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NOMENCLATURE

Aircraft aspect ratio
Aircraft semispan, m
Concentration, volume/semispan
Drag coefficient, D/qs

Lift coefficient, L/gs
Diffusivity, cm2/sec
Propeller thrust, N

Froude number, U//bg
Gravitational constant, m/ sec?
Aircraft altitude, s%mispans
Inertia parameter, 06~U/18bu
Mean molecular weight of gas mixture in transfer path
Mean molecular weight of evaporating material

Mass, Kg

Pressure, Kg/rn2 (lb/inz)

Partial pressure of air, N/m2

Vapor pressure of air, N/m2

Propeller constants

Nozzle flow rate, volume/semispan along flight path
Propeller torque, N-m

Radial coordinate, in propeller radii

Droplet Reynolds number pdU|ua - nl/u

Droplet free stream Reynolds number, pd&U/u

Propeller radius, m

Schmidt number, pDy/u

Temperature, K(©R)

Time, secs

Free stream velocity, m/sec

Local flowfield velocity, dimensionless with U
Cummulative volume percent

Crosswind velocity component, m/sec

Cartesian coordinates

Initial droplet position (nozzle location), semispans

2

Droplet density, Kg/m3

Standard deviation, microns

Aircraft circulation strength, mz/sec
Droplet diameter, microns

Volume median droplet diameter, microns
Droplet position, dimensionless with b
Air absolute viscgsity, Kg/m-sec

Air density, Kg/m

Dimensionless time, Ut/b

Derivative with respect to T
Vector quantity

Final value at ground plane
Wet bulb condition
Dry bulb condition
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I. INTRODUCTION

The use of aerospace technology to improve aerial applica-
tions promises to yield significant improvements in the effi-
ciency of operation, the environmental acceptability, and many
other areas. One area of study is the interaction of the spray
droplet with the aircraft wake. This interaction improves the
overall efficiency of the operation by increasing the swath
width, but also results in the drift of particles suspended in
the wake to off target sites. The propeller slipstream and other
nonuniform portions the wake also leadAto nonuniform deposits of
material inside the swath. This research uses an analytical
approach to study this wake-particle inte%écéion. Ultimately
the goal of such a research effort will be to tailor the aircraft
wake and dispersal system to produce a wide uniform distribution
of material with minimum drift.

Reedl in 1954 presented a two-dimensional analysis of aerial
applications. This report, aided by the techniques for trajec-
tory analysis developed in the aircraft icing program, established
the fundamentals of the method. This work was hampered by the
limited computational capabilities of the time and Reed presents
only a limited number of trajectories for his simple model.

2 improved this model by performing a three dimensional

Bragg
analysis including propeller slipstream effects Trayford and
Welch3 have made similar improvements including the effect of

crosswind on the distribution. The present method is based on

reference 2 but includes many improvements which have been

developed by the author since the publication of reference 2.



The goal of this research was to document a method, and
develop a computer code to simulate the dispersal of liquid
sprays from agricultural aircraft. The program was to require
small computation times so mathematical models and numerical
procedures were kept as simple as possible while still modelling
the fundamental physical phenomena. The program was written in
such a way that a user could modify the wake model easily, while
still using the particle dynamics model and the distribution and
drift numerical procedures. The user may provide a flowfield
code which can be inserted into this program by use of the USERV
subroutine. This allows for the analysis of more complicated
flowfields whicqgmagzcontain fuselage vortices, vortices off of
flaps due to variablé span loading, winglets, or more complicated
flowfields due to unconventional aircraft configurations

The computer code consists of three main parts; the droplet
dynamics and evaporation models, the aircraft wake models, and
the distribution and drift prediction method. The theoretical
basis for these models is derived in Section II and the method
is compared to other results in Section III. Section IV is the
computer program users' manual containing a description of the
code and the input, output, and error messages. In the Appendices

are sample cases and a complete listing of the code.



IT. THEORETICAL DEVELOPMENT

In this section the mathematical models used for the droplet
dynamics and the wake flowfield will be described. The numerical

procedures used to solve these equation will also be presented.

Droplet Dynamics

By application of Newton's Second Law of Motion to a water
droplet the differential equation describing the particle tra-
jectory may be derived. Here particles in the 100 to 500 micron
size range are considered. These particles are nearly spherical
in shape4 permitting the use of standard sphere drag data. 1In
addition the analysis does not indlude the effect on the trajec-
tory of atmospheric and aircraft induced turbulence, liquid drop-
let deformation and internal circulation, magnus forces, multiple
particle interaction, and electric charge. For the aerial appli-
cation problem these forces are considered negligible.

The equation of motion for a non-evaporating single particle

moving in the wake of an aircraft can then be written as

o S T A g !
m(72) = a mg (1)

The apparent mass, ﬁa, the pressure gradient term, ﬁ, and the
Bassett force, B, become important only if the density of the
particle is of lower, or similar order of magnitude as that of
airs. In addition, the apparent mass and Bassett force terms
could also become significant if the particle experiences a large
acceleration. The particle could experience a sizeable accelera-

L4

tion when initially injected into the flow. This acceleration



is, however, of short duration and in the streamwise direction

so as to have little effect on the final spanwise location of

the particle. Therefore, noting that the density of water is
much greater than that of air, and ignoring the initial accelera-
tion effects; the apparent mass, the pressure gradient, and the
Bassett force terms may be dropped from equation (1).

Now writing this equation in nondimensional form,

__CDR_ > 1 _é_
SRR TR 2)

where the nondimensional numbers K, the inertia parameter, and

Fy, the Froude number are

2
o84U __u
K = 1864 ; Fr T g (3)a,b

An additional nondimensional number, Ry, the free stream droplet
Reynolds number
pSU

Ry = 0 )

results from the %g? term in equation (2). The droplets studied
here experience relatively low Reynolds numbers well within the
range of zero to one thousand. Several curve fits to the standard
sphere drag curve are available in this range and all yield similar
results. Here the equation by Langmuir6

CpR

—==1. + 0.1980-63 4 2.6 x 1074g!-38

(5)

is used to calculate the sphere drag when computing the particle

trajectories. Note that here R is the Reynolds number experienced



¢

by the droplet based on the particle velocity relative to the

surrounding fluid

R = 28Ula - n] (6)

u

The trajectory of a particle is then governed by equation (2)
which is a non-lfnear, second order, ordinary differential equa-
tion which must in general be solved numerically The equation
may be reduced to first order and separated into its three com-
ponents to form a system of six simultaneous differential equa-
tions Given the six initial conditions of particle position
and velocity when first injected into the aircraft flowfield,
the trajectory may be calculated using a step integration method.
The program uses a variable step size, predictor-corrector
scheme suitable for stiff systems7’8. When compared against
non-stiff methods this scheme shows a considerable decrease in
computational time to achieve the same accuracy. The trajectory
is terminated when the particle intersects the ground plane or

becomes entrained in a vortex.

Evaporation Model

For small liquid droplets under roughly 150 microns in dia-
meter evaporation effects often become significant As a result
of evaporation the ground distribution of material is reduced
and the material lost due to drift is greatly increased. To
include the effect of evaporation, the analysis of Goering9 is
used. .

Since the mass of the particle is no longer constant the

differential equation (1) must be modified. Having already



incorporated the assumptions described early it becomes

m(ifi_) ( ) =D + mg (7
de?l dt dt

Nondimensionalizing, this equation becomes

d2 : 30K 4(3/b) 1 g
e D = (B - B - 2K @E, 2 ® )

Equation (8) is identical to equation (2) except for the addition

of the second term on the right hand side which is due to the dm

dt
term in equation (7). An additional variable, §, the particle
diameter is introduced in equation (8) and another equation must
be added to the system to allow a solution.
The expression for the rate of change of the particle dia-
9

meter with respect to time is

d(s/b)

( dt )=‘(U)(Mm)( )()( )(2+O6SC /3R]_/2

) (9)

The terms on the right hand side may be evaluated in the follow-
ing way.

It is assumed that the water droplet is diffusing into the
air, therefore, the molecular weights are M, = 29 0 and My = 18.0.
The diffusion coefficient for water vapor into air is given as a

function of temperature9

Dy = 5.28 x 107% 1, t-88 (10)
The term AP/P¢ is shown by Goering9 to be
AE = PSWb B PV (ll)

Pe Potm ~ Py



Brooker10 has developed a mathematical model for the psychro-
metric chart which is useful in evaluating equation (11). Input

to the computer code are the atmospheric pressure, P and

atm’

the wet and dry bulb temperatures, Ty and Tgqp — The saturation

vapor pressure, Pg.}, at wet bulb temperature, wa’ is given by

_ 54.6329 - 12301.688

P Top - 5.16923 1n(Typ) (12)

sw

and the wvapor pressure, Py, is

B 0.2405(Pswb - Patm) ma
Py = Pswb * 587194 (T0758965 - 0.56983(T,, - 29769y ¢ rdb~Twb)

(13)

In equation (12) and (13) the temperatures are in °R and the
pressures are in psi. Equation (12) is valid only for temperatures
above 329F. Note that by definition RH = PV/PS , 1f the relative
hunidity, RH, is available when Tyb is not.

The particle trajectory including the evaporation effect is
calculated in the same manner as before, here using the differential
equation (8) and adding to the system equation (9). Additional
complications due to droplet evaporation which arise in the dis-

tribution and drift calculations will be discussed latter

Wake Flowfield

The flowfield model incorporated in the computer code is a
horseshoe vortex system in ground effect. This simple model in
either its 2-D or 3-D forms provides the wake velocities with a
minimum of computer time, allowing for the small execution times
characteristic of this program. In addition, a simple propeller,

crosswind, and tunnel flowfield models are included in the code.



If these simple models are inadequate, the user may supply an
alternate flowfield model by providing the proper subroutine.

Here the flowfield models included in the code are discussed.

Basic Wake Model: The wake of an aircraft in ground effect

may be modelled in three dimensions using a horse shoe vortex
system. This model is reasonably accurate provided that, the
wake roll-up occurs in a time much less than that of the particle
trajectory, the particle trajectory intersects the ground before
this system decays appreciably, and the particle remain outside
of the viscous vortex cores and in the potential flow region. A
two dimensional model can be formed consisting of only two doubly
infinite straight trailing vortices and their reflection through
the ground plane, figure 1. The strength of these vortices 1is

calculated assuming an elliptical loading

4Cy,Ub
— A (14)

The motion of these vortices is given by Bragg2 and the velocity
can be calculated using the Biot-Savart lawl. This model can be
extended to three dimensions by adding a bound vortex of strength
I' on the aircraft quarter chord line, figure 2. The Biot-Savart
Law is used to calculate the velocity induced in the x direction?
and the y and z velocities are the same as in the two dimensional
model.

It should be noted that the two dimensional model uses Reed's!
correction for the bound vortex. If the user inputs zero for the
initial droplet velocity, the program assigns to the droplet an

initial velocity equal to the velocity the particle would have if



falling in free air in a constant flowfield with the velocity
components equal to that existing in the 2-D model at the point
of particle injection. This correction is ignored if instead
non-zero initial droplet velocities are input to the computer

program.

Tunnel Model: The two dimensional model of reference 2 has

been included in this program. This permits the calculation of
droplet trajectories from an aircraft model in a wind tunnel to
evaluate the influence of the tunnel walls and the floor. The
tunnel ceiling is assumed to have a negligible effect on the
droplet trajectories since a model in ground effect will be in
close proximity to the tunnel floor. The simple geometry of this
model is shown in figure 3. A conformal mapping method is used
to determine the velocity at a point in the tunnel due to the

two dimensional vortex system. The complex function describing
the velocity potential and stream function in free air is trans-
formed to the plane with infinite reflections of this vortex
system in the y direction by using a complex sine mapping func-
tion. The vortex position is determined by step integration using
a truncated series to express the induced velocities on a vortex
filament. The derivative of this complex function with respect
to the complex particle position, yields the y and z velocities

at any point in the tunnel.

Propeller Model: A propeller slipstream is characterized

by a rotation in the y-z plane due to the torque and an increased
axial velocity due to the generated thrust. Functional forms for

the axial and rotational velocities as a function of radial



distance from the propeller hub have been assumed. These equa-
tions are of a form compatible with existing data on the thrust
and torque loadings on general aviation propeller blades. The

equation for the axial velocity is
Vaxial = PKI(1. - r) + PK2(r) sin(wr) (15)

and the rotational velocity is given by

Veor = PK3(1. - r) + PR4(r) sin(nr) (16)

Figure 4 shows the velocity distributions for a typical propeller
model. PK1l and PK3 govern the velocities at the centerline while
PK2 and PK4 control primarily the maximum velocities. For most
applications PK3 = 0 and PK1l is set equal to some small fraction
of PK2. Using equations (15) and (16) the slipstream can be
integrated to determine the thrust, F, and the torque, Qp‘ The

thrust is

F

(RP) 21p [2U(O.l66667PK1 + 0.189304PK2)
+  0.0833333(PK1)2 + 0.129006(PK1) (PK2) (17)
+ 0.0870040(PK2)2J

and for the torque,

Q
p

2mp (RP)*[0.033333(PK1) (PK3) + 0.036657 [(PKL) (PK4)
+ (PK2) (PK3)] + 0.0507039 (PK2) (PK4) + 0 083333U(PK3)
+ 0.124801U (PK4)] (18)

Equations (17) and (18) are then used to determine the constants
PK1l, PK2, PK3, and PK4 knowing the propeller thrust and torque
This method assumes that the propeller slipstream extends down-

stream from the propeller disc plane to infinity with no dissipation.

10



In reality the rotational velocities are noticeably reduced

due to viscous dissipation and the straighting effects of the
main wing, fuselage, landing gear, horizontal, and vertical
stabilizers. This reduction in rotational velocity is strongly
dependent on the particular aircraft being modelled. It is
recommended therefore that Vygt, that is PK3 and Pk4, be reduced
from those calculated from equation (16). Although little experi-
mental data is available on which to base this, a reduction to

75 percent of the calculated values seems reasonable from pre-

liminary studies of conventional low wing monoplanes.

Crosswind Model: The component of the wind perpendicular

to the flight path and parallel to the ground plane is modelled
by the equation11

.25
Ve = VCH(2)02

(19)
Here VCW is the crosswind component in m/sec 1 meter above the
ground and z is the height above the ground plane in meters. The
crosswind not only contributes a velocity in the y direction, but
also causes a lateral translation of the entire aircraft wake
system. This is modelled in the program by including the first
order differential equations for the positions of the trailing
vortices and propeller slipstream with the system of equations

for the droplet trajectory and solving this enlarged system by

the same step integration technique.

Distribution and Drift Model

By combining several droplet trajectories from a single nozzle

location the ground deposition from the nozzle can be calculated

11



and the drift estimated. This procedure is straight forward
for the case of no crosswind, evaporation, or propeller and was
first developed for the aerial spray problem by Reedl. Here an
improved form of Reed's analysis is used for the simple case and
major changes are made to handle the more difficult case of the
unsymmetric and often double valued distributions.

The concentration, C, from a single nozzle can be written

as

_ ~ dV dg
C‘QHEH@ (20)

By superposition the concentration from any number of nozzles

can be found The derivative dé/dyg can be found from the plot
of the particle diameter as a function of the final lateral
position where the particle intersects the ground plane. These
points are cubic splined to obtain dG/dyg. This value must then
be multiplied by dV/dé§, a function of § and the particular nozzle
used, which represents the volume of material released by the
nozzle as a function of particle diameter. Here a normal dis-
tribution of material about some volume median diameter, 6y, is

assumed which gives

5= fm

o
=Y = e s (21)
ds /27 og

[a N
<
p

where o, i1s the standard deviation The Q in equation (20) is

S
the volume flow rate of the nozzle The concentration of material
on the ground is then given by equation (20) and all that remains

is to determine the drift.

12



The drift is estimated by an extrapolation procedure which
finds the smallest particle, within some maximum allowable error,
which reaches the ground. The amount of material in the distri-
bution from particles smaller than this drifted particle is found
by integration of the normal distribution function. The allow-
able error is a function of the number of standard deviations the
particle size is from §, to control the error in terms of volume
of material. Particles which encircle the wing-tip vortices are
considered as drift and their trajectory calculations are ter-
minated. 1In addition, off target distribution is also considered
drift The user can select a lateral semispan distance beyond
which the material is considered to be drift.

This procedure must be modified for unsymmetrical distri-
butions or cases including droplet evaporation. As a result of
the propeller slipstream effects or the crosswind model the cal-
culation of d§/dyg can become more difficult. Here it is not
uncommon for several particle sizes to intersect the ground at
the same Vg location, thus making the function double wvalued
The double valued and often erratic behavior of the curve makes
the use of the cubic spline very difficult. Many points would
be required to obtain a reasonable fit  When these complications
arise the program abandons the cubic spline and instead uses
linear interpolation between the calculated trajectory points.

In regions of large changes in slope the program automatically
inserts additional particle trajectories using again an error
parameter weighted from the volume median diameter. This method
provides good results in a minimum of computer time. Here the

drift is estimated in the same manner as before.

13



When the droplet evaporation is considered the mass lost
through evaporation must be accounted for. This results in an
increase in material lost due to drift and a decrease in the
ground deposition. The final droplet diameter, 6g, 1s deter-
mined as a function of the initial diameter, §,, by using a cubic
spline on the results of the trajectory calculations. The dis-
tribution is then reduced by the ratio of 6f3/603. In addition
to the material which does not reach the ground or lies outside
the target area, the amount of material which evaporates is
determined by integration and included in the total drift. By
using this procedure accurate drift and distributions are deter-

mined from the calculated particle trajectories.

14



IITI. CODE VALIDATION

Initial validation of the computer code was conducted by
comparing the results of this method to the early analytical
work of Reedl. Reed's method uses a two dimensional wake model
without propeller, evaporation, or crosswind effects. The dis-
tribution is calculated using a least-squares fit of a second
order polynomial to the trajectory data. A comparison of the
two methods is shown in figure 5. Here the circulation, T, has
been matched since the early work assumed a rectangular 1lift
distribution. The comparison is quite good considering that
modern digital computers were not available for Reed to make
his trajectory calculations.

Comparisons of the code to experimental data is difficult
because of the number of variables involved which are difficult
to control or measure. Recent small scale model tests of agri-
cultural aircraft dispensing scaled particles have generated some

distribution data which may be used for comparison12’13.

Figure

6 shows the measured distributions from three nozzles and the cor-
responding calculated distributions. The model used was unpowered
with a wing semispan of 0.914m moving at 20.6 m/sec at an altitude
of 0.51 semispans. The particles used were glass microbeads with
a mean diameter of 125 microns and a density of 2.42 g/m3. Since
the test program was designed only to validate the scaling laws,

no measurements of particle size distribution or nozzle volumetric
flow rate was made. These parameters were estimated for this com-

parison. Note also that the concentration reported in reference 12

is in terms of the numbers of particles per unit area where this

-15



method calculates concentration in terms of volume of material

per unit area. This accounts for the difference in the areas

under the curve and also for the larger measured concentrations

to the right of the peak concentration where the particles are
smaller in diameter. The difference in the distributions at the

Yo = 0.30 nozzle location is due in part to the fuselage vortex

not accounted for in the present flowfield model. The comparison

in figure 5 is however, quite good overall and supports the analysis.

In figure 7, the present method is again compared to data from
reference 12. Here the same model is used as in figure 5 but the
altitude is 0.35 semispans. The lateral position of the nozzle is
at 0.40 semispans and the particles have a mean diameter of 140
microns and a density of 0.58 g/m3. These particles scaled to a
200 micron water droplet for the full scale aircraft. Here again
the comparison is quite good considering the differences in the
definition of concentration. The amount of lateral transport of
the material and the general shape and magnitude of the concentra-
tion curves compare quite well.

The present method was also compared qualitatively to the
powered test conducted in reference 12. Again considering the
influence of the fuselage vortex the comparisons were encouraging.
The amount of lateral transport due to the propeller was approxi-
mately the same if the calculated swirl velocity was reduced by
25% as discussed earlier to account for straighting effects.
Sufficient data were not available to make a detailed comparison
of the distributions.

Detailed comparisons of this method have been conducted

with both analytical and experimental data. The method has

16



performed well over the range of parameters tested The code
appears to do a good job of predicting the lateral transport of

droplets in the wake of aircraft in ground effect.



IV. COMPUTER PROGRAM MANUAL

A computer program has been developed to predict the ground
deposition resulting from the dispersal of water droplets into
the wake of an aircraft in ground effect. A complete listing
of this program has been provided in Appendix B. After a general
description of the program, the input, output, error messages,

and test cases will be presented in this section.

General Description

The computer code has been written in FORTRAN and developed
on the AARL Harris Computer System. The code is in single pre-
cision and should execute on CDC systems with only minor changes.
Conversion of the code to execute on IBM type machines should
involve little more than a conversion to double precision and
modifying the Hollerith codes. The code is approximately 2500
card images in length and requires 15 to 45 seconds of execution
time per single nozzle deposition on the Harris SLASH 6 Computer.
The Harris /6 is slightly slower than a CDC Cyber 73 and about
6 times slower than an IBM 370/168. Additional storage must be
supplied to the program on octal file 10.

A plot package has been provided which is completely contained
in subroutine PLOT1. A single call to this subroutine occurs
as the last executable statement in the main program. Since the
plot subroutine used here may not be compatible to those avail-
able on other systems, the program was written to allow for easy
modification of the plot package.

Certain limitations on the size of the analysis that can be

conducted considering the present DO loop parameters and array

18



dimensions should be discussed. The maximum swath width that
can be used is +10 semispans and the number of nozzles input can
not exceed 100. The program is limited to 15 particle trajec-
tories per nozzle including those determined internally to
estimate the drift and improve accuracy in a region of a large
change in lateral transport. Therefore no more than 10 particle
diameters should ever be input and in general 5 to 7 is usually
sufficient. No more than 1000 steps can be taken in the calcul-
ation of a single particle trajectory. The number of particles
calculated and the number of steps can be controlled by use of
the user input error parameters.

A flow chart including the major subroutines is shown in

figure 8.

Input Data

The program reads the input from device 5 in the manner
described below. Several options are available to the user
with the acceptable combination of options shown in figure 9.
In addition the user may supply the wake flowfield to be used
by the inclusion of a subroutine USERV. This allows the pre-
sent particle dynamics, including evaporation effects distribu-
tion, and drift models to be used with a different or more
sophisticated wake model. USERV is described by comment state-
ments in the listing. It may use by inclusion of the proper
COMMON statements or subroutine calls use other variables and

sections of the code as desired.

The inputs to the program are primarily physical variables

in SI units. Some variables have been nondimensionalized where it

19



seemed the most logical approach It is hoped that this type

of input will make the code more useful. It should be noted
however, that the problem can be nondimensionalized as in
reference 11. The number of independent parameters is much less
than the number of physical variables input to this code. The
inputs could have been in terms of completely nondimensional
numbers such as Rfj, K, and F, as discussed earlier. The use of
this code for sensitivity analysis can, therefore, be greatly

simplified by considering the nondimensional parameters.

Card 1- (Format 13A6) Title

Card 2: (Format ID5)
NDROPS Number of trajectories to be run.
Set = 1 if NDIST = 1

Cards 3-8 repeated NDROPS times
Card 3: (Format 9I2, 2X, E15.6)
N2D = 0 For a 3D run
1 For a 2D run
2 For a 2D run using the user supplied
USERV subroutine

N3D

1l
o

For a 2D run
1 For a 3D run
2 TFor a 3D run using the user supplied
USERV subroutine
NEVAP No droplet evaporation
Droplet evaporation included

I
= O

NPROP2

No propeller effects

Propeller slipstream model included
NCW = No crosswind effects (set VCW = 0)
Crosswind effects included

NTUN No tunnel model
Tunnel model included

NDIST

il
= O = O = O o

Single particle trajectory run
Ground depositions calculated

20



NPRINT = 0 Short output option
1l Long output option
NPLOT = 0 No plotting
1 Plot distribution of trajectories
EPS Step integration error control parameter,

usually set equal to 1.E-5.
Card 4 included only if NEVAP =1
Card 4: (Format 3F10.6)

PA Atomspheric pressure, N/m2
TDB Dry bulb temperature, °C
TWB Wet bulb temperature, °C

Card 5 included only if NPROP2=1
Card 5: (Format 6F10.4)
ZPROP2 Z coordinate of propeller hub, semispans

PK1 to 4 Propeller slipstream constants as defined
in Section II

RP Slipstream radius (usually equal to pro-
peller radius), semispans

Card 6 (Format 7F10.4)

A Aircraft aspect ratio

CL Aircraft 1ift coefficient

B Aircraft semispan, m

U Aircraft speed, m/sec

G Gravitational constant, m/sec2

ZY0 Inigial Y coordinate of trailing vortex,
semispans

ZZ0 Initial Z coordinate of trailing vortex,
semispans

21



Card 7:

(Format 2E20.6, 2F10.4)

DA

VIS

VCW
D

Air Density (ignored if NEVAP = 1), Kg/m3

Absolute air viscosity (ignored if
NEVAP = 1), Kg/m-sec

Crosswind velocity (=0. if NCW = 0), m/sec

Tunnel width (ignored if NTUN = 0), m

Card 8 included only if NDIST = 0

Card 8:

Cards 9 to 16
Card 9:

Card 10:

(Format 8F10.5)

DIA
DD
X, Y, Z

UD, VD,
WD

Particle diameter, microns

Particle density, Kg/m3

Initial particle position, semispans
Initial particle velocity relative to

the aircraft fixed coordinate system,
nondimensional with respect to U

included if NDIST =1

(Format 615)

NCOL
NROW

N

NDIAMN

NSTDEV

Il

NQ =

NZNOZ

Number of nozzles
Number of initial particle sizes input

All nozzles the same DIAMN
DIAMN input for each nozzle

All nozzle have the same STDEV
STDEV input for each nozzle

All nozzles have the same Q
Q input for each nozzle

All nozzles have same Z coordinates
Z input for each nozzle

= O — O O = O

(Format 8F10 5)

DD

X0

UDO, VDO,
WDO
SWIDTH

Particle density, Kg/m3

Nozzle X coordinate (ignored if N2D = 1),
semispans

Initial particle velocity relative to
the aircraft fixed coordinate system,
nondimensional with respect to U

One-half the swadth width calculated,
semispans
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Card

Card

Card

Card

Card

Card

11:

12.

13:

14:

15.

16

DERR Constant by which default error limits
are multiplied, normally set equal to one

DWIDTH Material landing beyond + this value are
considered drift, semispans

(Formant 8F10.5)

YNOZ Y coordinate of each nozzle (NCOL values),
semispans

(Format 8F10.5)

SIZE Particle sizes input to represent distri-
bution (NROW values), microns

(Format 8F10.5)

DIAMN Median particle diameter, microns
Input one value if NDIAMN = 0
Input NCOL values if NDIAMN = 1

(Format 8F10 5)

STDEV Standard deviation of particle size
distribution, microns

Input one value if NSTDEV = 0
Input NCOL values if NSTDEV = 1
(Format 8F10.5)
Q Nozzle flow rate, unit volume/semispan
along flight path
Input one value if NQ = O
Input NCOL values if NQ = 1
(Format 8F10 5)
ZNOZ Z coordinate of nozzle, semispan

Input one value if NZNOZ = 0
Input NCOL values if NZNOZ = 1

Cards 1-16 may be repeated to run several cases simultaneously.

Output

The program first outputs all the basic input data. The

variables output are all in the same units as the corresponding

inputs.

After this initial listing, the output depends primarily

on only the choice of NDIST and NPRINT. The program's calculated

output is all dimensionless unless indicated otherwise.
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For the NDIST = 1 case and NPRINT = 1, the distribution from
each individual nozzle is listed. The output is self explanatory,
note that concentration has units of volume per semispan squared.
If more than one particle size lands at the same lateral position,
YG, the diameter, DIA, column is omitted. The rest of the output
is the same for both the NPRINT = 0 and 1 options A table
including the input values for each nozzle is output along with
the drift in percent of total for each nozzle. Next a trajectory
summary listing all the trajectories calculated is included before
the final distribution  The final distribution is a compilation
of the distributions from all nozzles and is output in 0.0l semi-
span increments. The total drift given is in percent of total
material and is weightea by the volume flow rate of each nozzle.
As a check, the total material reaching the tarjet area is also
given. This is determined by a simple trapezoidal integration of
the final integration and is meant only as a check. The accuracy
of this estimate will be low for complicated distributions.

For the single particle trajectory calculations of NDIST = O
the output is simple for NPRINT = 0. Here the initial inputs are
output as before, followed by the final value of the variables in
their normal units. The final values include particle position,
velocity, droplet diameter for NEVAP = 1. and the nondimensional
time, T, required for the trajectory. This output is repeated
for each particle trajectory.

If the user selects NPRINT = 1, all the dependent variables
and the independent variable, 7, are output at each time step in

the integration process. This can result in a great many lines
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in some cases, Since so many combinations of variables are
possible depending of the user options selected, no header is
provided for this output. The variables are output in the fol-
lowing manner. Column 1 is always the step number and 2 the
nondimensional time, 1. Columns 3-6 always contain, the lateral
position, Y, the lateral velocity, VD, the vertical position, Z,
and the vertical velocity, WD  If the run is 3-D, columns 7 and
8 contain the streamwise position, X, and the corresponding
velocity, UD. TIf NEVAP = 1 the last column always contains the
current droplet diameter. The columns between WD or UD and the
droplet diameter contain the vortex and proveller slipstream
position. If options are selected making the entire flowfield
transport laterally, the columns will be Y and Z coordinate of
the left, then right trailing vortex and then the Y and Z position
of the propeller slipstream. If all these variables are not pre-

sent, the initial values make it clear which one is being output.

