___ . __ .. __ .. ~EAD15 . .1 J jtill1.l1~1.=u'~.NPj _. __ . 

0031 READI5,1~ 'WOII),I=1,NP) 
0032351F1IX12} .LE •. .oJ GO 1032 

C INPUT COEFFICIENTS OF ENTRAINMENT AND DRAG ;TURBF=TURB. FLUCT. 
L TURBF=%IIN DECIMAL} CF AMBIENT ~IND VELOCITY 

0033 READI5,I)A1,A2,A3.A4,CD,TURBF 
~34 ____ -LEU =..1.2J..l1l.-l. . ...I1..:6'-=-'Au1...J1L-__ _ 

0035 1 FORMATI8FI0.S) 
....0036_ ______ __2 FORMAT 112l'tJ--

0037 32 ~RITEI6,5SSJ 
JUl38_ . .5"" FDRMATLIHlJ 
0039 WRITEI6.3J 

--LlD-W 3...£DRMA U.l.A .. .!illilLS-lJE THE VA&lABLES 'J _._. ______ . __ ._ 
0041 WRITE(6,4) 

-1)042- -----.-4FDRMAT-UX .. !LEUGl~ -1.H1P':C.-HOISTURE':KGIKG, VELD: MISEC, ANGl 
I:DEG'J 

....oD43---------.J/ RJI-E.t.h..5Dj.b/.£> .. iii S, N X ,la~1I!L--_____ ._. ___ . 
0044 WRITEI6.49) 
~-45 --ARl.r.£1~ ____________ - ____ ._. ____ _ 

0046 WRITEI6,48J 'IXIJ),J=1,11J 
-1)047--- ---------50 FDRMAT .u~ .. U>W. -CF-I.Q.I.jERS=· ... -1£. .. ·--NO ... 1JLLALCULAT ION STEPS='.o I 4. 

I' GRID SIZE IX,Y)=',I4,' X·,I4.· CCNTOUR LEVElS=',I4/11 
49 .FORMAT .t.lX,·L1JNTROL _2..ARAMETERS·J _ 
36 FGRMATI' EXIT COEF TWLC A~BL INPR IPNT LC ETPl EHPL 

. _____ .. ......l.!£MPl. ---L1JP.l...::. • ..I.J _______ _ 

0050 48 FO~MATIIX,IIII4,2X)II) 
-0-0.51----- -------___ RITE{£.51 ----. --.--.--. 
0052 5 FORMATI1X, 'COEFFICIENTS OF ENTRAINMENT AND DRAG') 

-0.053 ----.- - - ---IoIRIT E t.t •• .bJAl ... .A2-.A3. A4, CD,IURBF 
0054 6 FGRMATIIX,'AI=',F8.5,5X,·A2=',F8.5,5X,·A3=·,F8.5,5X,·A4=·,F8.5,5 
_________ -Ll'LD= ... E 8.5.5)(. 'TIIR BE-' • E 8 • .5LLl 
0055 wRITEI6,71 

-005.6--- ---7 F DRM.A Lax • .!.AM1HENT.f>.RCF.LLES '-.1 
0057 WRITEI6,8) 

-D058 -________ lLFDRMAT.13X .. -'-H.El.GHL!....1..x .. 'J-Efoo'..P ' .. 12X ,'HUMlDlTY· .. 9X. 'VELOC lTY' J 
0059 DO 556 I=I,MG 

~O~Ow6~O~ ____________ -4I~K-~T~~*~2~7~3~1~61 ___________________________ ___ 
0061 T=1.-373.16/TK 

-OD02----_. -ESJ=..EXP1..L.l3.3.l.B.5- (1.5 7t:tLO-b44.5"1l.1229*TJ *TJ*H *TJ 
0063 ES=0.622*1013.25*EST 

--O'O~4 .F-SH=E-V1-1D.13..2.5±ESJ-__ . __ .. ___ . __ .. __ . __ ... ___ .. 
0065 55t AH(II=AHPlIl*O.OI*FSH 
~, _______ ~DLUO...9 1=1 ,~G ________ .... _. _____ _ 

0067 .. WR I TE I 6,10) A Z I I ) ,AT I I J ,AH (I ) ,AHP (I) ,AU 11, I ) 
....oOOB __ -1-O-F..oRMAJ.tl42lFIO .5,2 X I, E 1 O..b .. .lX, !1_'~F..o.2, '..z) • .2X .Fl 0.5 J 

0069 WRITEI6,111 
-OD.1.o .J.J -FORMAl U 1 

0071 WRITEI6.12) 
...jli), ... 7""2'--_____ ~1 L2....cE.uOA.R MA IJ..l...4 OJ 0 WE Reo NE I GIl R L II 0. AN D-EX.l.LLD.ND IT IONS' J ... ________ _ 

0073 WRITEI6,18) 
.....0.014 18 -.F-DRMAT '(2X. -'-tOl.HP.!.,.b-X..-'-CX.!...tE.lC,'LY-'-.. 8X .. ·...cIA· ... 4X. • VEL 0' ,6 X. • IE MP 'I 9) 

1 • H UM I ' .9 X, 'l P MO' J 
-OD75--.--.-.------~ 17 .1=.l.1I!P.----- .. -

a a 76 1 7 W R IT E ( 6 , 13 ) I , C x I I I , C Y I I I , 0 I ( I I , U 0 I I ) , TO ( I ) , HO ( I ) , iii 0 I I I 
-ODJ2 ~_EORMAT(lX,15.3x,F7.2,3X,~~~F~2 .. 3X.F6.2,3X.Fb.3,3X.F12.8.3) 

----_. --_.- .... -------------_ ... _._----



c-s 

FORTRA~ IV G LEVEL 20.7 VS "'TP DATE 6/07/77 

lF12.8) 
....DO 7 .d _-WRlTE (6 • .242.1_._._ . __ 

C CALCULATION OF TEMPERATURE,HUMIDITY AND VELOCITY GRADIENTS 
0079 MG1=MG-l 
0080 DO 14 l=l,MGl 
D08l ~1=1+1 
0082 OV=AZ(II)-AZ(II 

-1)083 _________ .-AIGUJ=.1AT_ll.lJ.,....ATil.J.J.J...D~. _____ .. ___ . __ _ 
0084 14 AhG(I'=(AHIIIl-AH(Ill/DV 
D08SDO 47 ..J=~.NP 
0086 DO 47 I=l,,",Gl 
nOB7 11=1+1 
008b DV=AZ(III-AZ(Il 

-1WB9 41-4U.G.LJ~lJ",j.AU..LJ • .LlJ=.1UJ.LJ .. ..l.l.l..IJJII ____ _ 
0090 DO 148 I=l,NP 

...{l091 1lO2=OlllJl-2 •. -- - --
0092 BXZ(Il=DC2 

_0093 --BYJ 1 j =..002 _________ ._ .. __________ ._. ___ . 
0094 BIIII=002 
~055 ____ ----1!tB-1l.2llJ :;£.02 __ -------. - --- ... 

0096 ~RITE(6,15) 

0097- 15 fORMATH-X,'P..L.UME ----1 -APP-EARSJlT ..NSTEP=_l',/n 

~098 -. 
OC99 

~~DO 

C SET INITIAL CCNOITIC~S 
JP=!D(lJ 
ALV-=FALV(TPI 

. ___ ... C ... ALL .....sEll..C..il'....l..IH.P .... .cXL .. ___ ... __ .____ . __ ._ .. __ _ 
C INTEGRATION BY RU~GE-KUTTA ~ETHOD 

.------.-- -- -.-.--t =0 ---- ---.--
5=0. 

OWL 
0102 
~103 
0104 

. ----------- 1KT=1 

-'llllS 
0106 

DS=DI (ITHP 1/20. 
GO TO 5S.8~ _______________ ._ .. __ . __ 

86 IF(NIPI .GT. NPI GO TO 19 
.. ----~- -----CHEC¥.--IF--AllIY----l\l£.loj--P-!.-U~E --APPEARS 

14:32 

0107 CALL CHKNwPIPX,PZ,PQ,PMX,PMZ,PG,PF,PCCS,PSIN,PENT,PU,PS,PB,PA,PT. 
.________IPET. Pti. PEH .. P-W.PAN, P..¥-.P1ll.L,PC .CX.NP~NS ,DERl VR ,CY ,KE 1 

01CB 19 IF(NII-lll6,105,105 
~~.9 3S.L.lKT=...l.K-*llil.\LlK.L..lJ __________ _ 

0110 ITHP=1 
---O.111-----______ ..A.LV=f.ALVl TPJ _________ _ 

0112 OS=O.I*P~ll,IKT-ll 
-Dl.13 59B---LALL-RUNGS (S ,OS. 7.Y .... .Yll..,L.DERIIIRJ __ 

0114 Bl(I'=B 
~115 82JIJ:B 

0116 BXZ(I'=B 
--011-1 ------a.V·{l.J;:-8---------.--.--.- -. --.. - ----.---.. --

C SOLUTICNS FOR SINGLE PLUME 
-C.-AU.-SU-UT-N' px~P.¥ ... ..PL,.p~f.P.MX .. P.MZ ... P.G,Pf. PU, PENT f P S, PA, P B, PCOS,PSI N 
IPT,PET,PH~PEH,PW,PAN,PDIl,PC,Cy,y,YP,S.ITHP,IKT,NP,NS I 

-Dl.1~ ______________ ~GOu-ID-1~B~ ____________________ . ____ __ 

c CHECK IF ANY NEW PlU~E MERGI~G CCCURS 
-0120 --------~1~05~L-~L~..P~.P~.P~~~~~fFML .. PG,PF.PU.PENT,PS.PA,PB.Pc,peos, 

IPSIN,PT,PET,PH,PEH,PW,PA~,POIL,Cy,y,yp,YS,YSP,YR1,VRlP,YR2,YR2P, 

-. -------------2DERl..ll.E .. DERIVS .. OERl.lIR ,S .lC, NP • .NS ,KE) 
0121 CALL PLMERG(PX,PY,PI,PT,PET,PH.PEH,Pw,PA,PB,PAN,POIl,PCCS,PSIN, 

1 cy .NP. r-s. K E. MGPA2. MGSll. PL,LLHK,P1H _ 



C-6 

-~~~--- ---------

FORTRAN IV G LEVEL 20.7 VS MTP DATE 6/07177 14:32: 

0122 16 00 23 I=1,NI 
_-D123~ ___ ____ ----1JHP=_l __ ~ __________ _ 

0124 IKT=IK+NCVIKIII-IS(II+l 
01251FIIND(U _LT.U £0 TO 23 
0126 DS=O.1*P811,IKT-11 

._.1: 
C 

RESET -INlT lAlCO'llDIT.lONS AND CALCULATE PLUME PROPERTI ES FOR SINGLE! 
AND MERGED PLUMES 

-1lJ."'2~Z~ ___ _ 

C 
-D128 

-L.AllJ...ESEI.LU-+lXT • DS .S ,1111'-41>5...(, Y __ Y-, yp __ YS .. Y SP .. YRI .. YR1P, YR2, YR2P .. 
lCERIVE,DERIVS,DERIVR,PX,PI,PQ,PMX,PMI,PG,PF,PCOS,PSIN,PENT,PU,PS, 

_ - 2PA. PJ .. PEl .. PEH.P.J/ ,Le J 
SOLUTICNS OF PLUMES INCLLOING SINGLE ~ ~ERGED PLUMES 

---CAli SOWT NI PX, PY ,PL .. PO, PMX, PMI.P.G, PF. PU, PENT, P S, PA, P S, PCO S. PSI N. 
1PT,PET,PH,PEH,Pw,PAN,POIL,PC,CY,Y,YP,S,I,IKT,NP,NSJ 

-D.l29 2~NLINUE-__ -- _________ __ 
0130 IL=O 
-0131-------1SnO-17 -l;l • .NP-
0132 IF((II<.+NOVIKII)J .LT. NS) GO TO 77 

--01.33- --------~ND{ 11 =0 -----------~ 
0134 77 CCNTINUE 

-11l35 --DLJS-I-=.L.M ________ ---
0136 IFUNDII) .GT. 01 GO TO 79 

-0137-- --15UNT I NU E ------- ---
0138 GC TO 80 

-0139------ _____ 1S_-1K=11(f-l ---------- -----------
0140 IFIIQ-3J86,16,397 

-11J.~l ___ ----BL~L..BLJ=.L..NP ______________________ _ 
0142 IFIKEI I I .LE. 0) GO TO B2 
-0143 ------ -----1.1' ttc..Hl< (-IJ~tl'..--1JW-ID -81 
0144 KEIIJ=KEII)+l 

-01-45---- -J=KE ( I j 

0146 K=~GPA2II) 
--U.lJ;1- L ~.MG.sIU~-"*:.J.l _________________ ---- ____ _ 

0148 PXII,JJ=PXIK,LJ 
--01-49 -------- -.P.l {I~J ;J?L!K~-
0150 PBII,Jl=PBIK,Ll 

--0151 -- -- ----P(..(l ... .JJ=J)(.(K-f-LJ -----
0152 PCOSII,JI=PCOSIK,LJ 
0153 P S [tll_Ll~.J -:L.PS~I 111",-,-,' K"'--f-.' IL..A-I _________________________ _ 

0154 PETII,JI=PETIK,L) 
--0155----------..P-Ej-tU • .JJ :;.REH1..K .. LJ ____ -------

0156 PW(I,J)=PwIK,LJ 
-Ol5.1~-------~ --GO JD-81--_ ----~--
0158 E2 KEII'=NS 
0159 al-CON.~I~I~N~I!~E ________________ __ 
0160 WRITEI6,808) 

---'ll.6..l ---B..O-8 -EORMAU-LX-,' ReS II LT S OF-JHE-.-lIl.5 III LLJ> -LU MES ' J 
0162 WRITEI6,22S) 
-Ol~ -------------Ui---O"~- ------------~- --

0164 DO 807 I=l,NP 
-Dl..6.5 K£N=.K£..LlJ _________ ~ 

0166 DO 803 J=l,KEN 
-01.67 ---~----If-tP.w( 1.JJ--G.L-O • .l-GOJ!L.-8D2 

0168 IFINCV(I).EQ.OJGO TO 803 
-Ol.69--------------NE.lIll);.J ---- ----
0170 NeVI 1)=0 

--O..l71 C H=2. •. ___________________ _ 
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FORTRAN IV G LEVEL 20.7 VS DATE = 6/07/77 14:32: 

0172 

0113 
C174 
0175 
0176 

~111_. 

0178 
0119 

IoIRITE(6,8091J, I,PXII,JI,PI(l,JI ,PVII,JltPTlI,JI ,PETII ,JI,PH(I ,J), 
_. __ .~PEHll .. JJ .PJo/Ll. ...... JJ~P.llLL.JJ .... PC.U.~J. PA U .J), PAN' 1, J), PDlL (I, J j, 

2PU(I,J) 
B09 rDRMATIIX.2(I5,lXj,3IF8.2,~Xj.2LF7.2.1X),3(F8.5,lX),61F7.2,lX),/J 

GO TO 803 
B02 IF(NCV(IJ.NE.OJGO TO BD3 

NBVIlJ=J 
___ -1II.C 1I il];=']' . 

