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Summary of Activity During Contracting Period

This final scientific report summarizes progress and accomplish-

ments under contract F44620-75-C-0009 . The period of support under this

contract was fran August 1, 1974 to September 30 , 1977. ~ During this time

the investigation focused on various details relating to the numerical

prediction of buoyant vortex wakes, and also on the prediction of radiative

decay rates of atmospheric waves. A calculation of the complete vortex

wake including buoyancy was not completed by the termination date . How-

ever, fundamental contributions were made on issues relating to numerical

false viscosity effects at large Reynolds number , and to the prediction of

the descent velocity of a closely interacting vortex pair. ppers were

presented on these topics. These contributions are described in the pre-

sent report . A manuscript for publication on the latter study is now in

preparation. The work on atmospheric radiative decay rate was subject

of an oral paper and has also been published.
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Princeton, N. J., 1977.
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I. General Vortex Wake Considerations

The original objective of the present investigation concerned the

mechanism by which large supersonic aircraft flying in the stably strati-

Lied stratosphere would generate atmospheric internal gravity waves. There

is no question that such a mechanism exists in principle from two sources :

first, the vertical motion of the aircraft vortex wake; second, the ultimate

collapse of a well-mixed wake region in stratified surroundings . Both

mechanisms are known to exist. The first has been discussed from two

essentially different points of view by Saffman 1 and Lissaman et al2, with

contradictory conclusions . The second has received sane attention due to

its relevance to detection of submerged obj ects in a stratified ocean based

on the emitted waves from wake collapse3. With respect to aircraft, prior

work did not permit a ready assessment of the efficiency of generation or

the magnitude, persistence, and extent of the wave field left behind in the

atmosphere . All that can be concluded with certain ty from prior studies is

that waves will certainly be generated. If their amplitude and extent is or

might in the future become significant , then such waves would be of concern

both in atmospheric diagnostics dealing with presumably naturally occurr ing

waves and possibly also with respect to aircraft operation.

The intent of this study was to avoid the need for the arbitrary and

partly contradictory and inconsistent assumptions which characterize previous

theoretical work on stratified vortex dynamics , and base the investigation

on numerical , finite difference integrations of the governing partial

differential equations. Such an approach avoids the need to make assump-

tions regarding vortex wake shape, vorticity entrainment or detrainment, and

p vortex generation due to buoyancy, but rather determines these phenomena as

part of the solution . 
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Finite difference numerical integrations have been successfully

applied in calculating the flow field of rising atmospheric thermals,

which are analogous to this study in involving coupled effects of vorticity

and buoyancy. Similar techniques have also been used to calculate the

generation of gravity waves fran the collapse of a uniformly mixed region

in a stratified atmosphere4’5 ’6 . Therefore there is every reason for ex-

pecting that modifications and adaptations of known techniques will lead

to numerical predictions from which one can assess the magnitude and

propagation characteristics of vortex wake generated gravity waves.

At the present termination time of this contract, such predictions

have not been achieved. Among the various features of the calculation re-

quiring special treatment, two were particularly troublesome and needed

considerably more effort than had originally been anticipated. These were

deterioration of numerical accuracy for a reasonable , fixed grid’ size with

increasing Reynolds number , and means of keeping the computing mesh fixed

on the vortex wake as it moves vertically at a variable and unknown velocity.

Procedures were developed to deal with both problems . They appear to be

very promising. However, the opportunity to further develop and apply them

to the problem of wave generation by vortex wakes now no longer exists.

Both the problems of sufficient accuracy at high grid Reynolds numbers and

maintenance of a vorticity-fixed coordinate system are quite general and

not only of interest for the particular problem considered here . Because

of the interest and importance of these matters, the approach developed under

the present contract for dealing with them is described in this report in

some detail. 

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

~~
- ,---•- -—---
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A number of specific vortex dynamics and decay prediLtions were

obtained, both before and after incorporation of the scheme to improve

accuracy at large grid Reynolds number. These are all for the isothermal ,

non-buoyant case. These results are also presented in this report. While

the question of the importance of a vortex wake as a generator of gravity

waves remains unanswered, it still appears that one way to answer it is to

carry to completion the approach taken in this study.

II. Initial Conditions

Thiring an earlier period of AFOSR sponsored research , a method for

the numerical finite difference integration of the coupled Navier-Stokes

(in conservation of vorticity form) and energy equations was progranined and

applied to a problem involving two-dimensional, natural convection7. This

program was used as a base from which the calculation method for the present

problem evolved.

Since the intent was to calculate the dynamics of the late, far

downstream stage of wake development and not the early formation stage , an

initial flow and temperature field representing a buoyant vortex wake is

needed to start the calculation. This should be representative of a vorticity

field which is distributed over the wake cross section and not unrealistically

concentrated into sinafl vortex “cores”.

The choice for a starting velocity field was the inviscid, steady

state vorticity distribution given in Lamb8 and also discussed by Batch.elor9 .

This two-dimensional flow is the analog of the well-known Hill ’s spherical

vortex. It can be thought of as represent ing a steadily downward moving,

inviscid vortex wake in coordinates moving vertically with the wake , in a

--
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plane located at a large fixed distance behind an aircraft .

The flow is given by

= - 
2VJ1(kr)sine r<a

k J0 (ka) ‘ —

a2p =  - V(r -~~~)sin9 , r�a

Here p is a stream function, V is a constant reference velocity, r

and 0 are cylindrical coordinates with 0 = 0 pointing vertically downwards .

and are Bessel functions , of order zero and one, and k is a constant

given by the zero of J1 which defines the radius of a circle which confines

the region of distributed vorticity. Thus

ka = 3.83171

J0 (ka) = -0.402759

The stream function above gives an inner flow whose vorticity ~ is

proportional to ~ itself , through

= k2
~i

Therefore the vorticity vanishes on the bounding circle r = a , while

beyond it the flow is irrotational . The inner flow has interior stagnation

points separated by the distance O.96l023a where vorticity and stream-

function have a maximum. Thus it represents the vorticity distribution of

an interacting vortex pair , sinking downwards with velocity V, in a coordi-

nate system fixed upon this vortex pair . This velocity is given by

V = r/6.8339a , where r is the circulation about half the flow , i.e.

r j j~dxdy . There are no infinite velocities anywhere. Inner and

outer flow match in velocity , vorticity , and shear . The inner flow is an

exact solution of the inviscid , unsteady equations . The action of viscosity
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causes the interior vorticity to decay and to spread beyond the initial

confining boundary given by r = a.

These features are illustrated in Fig. 1. The upper part of the

figure shows streamlines on the left, contours of constant vorticity on

the right. These results come from our computer program; they represent

the theoretical solution just described but obtained from a finite difference

integration of several time steps after an initial input of the theoretical

solution. In such a starting procedure, viscosity is taken as zero in the

calculation. The lower part of the figure shows the horizontal distribution

of vertical velocity v on the left, and the vorticity ~2 on the right. These

quantities have been normalized by

v = 1 L 1

Here v’ and cZ’ are dimensional, and v is kinematic viscosity. H is

the size of the square computing region comprising half the flow field, and

this is four times the initial radius of the vortex bubble. The solid lines

reoresent the initial , inviscid distributions.