Error Messages

The program provides several internal error messages and
warnings. These messages and the most likely user actions

needed to correct the problem are given here

MESSAGE COMMENT
Max Number of Runs Exceeded Number of Particle Trajectories
Before Drift Calculation Com- |[Exceeds 15, Reduce NROW or
pleted (E) Increase DERR

Trajectory Terminated, Propel-|Particle Considered Drift
ler Slipstream Entrainment




MESSAGE

COMMENT

DO Loop_Parameter Exceeded in
suB2p (E)

Trajectory Completed, Z less
Than Zero

Trajectory Terminated, Vortex
Entrainment

DO LOOE Parameter Exceeded in
SUB3D(E)

NVAR Incorrect(E)

Cubic Spline Pfoglem Nozzle
No DIA = E

Insufficient Data To Calculate
Distribution

Insufficient Data To Estimate
Drift, Nozzle No., Drift Set
Equal To Zero

WDR Exceeded DO Loop in INCON
(E)

Right Endpoint in INCON Incor-
rect (E)

DO Loop Parameter in INCON
Exceeded )

Number of Steps Exceeds 1000,
Increase EPS

Normal Trajectory Termination
Particle Considered Drift

Number of Steps Exceeds 1000,
Reduce EPS

Illegal Combination of Options

Cubic Spline Provides Poor Fit
to Trajectory Data, Change
Error Parameters or Input Par-
ticle Diameters

Not Enough Trajectories to
Cubic Spline Particle Diameters
for NEVAP = 1 Case, Change
Input Particle Diameter

(Same as Above)

Error in 2D Initial Droplet
Velocity Calculation, Input Non
Zero Initial Velocity, Often
Due to Illegal Input

(Same as Above)

(Same as Above)

(E) ERROR (W) WARNING
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Sample Cases

Five sample cases have been provided in Appendix A. These
cases are intended both as examples and as check cases after the
program has been installed on a new system. The complete input,
output, and plots are given for each of the cases. With the use
of the input and output descriptions in this section, the cases

should be self explanatory.
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\Y SUMMARY

A method has been developed and & computer program written
to predict the dispersal of aerial sprays from agricultural air-
craft. The method has been compared to early analytical results
and recent experimental studies and found to compare well with
these results A user's manual for the program including sample
cases and FORTRAN program listing have been provided The code
was written to allow the flexibility to install a more sophisti-
cated wake model to increase the usefullness of the program.
The computer program provides a useful tool to aid in agricultural
aircraft and dispersal system design as well as for aerial appli-

cations research
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Three Dimensional Wake Vortex Model
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N2D=1 |N2D=2 |N3D=1|N3D=2 |NEVAP NPROPZr;E;—NTUN NDIST | NPLOT |NPRINT

N2D=1 X - - - X X X X X X X
N2D=2 - X - - X - - - X X X
N3D=1 - - X - X X X - X X X
N3D=2 - - - X X - - - X X X
NEVAP X X X X X X X X X X X
NPROP2 X - X - X X X X X X X
NCW X - X - X X X - X X X
NTUN X - - - X X - X X X X
NDIST X X X X X X X X X X X
NPRINT X X X X X X X X X X X
NPLOT X X X X X X X X X X X
X Allowable Option

- Unacceptable Option

Figure 9. Program Option Available




APPENDIX A

FIVE SAMPLE CASES

All five sets of input data are listed first, then each

sample output including the plot.

37



8¢

-~

ASP TEST LASE
1
010110011

«50 1,793 17,93

6, o6 6,096
1,225F00

200. tooo, 0.

$SEOJ

ASP TEST CASE >
1
100000111
6. 6 6,096
1,225€00
1 6 1 1 1
1000« v, 0.
«40
600 300, 250,
200,
S50,
1,
b

ASP TESTY LASE 3
1
1010001y 01

1013%52.1 ¢3.AR89 18,3333

6. o6 6.096
1,7225F00

1 6 1 i

1000, [ (VS

040

600, 300, 250.

200,

50.

1.

ob

1.E-5

0. 6,029

53.035 9.8066
1.7932E=5 2.5
+10 «40

l.E-5
53.035 9.8066
1.7932E-5 0,

0. 0.

200, 150,
1.E~5

53,0335 9,066
1e7932E=5 0.

0. Ne

200, 150.

0'20
.8
00
0

8
0.

100.

8
0.

100.

0.

1.

.5

le

0.

S
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ASP TEST CASE 4

1

10000V 1101
6. 6

1,225F00

Asp TEST CASE &5
1
0111190101

1031352.1 <€3.88R9

S0 1.7a3

6. 6
1,225FN0

3 6 1 1

1000, Ve

-.30 U.

600, 300,

200 coo,

50, 50

1. 1.

o o

6,096

17,3333
17,93
6,096

1

0.
«30
P50,
200,
50.
l.
o4

1,E=-5

53,035 9.8066
1.7932E=5 0.

0, 0.

200, 150,

1,E-5

0, 64029

53,035 9.8066
1.7937E=5 1.0

18 '

200, 150,

.8 5
36.576

4-0 l'

100.

20
8 5
0.

100,

S.
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ASP TEST CASE 1

PROGRAM CONTROL

N2D= 0
NTUN= 0

PARAMETER VALUES

A= 6.0000
ZY0= 0.8000
n= 0,0000

PROPZ INPUTS
ZPROP2= 0.50V0
RP= 0,2000
INITIAL VALUES

x= 0,000000
w0= 0.,000000

N3D= 1

NDIST= 9

CL= 0.,6000
?Z20= 0,5000

nD= 1000.0000

PK1l= 1.7930

Y= 0,100000
NIA= 200.0000

1 0,00010 Y.1l9000 o0.00003
2 0,00020 VU,10000 0.00005
3 0.00116 U,10000 0.00030
4 0,00212 0.l0000 0,00054
5 0,00308 V,1a000 0.00077
6 0,00472 0410000 o0.00116
7 0,00636 UY.lnn0l o0.nols3
8 0,00801 U.l0001 0.001AR9
9 0,00965 UY.l0001 o0.00224
10 0,01185 V.1000? 0,00268
11 0,01405 V,10002 0.,00310
12 0,01625 0.10n03 0.00350
13 0,01845 V.10n04 0.00388
14 0,02225 VY.10005 0.,00449
15 0,02605 VU.10007 0.00505
16 0,62986 U.10009 0.00557
17 0.03366 U.lonll o0.00k06
18 0.,03746 U.lnols 0,00650
19 0,04210 U,1n017 o.00701
20 0,04674 U.1lnn20 0,00747
21 0,0513% VU.lnols o0.00789
22 0,05603 VY.1n0”2R 0,00R28

23 0.06067 Val0on3? 0,00864

NEvAP= 0
NPRINT= 1
B= 6.0960

0SU 7/ AARL

AERIAL SPRAY PROGRAM

LAST UPDATE 2/1/81

DA= 0.122500E+01

PkP= 17,9300
Z= 0.400000
0.40000 =-0,00011 ©0.,00000
0¢40000 -0,00022 0,00000
0.40000 «0,00124 ©.n0DO1
Ve40000 =0,00225 0.00003
0.39999 -0,00323 0.00007
0,39999 -0,00487 0.00015
0.39998 -0,00644 0,00027
039937 «0,00777 0.00043
0439995 -0,00945 0.00061
0439993 -0,01136 0,00091
0,39990 -0,01321 0,00126
0.39987 -0,uUl499 0,00166
0.39984 -0,01671 0,00211
0.39977 -0,01957 0.00299
0439969 -0,02231 0.00349
0,39960 -0,02494 10,0051
0,399%0 -0,0?749 0,00635
0.39939 -0,02998 0.00768
0,39926 ~0,03294 0.009%4
U,39908 -0,03584 0,0113¢
0,39891 -0,03870 0.01335
Ue39872 -0,04157 0.01548
0,39893 ~0,04432 0,01772

NPROP2=
NPLOT= 1

U= 53.
vVis= 0.1

PK3=

ud= 0.0

0.00142
0,00283
0.01625
0.02937
0,06219
0,06347
0.08395
0,10368
0.,12269
0414711
0,17040
0.19263
0,21387
0,24838
0.,28043
0,31025
0,33808
0,36411
0439372
0,42117
0,44670
V,47052
0.49281

1

0350
79320E=-04

0.0000

00000

0.80001
0.80002
0.,80009
0.30016
0.80024
0,60036
¢,80069
0,80062
0.,80074
0,8009)
0.80108
0,80125
0,80142
0,80171
0.,80200
0,80229
0.,80259
0,80288
0,80324
0,80359
0,80395
0.,80431
U.H0466

NCW= 1

EPS= 0.100000E-04

VCw=

PK&=

vD= 0

0.50000
0,50000
0,50000
0.,49999
0.49999
0.49998
0.49998
0.,49997
0.49997
0.49996
0,49995
0.,49964
0.49993
0,49992
0.49591
0.,499A39
0.499a8
0.49987
0.49935
N.49983
0.499R2
0.49980
0.49978

9.8066
2.5000

56,0290

«000000

-0,80000
-0,79999
-0,7999%4
-0,79990
-0.79985
-0,79977
~-0,79970
-0,79962
-0,79954
-0,79943
-0,79933
-0,79922
-0,79912
-0,79894
-0,79876
-0,79858
-0,79839
~0.,79821
-0,79799
-0,79777
~0,79755
~0,79733
-0,79711

0.50000
0,50000
0.50000
0449999
0.49999
0,495998
0.49998
0.49997
0449997
0.49996
0.49995
0.49%994
0.49993
0,49992
0,4999])
0,49989
0.,49988
0,49987
0,49985
0,49963
0,49982
0,49980
0.49978

0.00001
0,00001
0,00007
0,00013
0,00019
0,000729
0.00040
0.00050
0.00060
0.00074
0.00088
0.00101
0.,0011%
0.0013%
0.00162
0.00186
0,00210
0.00233
nN.00262
0.00251
0.00320
0,00349
0,0037R

0,53¢00
0,49939
0,49956
0,49953
0,49990
0,49985
0,49980
0.,49975
0,49970
0,49963
0.49957
0.49950
0,49943
0,49931
0,49920
0.499)8
0.498%6
0.49884
0,49870
0,49856
0,49842
0.49827
0.49813
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0.u7287
0.07897
0,08506
0,09116
0,09726
0.,10709
0,11692
0,12675
0,.,13658
n.14641
0,15623
0,17090
0,18556
0,20023
0,21489
0.22956
0,244722
0,26215
0,28008
0,29801
031594
0,33337
0.35180
0,37972
0.,40764
0,43556
0,46348
0,49140
0.51932
0,55757
0.59583
0,63409
0,67235
0,71060
0, 74886
0,8007¢
0,85263
0,90451
0.,95639

1,00878,

1.06016
1,13080
1.20146
1.27202
1.34773
1.,41337
1,48401
1.57953
1.67504
1,77055
1.86606
1.96158
2.00133
2.20108
2.32083
?.44058
2.56033
2.68008
2.83146
2.99485
3.15274
3.309K2
3,46701
3,62439
3,75188

~ T~

Velnops3
V.10049
V.10n055
Velonnl
V.10087
U.lp07R
0.,10089
V.l0100
Valn11l2
V.l1py123
U.lnt3s
Us1n153
Velny7l
Veln190
V.1n208
Vs.10226
U,lprss
0.10257
U.lp»A9
0.1n311
U.1p333
U,10354
Ueln376
Jelnso0a
V.lnaso
Ualnat?
Vel0503
V.10534
Oe.lpnshs
U.l0406
V.lpnear
Veln6RS
v.1n731
U.i0773
Ueln817
Csl0R77
Ual0940
0.11006
O.l107k
0.11149
Uel1p27
Valy34]
Vellshe
Vel1597
Usl1741
U,11R95
V.12060
Velpp99
0.12555
0.17R79
U,1311n
V.13421
0,13R19
Velap3s
V.lanbn
V15114
V.15573
V.1A043
V. 1a676
U.171325
v,17987
Velnnni
U.1l01350
U,20049
Ve?ns23

e

0.00945
0.009830
0.01011
0.01040
0.01065
0.,01102
0.01133
0.01159
0.01181
0.01199
0.01214
6.,01231
0.,01242
N.01249
n.nl12sl1
0.01251
0.01247
0.01240
0.01231
0.,01220
0.,01207
0.,01194
0.01181
0.01140
0.01141
0,01123
06,01109
0.01097
0.01088
0.01082
0.010R2
0.,01089
0.01102
n.01121
N.01147
0,011990
G.01243
0,01306
0.01377
0.,01457
001545
0.01675
0.01814
N.01959
n.n2108
0.02257
0.02404
0.02536
0.027177
0.,02946
0.03l02
0.03244%
0.03404
0.03545
0,03671
0.03792
0.,03881
0,03970
0.04074
N.04167
0.06252
0,04331
0.04405
N,N4476
0.n4533

- .

0.39794
0439761
0.39727
0.39690
0439651
039583
0.39511
0039433
0,39349
0.39261
0.,39169
0.39023
0.3886%
0.38708
0.38541
0.38368
0.381022
0.,37972
0.37748
0.37522
0.37294
04370066
0436839
0,36486
0,36137
0.35793
0.35454
0.35122
0434797
0.34362
0.33941
0,33532
0.33137
0.32755
0.32385
0.31902
0,344}
0e31000
030579
0.30177
0.29793
0.29299
0.2883%
0428399
0.2799¢0
0.27604
0.27240
0.26778
0.26346
U.25941
0.25557
0.25193
0.24757
0,24343
0.23945
0.23560
0.231487
0.22824
0.22358
0.21904
0421460
0.21024
0.20545
0.20172
0.19834

LN Y

-0,05157
~0,05516
-0.05873
-0,06228
-0,06579
-0,07136
-0,07679
-0,08203
-0,08705
-0,09179
-0,0962¢6
-0,10729
-0.10758
-0,11213
-0,11596
-0,11910
-0,12163
-0,12396
-0,12557
-0.12556
-0.12704
-0,1270"
«0.,128679
-0.,12575
=0,17254290
-0.,12229
-0,12012
-0,11778
-0,11534
-0.11190
~0.,10643
-0.10500
-0,10162
-0.09832
-0,09512
-0,09093
-0,03690
-0,08302
-0,07929
-0,07570
-0,07226
~0,06780
~0,06363
-0.05978
~0.05624
«0.05303
-0,05013
-0,04669
-0.04374
-0,04123
-0,03911
-0,03730
-0.03542
-0,033199
~0,03263
-0,03159
-0,03072
-0,02999
-0,02919
-0,02852
-0.02736
«-0,0274R
-0.07705
«0,N2667
«0.,02640

A am N

0.02406
0.02745
0.03099
003465
0.03843
0,04477
0.,05137
0,05823
0.06532
0,07262
0.08013
0.09169
0,10363
0.11593
0.12856
0414149
0.15470
0.17119
p.l8802
0,20516
0,22259
0.,24026
0.25817
0.2864%6
0.,31517
036426
0.37366
0.40334
0.43325
0,47457
0.51619
0.55806
0.60014
0.64238
0.68474
0,74235
0.80009
0.,85789
0.91573
097355
1.03133
1.10990
1.18827
1.26642
1.34431
1.,42191
1.49921
1.60324
1.70671
1.80964
1.91206
2.,01399
2.14116
2.26768
2.39361
2451900
2.64389
2.7683¢2
2.93123
3.093406
3.25507
3.41609
3.57653
3.73643
3.86556

-~ ancTy

0.54516
0.56851
0.59031
0.61073
0.62994
0,65870
0,68515
0.70963
0,73244
0,75378
0,77381
0.80153
0,82692
0,85024
0.87167
0,85137
0.90948
0.92765
0.94785
0,96427
0.97911
0.59252
1.0040546
1.02126
1.03552
1.04777
1.05630
1.06737
1.07518
1.08415
1.09145
1.09736
1.10212
1.10590
1.10885
1,1117%
1.113%58
1411452
1.11969
1.11420
1.11315
1.11092
1.10797
1410646
1.,10055
1.09639
1.09209
1.08624
1.08048
1.07496
1.06973
1.06482
1.05915
1.05397
1.04925
1.04494
1.04098
1.03732
1.03288
1,02877
1.02491
1,02123
1.01769
1.01424
1.01149

P Y

U.80560
0.,80607
0.8065%
0.80701
0,80748
0.80823
0,80899
0.80974
0,810590
0,81125
0.81201
0,81314
0.,816427
0,81539
0.,81652
0,81765
0,81878
0.82016
0.82153
0.,82291
0.82429
0.82567
9,82705
0.,82920
0,33135
0.,83349
0.83564
0.83779
0,83394
¢.84288
0,84983
0.,84877
0.85172
0.85466
0.8%761
0.,86161
0.86560
0.86960
0.87360
0.87759
0.381%9
0.88704
0.89248
0,89793
6.90338
0.90883
0,91428
0.92165
0.,92902
0.93639
0,94377
0,95114
0,96039
0,96965
0.,97890
0,98816
0.,99743
1.00669
1.01487
1.,03106
1,04325
1.05545
1.,06765
1.,0798s
1,08974

1T A An

0,49974
0.49972
0.69570
0.49968
0,4996%
0,49962
0,49959
0.49955
0.46952
0.,49948
0,45945
0,49939
0.49934
0,49929
0,49924
0.499109
0,49914
0.,69907
0.,49901
0,49895
0.49988%
0,49882
0.,49876
0.43866
0,43857
0.43847
0.49837
0,49828
0.49818
0.,49805
0.49791
0.49778
0.49765
0,49752
0,49739
0.49721
0.,49704
0.,49686
C.49668
0.49651
0.,49634
0.49610
0.49586
0.455613
0.49539
0.49516
0,49493
0,49462
0.,49431
0,49400
0,49369
0.,49338
0.49300
0.49262
0.49225
0,49187
0.,49150
0,49113
0.49065
0,49017
0.48970
0,48923
0.48877
0,48831
0.48793

a sATaA

0.00454
0,00492
0,00529
0,00567
0.00605
0,00666
0.,00728
0.00789
0,00850
0.,00911
0.00972
0,01063
0.01154
0.01245
0.01336
0.01427
0.01518
0,01630
0,n1741
n,01852
0.01963
0.02074
6.02185
0,02358
0.025131
0.02704
0.02876
0.03049
0.03222
0,0345%8
0.03694
0.,03%93%
H.04166
0.04402
0.04637
0.04956
0.05275
0.05594
0.05913
0.,06231
0.06549
0.,06981
0.07413
0,07845
0.08276
0.08707
0.09137
0,09717
0.10297
0.10876
0.11454
0.12031
0.12753
0,13474
0.14194
0.14912
0,15628
0,16343
0.17281
0.18216
0.191a9
0.20079
0,21007
0.21932
0.22679

A -

0.,4977%
0.49757
0,49738
0.49719
0.49700
0.49670
0,49640
0,49610
0.49580
0,49550
0.49520
0.,49475
0,49430
0,49385
0,49340
049296
0.%49251
0,49197
0.49142
0.430388R
0.49033
0,48973
0.,48925
0, 23840
0.4875%
0.48672
0,%8589
0.48504
0.48421
0.48306
0,48192
0.48078
0.471965
0,47852
0.,47739
0.47580
0,47433
0,47282
0,47130
0.,4698¢0
0.46829
0.46625
0,46423
0.667221
0.46020
0.,45820
0.45621
0,45353
0,45087
0.,44823
0,44560
0,44299
0.43975
0.,43653
0.43334
0,43017
0,42703
0,62392
0.41987
0.41587
0.,41192
0.,40800
0.,40414
0,40032
0.39726

A AN



(]

»u
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

Det O
3.79186
3,81903
3.84620
3,87337
3.95217
4,03097
4,10977
4,18857
4,29082
4,39308
4,46533
4,59759
4 ,69984
4,87481
5.,04977
5,22473
5,35970
5,57466
5.84230
6,10994
6,37758
6,64523
6.91287
7.18051
7.55511
7.92970
8.30430
8,67890
9,05349
9,42809
10,05584
10,68359
11,31133
11.93908
12.56683
13.19458
13.53726
13.79823
13,98649
14,09471
14,17140
14,22379
14,25067
14,26808
14,27811
14,28217
14,28461
14,28627
14,28793

Vet )i L™
V.20R05
Ve20029
Ue21053
021177
v,21539
V.21601
V.22265
022630
VU.23103
U.23577
0.24049
0.24522
U,.24993
V.25795
U.24593
0.277R4
0,28169
0e2R947
U,3p0122
V31279
V,32416
0.33533
Ve34629
V.35704
V.37173
UV.38598
U,39974
0.41313
V42600
V.43038
U,45738
U.47607
Ve4gp54
V50723
U.51995
Ue57041
Ve513500
Ve53786
Ue51953
U.54032
VUe5407R
Vab54104
V54116
Ve54123
v.54126
Ve54128
V.54128
0,54129
V.54129

#aas TRAJECTORY COMPLETED,

FINAL VALUES

X= 14,405961
wD= =-0,0126A4

HAKGND:

STOP

Y=
NIA=

Uetle 29
004549
0404559
N.04568
0.04577
0.04597
0.04612
0.04h22
0.04628
0.04630
004528
0404622
0.04613
N.04600
N.04574
0.04542
0.04506
004466
0.0642%
Ne0n4356
0.,04285
0.04211
0.,04135
0.04057
0.03977
nen3863
0.03745
0eN3624
0.03500
0.03371
0.03238
003005
0.02756
0.02486
0.,02190
0.01R57
0.01464
0.01209
D.00982
0.00788
0.00657
0.00548
0.00462
0.00410
0400372
0.00347
0.00335
0.00328
N.00321

Ve |2ID1L
0.19729
019657
0.19586
019515
0.19309
0.19]104
0.18899
Va18696
0418433
0.18171
0,17910
Ue17651
0,17394
0.16957
0.16525
V.16098
0.15677
0415252
0,14637
0.14025
0.,13425
0.128238
0.12263
0.11699
0105830
0.10131
0,09453
0.0H744
0.08053
0.07381
0.06291
0.05246
004342
0.,03277
002350
0.0145%
0.00988
0.00637
0.00388
000247
0,00147
0.00080
000045
0,00023
0.00010
0.00005
0,00002
0.n0000

0,00314 ~0,00002

“l,Uuenan

7 LESS THAN ZERQ sawsa

0,541290
200,0000

=
T=

.0

-0,02632 3.90597
-0.02627 3.93342
-0.02623 3.96086
-0.02619 3.98828
-0.02607 4,06776
-0,02598 4,14714
~0.02588 4,226%4
-0.02579 4,30568
~0,02567 4,60842
-0,02554 4,51108
-0,02561 4,61366
-0,02526 4.71620
-0.02511 4,31868
-0,02483  4,99395
~0,02453 5.16913
-0,02622 5,36425
-0,02391 5,51933
-0,02359 5.69437
-0.02311 5,.96208
-0.,02263 6.22976
“0.02217 6.49741
-0,02171 6.76506
-0.02127 7,03269
~0,02984 7,30033
“0.02026 7467491
-0,01971 0.04949
-0.01918 B.42607
-0,01367 8.79866
-0.0181% 9.17324
~0,01773 9.54733
-0.01700 10.17556
-0,015631 10.80329
-0.01557 11.43103
-0,01506 12.05877
~0.01%48 12.68651
-0,01390 13.31425
-0,01359 13.65693
-0,01333 13.9176Y
~0,01313 14.10615
<0.,01301 14,21438
-0.01291 14,29106
-0.01282 14,36345
-0,01277 14,37034
-0,01274 14.38775
-0.01271 14,39778
-0,01270 14.40184
~0.01269 14,40428
-0,01268 14.40594
~0.01268 14.40760
0.000000
14.786297

Leviaur
1.01067
1.01014
1.00964
1.00917
1.00793
1.00687
1.,00596
1.00517
1.,00430
1.00358
1.00297
1.00246
1.00204
100147
1.00105
1.00075
1.00052
1.00036
1.00019
1.00009
1.00003
1.00000
0.93998
0.99396
099996
0.39996
0499996
0.99997
0499997
0.93997
0.,99998
0,99993
0,99398
099999
0.99999
0.99999
099999
0.993999
0.99999
0.99599
0495999
0.99999
0.99999
0499999
0499999
0.,99999
0.99999
0.99999
099999

doevTacy
1,09284
1.09495
1,09706
1,09917
1.10528
1,11140
1.,11752
l.12364
1.13158
1,13953
1.14747
1.15%42
1.16337
1.17698
1,19059
1.20421
1,21784
l.23147
1,29233
1.,27320
1.29209
1.31499
1,33590
1.35%982
1.38613
l.415486
1,44431
1,47419
1.50359
1.53302
1,58237
l.63180
1,68123
l.73082
1,78042
1.83008
1.85721
1.87788
1.,89280
1.90138
1,90746
1.91162
1.91375
1.91913
1,91593
1,91625
1.91644
1.91657
1.91670

un=0.,999992

UedD{OO
0.,48782
0,48774
D.48766
0.,48758
0.,48736
0.,48713
0,48691
0,48669
0.48640
0.48611
0,485A43
0,48554%
0.48526
0,48478
0.48431
0,4R384
0.48337
0.48291
0,43222
0.48153
0.48085
0,48019
0.47953
0,47388
047799
0.47712
0.47627
0.47543
0.47461
0.47380
0.47249
0.47123
0.47000
0.,46R882
0.46767
0.46656
0446597
0.46553
0.46521
0.46503
0.46491
0,464R82
0.46478
0.46475
0,46473
0,46473
0.46472
0.46472
0.,46472

=Uesbc72
-0,62199
-0,62073
-0,61948
-0,61822
~0,61459
-0,61095
-0,60732
~0.60369
-0,59898
~0,59427
-0,58957
~0,58488
~-0,58018
-0,57216
-0,56415
~0,55615
-0,54816
-0,54018
-0,52800
-0,51584
-0,50370
-0,69159
-0,47950
-0,46744
-0,45059
-0,43379
-0,41704
-0,40033
-0,38366
-0,36703
-0,33926
-0.,31161
-0,28407
=0,25664
-0,22931
~0,20209
~0,18728
~0,17601
-0,16790
-0,16324
015994
~0.15768
-0.,15653
-0,15578
-0.15535
-0,15517
-0,15507
-0,15500
-0.15492

vh= 0.003211

Ueuwn 100
0.48782
0.48774
0.48766
0,4875A
0.,48736
0,48713
0.,48691
0,48669
0.48640
0,48611
0.485823
0,48554
0.48526
0.48478
0,48431
0,48384
0.48337
0,.,48291
0.4R227
0.48153
0.43085
0,43019
0.,47953
0,47883
0.47799
0,47712
0.,47627
0,47543
0,67461
0.,47380
0,47249
0.47123
0.47000
0,46882
0.36767
0.4665A4
0.46597
0.,46553
0,46521
0.46503
0.46491
0.46482
0,46478
0.4647%
0.,46473
0.46473
0.46472
0.46472
0.,46472

Vecaivb
0,22913
0.,23072
0,23231
0.23390
0,23850
0.24310
0,24769
0.25227
0.25821
0.,26413
0.,27005
0,27596
0,2818%
0,29191
0.,30194
0,31193
0,32190
0433183
0,34695
3.36201
0,37698
0,7918¢
0,40670
0e42145
0444196
0,46231
0,48251
0,50256
0,52246
0.54220
0,57494
0.60725
0,63913
0,67058
0.70160
0.73219
0,74872
0.76122
0.,77019
0,77533
0,7789¢
0, 78144
0.78271
0,78354
0.78401
0,78420
0.78432
0,78440
0,78447

Ved?210
0.39630
0,39%66
0,39501
0,39437
0439251
0.39066
0,38382
0.38699
0,38464
0,38230
0.,379948
0,37768
0.37540
0,37154
0.36773
0.36397
0.36026
0,35661
0.35111
0.34573
0.34947
0,33531
0.33027
0,325234
0.31861
0.,31208
0.30574
0.29960
0.29364
0.28786
0.,27856
0,26972
0.26131
0,25331
0.24570
0,23845
0.234563
0,23180
0.22978
0.22866
0.22783
0.22729
0.,22701
0.22682
0,22672
0.22668
0.22665
0.22664%
0.22662
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ASP TEST Cast 2

PROGRAM CONTROL

N2D= ]
NTUN= O

PARAMETER VALUES

A= 6,0000
2Y0= 0.8000
= 0,0000

DISTRIAUTION INPUTS

MCOL= ]
NZNOZ= ]
wo= 0,00000

M3D= 0

NDIST= )

cL= 0,6000
270= 0.5000

bb= 1000,0000

NROW= 6
nN=1000,00000
SWINTH= 4400000

NsU 7 AARL

AERIAL SPRAY PROGRAM

LAST UPDATE 2/1/81

NEyAP= O
NPRINT= 1
B= 640960

DA= 0.122500E+01

NpTAMN= ]
X= 0.00000
OFRR= 1.00000

NPROP2= 0
NPLOT= 1

U= 53,0350
VIS= 0.179320E-0¢

NSTDEV= 1
ub= 0.00000
DWIDTH= 5.00000

NCw= 0
EPS= 0.,100000E~04

G= S.8066
VCW= 0.0000
NQ= 1

VD= 0.00000



Gy

YNOZ=0.,400

YG
0.640000FE+00
0.670000€+00
0.700000E+00
0.730000E+00
0.760000E+00
0.790000E+00
04820000E+00
0.850000£+0Q0
0.880000F+00
0.910000E+00
0e940000E+00
0.970000E+00
04100000E+01
0.103000E+01
0+106000E+401
04109000E+01
0112000E+01
0¢115000€+01
0.118000E+01
04121000E+01
0+.124000F+01
04127000E401
0.130000€+01
0.133000E+01
0+136000E+01
0.139000E+01
0.142000E+01
04145000E+01
0.148000E+01
0,151000€401
0.154000E+0])
04157000E+01
0.160000F+01
04163000E+01
0.166000E+01
0.169000E+01
0.172000E+01
0e175000E+01
0.178000E+01
0.181000F+0C1
0e184000E+01
0.187000E+01
0e190000E+0)
0.193000F+01
0.196000F+0U1
0.199000E+01
0.202000E+01
0.205000€+01
0+208000E+01
0.211000E+01
0+214000€+01
04217000E401
0.220000E+01
0.223000E+01
0+226000F+01
0229000E+01
0.232000E+01)
04235000401

A IdoANAmanY

DIa
0.441041E+03
06399762E4+03
0.366585E403
0.339334F403
0,316543E4+03
0.297195E403
0.280570E+03
0.266150F+n3
0.¢5353RF+03
0e€42426E403
0,232576E4073
0.2¢3799E+03
0.415941E4+03
0.,2UBB72E4+03
0,2024n5E403
0.196691E+03
0,191409E403
0.186577E+03
0,182127E4+03
0.178017E+03
0.174204E403
0.1106A2E4+013
0.167350E+03
0.164277E4+03
0.161377E+03
0.,158657E+03
0.156097E+03
0.1536R1E+03
0.151399E403
0.14923rF+03
0.147192F403
0.145267F403
0.l43445F407
0.,141730E+03
0.140136E+03
0.138637E403
0,137234E403
0+135974E403
0.,134701€E403
0.133541€403
0.132499€4023
0.131511E+03
0,130592£4+403
0.1¢973RE+03
0.129942E4073
0,12820nE+03
0.1¢7503€4+03
0.1C6840E#03
0,1267231€+03
0,125647F+03
0.125003€+03
0.1¢4567F4093
0.1264064E403
0.4235q4F+03
0.123124E4+03
0.122682E+03
0,422257L+03
0.i¢184RE+N3