CH=l. 
. __ __ _ _ _ . ...iII Rl T.E 16.2 4.lJ.J. I , PX .L1 .. .J J , P Z II , J j , PY 1 I • .J j , P T ( 1 • J J , P E HI, J I , PH ( I ,J I , 

1 P E HI I, J ) , P \01 I I ,J J , P B ( I, J j , PC I I ,J ) , P A (I ,J) , PAN' I , J J , P D I L( I, J) , 

-2P.lHI.Jl 
0180 2~1 FORMAT(lX,2115,lX),3IF8.2,IX),2(F7.2,lX),3(F8.5,lX),61F7.2,lXJI 

-DlSl- --13D3....LDNTIN..Uf --------------- .. - -. 
0182 IFICH-l.l 804,805,807 
~H83 - -....80J,·.wRUH.6.233J I 
0184 233 FORMATIIX,'NO VISIBLE PART OF PLUME FOR PLUME',l4/) 
-01 85 .. --- - . ------GGID....80.1 - . - --_ ... - .-.-.-~-.. --.. --.. 
0186 8C5 WRITE(t,2~3JI,J 

...DlBl_ 2.43 ..Fj)RMA1~'PI IJME~.!_.SJ..ll.L~.BLE AT .lJ-lE IERMINA TI ON STEP' . .. lit/., 
0188 Be7 CGNTINUE 
~lB9 -----OolRlTEH ... -2-4-2-J 
0190 242 FOR~AT(II) 
-~ 191 - - ..... RI TE l.6.224J ----.--- --- -
0192 224 FORMATIIX, 'RESULTS AT THE LAST STEP OF CALCULATION') 

..Dl93 _ .. _______ ._JoIRlJ E 16,22 5J ______ ___ 
01S4 22~ FORMAT(IX,'NSTEP ~THP X I V PTEMP EXCEST 

0195 
0196 

_._- -1.' - .PtlUM I -----EXUSB--P-UlDHOISI-P.AVHfWO P.cROSEC SLOTlEN PANGLE '. 
2'DILUT~ PVELO') 

NTHP=1 
wRITE(6,226)NS.NTHP,PXI1,NSI,PZ(l,NS),PV(1,NSI,PT(1,NS),PETll,NS) 

... .. ___ .... ____ .-l.P.HH .u.sJ~PEiLl...us.L._2.AU .• liI.SJ-tP.£.u~.NSJ ... P..cl1~NS J ,PAU, NS), PAN I l,N.5 l~ 

-0191 
01'18 

~l99 

0200 

2PDIL(1,NS1,PU(l,NSI 
.-226 FDRMAT~.lX.21~']'XJ.31F$.2,lX).2If1.2.1Xl,3IF8.5.1X),b(F7.2,lX).11 

CALL CUTPUT(PX,Py,PI,PT,PET,Ph,PEH,Pw,PA,PC,PA~,PDIL,PSIN,PCOS, 
.-ICONrA.CDNT~.CLNrC~KE~J~TPK~IPNT.NX,Ny,NCONT.N4,NP,NS,I X,DX,Dl,XO, 

2 Z C • P B , PS , P U) 
____ ~R'-CE1UR.N ____________ ._ .. _____ .. ___ . 

END 
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FORTRAN IV G LEVEL 20.7 VS BLANK CAT E = 6/07/77 14:32: 

0001 SUBROUTINE BLANK(PX,Pl,PQ.PMX,PMl,PB,PU,PF,PG,PCOS,PSIN,PENT, 

0002 
0003 

-0004 

__ _ _____ --1PT .. P.5~PA~P.£L~EAl:uP_Y ... PDll. .. PHJP~ .. PL .. NP, NS, NX, NY, NCONT .1'114, CONTA, 
2CONTB,CONTC,MGPA2,MGST1,OX,DI,XO,IC,IFNT,KE,LCHK,AHP) 
£OUBLE PRECISION AQ,EQ,CQ,DQ 
CG~MO~ ISTCREI/INO(301,INCTI301,NOVIK(30),IS(30) 

_..1 ISJORE2/MPJ3.DhMS(30) ,I1P(30) 
2 ISTORE3/AH(30),ATI301,AZI30),AHGI30),ATG(30),AUI30,301, 

_____ .... A AIIG l3o..3.0J _______ _ 

3 ISTOKE4/A(30J,BI130),B2130),BXZI301,BY(30),PMCOS(30J, 
4 ___ PMSltH30 J .. DW 1301 ,NBV (30 J .NE Vl30J • NC V 1 30) 
5 ICO NS Tli PA I • G RA ,AI, A2 ,A3 ,A4 ,C 0, TUR BF, U C, B, T P, ET ,HP. ::H, wP, 

----6 _ -.1!G.Jo!l>1.CFRL .ALIi .CPA ,ANG • Hit I JHP. ENTRAN 
7 ICCNST2/IL,NII,IK,NI,NIPl 

______ -UB ___ ------LSIL&.E5.JOI (30 1,illli3DJ ... IDDill ... HLB01 ... 0130J 
9 ICONST3/AQ,BQ,CQ,CQ 
--ill,..-E NS 1 C-f\-PX .(NP~l>IS,}. PL.(NP .. l>lS ) .. PQ' /liP. NS J .. PHX( NP, N S J • PMZ 1 NP. NSJ , 
IPBINP.NS),PUINP,NS),PFlNP,~S),PG(NP,NS),PCOS(NP,NSJ,PSINlNP,NS), 

- 2P£NT lNP, NSJ .. PJ..LNP--t.NSJ ... P.51NP .. NSL. PAl NP.NSl-tP.ETiNP ,NSJ • PEHI NP .. NS) , 
3PANINP,NS) ,PHINP,NS),pwINP,NS),PYINP,NSJ,PDILINP,NS),CONTAINX,NYI, 

-1tCDNT lHll!LillUJ • co NTC I N 41 ... .M.GP.A2l3.D.L.MGS T..1 {.3DJ .... PCJNP .. NSJ • KE 130 J • 
5LChKI30J,AHPI30J 

0005 -DC --4 --1 ""l-t~-P------- ---- -------
0006 MGPA21 11=0 
-0007 -MGSTl t-J.);-O----- --~- ---- ----
00C8 IS(! J=C 
.D009 -_______ ---LUiJU.lJ"til ________ _ 

0010 AIII=O. 
(Jull --NBVU-l =0 
0012 NEVIIJ=O 
0013 ---~CVH)=O 
0014 DWIIJ=C. 
-0015 _____ P.1!S IJlLLlj.;:;.D-______ _ 

0016 PMCCS(IJ=O. 
0017 --- - --1NO (,1 J ;: 5 
0018 MPIIJ=O 
0019 ---~SU.l=-O 
0020 IIPIIJ=O 
~021 ~r~~&O--------------__ 
0022 4 NOVIK(IJ=O 
0023 --DC--1--I=l • .NP---------------
0024 DC 1 J=l,NS 
0025 -. p~-f-JJ=_O..----____ . --------.-
0026 PZ(I,JI=O. 

--0021 PQL.L.-IJ--=.u.O_. __________ _ 
0028 PMXII,JJ=O. 
0029- -~-------P-¥l-! -l-t-J l;~ .-------~----
0030 PF(I,JJ=O. 
0031 -----------P~u ... ..J.J=O.-
0032 PCII,J)=O. 

_-0033___ PBlI.'I-O 
0034 PCOS(I,JJ=O. 
~o 35 -P-S IN I 1 ~·.U~--.-~---- -------
0036 P U 1 I , J I = 0 • 
~037 - --------P-ENT.tl .. .J..J='O.---- ___ _ 
0038 PET(I,JJ=O. 

--il039 __ PEH!I. , 1-0 
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FORTRA~ IV G LEvEL 20.7 VS BLANK CATE 6/07177 14:32 

0040 PTII,J)=O. 
_...Dil41 ________ --------P--Sjl~~J=O 0 _____________ _ 

0042 PAII,J)=O. 
00 43-PH' I .,JJ =.0..--
0044 PYII,J)=Oo 
0045 ______ __ - - ___ F.AN1l ,~j =_D .. -
0046 POILII,J)=C. 

~041 I-p~jl~~;~ _______ ----_ 
0048 DO 2 l=l,NX 
-0049--DD 2-.1 =1 • .N Y--- ---- -----
0050 2 CCNTAII,JJ=O. 
-D051 00.3 1 =l.NCONT--
0052 3 CGNTBII)=O. 

--0D53 00-5~I~=~1~.~N,~4~ _________ ___ 
0054 5 CONTCII)=O. 
-D.o55 - ----- -4JC-6--l=1-93a~----
0050 DC 6 J=I,30 

--005 7 ---~---------AUG~ -l~J=O-. 
0058 6 AUII,J)=O. 
~59 00-1-4I~-~]~,~3~0~ ____________________ ___ 

0060 KEII)=O 
~ 061-------A-Z-U-l =a.---~----------- -------
0062 ATII)=O. 

--0063 -------- - -- ----AHP.t-lJ"'O ... --__________ -------
0064 AhIIJ=O. 

~Db5_ AIGilJ~ __________________ __ 
0066 7 AhGIIJ=O. 
-OC67-------------------.4~;O'~009153l.32----------
0068 BO=0.0002112502 

-O069-----------------CQ"'O.a036.{)a244 -------------
0070 00=0.009494118 

__ ..j).Q 7_1- CPA =~ _________________________________ _ 

0072 PAI=3.14159265 
- -OD"13 ------ ----GRA=9 • .a.oot. 

0074 Al=O.0806 
-0075 -------------A2=0.6753 
0076 A3=0.3536 

-D077 A4~=uO_. __________________________ _ 

0078 CO=l.S 
---0.01'.9-- 11 !RB.f-~ ______________ ---

0080 OX-O.S 
-DOBI Cl~-o'~ ______ _ 

0082 XQ=l • 
...a OS 3 70_ 2. 
0084 IPNT=O 
-D'Od5------~Cf~~~~-£A~1~1---

0086 IL=O 
--0081 Nll....o 

0088 IK=l -0089 IO~ ________________________________ . ________ __ 

0090 NI=l 
-0091 ----blIP1:2----
0092 ITHP=l 
-CC93 ----I-MH U=-1---------~-----
0094 IS111=1 

---0.09 5 R ElllRJI.'--__________________ _ 
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fORTRAN IV G LEVEL 20.7 VS BLANK DATE 6/07/77 14: 

0096 END 

----- - ------

.------------------ -_.-- ----- - ._--



C-ll 

FORTRAN IV G LEVEL 20.7 VS FA LV DATE = 

0001 

0002 
0003 
0004 
0005 
0006 

-DOD] 

__ _ .--S:. 
FUNCTION FALV(TC) 

___ IO DET .ERMINLJ...AT£lli -,"...EAL_AL V ____________ _ 
IF(TC .LT. 0.) GO Te 1 
FALV=l597 .31-D.51*TC J*4.1868 
GO TO 2 

...l FALV=( 677. __ Dl~D. 622*TCJ*4.1868 
2 RETURN 

______ ...£1lID --------- ---

----------------------- -----

---------------- - ----

----------------------------

6/07/77 

-------------------_. __ .. __ ... 

----------------------------------
- -_ .. --_._ .. _--

14:3~ 
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FORTRAN IV G LEVEL 20.7 VS SETIC DATE = 6/07/17 14: : 

0001 SUBROUTI~E SETICIY,I,CXl 
..1).0.02 ___ ______ ~~OMMOIII JCDliSllLPAl~£RA.Al.A2, A3 • A4. J:D. TURBF.U C. B. T P. ET. HP, EH. wp, 

1 MG,MG1,CFRl,ALV.CPA,ANG,IQ,ITHP,ENTRAN 
2 J~TORE3IAH(30l.AT(30l,AL(301,ArGI301.ATGI30J,AU(30,30l, 

* AUG(3C,30l 
3 ISTORE5IDI(30l.U013C),TO(30l,HOl30J,WO(30l 

0003 DI~ENSIC~ Y(Sl,CX(30) 
-D004 _______ .....Y..L11 :;jl....Al*D.li~*Dll r I*ABSWDUJJJ4-4 ____ _ 

0005 YIZl=O. 
DOD6 - jj3l=Y(lJ*VOtll 
0007 YI4l=YIIJ*ITOIIl-ATl1J-WOII)*ALV/CPAl 
.0008 ______ _Y(5)=YIl}*(HO(lj.,..AHll.h~O(llJ 

0009 Y(6)=CX(I) 
...DD~D ---Y1J J =;11-4 ____________ _ 
0011 RETURN 
111HZ------- --- --END 

--------- ------------ ---------------

----------------------------_. __ ._.--- -- _.- -

----- -------
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FORTRA~ IV G LEVEL 20.7 VS RUNGS DATE = 6/07171 

SUBROUTINE RUNGS(X,H,N,Y,YPRIME,INDEX,DERIV) 0001 
0002_ ~-1)lM.ENSIOI\ .Y.tBJ ,YPRHIE18J ,ll8J.I'IlIBJ.W2(S),W3(8J ,W4(SJ 

14:32 

C RUNGS-RUNGE-KUTTA SOLUTICN OF SET OF FIRST ORDER O.D.E. FORTRAN I 
C Dl~ENSICNS MUST BE SET FCR EACH f~CGRAM 
C X INDEPENDENT VARIABLE 
C H INCREMENT DELTA X,MAY BE CHANGED IN VALUE 
C N NUMBER OF E'UATICNS 

___ ~_~ ____ ~ _____ ~y __ ~£P£tWENl_YAR1AB-LL1llilCK ___ -LlNE lJIMENSIONAL ARRAY 
C YPRIME DERIVATIVE ELOCK ONE DIMENSIONAL ARRAY 
C THE PROGRAMMER JoI.1JST SUPPLY INITIAL VALUES OF Y(l1 TO y(NJ 
C INDEX IS A VARIABLE WHICH SHOULD BE SET TO ZERO BEFORE EACH 
£ INITIAL ENTRY TO THE SU8ROUTINE, I.E., TO SOLVE A DIFFERENT 
C SET OF EQUATIGNS OR 10 START ~ITH ~EW INITIAL CONDITIONS. 

______ ---1:_ ~-IH£ J>RD!JRAMt-'..£R MilSJ -.-ARl_TE.A ..sUBRDUTlNE 1:ALLED DERI VE wHICH 
C CC~PUTES THE CERIVATIVES AND STORES T~EM 

--0 _H-EARGUMENLLLST -IS SUBROl. TINE DERIVE IX,N, y, YPRIME J 
0003 IFIINDEXJ 5,5,1 
1)004_-1--00 21=1.N---
0005 w1III=H*YPRIMEIIJ 

_OOD6 _________ --2.21.1j=.Y~UJct~J~ _____ . _____ ~ ~ _____ ~ 

ooe7 A=X+O.5*H 
0008LAll GERIVL4....N-.l,l'PJUMEl 
0009 DC 3 I=l,N 
OOlO-w2(1)=ti*YPRlMEHl -
0011 3 Z(II=Y(I)+.5*W2(IJ 

_--0012 ______ ~_~_--4"'J{+1l.5*}L _____ . ______________ .~ ___ -_~. _____ ~_ 
0013 CALL CERIV(A,N,Z,YPRIMEJ 
-0014 ·40 4 I=l~N 
0015 ~3(It=H*YPRI~E(IJ 

0016 .-4~-HI1=¥!l-J"~Ij 
0017 A=X+H 

.ill) lB ____ ~ ______ ~ __ ~~~ Ail...DEP.Bll..14L.-Y.£1UJo'--EJ _~ ~ ___ , 

0019 DO 7 I=l,N 
-0020 --W4 (U =H*-¥ P RIJl.EUJ~ ~~ 
0021 7 YII)=Y(I)r(I(2.*(W2(I)+W3(I)))rW1(I)+W4(I))/6.) 
-D022 -X=X+H 
0023 CALL DERIV(X,N,Y,YPRIME) 
--01l.2{e-GD _IO-1; -------- ----
0025 5 CALL DEPIV(X,N,y,YPRI~E) 

002-6 .---~ --lNDEX=-1 ------~-

0027 c RETURN 
--0028 ~----_ ENG 

-----------------------------
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FORTRA~ IV G lEVEL 20.7 VS DERIVR DATE 6/07177 15:27: 

0001 
0002 
0003 

0004 

0005 
0006 
0007 
OOOS 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 

SUBROUTINE OERIVRIS,~,Y.YPI 
DOUElE PPECISIC~ ~Q,e"C"CQ 
COMMON ISTORE1/I~(130J.INDT(30.,~OVIK(30.,ISI30. 

1 ISTORE3/AH301 ,A1(30) ,HI30J,AHG(30),ATG(30) ,AJl3 C, 30), 
A ALG(30,30) 
3 ICONST1/P~I,GR~,A1,A2,A3,A4,CD,TURBF,UC,B,TP,ET,1P,EH,~p, 
4 ~G,MGl,CFRL,ALV,CPA,ANG.I"ITHP,ENTRAN 

. 5 ICCNST3IAC,BC,CQ,DQ 
6 ISTORE5/CI(30),UO(30J.TO(301,HOl30).~0(30) 

DIMENSION Y(S),YPI8J 
C DETERMINE AMBIE~T CONDITIONS 

TPK~TP+273.16 

TOK=TOlITHP)+273.l6 
DO 88 I=2.MG 
IF(Y(7) .GT. AZlI») GC TO 88 

-1-1 '" 1-1 
DZZ=Y(7)-AZlIYJ 
TA=ATlIIJ+ATGlII)*CZZ 
HA=AH(IIJ+A~GllI)*CZZ 

UA=~UlITHP.II)+AUGIITHP,II)*CZZ 

TG=ATG I I I J 
HG= MJG (I I' 
GO TO 90 

88 CONTINUE 
DZl=Y P.-HIMGU 
TA=AT(MG1J+ATGI~Gl)*CZl 

HA=AH(~GIJ+AHG'MGl)*DZl 
UA=AUIITHP,MGl,+AUGlITHF,MGlJ*OZ1 
HG=AHG(~GIJ 

TG=HGIMGU 
90 TAK=TA+273.16 

UP=UA*TUPBF 
C DETERMINE MOHENTUM,TRAJECTCRY AND VELOCITY CF PLUME 

PM=SQRTlYI2J*YIZ)+YI3J*Y(31) 
PCOS=Y(Z)/PM 
PSIN=Y(3J/FM 
IFIPCOS .NE. 0.) GO TC e6 
ANG=90. 
GO TO 8S 

86 ANG=ATA~(PSIN/PCCS)*leO./PAI 
85 SIGN=l. 

IF1FSIN .LT. 0.1 SIG~=-l. 
APSIN=A>SS(FSINI 
SY=PSIN*Y(H 
UC=PM/Y( 11 
U=UC'-UA*PCOS 
SPM=SQRT (FA I*PM. 
B=YIU/S'Ii-f'oI 
USU=UC*PAI*S*B 
PMC=CD*S*U~*UA*PSIN*PSIN 
Y4=YI4J/lSU 
YS=Y(Sj/LSU 
C1:~lV/CPA 

C2=Y4+TA+Cl*(Y5+r~) 
C3=Y5+HA 

C _ TO ASSUME THE PLU~E IS SATURATED .NO CALCULATE THE SATU~ATED PLL 
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0048 

0049 
0050 

0051 
0052 
0053 
0054 
0055 

0056 
0051 
0058 

0059 

0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 

.0070 

0011 
0072 
0013 
0074 
0075 
0076 
0077 
0078 
0079 

C 

c 

c 

HUMIDITY AND TEMPERATLRE 
CALL ITERITPK.hP.EST.Cl,C2J 
TO CETERMINE THE PLUME LIQUID PHASE MOISTURE 
"P=C3-I-P 
IFI~P .GT. 0.) GC TO 79 
DRY PLUME 
WP=O. 
HP=C3 
TP=TA+Y4 
TPK::TP+213.16 
GO TO 178 