The dotted curves indicate the result of a viscous calculation

carried out to a later time. The expected re-distribution of vorticity and

attenuation of vertical velocity is evident. A dimensionless time is defined

byt ’ = ~~~~~~~.

H
For the non-isothermal case, no computations were made but an analo-

gous temperature field to start the calculation has been fo rmulated .

The initial velocity field satisfies the appropriate steady inviscid

equation of motion

~~ av2
~p ~~ av2

~p -

~7 ax - _ _ _

through
= -k2~

~ 

-- —-—-- . - - -~~ . 
-- 

.--.--- -~~~~~~-•. -~~~~~~_..._ . - 
- 

~~~ . -
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The steady, non-conducting version of the energy equation admits

solutions of the same kind through the more general form

= (t~(~P )

where ~ = T~ + ~T + yy is the sum of ambient temperature T5, an unknown

temperature perturbation ~T to be solved for, and compressibility in the

ambient atmosphere represented by the adiabatic lapse rate y~~
. A particular

case would be ~ = -k2~p, in which lines of equal potential temperati.~re

would be identical to lines of constant vorticity. This is not an appropri-

ate starting solution, since it corresponds to a vortex pair, one of which

is hotter and the other colder than ambient. A more appropriate solution

appears to be

This function represents hot spots centered on the vortices vanishing

smoothly at the initial wake boundary r = a where ~ 
0. The temperature

excess scales with ~~ This function would serve as an initial input t~

the energy equation , with as a disposable para’~eter.

III. Boundary Conditions

The flow illustrated in Fig . 1 has the property that far from the

origin the velocity asymptotically becomes a spatially constant vertical

updraft with magnitude V. This boundary condition cannot be enforced on

the finite boundaries of the computing region which surrounds the vortex

pair , since an upper bound exists on the size of this control surface due

to computing cost limitations . Typically, the computing region cannot be

larger than an order of magnitude greater than a. The problem is quite

common and occurs whenever boundary condit ions at infinity need to be

L

~

.L ?::

~

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - .—-—
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imposed with finite difference calculations and finite budgets. The

following scheme was developed to deal with this problem.

The interior vorticity distribution, whatever it may be, determines

the velocity at arbitrary points ‘
~~~~~~ ~b through the appropriate Green ’s

function:
L I V

2 ~~~~ 
)xbx dx dy

ub (t) = - —

‘ 2  ‘2 ‘2 ‘2
0 0 [(x,,-x ) ~~~~~~ ~ ] [(x~+x ) + 

~~~~ ~

H X  2 ‘2 ‘ 2
1 

[xb-x - 

~~ 
- y )  ]x dx dy

vb(t) V(t) + ~ fJ~ C~ ’,Y ’1 t) 
2 ‘ 2 ‘ 2

00 {(xb-x 
) 
~~~~~ ~ 

J[xb+x 
) 

~~~~~~ 
)2]

Here x’ and y’ are coordinates of arbitrary interior points where

the vorticity is ~2. Integration over all such points contained in a

rectangular control surface specifies the velocity at some point on this

surface (x~,y~) . where vertical and horizontal boundaries are given by H

and X. The above expressions have been incorporated into our numerical

program , and they evaluate boundary velocities at any time based on the

vorticity distribution which has been determined at that time. These boundary

velocities are then related to boundary stream-functions which are used to

find interior velocities used to go on in time.

This Green ’s function formulation for velocity boundary conditions

has worked very well. Accuracy as measured by comparing the numerically

calculated inviscid flow including boundary values after a few time steps

with the exact analytical results for this flow is satisfactory . This

formulation , being kinematic, is equally valid for isothermal and buoyant

calculations.

- -
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In a stratified ambient environment, the vortex wake will appear

to move through a time-dependent temperature field if observed in a

coordinate system fixed on the wake. If T5 is the temperature at any
height far from the wake , then at a point there fixed relative to the wake

one will see a temporal temperature change given by

~~ V(~~~~+y)

Here y is the adiabatic lapse rate . This will be the appropriate tempera-

ture boundary condition . This t ime -varying temperature can be applied,

without serious error , on the boundary of the comput ing region , in contrast

to the case for velocities. This boundary condition introduces yet another

role for V(t) . For positive stratification (~I~ + y > 0),a downward moving

vortex wake (V<0) will sense an ever cooler environment and become ever more

buoyant . Thus V attains great dynamical significance for the non-isothermal
case.

IV. Conventional Finite Difference Method Results

The finite difference scheme initially utilized is standard and only

the treatment of the non-linear convection terms requires coninent. A

particular three-point , non-central operator proposed by Torrance10 ’11 was

used. It employs forward or backward differences depending on the direction

of the local velocity. The operator has the property that it satisfies con-

servation requirements and imposes no grid size restriction to prevent nu-

merical instability. These strong advantages need to be balanced against

the disadvantage that the resulting accuracy is only first order in grid
size , in contrast to second order accurate three point central differences.
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One way to view this matter is that with non-central differences, results

can be obtained which may become inaccurate at too coarse a grid; with

central differences, results cannot then be obtained at all due to numeri-

cal instabilities. The general impression regarding the resulting finite

difference equations , gathered at the t ime this study began from the

literature and personal communications, was that while formally some in-

accuracy problems were to be expected at large grid Reynolds number ; in

practice these were not serious .

Results obtained with this method for the isothermal wake will now

be briefly described.

Two runs were made. The values of the Reynolds number were 5 and

250. This Reynolds number is based on the initial downward vortex wake

velocity and the initial spacing between the vortex centers as given by the

wing span. If the latter is SOm , and the downward velocity is 1 msec~~
(corresponding to an aircraft speed of 300 msec4 with typical cruise lift

conditions), then the corresponding values for viscosity are l0~ and

2 x l03cm2sec4, respectively . The first represents a large value typical

of large scale eddy mixing in the troposphere , the second is more typical

of turbulence generated within the wake itself.

The initial f low configuration has already been shown in Fig. 1.

At the small Reynolds number , streamlines and vorticity 100 time steps into

the calculation are shown in Fig. 2. This t ime corresponds to a downward

motion of the wake of 10% of its original diameter. It has grown sub-

stantially larger, but without strong distortion of the bounding streamline .

For the large Reynolds number, 240 time steps result in the flow shown in

Fig. 3. By this time the wake has moved downwards just under 1.5 initial

. .~~
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diameters. It is now significantly distorted , as shown both by the

vorticity pattern and bounding streamline. A composite illustration show-

ing the progressive distortion of the bounding streamline as a function of

time, for both Reynolds numbers, is given by Fig. 4, where the dots near

the center indicate the outward movement of the vortex “center”. This

distance is used as a measure of wake size . The wake boundary is super-

imposed on vorticity contours at the largest time for each run , in Fig. 5.

This illustrates the beginning developnent of a vortex wake when the Reynolds

number is large .

As the wake grows and distorts , its downward velocity also changes .

For these examples it decreases, so that the wake slows down. For both

cases , the runs were of such durat ion that the wake drift velocity de-

creased to about 50% of its initial value .

A part icular representation of this phenomenon is shown in Fig. 6.

The ordinate in both plots is a special combination of downward velocity,

wake size , and wake impulse suggested by an analysis due to Maxworthy’2 .

The quantity I represents a measure of the impulse needed to generate the

motion from rest . Here , it has been evaluated from I = (~)
2V, with b the

instantaneous vortex spacing . The combination of variables making up the

ordinate of Figs . 8 and 9 is one which is predicted in reference 12 to be

linearly proport ional to t ime . It was found possible to determine an

effective origin in our examples such that , very nearly, the predicted

linear variation is observed.

T~~ aspects of Fig. 6 need further discussion . First , the Mex-

worthy12 prediction is not only a linear variat ion with t ime of the ordinate

of Fig. 6 , but , in our present non-dimensional variables , also a slope which 

_ . _ _ _ _ _ _._ ____ ___ _ __ __ __:— 
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is independent of Reynolds number. This is not found to be the case with

the initial numerical calculations. It was not clear whether this Reynolds

number effect on slope is just a consequence of wake distortion, which

would influence wake drag and decay and is not included in ?~xworthy’ 5

p analysis, or numerical errors.

The other matter concerns the obvious starting transients visible

in the data. A modification has been made subsequent to the generation of

the data shown, in which a new initial step removes the discrepancy between

initial analytical data and a slightly inaccurate version of this same data ,

which is produced by numerical relaxation.

V. Medification to Reduce False Transport Effects

As the investigation proceeded, several indications began to suggest

that all was not well with the high Reynolds number calculation . First , for

this condition it was found that the downward drift velocity would still de-

cay significantly even with deletion of viscosity. Second, the decay was

significantly reduced by changing the computing mesh from 60x60 to l2Oxl2O.

1~hile the disagreement regarding the Maxworthy prediction of Reynolds number

independence was also disquieting, this disagreement was somewhat ambiguous

because the latter prediction is approximate and not intended for Reynolds

numbers as low as those considered here. Finally, other assessments regard-

ing the Torrance convective operator appeared13 which gave definite indi-

cation that the Reynolds number of 250 calculat ion was probably seriously

contaminated by false transport effects . For the coarse mesh (60x60), our

highest grid Reynolds number was approximately 10, which should now, in

light of present insight, be considered unacceptably large. It was realized

_

~

:. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  TTII ~AI~
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that if false transport effects were present , these wou1’3 seriously af f ect

subsequent gravity wave predictions, due to their expected relatively fine

spatial structure.

The following scheme was designed in an attempt to eliminate first

order grid size errors without going to central differences, thereby hope-

fully avoiding the need for ever decreasing mesh size with increasing

Reynolds number to maintain numerical stability. To my knowledge , this

very simple idea has not been explored before .

From a Taylor series expansion of the function whose derivative is

to be approximated, one can obtain for the point x=x1, where u u
~
:

au~ ~ r a2 c~ ~u 2

~ DIF 
_2 [u_ 2. + O(~~ )

u~~1+u~ 
> 0 

ut+u
~.i

2 ‘ 2