N V2V rAar an

CONCENTRATION
0,110564E-03
0,334558E-02
0.309327€=01
0,135946E400
0.367965E400
0.,719134E+00
0.112161E+01
0,1491R0E+01
0,177154E401
0.,1938648E+01
0.199723E+01
0.,196964L401
0,18A178E+01
0.175716E+01
0,161418E+01
0.146626E+01
0,132313E401
0.118905E+01
0.106597k+g1
0,954498L400
0.856445TE+0Q
0.765222E400
0.,6R85937E+00
0.,615658E+400
0.,553441E400
0.,498379E+V0
0.449639E400
0.,406463E400
0,368174E+00
0,334066E400
0,302624E+00
0.273632E+00
0.247128E+00
0.223049E+00
0.201271E400
0.181636E400
0.,163969t400
0,148094E+00
0,133837+00
0,171034E+400
0,109534E+00
0.991974E~-01
0.R9R979E~0]
0.,A16006E~-01
0,744098E=01
0.601652E~01
0,6°7181E=01
0,5794588=01
0,537473E-01
0.500387t=01
0.467500E=01
0,438225€E~01
0,412068t=-01
0.,38R614E=~01
G,367510L-01
0.348454E-01
0.331191t-01
0.315501e-01

A mAsseLL AN

Y6
0.650000E+00
0.680000E+00
0,710000E+00
0,740000E+400
0,770000E+00
0.800000E+400
0.,830000€E+00
0.,860000€E+00
0,890000E+00
0.920000E+00
0,950000E400
0,980000E+00
0,101000E+401
0.,104000E+01
0,107000E+01
0.110000E+01
0,113000E4+01
0,116000E+01
0,119000E401
0,122000E+01
0.125000E401
0.128000E+01
0.,131000£+401
0.,134000E+01
0.,137000E+01
0,140000E+01
0.143000E+01
0,146000E+01
0.149000E+01
0,152000E+01
0,155000E+01
0,158000E+01
0,161000E+01
0,164000E+01
0.,167000E+01
0,170000€E+01
0,173000E+01
0.176000E+01
0,179000E+01
0.182000E+01
0.185000E+01
0,188000E+01
0,191C00E£+01
0,194000E+01
0,197000FE+01
0,200000E+01
0.,203000E401
0,206000€+01
0,209000E+01
0.,212000g+01
0,215000F+01
0.218000€E+01
0,221000E401
0,224N000E+0)
0,227000E+01
0,230000E£+01
0,233000E+01
0,236000E401

a ~NANAlAm Ay

DIA
0.,426213E+03
0.387928E+03
06356927E403
0,331299E+03
0.309752E+03
0.291380E+03
0,275940E403
0.261762E+03
0,249681FE+03
0,239012€E+03
0.229539E+403
0,221084E403
0.213502E+03
0.206672E+03
0.200492E+03
0.19487TTE+03
0,189751E£+403
0.185048E+03
0.180717E+03
0.176711E403
0.172995E+03
0,169536€4+403
0.166308E+03
0.,163286E£403
0.160452E+03
0a157787E+03
0.155276E+03
0.152906E4+03
0,150665E+03
0.148543E403
0+146536E+03
0.144644E403
0.142864E+03
0.141192€+03
0,139626E4+03
0.138159€403
0.136788E+403
0.135507E+03
0.134312E+03
0.133199E+03
0,132162E403
0.131197€+03
0.130300E+03
0.,129466£403
0.1286R89E+03
0.127963E403
0.127281E403
N.126639€+03
0,126033F+03
0.125460€+03
0.124915E4013
0.124397E+03
0.123902E+403
0.123429E+03
0,122975€+03
0.122539E 403
0.122119E+03
0.121714E403

A IDYAAIC A0

CONCENTRATION

0.,408700E=02
0.779777g~02
0.,941859g~01
0,198073E400
0.474192E400
0.891925€+00
0.125221€+01
0.159689E+01
0.184000E401
0.196920E+01
0.,199634F 401
0.194580E+01
0.184330g+01
0.171079E+01
0,1564835401
0.141774€401
0.,127730E4+01
0.114675E+01}
0.102752E401
0.919905F 400
0,823551E+00
0.737734E+00
0.661557E400
0.594069E+00
0.534334E400
0.481469E+00
0.434664E400
0.,393188€+00
0.,356392E+00
0.323321E+00
0.292683E400
0,264523E400
0.238838E400
0.215542E400
041%4496E400
0.,175537e+00
0.158487E400
0.143170F+00
0.129415¢g400
0.117063€400
0.105966E400
0.959882E-01
0,870086E=01
0.790880E-01
0.72231le=~-01
0,662675€-01
0.,610577E-01
0.5648710E-0]
0.,524604E-01
0.,488990g-01
0.457366E-01
0.,429181€-01
0.403969g~=01
0,331334¢~01
0.360944F=~01
04342512E-01
0.325796E=-01
0.310587E~-01

N TDEeTAC~ N

Y6

0,660000E+00
0.690000E+00
0.720000E+00
0.750000E+00
0,780000E+00
0.810000E+00
0.,840000E+00
0.,870000E400
0,900000E+00
0.930000E+00
0.960000E+00
0,990000E+00
0.102000E+01
0.105000E+01}
0.108000E+01
0.111000E+01
0.114000E+01
0,117000E+01
0.120000€E+401
0,123000E401
0.126000E+01
0.129000E+01
0.132000E+01
0,135000E+01}
0,138000E+01
0.1431000E+01
0,144000F+01
0.147000E+01
0,150000E+401
0.153000E+01
0,156000E+01
0.159000E+01
0.162000E+01
0.165000E+01
0.168000E+01
0,171000E+01
0,174000E+01
0.,177000E+01
0.180000€+01
0.183000€E+01
0.186000E+401
0.18%000E+01
0.192000E401
0.195000€+01
0,198000E+01
0,201000E+01
0,204000E40])
0.207000E+01
0,210000E+01
0.213000E+01
0.216000€+01
04219000E+0)
0.,222000E+01
0.225000E+01
0.22R000€E+01
0,231000E+01
0.234000E401
0,237000E+01

“ Niapan~ A

DIA
0.41248HFE+03
0.376R96F+03
0.347A61FE+03
04323714403
04303311F+03
0,285844E+403
0.2770738E+03
0.257562E+03
0.245979£403
0.235731F+03
0.2P76616F403
0.,218667E+03
0.211147€403
0.204544E403
0,198561€403
0.,193117E403
0,188139E4+03
04183566E+403
0,179347€4+03
0.175442E+403
0.,171815€+03
0,168436E403
0,165279€+03
0.162322E403
0,159546E+403
0,156934F403
0.154471E403
0.152146F+03
0.149945€403
0.147861E4+03
0,145893F403
0.,144038E403
0.142295F+03
0.140659E+403
0.135126E403
0,137691FE+03
0,136351E+03
0.135100E+03
0,133932E403
0.132845FE403
0.131833F+03
0.,130891E+03
0,130016F+03
0.129201E+03
0.128442€+03
0.127731E+03
0,177063F+03
0.126433E+403
0.,125839F+03
0.17527SE+03
0.124739g4+03
0,124729E+403
0.123742F+03
0.123275€403
0.127828€+03
0.122397€+403
0,121983€+03
0.,121582F+03

A vAacsner AN

CONCENTRATION

0.126168E-02
0.162809E=01
0.884828E=-01
0.,275513E+400
0.592145E+00
0.987170E+00
0.137634E+401
0.169039E+0}
0.189559E+01
0.198850E+01
0.198681E+01
0,191622E+01
0.180153E+01
0.166297E+0]
0.151536E+01
0.136998E+0)
0.123259E+01
0,110572E+0]
0.990355E+00
0,886566E+00
0.793816E+00
04711317E+00
0,638143E+00
0.573341E+400
0.515991E+00
0+4465232E+00
0.420280E+00
0,380433E+00
0.345064E400
0,312838E400
0.283019E+00
0.2556B89E+00
0.230813E+00
0.208284E£+00
0.187953E+00
0.169650E+00
0.153197€+00
0.138419E+00
0.125150E400
0.113232€+00
0,102522E+00
0.92889T7E-~01
N.842382E-01
0.7T66933E~01
0.701514E=01
0.644532E-01
0.594682E~01
0.550886E~01
0.512251€=01
0.478034E=01
0.447614E=01]
0.420668E-01
0.396155€E~01
0.374303€-01
04354595€E=01
0.336761E=01
0.4320569E~01
0.305821€E=-01

. mmmdhe~ AN
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FINAL DISTRIBUTION

Y6

0.64
0.69
0.74
0.79
0.84
0.89
0.94
0,99
l1.06
1.09
l.14
1.19
1,24
1.29
1.34
1.39
l.44
1.49
1.54
1.59
l.64
1.69
1.74
1.79
1.84
1.89
1.94
1.99
2.04
2.09
2.14
2.19
2.24
2.29
2434
2439
2elth

c

ONCENTRATION

0,110964E-03
0,1628U9E.01
0.198V73E400
0,719134E400
0,137634E401
0,1840U0E4+01
0,1997<3E+01
0,191622E401
0.171U/9€+0n1
0.1466¢6E401
0.123259E401
0,10275?E+01
0.B5445TE+00
0.711317E4n0
0,594U69E400
0.498379E+00
0.420280E400
0,356392E400
0.3026¢4E+n0
0.255689E400
0,215542E400
0.181636E4+00
0,153197E+n0
0,129415E400
0.109534E+00
0,928897E~01
0,790880E-01
0.681652E-01
0,594682€-01
0,5246U4ELQ]
0,467200E-01
0,420468E.01
0,381334E-01
0,348454E-01
0.320569E=01
0,296TUSE~01
0,276107E-01

TOTAL DRIFT= 0,558032E+n]

TOTAL=
BAKGND?

STOP

0,944312E402

YG

0,65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1.50
1.55
1.60
1065
1.70
1.75
1.80
1.85
1.90
1,95
2,00
2.05
2.10
2.15
2.20
2.25
2430
2.35
2.40
2445

CONCENTRATION

0.408700€-03
0+309327E-01
0.275513£4+00
0+851925E+00
0.149180E+01
0,18955qE+01
0.199634E401
0¢188178E+01
0,166297E+01
0¢141774E+01
0,118905€+01
0.990345E400
0.823551E+00
0.685937E+400
0,573341E+00
0+481469E+00
0.406463E+00
0.345064E+00
0+292683E+00
0.247128E+400
0.208284E+00
0.175537E£+00
0.148094E+00
0.125150€400
0.1059/6E+00
0.898979E=01
0,766933E-01
0+662675E=01
0+579458E=~01
0.512251E=01
0.457366E=01
04412068E~01
00374303E=-01
0,342512€E~-01
04315501E~01
04292346E-01
0.272375€=-01

YG

0.66
0.71
0.76
0.81
0.86
0.91
0.96
1.01
1.06
1.11
1.16
1.21
1.26
1031
1.36
1.41
1446
1.51
1.56
1.61
1.66
1.71
1.76
1.81
1.86
1.91
1.96
2.01
2.06
2.11
2.16
2.21
2,26
2.31
2.36
2461
2.46

CONCENTRATION

0.12616BE-02
0.54185%9E=01
04367965E+00
0.,987170E+00
0.159689€+01
0,193848E+0]
0.198681E+0]1
0.184330E+0]}
0.161418g+01
0.136998€+01
0.114675E+01
04954498E+00
0.793816E+00
0.661557E+00
0.553441E+400
0,665232E+00
0.393188E+00
0.334066E+00
0.¢83019E+00
0.238838E+00
0.201271E+00
0.169650E+00
0.143170E+00
0.121034€+00
0.102522E+00
0.870086E-01
0.744098E~0])
0.644532E=01
0.564870€E=01
0.500387E£-01
0,447614E-0]
0.403969E~01
0.367510E~01
0.336761E~01
0.310587E-01
0.288111E-01
0.26B645E-01

YG

0,67
0.72
0,77
0.82
0.87
0.92
0,97
1.02
1.07
l.12
1.11
1.22
1.27
1.32
1,37
1.42
l.67
1,52
1,57
1.62
1.67
1,72
1.77
1.82
1,87
1.92
1.97
2,02
2.07
2.12
26,17
2.22
2,27
2,32
2.37
2'42

CONCENTRATION

0.334558E-02
0.884828E~-01
0.,474192E+00
0.3112161E+01
0.169039E+01
0.196920E+01
0,196964E+01
0,180153E+01
0.156483E+01
0.132313E+01
0.110572E+01
0.,919905E+00
0.765222E+00
0.638143E+400
0.,534334E400
0.449639E400
0.380433E+400
0,323321E+00
0.273632E+00
0,230813E+00
0.194496E+00
0.163969E+00
0.,138419E+00
0.117063E+00
0.991974E-01
0,842382E-01
0.722311E~01
0.627181E~01
0.550886E=01
0.,488990E~0]
0.438225E~01
0.396155E=01
0.360944E~0]
0.331191E~01
0.305821E-01
0.,283936E~01

YG

0.68
0,73
0.78
0.83
0.88
0.93
0.98
1.03
1008
l.13
l.18
l.23
1.28
1.33
1.38
1443
1.48
1.53
1.58
1.63
l.68
1.73
1.78
1083
l.88
1‘93
1.98
2.03
2,08
2.13
2.18
2.23
2.28
2.33
2,38
2,43

CONCENTRATION

0,71977TE=02
0,135946E+00
0,592145E400
0,125221€E+01
0,177154E+01
0,198850E401
0,194580E+01
0,175716E401
0.151536E401
0,127730E+01
0,106597E+401
0,886566E+00
0,737734E400
0,615658E400
0,515991E400
0,634664E400
0,368174E+00
0,312838E+00
0,264523E+400
0,223049E+00
0.,187953E+400
0,158487E+00
0,133837TE+00
0,113232E+00
0,959882E~01
0,816006E=01
0,701514E=01
0.610577E=0Q1
0,537473E~-01
0,478034E-01
0,429181E=-01
0,388614E~01
0,354595€E~01
0,325796E-01
0,301195€=01
0,279996E=01
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6%

ASP TEST CASE 3

PROGRAM CONTROL

N2D= 1
NTUN= 0

PARAMETER VALUFS

A= 6,0000
2Y0= 0.,8000
o= 0.0000

EVAPORATION INPUTS

PA= 101352410

DISTRIBUTION INPUTS

NCOL= 1
NZNOZ= 1
wD= 0,00000
NOZZLE NO. YNoZ
1 0,4000

N3D= 0

NDIST= 1

cL= 0.6000
270= 0.5000

noD= 1000,0000

TOR= 23,8R8900

NROW= 6

nbD=1000,00000

SWIDTH= 4,00000
INOZ

044000

0SU / AARL
AERIAL SPRAY PROGRAM

LAST UPDATE 2/1/81

NEVAP= 1 NPROP2= 0
NPRINT= 0 NPLOT= 1
B= 640960 U= 53,0350

DA= 0,118901€+01 VIS= 0.181330E~-04

TwR= 18.,333300

NDTAMN= 1 NSTDEY= 1

X= 0.00000 uD= 0,00000

OERR= 1.,00000 OWIDTH= 5,00000
DIAMN STDEV Q
200,0000 5040000 1.0000

NCW=

EPS= 0,100000E-04

VCw=

NQ=

0

9.8066
0,0000

0.00000

DRIFT

21,2474



0¢

SINGLE DROPLET

NOZZLE?

Y6
0.566534F+00
0,786095E400
0.892304E400
N.108410E401
0.155559E4+01
0,204485E+01
0.235994E£+401
0,000000£401
0,000000F+01
0.,000000€4+01
0.000000E+01
0,000000£401)
0,000000£+01
0,000000E+01
0,000000F+01

LATERAL NISPLACEMENT

1
via
0.,6V0000E+07
0.3VUD000E+03
0.¢50000E+03
0,2V0000F+013
0.150000€E4+03
0.131864E4n3
0.127370E+03
0.,UV)000E+0]
0,0UD000E+01
0.0V0000E+0]
0,0V0000E+01
0,000000E+01
0.0V0000E+01
0.0V0000E+01}
0.000000E+01

DIAG
0.598786E+03
0,297565E+403
0.24T031E+03
0,196103E403
0,1643102E+03
0.119342€+03
0.,109949E+03
0.00000VE+D]
0.000000E+01
0.,000000E4+01
0,000000E+01
0,000000E+01
0,000000g+01
0.,000000E+01
0,000000E+0]



1§

o~

-~

FINAL DISTRIBUTION

Y8

0.64
0.69
0.74
0.79
0.84
0.89
0.94
0.99
1,04
’..09
la14
1.19
1.24
1.29
1,34
1,39
l.44
1.49
1l.54
1.59
1.64
1.69
1.74
1.79
1.84
1.89
1.94
1.99
2.04
2.09
2.14
2.19
2.24
2.29
2,34

C

GNCENTRATION

0,1241V9E=~0n3
0.,1647T09E~p]
0,1913V8E+00
0.,679B42E+n0
0.1284Y0E401
0,170174E4+01
0,184078E4+01
0.,176951E+01
0,158543E4+01
0.136244E401
0,1164237€E401
0,945863E400
0.779645E+00
04642961E400
0.532126E400
0.4427T60E+00
0,370749E400
0.312579E4+00
0,265384L 400
0.226239E400
0.192VU8E+n0
0,1622V0E+00
0,1364T1E+n0
0,114455€E400
0,95761BE-0]
0.799939E-01
0.66759%E =01
0.5569V9E~01
0.,464509E~01
0.,390227E~-n01
0,333562E.01
0,289942E~01
0,296V07E~01
0,2293V4E=D]
0,208038E-01

TOTAL DRIFT= 0.7124T4E+q2

TOTAL=
BAKGND?

STOP

0.8604B1E+02

Y6

0.65
0.70
0.75
0.80
0.85
0,90
0.95
1,00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1‘50
1.55
1.60
1.65
1.70
1.75
1.80
l‘gs
1.90
1.95
2.00
2.05
2,19
2.15
2,20
2425
2.30
2.35

CONCENTRATION

0.445961€-03
0.,3090R88E-01
0.266595E+00
0.803113E+00
0.138974E+01
0.175078E+01
0.184014E+01
U.173887E+01
0.154217€+01
04131730E+01
0.110081E+01}
0.910151E+00
0,750041E+00
0.618865E4+00
0.512674E+00
0¢427091E400
0.358108E+00
0.302342E400
0+25T7052E+00
0.219023E+00
0.185704E+00
0.156739E+00
0¢1317A3E400
0.210443E400
0.92386GE=01
0.771566E=01
0.643842E=01
0+537067E=-01
0,447997g-01
0¢377650E=01
0.323918E-01
0,282470£~01
0.250153E-01
0,224664E~01
0+204314E~01

Y6

0.66
0.71
0.76
0.81
0.86
0,91
0.96
1.01
1.06
l.11
l.16
1.2]
1.26
1.31
1.36
1.41
1.46
1.51
1.56
1.61
1.66
1.71
1.76
1.81
1.86
1.91
1.96
2.01
2.06
2.11
2,16
2.21
2426
2.31

CONCENTRATION

0.134425€-02
0.535747E-01
0.351662E+00
0.928154E+00
0.148466E+01
0.178863E+01
0.,183185€+01
0.170452€+01
0.149790E+0]
0.127254E+01
0.106032E+01
0.B75679E+00
0.721601E+00
0.595T70E+00
0,494045E+00
0.412084E+00
04345994E+00
0.,292523E+00
0.249039€+00
0,211994€+00
0.179573E+00
0.151439E+400
0.127240E+00
0.106601E+00
0.891259€-01
0.744176E-0]
0.620922E~01
0.517930E~01
0.432341E-01
0.365733E-01
0.314761E-01
0.275361€E-01
0.244571€-01
0.220229E-01

YG

0,67
0.72
0.77
0.82
0.87
0.92
0.97
l.02
1.07
l.12
1.17
1.22
1.27
1.32
1031
1.42
1.47
1.52
1.57
l1.62
1.67
1.72
1.77
1,82
1.87
1.92
1.97
2.02
2.07
2.12
24,17
2.22
2,27
2.32

CONCENTRATION

0.349339E~02
0.,866979E=01
0,451289E+00
0.105193E+01
0.156864E+01
0.181580E+01
0.181677E+01
0,166T7T11E+01
0.145297k+01
0,122836E+01
0.,102097E+01
0.,842445E+00
0.694295E400
0.,573638E+00
0.476205SE+00
0.397710E+400
0.334383E+00
0,283103E+00
0,241244E400
0,205151E+00
0.,173614€E+00
04146296E+00
0.122840E+00
0,102866E+00
0.859754E~-01
0.,717737E~-01
0.598811E~01
0.4994T4E=-01
0.,417527E=-01
0,354437E~-01
04306064E-01
0.268593E=-01
0.239245E-01
0.215986E-01

YG

0.68
0,73
0.78
0.83
0,88
0,93
0,98
1003
1.08
1.13
1.18
1.23
1,28
1.33
1.38
1.43
1.48
1.53
1.58
1.63
1068
1.73
1,78
1.83
1.88
1.93
1.98
2,03
2,08
2,13
2.18
2.23
2.28
2.33

CONCENTRATION

0.800428E-02
0,132177E+00
0.,561524E400
0.117164E+01
0.164107E4+01)
0,183294E+01
0.,179573E401
0,162724E+01
0,140773E+01
0.118492E+0]
0,982R809E+00
0,810440E400
0,668093E400
0.,552436E+00
0,459121E400
0,383941E+p0
0,323252€+00
0,274062E+00
0,233645E+400
0,198490E+00
0,167824E400
0,141308E400
0,118579E+00
0,992536E=01
0,R29325E-01
0,692221E~01
0,577482E~01
0,481675E=~0]
0,403504E=-01
0,343724E-01
0,297799E=-01
0.262148E-0])
0,234160E~01
0,211926E~01
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0OsU / AARL

AERIAL SPRAY PROGRAM

LAST UPDATE 2/1/81

ASP TEST CASE 4

PROGRAM CONTROL

159

N20= 1 N3D= 0 NFvapP= O NPRQOP2= 0 NCw= 0
NTUN= 1 NDIST= ] NPRINT= 0 NPLOT= 1 EPS= 0,100000E-04
PARAMETER VALUES
A= 6.0000 CL= 0,6000 B= 640960 U= 53.0350 G= 9.8066
ZYo= 0.8000 720= 0.,5000 Da= 0.122500E+01 VIS= 0,179320€E=-04 VCHW= 0.0000
= 36,5760 noH= 1000.0000
DISTRIRUTION INPUTS
NCOL= 1 NROW= 6 NDTAMN= 1 NSTDEV= 1 NG= ]
NZNOZ= ) np=1000,00000 X= 0.00000 ubD= 0.00000 VD= 0.00000
wp= 0,00000 SWINTH= 4,00000 DERR= 1.00000 DWIDTH= 5.,00000
NOZZLE NO. YNOZ ZINOZ DIAMN STDEV Q DRIFT
1 0,4000 0.4000 200,0000 50.0000 1.0000 55777

SINGLE DROPLET LATERAL NISPLACEMENT

NOZZLES 1
YG
0,567303F+00
0,785011F+00
0.888992E+00
0,107310F4+01
0,150001F+01
0.191081F+01
0.,248190F+01
0,000000€E401
0.000000E+01
0.000000E401
0.000000E401
0.,000000E+01
0,000000F+01
0,000000F+01
0,000000E+01

vra
0,6V00000E+03
0,30000nE+03
0.250000E+013
0.,200000E+03
0.15000nE+03
0.130292FE403
0.120437€E4n3
0,0000n0E+01
0.0V00000E+01
0.0V0000E+01
0.000000F+01
0.,UU000NE+O]
0.00000nF+01
0.Y00000E+01
0,0U0000E+0]



%G

FINAL DISTRIBUTION

YQ

0.64
0,69
0.74
0.79
0.84
0.89
0.94
0.99
l.04
1,09
l1.14
1,19
1.24
1.29
1,34
1.39
l.64
1,49
1.54
1.59
l.664
1,69
le74
1.79
l.84
1.89
1.94
1.99
2.04
2.09
2.16
2.19
2e24
2.29
2434
2.39
2.44

CONCENTHATINN

0,117847E-03
0,167483E~01}
0,200565t4+n0
0.722/83E+00
0,137738E491
0,183559% 401
0.,198948t+0n1
0.190854E4+01
0.170567E+01
0,1464U3E401
0.123253F40n1
0,102884E401
0.856552E400
0.,713757F4n0
0.596584E400
0,500807E400
0,422535E4+00
0.358435E+n0
0.304418E400
0,757064F400
0.,2165V1E400
0,182184E4+00
0.153386E+00
0,129302E+00
0.109171E+00
0.,923239E-01
0,7835%4F 01
0,673232E-01
0.,585640E=0})
0.,515269E~01
0.,4581V00E-n1
0,411164FE.01
0.372237E-01
0,339640E~01
0,312U88E~01]
0.288590E~01
0.268375E=n1

TOTAL DRIFT= 0,5577/06E401

TOTAL=
BAKGND!

STOP

0.944302E+V2

Y6

0.65
0.70
0,75
0.80
0.R5
0.90
0,95
1.00
1,05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1.50
1.55
1,60
1.65
1.70
1.75
1.80
1.85
1.90
1.95
2.00
2.05
2.10
2.15
2.20
2.25
2.30
2.35
2.40
?.45

CONCENTRATION

0.431420E-03
0,316871E~01
0.278435E400
0.855396E+400
0,149188E401
0.189011E+01
0.,198409€+01
0¢187451F+01
0.165845E4+01
0.141601F4+01
0.118933E+01
0.991886E+00
0,825743E400
0.688409E+00
0,57584R8E400
0.48386RE400
0+40R6TTE+00D
Ne34T063E+00
0,294405E400
04248437E+400
0e209158E+00
0«176009E+00
0.148218E+00
0,1269p2€+00
0+410555G9E+00
0.892943E-01
00759341E=01
0.654097E-01
0,570334€E-01
0.5028R7FE=01
04447975E-01
0¢402798FE=-01
0¢365258FE=01
0.333761E-01
04307091E~01
0+2R4305€E~01
0,264671€-01

Y6

0.66
0.71
0.76
0.81
0.86
0.91
0.96
1.01
1.06
1.11
1.,.6
1.21
1.26
1.31
1.36
1,41
l.46
1.51
1.56
1.61
1.66
1.71
1.76
1.81
1.86
1.91
1.96
2.01
2.06
2.11
2.16
2.21
2,76
2,31
2.36
2.61
2446

CONCENTRATION

0.132101E-02
0.553080£E=~01
04371242400
0.990285E+00
0.159591€+01
0,193209E+01
0.197851E+01
0.183650E+401
0.161025E+01
0.136872€+01
0.114733E+01
0,956193E+00
0.796091E+00
0,664052E+00
04555935E400
0,467598E+00
04395361E+00
0.336030E+00
0+284664E+00
0.240058E+00
0.,202061E+00
0.170048£+400
0.143231E+00
0.120815E+00
0.102073E+00
0.863727E-01
0.736265E-01
0.635815E-01
0.555678E=01
0.491003E~01
0.438237E-01
0.394737E~01
0.358519E-01
0.328075€-01
0.302249E=0]
0.280147E-0]
0.261069E~01

YG

0.67
0.72
0.77
0.82
0.87
0.92
0.97
l.02
ll°1
1.12
l.lT
l.?z
1.27
1.32
1,37
1042
1,47
1.52
1.57
1,62
1.67
1.72
1.77
1.82
1.87
1.92
1.97
2.02
2407
2.12
2.17
2.22
2.27
2.32
2,37
2,42
P47

CONCENTRATION

0.347890E~02
0.900375E=01
0.477720E+00
0.112419E+01
0.168829E+01)
0.196208E+01
0.196144E+01
0.179526E+401
0,156150E+01
0.132230E+01
0.110657E+01
0.921753E+400
0.767564E+00
0.640652E+00
0.536811E+00
0+451970E+00
0.382563E+00
0325237E+00
0.275197E+00
0,231946E+400
0.195204E+00
04164295E+400
0.138420E+00
0.116794E+400
0.,987078E~01
0.835671E=01
0.714261E-01
0.618341E=-01
04541635E~01
0.479593E-01
0,428867E-01
0.386965E-01
0.352009E~01
0.322572E-01
0.29755¢6E-01
0.276109E~01
0.257566E=-01

Y6

0.58
0,73
0.78
0.83
0.88
0,93
0.98
1.03
l.OB
1.13
1.18
1.23
1,28
1,33
1,38
1,43
1,48
1,53
1.58
1,63
1.68
1,73
1.78
1.83
1.88
1.93
1.98
2,03
2,08
2.13
2.18
2.23
2.28
2.33
2.38
2.43
2.48

CONCENTRATION

0,806143E=02
0,137970E+00
0.595802E+00
0.,125410E+01
0,176829E+01
0,198083E+01
0,193781E+01
0,175145E4+01
0,151260E+01
0,12768BE+01
0,106707TE+01
0,R8854TE+00
0,740131E+00
0,618174E4+00
0.518445E+00
0,436958E400
0.370261€400
0,31469TE+00
0,266004E+00
0.724095E+00
0,1885R0E4+00
0,158743E£+00
0,133779E+00
0,112915E+00
0,954596E-01
0,808973E~01
0,693269E-01
0,601629E~01
0.528176E=01
0,468633E-01
0,419848E~01
0,379469E~01
0,345720E=~01
0,217246E-01
0,293004E~01
0,272187E=01
0,254158E~01
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94

ASP TEST Cast S

PROGRAM CONTROL

N20= 0
NTUN= 0

PARAMETER VALUES

A= 65,0000
ZY0= 0.8000
D= 0.0000

EVAPORATION INPUTS
PA= 101352.10
PROPZ INPUTS
2ZPROP2= 0.5000

RP= 0.2000

DISTRIBUTION INPUTS

NCOL= 3
NZNOZ= 1
Wi= 0,00000
NOZZLE NO. YhYZ
1 =-0,3V00
2 0,UU00
3 0.3V00

NID= |

NDIST=

cL= 0.6000
720= 0,5000

nb= 1000,0000

TDR= 23,R8R900

PKi= 1.7930

NROwW= 6/
nD=1000,00000
SWINTH= 4,00000

noZ
G.4000

0.,4000
0.4000

0SU 7 AARL

AERIAL SPRAY PROGRAM

LAST UPDATE 2/1/81

NEvAP= 1
NPRINT= O
B= 540960

OA= 0.118901F+01

TwR= 13,333300

PKP= 17.9300

NDIAMN= 1
X= 0,00000
OFRR= 1.00000

DIAMN
200.0000

200.0000
200,0000

50.0000
50.0000
50.0000

NPROP2= 1
NPLOT= 1

U= 53,0350
VIS= 0.181330E-04

PK3= 0.0000

NSTDEY= 1

up= 0.00000

DWIDTH= 500000

STDEV Q

1.0000
1.0000
1.0000

NCwW= ]