C WET PLUME 
19 TP=TPK-273.16 

_178 ET=TP-TA 
EH=HP-HA 

~ TO CETERHINE ~CIABATIC LAPSE RATE 
GAMA=FGA~A(TAK."'At 

C DETERMINE PLUME ENTRAIN~ENT 
RT=lPK/TAK 
PER=2.*PAI*B 
IFIRT .E'. 1.) fC TO ~9 
FRL=UC*UC*lPK/(GRA*TCK*ABS{RT-l.J*B) 
IFI~RL .GT. CFRLt GO TO 9 
A12:0.116 
GO TO 10 

9 AIZ=Al+A2*APSIN/FRL 
GO TO 10 

99 A12=Al, 
10 ENTRAN~PER*(A12*~BS(U)+A3*UA*APSIN*PCOS+A4*UP) 

C EQUATICNS OF 'CCNSERVATICN OF VOLUME.MOM •• ENERGE AND MJlST. FLUXES 
YP( 1.=ENTRAN*RT 
YPI2J=(UA*ENTRAN+PMC*lFS)NJ*RT 
YP(3)=(RT-1.-WPJ*GRA*LSL/UC-SIGN*FMC*PCOS*RT 
YPI4.=-(TG+GAMA.*!Y 
YP(5)=-HG*SY 
YPl6J=PCCS 
YP(7)=PSIN 
RETURN 
END 



C-16 

FORTRAN IV G LEVEL 20.7 VS DERIVS DATE 6/07177 

0001 
0002 
0003 

0004 
0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 

0043 

0044 
0045 

SUBROUTINE DERIVSIS,N,V,VP; 
DOUELE PRECISICN AQ,B"C"DO 
COMMON ISTOREl/INC(30),1NDT(30J,NOYIKI30),ISI30J 

1 ISTORE3/AHI30.,AT(30.,~ZI3C;,AHG(30"ATGI30),AU'~O,30!, 
A AL(130,30) 

3 ICeNS T 1 /P II I, GR ~ ,II 1, A2 ,A3, A 4.C D, TUR e F, UC, B, TP ,ET,'; p, fH, II/F, 
4 ~G,MGI,CFRL,Aly,CPA,ANG.I"IT~P,ENTRAN 
5 ICC~ST3/A"B~,CQ,CQ 
b /STORES/CII30.,UCI30.,TOI~OI,HO(30),WOI30) 

DIMENSION V(8),YPI8) 
TPK=TP+2?3.16 

C DETERMINE AMBIENT CONDITIONS 
TOK=TOIITHP)+273.16 

.DO 88 I=2,MG 
IFIYI7 •• GT. AZII.' GC TO 88 

-1J=1-1 
DLZ=YI7 )-All I I J 
TA=ATIII.+ATGIIl.*CZZ 
HA=AHIII)+AHGIIIJ*DZZ 
UA=AUIITHP,II'+AUGIITHP,IIJ*CZZ 
TG=HG 11 I j 

HG=AlcG ( II J 
GO TO 90 

B8 CONTINUE 
OZ l=Y( 7 )-Al( MGl) 
TA=AT(MGl.tATGIMGl.*OZl 
HA=AH(~Gl)+AHGI~Gl)*DZl 

UA=AUIITHP,MGl}+AUG(ITHF,MGl)*OZl 
TG=ATGIMGl, 
HG=AHGIPlGll 

90 TAK=TA+273.16 
UP=UA*TURBF 

C DETERMINE ~OMENTu~,TRAJECTCRV AND VELOCITY CF PLUME 
PM=SQRTIY(2J*VIZ)tYI3'*~131' 
PCOS=Y(Z)/FM 
PSH.=Y(3)/FPI 

85 SIGII:=t. 
jFIPSIN .LT. 0.) .SIGNs-l. 
APSIN=ABSIPSIN) 
SY=PSIN*VII' 
UC=PM/V(l) 
U=UC-UA*PCOS 
B=Yll'*VllJ/12.*FM. 
USU=2.*B*UC 
PMC=CD*UA*UA*PSIN*PSIN*C.S 
Y4=VI4J/lSU 
YS='t'(Sl/lSU 
Cl=ALY/CPA 
CZ='t'4+TA+Cl*IV5+~A) 
C3=V5+HA 

C TO ASSUME THE PLUPIE IS SATURATED AND CALCULATE THE SAru~~TED PLU~E. 
C HUMIDITY A~D TE~PERATURE 

CAll ITERITPK,HP,EST,Cl,C21 
C TO CETER~INE ThE PLUME LIQUID PHASE MOISTURE 

WP=C3-HP 
..IF(~P .. LT • .o.J GO TO 19 



C-17 

FORTRAN IV G LEVEL 20.1 VS DERIVS DA TE a: 6/07117 15:21: 

. 0046 
0041 
0048 
0049 
0050 

0051 
0052 
0053 

0054 

0055 
0056 
-D051 

0058 
0059 
0060 
006t 
0062 
0063 
0064 
0065 
0066 

C DRY PLUME 
WP=O • 
HP=C3 
TP=TA+Y4 
TPK=TP+Z13.16 
GO TO 178 

C WET PLUME 
79 TP=TPK-Z73.16 

118 ET=TP-TA 
EH=f-(P-HA 

C TO CETERMINE ACIleATIC LAPSE RATE 
GAMA=fGA~A(TAK,~lj 

C DETERMINE PLUME ENTRAINMENT 
TPI<=TP+Z73.16 
RT=TPK/TAK 

~ ENTRAN=Z.*JO.198*ABStUj'A3*UA*APSIN*PCOS'A4*UPj 
C EQUlTICNS OF CCNSERVATICN OF VOlU~E,MOM.,ENeRGE AND HOIS1. FLUXES 

YP( U=ENTRAN*RT 
YP(2.=(UA*ENTRA~.FMC*'PSIN)*RT 
YP(3J=(RT-1.-WP)*GRA*LSL/UC-SIGN*FMC*PCOS*RT 
YP(41=-fTG+GAMA)*SY 
YP(5)=-HG*SY 
YP(t)=pccs 
YP(7)=PSI'" 
RETURN 
END 



C-1S 

FORTRAN IV G LEVEL 20.7 VS DERIVE DATE .. 6/07177 15: 21 : 

0001 
0002 
0003 

0004 
0005 

0006 
0007 
oooa 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
001a 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 
0021 
0028 
0029 
0030 
0031 

- 0032 
0033 
0034 
0035 
0036 
0031 
0038 
0039 

0040 
0041 
0042 
0043 
0044 
0045 

SUBROUTINE OERIVE(S.~.Y.YPt 
DOUELE PRECISION AQ,8C,CQ,CQ 
COMMON ISTOREI/I~C(30),INDT(30J,NOVJK(30J,IS(30J 

1 I STOR E31 AI- (30 j ,A T (30 j ,A Z ( 3 Ct. AHG ( 30) , ATG (30) ,Au U 0, )0. , 
A AUG(30.3C) 
2 ISTCRE4/A(30).Bll30),B2(3C)'BXl(30).BY(30.,P"'CuS(30., 
3 P~SIN(30),D~(30J.NeV(30),NEv(30),NCV(jOJ 
4. JCO~ST1/PAIIGR~I~IIA2.A3IA4.CD.TUReF.UC.B.TP.fT,~f.EH,WF. 
5 MG.MG1.CFR~.ALV,CPA.ANG,IC,ITHP.ENTRAN 
6 ICC~ST3/~c,eQICQ,CQ 
7 ISTORE5/0I(30J.UC(30).TO(30J,HO(30),~O(30J 

DIMENSION Y(a"vP(a, 
TPK=TP+213.16 

C DETERMINE AMBIENT CONDITIONS 
TOK=TO(IT~P)+273.16 

. ...DO 88 1=2.MG 
IF(Y(1) .GT. AI(I)) GC TO 8a 
II=I-l 
DZI=Y(1)-H(II) 
TA=~T(II'+ATG(II'*DII 
HA=AHIII)+AHG(III*DIZ 
UA=AU(ITHP.II)+AUG(IT~P.IIJ*CZZ 

TG:ATG( I I' 
HG=At;GI I I) 
GO TO 90 

88 CONTINUE 
DZl=Y(1)-HfMGlJ 
TA=ATIMGl)+ATG(MGl)*Dll 
HA:AHfMGl'+AHGf~G1t*Cll 
UA=AU(!THP,MGl)+AUGIITHP,MGl'*OZl 
TG=ATG(~GlJ 

HG=AHG(MGU 
90 TAK=TA+213.16 

UP=l;A*TURBF 
C DETERMINE MOMENTU~,TRAJECTORY ANC VELOCITY OF PLUME 

PM=SQRT(Y(2)*Y(2)+Yf3)*Y(3)) 
PCOS=Y(2)/FM 
PSI~=Y(3)/PM 

IF(PCOS .NE. 0.) GO lC 86 
ANG=90. 
GO TO 85 

86 ANG=ATAN(PSIN/PCCS)*lSO./PAI 
85 SIGN=1. 

IF(PSIN .LT. o.} SIG~=-l. 
APSIN=ABS(PSIN) 
5 Y= PSI N*Y (II 
UC=PM/Y( 1) 

U=UC-UA*PCCS 
USu=uc* (A ( ITHP J* (e l( ITHP) +S2 ( ITHP )J+O. 5*PA 1 * (Bll ITHP' *iH U THP) + 

IB2(ITHP)*82(ITHP»)) 
PHC=O.~*CO*uA*UA*PSIN.PSIN*O~(ITHPJ 
Y4=Y(41/USU 
V5=Y(51/LSlJ 
.cl=AlV/CPA 
C2=Y4+TA+C1*(Y5+~A) 

__ C3='I'5+HA 
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FORTRAN IV G LEVEL 20.7 VS DERIVE DATE - 6/07177 15:27: 

_0. 

0046 

0047 
0048 

0049 
0050 
0051 
0052 
0053 

0054 
0055 
nOS6 

0057 

0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 

0077 

0078 

0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 

C TO ~SSUME THE PLU~E IS SATU~ATED ~ND CALCUL~TE THE SATU~~TEO PLU~! 
C HUMIDITY AND TEMPERATURE 

CALL ITEP(TPK.~P.EST.(I.C2) 
C TO DETERMINE THE PLUME LIQUID PH~SE MOISTURE 

WP=C3-t-1P 
IF(~P .GT. 0.) GC TO 79 

C DRY PLUME 
wP=O. 
HP=C3 
TP=TA+Y4 
TPK=TP+273.16 
GO 10 178 

C WET PLUME 
79 TP=TPK-273.16 

178 ET=TP-TA 
_ EH=HP-HA 

C TO CETEPMINE ADIABATIC LAPSE PATE 
GAMA=FGA~A(TAK.~AI 

C DETERMINE PLUME ENTRAIN~ENT 
TPK=TP+273.16 
RT=TPK/TAK 
PER-2.*A( ITHPt 
A12=0.198 
IF(PT .EQ. 1.1 GO TO ~9 
FRC=UC*UC*TPK/(GRA*TCK*ABSIRT-l.») 
FRL-FRC/BI (ITHP) 
IF(FRL .GT. CFRLi GO TO 106 
.B12=0.lH: 
GO 10 108 

106 B12=Al+A2*APSI~/FRL 
108 FRl=FRC/B2tITHP) 

IF(FRL .GT. CFRL) GO TO 104 
C12=0.116 
GO TO 107 

104 C12=A1+A2*APSI~/FRl 
GO 10 107 

99 S12=Al 
C 12=A 1 

C ENTRAINMENI OF TWO HALF ROUND ENDING PLUMES 
107 E NTP= PA 1* (ASS (u) * (Bl ( IT I- P) *B 12+82 ( IT HP) *C 12) + (81 ( IT!-? I +0 ,a ITHP J) 

1*(A3*UA*APSIN*PCCS.A4*UFt. 
C ENTRAINMENT OF T~C HALF ROUND PLU~~S AND SLOT JET 

ENTPAN=PER*(A12*~BS(U)+A3*UA*APSI~*PCOS+A4*UPI+ENTR 
C EQUATIONS OF CCNSERVATICN OF VOLU~E.MO~ •• ENERGE AND ~i~T. FLUXES 

YP( 1 )=ENTIUN*RT 
Y?(2)=(UA*ENTRAN+P~*JPSIN)*RT 
YP(3i=(RT-l.-WPI*GRA*LSL/UC-SIGN*PMC*PCOS*RT 
YP(4)=-(TG+GAMA)*SY 
YP(~I=-HG*SY 
YP(6)=PCOS 
YPI1 )=PSIN 
RETURN 
END 
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---- -------- -- ----------- -------

FORTRAN IV G lEVEL 20.7 VS FHI DATE = 6/07177 

0001 SUBROUTINE PHIII.JR,~.CY.PI,NP.NS,IKQ,IKP) 
_0002 __ _ _ ~DJo\""1JN .1ST DB..HI1ND L30J_.l NOT( 30) .NOV1K(30) tlS (30 J 

1 ISTORE4/A(30).B1(30),B2130J,BXI130J,BY(30J.PMCOSI30). 
2 PMS 1 N DOJ ~ D~ (30) ,NBV (30). NEVI 3 OJ • NC Vi 30) 

0003 DIMENSION PIINP.NSJ,CY(30) 
L TO CALCULATE JHE ANGLE OF THE INCLINATION OF MERGED PLUME (PHIJ 

0004 IJR=INCTIJR) 
-1l.QC5 ...lJ!=.lW.Jll1..J _____________________ _ 

0006 IF(lJR .NE. 1M) GO TO 1 
.0007 ________ _ lFUJR ~-H • ...l .... AND • ...lH _ • .EQ • .lJ GO TO 2 
0008 IF(JR .EQ. M) GC TO 6 
0009_______ IFlIJR ... Hi. 2 .... AND • ...lM ... EQ • .2) GO TO 4 
001~ 2 DY=ABSICYIJRJ-CVCM)J 

J)D.l.l -.DL=AB.51 PLLJ~ K.£J.=.P.L1..M...lKC1J __ -_____ _ 
0012 DS=SQRTCOY*OY+OI*DIJ 
-DOD ------- -JMCOSUJ=DY/OS-----
0014 PMSINCI)=DIIDS 

-DD.l5 ________ --.GO_TD_.5 _____________________ _ 

0016 1 IfllJR .NE. 1) GC TO 6 
_-'> D.l.l LP.11.C.o.S.UJ~ JoIC ... ou..>.S.LJ1 MI:U-) _______ _ 

0018 PMSINII)=PMSINCMJ 
.0019 -GC TO .5 --------------
0020 t PMCOSC I J=PMCOSI JRJ 
.0021 - PMSINLlJ=PMSlllI-1JRJ-
0022 GO TO 5 

..D023 _____ ....!t .LO..5S =p ..JoIC..GS..LJ.1U!P..MCO.Sl M) =PMS1NLJRJ * P JtS.ll\' H) 
0024 PMCOSI})=SQRT{0.5*I1.+COSSJJ 
.0025 - --- - -P MSI-N { I J ~-S.QRI...W....5 *--u ... -,.c.osS J J 
0026 5 RETURN 
0027-- --END- - - ------

-----"-~ ----------------------------- .---- -.----- -----

-------------------------------- --

----------------------------- --- --

---- ------------------
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FORTRA~ IV G LEVEL 20.7 VS ITER DATE ., 6/07177 

0001 
-llDD2-

0003 
.:1004 
0005 
0006 
OOC7 

_..J)D08 ___ _ 

0009 
1)010 
0011 
-DD12 
0013 

SUBROLTINE ITER(TPK,HP,EST,C1,C2) 
___ .1 TS=313~lbI.JPJ( ________ _ 

T=1.-TS 
EST=1013.25*EXP(113.3185-(1.976+(O.6445+0.1299*T)*T)*T )*T) 
ES=O ~622*E ST 
HP=ESJ(1013.25+ES) 
FTPK=C2-Cl*HP+273.16-TP~ 

_-1F1ABSjfJF~--L~_~j-REIURN 

DST=(13.3185-(3.952+(1.9335+0.5196*T)*TJ*T)*TS/TPK 
FTPKD=-l.+Cl*nP*DSI*lHP-l.J 
TPK=TPK-FTPK/FTPKD 
GD TO .1 
END 

-------- ----------

-----------------------------

-----------------------

-------- - --------------------- ------

14:32 
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FORTRA~ IV G LEVEL 20.7 VS FGM1A DATE '"' 6107177 14:32 

0001 FUNCTION FGAMAITAK,HAJ 
__ L ~D Jl£IER~NE_AD1ABAllL..l.APSE RATE 

0002 T=1.-373.16/TAK 
0003 EST=EXP{113.3185-ll.976+{O.6445+0.1229*TJ*T}*TI*T) 
0004 ES=0.622*1013.25*EST 
0005 HAS=0.99*ES/{1013.25+ES) 
0006 IFIHA .GE. HAS) GO Te 1 

_____ --C ___ -1).RYJU;liE.AIJ..L.l....AP.-5~TE ____________ _ 
0007 FGAMA=0.OOS76 
0008 ~D r02 
0009 1 RESP=EST/TAK 

£ _~ATURATED ADIABATIC LAPSE ~ATE 
0010 FGAMA=0.OCS76*ll.+5420.*RESPJ/I1.+839COOO.*RESP/TAK) 

J:lDH _____ --2-RET1JRf'J ______________ -. -_ .---- _ -
0012 END 

---- ----- ------------------------------- - - ---- - - -

--------- ._---



C-23 

FORTRA~ IV G lEVEL 20.7 VS SOlUTN DATE = 6/07/17 14:32: 

0001 SUBROUTI~E SOlUTNIPX,PV,Pl,PQ,PMX,FMl,PG,PF,PU,PENT,PS,PA,PB,PCOS, 
_--1P 51 N IP J ,P£J~£t:LEEtLPJl,P.AN, POlL. PC. CY .. Y I YP I S I I I J, NP, NS J 