~~~IF ~~ [u 4 + 
~~~~~

. 

~ 
o(&2)

< 0 , < 0

Here U is the horizontal velocity in the x direction , and ~2 is the

vorticity. The subscript FD denotes finite difference , DIF denotes differ-

ential . These particular forms result from the special difference operators

used here10”1. If opposite signs occur for the mean velocities at adjacent

gridpoints , no such simple expression appears to be derivable. For that case ,

the approximation is suggested that the first order terms should be neglected

entirely. Corresponding expressions can be derived for the vertical con-

vective transport terms.

-~~ .-~~ J
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The equations above are not new. The first order difference be-

tween finite difference and differential derivatives is usually called

false viscosity when u or v is constant, here they are simply referred to

as first order errors . Let all such terms be lumped together as E~x.

If the remaining terms in the original unsteady differential

equation for vorticity are similarly expanded , one finds that the differ-

ence equation which is to be solved numerically, which has the form

FD equation 0 (1)

becomes
2

DIF equation + E~x + 
~~~~

. !4 + O(~x2) = 0 (2)
at

The interpretation of (2) is that , to O(&) , the differential

equation is not satisfied if one has programmed (1) . But this is only a

question of book-keeping. The term EAx can be attached to (1) rather than

(2) if one considers the difference equation to be

FDequation= EAx (3)

One would then find
2 2DIP equation I. ‘~! + O(& ) = 0 (4)

2 ~~

The second order error in time is found to be negligible for the

problem dealt with here .

Equation (3) can be interpreted as the result of constructing a

finite difference approximation not of the real differential equation but

of an artificial one in such a way that the finite difference version of

the artificial equation is , to second order accuracy , the proper differen-

tial equation.
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Since the quantity EAx involves various space derivatives, these

are known or can be operated with in exactly the same way as the

differential operators already occurring in (1) or the left side of (3) .

A scheme to improve accuracy therefore is to program and apply (3) rather

than (1) . This modification to our original program has been made and

tested in a limited way, with the following results.

For an inviscid, unmodified run (all viscous terms removed from

the governing equation) , one finds with the normal 60 x 60 grid a flow

decay of 0.394%. With modification it is 0.005%. In this example the

correct decay is known; it is no decay at al l .  The modified program

does better by a factor of 79 , which is of the order expected in going to

Ax2 accuracy compared to Ax.

Some tests were also made for the viscous , large Reynolds number

case described in the previous section. Here comparisons were made be-

tween modified and unmodified program, both with a normal grid and a gr id

half that size . The modification produced a decay which was not signifi-

cantly affected by halving the grid size . This decay is slower than that V

with the unmodified program and the original grid size , and differs even

more from the lower Reynolds number case than was the case with the un-

modified program.