EPS=

G=
VCw=

PKé&4=

N@= ]

VD=

0.,100000€E~04

9.8066
1.,0000

6,0290

0.00000

DRIFT

Ta1442
13.0321
9.,2220



LS

SINGLE DROPLET

NOZ7LE:

Y6
~0,320151€+00
=0,407045¢400
-0,459665E400
=0.597848¢400
~),783947F4+00
=0,147024F4+01
-0,121925F+01

0,000000€+01
0,000000F+01
0.000000F+01
0.,000000E+01
0,000000fF4+01
0.,000000F4+01
0,000000E+01
0,000000F+01

LATERAL NISPLACFMENT

1
UIA
0.60000nEXN3
043V00pnE+0DT
0.250000E+03
0.2¢V00pnF+03
0.150000F+073
0.1Y0000F+073
0. YB437SE+N?
0.Uuv00anF+01
0.U000nF+01
0.UV000NE+0]
0,U00000FE+01
0.UV0000F+0)
0.00000nE+nN1
0.UU0000E+0]
0.UVU000n0F+01Y

DIAG
0.598080F+03
0.297088E4+03
0.,246594E+43
0.19578U0E+03
0,144136E+03
0.740140E402
0.63231%E+02
0.000000E+01
0.000000E401
0,0000V0E+0]
0.00000UF+01
0,000000£+01
0.,000000E+0]
0.,0000VUCE+Q]
0,00000VE+y]

')
~0.876441E=01
~0.215855E~01
=0,539186E-01
-0,593184E-01
-0.842100E-01
-041390588€400
-0.172918€400

0.321932€+00
0.32515T€+00
0.704499E~01
0.000000E+01
0.,000000E+01
0.000000E+01
0.000000E401
0.000000E+01

2
DIA
0.600000E+03
0,300000E+03
0,275000E+03
0.250000€+03
0.200000E+03
0.150000¢403
0,125000F+03
0,100000E+03
0.725000E+02
0,690625E+02
0.,000000€E+01
0.,000000F+01
0,000000E+01
0,000000E4+01
0.000000E+01

DIAG
0.9597780E+03
04296151€+403
0.270796E4+03
0+245340€+403
0e193927E+03
0e]1409Y6E+03
0+112875¢4+03
Oe ’10852E002
0e451472€402
0e157827E402
0.000000£401
0+000000E+01}
0.000000E+01
0.000000E4+01
0.000000E+01

Y6

05447456400
0.708199£+400
0.78]1975E+00
04896006E+00
04109198F+01
0.152290E+401
0.209856E+01
0+000000E+01
0.000000E+01
0.000000E+01}
0.,000000E+01
0.000000E+01
0,000000E+01
0,000000E+01
0.000000E+01

3
DIA
0.600000E+03
0.300000E+03
0.250000E+03
0,200000E+03
0,150000E+03
0.100000E+03
0,770271E4+02
0.000000E+01
0.000000E+01
0.000000E+01
0.,000000E401
0.000000E+01
0.000000E401
0,000000E+01
0.000000E+01

DIAG
0.598063E+03
0.297044E+403
0,246526E+03
0.,195665E+403
0,144039€+03
0.,900272E+02
0.613805E+02
0.000n00E+01
0,000000E+01
0.000000E+01
0.,000000E+01
0,000000E+01
0,000000E+01
0,000000£+01
0.000000E+01

v VW w
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FINAL DISTRIBUTION

YG

~-1,51
=1,46
-1,41
~1l.36
-1,31
~-1,26
~1,21
-1,16
~-1,11
=l.06
=1.01
=) 495
~-0,91
-0.86
-0,.81
“0.76
~0.71
-0e66
~0.61
~0.,56
=-0,51
~0,46
=0,41
-0,36
-0.14
~0.09
~0.,04
0.01
0.06
0.11
0.16
0,21
0,26
0,31
0,64
0469
074
0.79
0.84
0.89
0.94
0.99
l1.04
1.09
1.14
1,19
1.24
1.29
l.34
1.39
1,44
1.49
1.54
1,59
1.664

CONCENIRATIAON

0,919440E~02
0,162340E-n1
0,269678E~01
0.,426V1i6E~nl
0,645596E-01
0.,943714E~n)
0.133489E+n0
0.1829959E400
0,2429<3€4+00
0,311945E4+00
0,386331E4+00
0,459892E+00
0,525V4dE+n0
0.576747E400
0,62093 k400
0.690124E400
0,841V38E400
0.113158€401
0,1653¢0E401
0.,753965E4n1
0.3562B1E4+01
0.341€94E401
0,147452E401
0.,136499€«01
0,302¢7%E 401
0.,65787T2€+01
0,601423E=nl
0,489416E-n]
04396439E.n1
0,323619E-nl
0,269201F=n]
0,232¢05E=01
0,211019E=-n1
0,204901E-01
0.,204101€=n]
0,503837E4+n0
0.167951E4+n1
0.268V62E4n1
0.,297448E 401
0,264744E4n]
0,209605E4n1
0.,1571V6E40]
0,114665E4n1
0,B27786L400
0,592963F+n0
0.421V89t4+n0
0.29929RF 400
0.2138B42E400
0,154U78k4n0
U.112174E 400
0.,R26cU2k-01
0,6159V2E~01
0,4649/5k=n]
0,35T7167E-n1
0.PTILL0F =nd

Y6

~1,50
-1,4%
-1,40
~1.35
-1,30
-1,25
-1,20
-1,15
-1,10
-1,05
-1,00
-0,95
-0,90
-0.95
~0.80
-0,75
=0.70
-0.65
-0,60
-0,55
-0,50
-,45
-0,40
-0,35
-0,.13
-0.08
-0,03

0.02

n.07

0.17

CONCENTRATION

04103502601
0.,180510€E~01
0.296594E=01
0.464390E-01
0¢698445€-01
Us101408€E400
0¢142533€4+00
0,194131E400
0¢2560A5E+400
0.326556E+00
044013466E4+400
0.473831E+00
0.536505£+00
0.585659E+00
063099]1E+00
0.7122]17E+00
0+885644E+00
0.,121374€+01
0a179643E+01
0.276672£4+01
06367833F+01
0.313619E+01
010096RFE+01
0.938853£-03
0.430308E+01
0,146893€+02
0.577604E~01
0e469318E-01
0.3801A3€~-01
Us31128RE~-01
0.260517€=-01
0.226735g-01
0.208601E~01
0.205596E-01
0.,50272R€-01
U.,711515€E+00
0.191594E+01
0,280446g4+01
04294617E+01
0425430AE+01
0,198500€+0!
0.14773a5401
0.1074R6E+D1
0.77H062F +00
0e553596F+00
04393215E+00
U,2796R3F+00
04200122E400
Nelb44T4E4D0
0.105422€+00
0.778301F~01
0.581619F-01
Ve44043AE=01L
0.339537E-01
Ue?hhlAGF=N]

Y6

=1,49
-1,44
-1.39
-1,34
~1.29
-1.24
~1.19
~-1.14
-1,09
~1.04
-0099
-0.94
-0.89
-0.84
«0,79
~0.74
-0,69
-0.6%
-0.59
-0,54
-0,49
=0.44
-0.39
-0,17
-0.12
-0.07
-0,02
0.03
0.08
0,13
0.18
0.23
0.28
0.61
0.66
0,71
0.76
0.81
0,86
0091
0.96
1.01
1.06
1.11
1.16
1.21
1.26
1.31
1.36
1,41
1,46
1,51
1.56
1.61
1.6A

CONCENTRATION

0.116264E~01
0.,200232e-01
0,325572€-01
0,505412E~01
0,754561E~01
0.,108829€E+00
0.152000E+00
0.205723E+00
0.269595€+00
0.341349E+400
0.416273E+00
0.487368E+00
0.547382E+00
0.594326E+00
0,642328E+00
0.737946E+00
0.936312E+00
0,130592E+01
0,195549E+01
0.299187E+01
04373321E+01
0.279241E+01
0,581835E+00
0.168032E+01
0,496400E+0]}
0.128646E+02
0,554479E-01
0.449931E-01
0.365174E~01
0.,299698E~01
0.252451€-01
0.221889E-01
0.206784E~01
0.398603E-03
0.106330E+00
0.941824E+00
0.213787E+01
0.,289454E+01
0.289584E£+01
0.243368E+01
0.187638E+01
0.138806E+01]
0.100723E+01}
0.725256E+00
0.517082E+00
0.367209E+00
04261418E+00
0.187350E+00
0.135528E+00
0,991196E-0])
0473353401
0.549501€-01
0.417504E-01
0,372984E~01
0.754011€E-01

Y6

-1,48
~1.43
-1.38
~1,33
~1l.28
-1.23
-1.18
-1.13
-1.08
-1.03
-0.98
-0.93
-0.88
-0,83
-0.78
-0,73
~0.68
-0.63
=0.58
=-0.53
-0.48
=0.43
-0.38
'0-]6
~0.11
-0.06
~0.01
0.04
0.09
0.14
0,19
0.2%
0,29
0.62
0,67
0.72
0,77
0.82
0.87
0.92
0.97
1.02
1.07
1.12
1.17
1.2?
1,27
1.32
1.37
1,42
1,47
1.5?
1,57
1.62
1.67

CONCENTRATION

0.130289E-01
0,221601E=-01
0.356725E=-01
0.549204E-0]
0,814066E~01
0.,116644E+00
0+161892E+00
0,217726E+00
0,2836428E+00
0.356277E+00
0.43]1049€E+00
0.500447E+400
N.55768TE+00
N.602928E+00
0.655514E+00
0.76769RE+00
0.993698E+00
0.140916E+01
0.213168E+01
0.320669E+01
0.371375E+01
0.,238913E+01
0,260214E+00
0.221909E+01
0.561741E+Q1
0.969981E+01
0.532070E~01
0.431322E-01
0,350553E~01
0,288839E-01
0,245051€=01
0.,217659E~01
0.205569E=01}
0,1A8731€E~02
0,197834E+00
0.118517E+01
0.234145E+01
0.295156E+01
0.282701E+0)
0.232165E+01
0.177087E+01
0,130318E+01
0,943617E+00
0.6TB293E+00
0.,482905E+00
0.342959E+00
0,2644412E+00
0.17545S5E+00
0.127192E+00
0.9372381E-01
0.691679E~-01
0.,519417E-01
0,396055E-01
0.307446E-01
0.242536E-01

Y6

=1,47
-1.42
-1,37
=1.32
=-1.,27
=1,22
=1,17
=-1.12
=1,07
-~1,02
~0,97
~0.92
-0,.87
~-0.82
-0,77
=0.72
-0.67
=0.67
=0,57
-0.52
=0,47
-0,42
-0,37
-~0.15
~0.,10
=0.05
0.00
0,05
0.10
0.15
0,20
0.25
0,30
0.63
0.68
0,73
0.78
0.83
0.88
0,93
0.98
1.03
l.08
1,13
1.18
1,23
1.728
1,33
1,38
1,43
1,48
1,53
1.58
1,63
1.68

CONCENTRATION

0,145629E-01
0.244715€E=-01
0,390167E=01
0,595890E=01
0,877078E~01
0.124861€+00
0,172212€E+00
0,230131E4900
0,297556E400
0.,371289E+00
0,445610E+00
0.513020E+00
0,567455E4+00
0.611698E+00
0,671325E400
0,801901E+00
0,105852E+01
0.,152453E+01
0,232615E401
0,340104E+01
0,360894E+01
0.,194197E+01
0,796776E=01
0,265141E4+0])
0,618396E+01
0.625907E-01
0,510397E~01
0,413491E=-01
0,336704E=-01
0,278698E~01
0,238307E=-01
0,214037E-01
0,204959E-01
0,691297E-02
0,330412E400
0,143373E+01
0,252389E+01
0,297733E+01
0,274313E+01
0,220864E401
0.,16689TE+01
0,122273E+01
0.,883859E+00
0,634094E4+00
0,450947E+00
0,320356E+00
0,2285R0E+00
0,164388E+00
0,119422E+00
0,877476E-01
0,652532E~01
0,491255€E-01
0.375977E=-p1
0,292643E=0)
0.731716E-01

v W e
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beo 2
la74
1.79
1.84
1.89
1.94
1.99
2404
2.09

Vetbidw™vLmuyy
0,178<33E-n1
0,1452V4E-0]
0,119615€-01
0,995¢5€E~02
0,R355V2E-02
0,707 V4E<n2
0,602825E-0?
0.517340E~n?

TOTAL DRIFT= 0,979943E+01

TOTAL= 0.A73970E+0¢

BAKGND ¢

STOP

Loty
1.75
1.80
1.85
1.90
1.95
2.00
2,05

vVer it =ul
0.170913€g-01
0,139563£-01
0.115208F~01
0.960347E=-02
0.8075R0E=-02
0.6845)12F=-02
0.584368E-02

Letd
1.76
1.81
1.86
1.91
1,96
2.01
2.06

et ULIWUL "V
0.163973E=-01
0.134200E-01
0.111006E-~0]}
0.927016E=02
0.780837E~02
0.662831E~02
0.566624E~02

letc
1.77
l.R2
1.87
1.92
1,97
2,02
2,07

Usiueilotmud
0.157389E~01
0.129097E~01
0.106998E~01
0,895150E-02
0.,755215€E=~02
0.642017E~02
0.549559E~02

Letd
1.78
1,83
1.r8
1.93
1.98
2.03
2,08

U, lo5YyoYe=Uy)
0.151139€=~01
0,124241E-01
0,103174E~01
0.864670E-02
0,730654E=-02
0,622028E-02
0,533141E-02



095 .rm 0 <2 us 1 001 s (03¢ s * - oo 1 06 1 -

——— o Ll T A e e L L . RS Y
! __ ﬁlt - o
N { [0}
/ / _ \ /
/ * /
« :
|
,

2atv

G 16837 1641 dSsH

60



APPENDIX B

FORTRAN COMPUTER PROGRAM LISTING

61



OO0 O000000

OO0

ASP . AERTAL SPRAY PROGRAM

ASP wAS RFEN DESIGNED TO PRENICT THE GROUND DERPOSITION
AND PERCENT OF MATERIAL LOST DUE TO DRIFT FROM AN
AGRICULTURAL AIRCRAFTe THEF PROGRAM IS WRITTEN TO INPUT
UATA IN ST UNITS aND INCLUNES THE FOLLOWING OPTIONS:

1) 20 OR 3D WAKE MQODEL AND DROPLET DYNAMICS

2) A DRONDLET EVAPORATION MODEL

3) A PROPELLER SLLIPSTREaM MODEL

4) A CPOSSwIND MODEL

5) A TUNNEL wabtl MODEL

6) THF ARILITY FOR THE yUSER TO SUPPLY HIS OwN

FLOWFTIELD MODEL,

VOCUMENTATION AVAILABLE IN THE FORM OF A NASA CONTRACTORS
HCPORT

CLODE WwRITTEN AT THE AERONAyUTICAL AND ASTRONAUTICAL ENGINEERING
HESEARCH LLABORATORYs THE 0OHIO STATE UNIVERSITYs COLUMHUSS
CHIO 19a} AUTHOR MICHAEL B. BRAGG

LAST (PNATE 2/1/81

DC PROVRAM MAIN(INPUT+OUTPUT» TAPER«TAPES=INPUT» TAPE6=0UTPUT)

DIMENSION YnOZ(100)+SIZE(1S) onIST(1001)4DRIFT(100) «NRUN(100Q)
DIMENSION DIAMN(100) +STDEV(100)+Q(100),2ZN0Z2(100)9DIAG(15+100)
DIMENSION IRUN(S50)¢TRAJ(15+5100)+SIZ(15.100)

& 2SLP(15) « XLIST(S),pL 1ST(S)

DIMENSION YY(13+413)sSAVE(13913)¢CSAVE(1343)+YMAX(13)eMET(100)
DIMENSINN EQROR(13)sDY(13) sYY1(13)9PW(13913)+IP(13)TITLE(LID)
COMMON /ARFA1/ AsCL9BIULG9ZY047Z090A9VISsVCHDsDD

COMMON JAREA2/ N2DsN3DINEVAPIEPSINOROP2sNCHW s NTUNINDISTINPRINT
COMMON /AREAR/ PSWBsPAEIPYSCN,DV

COMMON /AREAS/ ZPROP29PK1PK24PK3IsPK&9IRP

COMMON /AREAK/ JJsIRUNSICOUNT

COMMON /AREA7/ NVAR

COMMUN /aREA10/ TRAJsDIAG,SIZ

INPUT THE NECFSSARY PARAMETERS ACCORDING TO THE OPTIONS
SELECTED AND ouTPuT HEADER aND TITLE

800 CONTINUF
REWIND g
READ(5+3.END=700) (TITLE(K) sK=21413)
3 FORMAT (1346)
WRITE (645) (TITLE(K)sK=1s13)
S FORMAT (u1n,750,10SYU / AARLM/101,TS0
L3 WAERTAL SPRAY PROGRAMM/n(On4TS50,
& WLAST UPDATE 2/1/81M/7777710M91386/7)
DO L K=1,100
DRIFT(Ky=0,
NRUN{K) =9
DO L J=1,15

62

410
420
430
440
450
460
470
480
490
500
S10
520
530
540
550



e NeXe]

10

20
30
50
60

70

80
S0
S8
100

110

115
120

SIZ{JsKy=0,

DIALG(Jexk)I=0,

TRAVlJek) =0,

00 € K=1,1001

ICOQUNT=y

Jusv

REAU{S5+10)NDROPS

FORMAT(18)

D0 <10 1=1,NDROPS

REAU(Ss720) N2DsN3DsNEVAPSNPROP2yNCAINTUNGNDIST s
NPRINTsNPLOTLPS

FORMAT (91242X4E15.6)

IF(NEVAD ,£Q,1) READ(5930) PAsTDB.T4B

FORMAT (AF10,6)

IF (NPROP?,EQ,1) READ(9950) ZPROP2sPK1sPK2¢PK3IsPK&RP

FORMAT(4F10.4)

REAU(SeAan) AsCLeRWUIG1ZY0,4220

FORMAT(7F10.4)

REAU(Se70) DAsVISsVCWeD

FORMAT(2F20,A92F10.4)

IF(NVIST.EQ.1) GO TO 90

REAULS+8n) DIA+DDeXsY?ZeUDsVDWWD

FORMAT (AF10,5)

G0 TO 129

CONTINUF

REAU(5+35) MCOLsNROWsNOIAMNYNSTDEVINQsNZNOZ
FORMAT(&15)
READ(Ss100)DNsX04UD0s VDO sWwDU9SWIDTHIDERROWIDTH
FORMAT(8F10,5)

REAU(54110) (YNOZ(K)K=1eNCOL)

FORMAT (AF10,5)

REAUSe110) (SIZE(K) +K=1sNROW)

IF (NDTAMN.EQ.1) READ(S9110) (DIAMN(K) +K=14NCOL)
IF(NUIAMNGEQ,0) READ(S9110) OTAMNI

IF (NSTDFV,En.1) READ(S+110) (STDEV(K)sK=1sNCCL)
IF(NSTDEV.EQ,0) READ(5+110) STDEV1
TF(NW.EQL1) REAN(S+110) (Q(K)+Kx=19NCOL)

IF (NW,EQ,0) READ(5,110) Qi

IF(NENO7 ,EQ,1) READ(S9110) (ZNOZ(K) +K=1sNCOL)
1F (NENO7 ,EQ.Nn) READ(Ss¢110) ZNQZ1

NO 115 k=1,NCOL

IF (NUIAMN,EQ,0) DIAMN(K)=DIAMN]

IF(NQ.EQ,0) Q(K)=ql

1IF(NSTDEV,.EQN.0) STDEV(K!=STDEV1

TF(NZNO7 ,EQ,0) ZNOZ(K)=INOZ1

CONT INUF

CONTINUE

C=3+441592653589793

CALCULATE EVAPOQATION PARAMFTERS
IF (NLVAP _EQ.0) Gn TO 130

TDHK=TDa4273,15
TOBR=TDA®(9,/5,) +32,+459.67
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560
S70
580
590
600
610
620
630
640
650
660
A70
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
310
920
930
940
950
960
370
980
990
1000
1010
1020
1030
1040
1050
1060
1070
10AR0
1090
1100



OO0

[sXeXs]

TWBR=TWR#(9,/5,)+32.+459.67

PAE=PA®] (4504E~4

PS=LAP(54,6329-12301,688/TD8BR

2 . ~5,16923%AL0G(TDBR)
gsf:5639<54.6329-12301.6ee/Twan-5.16923~ALOG(Tneé))
—‘ WB=( (424054 (PAE~PSWB) )/ (,621947(1075.8565=,56583%

& THBR=49],69))) ) #(TUBR=TWER)

RH=PV/Pg

DA=((PAE®144,)/(G*#3,280839#53

«34#TDOR

D¥§(T.$FE'GGTDBK“*1.88)“1.5-4 Pyesis.

vIS=l.7a5E~S« (TNRK /293 *

SN OVa0aT vl e16)##] 54 ((293,164110.)/(TNBK+110,))
130 CONTINUF

UETERMINE NVARe THE NUMBER
OF SIMULTANEOUS FIR
DIFFERENTTAL EQUATIONS TO RF SOLVED tRST ORDER

NVAR=4
IF (N3D.NFE.0) NVAR=6
iﬁfﬁ?;“p'EQ'l’ NVAR=NVAR+]
eFQe2.0RN3DEQs2) GO T
Ig::éUN.EQ.l) G0 TO 136 o138
1 WeEN,1,AND NPROP2.EQG,1) GO TO 13
IF(NCW.FQ.1) GO TO 134 2
IF (NPROP2?,EQ.1) NVAR=NVAR+]
GO TO 1138
132 NVAR=NVAR+6
GO TO 1ag
134 NVAKSNVAR+4
GO 70 135
136 NVAR=NVAQ+2
IF(NFROP2,EQ,1) NVAR=NVAR+}
GO TO 13a
138 CONTINUE

OUTPuT THE CONSTANTS THAT weRE INPUT
&WRllt(6.ISO) :§88¢3252EVAPyNPRopzoNcwoNTUNoNDIST.NPR[NT,
lSO&FORMAT(nOu.uPROGRAé CONTROLM, /1 1TSSy N2D="y 12, T25,WNID="¢]2
et 121 Ton
¢ Lo 13s a5 e nEpSan e gty | NPRINTSH 1251658

WRIIE(64160) AyCLBYUIGIZYOD9Z209DASVEISHY
160 FORMAT (nQuynpaARAMETER VALUESW//n ".TS.uAgz;gig?aorzs."CL="o
F10e69T454M8=19F10,49TE59MU="9F10.69T859WG="4F1044/" o
TS NZYO=N,F10.49T254H7Z70=2eF10.4+T65+1DASI,ELD 6:T65 ’
MY ISy E13,69TESe"VCHSN,F10,4/1 1, TSa1D=",F10 ; ’
rF(NthrzscvtDD:u.Flo.w) o
170 FORMAT (stgnynEVAPORATION INPUTSH/ /0 11y TS, pA="F10,24T25
&IF(NPRo"TDg="'F10.6oT45’"TwB=".F10.6/) e ’
P2.EQ.1) WRITE(69190) 7PROP2+PK
150 FORMAT (nanynprop2 INPUTSH//n 5.75.HZPRé;;:E:$§g:ET:égp
& HOKI=1yF10.49T450"PK2=1,F10.49T65y"PK3I="4F10 a,
8 e TBSePK4="yF10e4/1 Ny TR HRP=,F1044/) )

"ol odb < od
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
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(e Xa X3

OO0

195

s
&
&

CHANGE FROM RECTANGULAR TO ELLIPTICAL LOAD DISTRIBUTION
BY ANDJUSTING CL
cL=(s./¢)8CL
IF(NDIST,EQ,1) GO TO 220
wRITt(bol95) XeYoZoUDoVOsuwDeDIA
FORMAT (nowy n INITIAL VALUESH//n wyTSeMX=t4F10.69T25
Hy=H o F10,6eT459NZ="yF10,6¢eTESsMYDT"4F10469T85,
NYD=MGF 10,6/ "eTSeMyD=tyF10.69T259"DIAZN,
F10.47/)

CALL suUR20 OR SUB3D TO CALCULATE THE DROPLET TRAJECTORY

IFINCDJNEL0) CALL SUBZD(NVARY,Z,VDsWD4T9yDIA,YYsSAVE
2CSAVE s YMAX'ERROR «DY s YY1 4yPWe1IP)

&
IF(N3D.NELO) CALL SUB3D(NVARsX4YeZsUDsVDsWDsT9DIAWYY,SAVE

1S
ICQUNT=1COUNT+]

200
&
&
&

210

220

225

[all’adi ol ol sl

+CSAVE s YMAASERROR+DYsYYLoPWeIP)

WRITE(64200) XeYeZsUDoVDIWD9DIANT
FORMAT (nguene INAL VALUES"//0 0, T5enX=,F10.60T25s"Y=lty

F10e69T45¢M2=M9F10.69TASsMUD=H9F10.69T8Sy"VD=1,y
F1046/M 1 TSeMWD="yF1l0,6+T259s"DIA=N,F10.49T45,
nT=",F10,67)

CONTINUE

GO TO 320

CONTINUF

THIS pPART OF THE MAIN PROGRAM CONTROLS THE NDIST=1 CASE

wRIFt(&.g?S) NCOL « NROWsNDIAMN 4NSTDEVINQINZNOZ DD »
X0sUDOs VDU, WDOsSWIDTHeDERRSDWIOTH
FOR”AT("n"'"DISTRIBUTION INPUTSH /1 TSy UNCOL="y12,
T25+NROW=" 9 I29 TS UNDTAMN=" s 129 T6S59 " NSTDEV=11,12,
TRSGUNQ=N,[2/M "o TS NZNOZ="e12+T25+"D0="4F 10,5
T4S X2y Fl0.59T65+sMUD=1,Fl0.5¢T8SsMYD="4F10.5/
" TG =g Fl0eSeT2S s nSWIDTHENeF1045¢T4SeDERR=M
F10eSeT65MDWIDTH=N,F10,5)

PERFORM ALl THE TRAJECTORIES REQUIRED TO CALCULATE THE
REQUTIRED DNISTRIRUTION

DO €50 1=1.NCOL

DO 240 J=1+NROW

DIA=SIZE (J)

plAL=DIA

K=K=1

T:Oc

X=XV

ubD=ubo

yD=vD0

wD=wD0

Z2=ZNUZ (T

Y=YNUZ(T)

IF(N2DNF,0) CALI. SUB2D(NVARsY,Z24VDsWDsTsDIAsYYsSAVE,
CSAVE+«YMAX+ERRORDY s YY1 sPW1IP)

&
IF(N3DeNF,0) CALL SUB3D(NVARIXeYeZoUDeVDsWD9T*DIAsYYsSAVES

65

1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1750
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1540
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
21740
2180
2190
2200



OO0O0000

[ XeX2]

s NeNeNe]

240

241

242

246

CSAVE+YMAXSERRORSDYsYY1sPWeIP)
TRAU(JeT) =Y
DIAG(JsTI)=DTA
SIZ{JeI)=SIZE (W)
IF(LeNE ,n,) GO TO 241
NRUNCT) =ARUN(T) +1
IF(ZeEQ,NsANDARS(Y) «GTDWIDTH} GO TO 241
CONTINUF

THIS SECTION UP TO STMT NO 250 CONTROLS THE CALCULATION
OF ADDITIONAL TRAJECTORIES IN ORDER TO ESTIMATE THE ORIFT
AND INSERTS PARTICLES IN REGIONS OF A LARGE GRADIENT
UUIA/NRYG

KM1SS=0

sIzZMIsS=p,

CONTINUE

JENRUN(T) +)

MET (L) =n

IF(JeEQ 1) NRIFT(I)=SIZ(Js])
IF(JeEQ.1) Bn TO 250
DSIZ1l=ARS(DIAMN(I)=SIZ{J=1+I))
K25U=0

GO TU 2413

CONTINUF

IF(CeEQ,0«AND.ARS(Y) 4GT+OWIDTH) GO TO 250
IF({DSI?1/STDEV(TI))«LTe4%) GO TO 242
DRIFT(I)=0,

GO TU 250

CONTINUE

UEFINE ACCEPTABLE ERROR IN TERMS OF STREV

ERRZ+S#GTDEV(])

IF(USIZ1.LT.(2.,2STDEV(I})) ERR=,302STNEV(I}
IF(USTZ]1 ,LT.STDEVI(I)) ERR=,204STDEV (D)
ERR=LRR#NHERR

CONTINUE

IF(LeNE,0.) KMISS=1

IF(ZeNE,0,4) SIZMIS=SIZ(Js])

IF(JeGE,3) GO TO 239

IF(JeEQR,2) SIZ(Js1)=SIZ(J=191)=(SIZ2(U=1+1)=SIZMIS)/2,
GO TO 248

CONTINUE

ULTERMINF PARTICLE SIZE FORr DRIFT ESTIMATE
AND CALCULATE TRAJECTORIES

YGMI=TRAJ (J=2+ 1)

YG=TRAJ (J=1,41)

Y1=AHS(1,/(YG=YNOZ(I)))
Y2=ABS(1,/(YGMI=YNOZ(I)))

SLOPE={STZ (Jm241)=STZ(J=1s1) )/ (Y2=Y])
SIZtJe1)=SI7(J=1,+1)~SLOPERY1/2
IF(ISLOPE®Y] /2,) JLTERR) SIZ(Js1)=SIZ2(J=1+1)=ERR
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2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
23640
2370
2380
2390
2400
2410
2420
26430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
26830
2690
2700
2710
2720
2730
2740
2750
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O0O00

245

330

264

247

243

410

221

IF(51Z2(Je1),6TSIZMIS) GO TO 245
SIZ\JUel)=SIZMIS+(SIZ(J=l4])=STZMIS)/2,

CONTINUE

DIASSIZ(Js 1)