0002 CCMMON ISTORE4/A(30),B1130),B213C),BXZ(30J.BY(30),PMCOSI301, 
1 fMS1NBOI.Oio/I30J .NBII130J.NEII(30) ,NCV(30J 
2 ICONST1/PAI,GRA,A1,A2,A3,A4,CD,TUR8F,UC,B,TP,ET,HP,EH.wP, 

_3 Jffi,Mbl.CFRL,ALII,CPA.ANG,IQ.ITHP.ENTRAN 
4 ISTORE1/IND(30),INDT(30I,NOVIKI30),ISI30J 

-1) OD3 _ . ______ -'-OJ ...... MilLS-11JN ~ ~.£.Y.LliP~N.Sj.., P.Ll liP ~liSJ~P.Q (NP ,N5.l • P MX IN P • f./S I • 
1P~llNP,NS),PGINP,NS),PFINP,NS).PUINP,NS).PENT(NP,NSI,PSINP,NSJ, 

________ __ 2PA{ NP ,NS.l ~PB1NP ..,NS.l • p.cas (NP ,N5) .PSI N( I\P ,NSJ ,PTI NP. NS J • P ET I NP, NS j, 
3 P H ( N P , N S J , P E H I N P , N S ) ,P W I NP • N S J , PAN I N P • N S) ,P DIU N P , N S J ,C Y I 3 I)) , Y I 8 I • 

_ _____ 4¥P (BJ. fC'(t..P~NS.l 
0004 PXII,JJ=Y(61 

..DDDS P7 '~...1.l=,..YLll 
0006 PYII,JJ=CYII) 
0007 - --- ---P-'J~ I ... .J.J;;'t~.J..l ---
0008 PMXII,J)=YI2J 
0009 ------ --- --P!-'...lU.-JJ .. X13.l------------------
0010 PGII,J)=YI4) 

..DUll PF~~j~~5ul _________ ~ __________ __ 
0012 PUII.JI=UC 
0013 P.ENH J ... U=EUUUU--------- -----
0014 PSII,JI=S 
t0015.PAU ... .J.l ~(1J -----.----------
P016 PCII,JJ=EXlIIJ 
..D 011 ___ ....--E.B.H .... ...1J =..8 
0018 PCOSII,J)=YPI61 
0019 . ..J'S INIJ .. .J.)=yp-! . .J-J---------.. -
0020 PT(I,JI=TP 
0021- ---PET!.I -t..J.);:.1: 1 -- ---... ---------
0022 PH(I,J)=HP 

. .DD23 _. _______ -PB:i.i.,4..JJ-""=..:E:z:HL--_____________ _ 

0024 PWII,JJ=wP 
0025-------- P.AN!l.JJ=.ANG------------ ---
0026 PDIl(I.JI=Y(11/PQ(I,1) 
0027 ---RETURN -
0028 END 

--------------------------_ •.. _ •.. _- '---" 

-- -- - - --- -------------------



C-24 

FORTRAN ]V G LEVEL 20.7 VS CHKNio/P DATE = 6/07/77 14:32: 

0001 

0002 
0003 

SUBROUTINE CHKNio/PIPX,PZ,P~,PMX,PMI,PG,PF,PCOS,PSIN,PENT,PU,PS,PB, 
__ .....lPA.PT .. PET ... PLLP£.h .. P.r.I ... FA"' .. Py, PI/Il .. PC, ex, NP, NS, DER I YR, CV, K El 

EXTEPNAL DER I VR 
LOMMON ISTORE1/INDl301,INDT{301,NOYIK{30J,ISI301 

1 ISTORE4/AI301,81(301,B2(301,BXZI301,8Y(30I,PMCOS(30I, 
2 PI'ISIN 1301.Dw1301 ,N8Yl30I,NEV1301 ,NCY(301 
3 ICOI\STI/PAI,GPA,Al,A2,A3,A4,eD,TURBF,ue,B,TP,ET,HP,EH,io/P, 

_____ ~___ ._~ ... .M.Ca. .. .cf.RL ... .4..UI .• U'..A...Al'lG .. Hl.ITHP.ENTRAN 
5 /CCNST21IL,NII,IK,NI,NIPl 
6 _ISJDRE5/DI130I,UD(301 .. TO{30J,He(301,WO(301 

0004 DIMENSION PX(NP,NSI,PlINP,NSI ,PQ(NP,NSJ,PMXINP,NS),PMZ(NP,NSI, 
~PE{NP,NSI,Pu{NP,NS1.PftNP,NS1,PG(NP,NSJ,PCOSINP,NSI,PSIN(~P,NS), 

2PENT(NP,NSI,PAINP,NSI,PTINF,NSJ,CX(30I,Y(8J,YPI81,PS(NP,NSI, 
_______ --3Pt<..JI'lP .. NSJ.... PilllP-.tNSJ ... _E.EI1.NP-.tNSJ .. PJ:H1HP .... NSJ .. P.AN INP ,NS J, PY I NP, NS J, __ 

4PCIL(NP,I\SI,CYI30),KE(30J,P(INP,NSI 
~ - CHECK If...ANY - 1IIE-'" -P.LUfw£..AFPEARS 

0005 IKK=IK+NOYIKIII-IS(ll 
.0006 . - ----...lFlpxl.l ... .lJU<J .LIo ...GXIN1P...llJ.....GG J1L.l.9 
00C7 NIPP=NIPl 

.j) 0 08 __ ----D.C ..22-1 =lilJl £.....!lIE-. ----------- - ---
0009 DS=DI(JI/20. 
0010-.lf..{A8S {CX'(HlP.PJ-=C.X1..J-l -l-.... .GE .. -DSJ -GO ..1.0--22 
0011 NI=NI+l 
.0012 --.iiRII.Et.6 ... 'tOJJ.lKK __ _ 

~t~ _______ ~~i~~~T (l ~'PLLJME' ,2X, I~_~ __ ~~_~~RS_~~ NSTEP=' , 151 I J 

0015 IS(JI=IKK 
0016 - ..NOYIK.(.Jj=1II0Il.lK(U 
0017 I\IP1=J+1 
0018 JND{.JJ=l 
0019 1KS= 1 , 

-_____ ~ ___ -.SET ....l1UIIAI CCNOITIO,$ 
0020 TP=TOIJJ 
OOZl--AU/=FAU(.( IPJ --_ _ ___ _ 
0022 CALL SETI(IY,J,CXt 
.1l023--L =1) ___ .. ___ .. _____ _ 

0024 $=0. 
-OD25 JJHP~ ____________ _ 

0026 30 CALL RUNGSl$,DS,7,V,VP,l,DERIYR) 
1)027-----_ ------BXLi.J J = B _ _ ______ _ 

C SCLUT1C~S FOR U~MERGED SINGLE ROUND PLUME 
1)028 _______ ___ -LAll_SDLUJNI p....x .. P~p..z .. P.Q. PMX. FMZ.PG, PF ,PU, PENT, PS, PA, P 8, PCOS, PS IN, 

1PT,PET,P~,PEH,Pio/.PAN,PDIL,PC,Cy,y,YP,S,J,IKS,NP,NSJ 

_______ ... c ---L.t-.£CliA.GJ_HLLR.lIERIOi FO~.ICP"pJ.~_n·.E..LAlCULAT.lON OF THE NEW. __ _ 
C ISSUEO SINGLE PLUME 

llO29 -----_ -------1F-lPLt.J.IKSL .... .G.E.....ELHt-l.KK.J.J.....GDJ'O...23 
0030 IFIIKS .GE. NSJ GO Te 22 
'0031------------1KS-=lKS+-l- ______________ _ 
0032 DS=B*0.1 
D033 AI~EF~_I~I~P~I __________________ __ 
0034 GC TO 30 
0035--------2-3 Kft.JJ=U,S -------.-_. 
0036 22 CONTI~UE 
0037----------19....R.HURN 
0038 END 
_.- ----------------------



C-25 

FORTRA~ IV G LEVEL 20.7 VS ALIGN OAT E = 6/07117 

0001 SUBROUTINE ALIGNIPX,Py,Pl,PQ,P~X,PMl,PG,PF,PU,PENT,PS,PA,PB,PC. 
____ .__ __ __-IP COS ~P SlN .. FLPET ~Pfu FEH, PW. P Jll\I. P BIL. C '(. y, YP. Y S, Y SP, YR 1, YR lP, YR2, 

0002 
0003 

2YR2P,DERIVE,DERIVS,DERIVR,S,LC,NF,NS,KE) 
EXTERNAL DERIVE,OERIVS,DERIVR 
COMMOr-.ISTGREl/IND(30),INDTI30l,NOVIKI30),ISI30l 

1 jCCNSIlIPAl.GRA,Al.AZ.A3,A4.CC.TURBF.UC,B,TP,ET,HP,EH,wP, 
2 MG,MGl,CFRl.ALV,CPA,ANG,IQ,ITHP,ENTRAN 

.-____ ~---3 _____ --'CC~21J1.~~K.Nl .. ~lPl __ _ 

0004 

4 ISTORE4/A(30),B1130J,BZI30l,BX1(30l,BY(30J,PMCOSI30), 
5 PMS1NUO).Dw{30J .NBV(30J,NEVI30) .NCvI30) 
DI~ENSION PXiNP,NS),PYINF,NS),PlINP,NS),PQINP,NSJ,PMX(NP,NSJ, 

.lPMl (NP ,NSJ .. PG (NP.NSJ_,PF (NP .NS) • PlH NP .NS) ,PENT' NP ,NSJ , PS (NP, NS J , 
2 PA I NP, NS ) , FB (NP. NS l , PC I NP, NS) ,PCDS I NP, NS l ,P S I NI NP, NS) ,P TI IIIP ,NS) , 

3P.EJ11lU'~1lISJ~P.l:i!1-il' ... !lISJ .. E.EHlhP ... 1:.Sj ~Pw {NP ~NS J • PAN (NP. NS l. PO IL I NP. NS J. 
4CY I 30 J. Y 18 l, YP I 8), Y S (8) , YSP (8) t YRl( 8) ,YR1 PI 8) , YR2 I 8 J , YR2P I 8) t 

-5¥.Et30J 
0005 Il=IK+NOVIKll)-l 
.0006 -- YXMAX=J>XU~.l.U _____ . _____ ._ 
0007 DC 1 I=l,NI 

__ llOOB ~::~K :t.N.uO .... V--'I-l:\K..A'--II ..... I"'-=--I ... S:>JC ... IL-O-1 _______ _ 
0009 IFIPXMAX .LT. PXII,I~)) PXMAX=PXII,IM) 

- 0010 --- -.1 -LCNTINt..E--- --
0011 DO 2 I=l,NI 
.0012 -- --If! INDUJ -_lL~)GO TO 2 
0013 IM=IK+NOVIK(II-ISII) 
-~~~-----1~~~~<tt~1 GO TO--2 ____________ . __ . __ _ 

-0016- ---- ----lFUP-XMAX-PXI1.l1U--DSJ _LT_O.j GO TO 2 
0017 IM=IM+1 
-0018 ----- - IFtINDUJ_.GT .. -11 --GO JD 8 
0019 IF(IM .GT. KEII)) GO TO 8 

~il20. _lU.L.lJ=J>.8U...,llU ______ _ 
0021 B21I)=PBII,IM) 
--0022----~XZU.j=PB( l~ULl-~ - ---
0023 BYII)=PB(I,IMJ 
.0024 -- -------- PC~ 1. I M) =P1Ul.IMJ. 
0025 GO TO 9 

_-ilil2h --l! ~HP_c:l ___________ _ 

0027 IKT=IM 
--D02B~ ________ ---LALL_P-ESEI-Ill.-lKT ... DS.5 .. NP. N.S,Cy. y.- yp. YS.YSP. YR1, YRlP, YR2, YRZP, 

IDERIVE,DERIVS,DERIVR,PX,Pl,P"PMX,fMl,PG,PF,PCOS,PSIN,PENT,PU,PB, 
-------__ -----____ -2PA .. PJ.P£L£EH .. P.w.LCJ ____ . 

0029 CALL SOLUTN(PX,PY,Pl,PJ,PMX,PMl,PG,PF,PU,PENT,PS,PA,PB,PCOS,PSIN, 
]PI,PET,PH,p'FH,PW.PAN,poII .PL~""Y~Y~4S .. 1 .. 1KT,NP.NSj 

0030 9 NOVIKII)=NDVIKII)+l 
.-003.L---___ -----GC JD-ll 
0032 2 CONTINUE 
.0033 ----RElURt. -~---- ---____ _ 
0034 Er-.D 
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0001 SUBROUTINE PLMERG(PX,PY,PZ,PT,PET,PH,PEH,PW,PA,PB,PAN,PDIL,PCOS, 
_____ ---1PSHu CY .. NP ~liS ... KLHGP A2.. M£S T .l.P.£. .LChK. PU) 

0002 CO~MON ISTCREI/IND(30I,INOT(301,NOVIK(30J,IS(30) 
_ .1 JSTORE2IMPUOJ,MSUC) .IlP130) 

2 ISTCRE4/A(30),Bl(301,E2(30J,BXI(30J,BY(30),PMCOS(30J, 
~3 PMSIN(30J,DWI30J,NBV(30J,NEV(301,NCV(30) 

4 ICONSTl/PAI,GRA,Al,A2,A3,A4,CD,TURBF,UC,B,TP,ET,HP,EH,WP, 
_______ ---""5_ _-1!IG~1:F~JU..\I, .cP.A.ANG .. l~.lT HP, ENT RAN 

6 ICGNST2/IL,NII,IK,NI,NIPl 
_.DM3 ___ ______ ..D1 MENS1Db --E_lUNP .. tiSJ, PZ(NP.liS J .PB INP ,NS), PCDS INP • NS) ,P XI C 30) , 

IPYI(30),PIIC30),PBI(30),PCOSI(30),CY(30J,IRE(30J,PSIN(NP,NS), 
____ ~_~ ___ ~ ___ -2PS IN.H30J ,~L3Dl. PY1NP.NS1,PT(NP .. NSJ. PET.{ NP ,NSJ ,PH' NP ,NS) , 

3PEH(NP,NSJ,~(NP,NS),PAI~P,NSJ,PAN(NP,NSI,POILCNP,NSI,MGPA2(30J, 
_______ --.ltM£SU.L3DLPLUlP ,N51 .81 I I 301 ... B21.L3OJ ... fUZH3.DJ ,BY 1(30). AI C30 J , 

5LCHK(30J,PUCNP,NSJ 
- ----------C -- --REARRA.NGE-J/iE--IRAJECHlRI ES.QFJ.liE -£x 1ST INGPlUMES 
0004 NJ=O 

--_OC05 D.O--lDIJ=l-ohL --------~---------- -- - ---- ----.-
0006 IFCINO(IJ-IJlOI,102,102 

.....DOOZ J 02~==..l.lLtNOV IK I I )-151 11 _________________ . ________ _ 

0008 NJ=NJ+l 
---0009------ --- -----J>.,XJtNJJ:-P-X-U-.-I-SU ------------

0010 PYICNJJ=CYCIJ 
..oOll---~---- ----y.ll (NJJ:PZU.,LSCJ--~-
0012 PBI!NJJ:PB(I,ISCI 

.....DD13 pene: I IN I )~C05' I,LS1:J ____ _ 
0014 PSINIINJJ=PSINCI,ISCJ 

-0015 -----~- -----A U NJ.J;AU j --------- ----- ------

0016 Bl11~J}=BlCI) 

-4>017 --~----~------a21( NJJ =S2 U-l-- ------ --------
0018 BXIICNJJ=BXZ(IJ 
~ BY .l.1l1WJ __ =JlB~V-l.I-l.I-,-I ____________________ -~_ 

0020 IRECNJ):I 
-4>021---------101--CUNT INUE -- ~--------~- ---

C ChECK PLUME MERGING 
--DD22----~------Jt."'_O - --- -~-------~----

0023 NIl=NJ-l 
~ DO 103 1;1,NII 

0025 Jl=I+l 
. ---0.02.6 -~------DC --Ul3-..J =-Jl.,J,.J 

0027 PVD=ABS(P¥I(IJ-PYI(J)) 
-i)D28 JUO=.AB.slFLUIJ~JJ ______ _ 

0029 PYI=SQ~TCPID*PID+PVC*P¥D) 
~3!l SR=BXZICIUPCDSIIIURxn( !)*PCOSI1..U __ _ 

0031 SR2=B¥I(IJ+BYI(JJ 
--0.032 I F-1SR-:FLOllD3 ... -LO....l-O------ ------ ----

0033 10 IF(SR2-PVDJI03,104,IC4 
----0034 10-4 -U: -t.AH U -----EQ _-O------AN D..---A U .J J --i:Q. -0. J -GO u.I 0 1 

0035 GO TO 106 
_...oil 36 ARE.U.:J.J.-.5.*PA U( Bl U.LH81 I111-*JUL1..JHJHll.JJJ ______ _ 

0037 AREA2=PYI*(BII(I)+BlI(J) 
-D033 IHAREA1-A RE A2) --1m.,.lO.6.,106 -

0039 lOt IL=Il+l 
------C---.RECORO -l-ttE --P.Al.RS-DF-T.tlEJilERGE C -PLUMES 

0040 MP(ILJ=IRE(IJ 
-.-O.aitJ.-______ .."ML.JS.4(~I..&.1 ~)~-'_£I.J:IR.l:E'"'( . .,.jI~I'__ _______________ _ 
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0042 II=IREIIJ 
-D!l.4.3._~ ______ ~_---lJ=1.R.E1J J ______ _ 
0044 INDTIJJJ=INDIJJJ 
0045 -lNDH 11 J= IND' 11 J 

C RESET INO( II J=2,INOIJJJ=0 FOR JJ>II WHEN PLUMES II AND JJ MERGED 
.0046-1 NDt JJ J =0 
0047 IIPIJJJ=IK+NOVIKIJJJ-ISIJJJ 

~-D.o4B ....IF lll1.Dl_Lll-l) 1 a3.~ 1 1.11 3 _~ _n~_ ~ __ ~ __ 
0049 111 INO(IIJ=2 
j)050~_~ --113 -lIP ( II J=lK~NillllK..ill) --15' 11) 
0051 103 CC~TI~UE 
0052 -__ ___ -If lIL-.l.l It-f1C1-f205 
0053 205 K=1 
~!t 20.6..JlF.K+.l ____ _ 

0055 DO 200 I=II,IL 
...0.056 ------IF (MS-U' .. J .. K.E..MSl-ll )GO -TD-....20C 
0057 If(MP(I)-~FIKJJ204.200,203 

-0.05.8 20 "l-1.F lWD1-1J_~ill.GD-I.O -20.0 __ _ 
0059 , INO( Jj=O 

~.o6.o I.lP.1.lL:;jKH:OV-1.Kj I '-ISUJ _______ ~ 
0061 GO TO 20G 

-.0062 -- ~-~ --~.o4 --If.{lND{K~_~"OJGD_~TO......zOO 

0063 IND(KI=O 
0064 -- -1IP1KJ=IKj-J,jO-VH.U:.l--r..5H.J 
0065 200 CCNTtNUE 

_~-D 0.6.6. --K =_KH • 
0067 IF(K.LT.ILIGO TO 206 
---~-~---L ------P LUME~5RGlNG -LCCURS 

0068 lC7 WRlTEle,lC€) 
...0069 lOa ~J'ORMAUU. 'R.ESULT..5...D.F_Hi.LPA1&SDf JtERGED PLUMES AT MERGI NG P1.ACE' 

11 
.1Hl.1D ----1I/JUI£..L.6..li2J ___ . _________ ~_ ~_ _~~~ __ ~ 
0071 lIZ FOR~AT(IX,'NSTEP NTHP X Z Y PTEMP EXCEST' 
-~-~---------l-.' -..PtillMl----EXCES.H...1'l...QDl'ICISJ _PAVHF.wD..P.cROSEC _SLOTlEN PANGLE '_. 