Examination of the flow field predicted at the large Reynolds number

with the modified program shows the development of small oscillations

in the vor t i c i ty  contours . This is illustrated in Fig .  7.  This

configuration exists after 60 time steps . It is not known at this time

if this result is real , and the possibility needs to be examined that a

- 
- 

~~~~~~~~~~~~~~~~~~~ - 
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flow instability is developing at this fairly large Reynolds number. The

most obvious test is to repeat the calculations with a finer mesh ; such

calculations have not yet been made . No such oscillations develop with

the unmodified program and enhanced false viscosity effects , or at the

low Reynolds number .

VI. Theoretical Analysis of Vertical Wake Velocity

The instantaneous overall vertical velocity V plays several roles .

It is an a priori unknown variable in time and one of the ma in character-

istics of the vortex wake to be found. It is also needed to keep the com-

puting grid centered on the vortex system. Without such an arrangement

the region of interest would soon escape any computing grid of reasonable

size and resolut ion. Finally, it is required for the temperature boundary

condition, as described in Section III.

A numerical control system was constructed which monitors the in-

ten or stagnation point of the flow field for vertical drift of the

calculated flow with respect to the coordinate system supposedly moving

‘~-ith the vortex system. A correct ion was then calculated from this data

and applied to V for the succeeding time step to prevent this drift. The

correction was designed to so alter V, at each time step, that net drift

is prevented , to a tolerance , for all time . The resulting V(t) is then

the instantaneous vertical downward velocity of the vortex wake

which is sought.

Some problems were encountered in predicting the evolution of V(t).

An initial , crude version of a control system for drift prevention was too

insensitive and produced no control ; a second version was much too sensi-

-q

- - ---V 2 V ~~~~~~~~~~~~~~~~~~~ Z~~~~~~_ -. — 
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r tive and produced unstable oscillations . Several succeeding formulations

all failed to damp these oscillations.

Finally, however , a scheme was found which seemed to be both stable

and effective in preventing drift. This consisted of three separate

contributions to a corrective velocity which are proport ional to stagna-

tion point displacement , displacement rate , and the time derivative of

the latter . Judicious choice for the coefficients of these corrections was

able to produce a non-oscillatory V(t) with the unmodified, original corn-

puter program, and this scheme was used to produce the results described

in Section IV. However, the situation still was not very satisfactory . A

rational and reliable means for determining the coefficients was never

found. Further, there were cases in which oscillat ions would begin again

after a considerable computing time with smooth decay , and then new co-

efficients would have to be found , by trial and error .

Mien the computer program included the modifications described in

Section V to remove false transport effects , the problem of oscillations

in the predicted V(t) returned. At a Reynolds number of 250 , coefficients

in the correction to V were never found to truly stabilize the motion of

the coordinate system. This is indicated in Fig . 8.

In the isothermal case this situation is unfortunate but not one to

entirely prevent proper interpretat ion of calculated results. In effect ,

one views the flow field as one might a television screen picture with

oscillations in the vertical hold control . At any instance , the spatial

picture is correct , and the oscillation is an annoyance. Since the wake

velocity V should almost certainly decay in a non-oscillatory manner , one

can even still extract V from some averaging process. However, with a

buoyant wake in a stratified atmosphere one of the primary questions is 

~~~~~~~~~~~~~~ _____ - J
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whether the entire wake will oscillate, and how nuch. Then the situation

just described is entirely unacceptable. Therefore a different method

for determining the quantity V(t) had to be found . This section briefly

describes the resul ts of work done on this problem.

The approach taken was to search for a theoretical basis for

determining the overall velocity of a region of distributed vorticity ,

allowing for viscous and non-steady effects . No derivation of a theo-

retical expression for velocity was found in the literature , nor was Our

attempt at this successful.

Even for the incompressible, isothermal case, only Saffman14 appears

to have seriously addressed the problem . Although Saffr ~an ’s study 14 is

applied to a viscous vortex ring of small cross-section relative to

diameter , he also gives a general definition of vortex system velocity .

This velocity is defined rather than derived, but he gives supporting argu-

ments for the definition. Therefore Saffman ’ s definition, as well as some

others based on intuition or found in the literature , was calibrated on

two cases for suitability of incorporating such theoretical expressions into

the computer program. This calibration leads to the conclusion that Saff-

man ’s definition appears to be correct and suitable , as will now be described.

Consider a general vorticity distribution ~(x ,y) which is anti-

synnetnic about the vertical y axis . For the special case of our starting

solution, there is also symmetry about the horizontal x axis, but with t ime

this disappears under the action of viscosity. In this analysis, the

variables have not been normalized.

The quantity JJc~dxdy is preserved for all time in any two-dimen-

sional boundary-free viscous flow; unfortunately here this quantity is zero.
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p
It can be shown that the non-vanishing integral corresponding to

the vertical impulse is also preserved. This is given by

p ~ = - ~.ff x~2dxdy (5)

A similar invariant integral corresponds to the horizontal impulse

for the present case this is zero.

Saf~ an14 argues that the vertical velocity of the entire vorticity

distribution is given by

~ 2
1 d (yl -xy l)

= 

~ 
a•~j i  i

~
2+
~~

2 
>‘ c~dxdy (6)

For the present case, this reduces to

V 41_-Jj xy ~~dxdy (7)

The time derivative represents the variation with time of the

vorticity distribution in a coordinate system fixed in space (not on the

vortex system), at a fixed position.

The dynamic equation governing the evolution of vorticity can now

be used to evaluate .

For the isothermal, incmpressible case (7) can be written as

V = 

~~~~~ 
[~~

(u~) + (va) - vV~] 
xydxdy (8)

It can be shown, after some manipulations, that for the present

case (8) can eventually be written as 

--~--—-V---
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+ ~~)~±cdy

v =  °°
~~~ (9)

Jjxc~ixdy

Various terms arising from integration by parts, and evaluated far

away from the region near Q, vanish because of the anti-symmetrical nature

of the vorticity distribution.

C~ice the definition of vortex system velocity given by Saffman
14

has been manipulated into the form (g), direct comparison with other

definitions becomes possible.

Not only does the quantity ffc~dxdy vanish, but so does J
’\r
~2dxdy.

This suggests the definition

J 7 c 2  d~cdy 
(10)

Lo and Ting15 claim the equivalent of (10) to be the velocity of the vortex

system. A similar form is used by Bilanin et a116.

• The fact that the denominator of (lO)will generally be time de-

pendent may be a worry to some, and an obvious remedy is to define

= 

~~~~~~~ xvczdxdy 

(11)j 7 x~dxdy

This intuitive definition is recognized as the first term of (9).

____ ____ 

_ _ _ -
~~~~~~~~~~~~
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The velocities from (9), (10), and (11) will be denoted by V9,

V10, and V11. It is straightforwa~.d to evaluate them for the steady,

inviscid distributed vorticity which has been the starting flow of our

numerical computations. It should be remembered that all integrands are

referred to coordinates fixed in space.

If the known steady velocity in this case is V0 (see • Section II),

then one f inds
V9 

= V10 
= 2V11 

= V0.

In other words, both terms of (9) are necessary, and both Saffman’ ~14

and the more conventional definition (10) are correct for this inviscid steady

flow.

A second comparison of the various expressions for V is with the

viscous, unsteady flow configuration of two counter-rotating Lamb vortices .

The evolution of this configuration was also calculated by Bilanin et a116,

using a numerical finite difference model including turbulence. Here the

approach is laminar, and analytical predictions can be obtained.

Let the vorticity be

= 

~R 4
~~L

with r b 2  2
r 1 (x-2-) + y

= 4irvt 4~t

I b 2  2
-r (

~~
) +y

= - - e x p - I47rvt 4vt

Thus two vortices of opposite sign are located at x = 4, ro,
separated in x by the distance b. The initial circulation about each 

•
is ± r .

-V - — ~~~~~~~~ -V -~~ 
-
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Whatever the separation, early in time the vortices do not interact since

their viscous cores (~/~~) are much smaller than b. At large times they

will strongly interact, each attenuating the vorticity of the other. In

evaluating the various integrals, at each time t the spatially fixed

coordinate system is taken with the x axis coincident with the instan-

taneous vertical vortex center position.