DIAL=DIa

T=o *

X=xu

uD=u00

vD=vDO

wD=wD0

Z=ZNUZ (1)

y=YNOZ (1)

IF(N2DNF.0) CALL SUBZDINVAR,Y,Z,VDsWD4T4DIA,YYsSAVE,
& CSAVE ¢y YMAASERRORsDY YY1 oPwWsIP)
IF(N3DeNEL0) CALL SUB3D(NVARsXeYsZsUDsVDsWDsTsDIAsYY4SAVES
& CSAVE s YMAXIERRORsDYs YY1 sPWeIP)

STORF TRAJECTORY INFORMATIGN, IF ERROR.LT.ERR GO TO 250
OTHERWISE ITERATE

TRAJV(JsIy)=Y

DIAG(JeI)=DTIA

IF(MET(1).EQ.1) GO TO 228
IF(LeNE ,0.) GO TO 246

NRUNST) =NRUN(T) +1

1F (ABS(Y) .LT,DWIDTH) GU To 330
60 TO 250

CONTINUE

IF((SIZ(Ys1)=SIZMIS) 4GT<ERR) GO TO 244
DRIFT(I)=SIZ(ysD)

K250=1

GO0 TO 241

CONTINUE

NENASY

IF(JLE,15) GO TO 246
WRITE(6,4247)

FORMAT (v nonans MAX NUMBER OF RUNS EXCEEDED BEFORE DRIFTY,
& " CALCULATION COMPLETED™)
DRIFT(IV=SIZ(JeI)

GO TU 250

CONTINUE

THIS GECTION HANDLLES THE CASE WHERE DYG/DDIA CHANGES
SLGN RAETWEEN POINTS

IF(J«EQ,2} GO TO 227

Ja=v=2

DO 410 x=1eg2
SLPLK)Z(TRAJ(K+1 1) ~TRAJ(KeI))/(SIZ(K+1s1)=SIZ(Ks))
CONTINUE

DO 221 K=2.42

IF(SLP(K) aGT o0 ANDSLP(K=1) ,LT.0.) GO TO 222
IF(SLP(K) eLT.0.AND+SLP (K=1)4GT.0,) GO TO 222
CONTINUFE

IF(KeS0,EQ.1) GO To 250
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GO0 TO 234
CONTINUE

INSERT PARTICLES WHERE DYG/DDIA CHANGES SIGN

MET(1)=

IF(K250,.F0.1)

1ADD=0

Gn To 250

DO €23 k2=2,42

K=K<

IF(SLP(K) .LT.0.AND,SLP(K=1)4LT,.0.) GO TO 223
IF(bLP(K).GT.O.AND.SLP(K-l).GT.O.) GO TO 223

I1F (IADD ,NE.0)

Kk=x2+1A0D

DELTA=ARS(STZ (K1) =DIAMN(I})/STDEV(I)
ER=Le09STDEV(I) )
IF(UELTA LT 2.) FR=,75%STDEV(])
IF(VELTA,LT.1.) ER=.509STDEV (1)

ER=LHeDERR

IDELTA=ARS(STZ(K+1s1)=SIZ(KsI)) /ER
TADD=TADN+IDELTA
DELTA=(G1Z(Kal41)=SIZ(KsI))/(IDELTA+1)

Kl=K+]
Ji=d=1

DO €24 KS5=K1,.4l

KK=Kl=K54+1

TRAJ(KK+TOELTAsI)=TRAJ(KKsI)
DIAL(KKSIDELTASI)=DIAG(KK,])
SIZ(KAK+INELTASI)=STZ(KKsI)

CONTINUE

DO €26 «k=1,IDELTA
SIZ{K+KK 1) =SIZ (K1) +KK*DELTA
CIASSIZ (K+KKy1)

T=0e

X=X

yD=uuo
vD=vDO
wD=w00
2=INUZ (1)
Y=YNUZ(T)
IF(N‘D.NEOO)
&
IF(N3DNELD)
&

CALL SUBZD(NVARsY.ZyVDsWDsToDIAsYYsSAVE,
CSAVEs YMAXSERRQR,DYYYY1sPWeIP)

CALL SUB3D(NVARsXsYsZsUDyVDsWDsTsDIA9YYsSAVES
CSAVE s YMAXIERROR,DY YY1 9P,y IP)

TRAVIKK+K s [) =Y
DIAGIKK+KksI)=DIA
NRUNCI) =NRUNCT) +1

NENLZ
CONTINUE
NRA=NRUN (1)
CONTINUE
CONTINuE

ULTEQMINE PARTICLE SIZE FOR DRIFT ESTIMATE AND
CALCUYLATE THE TRAJECTORY
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DSIZL=ARS(DTIAMN(I)=SIZ(J=141))
IF(USIZ1/STREV(I)) LT«4) GO TO 237
DRIFT(Iy=0,
G0 TO 28n

237 cONTINUE
ERRS«S®STNEV ()
IF(DSIZ1.,LT.(2.2STDEVI(I))) ERR=,304STDEV(I)
IF(USIZ1,LT.STDEV(I)) ERR=,202STDEV(])
ERR=LRRa#NERR

236 CON!INUF
IF(RMISS ER,0) STZ(J4I)=51Z(J=1e1)=1,1%ERR
IF(KMISS,EQ,1) SIZ(JsI)=SIZ(Jel9I)=(SIZ(J=1y1)=SIZMIS) /2.
GO TO 245

228 CONTINUF

It PARTICLE WITHIN ERR GO TO 250 OTHERWISE ITERATE

IF(Z.£0Q,0.) GO TO 229
KMIdS=)
SIZMIS=gIZ(ys )
G0 TO 227
229 CONTINUE
NRUNC(I)=NRUN(T) +]
IF(ABS(Y) .LT.DWIDTH) GO TQ 340
DRIFT(I)=ST1Z(JeloI)=ABS((SIZ( oI)=SIZ(J=1sI))/{Y=TRAJ(J=1s1)))}"
& (DWIDTH=ABS(TRAJ(J=141)))
GO TO 258
340 CONTINUF
IF(ABS(STZ(JsI)=SIZ(J=191)).GT.ERR) 50 TO 233
ORIFT(I)=SIZ(Js 1)
GO To 250
233 CONTINUE
J=J+§
IF(JsLE,15) GO TO 236
250 CONTINUE

COMBINE TRAJECTORY INFORMATION TO BUILD-UP THE DISTRIBUTION
AND ESTIMATE THE DRIFT OUTPYT RESULTS

CALL SWATH (NCOLyNROWsQ9DIAMNSSTDEVsYNOZsDWIDTHINRUNIMET s
& SWIDTH,DISTHDRIFT)
WRITE (6,4252)
252 FORMAT (00 aNOZZLE NO«™9B8XaMYNQZMe11XsMZNOZ® 48Xy
& HOTAMNI, 10X o "STDEV! 5 13X,"Q" 912X s "DRIFT"/)
DO €55 K=1sNCOL
WRITE (64253) KyYNOZ(K)9ZNOZ (K) 4DIAMNIK) 9 STDEV (K) 9Q(K) sDRIFT(K)
253 FORMAT(n ¥y4Xys[346F1504)
255 CON!INUF
WRITE (6,256)
256 FORMAT(nyn//m SINGLE DROPLET LATERAL DISPLACEMENT//)

OUTPYT TRAJFCTORY INFORMATION TO PRINTER

NP=NCOL /13
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NLEF T=NCcaL=Np#3
KP==¢
IF(NPLER,0) RO TO 425
DO 4US Kl=1,NP
KK=IFIX(k1/2,) %2
IF(K1«EQ.KK) WRITE(64415)
415 FORMAT (nyju,n "y
KP=Ki®#3a.2
KP1=RP+y
KP2=KP 4>
IF(NEVAP FQ,1) GO TO 450
WRITE(6,420) KP4KP1sKP2
420 FORMAT (npnynNOZZLES s T139139T559139T97913/1 0eTTynyGuseT21e"DIAY,
& T499nYGH 4 TE34HDIAN TG o1yGeT1059"DIA)
DO 430 k2=1,15
WRITE(6,440) TRAJ(K29KP) 9SIZ(K2eKP) s TRAJ(K29KP+1) 9SIZ(K23KP+1) s
L3 TRAJIK2+sKP+2) 9STZ2 (K2 9KP+2)
440 FORMAT(N My2F14,69146X92E14,6914X42E14.6)
430 CONTINUF
GO TO 4ps
450 CONTINUE
WRITE(6,460) KP.KP1,KP2
460 FORMAT(MananNOZZLE:",T209139TA2+13+T104413/" My TTanYG"9T21s"DIAY,
& T3ISeNDTAGH e T4 1M TG TEI MDA TT7e"DIAG"sTOL9"YG"9T105
% UNTAN,T119,"DIALY)
DO 470 Kk2=1+15
WRITE (6,480) TRAJ(K2:KP) sSIZ(K2+KP) sDIAGIK2+KP) 9 TRAJ(K29KP+1)»
13 SIZ(K2sKP+1) sDIAG(K2sKP+1) s TRAJ(K2sKP+2) #SIZ(K24KP+2)
& sDIAG(K29KP+2)
480 FORMAT(H 1,QE14,.6)
470 CONTINUE
405 CONTINUE
425 CONTINUE
IF(NLEFT,EQ.0) GO TO 600
KK=1FIX(r1/2,)%2
KP3=RP+3
KP&4=KP+4
IF{K1«NE ,KK) WRITE(69415)
IF(NLEFT,EN.1) GO TO 550
IF(NEVAP EQ,1) GO TO 510
WRIVTE(6,490) KP3,KP4
490 FORMAT (N0, nNOZZLE:MsT13913¢TSSoI3/8 My TToMYGMeT21 9 UDIAM s T49eNYGH,
& TA3enpIAN)
DO SU0 k2=1,15
WRITE(64440) TRAJU(K2,KP+3)sSTIZ(K29KP+3) 9y TRAU(K21KP+4)9SIZ(K29KP+4)
500 CONTINUF
GO TO 6an
510 CONTINUEF
WRITE (6.520) KP3,KP4
S20 FORMAT (1QuynNOZZLE1,T20913+T62913/" MeTToMYGHeT214#DIAMT3S,
L] MNTIAGHeT4DsYG" s TEI 9 HDTAN,TT7 +"DIAGH)
D0 930 K2=1,15
WRIIE(6,480) TRAJIK2¢KP+3) 4SIZ(K29KP+3)sDIAG(K24KP+3)
& TRAU(K29KP+4) sSIZ(K24KP+4) +sDIAG (K21KP+4)
530 CONTINUE
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GO0 TO 6ng

CONTINUE

IF (NEVAP (EQ.1) GO TO 580

WRITE(6,560) KP3

FORMAT (1 enNQZZLE W T139I3/9 neTToMYGU,T219nDIAN)

WRITE(64.570) (TRAJ(K29KP+3) »STZ(K2+KP+3) 4K2=1915)

FORMAT (w ny,23E14,6)

G0 10 60n

CONTINUE

WRITE(6,585) KP3

FORMAT (10w uNOZZLE:WeT200I3/" stgTToMYGHT219"DIAM s TISMDIAGH)

WRITE(6,590) (TRAJ(K29KP+3) ¢«ST7(K2+KP+3) yDIAG(K2+KP+3) +1K2=1115)

FORMAT (1 1y3F14,6)

CONTINUE

WRIIE(64260)

FORMAT (ninynFINAL DISTRIBUTIONM"//M0"y5(3Xe" YG"eHXs
UCONCENTRATION")/7)

WHITE TO FILF 8 AND OUTPUT 10 6 THE FINAL OISTRIBUTION

KJ=Vy

TOT=uo

STAKT==SWIDTH

NPTSESWINTH®200+}

JU=NPTS

DO 310 U=1eNPTS

XPL=START+(J=1)5,01

WRITE(8,302) XPL,DIST(J)

FORMAT(2E13.6)

TOT=10T+nIST ()

IF(DIST(J)aLTe1.E=4) GO TO 310

IF(KJEQ.5) KJ=0

KJ=KJd+]

XLIST(Kg)y=XPL

DLIST(Ky)=DIST (W)

IF(KJeEQ,5) WRITE(69300) (XLIST(K)sDLIST(K)+1K=1s5)
FORMAT (1 145(3X4F6,2¢3X9E13.6))

CONTINUE

IF(KJeNE,5) WRITE(6+300) (XLIST(K) +DLIST(K) sK=1sKJ)

UETERMINE TOTAL ORIFT

QF-—.U .

DRIFTF=q,

DO €51 K=1.NCOL
DRIFTF=NRIFTF+0RIFT(K) #Q(K)
OF =QF+0Q (K}

CONTINUE

DRIF TF=nRIFTF/0F

WRIIE (64265) DRIFTF
TOT=TOT/0F

FORMAT (nguyntoTAL DRIFT=Y4E13,6)
WRITE(6,4256) TOT

FORMAT (1on annTOTAL="9E14.6)
CONTINUE
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IF(NPLOT ,EQ.1) CALL PLOTI(TITLE)
60 TO 800

CONTINUF

STOP

END

SURROYTINE SuB2D: CALLED 8y THE MAIN PROGRAM, SUB20 CONTROLS
THE TQRAJECTORY CALCULATION FOR ALL 2D CASES. GIVEN THE
INITtAL VALUES AND USER SELECTED OPTIONSs SUB2D CALCULATES
THE TRAJECTORY AND RETURNS THE FINAL VALUES OF THE VARIAQLES

SUBROUTINE SUB2D(NVARSY eZsVDoewDeTeDIAWYYsSAVE+sCSAVE s
8 YMAX+ERRORsDY s YY1oPWoIP)
DIMENSIAN YY(134NVAR) 9SAVE (13 ,NVAR) »CSAVE (NVAR+3) » YMAX (NVAR)
DIMENSION ERPOR(NVAR) ¢DY(NVAR) ,YY1 (NVAR)
DIMENSION PWw(NVARsNVAR) 9IP (NVAR) ¢ IRUN(S0)
COMMON /AREA1/ AJCLIBYU?GeZY0,2Z09DAIVISsVCWeDsDD
COMMON /AREA2/ N2D'N3DINEVAPsEPSyNPROP2sNCWoNTUNSNDIST9NPRINT
COMMUN /AREAS/ ZPROP29PK14PK2,PK39PK44RP
COMMON /AREAR/ JJeIRUNe [COQUNT
COMMON /AREAR/ DAL

INITTaLIZE THE DEPENDENT VARIABLES AND STORE IN ARRAY
YY(1,NVAR)

DIA=DIAa] ,E=s

DIAL=DIA

C=3.1415692653589793

T=0+L0

YY(1lel)zy

YY(le2)=vyD

YY(Le3)=7

YY({l94)=wD

IF(NEVAP ,EQ.1) YY(1sNVARI=DIA
IF(N2D.FQ.2) GO TO &

IF(NVAR ,cE,10) GO TO 1

IF(NVAR ,GE .8 ,AND . NPROP2*EQ.0) GO TO 2
IF(NIUN.EQ.I.AND.NPROPZ.EQ-I) YY(le7)=ZPROP2
IF(NTUN,FQ.1) GO TO 3

IF (NFROP2,EQ.1) YY(1e5)=ZPROP?2

GO T0 4

YY(l910)=ZPROP2

YY(l99)=0,

YY(1e8)=770

YY(leT7)==ZY0

YY(le6)=7Z0

YY(1le5)=7Y0

CONTINUF

IF(VUCEN,04ANDaWNeEQeDe) CALL INCON(YYsDIA$NVAR)
IF(YY(144) sEQ.0.E0,ANDeYY (142) .,EQe0.E0)GO TO 20

INITTALIZE VALUES FOR DIFSuUB

H=leE=4
MF =2
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22
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30
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DO > I=]1.NVAR
YMAX(I)=1.E0
CONTINUF
MAXDER=g
HMINS1,F=16
HMAXZ1.E0
JSTART=0
LOOF=0
YPRUF=0,

PERFAPM THE STEP INTEGRATIQN BY SUCCESSIVE CALLS OF DIFsuB

UIFSyR IS A FORTUOI SUBROUTINE TO SOLVE A SYSTEM OF N SIMULTANE
UVIFFERENTTIAL EQUATIONS

DO 14 K=1+1000
co 9 I=] «NVAR

YYLII)=yy(l,1)
CONI1INUE

T1=]

CALL DIFSBM(MVAR.TeYYrSAVEsCSAVE yHoHMINIHMAXsEPSeMF oy YMAX s ERRORY
KFLAGesJJSTARTIMAXDER 4PW e IP)

MUNITOR VARIABLES AFTER EACH TIME=-STEP TO CONTROL OUTPUT
AND STORAGE OF TRAJELTORY aND TERMINATE TRAJECTORY IF
PARTICLE RECOMES ENTRAINED IN THE VORTEX OR HITS THE GROUND

DIAPL=YY(leNVAR) /1 ,E=6

IF(NEVAR EQ,1) YY(1sNVARI=YY(],NVAR) /1 ,E=6

IF(NPRINTWEQel1sANDNDISTLEQ.0) WRITE (6911) KeTe(YY(1leI)sI=1sNVAR)

FORMAT (0 "yT444X912F1066)

IF(NEVAD EQ,1) YY(14NVARI=YY{],NVAR)®#] ,E~R

LEK+JJ

IFLYY{(1,3).LT,0,E0)G0 TO 16

IF(NUIST . ER.1) GO TO 1O

WRITE(8,22) ToYY(1s1)9YY(143)

FORMAT (3F13,6)

CONTINUYF

IF (NEVAP ,EQ.1.AND<DIAPLLT.15) GO TO 20

IF (NPROP2 ,NF,1) GO TO 25

IFINCW.EQs1) YPROP=YY(1s10)

IF(YY1(1) e LE.YPROPeANDeYY(191) ,GT-YPROP) LOOP=LOOP+1

IF(LUOP,LT.2) GO TO 25

IF (NPRINTWEQ.1oANDNDISTEQ.0) WRITE(6430)

FORMAT {naas TRAJFCTORY TERMINATEDs PROPELLER SLIPSTREAM "
WENTRAINMENT #®#it)

GO TO 29

CONTINUE

IF(YY{1+3),6T.YY1(3))GO TO 12

60 TO la

IF(ABSIYY(141)).6T.1.E0)GO TO 13

G0 TO 1la

IFAYY(1l49)aGToZZ0«ANDeABS (YY(141))4LT,ABS(YY1(1))) GO TO 18

CONTINUF
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19
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K=K=1

WRITE (6,15)

FORMAT (nauynanses DO LOUP PARAMETER EXCEEDED IN SUB2D #eawn)
GO TO 2q

CONTINUE

IF(NUIST EQ.NANNDJNPRINTLEQ.L) ¥RITE (6017)
FORMAT (ngn nssso TRAJECTORY COMPLETEDs Z LESS THAN 7ERQ #adan)
CALL YZFIN(YVYeYY1sNVARsTaT1leL)

60 TO 2n

coNT INUF

IF(NDIST EQ, 0. ANNJNPRINTCEQ.1l) WQITE (Re19)

FORMAT (ngn,nasss TRAYJECTORY TERMINATED, VORTEX ENTRAINMENT #ewsn)
CONTINUFE

JU=JJ+K

TRUNTICOYNT ) =K

Y=YY(1le1)

vD=YY(l,2)

Z=YY (19 3)

wD=YY(1le4)

IF (NEVAPR (EQ,1) DIA=YY(LleaNVAR)/1.E=~6

IF(NEVAP,EQ.N) DIA=DIALl/]1,E-6

RETURN

END

SUHRNYTINF qur3D: CALLED 8Y THE MAIN PROGRAMy SUB3D CONTROLS
TRE TDAJECTORY CALCULATION FOR ALL 3D CASESe. GIVEN THE
INITTAL VALUFS AND USER SELECTED OPTIONSs SUB3D CALCULATES
THE TRAJECTORY AND RETURNS THE FINAL VALUES OF THE VARIABLES

SUBKOUTINE SUBIND(NVAROXeYsZsUDVDsWDsToDIASYYsSAVECSAVE S

A YMAXIERRORWDY, YY1l 9PWoIP)

DIMENSIAN YY(1234NVAR)ISAVE (13,NVAR) sCSAVE (NVAR93) s YMAX (NVAR)
CIMENSION ERPROR (NVAR) 9DY (NVAR) oYY] (NVAR)

DIMENSION PW{NVAR+NVAR) s IP(NVAR), IRUN(S0)

COMMON /AREAY/ A¢CLIBIUGGIZY047Z0sDAIVISIVCWD DO

COMMON /AREA2/ N2DN3DINEVAP+FPS NPROP2sNCWeNTUNSNDISToNPRINT
COMMQON /AREAS/ ZPROP2'PK1+PK24pPKI9PK4LRP

COMMON /AREAK/ JJe IRUNs ICOUNT

COMMOMN sAREAR/ DIAL

INITTALIZE THE DEPENDENT VARIABLES AND STORE IN ARRAY
YY(1,NVAR)

D1A=DIAa),E=6
pIAL=DIA
C=3+141592653589793
T=0.t0

vyY(lel)=y

YY(le2)=yD

YY(le3)=7

YY{(les)=wD

YY (L45)=x

YY(1l96)=)D

TF(NEVAP EQ,.1) YY(1sNVAR)=DIA
IF (N3D.En.2) GO TO &

74

6610
6620
6630
6ha0
65650
~660
€670
6630
66930
6700
6710
6720
6730
6740
6750
6760
6770
ATRO
6790
6800
6810
6320
6A30
6740
6850
6860
6870
6880
6890
6900
6910
6920
6930
69490
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150



OO0

OoOO0O0O000O0n

OO0 0n

11

IF(NVAR ,GE,12) GO TO 1
IF (NVAR,GE.10) 60 TO 2
IF(NPROP?,EQ.1) YY(1l97)=ZPROP2
60 TO 4
YY(le12)=7PROP2
yY(lslly=0n,
YY(l910)=270
YY(le9)=aZYn
YY(1leB)=720
YY(le7)=2Y0

CONTINUE

ANITTALIZE VALUES FOR DIFSy8

H=]1ek=4

MF =2

DO 5 I=y1.NvaR
YMAX{T)=1.E0
CONTINUE
MAXDER=g
HMIN=]1,F«16
HMAX=1.E0
JSTART=p
LOoP=0
YPRUP=0,

PERFORM THE STEP INTEGRATION BY SUCCESSIVE CALLS OF DIFsus

LIFSYUR 1S A FORTUOI SUBROUTINE TO SOLVE A SYSTEM OF N SIMULTANE
VIFFERENTIAL EQUATIUNS

DO 1% K=1,1000
D0 Y I=1,NVap
YYL(D)=yy(1,1)
CON ' INUE

T1=1

CALL DIFSBM(NVAReTsYYsSAVEyCSAVEsHsHMINsHMAX»EPS9MF ¢ YMAX+ERROR
KFLAGyJSTARTsMAXDERsPWs IP)

MUNITOR VARIARLES AFTER EACH TIME=STEP TO CONTROL OUTPUT
AND STORAGE OF TRAJVECTORY AND TERMINATE TRAJECTURY IF
PARTICLE RECOMES ENTRAINED IN THE VORTEX OR HITS THE GRUUND

DIAPL=YY(1sNVAR) /1,E=6

IF(NEVAD,EQ,1) YY(1lsNVAR)I=YY(14NVAR)/1,,E=6
IF(NPRINT.EQe2 o ANDNDISTLEQ.0) WRITE (6511) KoTa(YY(1oI)sI=1sNVAR)
FORMAT (1 #,1444Xe14F9e5)

IF(NEVAP,EQ.1) YY(lsNVAH)I=YY(],NVAR)*] ,E=6

L:K*JJ

IF(YY(143) L T.0,E0)GO TO 16

IF(NDIST, EQR,1) GO TO 10

WRITE(8,22) TaYY(1s1) oYY (193

22 FORMAT(IF13.6)

10 CONTINUE
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7690
7700
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O0000

30

25

12
13
14
15
16

17

18

1%
20

IFINEVAP ,EQ,1.AND.DIAPL.LT.15) GO TO 20
IF(NFROP2,NF,.1) GO TO 25
IF{NCW,FQ.1) YPROP=YY(1ls10)
TF(YYL (1) eLE.YPROPANDY ! (141).GT.YPROP) LOOP=LOOP+}
IF(LOOP,L T,2) GO TO 25
IF(NPRINT.EN.1.AND.NDIST.EQ,0) WRITE(6430)
FORMAT (naas TRAJECTORY TERMINATEDs PROPELLER SLIPSTREAM ¥y
YENTRAINMENT #éatt)
GO To 29
CONTINUE
IFCYY(142)4GT.YY1(3))060 TO 12
GO TO 14
IF(ABS(YY(141)).6T.1,E0)G0 1O 13
GO TO 14
IF(YY(143) eGTaZZ0.ANDeABS(YY(1,1)).LT.ARS(YY1(1))) GO TO 18
CONTINUE
K=K=}
WRIE (6,15}
FORMAT(ngnynanse DO LLOOP PARAMETER EXCEEDED IN SUB3D #euai)
G0 TO 20
CONTINUF
IF(NUIST . EQ,0.ANDNPRINT.EQel) WRITE (6917)
FORMAT (ngnynaase TRAJECTORY COMPLETEDs Z LESS THAN ZFRQ #e®an)
CALL YZFIN(YYsYY1oNVARIToT1yL)
G0 TO 29
CONTLINUF
IF(NVIST ,EQ,0,AND+NPRINT«EQ.1l) WRITE (6419)
FORMAT (nnpnynonss TRAJECTORY TERMINATEDs VORTEX ENTRAINMENT oeosu)
CON ! INUE
JU=dJ+K
IRUNCICOUNT) =K
Y=YY(1ls1)
vD=YY (1,2)
Z=YY(193)
wD=YY¥{1l.4)
X=YY (1s5)
ubD=YY¥(1,6)
IF(NEVAD ,EQ,1) DIA=YY(19NVAR)/]1.E=~6
IF(NEVAP EQ,0) DIA=DIAL/] ,E=6
RETURN
END

PEDERY IS REQUIRED BY DIFSUBs BUT NOT NEEDED FOR THIS METHOD

SUBROUTINE PEDERV(A9B9CsD)
RETURN
END

VIFFYN 1s A SUBROUTINE CALLED RY DIFSUB TO EVALUATE THE RIGHT=
HAND <IDE OF THE SYSTEM OF DIFFERENTIAL EQUATIONS
KHS 1S RETURNED TO DIFSUB IN ARRAY DY (NVAR)

SUBROUTINE DIFFUN(NVARsToYY,DY)

DIMENSION YY(134NVAR) sDT (NVAR)
COMMUN JAREA1/ A4CLsBUIGeZY04ZZ0sDAIVISeVCWeDDD
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7710
7720
7730
7740
7750
7760
7770
7780
7750
7800
7410
7820
7830
7840
7850
7860
7870
7380
7850
7900
7910
7920
7930
7940
7950
7960
7970
7980
7990
8000
8010
8020
8030
8040
8050
8060
a070
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170
3180
8190
8200
8210
5220
8230
8240
8250
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17

COMMON /AREA2/ N2DsN3DsNEVAPsERSyNPROP2eNCWsNTUNINDISToNPRINT
COMMUN /AREA3/ PSWRePAIPVISCN,DY

COMMUN /AREAS/ ZPROP29PKI14FK2,PKIsPK4 4RP
COMMON /AREAA/ DIAL

IF (NEvAD EQ,0) DIA=DIAl

Y=YV (1s1)

VO=YY (1,2)

Z=YY(1s3)

wO=YY (1l44)

IF(N3D4EN.1) X=YY(1+5)

TIF(NSDeENL1) ybD=YY(146)

LROSSWIND MODEL

ZCw=4

TF(ZUWe L T,0,) ZCW=0.
ZCw=LCWnn
IF(NCW.FQ.0) VCw=0,

BKANCH TO CORRECT SECTION OF CODE DEPENDING ON OPTIONS
SELECTED

IF(N2D,FQ.2,0R.N3D.EQe2) GO TO 45
IF(h3DeFQ.1) GO TO 15
KK=0
IF (NVAR,FQ,11.0R,NVARSEQe¢10) GO TO 10
IF(NCweFR,1) GO TO 20
IF(NTUN,EQ.1) GO TO 30

IF(NPROP2,EQ,1) GO TO 35
IFINVAR,EQ.S,0RNVAR,EWe4) GO TO 40
WRITE (5.9)
FORMAT (w nynsasat NVAR INCORRECT #t#sssn)
CONTINUF
KK=¢

IF(NVAR,GE.12) GO TO 10

IF (NVAR,GE.10) GO TO 20

IF (NVAR ,GE,.7.AND.NPROP2.EQ.1) GO TO 35
IF (NVAR,GE.6) GO TO 40
WRITE (649)
CONTLINUE

BOTH VORTICES AND PROP POSITIONS ARE
UETERMINED BY STEP INTEGRATION
HERE NCW=] AND NPROPZ=1

CALL VELTVIYY(19S+KK) oYY (1l yb4KK) oYY (1o 7+KK) oYY (198+KK)sYoeZsViowl)
CALL PROP2D(YeZsYY(1994KK) oYY (1910+KK) 9V2,W2)

VASV1+V24+ (VCW#ZCWH#,25) /U

WASWil+w?2

IF(N3D.£N.0) GO TO 17

CALL BOUND(XeYsZsUAsw3)

CALL PRNPX(YsZaYY(1ell)oYY(1912)sUAP)

UA=VA+UAP

WA=WA+W]

CONTLNUE
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8260
8270
8280
8250
3300
3310
3320
3330
8340
8350
3360
8370
83AR0
8390
8400
8410
3420
8430
8440
8450
8460
8470
8480
8450
8500
8510
8520
3530
£540
3550
8560
8570
8580
8590
8600
8610
8620
8630
8640
8650
8660
8670
8680
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8700
8710
8720
8730
8740
8750
3760
2770
8780
2790
8800
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CALL VELTV(YY(1s5+KK) 2YY U1 96+KK) oYY (1yT+KK) oYY (LloB+KK)
S YY(1l99+KK) oYY (1910+KK) VPl oWwPl)

DY (7+KK)=VP1+(VCWR(YY(Lls10+KK)#B)##,25) /U

DY (LU+KK)=wP]

IF(YY(14104KK) 4LToRP) DY{104KK)=04

CALL VELC(YY(145+KK) oYY {LlsO+KK) oYY {19 T+KK) oYY (Lls8+KK)sV1sWl)
DY (D+XK)=V1+ (VCWR (YY (L96+KK) 4Ry #5,25) /U

DY (O+KK)=wl

CALL VELCU(YY(le74+KK)I oYY (1484KK) 4YY{19S+KK)sYY(1s6+KK) sV1swl)
DY (/+KK)y=wV 14 (VCUWR (YY (LeB+KK ) 30) 9% ,25) /U

DY (B*KK) ==W]

GO TU Sp

CONTINUE

NCw=1: VORTEX POSITIONS DETERMINED BY STEP INTEGRATIONS
NO PRnp

CALL VEL TVIYY (145+KK) 9YY(196+KK) oYY (1s7+KK) oYY (198+KK) 9Y9ZrV1eWA)
VASVi+(yCuwozCwee ,25) /U

IF(N3DeFQ.0) GO TO 25

CALL BOUND(XeYsZsUAsWl)

wASWA+WY

CONTINUF

CALL VELC(YY(1¢S+KK) oYY (Llo6+KK) oYY (Lo T+KK) oYY (1ls8+KK)sV1swl)
DY (2+KKy=V]1+(VCW(YY(lsb6+KK)H#R) w0 ,25) /U

DY (O+KK) =Wl

CALL VELCUYY(147+KK) oYY (1s8+KK) oYY {L0S+KK) oYY (196+KK)sV1enl)
DY (/+KK)==V1+(VCW# (YY(198+KK) #B) 8% ,25) /U

DY (B+KKy==W]

GO TQ Sy

CONTINUE

NTUN=1: NPROP20=0 OR 1

VP1=U,

wP1=U,

CALL TUMVEL(YeZeYY(145)9YY(1s8)yviewl)
IF(NPROP2.,EQ,1) CALL PROP2D(Y4Z+0e9YY(1e7)oVPLlowP1)
VA=V1+Vpl+(vCWazCcwes,25) /u

wA=wl+Wpl

CALL VORTUNI(YY(1+5)sYY(196)sDY(5)sDY(6))

1F (NPROP2,EQ.0) GO To 50

CALL TUNVEL (0.9 YY(1oT7) oYY (195),YY{196)4VDUMsDY(T))
GO TO So

CONIINUE

NFROP2=1:; WITHOUT CROSSWIND OR TUNNEL

CALL VEL2D(Te04oYY{19S+KK)sV1,Wl)
IF(YY(1.,54KK) LE.RP) 91=0.