2'DILUTN PVELO') 
"'O012--------.DC-lj)9--l=~ IL -----~ ~------ -
0073 INDX=1 

..-DllJ4 I P= ... M:uPe:..JI,-I~1 ________________ . ___ " _~~ "_" __ 

OG75 LS=MSIIJ 
-D076 MJ=_ll.1'-_U..P-1. ____________ ~ __ . 

0077 NT=IIP(LSJ 
-OD2Z ~PA2LLSJ~P ___ _ 

0079 MGST1(LSI=MT 
-DJ),~8~0~ ____________ ~I~E~'~K~E~(_~I.S~I~.~GuI~.~NuI~I~GuC~I~O~]~J~6 

0081 LCHK(LS)=1 
- ...oO.82..._~~ ___ A.K E-U.-S.J =NJ ______ ~ _____ ~ ___ ~ ______ _ 

0083 116 WRITEl6, 1101 MI,LP, PX (LP. MT), PZlLP,foITI, PY(LP,MTl ,PH LP ,MTI , 
----------LIPEIllP __ fo'JJ ... PHLLP-t-MIJ.....£EH11.P. M.TJ .PW tLP.MTJ .P1HLP.MT J ,PCCLP ,MT), 

ZPA(LP,MTJ,PAN(LP,MTJ,PDIL(lP,MTJ,PU(LP,MTJ 
-Diliilt 110 EORMAJ (] x, Z ( 15. ) X I • 3 «Ea. 2. ) lC I , Z11' J....2~..LO~ 31 f.B .5~ IX) .6' F 7. 2, 1X) J __ 

0085 IFIINDX-IJ117.117,118 
-D086--~---.l.l.L-lNDX=-2 _____ ~ _______ _ 
0087 LP=LS 
.oOa8---~~------_-MT=NJ --___~_~~ ___ _ 
0089 GO TO 116 

-D.o_90 J 1 S ....lIIfJ.IE.1..i4..ll3..l 
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0091 
1)092 
0093 
00<;4 
0095 
0096 
oeS7 
0098 
0099 
0100 

119 FORMAT", 
____ .1.05 .LCNTlNUE __________________________ _ 

DO 777 I=2,NI 
IF(IND(I)-lJ 777,779,779 

777 CONT INUE 
NIl =0 
ITHP=l 

-_~7~7~S -DO -'tDO --1;::-2 ,NP-
IF(IND(I))lb,400,16 

.ltD,£) LDNTl NUE 

DATE = 6/07/77 

C ALL THE PLUMES ARE MERGED ~HEN IND(I)=O FOR l<I<NP.l 
01 01_IND (1) =3 
0102 10=3 
D1D3 ________ 1>11=1 -___________ _ 

01v4 ITHP=l 
0105 --le -RETURN 
0106 ENe 

---------- -- -- --

-------------------------------- ---

----------------------- -----

------------- -----------

14: 32:1 
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FORTRAN IV G LEVEL 20.1 'IS RESETI DATE 6/07177 

0001 SUSPOUTINE RESETI(I,IKT,DS,S,NP,NS,Cy,y,yp,YS,YSP,YR1.Y~lP.YR2, 
--------------l-¥~-2~.Q..f-R--I-¥f~~+lIs..~+-l-\o~~-X~~~P.X~P~l ,p~, PF~ PCC~. P') iN ,PEN T. 

2PU,PB,PA,PT,PET,PEH,P~,LC' 

0002 --EXT fRNAL ---OERI II E-,{}£R I \I S, OER I IIR 
0003 to~~C~ ISTCREI/INC(30),INDT(30),NOVIK(30),lS(30) 

~- - -- ------1 --- ---t-S'I"~E2/J!(Pt 30~~J04~ (3\H~ tIP 00' 
liS T C R E41 A (30) , eI (30 ) , B l I 3 0 ) • B Xli 30 J , BY I 3 0) , P MCJ S' 30', 
3 P ~ S 1·#·HtHT-G~ ~ ~~V~~OlT~EII ( 30 ~.,NC II (30J 
4 ICONSTI/PAI.GRA,AI,A2,43,A4,CD,TUReF,UC,B,TP,ET.~f,EH,WP, 

~~--------.-~ -- ---- ------~~l.C-f~l-.,AlV.,C-P~AM;, I',n",p,ENTRA,'4 
6 ICONST2/IL,NII,IK,NI,~IP1 . 

0004 ---------OU'IFNS ION~XHjPT~Sh-Plt~P-,t..:S),PO(NP,NS) .,fl'lX( NP,NS I, H4LC>I f., NS), 
I PB ( ~ P, NS) , PF (NP, NS), PG I,. P, NS) ,PE NT( N p, NS ) , I R PI 30) , C Od13J It Y (8) , 

--------------~2~V~P+$~~~~~~,PT(NP,NSj,PE~~N~~~P~NPT~S~~~S(~~.YSP'8'. 
3PA I NP, N S) ,PC OS (NP, NS) , P S IN I NP, NS ) ,YR l( 8 ) ,YR 1 PI 81 , YR2(!$ J, n 2P( 8 ) , 

- ----- ----4-f'f:HHtP~5+~HiP.NS·h-IH30) 

0005 IKl=IKT-l 
{){)06 -~¥{1+=-?Q{-hH<11----~---

0007 Y(2)=P~X(I,IK1) 

~08 V~~~~~~~---------------------
0009 Y(4)=PGII,IKI) 
{)O 10---~ ----'( {-5+-~F{ 1 rH<H------------ ---
0011 Y(6)=PXII,IKIJ 
0012---YH1;Plt h-l-KH-----
0013 APT=PTII,IKlj 
~014--- IF"(+NO-H-~-2~~-----

0015 30IFIILJ32,32,33 
,-- -- ---c ---~f:5Fl"--fNH_lAl.----€{HffiH*-NS~ -ANY~E-ft-{ll.UME-MERGING OCCJ ~S 

0016 33 IRP(l)=I 
00 11--------~----1 .H< --1 --------------~-----
0018 MM=l 
-GOl~ ~&·_lI------------------------------

0020 M=l 
00 21 ~ ----- -- ----.HH=-I-
0022 MZ=! 
0023 ---------€--VM~NI-C¥~H~YI-H ----
0024 CYMINI=CY(I.-BY(I' 

·-GG25 PZ~.Nl-P2(hIKlJ.BXl(H 

0026 PIMINI=Pl(I,IKIJ-BXZ(Ij 
~021- -------------t-¥MAN={;-¥-MANI 
0028 Cy~I~=CYMINI 

-~029 - PI-,'4/>Na~~NI----~-~----·------

0030 PlMIN=Pl~INI 

-9031 69 eO--3~4~d~·-lrr,IHl~-------------------------------
0032 IF(IRPIM~J-MP(~.'34,3~,34 

-0033 35~~~~~~-----------

0034 DO 86 NR=l.IJK 
0035 I·F(.h:f--tRP-{-NRH---€-b-,-34~-----------~·- -------
0036 86 CO~TINUE 

b SI:JM~ING liP l{Oll:lME,~OMENll:l~,~NERGY AN~I~E·-RAJXE:i -OF--HiE -----. 
C MERGED PLUMES 

0037 ~~------~I~~l~+-N~f~~) IS(JJrJ~~ 

0038 VCl)=Y(lJ+POIJJ,IKP) 
0039 - ------------'(-( r1~Y~~~ X~ dJd~p J .---- -- . 
0040 Y(3)=Y(3J+PMl(JJ,IKPJ 

-00'" 1 ----------------'y'l-It-< ... 'rt<j --'Y¥+( ".. ... +-, +-1 PP-GG+! JJ-JJ-r, t-I I(M'-P .... --- --------------

----~------.---------------
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--- --- -- ----

0042 Y(5)=YI5).PFIJJ,IKPI 
-{)043--------~( ~-l+=-P~__h_*_~~_.hh_l~ -------

0044 APT=APT.PTIJJ,IKP) 
0045 --IJK=IJK+1 
0046 IRPltJK)=JJ 
0047 --- --{;VMANC=CV~ JJ-)-+BY( JJ) 
0048 CYMINC=CYIJJi-BYIJJ. 
~049 ..p.l~dd, IKP~.8XZ(ddj- ------
0050 PlMINC=PZIJJ,IKP)-BXl(JJ) 
-0051 - -------- --IFH-NOT{-JJ-) ---..--GT .--H~ -l"-O-401 
0052 IF(INDTIII-21401.400,4(1 
0053 ---- ----400 -If-{ IH( I ~-.-GT .-2" --GO-'TC----404 
0054 IFleVMANI .GE. CYMANC .~ND. CYMINI .LE. eYMINC) GO TO 3~ 
~ 55 ~---r--o--4-9-l 

0056 404 IF(PZMANI .GE. PZMANC .tND. PZMINI .lE. Fl~INCI GO Tu 3. 
0051--------4iH--I H-CV-MAN-.t-t.-£-HIANC-l --GO' -fa --244-
0058 CYMAN=CY~ANC 
-0059------- -J~=JJ- ---- ----------------
0060 244 IFICYMIN .LE. eYMINCI GC TO 28 

-GQ{,.t C V#I-N=C~ ------------ -- -- -----
0062 M=JJ 

-0063 ------------i8 --IHf'I-MAN--.-€E.-P-Z+'A-NC--l---(;C...,-o--26 
0064 PZMAN=Pl~ANC 
-Q065 --jiH:JJ-
0066 26 IF(PlMIN .LE. PZ~INCI GO TC 34 
~1 Pl-MtN-PHHNC-.--------

0068 Ml=JJ 
--0069------34 --CONHNUE--- ------------
ooio IFIMM-IJKI 58,59.59 
0011- 58-MM~M+l ------ ---- -------------- -
0072 GO TO 60 
-~OB 59 IF(MM H 32,32,~~---------

0074 859 APT=APT/FLCATIIJKI 
---001-5-----------YHt-0. 5* I PlMAN~_l__MI_N)---------

C LC=C M~A~S CLUSTER OF TCWERS; LC=l MEANS LI~E TOWER AKKAY 
-eG1-b--- -------H~l_(-1-}~5~_12_._-515----- ------
oo;n 575 CYI 11=0. 5*(CYMAf\+CYMHO 
~~ GO TO 571 

0019 512 IKQ=IK+NCVIKIM)-ISIMI 
---O080---------H<P«I-K-+-N£-'I-l-*t--J-R--}---I---5-f-.l-ll}--- __ , 

0081 DCYAI=CY~A~-CY~I~ 
-oG82 OPlA+-PZ~~~·~~~------
0083 IF(CCHI .LT. CPlAII C;C TO 402 
9984 IF{-4-€-Y~CVMHO .LT. CPZM,ul PH4HIH~02---, 
0085 IF(CY(MJ .EO. CY(JRJI GC TO 407 

--Goa 6 --€-¥D--Z-=A-BS-{-fl_l-{--M-, IK'i J PH--,j-Ry-f*PH--------
C TO CALCULATE T~E ANGLE CF THE INCLINATION OF MERGED PLU~E (PHI) 

---oaa"1 -- -----c -A l -l-PH J -H ..,-JR -.-*-t _(--¥--,--P-l~-.-N 5---.--I-K-Q, H( P ) 
0088 IF(CYOl.NE.O.jGO TO 4C8 

-9G89 IHIIJ-2-----------------------------------
0090 GO 10 409 

-(}{)91 408 --HH H--l 
0092 409 81(II=PB(~.IKQI 
-0093 ------ -£2( I l-P-e-{jRdKPJ -----------
0094 IFIPMCOSII; .EO. c •• (0 TO ~e8 

-9095 A(IJcl~VAI BlII) B2Cljj/PMC~~--------

-------------- - -------
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0096 GO TO 513 
.o09'7--~-88 --A H }={)+>.u.J-8-·lH~.e2~-H ------ - --~--
0098 GO TO 513 
{)099--402 --JR=JRZ 
0100 M=MZ 
0101 - 1KO=IK.NOVIKt~}-IS(M) 
0102 IKP=IK+NCVIKIJRI-ISIJRJ 
~{}3--------l1=~-Pl-hIRT14<N~ PZ, 1', IK~~-4{}-7------
0104 PZY=ABSICYIJRJ-CYIMIJ 

- ---£ TO CALCULATE -H,€--.lNGL€-<:-f -rf-EI-NClINATI{l-t.-Df-folERGEO PLU .. E (PH I) -
0105 CALL PHI C I ,JR, ft, CY ,PZ ,I\f,NS. IKQ, II<PJ 
01{)6 --lHPlY.-Nf.O.jG()-lC-431 
0107 IHCIJ=3 
~1G8 Get --l-B-.4t32---·--------------
0109 431 IHIII=l 
{)llO - ---432 --£ 1 (H~P-B-Hh-t-tHH -------
0111 BZIII=PBIJR,IKP) 
0112 - ----IH-PMSIN{H----.8l.---{}.--J----Gf-+O-'H~9- ---- -- ---
0113 ACIj=COPZAI-BlCIf-B2(IlilFMSINlIt 

-.oU-4 ~~e-5-B 

0115 989 AII)=OCYAI-B1CIJ-e2(I) 
{)H-6--{;O -T0-57-3-------------------- --- ----
0117 407 ACI)=AeJR) 
{)1l8---BlC It-=-8I(';wJ-- - -- ----- - -
0119 BZCI.=B2eJR) 
~l-2-G-------W4c.(_s.(~_.AA~----

0121 PMSINCI)=PMSINeJR) 
0122 -- ---------iti( Ii-= ItH.tf! I ------
0123 573 CYIII=0.5*ICYMAN+CYMIN) 
-0124----- --------;-f( A(i-t- .-EQ.--i} •• G-r---T-o-3-B 
0125 GO TO 514 
~l~ 32~-C--l-H-1l,570,5?l 

0127 571 IF(INOIlt-3.29,41,29 
-C12-6--- -------570 i FU (-I-H38 ,-3-th-39-----------
0129 38 ACII=O. 
Ol3{)-------- ---.-I-f-H-NDH--+-3;-4G,~-l~----- ---
0131 41 IQ=4 
~-3l I NG+H-4----------------
0133 GO TO 29 

-01-34--- 40-HtO+..J l-=-l-
0135 GO TO 29 
{) 136--- -------39 ~- I ----------~--
0137 IKP=IKI 
~ M-I--------------------- -------

0139 IKQ=IKI 
-----{C'- ----R-ES-f-f-h--(...-Faf< TI E tlA-l-f---Rat.-N9----Pt--U~E--u----

0140 574 BBB=PAI*Bl(I;*BlCI'*AESCPUC~,IKQtt 
-el~l At.Vr--f-A-l~-t1'-Tt-M ,--l-K-eH-----------
0142 ALV2=FALVIPTIJR,IKP}J 
~143 V R H H • B B B 
0144 YR1(2t=BBB*PU(M,IKQJ*PCCS(M.IKQ) 

-{) 1 ~5 Y-R H-3+--B f'--8*PtfH4.,--l-f(Q } *-f 5t-N U" • -fl< Q. -- --- u __ 

0146 YPI(4)=Bee*IPETII',IKQJ-~LVl*PWIM,tKQ}) 
{) 1 ~ 1----------¥ R-l-{ 5-} c-BB E*t-PE+i-H'-~-Q -}-+HI (foI..-H<~lJ ) 
0143 YRlI61=PXIM,IK'. 
-el~ YRl(71·PZ(M,IK~-------------------
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FORTRAN IV G LEVEL 20.7 VS RESfTI DATE 