As t -
~~ o, b

2/4vt + 
~~~, the vortex cores become S functions and V9 =

V10 = v11= r/2~b , the latter quantity being the correct, known steady

velocity for that case.

As t ÷ ~~~, b
2/4vt -

~~ o, one finds

1 ~bV9 
= 

~ 4~rvt (12)

.1381 4rr~t (13)

1V11- 2-V9

In both the present examples the two contributions to the numerator

of (9) were found to be equal, explaining why V11 = 
~~~

- Vg. This is probably

due to the special nature of the test flows: both maintain vertical symmetry

about the x axis, without the trailing tail of detrained vorticity which

developed in our numerical computations and also known to exist in

traveling viscous vortex configurations generally.

The finding that vortex system velocity is proportional to the quan-

tity rb/vt is believed to be new. It is characteristic of the very last

stage of vortex interaction, and differs (but only slightly) from that pre-

dicted by Maxworthy12 for an earlier stage of wake decay. To facilitate

=..  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~ - - 
- — 
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comparison, the present prediction in the dimensionless variables of

Fig.6is

-l
V I Ct t.

The constant of proportionality given by (12) differs from that in

(13). The correct theoretical value is not known. All one can say is that

there are support ing arguments in favor of V9 while none seem to exist for

V10.

Equation (9) is attr .ct ive for other reasons besides a veneer of

theoretical rigor. The integrands in both numerator and denominator tend

to zero as the y axis is approached (~2, x, and u vanish there) more rapidly

than those in (10) . As mentioned before, there will in general be a vertical

trail of detrained vorticity located downstream of the vorticity distri-

bution and centered about the y axis. This must eventually cross one of

the horizontal boundaries of a vortex-fixed computing region and be lost to

the computation, thereby introducing errors. Use of (9) will minimize these .

The conclusion of this part of the investigation is that for the

isothermal case equation (9), expressed in vortex fixed coordinates, should

be incorporated into the computer program and used as a basis for adjustments

of the coordinate system velocity. For the general variable density case,

Saffman ’s definition14 of velocity might still serve as a base for deriving

a generalization to (10). This expectation is based on the fact that I,,

still retains its incompressible form in the Boussinesq approximation , as

shown by Saffxnan1.

_ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~ — 
- -_ _ _



— ‘ ~~~ —— - ~~~ - 
~~~~~~~ — -——-- -- - 

~~~~~~~~~~~~~~~~~~~ 
- - - — - 

~~ ---—— -~-- .-

26

VII. Rec~nmendations for Future Work

1. Equation (9) should be incorporated into the computer program

as a means of adjusting the velocity of the vortex-fixed coordinate

system.

2. The incompressible form of (9) should be generalized to include

variable density, utilizing the Boussinesq approximation.

3. The scheme for eliminating first order (in grid size) computing

errors should be further tested. This aspect of the investigation is

potentially the most valuable and useful , as it extends beyond the con-

fines of the particular problem studied here . Tests to separate real from

computational. instability can be made with the present problem through a

sequence of runs at progressively smaller grid size, and also by constructing

numerical solutions for other known, stable flows .

4. The effectiveness by which a strong vortex wake in a stable at-

mosphere generates internal gravity waves should also be examined from a

physical , less “brute force” point of view, to complement any future studies

such as these. The present study has not led, during the contracting period,

to an evaluation of this mechanism. At this time it is neither possiLle to

dismiss it, nor to advocate it as a strong potential influence on the upper

atmosphere or on aircraft flying there.

-

~

-—
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Streaml ines Vorticity Contours

Fig. 1 WAKE FLOW CONFIGURATION
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Streamlines Vo rticity Contours

(((11
Fig. 2 Reynolds Numbe r = 5, 100 t ime steps.
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Streamlines Vorticity Contours

Fig. 3 Reynolds Number = 250, 240 time steps.
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•

Fig. 7 Vorticity Contours , Reynolds Numbe r = 250
6Otime steps, Modified Program.
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APPENDIX: PROGRAM LI STING

//RAM CJLZ6 JOB 13166.0PA316600 ,CO ,HML ,3 ,aS ,7,,,,60),”VORTE X PAIR” ,
// CL ASSzG , — - - — - — - V _ - - -  — - - - - - -V

// M SGLEVEL~~(1 ,1),CO NO~~(7,LT)
1/ EXE C FORTXC L G, - - - —_- - -—— - - ---- — - - — - --  - - V -  -__ -

// XR~~FgNOXP€F,__________________________________________________ ______________________

/ ,‘ GOT IM 5~ 
- —

/1 GOCO PE2 ISO K
//FQRT .SVSZN Do • — - - -

C _______

C PROGRAM tO TE ST ~~~~~~~~~~~~~~~~~~~~~~~ iNvi~ ttD voi~Ttx PA ER 
— -

~~~~~~~
COMMON/ 80x /DT ,T IME ,DX ,OY , H, PS I  (33 ,63 )  ,V O RT (33 ,63 ,2 )  .U( 33,63) .V (33 ,

I6~
) ,UMAX.V NAX ,CA PU ,OELU (6) ,KONT

COMMO N /INDEX /IX, IV ________ _____________ ______ ______________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—___________________

C ,VCXT (33.63),VC2T (33 .63) _____ ___________

COMMON i T r ~~r i~~ f;zTEw
CC CHANGE INPUT TO NAM EL IST

- - - HAMELIST 71F~DA’~A/ IPR I NT ,IFIRST ,ITAP E ,TSTOP ,CA PU ,PSCHT ,PSITST,
C EPS ,RA ,ICN T ,DELCU.REDLIN ,XONTF ,LA STS ,FACT,FACT1 ,FACT2, _______ ___________-
C F ITPX ,FITPY ,RUNNO

cc ________________________ ___________ _______

DIMENSION TORETTO ~ O8) —

C D I MENS ION US (32,62.2),VS (32,62.2)
DIMENSION US (I ,1 ,1) ,V5(1,1,I)
EOU I VALENCE (DT .STORE( l)) 

_____________________________

CC 
— ___________________________

PEAL MVJO 
____________________________ ______ _____________

CC •S — - - 
_______________________________ -—_______

DIME NSION FVB (63) ,FUB (63) ,FVBX (63) ,FUBX (63),Z (63) 
D IMENSION AR6~~(~~) ,NARG(~~)

C ______ _________________
C PS I I S THE S REA’u~uru.rTDN
C U D (PSI)/DY X VE LOCITIES 

_________ _____________
C V O I P S T T / O X  = ‘F vECOCiTrES
C VO RT VORT ICITY
C O R IGI1~ lU. ,u. J IS A~ ~~~~~~~~~
C
CC •~ FUNC1IONAC STATtRENT EUM EXTR~ P0C*TTDN~Or GREEN0S FN; —

CC IS -

EXTRAP tx - I ;XZ iTI T2TT 3i =— - r
~rxD~ 1,, iY2~’T TT TT 3~11 T

CC
A ~UN~~IIUNAL S I A ~~tP~tN ( JW ( TPfKtt ry LN r CtNEKRL UI~~~EMENCE

CC ‘I AP PROX IMATION OF THE FIRST DERIVATIVE
CC •• - ____________________________ __________________________

TPCO1(XPH,XMH ,H) (XPH—XMH) / (2. H) ______cc •. _______________________
I(ONT O -

- DELCU~ O~~IGRNKT O 
___________

IGRNH O 
—____________

IK NT O ________
IPRT E R b  ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

________

INPUTS5
IFILE1=rT-—
IFILEI 1O _____
IF ILE2 IO  - —-- — ____—

IONE 1
ITER ~~’ ~ ~~~

_ - _ - _  — __ _ _

1x 32
IY~62 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_____—

C IX NUMPER OF GRID POINTS OF BOX IN X DIRECTI ON’ 2
C IV = NUMBER OF GpTo - por NTs-~~r-Cox -- 1N-y - D rfiE cTIo N,2 -  --- — _~~~

IYM I IY— I
I XM 1 IX—1 — - -

IX P I ’ t X • I

BEST AVAILABLE COPY