DY (9+KK) =Wl

CALL VEL?D(TOY,ZQVAQNA)

CALL PROP2D(YsZe0esYY(1l95+KK)4VP1sWP1)
VA=VA+yYp1

wASWA+ D
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Aa10
8820
8330
8840
8880
38610
_370
&840
8890
8900
8910
8920
8930
8940
8350
3960
8370
8980
84990
9000
5010
9020
5030
3040
9050
3060
9070
9080
9050
51090
9110
9120
9130
9140
9150
9160
3170
9180
9190
9200
9210
3220
8230
9240
9250
8240
9270
9280
9290
9300
9310
3320
9330
9340
9350
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IF(N3D.FQ.0) GO TO 37

CALL BOUND(XoYsZ UAsw2)

CALL PROPX(Y9Z90a.sYY(Ll9T)UAR)
UA=UA+UApP

WASWA+W)

CONIINUF

GO TU Sn

CONTINUP

NeD=1 OR N3D=}: NO OPTIONS FXCEPT NEVAP MAY EQUAL 1

CALL VEL2D(TsYsZsVAsWA)
IF(N3D.FR.0N) GO TO 50
CALL BOUND(XoeYeZoUAswl)
WA=WA+W]

GO TO 59

NeD=2 OR N3D=>
GET VELOCITY FROM USER SUPPIIED SUBROUTINE USERYV

CONTINUE
CALL USERV(TeXeYeZrUAIVAIWA)

50 CONIINUE

5

&

CALCULATE RHS OF DROPLET DYNAMICS EQUATIONS AND EVAPORATION

IF(NEVAP (E£Q,1) DIA=YY{1lsNVAR)

R=U®\ (Da#DTA)#SQQT ((VA=VD) #0224 (WA=WD ) #82)) /VIS

IF(N30.FQ.1) R=U®# ((DA®DIA)#SQRT ((UA=UD)#22+(VA=VD)®a2
+(WA=WDI®Y2)) /YIS

COR=1404041972R880.,63+0,26E=3arse],38

S=1b.%(ReDA) /(DIA®DD)

RU=(DA®nTARY) /VIS

IF(NEVAP ,EQ,0) GO TO 60

DY (NVAR)==2,8(B/U)#(18.016/28,97)2(DV/DIA)#(DA/DD) # ( (PSWB=PV)

/(PA=PY) )8 (2e+.69SCNO#(1e/3,) #R®#,5)

60 CONTINUE

70

oy(D=yy(1,2)

nY (2)=((5#CNR) /RY) # (VA=VU)

DY (3)=YY(1e4)
DY(4)=((S®CDR) /RU) # (WA=WD)=(BaG) /ys*"2

IF(NEVAR EQ.1) DY(2)=0Y(2)=(3./01A)*VD*DY (NVAR)
IFINEVAP (EQ,1) DY(4)=DY(4)=(3,/DIA}*WDBDY (NVAR)
IF(N3D.EQR.0) GO TO 70

DY(5)=Yy(1s6)

DY (D) =((S#CDR) /RU) # (UA=UD)

IF(NEVAP EQ.1) NY(6)=DY{(6)=(3,/DIA)2UDPDY (NVAR)
RETURN

END

SURROYTINE USERVesesesUSER SUPPLIED
WiITH N2D=» OR N3D=2 USERV IS CALLED BY DIFFUN FOR THE

VELOCITY IN THE wAKE. THIS ALLOWS THE USER TO REPLACE
THE CODEt'S WAKE MODEL WITH ONE OF THEIR OWNe THE NEVAP
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9360
9370
9380
9390
9400
9410
9420
9430
9440
9450
9460
9470
5480
$490
9500
9510
9520
9530
9540
9550
9560
9570
9580
9590
9600
9610
9620
9630
9640
9650
9660
9670
9680
9690
9700
3710
5720
9730
9740
9750
9760
9770
9780
9790
9800
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9820
9330
9840
9850
9860
SAT0
9880
5890
9910
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UPTION Is STILL AVAILABLE AS IS NDISTe NPRINTs AND NPLOT.
THE PROPELLER AND TUNNEL MODELS ARE AVAILABLE TO THE
USER aY INCLUDING THE PROPER INPUTS AND SUZROUTINE CALLS.

PASSEN To yseERV IS THE NONDIMNSIONAL TIME.Ts AND THE
NUNDTMENSIONAL POSITION XsY,2, THE USER RETURNS THE
CORRESPONNING NONDIMENSIONAL VELOCITIES UAsVAsWA,

SUBKOUTINE USERV(TeXeYeZrUAsVA,NA)
RETURN
END

SUBROUTINE VEL20: INPUT DIMENSIONLESS TIME AND POSITION(YsZ)
VEL2n RETURNS DIMENSIONLESS INDUCED VELOCITIES(UAsVA) FROM
A VORTEX PAIR UNAFFECTED By CROSSWIND

SUBROUTINE VFL2D(TeYsZ9VAsWA)
COMMON /AREA1/ A4CL9B9UsG9ZY0,ZZ0sDASVISeVCWsD9DD

CALCULATE THE POSITION OF THE VORTICES

€=3¢141592654

Cl=1/(Zynsup)+1/(2209%2)

C2==((C192Y0822=2,0)/SART(ClazyQ»22=1,0))

C3= ((C18220802=2,0)/SART(Clez700%2=1,0))

C4=Ce® ((4.ENaCaa) /7 (CL?CL))

CS5=C392((4,EnaCaa) /7 (CL*CL))

IF(TeGT ,c4) GO Tn 10

ZYSSURT ((({((ToCL®CI)/(4.08C8a))0e2)#C1=(C28THCLOCLo#2)/(2.0%CH
Al +C18C2042+44,08C1)=SART(((((T2CLPC1)/(4.0%CoA))Ba2)#Cl=(C2

P18CLECLloa2) /(2.,08C0R) +C1oCo088244,04C1)282=6,02C1a828 (((T2CL#C]

1/ (6, ,08Con))2a2=(C208THCLEC)) /7 (2.0%CoA)+C20#2+4,0}))) /{20
vL1%e2))

GO TO 2n

ZYSSURT ((((((T#CLOCL)/(4,08CRY))Ha2)RCl=(C2#TRCLRCL%22)/(2.07C?
A)+C1aC289244 ,0¢C1) +SURT({ (((TOCL®CL) /(4 ,0%#C#A) ) wa2)8CLl=(C2

PIoCL aCl1842) /(2,09CHA)+C14C200244409C)) #02=4,05Clon28(((TH#CLAC]

1/7(6,00CHA) )0a2=(C28TaCLYCL)/(2.0%CHA)+C29%2+4,0))) /(240
*Llaap))

IF(TeLT,C5) GO To 30

2Z=SURT ((((((THCLBCL)/(4,00Caa))»82)#Cl=(CI38THCLRCLo0a2)/(2,0%CH
Al+C1aC300244,09C1)=SART(({((TACL?C1)/(4.,04%C#A))#u2)®Cl=(C3

“TACLOCLlan2) /(2.,04CPA) +C1oCIR2+440#C1)202=4,08Clae28(((THCL2CL

)/ (4,09CoR))8a2=(C3*THCLHC1)/(2.0%CHA)+CI802+44,0)))/ (2.0
®L1902))

GO TO 4¢n

ZZ=SGRT (LU ((TECLOCL)/{4400C#A) ) 282)9Cl=(C3#THCLACL282)/(2.,0%C*
A)+C18C380244 ,08CLI*SQRT(((((TPCLPC1)/(4,0%CBA))862)#Cl=(C3

#T0C #C1a02) /(2.,09C2A) +C1RCIRB2446.0%C] ) #02=4,0#C1oe24( ((T#CL2C]

1/ (4,08CaA))n02=(CIH*THCLYCL1)/(2.02C2A)+C3892+44,0))) /(240
®Clean))
CONTINUE

CALCYLATE THE INDUCED VELOCITIES
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9910

5920

9930

9940

9850

9960

8970

9630

9990
10000
10010
10020
10030
10040
10050
10060
10070
10080
10030
10100
10110
10120
10130
10140
10150
10160
10170
10180
10190
10200
10210
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
103490
10350
10360
10370
10380
10390
10400
10410
10420
10430
10440
10450
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VAS{CL/ (2.00C8A) ) # ((ZZ42) 7 ((Z27+2) 922+ (2Y=Y)002)=(22+2)/((22+2)

& TR24(2Y+v)#02)=(ZZ=L)/ ((2Z2~2)2P2+ (2Y+Y) 822) +(22=2)/ ((ZZ=2) 992
& +(Zyay)®az))

WAS(CL/ (2.08CoA) )8 ((ZY=Y)/((Z2742) 052+ (ZY=Y)282)+(ZY+Y)/((Z2+7)

R 9R24(7y4y) 20D )= (ZYFY) /((22=Z) 092+ (2Y+Y) #82) =(ZY=Y) /((ZZ=Z) #%2
s +(ZY=y)®a2))

RETUKN

END

SUBROUTINE ROUND: CALCULATES THE INDUCED VELOCITIES (UAwA)
UUE TO THF BOUND VORTEX AT A POINT (XeYs2)

SUBROUTINE ROUND(XsYesZ9UAswWA)

COMMUN /AREA1/ A+CL9BIUGeZY0,47Z0+sDA9VISeVCWsDsDD
RS=SQRT (x#424 (270=2) #%2)

RO=5QRT (x##24 (Z70+2Z) ##2)
UASLle=(CL/(4,83,141592654%A) )2 (((1e=Y)/SQRT(RS##24(],=Y)#02)+
& (le+y)/SNRT (RG24 (letY)B02))0((Z2Z0~2)/RS#%2)+((]1,~Y)/SART
[ (RHE®824 (] ,~Y)#82)+(letY)/SQRT(RESH2+ (], +Y)#92) ) ¥ ((ZZ0+2)

ES /HE%82))

WASILL/(4,.23,141592654%A))# (=((1.~Y)/SQRT(RS#%2+(l,=Y) 282} +

.8 (le+y)/SQPTIRS 82+ (L eY)202) ) 8 (X/RS222)+((le=Y)/SQRT (RE#22
L3 *()lemyY)®0D)+(1.4Y)/SQRT(RE#82+ (1 etY)#02) )8 (X/RE#2D))
RETURN

END

SURRNUTINE PRoPX: RETURNS THE X VELOCITY IN THE PROPELLER
SLIPSTREAM yAP DUE TO A PROP CENTERED AT (YPsZP) AT A
POINT (Y42)

SUBROUTINE PROPX(YsZsYP2ZPsUAP)

COMMUN /AREA1/ A4CL9BIUSGIZYD,4270+sDAsVISeVCWsD9DD
COMMON /AREAS/ ZPROP29PKLsPK24PK3I+PK49RP
QL=SURT ((Y=YP) o524 (Z=IP) ®22)

IF(R1.LT,RP) GO TO 10

yap=u,

RETURN

CONTINUF

R2=H1l/Rp
UAP=(PK1#(1,~R2)+PK26R2#2IN(R2#3.141592654) ) /U
RETURN

END

SUBROUTINFE pROP2D: RETURNS DIMENSIONLESS PROPELLER INDUCED
VELOCITIES(Vew) AT POSITION (YsZ) FOR A PROP AT (YPsZP)
(ALL POSITIONS DIMENSIONLESS)

SUBROUTINE PROP2N(YeZ9YPsZPsVew)

COMMON /AREAL1/ AoCL9BIUIGIZYD4ZZ0+4DAsVISeVCWsD0D
COMMON SAREAS/ ZPROP29PKLIPKZ2yPKIPK49RP

RIZDSURT ((Y=YD) Ra2s (Z=LP) *22)

IF(Rl.LT,RP) GO TO 10

Vv=0e
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10460
13470
10480
10490
10500
10510
10520
10530
10540
10550
10560
10570
10580
10590
10600
10610
10620
10630
10640
10650
10660
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10680
10690
10700
10710
10720
10730
10740
10750
10760
10770
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10790
10800
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10850
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10880
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10960
10970
10980
10990
11000
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wW=0se

RETURAN

CONTINUF

R2=K{/Rp
SVI=(PKIn(1,0=R2)+PK4?R2Z#SIN(R2#3.141592654)) /U
v=({L=Zp) /R]1) 85V

W= ((YP=y)/Q]1)ssy]

RETUKN

END

SUARONTINE VELTV: RETURNS INOUCED VELOCITIES (Vyw) AT
PUSITION (Y+Z) FOR VORTICES LOCATED AT (ZYR»ZZR) AND
$ZyL.220) (ALL QUANTITIES DIMENSIONLESS)

SUBRQUTINE VELTV(ZYReZZRIZYL9Z7LsYeZeVeW)

COMMUN sAREA1/ AWCL4BYU+GeZY04ZZ0¢DAsVISIVCWDsDD
COMPLEX CeZCR +Z2CL .WZ’ZD
GAMMA=C[ / (A02,93,14]1592654)

GC=CHMPLX (0, ¢sGAMMA)

Z0=UMPLX (Ye7)

ZCR=LMPL X (ZYRy ZZR)

ZCL=CMPYL X (ZYL 9 ZZL)

WZ==0C# (] ,/(ZD=ZCR) =1/ (ZD=2CL)+14/ (ZD~CONJG(ZCL))
&  =le/(7D0=CONJG(ZCR)))

v=REAL (W7)

WI=ALMAG(WZ)

RETURN

END

SUBROUTINE VELC: RETURNS INDUCED VELOCITIES (Vew) ON A
VORTFY CORE AT (Y19Zl) AND (Y2+22) (ALL QUANTITIES ARE
ULMENGIONLESS)

SUBROUTINE VELC(Y14Z19Y29220V W)

COMMON /AREA1/ A¢CL9BIU,G9ZY04ZZ0+DAIVISeVCWoD9DD
COMPLEX GCeZCleZC29W2

GAMMA=C| /(2,23,141592654%A)

GC=CMPLX (0. ¢GAMMA)

ZC2=CMPLX(Y2,22)

ZC1=CZPLX(Y1,ZI)

WZ==GC® (=1.,/(ZC1=ZC2)*1+/(Z2Cl=CON - -
] Cl1=CONJG(ZC2))=1,/(ZC1=-CONJG(2C1)))
==AlMAG (W2)

RETUKN

END

SUBRAYTINE VORTUN: RETURNS INDUCED VELOCITIES (VV,WW)

AT A POINT (ZYe22Z) FOR THE TUNNEL CASE WHERE VORTICES
ARE LOCATED AT (2Y*ZZ) AND (2ZY»=Z2Z) (ALL QUANTITIES ARE
DIMENSIONLESS)

SUBROUTINE VORTUN(ZYZZsVV Wi}
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11010
11020
11030
11040
11050
11060
11070
11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11190
11200
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11290
11300
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11320
11330
11340
11350
11360
11370
11380
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11410
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11540
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COMMON /AREA1/ A,CL9B9UsG9Z2Y04,720¢DAsVISesVCW9D9DD
COMPLEX 71+wsCONST

C=3+141592A54

DTUN=D/n

Z21=CMPLX (ZY+72)

GAMMA=Cj /(2,8C9A)

E=0e

CONST=CMPL X (£ 4 GAMMA)

w=(Ves0,)

CALCULATING THE COMPLEX VELPCITY AT A VORTEX

00 40 I=1e21

N=I=1]

IF(N«EG,0) GO TO 10

WENTLONSTH (w10 /7 (NODTUN) ) #(1a/(2.#ZY+NODTUN) I =(1a/ (2,271
+N#DTUN) ) +(Le/(Z1=CONJG(Z1) +N®DTUN)))

CONTINUE

WEWFCONSTH ((14/(2482Y))=(1,/(2,% +(1. -

VVEREAL fuy (2.%Z1))+(1./(Z1=CONJG(Z1))))

wW="AIMaAG (W)

RETURN

END

TUNVEL SOLVES FOR THE INDUCED VELOCITY (VAsWA) AT A POINT IN TH
TUNNEL, (YDsZD) AND A GIVEN VORTEX POSITION (ZYs+-ZZ).
{ALL QUANTITIES ARE DIMENSIONLESS)

SUBKOUTINE TUNVEL(YDeZDsZYsZ2Z4VAsWA)

COMMUN /AREA1/ AeCL3BYUsGsZY042Z0+4DAVISsVCWDsDD

COMPLEX CosZ,CONST W

CC=34141592654

GAMMA= (CL®#UBB) /A

CD=GAMMA /(2,4CC)

E=0e

CONST=CMPLX(E+CD)

F=CC/D

DYD=YD#Q

p2D=2D¢%R

0ZY=ZY%R

DZZ=2Z%n

C=CMPLX(N2Y,D2Z2)

Z=CMPLX(DYDDZD)

==CUNST2( ((CSINIF#Z) ) #92=(CSIN(FACONJG(C)) ) #22) / ((CSIN(FHZ)) 222
={CSIN(FRC))202) )0 (((2.8FaCSIN(FoL)2CCOS(FRZ) )@ ((CSIN(F®C)) ##2
:;:g}N(F°anJG(C)))’“2’)/((CSIN(F“Z))°°2-(CSIN(F°CONJG(C)))‘“2

w=CONJG (W) /U

vA=REAL (W)

wA=AIMAG (W)

RETURN

END

SUBRQUTINE SwATH: CALCULATES THE DISTRIRUTION FROM EACH NOZZLE
AND syMS THESFE UP TO GENERATE A TOTAL DISTRIBUTION AND
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40
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2l

IMATES DRIFT. IF NPRINT=1 EACH NOZZ
AND - * ZZLE'S DISTRIBUTION
NPIFT IS nUTPUT I I I

&SUBHOUTINF SWATH(NCOLYNROWsQNTAMNSSTDEVsYNOZsOWIDTH,
DIMENSION TRE (1501000 1YNOT (L o0) s o1 2E (1os 1000 oN
L ]

DIMENSIOM ORIFT(IOO)vYI(15)'C(AvIS)’SIZ(ié??;;Z?g?é}OO),DIST(I)
gi:s::%z: giﬁgélssloo;;5(1595)-MET(IOO)oXLIST(4)’SLIST(4)
EXTERNA, CINT.B;;TO)' DEV(100)90Q(100)+Cl(4915)sDLIST(4)
COMMON /AREA2/ N20sN3DsNEVAP,EPS4NPROP2sNCWINTUNINDISTyNPRINT
COMMON /AREAG/ STZsSIZ1INRWC1l,DIAMNIZSTDEVI

COMMUN ,AQEA10/ TRAJDIAGsSIZE

DATA S/7540,/ -~

KJ=0

START==wINTH

NWIUTH=1n08WIDTH+1=START#100

DO 1V I=t,NCOL

NR=NRUN (1)

IF(NR.EQ,0) GO TO 200

IF(MET(I)sEQ,1.0RNR.LTe¢4) GO 1O 100

IF MET(1)=0 THE I'TH NOZZLE+S DISTRIB
k 2 UTION IS CALCULATED
USINm A CUBIC SPLINE LCOLAT

IF(NPRINT.EQ.0) GO TO 46
WRITS (6440) YNOZ(I)
FORMAT (1 enyNOZ="eFS5e¢3)
WRITE (4,45)
FORMAT (1000 g 3(TXoYGHellXeM " " "
CONT I Ur ’ DIAM,S5X+"CONCENTRATION"))
D0 2U J=1NR
K=NR=J+1]
SIZ(J)=STZE(K, 1) <
SIZL(J)=NTAG(K,T)
YI(J)I=1,/(TRAJI(K1)=YNOL(T))
CONTINUF -
18C=v
AA=U,
BB=V.
IF(NEVAP ,£Q.1) CALL CSPL(SIZ,s sNRsC . v AA
CALL CSPL(YI-SI?.NR;CvSvIBC;AAEgé) trse18c o8
IF(ABS(TRAJ(NRT) ) LT.OWIDTH) Go TO 21
gitl“;:l./(anDTH-YNOZ(I))
FIND(YI, 9CoD
ConTINuE SIZsNR ELTAY DRIFT(I) »OUMIDUMY)

CALCHLATE THE DISTRIBUTION aND ADD TO DIST ARRA
y
OUTPUT TO 6 IF NPRINTS] '

NPTS=(TRAJ(1,1)=START)®*100+]
NENUSNWINTH
IF(TRAJ(NReT1LT,TRAJ(L9 D)) NEND=1
NSTART=NPTS

NSTUFP=NEND
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27

80
30
35

100

105

110

IF(NEND _NEL1) GO TO 25
NSTART=NEND
NSTOP=NboTS
CONTINUF
DIAULD=1n00A,
DO 30 KKk=NSTART.NSTOP
KK=KKK
IF (NEND ,£Q.1) KK=NSTOP=(KKK=1)
Y§=5TART+(KK-1)».01
ggtl“é=l./(YG-YNOZ(I))
SFIND (YI9SIZoNR+C+DELTAYDIA+DDYG4DUMY)
IF(zlA-GE.DIAOLD) WRITE(6+27) 1,4DIA ’
FORMAT(nnnynaess CUBIC SPLINE PROBLEM NOZZLE NOJ"9I3s" DIA=",

& Fl3e6 e anan)

0IAOLD=nTA

IF(LLALLT.DRIFT(I)) GO TO 35
IF(ULA.GT.SIZ(NR)) GO TO 30 '
DVOD=(ExP (=, 54 ((DIA~DIAMNII)) /STDEV(1)) #42))

& Z{STOEV(T)I#SART(2.23,141592654))

IF(NEVAD EQ,1) CALL CSFIND(S1Z,S
.EQ. +SIZ1INRsC1sDIASDIALIDUMY sDUMM
IF(NEVAP ,EQ,1) DvDD=DVUD#(DIA}4#3/DIA=#3) *OUMYD v
DYGT=1le/((YG=YNOZ(]))®22)

pDYG=D0vG®#0YG

DISTI=ARS(Q(1)4DyDD*DOYG)

DIST(KK)=DIST1+DIST (KK)

I;(N:RINT.EQ.O) GO To 30

IF(ULST] LT, (1.E~4/Q(1))) GO

IF(KJLEN,3) KJ=0 ) To 30

KJ=KJ+1

XLIST(KYY=YG

DLISTIK )Y=DISTI]

SLIST(XJ)=D1A

IF(KJLEN,3) WRITE(6+80) (XLIST(K =
FORMAT (0 "o3(515.6.5513.6)) (K1) oSLIST(K1)sDLIST (K1) sK1=1,3)
CONT LNUF

CONTINUE
&IF(KJ-NE.3.AND.NPRINT-=0-1) WRITE(6+80) (XLIST(K1)eSLIST(K1)
60 T0 200 DLISTI(K1) sK1=14KJ)

CONTINUE

- S 1 1

KJ=U
IF(NR.LT.2) GO ToO 200
;g;:i?fNT.EQ.I) WRITE(69105) yYNOZ(I)
MG UYNOZ="9FSe3 /044 nyGge
s Ly ) / 94 (BXaMYGM G TXy"CONCENTRATIONY) /)
K=NR=J+1
SIZ{J)=qIZ2E(Ky1)
QRIZI(NI=NTAG(KsT)
YI(U)=STRAJ(K,ST) )
CONTINUE
IF (NEVAP EQ,0) GO TO 115
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113
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115

120

135

140

141
130
199

LS
200

IF(NR.GF,.4) GO TO 112

WRITE(6,113) 1

FORMAT (npneness INSUFFICIENT DATA TO CALCULATE DISTRIBUTION w###uy
" wde NOZZLE NOe "y I24n DISTRIBUTION SET = TQ ZERQ ##en)

G0 TO 39n

conTINUE

18C=u,

AA=Ue.

AB=U.

CALL CSPL (SIZ9STIZ1sNR3ClsSeIBCsAAIBB)

CONTLNUE

CALCULATE DISTRIBUTION AND ApD TO DIST ARRAY,
IF NPRINT=1 OQUTPUT TO 6

YMIN=100

YMAX==10n

DO 140 k=l.NR

IF(YL(K) LT, YMIN) YMINSYI(K)

IF(YL(K) ,GT.YMAX) YMAXSYI(K)

CONT INUF

ISTART=(YMIN=START)#100+]

DO 430 K=ISTART NWIDTH

Y6={K=1)5,01+START

1F (ABS(YG) «GT.OWIDTH) GO TO 130

DISTLi=0,

IF(YG.GT,YMAX) GO TO 199

J1=NKe]

DO 140 y=le91

IF(YG LT, YI(J) eANDYGelLToeYI(J+]1)) GO TO 140

IF(YOOT,YI(J)eANDeYGeGTeYI(J+1)) GO TO 140

SLOPE=(STIZ(U+1)=SIZ(J) )/ {YI(J+1)=YI(J))

DIA=SIZ (J)+SLOPE®(YG=YI(J))

DVOU=(Exp (=,5# ((DIA=DIAMN(I)) /STDEV(I))#22))
Z{STDEV(T)#SQRT(2.%3,141592654))

TF (NEVAP ,FQ.0) GO TO 135

CALL CSFIND(SIZ+SIZIsNReClsDIADIALOMY9DMMY)

pVDU=DVDD® (DAl #43/DIA®®3)

CONTINUE

DISTLI=01ST1+Q{I)#ABS(SLOPE#DVDD)

CONTINUF

BIST{K)=NIST1+DIST(K)

IF (NPRINT.EQ.0) GO TO 130

IF(KJ.En,4) KJ=0

KJ=KJ+1

XLIS) (KYY=YG

OLIST(KJ)=DIST1

IF(KJeEN.4) WRITE(69141) (XLIST(K1)sDLIST(K1)1K1l=104)

FORMAT (1t 144 (E16,63E14e6))

CONTINUE

CONT INUF

IF (KYoNE 46 o AND,NPRINTEQel) wRITE(69141) (XLIST(K1),DLIST(K])
sK1=1KJ)

CONTINUF
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205

300

330

320

URIFT ESTIMATION

DRFT=DRIFT(I)

IF(DRIFT(1),FQ.0) GO TO 300
IF(DRIFT(I)NEL.SIZE(1¢I)) GO TO 205
DRIFT(Iy=100,

GO T0 3s0

CONTINUE

AA=Ue
BB=(DRIFT(I)=~DIAMN(I))/STDEV ()
ISELG=ABg (RR#20) /2

ISEL=ISEG*=?2

CALL SIMP (AA«BB,ISEGsCINT,ANS)
ANS=ANSaSART(1,/(2.%3+141592654))
DRIFT(I)=(.50+ANS) 2100

CONTINUF

IF (NEVAP EQ,0) GO To 350

INCLYDE THE EFFECT OF EVAPORATION IN THE DRIFT

IF(NR.GE,4) GO TO 320

WRIIE(6,330) I

FORMAT (nanyneaueINSUFFICIENT DATA TO ESTIMATE ORIFT soauy
n sss NOZ7LE NOe "sI24n DRIFT SET EQUAL TO ZERQ »e#h)

DRIFT(I)=0.