C RESET I.C. FOR T~E H~lF ROUND PLUME 
-O15{}----- ---iHH!-=.p.A-l*-82-H-~--*-82~~S-tP{J-t,j~-I~P.J J - - --

0151 YP,2(1'=BBB 
0152 ----Y~2~ 2}=BBB*PU( JR, IKP» ~PCOS (JR. I KP» 
0153 Y~2(3)=BBB*PUIJR,IKP).P~IN(JR,IKP) 

0154 - -¥-R 2~-4~=8B8*( PET{ JR. I -KP t-ALIi2*PW I JR, I ~P' • 
0155 YR2(5)=BBB.(PEHIJR,IKF)+PR(J~,IKP)) 

-Ql~6------------~~~~~~~~~~I-------

0157 YR211i=PZIJR,IKPt 
-------~G---u----RE SET --1 .. CT~f}R-'H-E -eH H< Al -SlOT -dET 

0158 YSll)=(Y(lJ-O.5*IYRl(1)+YR211;"/~II' 
0159 ------------YS (2-}-=(-YH-}-0. 5*HRH 2 HY-R2(2) »101 I» 
0160 YS(3)=(Y(3)-0.5*(YR1(3)+YR213»)/AII) 

6/07171 

-Q-l6-l YS-{~-&-H"(4) (hS*~-+4-}--+V~-2--'-4--lH-I;6(H --- ----- - - ---
0162 YS(St=IYI5'-0.5*IYRH5.+YR2(5t"!.AII' 
-0163 -----::.- ---v S (td-=-Y-H: J - -
0164 YS(7)=Y(1) 

-- --------£ --- -( -Al (-ut.. -A-l-E ~€W -HA-H--W -I trT +- ---A ND -V€ l O.--Bf'--l tt f-tiA l F -R CU NO -P LJ Me 
0165 l=O 

-Q 166 A l.IJ-:-A-l:-V 1--------------------
0167 CALL RUNCSIS,OS,5,YR1,YRIP,L,DERIVR) 

--01-66 C-Al t..--Ru'\-6S~ s.a-s~ t-Y-R-h-YF}'P t bDf-R II/F) 
0169 BR1=B 
-0110--------- - ----ufIl-UC-
0171 S=S-DS 

" G bl\l~""'~""""'EW f.I,t.LF-W-H--H---I\~O-lI-E-lt-.-----Q-$=-+r-E""""Alf~OUNO....pLJ f4I: ---
0172 L=O 
-01-13 --At.. 11= Al 1/2-- - ----- ------
0174 CALL RUNGSIS,OS,5,YRZ,YRZP,L,OERIVR. 
-0175 -------- ---<:-ALl--RUN€S-l-5-,{)-S-,-5rV-R2 ,--YR2P t l-,-G€R I YR) 
0176 BRZ=B 
-Ql~~ ~p~~---------------------------

0178 S=S-D5 
'----------( -- ----CAu:-ut..AT€~_++At.._F-WH-++---At<.O--YHO. --B-F ~-t"E SleT -JET 
017Q l=O 
0180------ ------AlII-FAlVU-PH--------- --- -- -- ------------ ----
0181 CALL RUNGSIS,DS,5,YS,YSF,l,DERJVSJ 
4H~--2 CAtl~UNGS(S ,OS.,5 ,YS,VSF,L,OER IVSf--------
0183 BS=E 

--6184 --------------B-5-={Jc ----- ------- -------- ---------
0185 S=5-0S 
----------{;-------C--Au:-YlI\-T-E~-RGf-C---P-t-UME-__ n .... -lHE......,OOI·FI-EO -PLUME ---SHAPE .JET c~ MIhED-C 

C THE PREVIC~S STEP 
-Q 1-8lfl6.--------l:L--01--------------------- --------- --

0187 CALL PUNGS(S,DS,7,Y,YP,l,DERIVEJ 
-G188 . C-Al-l~u-NGS-{ £--,--{)S-rhV--,--Yh-l-.--f}H<lVEJ ----------

C DET~RMINE 81,B2 ~ND A CF T~E MODIFIED PLU~E SHAPE FCK C~l:ULATIN( 
------~c----_8n_flAI-N~T-~O--(-RAG~---NEXT_ST€P 

0189 UU=UC 
-91QO W-~C~--------------·-----

0191 CBl=BR2/ERl 
0192 C---62=--w+t3IH+B1U - ----------_. 
0193 CB3=ll.51C7963*IER1*BR1*URl+BRz*eR2*UR2t+2.*BS*W*US./JU 
01 <;4 -------- - - ----e-64=1.-+C-fI 1- ----- -- -
0195 AP 1= 1. 5707963* I 1.+CB1*(E 1)-C84*( B4 

--el~ BPr-<~~*~(-eB+4------------
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FORTRAN IV G LEVEL 20.1 VS RESETI DATE = 6/01/17 

D197 CPl=-CB3 
-~1~8 ------~lP_=_8H-I..J------

0199 B2P=B2(I) 
0200-- - -- --AP=" (I) 

C THE DETER~INED Bl,B2 ,,~t A 
{)201 -------~---__aU I ~=(~l+SQ_RH €Pl-*@~1-4.*"P1*C~H ~I (2.*H It 
0202 B2(1)=CBl*Bl(l) 
-~203 At~2-C~Bl~~~-------------------------------

0204 6=CB1(I ... B2(1"*0.5 
-0205 - -IH,. ( I » ~41a-,4Hj,-41-9 --
0206 418 A(I)=O. 
D207 --~-~-----I-F ( JNCH~-3-f-42-{}-.,-421..,~2~ 
0208 421 IQ=4 

-OZG9 IN&t~~~--------------------
0210 GO TO 31 
-0211 - 4~-lND(-H=I----

0212 GO TO 31 
-0213 -----4HOY={) .5*( 82 Hl--81-H-l-+~-el¥-B-2P-l-*AH UAP)*M~SH''''C(lS (I) I 
0214 CY(I)=CY(I)+DY 
-----------{,'~~.r~AAI~c~ lHGTIoI ~CAl-E~~~E-USE-t-F44E1<GING -Cf(H .fRION ._-
0215 AL=0.5*(BICI)+B2(I») 

. 0216---- -------Au:=.-L--+{).-5.~-C-S{~Hi---- ------ --
0217 , ALS=AU·0.5*PMSHi(U*A(n 
-{)21 a ------- --------l-Qs Ih(I-J---------~--- ---------
0219 GO iO C411,412,(13),LC 

-0220 4 H-S¥ ~-H=-A-l-{:.-------------------------- --
0221 BXZ(II=ALS 
022 2 ----~------{;{)-l{)-4H,----------
0223 412 6Y(I)=ALC 
0424 ----BXl ~H-A-""Xl-HII-H--h-8-2H-H---------
0225 GO TO 416 

--02Z() "B~-l-H-+-A-l~---------------·--- ------------
0227 BY(J)=AMAX1(Bl(I),B2CI)) 
-0228 --4-lt.-fHoH -14&-2.-*-8 \'-(-H-------
0229 GO TO 31 

---C-----c-AlC~~~E~l€_R~D~U~E 
0230 29 L=O 
-0231------------~A~l~LVCPT(I,IK1)J 

0232 CALL RUNGS(S,DS,1,Y,YF,l,DERIVR) 
-0233- C-A lt~ UNG SH-..,-G£-,-1-,-Y-..,-lf-f-rt-,-GHH V fU -- - ---
0234 Bl(I)=B 
-0235 6~H-J"€ 
0236 6XZ(I)=B 
-~231 BV~IJ.B 

0238 31 RETLRN 
-o2~ ENO--------------------------

-------- ------
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FORTRAN IV G LEVEL 20.7 VS OUTFUT DATE = 6107177 19:42: 

0001 SUBROUTI "'E OUT PU T (P X, PY ,P Z ,PT ,PET, PH, PEH, P \II, PA, PC, P AJ'4, PI,) J!. ,PS IN, 
-----4 ... p·CG.£..,.-CONrA~T~~T-(~f:€"?-1~T.p.p~.Jf.#IjT~~X. NY."CONT "7~.NP,~~, lX, OX. -

201,XO,ZO,PB,PS,PUI 
0002 - ----£OMMON IS TORE! II f\C( 30., -INOH 30 ... ~OVI K( 30. , IS (30. 

1 ICCNTUU/WICTH,HITE,MORE,NCMAP,ICE~T,~QTICK,~E~N(10i, 

-------- ----2 -.----.- --l-A8Y ( 5), lABX ( 51 
3 ISTORE5/DI(30;,UOI30),TOI30),HO(301,WO(30) 

....QQQ3,.-------[)[)-I~S+G-N~~~S)~.(.M)~~~l-HW .. ~S-h.p~~S).PH'N>_y~S~ .. ---
1 PH ( N P , N S I , PE H ( NP , N S; , P W (" P , N 5. , P A (NP ,NS ; ,PC ( NP ,NS • , PAN (,. p, NS, , 

------- -2-POI U-NP, NSh.pS-IN-{NP .. -NSh.pCOS'(NP,NS"CONH,(~X,NYhCOf\T,H i'<I wNH , 
3CONTClN41,KE(30),IXI12),PBlNP,NSI,PSlNP,NS),PUINP,NSJ 

-0004. ----IH INT-PR -.L-f.-Q;--{;O--l£:---lO 
0005 wRITE(6,1) 

....QQ% l·~·R.A +-( H, "0 ET A I l.:E 0 R E£t:H..+S-:tF-P-{.4#4E-+4 -
0007 WRITEl6,2. 
{){)08------------2--FOR"H+H(r--N-5-l-E-P-----#T+p- ---X------ I --v ~Tcl'4f -€xCEST' 

1, • PHUMI EXCESH PLQDMOIST PAVHFWD PCRCSEC SLOTLEN ? A~ GLE e, 
------2 '-Dlt.-UTN ----f1.VE-l-G-'.J-------- .-- --- --------------

0009 1=1 
-0010 ~...,.3 d-l,NS,INTPR ---------.-. -- - ... ----
0011 3 loIRITEl6,241lJ,I,PX(I,JI,PHI,JI,PY{I,JJ,PHI,J),PETU,JI,PH(I,J), 
-------- ------l-PHHhd}-..,-PJ,iH-r.H.,PiH-I--,--.J-Jr?C-H.,-.JhP-A( hJ).,PAtd I ,J )'POll; U .,J" ----

2PU(I,J' 
0012 --~- ---..z41-+Of(~AT--H-X., 2-( -l-5.,-l-Xh-3--{H .2.,-lXh 2-(-F7.2 ,-lX-h3-( Fa. 5,lXI ,6( Fl .2, IX ll~ 
0013 10 [F(IXI3))lS,21,20 
....QG1~ 2.Q~-EA~-9..-2-2~, Dl,lCC, ze 
0015 22 FOR~ATI4F10.5) 

-0016 ------ii--i -f H ;I( (H ) --.li: .----{H-u-a----'l-n---i!6 -- ---- - .. .. 
0011 REAC(5,28;WIDT~.HITE.MORE,NOMAP.ICENT,NOTICK 

-0018 - 28--f'Ol<-p.oATi-iflO.-5,4i4)---
0019 NCO~B=-NCCNT 

-{H)2G Z6~e .. p ~AX' PET, ~jP ,~S, K-E-J 
0021 PEHC=P~AX(PEH,~P,~s,KE) 

-{}{) 2 2 --------~-----------PE-WO"P ""-l< -(P..,.,-NP TNS..,-K f.---- -
0023 IflPETO .GT. 0.) GO T( 14 

-0024 ---I-l<Hl-j .. {} ---
0025 PETO=l. 
-902~ WRITEI6,'Q) 
0027 40 FORMATI1X,'NO EXCESS T~MP PLOT DUE TO IER( OR NEGATIVe e~ESS', 

---------l-1-'--lH4P-E-R~:j:{JR__E_4------- -- - - -- ----------.-

0028 14 IF(PEHG .GT. 0.) GO T( 42 
-~2~ ------~I~X~~~c{}----------

0030 PEHC=l. 
-903-l-------"""WffF-l1--lT'-EE~{~6n',...4'....;1 3H)f-------------------- .-----.. -.-. 
,0032 43 FORfoIAT(lX,'NO EXCESS ~UMI PLOT DUE TO ZERO CR NEGATIVE eJCESS', 
---------t-1 ..... • -HlltJ-MI-e-I-l-¥-I--tI------
0033 42 IF(FEWC .GT. 0.) GO Te ~7 

--eo 34--------tB( {-HH={) 
0035 PEWC=l. 
0036 WR-!-H;(6,HI 
0037 46 FORMATI1X,'NO EXCESS lIQUIC PHASE MOISTURE PLOT DUE Tu LERO JR', 
--------ll .... ·--N-8;AH-'JE-E~__E_S_5_-rHHH_{-_PHSE-fo'OIST{ffiE-I--j----- .. 

c DETERMINE GRID DISTRIBlTICN 
-003-8 ------441----{}()-H -f-h-NP -----.- --- -
0039 DO 11 J=l,~S 
~4{} PI( (-h.H-f4( (I, d lIE I« 11 

~-------- -- --------
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=ORTRAN IV G LEVEL 20.7 VS OLTPUT CATE 6/07117 

0041 PZII,JI:PZ(I,J'/OIII' 
D042----- ----~_8{_I__._Jl~B.(-h-J1/~1~~ ------------
0043 PC(I,J):PCII,J)/DI(I) 
0044 ~S(I,J)=PS(I.J)/DI(l) 

0045 PWII,J):P~II,J)/PEWO 

0046 ~EH(I,Jj=DEr(I~J~/PEHC 

0047 11 PETII,J):PETII,J)/PETC 
~048 ~------
0049 IF(IXII; .LE. 01 GO TO 5 
0050-C All --(;1102 (CONT A,-DX~I~ P-X, PI-?~C ,-P ET~PCOS~ PS H.,NP ,NS. KE,)W ,I Q,NX ,NY) 
0051 WRITEI6.31) 
0052 31 FORMAT (1);, IEXCESS-T~PE~ATURE -PU)T'~ II; 
0053 GO TO 37 
OOS4 8 CA~-l~G-2~-WN+A~G-J4..Gl, P X, PI~~H~-COS~S-t~~NP,NS, Kc;,XJ -?lC,'-"X.,Nn 
0055 WRITEI6,32' 
0056--32-HW~AH U(~-L8(C-E55'---5-PtC-1 HC-f+BtoUSI TV --PlOT' til ) 
0057 ' GO TO 37 . 
0058 ---9 CAlt-~R02~-CONT ~.,-m nt-ZTP~ ,-PI-,-PC-,-f' W,PC{lS, P 5I~,f\P.,- NS, KE, '(0, 10 ,NX ,flY) 
0059 WRITEI6.33) 

-DOttO -~3 ~A+-'(-l--X-yJ..E-.l(G-E-£~-I~A S~I-S+URE -FHll"..,-I1-f -
0061 37 REArI5.30) IhED~IK),K=l,lO),(LABY(L),L=1,5),ILABXIM),M=l,jJ 
0062----30 --Hlf~AT ~ 2-DAI, )------- ----
0063 7 CALL CCNTUICCNTA,CCNTE.(ONTC.NX.~Y.NCONB,lf~T) 
006,4- -5-1 = 1-+ 1 -----
0065 IFII-IO)lf.17,15 
~066 -------l6-H: (H('(-H~ 9-y ~-------
0067 17 IF(IXIJ)5,5,9 
0068----l5--kHURN -- --- - ---------
0069 END 

- --- .. --- ------------
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FORTRA~ IV G LEVEL 20.7 VS FMAX DATE 6/07/77 

0001 FLNCTICN P~AX(PT,~P.~S,KE) 

DD02 _-D1MENS10N PUNP~l\jSJ~KE(3D) 
OOG3 P~AX=PT(l,l) 

D004 DO 1 I=l.NP 
0005 K=KE ( I ) 
0006 DC 1 ~=l.K 
JOn IF(PT(I,Jl .GT. PMAX) PMAX=PTlI.J) 

..llDDB ______ ~l-LDNLlNUE ________ . ____ . __ . -___ _ 

0009 RETUR~ 

0010 END 

._-------------------------_._--------_.-

._----------------------_._---------



C-37 

FORTRAN IV G lEVEL 20.7 vs ' GRD2 CATE = 6/07177 

0001 SUBROUTINE GRD2IA,DX,DZ,PX,Pl,PB,PG,PCOS,PSIN,NP,NS,KE,XD.ZO.ID, 

0002 
0003 

_ . __ ._~JDJ ... ~ ___ .~. __ ._ .. _ 
COMMON /STOREl/INDI3C~,INDT(3C),NOVIK(30J.ISI30J 
DIMENSIC~ AIID~JD).RM(5J.C(5J,lC'4J.PXINP.NSJ,PIINP,NS).PG(NP,NS), 
lPBINP,NSI.PCOSINP,NSI,PSIN(NP,NS~,KE(301 

0004 -DC2l0~=~~1~ 
0005 CO 210 J=l.JD 
~OD6 210..Ail .. JJ=.l). ________ _ 
0007 CO 1 N=l.NP 
0008 .DL.ll==l,NS 
0009 PXIN,IJ=PX(N,IJ+XO 
Oolo.~ ... _~ PZW ,1 J =P.L (t-;.ll i-lD 
0011 KX=l 

. .DD~2 __ D!L2 J\I;o~P _________ _ 

0013 KY=KEINJ-l 
0014 _ -IF HOC. ... .GE_ ...K.i J -GD-.l.Ll-2 
0015 RM(lJ=O. 
001b __ . ___ .._C.Llj=.PL(lq.KXJ. ~. __ ~ _______ ._ 
0017 IC(1)=(PX(~,KX)-PB(N.KXI1/CX+l.0005 
.J}D~8 --.l£1=P..xJ1llo I< l' 110 H·..I.l_-.loo ..... au..c~5, ____ . ______ _ 
0019 IC(21=IPX(~.KX)+PBIN,KXJI/LX+l.0005 