- ~~~~~~-:-~~~-- i : :’. 
~
. - -

~~~~~~~~~~~~~~~~~~~~~~ :_
‘
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IVPI I Y • 1
IYM 2 IY— 2 _______________ _____________ ______ _______________________________
MVJO 32. — _______________________________

CAPUS T O.G______________________________________________ _________________________

- CC ‘ READ INPUT 
—________________________

_ 5 E .~D( 5 , 5 p 0 3 )  
________________________

500) FORMAT I IX ”  I’ )

WR ITE (6e5 00 3 )  
___________________________

PE AO (S,IND ATA )
CC •• W RIT E _N*M~LIST _______________________

WR ITE (6, I NDATA )
_ç_ PS ITST=RELAX A T ION CONVERGENCE TEST FOR PSI ITERATION ____________________

CC •~ PSITST SET FOR INITIAL ADJUSTMENT ONLY. PROGRAM THEN ITST
P1 3,14fl926 _____________________
PKA 3. 831706
RJOKA — . 4027594 ___________________

PIH PI/2. 
— ___________________

IPRT O 
____________________

Hal .0
C PA = RADIUS OF C IRCLE OF ZERO PSI—LINE 

_______________

RK R K A / RA
PHA RA ___________________________________________________ _______________

PSCZRKA ’PKA / (RHA *RHA ) — ______________

_____ 
P ITN I./PI 

_____________

PIITM2~~ 2.5P IIN
W RITE t!!RTER.1002) IFIRST , ITAPE ,RA,TSTOP ,CAPU,PSCHT ,PSIT . 

____________I EPS
1002 FORMA T (LH1 ,”TKE FOLLOWING IDENTIFIES PARAMETERS FOR THIS RUN —

1//,” IF!RST * “,I2.” W HERESO MEANS 1ST RUP4”,//,” ITAPE z “ .12./.
1 PA s”,E1 6.8,//,” TSTOP • “.E16.8.//,” CAPU “.EIô.B,//.” PSCH1 

_________

2 “,E3 6.8,//.” PSITST “.E1 6,8,//,” EPS = “ ,E16.8)
WPITE(6 ,6005) !CNT 

_______

? O6S FORM AT ( ”  MAX.  NO. OF TAPE NE~OMDS WRITT E N THIS RUN “ .151)
A 2 RA S RA ____________________________________________________________ ______- kit~2.~~1Pu
018U2/RJOKA

C ITAPE = 0 — PROGRAM STARTS AT T 0  AND DOES NOT WRIT E FINAL ARRAYS ——
C ITA PE 1 — PROGRAM STARTS AT T=O AND DOES WRITE FINAL ARRAYS
c ÔW1ISUAS INPUT IN SUW5EUUENT RUNS~~ 

— —

C ITAPE = 2 — PROGRAM USES PREVIOUS LY W R ITTEN FINAL ARRAYS AS STARTING
- 
C AND WRITES FINAL ARRAYS FOR USE AS INPUT IN SUBSEQUENT RUNS —

C ITAPE a 3 — -PR OGRAM USES PREVIOUS LY WRITTEN FINAL ARRAYS AS STARTING POINT
C AND DOES NOT W R ITE FINAL ARRAYS FOR USE AS INPUT IN FUTURE RUNS

IT YPE ITA PE ’l
C IPR!NT~~~ VA LUE OF PRINT ~ RE I]UENCT

C IFIRST •0 FOR FIRS T RUN
C .NE.0 FOR SUBSEQUENT RUNS
C h A RE TAPE OPTION C SAME AS RADIATIVE BUOYANT CONVECTION)
C TST OP TIME TO STOP RUN
C CAPUZI NPUT

______________________________________________________________________________

CC •• IKNT COUNTS THE NUMBER OF CALLS TO PR T OUT
CC •~ ICNT a MA X . NO. OF TAPE RECORDS TO RE WRITTEN BEFORE STOPPING
CC •• KONT 8 COUNTS NO. OF TIME STEPS

_ . CC~~~ DELC U A CALCULATED CORRECT ION TO CAPU
CC •• OELU — AN ARRAY FOR CORRECT ING CAPU
CC •~ IGRNKT GREEN” S FM COUNTER 

_____ ______________________

CC ~ • I~~PNM~~ REEN” S FN INDICA TOR WH ICH CO NTAINS T (~UVALUE O F I ~~PNR)
CC •~ THAT WAS LAST USED WHEN THE FN WAS CALCULATED 

______ _____ _______

CC ~• US A N~~~ i k~V~~TbR STOR ING BOU~~~~ V ~~~~~~~ FOP EiTt~~~ 5Lu(ION -

IF( IF IRST . NE.0 ) G O TO 10
DX 1 ./60.
D V I  ./60. 

______ ______ ____________ _________________________________

GO to il -

~~ 

——______ ___________ ______________________________

10 CONT INUE 
________ ___________ ________ ______________

CC •• NOTE CHANGE TO IFIL EI
IFI L E1 IO

BEST AVAILABLE COPY



IY P I* IY . 1
IYM2 IY~ 2 _______________________________________________________________ _________________
UVJ O 32.
CA PUST O.0 _____________________________________________ ________________________

CC •~ REA D INPUT — ________________________

._ ._~~~~5~~ D15 ,50o3 )
5003 FOR MAT ( 1X”

W R I T E  (6 .5003)
READ (5. I NDATA )

CC •‘ WRITE N&M~ L1ST
W RI TE( 6 ,INDATA)

C PSITST REL A XAT IOP4 CONVERGENCE TEST FOR PSj ITER AT ION
CC •~ PSITST SET FOP IN ITIA L ADJUSTMENT ONLY. PROGRAM THEN RESETS PSTT ST

PI 3, i4 j~ 9?6 —_________________________
RKA 3.63 1706
RJQKA — , 40 27594 

____________________________________________________________

PIH PI/2 .
IPRT O
H=l. O

C RA ~~PAD1US OF CIRCLE OF ZERO PSI—LINE
RK RKA/ RA
RHA RA -

PSC R KA e R KA/ ( R HA * R HA )
_____ 

PIIN 1./PI
PIITM2 — 2 . *PIIN
WRIT E ( IPRTER, 1002) IFIRST, ITA P E ,RA ,T STO P, CAP U ,PSCH T , PS ITST ,

1EPS
1002 tORM AT ( 1H1 , ” THE FOLLO WING IDENTIFIES PARAMETERS FOR THIS RUN —

F 1//, ” IFIRST • “ .12. ” W HER E=0 MEANS 1ST PUN ” ,//.” h ARE = “ .12,/I,”
1 RA h’ ,E16.8./ /, ” TSTO P a “ .E 16.6.//, ” CAPU a ‘ ,E16.$./I.” PSCHT a