GO TU 10

CONTINUF

AA=URFT

BB=>1Z(nR)

ISEG=IFTX ((STZ(NR)=SIZ(1))/20)220

IF(ISEG,LT.2) ISEG=2

DIAMNI=NTAMN(T)

STDEVI=STDEV(I)

CALL SIMP{AA,BR,ISEG,BINTsANS)

EVAP=1.=ANS

DRIFT(I)=EVAP#100,+DRIFT(I)

CONTINUF

IF(NPRINT.EQ,1) WRITE (6960) DRIFT(I)

FORMAT (MO DRIFT="4yEl%4.6)

CONTINUE

RETUKRN

END

5IMP 1S A SIMPSON'S RULE INTEGRATION ROUTINE

AAeBR ARE THE LIMITS OF INTEGRATION

1SEG 1S THE EVEN NUMBER 0OF SEGMENTS AA TO 88 IS DIVIDED INTO
CINT IS THE SUBROUTINE WHICH EVALUATES THE INTEGRAND

ANS RETURNS THE ANSWER

SUBRUUTINE SIMP (AABB9ISEGsCINTANS)
DELTA=(RR=AA) /ISEG

ISEGLl=IgEG=)

SUM=U.

no 4V I=1.I6FG1

87

13760
13770
13780
13730
13800
13810
13820
13430
13840
13850
13860
13870
13880
13890
13900
13910
13920
13930
13940
13950
13960
13970
13980
13990
14000
14010
14020
14030
14040
14050
14060
14070
14080
14090
14100
14110
14120
14130
14140
14150
14160
14170
14180
14190
14200
14210
14220
14230
14240
14250
14260
14270
14280
142990
14300



[sNeNel

s NeNyel

OO0 0O0n

10

FAC=«,

K=1/2

IF((Ra2y FQ,I) FAC=2.
XZAA+T4NEL TA

CALL CINT(X4Y)
SUMSSUMsysFAC
CONTINUE

CALL CINT(AA.Y1)
CALL CINT(8R.Y2)
SUM=SUM+yl+yp
ANS=(DE|TA/3.)5UM
RETUKN

END

CINT EVALUATES INTEGRAND WHEN NEVAP=0

SUBROUTINE CINT({XsY)
YSEAP (= ,508x0882)
RETURN

END

BINT EVALUATES INTEGRAND wHEN NEVAP=1

SUBROUTINE RINT(XsY)

DIMENSIAN SIZ(15)9SIZ1(15)9Cl(4415)

COMMON /AREAQ/ S1Z,SIZ19NRsC14DIAMNIWZSTDEVI
S?kEACSFIND(SIZ.SIZI;NR9C1chDIAloDUMYoDUMMY)
DVOU=(Exp (=,5¢ ((DIA=DIAMNI)} /STDEVI)®#%2))

& Z{STNFVI*SQRT(2+%3,141592654))
Y=(DIA1/NIA)#434DVDD

RETURN

END

INCON EVALUATES THE INITIAL VELOCITY OF THE DROPLET

éU CnrRECT FOR THE EFFECT OF THE BQUND VORTEX THE DROPLET IS
LVEN AN INTTIAL VELOCITY EqQuUAL TO ITS TERMINAL VELOCITY AT
THAT POINT IN THE FLUW FIELD

SUBROUTINE IMCON(YYsDIAWNVAR)

DIMENSIAN YY(13,NVAR)

COMMON /AREAY/ AeCLIBIUSIGIZY04270+DAIVISIVCWaDeDD

COMMUN /AREA2/ N2DsN3DINEVAPIEPSNPROP2INCWINTUNSNDISToNPRINT
€=3.141592654

ZY=2Y0

Z2=740

Y=YY(1s1)

2=YY(1e3)

IF(NTUN,EQ.1) GO TO S
VAS(CL/Z(2,02CBA) )R ((2Z*+2)/((2Z2+42) 992+ (2Y=Y)#8#2)= (27472} /((22+7)
& B4 (FY+Y)P2)=(Z2Z2)/ ((2Z2=7) #R2+ (Zy+Y) 8E2) +(22=7)/ ((ZZ=Z) #%2
& +(2ZY=y)®a2))

WAS(CL/ (2,08C2A) )0 ((ZY=Y)/ ((ZZ7+42)1982+(ZY=Y) 082} 4 (ZY+Y) /((22+2)
& TU24(TY4Y)002)=(ZYPY )/ ((ZZ2=7) 922+ (2Y+Y)RR2) = (ZY=Y)/((2Z=2) #®2
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IF(NTUN,EQel) CALL TUNVEL(Y3sZeZY9ZZsVAsWA)
§=18e% (RaDA) /(DTA%DD)

RU=(DA®NTA®Y) /VTS

vD=vaA

YY(l42)=vA

WOL=WA

wDR=WA

DO Lu J=t1s100

WORZWORLWA

R=U®ABS ( ((DASDTA) % (WA=WDR))/VIS)
COR=1,040.1970R8#0,63+0.26E=-032R441,38
FR=((SeCDR) /RU) ® (WA=wOR) =(B*G) yuns2
IF(FR,GT,0.F0)Go TO 40

CONTINUF

WRITE (4.20)

FORMAT (nanenseass WDR EXCEEDED DO LOOP IN INCON ##awswn)
WRITE (4430)

FORMAT (v nases RIGHT ENDPOINT IN INCON INCORRECT #swan)
YY(l94)=0,EQ

GO TO 9n

CONTINUF

SOLVE FOn THE VELOCITY BY THE METHOD OF BISECTION

DO SV I=1+500

WOM= (WD +WDR) /2,E0

R=ABS( ( (DA®#DTIA) # (WA=WOM) ) /VIS)

R=R*U

COR=1.040.197#Q450,63+0.26E=034R2%1,38
FM=((S#ENR) /PU) 2 (WA~HOM) = (B2G) yyse2

FF=ABS (FM)

IF(FFL.LT,EPS)GO TO 70

IF(FM.GT,0.E0) WDR=wDM

IF(rMJLT,0.,E0) WOL=WDM

CONTINUE

WwRITE (4,60)

FORMAT (1}nynanes DO LOUP PARAMETER IN INCON EXCEEDED #eea't)
YY(led)=0,E0

GO TO 9n

YY(Lsa)=wOM

IF(NOIST,EQ,0) WRITE (6980) VD.WOM

FORMAT(unnyWINCON VALUES"sT25,nyD="1E13.69T45s"WD="4E13.6//)
RETUKN

END

YZFIN EVALUATES THE DROPLET LOCATION AND VELOCITY

WHEN 1T INTERSECTS THE GBROUND PLANE

VALUES FOR THE NEXT TO LAST TIME=STEP ARE IN THE ARRAY
YY1 aND T1. THE VALUES FOR THE LAST STEP YY AND T ARE
REPLACED ny THE LINEARLY INTEIPOLATED FINAL VALUES

TO 3F RETURNED

SUBROUTINE YZFIN(YYeYYLaNVARsT,T1sL)
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DIMENSINN YY(13,NVAR) YY1 (NVAR) s [RUN(S0)
COMMON /AREA1/ A«CL+8B9UGZY0,47Z0eDAeVISIVCWeDDD

COMMON /AREA2/ N2DsN3DINEVAPSEPS NPROP2sNCWoNTUNINDISTeNPRINT

COMMUN /AREAKR/ JJeIRUNSICOUNT
CONVS(0,.F0=yYY1(3)17(YY(i93)=YY1(3))
D0 LU I=1.NyaR
YY(LoD)=(YY(1oI)=YYL(I))®CONVaYYL(])
CONTINUF

yYY(le3)=n,

T=(UI=T1)#CONV) +TL

1F(NDIST.ER,1) GO To 20

WRITE(8430) TovyY(lal)sYY{1e3)
FORMAT(3F13,6)

RETURN

END

SUBHOUTINE ¢SPL

CSPL FITS A CUBIC SPLINE THROUGH THE M INPUT POINTS (XeY).

THE EQUATION FOR THE CUBIC WHEN X IS GREATER THAN X(I) AND

LESS THAN X(I+]) IS

Y(XIZC(141)a({X(T+1)=X)2834C(2,1)2#(X=X(1))#234C(3s1) 2
(X(T+1)=X)+C (69 I)®* (X=X{I})

PARAMETFRS:

X AN APRAY INPUT AND DIMENSIONED X (M) CONTAINING THE
INDEPFNDENT VARIABLE IN INCREASING ORDER

Y AN ARRAY INPUT AND DIMENSIONED Y(M) CONTAINING THE
NEPENDENT VARIABLE

M NUMBER OF (X9Y) INPUT

c AN ARRPAY QUTPUT WITH DIMENSION C(4sM=1) CONTAINING
THE DESIRED COEFFICIENTS

S & WORK ARRAY DIMENSIONED S(Ms5S)

18¢C =0 SFCOND DERIVATIVE oF Y #RT X SET EQUAL TO A AT

X(1) AND 8 AT x(M)
=1 FIRST DERIVATIVE OF Y WRT X SET EQUAL TO A AT
X{(1) AND B AT x(M)
a+8 INPUT VALUE OF FIRST On SECOND DERIVATIVE DEPENDING
ON IRC

PRQGRAMED Ry M, RRAGG AARL/0SU MARCH» 1980

SUBROUTINE CSPL{X+YsM9CsSesIBC,A8)
DIMENSION X(1)eY(1)9C(491)9S(My5)
DO € K2=1,+5

Do 1 Kl:].M

S(KisK2)=0,

CONTINUF

IF(IBC.NE,0) GO TO 10

S(leci=1,

S(Mec)=y,

S(le4)=a

S(Me4)=n

G0 TO 2n

CONTINUE
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S{le2)=2,
S(l+3)=1,
S(l94) =42 ((Y(2)=Y(1))/{(x(2)=x(1))2a2))=(6,9A7(X(2)=X(1})))
S{Msl)=1,
S(Med)=p,

S(Me4)=Q @ (Y (M=1)=Y (M) /(X (M)=xX(M=1))a82)}+(6.28/ (X (M)=X(M=1}))

CON1INuF

Ml=mM=]

DO 30 1=2,M]

DX=ALTI+])=X(T)

DX1=A(I)=X(1=1)

S(Isi)=nx1/Dx

S{lec)=¢2.%0x+2,20X1) /DX

stIr3ar=1,

S(I94)=6 # (((Y(I+1)=Y(I))/DX®a2)=((Y(TI)=Y(I=1))/(DX4DX1)))
CONTINUF

USE THOMAS ALGORITHUM TO SOLVE TRI-DIAGONAL SYSTEM

DO U I=p.M
S(I1€)=5(1+2)=S(1s1)85(I=143)/S(1=1s2)
S(I94)=G(T44)=S(Ts1)8S(I=1,44)/5(1=192)
CONTINUF

S(MID)=G(Me4)/S(Me2)

Do 1Y I=?0M

J=M=l+1
S(JIDIT(S(Jes)=S(Je3)®5(J+145))/S(Je2)
CONTINUF

DO 60 I=14M)

DX=ALI+1)=X(T1)

C(leI)=5(145)/(6.7DX)
C(29L)=5(I+145)/(6.%0X)

C(3r D)=y (1) /DX)1=((S(L95)2DX) /4.)
Clarl)=(Y(I+1)/DX)=((S{I+195)0DX)/6,.)
CONIINUE

RETURN

END

SUBHOUTINE CSFIND

SCFIND USES THE X,Y,MsC FROM A CALL TO CSPL AND RETURNS FOR
ANY INDEPENNENT VARIABLE XX3 THE CUBIC SPLINE VALUE OF THE
DEPLNDENT VARIABLE YYs THE FIRST DERIVATIVE YP» AND THE
SECOND nERIVATIVE Y2Ps

SUBRUUTINE CSFIMNND(XeYsMICoXXsYYsYPsY2P)
DIMENSION X(1)sY(1)sCl(4s])

Ml=M=]

IF(X{1) ,GTaX(M)) GO TO 20

NO 1V I=),M1

IF(XCI) (LEaXXoANDeX{I*1) eGT,XX) GO TO 40
CONTINUF

IF(XXLT X(1)) I=
IF(XKLGE X (My) I=
GO TU ap
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15960
15970
15680
15990
16000
16010
16020
16030
16040
16050
16060
16070
16080
16090
16100
16110
16120
16130
16140
16150
16160
16170
16180
16190
16200
16210
16220
16230
16240
16250
16260
16270
162R0
16290
16300
16310
16320
16330
16340
16350
16360
16370
16380
16390
16400
16410
16420
16430
16440
16450
164510
16470
16480
16490
165170




OONnOOO0

20

30

40

16
10

20

30

CONT INUF

DO 3U I=]4M]

IF(RAUI) (REXXeANDX(I*1) LT oXx) GO TO 40
CONTINUF

IF(XXeGT X (1)) I=1

IF{XXaLT X (M)) I=M1

CONTINUE

YY=LULa Ty a (X (I+1)=XX)##3+C (29 ) # (XX=X (1)) #234C(391) o (X(I+1)=XX)

& *Lla,Tyeixx=x(I1))

YP==3.%C (1lel) 2 (X ([4+1)=XX) 28 HC(2eI)E (XX= -
S 2+3,#C(29 1) #(XX=X([))922=C(3s])
Y2PS04#0 (1) (X (I+1)=RX)+64C (29 ) # (XX=X (1))

RETURN

END

SURRAUTINE pLNT1

PLOT{ IS CALLED IF NPLOT=1 AND PLOTS PARTICLE TRAJUECTORIES
IF NNTST=n AND THE FINAL DISTRIBUTION IF NDIST=}

SUBRUUTTINE PLOTI(TITLE)

DIMENSION IRUN(S50) 4 YPLOT(1001)4ZPLOT(1001)TITLE(13)
COMMON /AREAR2/ N2DsN3DINEVARyEPSaNPROP2sNCWINTUNINDISToNPRINT
COMMON /AREAA/ JJsIRUNSICQUNT

NTOT=JY

RPEWIND g8

CALL PLOTF(12044)

IF(NUIST.EQ,1) GO TO 200

00 1V I=yeNTOT

REAU(Bs16) TWYPLOT(I)9ZPLOT(I)
FORMAT(3F13,6A)

CONTINuE

IMAX=Q,

DO cU I=1,NTNT

IF(LPLOT(I) (GTZMAX) ZMAX=ZPLOT(I)
CONTINUF

YPLUT(NTAT+1)=0.

NTOTI=NTAT+}

C;Lt SCALE(YPLOT«84sNTOTLsFY,spY)

FZ=Ue

DZ=vY

1Z=4MAX /DY <+,

IF(IZ.LE.6) GO Ton 30

CALL SCALE(ZPLOT+6.9NTUT9FZ40DZ7)

DY=WL

CONT InuE

Al1Z=12Z

CALL PLOT(0eS591+59¢=3)

CALL AXTIS(0e90,0'2Y/B?9=%48490,+FYsDY)
CALL AXTS(0e9049?22/8'949A12959044FZs02)
gAtL SYMBOL (14006eS59¢149TITLEVO4936)
DO 4V I=1,ICOUNT

II1=IRUN(T)+K=]

B0 2V J=K,y11
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16510
16520
16530
16540
15550
16540
165790
15580
16590
156400
16610
16620
16630
16640
16650
165660
16670
16630
16690
16700
16710
16720
16730
16740
16750
167640
16770
16780
16790
16800
le810
16820
16830
16840
16850
16860
16870
16880
16890
16900
16910
16920
16930
16940
169540
16960
16970
16980
16990
17000
17010
17020
17030
17040
17050



50

40

200

230

2290

210

NEENLA S

YPLUT LJJY=YPLOT (J)

ZPLUT (JJ)y=ZPLOT (J)

CONTINYF

NLAST=IRuUNI(T)

CALL LINF(YPLOT+FYsDYIZPLOTsFZ4DZyNLASTs001)
K=K+iRUN(T)

CONT INUFE

CALL PLOT(1l.4=1,59999)
RETUKN

CONTINUF

YMAXZ=100,

YMIN=10n,

DO €<l I=14JJ

REAU(8+2390) YPLOT(I)+ZPLOT(I)
FORMAT (2F13,.A)

IF(LPLOT(I) «GT ol oE=2AND*YPLOT(TI)eLToYMIN) YMINSYPLOT(I)
IF(LPLOT(I) ¢GToleE=2.ANDeYPLOT(I)«GTeYMAX) YMAX=YPLOT(I)

CONTINUE

CALL PLOT(N,41.54=3)

k=0

DO €10 1=1,Jd

IFAYPLOT(I) ,LT.YMIN) GO TO 21p
IF(YFLOT(I),6T,YMAX) GO TO 210
K=K+1

YPLUT (K)=YPLOT(I)
7RPLUTIKY=ZPLOT (1)

CONT LNUE

CALL SCALE(YPLNT8.9KsFXyDX)
CALL SCALE(ZPLOT«h.sKeFD4DD)
CALL AXTS (049060t 2Y/B'9=64sBas0e0,sFXeDX)

CALL AXTS (0,40, tCONCENTRATIONY ¢1396495049FDy0D)

CALL SYMAOL (1409heS594L8sTITLED4936)
CALL LINF(YPLOTFXeDX3ZPLOTeFNDDeKs091)
CALL PLOT(lla9=1.54999)

RETURN

END
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17060
17070
170R0
17090
17100
17110
17120
17130
17140
17150
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17170
17180
17190
17200
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17360
17370
173R0
17390
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Co»
Co
Co
Co
Ceo
Cs
Co
Cae
Co
Co
Cw
Co
Ca
Ca
Ca
Cea
Ca
Cn
Ce

THIS SUBROUTINE INTEGRATES A SET oF N ORDINARY DIFFERENTIAL FIRST
ORDER EQUATIONS OQVER ONE STEP OF LENGTH H AT EACH CALL., H CAN BE
SPECIFIED RY TWE USER FOR EACH STEP, BUT IT MAY 8E INCREASED OR
CECREASED Ay DIFSUR WITHIN THE RANGE HMIN TO HMAX IN ORDER TO
ACHIEVE AS (ARGF A STLP AS POSSIRLE WHILE NOT COMMITTING A SINGLE
STEP ERROR WHICH IS LARGER IHAN EPS IN THE =2 NORMsy WHERE EACH
COMPONENT nF TWE ERROR IS DIVIDED BY THE COMPONENTS OF YMAX,.

THE PROLRAM REQUIRES FOUR SUBROUTINES NAMED
DIFEUN(NGT Y DY) ~=USER=SUPPLIED~=~
DECUMP (N Mepw,yIP) ==RENAMEN TO NDIO1Z IN THIS SQURCE==
SOLVE(NeMsPWeCSAVE(l141)2IP) <=RENAMED TO NDIO2Z~=
PEDEHV(T.YsPWaM) ~~U3ER=SUPPLIED=~
THE FIRSTs DIFFUNs EVALUATES THE DERIVATIVES OF THE DEPENDENT
VARTABLES QTORFPD IN Y(leI) FOR I = 1 TO N« AND STORES THE
DERIVAIIVES IN THE aRRAY DYs THE NEXT TWO ARE CALLED ONLY IF ThE
METHOD FLAR MF 15 ST TO ! OR 2 FOR STIFF METHODS. DECOMP IS A
STANDA®D Ly DECOMPOSITION WITH PIVOTING THAT DECOMPOSES THE MATRIX
Pwy LEAVING THE PIVOTS IN THE INTEGER ARRAY IP, M IS THE DECLARED
SIZE OF Pw, IP(N) IS SET TN 0 IF Pw IS SINGULAR. SOLVE PERFORMS
BACK SUOSTITUTION oN THE CONTENTS OF CSAVE(Is1)s LEAVING THE
RESULTS THFoE,
PENDERV 1S UseEN onLY IF MF IS 1, AND COMPUTES THE PARTIAL
CERIVAILIVES OF THE DIFFERENTIAL EQUATIONS AS DESCRIBED UNDER THE
MF PARAMETFQ,

THE TEMPORAQY STORAGE SPACE IS PROVIDED RY THE CALLER IN THE

INTEGER ARRAY 1Py, THE ARRAY PwW, AND THE

ARRAYS SAVE AND CSAVE. THE ARRAY Pw IS USED ONLY TO HOLD

ThE MATRIX OF THE SAME NAME, AND SAVE 1S USED TO SAVE THE VALUES

OF ¥ IN CASE A STEP HAS TO BE REPEATEDs BUT CSAVE IS USED TO HOLD

SEVERAL ARRAYS, THE REGIONS USED ARE

CSAVE(I,41) IS USED MAINLY TO HOLD THE CORRECTION TERMS IN THE

CORRECTOR LOOP, AND HOLDS THE DERIVATIVES DURING
JACOBIAN EVALUATIONSS

CSAVE(I.?) IS USED TO SAVE THE VALUES OF THE SUMS oF ALL OF THE

CORRECTIUN TERMS IN THE PREVIOUS STEP AFTER THEY
HAVE BEEN ACCUMULATED IN THE ARRAY ERROR IN THE

¥ & % & & 5 % g S

& %6 & & & & X OO

% 5 & & 6 6 e B X &k GG K

CURRENT STEP, THIS ENABLES THE BACKWARDS DIFFERENCE#

OF ERROR TO BE FORMED. IT IS USED TO ESTIMATE THE
STEP SIZE FUR ONE OROER HIGHER THAN CURRENT.

CSAVE(I,3) 1S USED TO STORE THE DRRIVATIVES WHEN THEY ARE
COMPUTED BY DIFFUN.

TRE PARMMETFRS TO THE SUBROUTINE DIFSBM HAVE
THE FOLLOWING MEANINGS..

N THE NUMRER OF FIRST ORDER DIFFERENTTIAL EQUATIONS.
MAY BE DECREASED OGN (ATER CALLS IF THE NUMAER OF
ACTIVE EQUATIONS REDUCES» BUT IT MUST NOT RE
INCREASED WITHOUT CALLING WiTH JUSTART = 0.

T THE INDEPENDENT VARIABLE.

Y A 13 ARY N ARRAY CONTAINING THE DEPENDENT VARIABLES AND
THETIR SCALED DERIVATIVES. Y(J+1+I) CONTAINS
THE J-TH DERIVATIVE ofF Y(I) SCALED BRY
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280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550



Co
Co
Ce
Co
C#
[of
Co
Ca
C#

Co
Cs
C»
o]
Ca
Co
Cu
Ce
Cea
Ce
Cao
Co
Co
Co
Cw
Co»
Co
Ca
C»
[of 2
Ca
[of -]
Ce
Ca
Co»
Cn
[of
Co
Ca
Co
Ce
Co
Ca
C#
[of
Co
Co
Cx»
Co
Co
Co
Co
Co

Co

SAVE
CSAvVE
M

HMIN

BMA X
EPS

uF

YMAX

ERROR

H8%J/FACTORIAL(J) WHFRE H IS THE CURRENT
STEP SIZE. ONLY Y(1ls7) NEED BE PROVIOED bY
THE CALLING PRNOGRAM gnN THE FIRST ENTRY.

IF IT IS DESIRED To INTERPOLATE TO NON MESH POINTS
THFSE VALUES CAN BE yseD. IF THE CURRENT STEP SIZE
IS H AND THE VALUE AT T + E IS NEEDEDs FORM
S = E/He AND THEN COMPUTE

NG
Y{I)(T+E) = SUM vy(J+lel)asasy
J=9

A BLOCK oF AT LEADT 13#n FLOATING POINT LOCATIONS,

N®3 FLOATING POINT LOCATIONS USED BY THE SUBROUTINES.

THE STEP SIZE TO S8E ATTEMPTED ON THE NEXT STEP.

H MaY BE ADJUSTED UP OR DOWN RBY THE PROGRaM

IN NRDER TO ACHEIVE AN ECONOMICAL INTEGRATION,.
HOWEVER, IF THE H PROVIDED BY THE USER DOES

NOT CAUSE A LARGER ERROR THAN REQUESTEDs IT

WILL BE USEDs TO SAVE COMPUTER TIMEs THE USER IS
ADVISED TO USE A FalaLy SMALL STEP FOR THE FIRST
CALL. IT WILL BE AUTOMATICALLY INCREASED LATER,

THE MINIMUM STEP SIZE THAT WILL BE USED FOR THE
INTEGRATION, NOTE THAT ON STARTING THIS MysT BE
MUCH SMALLER THAN THE AVERAGE H EXPECTED SINCE
A FIRST ORDER METHOD 1S USED INITIALLY.

THE MAXIMyUM SIZE TQ WHICH THE STEP WILL 8E INCREASED

THE FRROR TEST CONSTANT, SINGLE STEP ERROR ESTIMATES
OIVIDED BY YMAX{I) MuST Y& LESS THAN THIS
IN THE FUCLIDEAN NORM, THE STEP AND/OR ORDER IS
ADJUSTED TO ACHEIVE THIS.

THE METHOD INDICATOR, THE FOLLOWING ARE ALLOWED..

0 AN ADAMS pREDICTOR CORRECTOR IS USED,

1 A MULTI-STEP METHOD SUITABLE FOR STIFF
SYSTEMS 1S USED, IT WILL ALSO WORK FOR
NON STIFF SYSTEMS, HOWEVER THE USER
MUST PROVIDE A SUBRQUTINE PEDERV WHICH
EVALUATES THE PARTIAL DERIVATIVES OF
THE DIFFERENTIAL EQUATIONS WITH RESPECT
TO THE yrS, THIS IS DONE 8Y CALL
PEDERV(T,Y PWeM). PW IS AN N RY N ARRAY
WHICH MysT BE SET TO THE PARTIAL OF
THE [=TH EQUATION WITH RESPECT
TO THE J DEPENDENT VARIABLE IN PW(IsJd),
Pw IS ACTUALLY STORED IN AN M BY M
ARRAY WHERE M IS THE VALUE OF N USED ON
THE FIRST CALL TO THIS PROGRAM,

2 THE SAME AS CASE 1y EXCEPT THAT THIS
SUBROUTINE COMPUTES THE PARTIAL
DERIVATIVES BY NUMERICAL DIFFERENCING
OF THE DERIVATIVES. HENCE PEDERV IS
NOT CALLED,

AN ARRAY OF N LOCATIONS WHICH CONTAINS THE MAXIMUM
OF EACH Y SEEN SO FAR, IT SHOULD NORMALLY BE SET TO
1 IN EAcH COMPONENT REFQRE THE FIRST ENTRY, (SEE THE
DESARIPTION OF tPS,)

AN APRAY OF N ELEMENTS WHICH CONTAINS THE ESTIMATED
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560
570
SRO
S90
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
7R0
790
800
810
820
830
840
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890
900
910
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940
950
560
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100



Co ONF STEP ERROR IN EACH COMPONENT. @
Cs  KFLAO 4 COMPLETION CUDE WITH THE FOLLOWING MEANINGS,, o
Ca +1 TH§ STEP wAS SUCCESFUL. #*
Ce -1 THE STEP wAS TAKEN WITH H = HMINe. BUT THE #
Cw REQUESTED FRROR WAS NOT ACHIEVED. #
Ca» -2 THE MAXIMym ORNDER SPECIFIED wAS FOUND TO °
Cea BE TOO LARGE. ki
Ca -3 CORRECTOR CONVERGENCE COULD NOT 3E ™
Co AUHIEVED FOR H +GTe HMIN, @
Ca -4 THE REQUESTED FRROR IS SMALLER THAN CAN »
Cs BE HANDLED FOR THIS PRO3LEM. ®
Ca  JSTART an INPUT INDICATUR WITH THE FOLLOWING MEANINGS.. °
Ca -1 REPEAT THE LAST STEP WITH A NEW H #
Ca 0 PERFORM THE FIRST STEP, THE FIRST STEP o
Ca MUST BE DONE WITH THIS VALUE OF JSTART o
C# SO THAT THE SUBROUTINE CAN INITIALIZE o
C» ITSELF. o
C» +1 TAKE A NEw STEP CONTINUING FROM THE LAST, ®
C» JSTART 1S SET TO NQs THE CURRENT ORDER OF THE METHOD °
Ca AT FXIT, MQ IS ALSO THE ORDER OF THE MAXIMUM @
Ca DERIVATIVE AVAILAHBLE, A
Ca MAXDER THE MAXIMUM DERIVATIVE THAT SHOULD RE USED IN THE @
Ca METHOD. SINCE THE ORPER IS EQUAL TO THE HIGHEST “
Ce# NERIVATIVE USEDs THIS RESTRICTS THE ORDER. IT MUST °
Ca RE LESS THAN 13 FOH ADAMS AND 7 FOR STIFF METHODS. 3
Cs Pw & BLOCK OF AT LEAST N#ap FLOATING POINT LOCATIONS, *
Ce 1P A BLOCK OF AT LEAST N INTEGERS. »

(X LT LA SAL LI AR TR EFTEL TR LS AT ET SR EIL TS A2 LTSS LR T T 2 2T 909
SUBROUTINE DIFSAM (NsT9Y9SAVE,CSAVE sHeHMINsHMAXsEPSyMF s YMAXsERKROR
1KFLALG s JSTART 4 MAXDER 4PHs IP)
DIMENSINN Y(13s1)e YMAX(Ll)y SAVE(1391)e ERROR(Ll)y PW(l)s A(13)s PE
1RTST (12424314 CSAVE(N®3)s IP(1)
(R LA TR LA L P PR Tl L F R P g R R Y T T T TY TR L R T P
Ce THE COEFFICTENTS IN PERTST ARE USEN IN SELECTING THE STEP AND 14
Ces ORCERs THEREFORE ONLY ABOUT ONE PERCENT ACCURACY IS NEEDED. *
Coadooa#é"““ﬁaoaobaouohﬂbna‘HH"Onaa6qsoooacououoaoodaﬂbaaooaoacoo#acotscooo
DATA PERTST/2494.5¢74333910.42013¢791741591eslesleslerlerlercanl,
142%6937,09453,33470.089874979100.9+¢126,79147:3916848,191e493¢96445
2.167’12.;o15.98,1.’1.91091. 'l.gl,Q1-!12-9240,37089'53.33’70-03987.
3679400094126474147.3+1168¢99191,4921)e0laslese5141667,,04133,,00826
479le9laalesleslosleslorlos2a9l, 9,31574.07607+40139,,0021818,,00029
See0UV035,.0000037+,00000035/
DATA A(2)/=1.0/
IRET=]
KFLAG=]
1F (USTART.LE.0) GO TO S0
Caadaaatt a0 st 00000t adaddttantaasaoddRenadtodadtdlataseldtattensanns
Ca BEGIN BY SAVING INFORMATION FOR POSSIBLE RESTARTS AND CHANGING
C# H BY THe FACTOR R IF THE CALLER HAS CHANGED H. ALL VARIABLES
C» DEPENOENT NN H MUST ALSO BE CHANGED.
C+ E IS A COMPARISON FOR ERRORS OF THE CURRENT ORDER NQ. EUP IS
Cs TG TEST FOP INCREASING THE ORDER, EDAN FOR DECREASING THE ORDER.
C» HNEw IS THE STEP S1ZE THAT WAS USED ON THE LAST CALL.
CHuntantd Rt Ity ant0000a0It08RRddatatsdIcRNtttalaRIGadddadtianRBIRNRIRBRIBLING
10 0O 2 I=1eN

s & 6 & & &
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1110
1120
1130
1140
1150
1160
1170
1180
11990
1200
1210
1220
1230
1240
1250
1260
1270
1230
1250
1300
1310
1320
1330
1340
1350
1360
1370
1330
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1530
1600
1610
1620
1630
1640
1650



DU 20 y=le.k
20 SAVE(Js T =Y Uy 1)
HOLU=HNFy
IF (n,EQ,HOLD) 60 TO 40
30 IREIL=]
G0 TU 750
40 NQOLu=Nq
TOLV=T
IF (JUSTART.GT.0) Gn TO 300
GO T0 8n
50 IF lUSTART,EA.=1) GO TO 70
Coaataaadt oty aa0u0ataasaantdadaasdanssadotatatatsdItsdaltodtonaosndtdans
C# CN THE ¢IRST CALL, THE ORDER IS SET TO 1 AND THE INITIAL »
C# DERIVATIVES ARE CALCULATED. “*
Contanatidladnaassataaadadodddtdndtsnnadadsdsdndadatioddasadiaedonadeany
RR:L 0
NQ=1
N3=N
Ne=N# @2
CALL DIFFUN (NyToYsCSAVE(14+3))
D0 6V I=14N
€0 Y(csI)=CSAVE(T143)%H