0020 .DO -2 . .K=U.,K¥-.-.. --- .-.-- .. -.-.. -.... -.. 
Ou21 PB2S=PBIN,K+ll*PSIN(N,K+lJ 
.0022 - -l C.t3J =IP-XU., KH J ,""P.B2.SJ I-DX+-1-D005 
0023 IC2=PXIN,K+ll/DX+1.0G05 

..0024 _______ -1.CI4J=_1P~N.KtiJ:t.P.li2S1.I.D.H..l. • .DD05 ______ ....... . 
0025 PB2C=PB(~,K+ll*PCOSI~,K+1~ 
0026 - ~-.-. -.P.BlC;P.B.t.lll .. .KJ*P.cCS{N,Kj-. 
0027 PB1S=PBI~,KI*PSININ,KI 
.0028 ---Dll.=Pl{N.,K±.l.J-P.L{~,.KJ.- .. - ..... 
0029 DXX=PXIN,K+11-PX(N,KJ 

. ..0030 ..... _~P.BC=..P.B2C.,.,..F.1U.c. ____ _ 
0021 DPBS=PB2S-PB1S 
~03l-DS=S~RrtDZl*LZZ±DXX*.cXXJ -
0033 CB=PB(~,K+II-P8(N,KI 

0034 . .l)G=P.Gt N,KJ -P.t>-lI'4Kt.1J--. 
0035 IFIPSININ,K+l) .LT. e.) GO TO 101 

.. ...1)03.6 IFjlU.U.~IC(3lJ 103,104,..l.O.5 __________ .. 
0037 105 Il=ICI31+1 
.~D38 . _____ ~ ____ ~o JD-l12 _____ .. __________ ... _. __ _ 

0039 104 Il=IC(3)+1 
~040------__ --~....J;0.10 -H3- ... --. ___ ._. __ ~._._~ ... 
0041 103 ll=IC(l)+l 

....1l042 1 1 2...lUH31.==.i.D.LLi-D..£B.CJ II Ox x-opes I 
0043 C(31=PZ(N,K+l)+PB2C-IPXIN,K+l)-PB2S)*RM(3) 
.0 044-. 112-D.xP.B=.DX.lC+LPBS._H ___ ---.. -~ .... _ .... __ .. 
0045 IFIDXPB .EQ. 0.) GO TO 20 
'O046-------.~_RM.(4J=.(r:ll--DP13C.1/.D-XPB---.--- .. ~--
0041 C(4)=PZIN,K+l)-PB2C-IPX(N,K+11+PB2S)*PMI4) 
0048 20 IEIP.sl~--n.J~JD.-lil..9 __ _ 
0049 R~(2)=-PCCS(N,K.1)/PSIN(N,K+1) 

.o05U C'(2J =PL11li.,Kt:.U=£XU:4.K:t-.-1j *.RJII_{lJ 
0051 109 IR=IC(4) 
.0052 ---.~_._..---If..(ll _GT .. -1RL1;UJD .99 
0053 DC 12 I=Il,IR 

. .0054 ~EH -GI. 10) GO TO J 2 ________ ._. 
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FORTRAN IV G LEVEL 2C.7 VS GRD2 CATE = 6/07/77 14: 32: 

0055 IFII :LT. 1) GO TO 12 
.JlO5b __ _ __~=DX*.F1.[AT il.:::olJ ____ _ 
0057 Ifll .GT. IC(3)) GO TO 7 
0058~UzRM(3j*X~C(3J 

0059 GO TO 8 
ll060 _'1 2U=RH(2) *Xi'C (2) 
0061 8 JU=ZU/DZi'1.0001 

....DO.t2--_____ -lHl_Gl .. -1C.12J~D-J.!L~D _______________ _ 
0063 IFII .GT. IC(!)} GO TO 115 

_--0064 _ ___ _ _ _ n=RM(3H.xi'C13J 
0065 GO TO 11 
--0066-115 _Zl=RH( 1U.x~ UJ 
0067 GO TO 11 

-O.D..6.B ---1C ..LL=Jl.M11tJ ~ .• HU1t.L ______ . ___ . __ 
0069 11 IF(IZL-DZ*FLOAT(JU-1)} .GT. 0.' GO TO 12 
~070 ---..Il=Zl/-DZ+l_9999 
0071 IF(JU .LT. JLJ GO TO 12 
-~012 -------_ ---LALL-P-D2LA. P-X, P-L, E..B...£.C» P -CDS.J>.Sllll,AA, C, H2. • .NS. III ,.JL • .J U, 0 B , OG • OZ. X._ 

1DXX.DlZ,I.K.ID,JDJ 
-0013 12-CCNr~E ______ . _______________ _ 

0074 GG TO 99 
-.0075 ---1.Q1--lf-UU 2-J -.1 U-4H-l-2J. .. -122 ,-123 -

0076 122 IL=IC(2)+1 
-!Jon - .GG Til -124 
0078 123 IL=IC(4)+1 

-0079 .. _____ .. .......GO JD-125 
0080 121 Il=IC(2t+1 
~0-81- ------- -125 .RM( 4)= tDLZ-DP.B.C..lJ-W.xX+OPBSJ 
0082 C(4)=PlIN,K+l)-PB2C-(PX(N,K+1)+PB2SI*RM(4) 
~083 -------124 OXDP=OXX-DP.8S-------
0084 IFIDXOP .EO. 0.) GO TO 21 

....D.o8.5 _~3 J .. '0 Z 7 *DE.BC.U..iaD F ____ ._. ____ . . ___ . _______ _ 
0086 C(31=PlI~tK+1)+PB2C-IPX(N,K+1)-PB2S)*RM(3) 

---D-O-87 -.--. --.-- -~-_21 RM(Z)=-P-COSUI .. .K.:t-1J-I-PSININ.Ki'lJ 
0088 C(2)=PZ(~tK+l}-PX(N,K+l)*RM(21 

-OD89 - .. -lR=IL(,3)-------___ . ___ _ 
0090 IfIlL .GT. IR} GO TO 99 

-1lD..S.l ----DO ....l2..BJ.=..l.l.....lAR ___________ ._ ... __________ _ 

0092 If I I .GT. 101 GO TO 12B 
--0093 ---______ ..lftl----l..T. • ....lJ GO T0--12.8 ___ _ 
0094 X=DX*FlOAT(I-lJ 

-..-0095 --.--------..lfU .. .Gr .. ...lCj_U_L.GO...JO~O 
0096 If II .GT. 1(121) GO TO 132 

---CO S1 ZIl=..IUU_~-"t'-"xu*""C .... ( ... 4 ... )'__ _____ _ 

0098 GO TO 133 
_...Q{)99 132.2l,;=R}~.Uj1<X .. UJ..L _____ . __ ._._._ . __ 

0100 GO TO 133 
-OWl -------- -130-lU=~(3IU .. .c-(3J _. __ -. 

0102 133 J~=ZU/Ol+1.0001 
....Dl..D3 --I.f.l.l...-.GL Ie "tH GO TO 135-. ______ _ 

0104 lL=RM(4,tX+C14) 
.{) 105--- --.---- -GO r.o --13.6 -------- ---
0106 135 ZL=RM(21*X+C(2J 
-0107- . -----130 If.Hn-DZ*flOAH.JU-.J.U_GT .. --O.l GO TO ~28 
01G8 JL=ZL/DZ"1.9999 

.. -0.1.09 IF...L..JII 11. 'll GO TO 128_ .. _____ . 
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FORTRAN IV G lEVEL 20.7 VS GR02 CATE :: 6/ iJ7I77 14:32: 

0110 CALL PD2(A,PX,Pl,PB,PG.PCOS,PS!N.RM,C,NP,NS,N.JL,JU.OB,OG,O l,X, 
----- -- - -l.DXX,OZL. LK.Jn..~Dj _-__ 

0111 128 CONTINUE 
01~2 99 RMt1)=RM(2J 
0113 C(1)=((2) 
0114 lC{~)=IC{3J 
0115 1(12)=1((41 
--D~-1b _.....1.(-1=1£.2 __ . _____________ . ___ . 
0117 2 CONTINUE 
011a __________ CH=1. 
0119 IP=l 
0120 lJo/=20 
0121 171 IF(ID .GT. IWJ GO TO 172 

. .lll22 _ _ ...J!I=lD __________________ . ______ _ 

0123 CH=O. 
~12. - 172~RITE(6~11Bj-
0125 178 FORMAT(lH1) 
-0126 --- -- ..00.-1162 . ..J=~-f~D 
0127 l=JD+1-J 

. ..!ll2B _____ bt:.2 _1dU 1£J.6 .. 3J _LA.1.LLL~-=1 P ... HiJ ____ ._ 
0129 3 FORMAT(lX.20IF5.2,lXJI 
~130-lHCH _E-'. -0 .. .1 -GO HJ173 
0131 IP=lP+20 
~132 . .JII/=lW+20 -
0133 GC TO 171 

. .J).13~ ____ ----112....DD ~.o-N=.l.1\IP' ______ .. ________ ... _. 
0135 CO 310 I=1,NS 
-0136- .--PX(N,1 J =PXfN .. lJ ...,.XO -
0137 310 Pl(N,I)=PZCN,IJ-ZO 
-013B_RET.URN 
0139 END 

-----~---------------.--------------- --

-----------------------_. -- ._- - -.' 



C-40 

FORTRA~ IV G LEVEL 20.7 VS FD2 CATE = 6/07/17 

0001 SUBROUTINE POZIA,PX,PZ,PB,PG,PCOS,PSI~,RM,C,NP,NS,N.JL,JU,DB,OG, 
~,~~ ____ - - ~ __ --l.L~~ DXX • .DLL. L.~ .lll.oJD1 
OOOZ DIMEN£ICN AIID,JDI.PXINP,NSI.FZINP,NSI,PBINP,NS),PG(NP,NSJ, 

~PLOS{NP,NSJ,PSIN{NP,NS).RM15J.CL5J 

0003 DO 1 4=JL,JU 
-OOD4-________ - --lFt.J .. GJ4-JDJ -Ge JG-1 
0005 IF(J .LT. II GO TO 1 
~.o6 -L==.DZtl.l...CALL..J=lJ 

0007 PDX=PX(N,KI-PXIN,K+IJ 
.0008 -IF(PDX _NE. -0.1 -W ID 5 
oe09 XK1=X 
ODIO __ XK=X 
0011 ZKl=RM(ZJ*XK1+C(Z) 

...illll2 lK=li..M.ll,HXK±.LLll ______ . ______ ~-__ ~ ~--~.- __ 

0013 GO TO 7 
~014- ---5-IUH5J::-OZU.DXX-------~ 
0015 CI51=PZIN.K+11-PXIN,K+1J*R~(5J 

-OOH,-------LJ'::2-j(>tl<,lH 5J -----
0017 IFIPSI~(~,K+IJ .EO. e.J GO TO 3 

...o~B XKJ.;:_.H I za cP11I RHI5L:1UU21L ___ _ 
0019 GO TO 4 
0020 - ---- --3--XK1=~XH' .. ~_K+l_J-----------
OOZl 4 ZKl=RMI51*XK1+CP 
.o022-~DXKl=XKl--X------- - - ------
0023 OZK1=lK1-l 
.1lD2~ _____ ----1)SB ;"SQRliLUlU w.xK.l±D.ZJU,.,..DZ1U.J _,_, ______ ,._, _~ ___ _ 
oe25 IFIPSINI~,KI .EO. 0.1 GO TO S 
Q026 - -- ~-,- ----1 f' { POX ~U.-Q.J -GQ -U:-1 .0 --
00Z7 XK=(CIII-CPJ/(RMI51-RMIIJI 
OQ2 8-----------<Oc -1 Q -11----
0029 9 XK=PXIN,KI 

.DD30-. ) l-LK=.R1U5J UJ(r.* .... ct<-p ________ , ____ ~_, __________ .. 

0031 10 OXK=XK-XK1 
Q032------ --DLK=LK..,lll------- ----~---~---
0033 ~SP=SQR~IDXK*DXK+DZK~OZKJ 
0034 -------___ - - -.RDSBP=DSfLlDSP---______ _ 
0035 XPC=PXIN,K+II-RDSBP*OXX 

...oD3.b 7 PC ;;P-lill....,.K""*:..I.l -4I.,::-""R ... Oc..;lS",Bu:P,-,,* ... CIJ.Z'"Z. __________ , _____ ,_,~ __ 
0037 OXPC=X-XPC 
J)038-------____ -L:2PL=-L~L---____________ -- -- ---
0039 DSC=SQRTIOXPC*OXPC+DZPC*CZPCI 

-1)04.0--- -B=PJH1Il4K*lJ~P_WB ________ .- ...... __ .. __ -.. ~ 
0.041 AN=11.-DSC/BJ*(PG{N,K+ll+RDSBP*OGJ 

-DD42 IE.UN GT A (I. 'II A« I. Ij~N ______ .. ___ . 
.0043 1 CONTI~UE 

-0.044 RHURU ---------------- ---~-~--

0045 END 

-----------------------------



C-41 

FORTRAN IV G LEVE L 20.7 VS CONH. DATE = 8/03/77 10:14:-

0001 SUBROUTINE CONTUlA,B,C,ISET,LIM,NN,IPNTJ 
00C2 DIMENSION AlISET,l),BU1,C(l) 
0003 COMMON/CONTUU/WIT,HITE,KEY(4J,HEDNl20), 

* XNIN,XNAX,Y~IN,YNAX,XOFF,YOFF.XSIZ ,YSIZ ,NCONT ,IFLAG 
0004 COMMON/LBLCOM/ITEST,SLBL,STTL,SSCL,STICKL 
0005 IFIIPNT.LT.O) GOTO 999 
0006 IFlIPNT.GT.O) GOTD 888 
0007 IF(NN.EQ.O) NN=-lO 
0008 NCONT=IABS(NN) 
0009 MAX=HAXO(LIM,ISET) 
0010 DO 2 I=I,L1'" 
0011 2 CALL MAXMIN(All,I),ISET,ClI),ClLIM+Il) 
001Z CALL MAXMINlC,LIM*Z,YMAXl,YMIN11 
0013 CALL SCALElYMAX1,YMIN1,TCP,BCT,NCONT,IERR) 
0014 I Fl I ERR.P\E.O) GOTO 1000 
0015 CAll MAXMINlB,NCONT,BMAX,BMIP\) 
0016 IFlBMAX.lT.YMIN1.0R.BMIN.GT.YMAX1) GOTO 4 
0017 IFlNN.GT.O) GO TO 1 
0018 It OELTA=(TOP-BOT)/NCDNT 
0019 B (U=BOT 
0020 DO 3 I=Z ,NCONT 
0021 3 B(I)=BlI-l)+DELTA 
0022 1 tFlIFLAG.NE.Ol GOTD 6 
0023 I SET I=ISET-l 
0024 LlM1=LIM-l 
0025 YSIZE=HlTE 
0026 XSIZE=hIT 
0027 XMIN=l. 
0028 YMIN=1. 
0029 XMAXaI SET 
0030 YMAX=L1M 
0031 YNAX aY fo(AX 
0032 YNIN=Y,",IN 
0033 XNAX=XMAX 
0034 XNIN=X"'IN 
0035 IFlKEY(2).EQ.1J GOTO 10 
0036 OX=XMAX-XMIN 
0037 OY=YMAX-YMIN 
0038 IFIOX.GT.DYJ GOTO 11 
0039 OUM=XSIZE 
0040 XSIZ E=YS I ZE 
0041 YSIZE=OUM 
0042 11 YSIZE=AMINIIYSIZE,26.J 
0043 DX=A HI M I XSI IEIOX, YS I ZEI tv J 
0044 XSIZE=DX*lXMAX-XMINJ 
0045 YSIZE=DX*lYMAX-YMIN) 
0046 10 XBIG=1.3*XSI ZE 
0047 IF(XBIG.LT.15.) XBIG=15. 
0048 IF(XBIG.GT .50.)· CAll SYSXMX( XBIGJ 
0049 YBIG=10. 
0050 IFlYSIZE.LE.I0.) GOTD 12 
0051 YBIG=29. 
0052 CALL SYSPSZ( U 
0053 12 YOFF=0.5*IFIX(YBIG-YSIZE) 
0054 XOFF=0.;'IFIX(XBIG-XSIIE)+0.5 
0055 XO-XSIIE/eXMAX-XMIN) 



C-42 

FORTRAN IV G lEVEL 20.1 VS CGNTU DATE 8/03/71 

0056 
OC57 
0058 
0059 
006C 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0010 
0011 
0072 
0073 
0074 
0015 
0076 
0077 
0018 
0019 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0081 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0091 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
010<; 
0110 
0111 

YD=YSIIE/(YMAX-YMINJ 
XTOFF::O.1 
IFIVSIZE.GT.I0.) XTOFFaYSIZE*.Ol 
IFIVSIIE.lT.5 •• AND.XSIZE.LT.1.51 XTOFF-YSIZE*.02 
XTOFF=AMAXl(XTOFF,.05) 
JTEST-1 
SlBl=1.1*XTOFF 
STTl=1.2*XTOFF 
SSCl=XTOFF 
ST ICKl =STTl 
IFIKEY(4).NE.0) STICKl=O 
SYMS=O.8*XTOFF 
YT =VOFF+YSIIE+XTOFF 
IFIYT+STTL.GT.YBIG) YT-YCFF+YSIZE-XTOFF-XTOFF-STTl 
XS IZ-XSI ZE 
YSIZ=YSI ZE 
IFILIM.GT.ISET) XSIZaXSIZ*lI~l/ISETl 
IFIISET.GT.lIM) YSIZ=YSIZ*ISETI/LIMl 
CALL lABEL'XGFF,YSIZE+YOFF,XMIN,XMAX,XSIZE,-ISETI,' ',-1,0) 
CAll LABEL( XS IZE+XOF F, YOFF ,Y "'I N, YMAX, YS I ZE ,-ll "II " ',-1,1) 
CAll FINDMT'HEON(16),MT16,20) 
CALL FINDMTIHEDN(11),MT, ,20) 
CALL LABEL'XOFF,YOFF,XMAX,XMIN,XSIZE,-ISETl,HEON(lb),MTlb,O) 
CALL lABElCXCFF,YOFF,VMAX,YMIN,YSIIE,-LIMI,HEON(ll),MT,l) 
CAll FINDMT(HEON,MT,40) 
IFIMT.EQ.O) GOTO 6 
XBEGIN=XOFF+XTOFF 
IFIKEY(3).EQ.O)XBEGIN=XDFF+.5*XSIZE+'.1-.42B6*MT)*STTL 
CALL SYSSYMIXBEGIN ,YT,STTL,HEDN,MT,O.) 