2 “ ,E16.8,// , ” PS ITST a “ ,E16.8 . / / . ” EPS = “ .E16.8)

WP IT E(6 ,600 5)  ICNT
6005 FORMA T ” MAX. NO. OF TAPE RECOHDS WRITTEN THIS RUN “ .15/)

A 2 PA* RA
________________________________________________________________________________-V ______________________________________________________________________

G1=U2 /RJ OKA
C ITAPE = 0 — PROGRAM STARTS AT T a O AND DOES NOT WRITE FINAL ARRAYS
C IT A PE 3 1 — PROGRAM STARTS AT Tao AND DOES WRITE FINAL ARRAYS

- 
C ~~~ OW VSE AS INPUT IN SUBSEQUENT RUN5
C ITAPE = 2 — PROGRAM USES PREV IOUSLY W R ITTEN FINAL ARRAYS AS STARTING POINT

- 
C - 

AND WRITES FINAL ARRAYS FOR USE AS INPUT IN SUBSEQUENT RUNS
C ITA PE = 3 —- PROGRAM USES PREV IOUSLY WRITTEN FINAL ARRAYS AS STARTING POINT
C AN D DOES NOT W R I T E  FINA L ARRAYS FOR USE AS INPUT IN FUTURE RUNS

IT YPE ITAPE .1
C IPPINT~~~~ ALUE OF PRIN T FREgU~~Ncy

C IFIRST •0 FOR FIRST RUN
C .NE.0 FOR SUBS EQUENT RUNS
C ITAP E = TAPE OPTION ( SAME AS R A D I A T I V E  BUOYANT CONVECTION )
C TSTO P T IM E TO STOP RUN
C CAPU INPUT

__________________________________________________________________________

CC •• IKNT COUNTS THE NUMBE R OF CALLS TO PRTOU T
CC ~ ICNT a MAX. NO. OF TAPE RECORDS TO RE WRITTEN BEFORE STOPP ING
CC KONT = COUNTS NO. OF TIME STEPS
CC~~~~ DELCU A CALCULATED CORRECT ION TO CAPU
CC ~~ DELU — AN ARRAY FOR CORRECTING CAPU
CC IGRNKT GREEN” S FM COUNTER 

_____ __________________________

CC •• IOPNH GREEN”S FN IND ICATOR WHICH CONTAINS T METVALUE OF IDRP4K T
CC 5~~ THAT WAS LAST USED WHEN THE FN WA S CALCULATED _____ __________________________
CC •• US AND vT ~~R V ~~~ô~~~~ oP1N G ~~~~~~~~ 

I~~T~~~~iis FOR~~ X~ RAPO LAT ION
IF (IFI RST .NE.0)GO TO 10
DX~~ ./60.
OY l . /60.  

_______ ______________________ ______________________________________

GO TO 11
1 0 CONT INUE 

_______ _____________ _________ ______________

CC ~ NOTE CHANG E TO IF ILE 1
IF I L EI3 1O

BEST - AVAILABLE COPY
I
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CC
CC ~~ CHANGE TO GET THE LAST “STORE” OF THOSE “STORES” PREVIOUS LY WRITTEN
CC 1 — 2 0 ~~~~~~ 

-

CC 2 — 4 0  
_ _ _ _ _  _ _ _ _ _ _

CC •• 3 — 6 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

______  

~~ 

_ _ _ _ _ _-—

CC •~ 4 — 80 __________________________________________________________________________________
CC •~ S ~~I~0
CC • 6 — 1 2 0  

____

CC ~~ 7 — 140 — 
~~ 

— - - - - - _______ - —

CC ‘ 8 — 160 
______ _________

CC ~~~~ 9~~~~~~fl ~~~~ 

____  - -— ______

CC 10 — 20o
00 I5~r11,L*sTSREAO ( IF I LEL ) STORE 

_______________ _____ _________________15 CONTINUE -— — -  __________________

CC •
11 DxI=1. /DX — -_____ _______ ____________

0Y1 1.IDV 
___________________________________________________________________________

DY2a2 Soy-

DX2a2 .~ Dx 
________________________________________ __________________D X I H * .550x1  ___________________

DYIHZ .S1DYI 
________________

DX2I aDXI IOXT~~~DY2 IZ OY I .OY I 
______________________________________________________________________________________________________________________________________________

OR2 I 1 ./0R2
T O O X2I.OY21—
TD2 2.~ TO
FMU=(OX2T/TD)*CDS1PI.D~ J 4 u Y ~ T7TU).cp5 j ’DY) 

-____________________________

A = FHU/ (1 ..SORT (t. — FMU *FMU ))
- - - PL~~1 T1. ,A A )

PC~ ( 1 .O .A ~A ) ’ .5~DR2I
P1 DY’DY~PC
P2aD X~ DXIPCp3*0yS0ySP2 — 

——_________________
CC ~~

F(ITTR T ~o ru ~ ‘#
DO 20 I l ,I XP 1 

__________________________ _____________________________00 20 J~ 1 rYPr—
U (I.J) 0.0 

__________________________

V (I iJ)aO ;0
P51(I ,J)aO .O 
VORTTTT~~T,zu.u
VORT (I,J,2)zO.O 

_____________________________________ ______________________________20 CONT INUE 
—__________________________

C ____________________ ______________________c GENERAT E hN!T raL psr T1ELD~ FRoM P.535 OF ~aTcIIELow —

C 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _C1~~(2.0~~ APw / (RIcS RJO KA)

TI M EaO. 
_____ ______________________________

DTaO . 
_____ —_____________________________

C
C SET UP UPPER UUAOPAnI O~~ TWT TT At—VACUES~ O F C t~S(W CIRCLE ANO 

-

C .USE SY MM ETRY FOR BOTTOM QUADRANT
11’Z - ___________________________________________________________________________________

12a( I X—2) S .S.2.0009 
___________________J 1 ’ ( I Y — 2 ) e .5.2 000*

J2~~( I Y—2) 5 .75’2.0009
J3a( I Y ) .-.25.2~0O09 

— -- — - -  - - —— — —- - -—-—______ — ___ -

DO 30 I~~I1 ,I2 ____________________________ ______________________________________DO 30 J*JT1J2
X F L O * T ( I — 2 ) S DX
YR FLOA T(J—2 )~~OY aS - 