HNEW=H

K=2

GO TO 19
c“d“QGG’““’oﬂb{iQOGGOOQQQQQQQQO#999“06#6’0*#60&0#9d#*“ﬁ##ﬁ’ﬁ’#é{#ﬁ&ﬁﬁ@“&.
C# REPEAT LAST STFP By RESTORING SAVED INFORMATION. L4

(XTI AALLZTETTELETEELTLLASLL LY ILLL LY LR LAR 2 S A ALl Ty )
70 IF INQe£Q.NQOLD) JSTART=)
T=TOLD
NQ=NGQOLD
K=NUu+l
GO TO 3¢
Coadanaaa ot s aanadataaadandRitodstssaatoddnsadanasddadatasssatntandonnn
C# SET THt COEFFICIENTS THAT DETERMINE THE ORDER AND THE METHOD »
Ce TYPE, ULHECK FOR EXCESSIVE ORDER, THE LAST TwO STATEMENTS OF
Ce THIS SELTINN SET IWEVAL «GT.0 IF Pw IS TO BE RE=EVALUATED
C» BECAUSE OF THE ORDER CHANGE, AND THEN REPEAT ThHE INTEGRATION
C+ STEP IF IT MAS NOT YET BEEN DONE (IRET = 1) OR SKIP TO A FINAL
C» SCALING BEFNRE FXIT IF 1T HAS BEEN COMPLETED (IRET = 2),
(R TI2EILAAALLEETT TS AALLILLE YT RS LA LR LAl d s Ll st il il L
80 IF (MF.EQ.0) GO TO 90
IF INQeaT.6) GO TO 100
GO 1O (23042409250+26092704280). NQ
90 1F {NQ.AT.12) GO To 100
G0 TO (110+120+130+140915091604170+1809190+20092105220) NG
100 KFLAG==>
RETUHRN
cp,ggggacﬁ#905g#od#ﬂ&nqaaaaﬂ#Goo#bQaQQG#QOGQ##QQQG&“QGQ###QGQQ#Qﬁ#&o#.o&
Ces THE FOLLOWING COEFFICIENTS SHOULD RE DEFINED TO THE MAXIMUM
Cs» ACCURALY PrgMITTED RY THE MACHINE, THEY AREes IN THE ORDER USED..
Ce
Co =1}
Cs =1724=1/2
Ca =5/129=3/4.=1/6

s & % & &

$ 0 & & 50
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1560
1670
1630
1490
1700
1710
1720
1730
17490
1750
1760
1770
1780
1750
1800
1810
1320
1830
1840
1850
1860
1870
1880
1890
1500
1910
1920
1930
1940
1950
1960
1970
1980
199
2000
201¢
2020
2030
2040
2090
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200



Ce
Ca
Cn
Co
Ca
Co
Co
C#
Ca
Cu
Co
Co
Ceo
Ca
Cu
Ca
Cn
Ce
(o]
Ca
Cas
Ce
Ca

=3/R9=11/170,=1/34=1/24
“251/7409=26/244=35/T724=5/484=1/120
=95/2889=137/1204=5/8,4=17/964=1/40,=1/720
~19087/60680,=49/40)4=203/¢709=49/1929=T/16444=7/14404s=1/5040
=5257/17280,23A3/2304=469/5404=967/2380,=7/90,=23/2160,=1/1250,
=1/4032n
=107001//362RR00,=-761/5609=29531/230240+~267/640,=1069/6600¢=3/160,
=13/76720+=1/8960+=1/362830
=6165506/145152004=7129/5V40,=6515/60481<4523/9072+=19/128,
=3013/1036800¢=5/13444=29/9A768¢=1/725764=1/3628800
~134211265/4790016004=73817/5040+=177133/151200,-84095/145152+
=341693/1814400,-85917207360.~7513/1209600,~-121/193536,
~11/2721404=11/72576004-1/39916800
~2627472065/953003200+~83711/55440,=190553/151200+=341767/518400,
=139381/604R004~2567907/47900160+=1903/201600+=10831/9676800,
=11/1209604=1/207369,=1/6652800,=1/7475001600

-1

-2/3+=4/3

~12/259=7/104=1/54=1/50
=120/2749=225/2T7644=85/2T749=~15/2T76,=1/274
=180/46§¢=58/634=15/364=25/2524=3/2529=1/1764

& x & %

¢ & & & &S

(ol 2T 2L AL LA ALAL L L EETEETLEFL LAY TR ETT LI EFYEEEEEL LR 2022 2L 2 1R XY

110 A(l)==1,0
G0 TO 29n

120 A(1)==.50000000000
A(3)==0,500000000
GO 10 2aq

130 A(1)==0,4166A66666666667
A(3)==0,750000000
Ala)==0,1666A666666660T7
G0 TO 299

140 A(1)==0,3750000000000
A(3)==0,9166RK6K6666666T
A(4)==0,3333333333333333
A(S)==0_,041A6666666660607
GO TU 290

150 A(1)=-0_,3486111111111111
A(3)==1,n416666666666667
A(4)==0,4861111111111111
A(S)==0,1041666666666667
A(6)==0,008333333333333333
GO TO 29n

160 A(1)==0,3298611111111111
A(3)==]1,14164566666666667
A(4)==0,625000000
A(S)==0,1770R33333333333
A(6)==0,0250000000
A(7)==0,00138RA93383R8848889
GO 70 290

170 A(1)==0,3155919312169312
A(3)==1,225000000
A(4)==0,7518518518518519
A(51==0,2552083333333333
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2210
2220
2230
2240
2250
2260
2279
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2340
2390
2400
2410
2420
2430
2440
2459
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750



180

190

200

210

220

A(6)==n_06861111111111111
A(7)==0,004R8611111112111111
A(B)==0,n001984126984126984
GO TO 29n
A(1)==0,3042245370370370
A{3)==1,296428571428485
A{4)==0,7685185185185485
4({5)==0,33574388RR288888
A(6)I==0 ATTTTTTTTTITTITTTYT
A(7)==0_01064814814814815
A(8)==0,0007936507936507937
2{91==0,0000248015R873015873
G0 TO 294
A({1)==0,2948/800n4409171
A(3)==1,35892357142857
4(4)==0,976554232804233
A(S)==0,41718750000
A(6)1==0,1113541666K66667
A(T)==0,1187500000
A(8)==0,001934523809523809
A(9)==0,000111607142857143
A(10)==0,00000275573192239859
GO TO 299
All)l==0_2°69754464285714
A(31==1,41448412698413
A(4)==1_0T7721560846561
A(5)==0,498567019400353
A(6)==0_148437500000
A(TI==0_0290605709R76543
A(8)==0,0037202380952381
A(9)==0_000299685R46560847
A(10)==0,0000137786596119929
A(ll)==0,00000027557319223986
G0 TO 290
A(1)==0,280189564439367
A(3)S=1,46448412698413
A(4)==1,17151455026455
A(51==0,579358190035273
A(6)==0,188322861552028
A(T)==0,0414303626543210
A(B)==0,0062111447989418
A(9)==0,000625206579894180
A(10)==0,0000404176015285126
A(11)==0,00000151565255731922
A(12)==0_,0000000250521083854417
G0 10 299
A(l)==0,2742A5540031599
A(31==1,50993867243867
A{al==]1_26027116402116
A(5)1==0,059234182098765
A(6)==0,230458007645503
AlT)==0_,0556972461052322
A(8)==0,00943648412698413
A(9)==0,00111927496693122
A(l0}==n,0000509391534391534
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2760
2770
2780
2790
2800
2810
2R20
2830
2940
2950
2860
2370
2380
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
32580
3260
3270
32480
3290
3300



260

270

290

A{ll}==0,000n04R22535864619753
A(12)==0,000000150312650312650
Al13)==0,000000002087675069878681
GO TO 299

A(l)==1_,000000000

GO Tv 2909
A(1)==0,86hK666A(6666007
A(3)=-0,3333333333333333

GO TU 2an
A(1)==0,5454545454545455
A(3)=A(1)
A(4)==0,09090909090909091

GO TO 2aan

A(1)==0_,480000000
4(3)==0,700000000
A(4)==0,200000000
A(5)==0,020000000

GO TO 290
A(1)==0,4379%6204379502
A(3)==0,R8211673R32116788
A(4)==0,3102189781021898
A(S)==0,054T74452554744526
A(6)==0,n035496350364963504

GO 10 29n
A(17==0,4081632653061225
A(3)==0,9206349206349206
A(4)==0,416666656K666667
A(5)1==0,0992063492063492
A(6)==0,0119047619047619
A({7)1==0,000566R93424036282
K=NW+]

1D0UB=K

MTYF=(4aMF) /2
ENQE=¢S/FLOAT(NA+1)
ENQI=.5/FLOAT(NQ+2)
ENQI=0.5/FLOAT (NQ)

PEPSH=EPS

FUP=(PERTST (MQsMTYP92) #PEPSH) 042
E=(PERTSTI(NQWMTYP 1) #PEPSH) %62
EDWN=(PERTST(NQeMTYP+3) #PEPSH) 02
1F (EDWN,EQ.0) Go TO 780
BND=(EPSSENQ3) #e)

IWEVAL=MFE

GO TO (3004470}, IRET

(XTI AL AL LI ET RS T TN 2L AA I S T TP T YT L R TR S LR S e L 2 e

Ce+ THIS SELTION COMPUTES THE PREDICTED VALUES BY EFFECTIVELY
Ce MULTIPLYING THE SAVED INFORMATION RY THE PASCAL TRIANGLE

Co MATRIX.
CHudatadalatan st acadoladudadotitasaaadatatataaadadaltttstsssdedadtaanctsss

300

310

T=T+n
DO 310 y=2,.k
OV 310 Jl=JsK
JESK=J1+J=1
DU 310 I=1,N
YIJ24eT)=Y(J2s1)+Y(U2+]1s1)

100

#
*
.4

3310
3320
33130
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
34R0
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850



Cﬁd#ﬁ'ﬁ#o#"’odogﬂbo#b@é##ddb\?ﬁ“0##06“9“%90##0###&“6###““#%%#“0“66“###0&##

Ce UP TU 2 CORRFCTOR ITERATIONS ApE TAKEN. CONVERGENCE IS TESTED g8y #
Cu REQUIRING THE (2 NORM OF CHANGES TO Bt LESS THAN BND wHICH IS

&

Ce NEPENVENT ON THE ERROR TEST CONSTANT. #
Cs Tht Syu OF THE CORRECTIONS 1S ACCUMULATED IN THE ARRAY #
Ce FRRORI{I), IT IS FQUAL TO THE K=TH DERIVATIVE UF Y MULTIPLIED #
Ca RY HY®K/(FACTORTAL(K=1)®#A(K)), AND IS THEREFORE PROPORTIONAL #
Ce TC ThHt ACTUAL ERRNRS TO THE LOWEST POWER OF H PRESENT, (H#aK) @
CGaﬁ#Q#“G””9§§Qan§¢64§¢§§Oq¢§°?#§#ﬂdg§§ﬂ§°#6§¢#6Q#o###@#ébﬂﬁ#b&ﬁ%i#“#éo#

DO 93¢0 T=1sN
32¢ ERROR(1)=0,0
NO 430 p=1,2
CALL NIFFUM (NsT,YeCSAVE(143))

CHaRtaastlisd s s adontaadtaadtopitodasd IRttt aeddtdIRdRRdtosaddadadadedansn

Co IF THERE HAS REEN A CHANGE OF ORDER OR THERE HMAS BEEN TROUSLE @
Ca WITH CONyFRGENCE. PW IS PE=EVALUATED PRIOR TO STARTING THE “
Ce CORRECTOR ITFPATION IN THE CASE OF STIFF METHOOS. IwgEVAL IS L
(o THEN SET 10 =1 AS AN INDICATOR THAT IT HAS BEEN OONE, *

CHuRadadarad oot at gl sa s sd Bttt aoNs st ad sl BRI RIBBRTRBARBRLBRRRRRIDS DSl

IF (IWEVAL.LT,1) GO TO 390
It (MF EQ,2) GO TO 360
CALL PEDERV (TeYsPWeN3)
REA(1) »H
DU 330 1=14N4
330 PW(1)=Pw(I)aR
(T LALLLETELEERL T ETETAAAALIL LTSS AL LA AL A AL A DAL LA A A s Y]
C» ADD THE IDENTITY MATRIX TO THE JACOBIAN AND DECOMPOSE INTO LU = Pw =
CorandaaRdd ot aadaaatdsatanodt Ittt rasdaandaddedRaadtadeddtateaddtaanadetens
340 DU 350 I=1N
350 FW(T#(N3+1)=N3)=10+Py(I®(N3+1)=N3)
IWEVA ==]
CALL NNIO1Z (NeN3yPWsIP)
It (IP(N).NE.0) GO TO 390
GO TO 440
(T2 LLALALLL TR SETE L AAASL LAY PRSI LA AR ALl Sl l sttt dl )
Cos EVALUATE THE JACORIAN INTO Pw BY NUMERICAL DIFFERENCING, R IS THE =&
C# CHANGE MADF TO THE FLEMENT OF Y, IT IS EPS RELATIVE TO Y WwITH o
Cs A MINIMUM oF EPSe#2, F STORES THE UNCHANGED VALUE OF Y, *
Coatadat o otaaatats00tatnt st dtatnnaaatadtdsatadaaadRdntesanatodadtodsnas
360 DO 38p J=1«N
F=Y(1s)
H=EpgeAmMAX] (EPSsABS(F))
Y(lyaJt=Y(lsJ)+R
U=A (1) aH/R
CALL DIFFUN (NsTsY9CSAVE(1,1))
U0 370 I=1.N

370 PW(I+(J=1)#N3)=(CSAVE(I41)=CSAVE(I+3))%0
380 Y{(l,J)=F
GY TO 340
390 DO 40n I=1.N
400 CSAVE(T41)=Y (24 1)=CSAVE(I,3)%H

It (MF,EQ,0) GO TO 410
CALL NNTIO027 (NoN34PWsCSAVE(]141)#1P)
[TEITTLAALALALETELEEEEEY LS AAAL L DT EY L LLS S LA LALL A AL LD AL AL A A A At sl 2

C# CORRECT AND COMPARE DELs THE L2 NORM OF CHANGE/YMAXs WITH BNOe *

101

3860
3870
3830
3890
3900
3510
3920
3930
39490
3950
3960
3970
3980
3990
4000
4010
4020
4030
4U40
4050
4060
4070
4080
4090
4100
41lg
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400



Ce ESTIMATE THFE VALUE OF THE L2 NORM OF THE NEXT CORRECTION BY o
C» BR#2%DEL AND COMPARE WITH RND., IF EITHER IS LESSs THE CORRECTOR “
Ce 1S SAIU TO HAVE COMVERGED. #
CQ&GQGQQG#“##QO#G##GD###0§¢¢§¢“¢¢Q¢QQ#QQ#G###G#####QG&QG%#Q#QG#Q#GOGGQQ6
410 Del=0,0
0V 42n I=1.N

YCle1)=Y(1o)+A({1)®CSAVE(T41)

Y(201)=Y(2.I)-CSAVE(I!I)

ERROR (1) =ERRQOR (1) *+COAVE(I41)

UEL=NEL+(CSAVE(I+1)/YMAX(T))0s%2

420 LONT INYF .
IF (L.GEe2) BR=AMAX1(+9%BRyDEL/NELY)
pelLl=ngL

IF (AMIN] (DEL,BR®DEL®2.0) ,LE,BND) GO TO 480
430 CONTINUE
[ETEEE LA AAS L YT T TR A A AL LI T T TR T 2 T R RS TR T e
C# ThHE CORKECTOR ITERATION FATLED TO CONVERGE IN 2 TRIES. VARIOUS *
Cs POSSIBILITIFS ARE CHECKED FOR. 1IF H IS ALREADY HMIN AND “
Ce THIS IS EITHER aADAMS METHOD OR THE STIFF METHOD IN WHICH THE “
C» MATRIX PW wWAS ALREADY BEEN RE-EVALUATEDs A NO CONVERGENCE EXIT “
Ce IS TAKEN. OTHERWISE THE MATRIX Pw IS RE-EVALUATED AND/OR THE @
Co STEP IS RENUCED Tn TRPY AND GET CONVERGENCE. #
CQQQQﬂoQ*QQ“QQQQQQQQQQQQQQ&“Q“Q“Q““GOOQ’GD”QQQQ’Q“QQ#’”Q#QQ*OQQ“““““‘Q“Q
440 T=TOLD
IF (ARS(H) LEHMIN®1,000014AND, (IWEVAL=MTYP) LTe=1) GO TO 450
IF (IMF £Q40),0R, (IWEVALNELO)) H=H®0.25
IWEYAL=MF
IRETl=2
GO TO 750
4S50 KFLAG==3
NQ=NLOLN
460 DO 410 T=1ln
DU 470 J=1,K
470 Y{JsI)=SAVE (Js 1)
H=HOLD
JSTART=NA
RETUKRN
(T2 TTELAALL FT L FTFETESTEEL LI LT FEE T LYY YT T T2 T LT T T L T 220 2 ey
Ca THE COKRECTOR CONVERGED AND CONTRoOL IS PASSED TO STATEMENT 520 L
Ca IF THE BRROR TFST IS O.Ke» AND TO 540 OTHERWISE. *
C# IF THE >TEp 15 0,K, IT IS ACCEPTEn. IF IDOUB HAS CSEEN REDUCED @
Cs TO ONE» A TEST IS MADE TO SEE IF THE STEP CAN BE INCREASED °
Co AT THE LURRENT ORDER OR BY GOING TO ONE HIGHER OR ONE LOWER. #
Ca SUCH A CHANGE 1S ONLY MADE IF THE STEP CAN BE INCREASED BY AT *
Co LEAST lel. 1IF MO CHANGE IS POSSIRLE IDOUB IS SET TO 8 TO ®
C#» PREVENT FUTHER TESTING FUR 8 STEps, @
Ces IF A CRANGE IS POSSIRLEs IT IS MADE AND IDOUB IS SET To “
Cs NG + ) TN POREVENT FURTHER TESING FOR THAT NUMBER OF STEPS. #
Ce IF THE ERROR WAS T0O LARGEs THE OPTIMUM STEP SIZE FOR THIS OR °
Cs LCWER URDER 1S COMPUTEDs AND THE STEP RETRIED. IF IT SHOULD #
Ca FAIL TWICE MORF 1T IS AN INDICATION THAT THE DERIVATIVES THAT o
C# RAVE ACLUMyLATFD IN THE Y ARRAY WAVE ERRORS OF THE WRUNG ORDER °
C# SO THE FIRST DERIVATIVES ARE RECOMPUTED AND THE OrRDER IS SET »
Ce TO 1. L
L

[ TT TR AL LT YT TI AL AL T ST PR A2 2 2 TR RS L2 D 2 2 2 T

102

4410
4420
4430
4440
445()
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
45990
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
44860
4870
4880
4890
4900
4910
49720
4930
4940
4950



480 D=0.V

D0 490 1=1.

4990 D0+ (FRROR(T) /YMAX (L)) #a2

IWEVAL=n

IF (D.GT,E) GO TH 530

IF (K.LT.3) 60 TH 510
XTI AALSFPTEFFTETRLEETTLLLLL LTI 2T R2 L L -0 22202 2L 2 T2
C# COWPLETE TwE CnpRECTION OF THE HIGHER ORDER DERIVATIVES AFTER A #
C# SULCCEStUL STEP, °
quaoaGOQV“QbaouonncoacﬁooaﬁQaa#oo&ggo90&“o#oéanaﬁo##Gaaoooﬁbdooooooagog

0O 2V0 J=3ek

DU 500 I=].N
500 Y(JeIy)y=y(JeI)+A(JY#ERROR(])
5110 KFLAG=+)

HNEN=H

IF UIDoyR.LEL1) 60 To 540

{00us=InnyR=1

IF (lDOUR.(T,1) GO TO 690

00 220 t=len

520 CSAVE (T42)=ERRNR(])

GO TO wsan
CQQ#GOGG"""*“6##6”#66#«»b{aopﬂoﬂ#n#oou###GOQGO&#QQ60#9####%##00###0&#999##
Cs REDUCE THE FAILURE FLAG COUNT TO (HECK FOR MULTIPLE FAILURES.,

C# RESTORE T Tn ITS ORIGINAL VALUE AND TRY AGAIN UNLESS THERE HAVE

C# THoEE FAILIRES, In THAT CASE THFE NERIVATIVES ARE ASSUMED TO HAVE

C» ACCUMULATZN ERRNARS SO A RESTART FROM THE CURRENT VALUES OF Y IS

C# TRIED., THIS IS CONTINUED UNTIL SUCCESS OR H = HMIN,

Cooit“dnQGﬁﬁ“#ooa#o&#@ﬁ#n#oou#ﬁ“@GQOOna&G“O#OGG###QQ&#O##OO##ﬁoodi#ébooaq»
6§30 KFLAL=XKF| AG=?

IF (ABS(H) ,LF. (HMIN®#1400001)) GO TO 740

T=TOLD

IF (KFLAG.LF,=-5) 60 TU 710
(R TITITTIAAL L PEEEFEFE TR LIALL R T YT TR IS 2 R R AL LA AT L2 T 2
C# Frly PR2y anD Po3  WwILL CONTAIN THE AMOUNTS RY wHICH THE STEP S1Ze <
C# ChOULD BE DIVINFD AT ORDER ONE LnWERy AT THIS ORDERs AND AT ORDER @
Coe ONF HIUMER nESPFCTIVELY. @
Cb@ﬂ0964?ﬂ'""006n#QoohGQ&OOonﬁ“ﬁOQ0009OOQﬁﬂé“####ﬂ#oﬂ#“o###é#*ﬁﬁ#ﬁ#@éﬁ#nao

540 PR2=(D/F)eoENMQ2®] .2

pR3=L¢E*70

IF ({NQ_RE,MAXDER) ,0R« (KFLAG,LF.=1)) GO TO S60

D=0+0

DO 250 1=1.M

550 D=0+ ((FRROR (1) =CSAVE (I42))/ymMAX(I))on2

PR3IZ(D/F1P)#2ENQ3I®] 4

560 PR1=1.E£420

IF (NQ.LF.1) GO TO 580

N=0eU

DO 270 1=1,.N

570 OSD+ (Y (Ko 1) /YMAX(]) ) ®®2

PRI=(D/er 4Ny soENNL®Y 3

540 CONIINUE
1F (PRZ2,LE.PP3) O TO 640
IF (PR3 ,LT.PR1) 60 TO 650
590 R=1+0/3MAX]1(PR}ly].E=6)
NEWUSNQ=]

L I

103

4560
4970
4980
4990
5000
5010
5v20
5030
5040
5950
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
51390
5200
5210
5220
523
5240
5250
5240
5270
5290
5250
5300
5310
5320
5330
5340
5350
5360
5370
5330
5390
5400
5410
5420
5430
5440
5450
3460
S470
480
—~430
5500



600

100ub=8

IF ({KFLAGWFN,1) AND+(ReLT4(1,1))) GO TO 660

IF INEWQ,LE.nQ) 6O TO 620

CQQOQOG“O‘“"“##GQO66%66##&6#““#ﬂﬂﬂﬂﬂaoﬁoﬂﬁﬂﬁﬁ6“#996666“#6#“#99“*°°§§¢“#60

C# COMPUTE ONF ANDITIONAL SCALED DeRIVATIVE IF ORDER IS INCREASED.

*

(T2 ELEALLLENELEFERFFEEYELLEDE TE-2- PRI T2 B e Y L T F PR 2R 2R R R ey

610

6c0

430

640

670

680
650
700
710

720

730

740

D0 610 1=1N
YINEwQ+1leI)=FRPROR(IIRA(K) /FLOAT(K)

K=NEWQ+}

IF (KFLAG.EQ.1) 60 TO 660

H=HRR

IRET1=3

GO TO 78n

IF (NEWn,EQ.MQ) GO TO 300

NA=NEwQ

GO TO §n

IF (PR2,GT.PP1) 60 TO 590

NEWWSNG

R=1e0/AMAX]1 (PRPs]E=4)

GO TO onn

R=1e0/AuaX]1(PP3,].F=4)

NEAGWSNG+Y

GO TO &np

IREI=2

R=AMIN] (ReHMAX/ARS (H) )

H=H®R

HNEw=H

IF (NQENNFWQ) GO TO 670

NQ=NEwQ

G0 TO 8n

Rl=1l.0

DO 680 =24k
Ri=31luq
DU 68BN I=1,N
Y(usIy=Y(J,I)erl

100Vl =K

DO /U0 1=1eN
YMAX(T)=AMAX] (YMAX (D) 9ABS(Y(1+1)))

JSTART=NA

RETUKN

IF (NQ.6T.1) GO TO 720

IF (ABS(H).LE.2.#RMIN} GO TO 7RO

Go 10 Sa9

R=H/HOLD

D0 730 1=1e¢N
Y(leI)=SAVE(1a1)
Y(2s1)=SAVE (24 T) %R

NQ=1L

KFLAGL=]

GO0 TO 8n

KFLAG==]

HNEW=H

JSTART=NQ

RETURN

(G TITTTLLALALLIETT L 2T EEFTTEETIELALT TR LT T T R BT L - 3 70 -y

104

5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
56640
5670
5680
5690
5700
5710
5720
5730
5740
5750
5750
5770
5780
57460
3800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5320
5930
5940
5959
5960
5670
5980
5990
6000
6010
6020
6030
6040
6050



Ce THIS SELTION SCALES ALL VARIABLES CONNECTED WITH H AND RETURNS @ 6060

C# TC THE eNTFRING SECTION, * 6070
LT EY T ALL LR ETT TR EL LA PRI LE L AL LA AL 222 LR R AL Ll 22 Y 608U
750 H=SLION(AMAX] (HMTNIAMINL VABS (H) HMAX) ) o H) 6090
Rl=1e0 6100

DO 760 J=2eK 6110
R=H/HALD 4120

Ri=R1lan 6130

DU 760 I=1,N 6140

760  Y{JaIy=SAVF (J»r1)eR1 6150
No /10 1=len 6160

770 Y(leIy=SAVF(la«T) 6170
1D0ub=K 6180

GO TO (404300+630)s IRETL 6190

780 XKFLAL==4 6200
G0 TO 4An 6210

END 6220
SUBHOUTINE NPT01Z (NeNDIMeA+IP) 6230
C==MOLER!S "DFcOMPY, 6240
(o} 6250
(o} MATRIX TQTANGULARIZATION BY GAUSSIAN ELIMINATION, 6260
C 6270
c INPUT e 6280
c N = OROFQ OF MATRIX 6290
c NDIM = DECLARED NIMENSION OF ARRAY A, 6300
Cc A = MATRIX T0 RE TRIANGULARIZED. (FOR STIFF METHODS, A IS SINGLE 6310
c PRECISION3 ALL OTHER VARIABLES ARE DOUBLE PRECISION,) 6320
Cc OUTPUT' e 6330
c A(I9J) s TeLFE.J = UPPER TRIANGULAR FACTORs U, 6340
C A(Lsd) s I1.GTad = MULTIPLIERS = LOWER TRIANGULAR FACTOR. I-t, 4350
[o} IP(R)e KeLTJN = INDEX OF K=TH PIVOT ROW, 6360
o} IP(N} = (=1)2e(NUMBER OF INTERCHANGES) OR 0. 6370
c USE *SULVFs (NDIN2Z) TO OBTAIN SOLUTION OF LINEAR SYSTEM. 6380
C DETERMIA) = IP(N)SA(L1s1)®A(292) 08 ,, ., #A(NoN). 6390
c IF IP{N) = 0+ A IS SINGULARs SOLVE WILL DIVIDE 8BY ZERO,. 6400
C 6410
DIMENSION A(NDIMINDIM) e IP(NDIM) 6420
IP(N)=1 6430

DO 9V K=1N 6440

IF (K,FQ.N) GO TO S0 6450

KPLl=K4) 6460

M=K 6470

DU 10 I=KP1eN 6480

IF (ABS(A(T+K)) «GToABS(A(MyK))) M=I 6490

10 CONT INUE 6500
IPIK) =M 6510

IF (M,NE.K) IP(N)==IP(N) 6520
TEAR(MK) 6530
AlMyKy=A (KoK) A540
AlKeKy=T 4550

It (T,FQ.H) GO TO S0 n560

DU 20 1=KP1,4N 6570

20 A(l K)==A(TsK)I/T 6580

DU 40 Jg=XPl.N 4590

T=a (M) 6600
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AMe ) =AIK YY)
A(K'J)=T
IF (T«EQ.0.) GO TO 40
UO 30 I=xP1l.N
30 A(Ted)=A(TJ)+ALLK)HT
40 CONT INUF
50 IF (A(KeK) ,EQe0o4) IP(N)=0
€0 CUNTINUYE
RETURN
ENO
SUBROUTINE NDTI02Z (MoNDIMyA,R,1IP)
Ce=MCLER!S NS VEW,

SOLUTION nF LINFAR SYSTEMs A%X = B,

INPUT e
N = ORDER 0F MATRIX.
NOIM = DECLARED NIMENSION OF ARRAY A,
A = TRIANGULARIZED MATRIX OBTAINED FROM 'DECOMP* (NDIO12).
B = RIGNT HaMD SIDE VECTOR,
IP = PIvOT VFCTOR OBTAINED FRom 'DECOMPY,
QUTPUTe.s
B = SOLYUTION VECTORs X
DIMENSINAN A(NDIM(NDIM) s B(NDIM)s IP(NDIM)
IF (N.En,1) G0 To 30
NM]She=]
00 LV K=ioNM]
KPi=x41
M=1P (k)
T=8 (M)
B{M)=a(K)
B(K)=T
DL 10 1=KP1eN
10 B{I)=a(1)+A(lsK) BT
NO 2V KRz=1e4NM]
KMi=spokR
K=KM141
BIR)=0(K) /A (KeK)
T==3 (k)
N0 240 1=1.kM1
20 BUDISRII)«A(I4K)2T
30 B{(1)=B(1)/8(1+1)
RETUrRN
END

OOOOOOOOO0OO

106

AB1N
6620
6630
640
6650
6660
A6T0
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6860
6870
6280
6890
63900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
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