6 IOUMl=1 
IOUM2=IDUMl+MAX 
IDUM3=IDUM2+~AX 
IDUM4=IDUM3+"'AX 

100 

CALL TOPOIA,B,C(IDUMl),CIIDUM2J,ClIDUM3J,C(IOUM4J,lIM,ISET) 
WRITEC6,100) lBI I1,I=I,NCONTJ 
FORMAT(' ++ CONTU lEVELS ',8G13.5/(lX1P10G13.5)J 
IFLAGsI 
IFIKEY(lJ.NE.OI RETURN 

50 CALL SYSPLTIO.,O.,9991 
IFLAG=O 
RETURN 

1000 
1001 

WRITE(6,lOOlJ YMIN1,YMAX1,NCONT 
FORMATC- ** TROUBLES ** MIN,MAX,NCONTOUR = ',2G13.5,15) 
RETURN 

----_. 

888 IOUMl= IPNT 
DO 88 I=l,ISET 
XBIG2XOFF+(BIIJ-XMINJ*XO 
YBIGaYOFF+IAII,l)-YMINJ*YO 

88 CALL SYSSYMIXBIG,YBIG,SY~S,IOUMl,-l,OJ 
RETURN 

999 XBIGaXOFF+(8'lJ-XMINJ*XD 
YB IG=YOFF+(A' 1, l)-YHI NI* YO 
CALL SYSPLTCXBIG,YBIG,3J 
IDUM12MAXO'LI~.lJ 
DO 99 I=l,ISET,IDUMl 
XBIG=XOFF+IBI!)-XMINJ*XO 

10: 14 



C-43 

FORTRAN IV G lEVEL 20.1 VS CONTU 

0112 
0113 
0114 
0115 

YBIG=YOFF+(A(I.IJ-YMIN1*YD 
9S CALL SYSPLT(XBIG.YBIG.2) 

RETURN 
END 

DATE = 8/03111 10: 14: 



C-44 

FORTRA~ IV G LEVEL 20.7 VS BLK DATA DATE ;: 8/03/77 

0001 
0002 
0003 
0004 
0005 

BLOCK DATA 
COMMON/CONTUU/WIT,HITE,KEY(4),HEDN(20I,STUFF(9),IFLAG 
DATA WIT,HITE,KEY,HEDN/8.,8. ,4*0,20*lH I 
DATA IFlAG/OI 
END 



C-4S 

FORTRAN IV G LEVEL 20.7 VS TOPO DATE = 8/03/77 10: 14 

0001 
0002 
0003 

0004 
0005 
0006 
0007 
ooca 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
004<; 
0050 
0051 
0052 
0053 
0054 
0055 

SUBROUTINE TOPOl v,e~TR,RA,RB,X,y,M,NI 
OIMENSION VI N ,1),CNTR(1),RA(I),RBC1),Xl1),Y(1) 
CO~MON/eONTUU/SKUPO(261, 

* XMIN,XMAX,YMIN,YMAX,XOFF,YOFF,XSIZ ,YSIZ ,NeONT 
SX=XMAX-XMIN 
SY=Y"AX-Y"'I~ 

SMAX=AKAXlISx,SY) 
SMAX1=1./SMAX 

SS=SX*SMAXI 
SYS= SY*SMAXI 
SSS:0.5*SYS 
Yl = SV*SMAXl- .001 
X2 = SX*SMAXl- .001 
YCONV=SMAX1 

DEL TAX=N-1 
OELTAX=(XMAX-XMINI/DELTAX 
XUJ • o. 

RBU) .. V(ld) 
DO 27 J=2,N 

RBI J) =V ( J ,1 I 
27 XIJJ=XIJ-11+DELTAX 

OEL TAY="'-l 
DELTA'=IYMAX-YMIN)/oELT~Y 
YIlI .. o. 

DC 28 J=2,M 
28 'IJI=YIJ-1)+DELTAY 

DO 118 K=2,M 
DO 30 J=l,N 
RAIJI=RB(J) 

30 RB IJI=V(J,KI 
DO 118 J;:2, N 

35 ASSIGN 112 TO l 
RR=RACJJ 
XX=X(JI 
YY=YIK-l) 

37 RL=RR 
Xl=XX 
YL=YY 

3~ IFIRL.LT.RAIJ-1)) GOTO 41 
40 IFCRL-RBtJII4Z,50 ,50 
41 RL=RAt J-lI 

XL=X I J-l) 
YLa VI K-lJ 
GO TO 40 

42 RL=RBIJ) 
Xl=X I J) 
Yl=Y(K) 

50 RS=RR 
XS=XX 
YS=YY 
IF(RS.GT.RA(J-1J) GOTO 53 

52 IFIRS-RBIJ) 60,60,54 
5 3 R S =R A ( J-lJ 

XS=X I J-lI 
YS ::VI K-lJ 
GO TO 52 



C-46 

FORTRAP'< IV G lEVEL 20.7 'IS TOPO DATE '" 8/03177 10:14: 

0056 54 R S=R BI J) 

0057 XS=X (J) 
0058 YSzY (1O 
0059 60 RMsRR 
0060 XMsXX 
0061 YM,.yy 
0062 IF (RI'-RSI 62,2062,61 
0063 2062 IF IXM.EQ.XS .AND. YM. E ,. YS) GO TO 62 
0064 61 IF (RM-Rl I 70,2065,62 
00t5 2065 IFIXM.EQ.Xl .AND. Y~.EQ.Yll GO TO 62 
0066 GO TO 70 
0061 62 RMsRAfJ-l) 
0068 X,.. .. X IJ-1) 
00~9 YM .. Y I K-1) 
0010 IF IRM-RSI 64,2063,63 
0071 2063 IF (X,",.EQ.XS .AND.YM.EQ.VSl GO TO 64 
0072 63 IF (RM-RU 70,2064,64 
0013 2064 IF (XM.EQ.Xl .ANO. YM. EQ. Vl) GO TO 64 
0074 GO TO 10 
0075 64 RM=< RBIJ) 
0076 X,.. .. X ( J) 
0011 YM=Y (K) 
0078 70 YCS:YS*YCONV 
0079 YCM=YM*VC CNV 
0080 yel",n*VCONV 
0081 11 VS=Y$-YMAX+VMIN 
0082 VM=YM-VMAX+V,., 11\0 
00B3 Yl"'Yl-YMAX+YMIN 
0084 72 xeSsXS*SMAXl 
0085 XeM=X,,*SMAXl 
0086 XCL=XL*SMAX1 
0087 Ne"l 
0088 RC=CNTR( 1) 
0089 80 IFINC.GT .NCONTJ GOTOllO 
0090 IF ( RC .NE. RM ) GO TO 91 
0091 81 IF ( RM .NE. RS ) GO TO 91 
0092 82 IF ( RL .EQ. RM ) GO TO 100 
00<;3 91 IF l R e. LT. RS) Gerc 100 
0094 IFIRC-RM)96,S3,94 
0095 93 XPA=XCM 
0096 VPA=VC,.. 
0097 GO TO 99 
0098 94 IFCRC-RlJ106,103,110 
0099 96 'I .. (RC-RSJI (RP-I-RSI 
0100 97 XPA = XC S-Q* (XeS-XCM) 
0101 YPA = VCS-Q*(YCS-VCMJ 
0102 9'> Q = (Re-RS) /(Rl-RS) 
0103 XPB .. XCS-Q*(XCS-XCL) 
0104 VP8 .. YCS-O*(VCS-VCLJ 
0105 IFIRC)10115,10116,10116 
0106 10115 XP81"'0.5*I XPA+XPB) 
0107 YPB1=0.5*(YPA+VPBl 
0108 IF(ABS (XPA-XPB11-.001)5COl,5002,5002 
0109 5001 IF(ABS (YPA-YPB1J-.0011100.5002,5002 
0110 5002 CALL PLOTZIXPA,YPA,XPB1,YP811 
0111 GO TO 100 



C-47 

FORTRAN IV G LEVEL 20.1 VS TOPO 

0112 
0113 
0114 
0115 
0116 
0111 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0121 
0128 
0129 
0130 
0131 
0132 
0133 

10116 IF(ABS lXPA-XPBJ-.001J5003,5004,5004 
5003 IFlABS lYPA-YPB)-.001110C,5004,5004 
5004 CALL PlOTllXPA,YPA,XPB,YPBI 
100 RCzCNTRlNC+1J 

NC=NC+l 
GO TO 80 

103 XPA : XCl 
YPA & YCl 
GO TO 99 

106 Q:(RC-RM)/(RL-RMI 
XPA=XCM-Q*(XCM-XCLJ 
YPA=YCM-Q* (YCM-YCL) 
GO TO 99 

110 GO TO l,1112,1181 
112 ASSIGN 118 TO l 

FIR =RBIJ-1 J 
XX aX I J-lI 
YY =Y (10 
GO TO 31 

118 CONTINUE 
RETURN 
END 

DATE 8/03/77 10:14 



C-48 

FORTRAN IV G lEVEL 20.7 VS PLOTZ OATE 8/03177 10: 14: 

0001 
0002 
0003 
0004 
0005 

* 0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 44 
0018 
0019 

SU8ROUTINE PlOTI(X1.Yl,X2,Y21 
I"HEGER EC 
LOGICAL*l lXS 
DIMENSION XI21,Y(2hlXS( 1) 

COMMON/CONTUL/SKIUP(Z61. 
XMIN,XMAX, ~MIN,YMAX,XOFF,YOFF,XSIIE,YSIIE,NCOKT 

XIll=XSIIE *Xl+XOFF 
XIZI=XSIIE *XZ+XCFF 
Y(ll=YSIIE *Yl+YOFF 
Y(ZI=YSIIE *Y2+YOFF 
CALL SYSPLTIXIl),Y(1I,31 
CALL SYSPlT(X(Z),Y(Z),ZI 
RETURN 
ENTRY FINDMT(LXS,MT,NBT) 
MT=NBT 
DO 44 J=l,NBT 
IFIEC(lXSIMT)'" ").EQ.OI RETURN 
MT=MT-l 
RETURN 

END 



FCYN SUPPORT FOR FORTRAN DYNAMIC BIT AND FULLWORQ ARRAYS. PAGe: 2 

LaC OBJECT CODE ADOR1 ADDR2 STMT SOURCE STATE~ENT ASM 0200 10.13 08/03/71 

OOOOF 2 XIS EQU 15 11 00000 3 XO EQU 0 12 00001 4 Xl EQU 1 13 00002 S X2 EQU 2 14 
00003 6 X3 fQU 3 15 00004 7 X4 EQU 4 16 

8 fNTR Y FREEUP FREE A DYNAMIC ARRAY. 23 oeoooo 9 GETVEC CSECT 
10 SAY!: 114,41 ". SAVE REGISTERS. 

OCOOOO 41FO FOOC OOOOC 11+ B 1210,151 BRANCH AROUND 10 00860000 000004 06 12+ DC All 161 00880000 000005 C7C5E3E5C5C3 13+ DC C L6' GETVEC' tDENTIFIER 00900000 0(;0008 00 
COOOOC gOE 4 DOOC OOOOC 14+ STM 14''',121131 SAVE REGISTERS 01180000 000010 184F 15 LR X4,X15 SET UP A BASE REGISTER. 55 

00000 16 us ING GETVEC,X4 /lX4 56 000012 1821 17 LR x2, Xl IX21" AIPARAMETER LIST I. 57 000014 5830 2000 00000 18 L X3,0 I,X2) IX3)- AIARRAY ANCHOR). 
00000 19 USING ANCHOR,X3 /lX3 59 000018 5800 300lt 00004 20 L XO,DIMEN IxO)- DIMENSION OF ARRAY. 60 00001C 8BOO 0002 00002 21 SLA XO,2 IXOI" LENGTH OF ARRAY IN BYTES. 61 000020 5000 3000 00000 22 ST XO,LENGTH 

23 GETMAIN R,LV=IOI IXlI= AIARRAY). 62 Cl oeo024 4510 4028 00028 24+ BAL 1,·+4 INDICATE GETMAIN 68800001 I 
000028 OAOA 25+ SVC 10 ISSUE GETMAIN SVC 69000001 +'-
OC002A 5010 3004 00004 26 ST Xl,LENGTH+4 '-D 

00002E 4130 3000 00000 27 LA X3,01,X3) IX31s AIANCHORtlll. Ct> 
000032 IB13 28 SR Xl,X3 I X 11 a A tAR RA Y I 11 j - AIANCHORllr-;, 16 
000034 8AI0 0002 00002 ,29 SRA Xl,2 CONVEPT TO ARRAY INuEX WITH 6/ 
000038 4110 1001 00001 30 LA X1,1I,XlI RESPECT TO THE ANCHOR: '" 68 

ARRAYllI = ANCHORIINDEX). 69 
00003C 5010 3008 00008 31 ST X1,INOEX PLANT INDEX IN ARRAY ANCHOR. 70 

32 [,ROP X3 /IX 3 11 
33 RETURN t14,4),T,RC-0 RETURN TO CALLER. 

000040 98E4 OOOC OOOOC 34+ LM 14,4,12113) RESTORE THE REGISTERS 00260000 
000044 92FF DOOC OOOOC 35+ '"VI 121131, X'FF' SET RETURN INDICATION 00640000 
000048 41F a 0000 00000 36+ LA 15,0(0,01 LOAD RE TURN CODE 00700000 
00004C 01FE 31+ BR 14 RETURN 00800000 

38 FREEUP SAVE 114,41, ,* SAVE REG IS TE RS. 124 
00004E 41FO FOOC OOOOC 39+FREEUF e 1210,15 I BRANCH AROUND 10 00860000 000052 06 40+ DC All (6) 00880000 
oe0053 C6D9C5C5E4D1 41+ CC CL6'FREEUP' IDENTI F i ER 00900000 000059 00 
00005A 90E4 DOOC OOOOC 42+ STH 14,4,12(13) SAVE REGISTERS 01160000 
OCOD5E lS4F 43 LR X4,X15 SET UP A BASE REGISTER. 125 

0004E 44 USING FREEUP,X4 III X 4 126 000060 1821 45 LR X2,X1 IX2): AIPARAMETER LISTI. 121 000062 5830 2000 00000 46 L X3,01,X2) IX31: blARRAY ANCHOR). 
00000 47 USING ANCHOR,X3 1IIX3 129 

OC0066 9801 3000 00000 48 LM XO,X1,LENGTH IXO,XII= FREEMAIN PARAMETERS. 130 
49 CROP X3 III X 3 131 
50 FREEMAIN R,LV=IOI,A=111 RELEASE THE CORE. 132 oe006A 4111 0000 00000 51+ LA 1,0 (1) CLEAR THE HIGH ORDER BYTE 03130018 00006E OAOA 52+ SVC 10 ISSUE FREEMAIN SVC 03140018 
53 ReTURN 114,4),T,RC=0 RETURN TO CALLER. 



FDYN SUPPORT FOR FORTRAN DYNAMIC BIT AND FUlL~OR~ ARRAYS. 

LOC OBJECT ceDc ADDRl ADDR2 STMT SOURCE STATEME~T 

00007 J 9 BE 4 Dooe OOOOC 54+ LM 14,4,121131 
000074 92FF coDe OOOOC 55+ "vI 121l3J,X'FF' 
OC0078 41FO 0000 00000 56+ LA 15,010,01 
oe007C 07FE 57+ ER 14 
000000 58 ANCHOR DSEC T 
((0000 59 CS F 
000004 60 OIMEN OS F 
000008 00000 61 ORG ANCHOR 
ecoooo 62 LENGH CS 2F 
000008 63 I NCR OS F 

00008 64 INDEX EQU INCfI 

65 END 

PAGE: 

ASM 0200 10.13 08/03/77 

REST(RE THE REGISTERS 
SET RETURN INOICAT Iem 
LOAD RETURN CODE 
RETURN 

UNUSED WORD. 
BITS/ROW ~R , OF FULLWORDS. 

LENGTH OF THE ARRAY, 8YTES. 
BYTES 8ETWEEN ROWS IN A BIT 
ARRAY. 
INDEX FROM START OF ANCHOR TO 
START OF ARRAY FOR FULLWORD 
ARRAYS. 

00260000 
00640000 
00700000 
00800000 

4<.5 
469 
470 
475 
476 

'" 480 
481 

'" 482 
'" 483 

484 
486 

(") 
I 

VI 
o 