~~~~
—- -—  - — - - - - -— -  ______-—- —

PaSQRT CX ~ *.Y~ Y)
P* Ra PSR - - - - — - - —  - _ — - -

14

BEST AVAILABLE COPY
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COS1H .T/R
IF ( P— PA )  23 ,23.25 

_______________________________ _____________________________

23 AR G RK R 
-_________________________________

CALL B E S J (A RG . 1 . B J . . 0 00 0 1 . I E R)
IF tIEP.RET OTWR ITE (6,4999)  IE R, I ,J .A R G . BJ

4Q99 FOP MA T (1H ,“IER = “$12. ” I “ .12, ” Ja “.12,” ARG~ “.E16.5.
1 “ B.) a “ ,Elb .B )
PSI(I.J)*—C11RJ* SINTH
VR —0[311i7/ARG).COSTH~
CALL B ESJ (A R G .0 , BJ O . . 00 00 1 , I ER )
IF ( R . F~~t OTW RITE(6 ,4989 1 IER.I,J.AR G,B.JO

4989 FO PMAT (IH .“IER = “.12,” Ia “,I2.” Ja “.12.” ARG a “,E1 6.S.
1 “ BJO = “.E1 6.8)
VTHET *GLSSINTH .(BJO— 8J/ARG)
Ui! ,J)~~~~~1~~~ tH.VTHET COSTH
V (I.J)=— VR •COSTH.VTHET*SINTH
VOPT I!..). iT PS~~ PSt1T~J
VO RT (I,J .2)aVORT (I,J,1)
00 70 26

25 PSI (I.J)=—CAPU *(R—A 2/R)SSINTH
VR —CAPU S (1 .—A 2IRXR) ~COST H
VTHET CAPUS (1..A2/RXR)* SIN TH _________________________________
U (1.J)z.VR*flNTH .VTNETICOSTH 

-—_______________________________

V (I .J) a—V RSCOSTH.VT IIET*SI NTP$
I. - - 

26 K= J 1— I J— J 1 )
PSI(I.K)a PS ICI.J )

V ( I , K ) aV ( I .J )
V OR T ( I , K , l )a VORT I I ,J , l )

_ _~~~~~~Q~jjJ~.K.2 )aVORTC1 ,K.1 )
30 CONTI NUE

C INSURE THAT GRID POINTS ON CLOSED CIRCULAR BOUNDARY ARE ZERO
W R 1t~~(6.4919)PSIII1 ,J1) .PSI(12.J1).PSI(h1..J2) ,PSh(I1.J3)

4979 FORMAT( 1H ,4E16.8)
Psi (II’~JI)=O.OPSII 12 .41) 0.0
PS I( I l ,J 2 )a O. O
PSI( i1 ,J3 )~ O .0

C SET UP R ~~TOF IN IT IAL PSI FIELO
I3~ !2’1
DO 40 1 13 ,IXP I
00 40 J .)I.IVPI
X a FLOAflI— 2)10X
Y FLOA T (J—2 )IDY .5
R = SQRT(X~ x.Y’Y)
SIN!Ij.1X / R __________________________________________________________________________- 
COSTH*—Y/~
RXR R* R
PSI (I,J)~~—CA PU .(R—A2 /R )5SINTH
VRa— CAPU ’ (1.—A2 IRXR ) *COSTH 

_____________________________- vt HET~ CA~U (1. .A2/RXR) 5INTH 
—-____________________________

U (I..)) a.V R .SINT)4,VTHET ’COSTH ___________________
V ( I,J )~~~VP~ CD ’YH~ VTRET’5INTH
Ka Jl— (J— Jl )

-

~~~~~~~~~ PSf(I ,K 1 .PS1(!,J)
V II ,K)aV (1.J) 

______________________________ ____________________________u C ! , x ) i ~urr~ JT — -  -____________________________

40 CO NTINUE 
________________ ______________

J4~ J2~ IDO 50 1=11.1 2
DO SO Ja44.IYP 1
XaF LOAT (1—2) SDX ____________________ ______________________________
ya FLOAT ( J— 2 ) ~~D Y — .5 

_ _

wa SORI (XSX .Y5Y) __________________________________________
P *P =P ’P
SIN THZX .’R

BEST AVAILABLE COPY
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p
Cfl ST P4 -V1P~p
P~~I ( I . .) )  =— CA PU* O~—A 2/k ) •SINr H
VR —C AP tJ S (1.~~A 2/PXR )ICOSTH 

-

VT HE TaCAp U S (1 . .A2/PXR )SSINTH
UCf. J)a.VR ISINT H ,VTHE TSCOSTR
V (I,J)a—vR ICOSTH.V TI$ET SSINTH 

__________ ______

K= .J I — ( J — j l  F —  -

U (1,K)a~ U tL .JJ
V (I.K) aV (I,J) -  - -

PS I U, K ) PS I ( 1 ,J )
50 CONTINUE   

— -

CC •~ CONSTANTS DEFINED ON THE BOUNDARY 80 (BEFORE GREEN)
C PSITP1PSI 13.60)
C PSIRT PS!(30,32) 

__________________ ____ ______________

CC •• ——--— --—--- —-— -—-- — - - -—-  -~~~~~~ ______________ --

00 60 4 1.IYPL 
________ ______________________

60 PSI (1,J)a—PSI Jj~~~~~
DO 70 J 1.I YP1 

_______________________________________________________________

vO PT (1.J .1) VORT(3 .~J 1 )
VORT (1.4,2) VORT U .4.1) ____________ _____________________________

70 CONTINUE 
_________ _______________________

C CALCULATE U ,V FROM PSI FIELD 
___________________

C PSI IS THE STPEAMFUNCflON 
___________________

C UMAX. VMAX ARE USED TO ADJUST DI
- UMA*iT.2

VM AX a 2 .5
UMAX I24.
VMA X a 5O. 

__________________________________

UMA X ~ 12O0 . - _____— —________ _______________________________

VMA X 2500.
CC ~~ RESET PSITST (PS1 T E S F )  FOM USE IN FIRST STEP ONLY )

IF ( KONT.EQ .0) PSITST PSITSTI .1
CC •• - -—-V

-
_______________________________ ______________________

CC 
_______________________________ ______________ ____________

CC 
—____________________________ - ___________——

CC •• HERE IF STARTING FROM TAPE 

WR I TE ( 6 , T NDATA )  
_________________

CC GET -1NTTIAL—DET*TCEO--PRTNTVDT~~ 
— ——--V  —_______________

C CALL PRTOUT
CC ——
CC 

_________________________________________________________________________________100 CONTi NUE
CC
C —

CC ~~
230 DTIX UMAX .OYI.VM *X •0X1.7D2 — —— ——— - - —-----— _______ _ _  _____ -—__________

D T C R !T a 1 ./ D T IX
DT~ .8’OTCP1T

CC *5 MODIFY OT FOR FIRST STEP ONLY
IF( KO NTa( Oo O)- ~~ T~~OT~~~oi

C 1F (ICONT.E (7.O) DT DT•.l
CC ‘ - - ________________________ ______ ______________________

240 TIME TIME .DT -.

W PITE(6,2325~
2325 FORMAT (/,,)

W PITE(6,2300)UM *X-vVM *X -————— -—’—- - - - ---—- - — — - — — - - - ----— -—  _____— —— ——

2300 FOR MAT ( 1M ,“ UMAX a “.E16.8.” VM A X a “,EI b .B)
________ ___________

230 1 FO R MAT ( 1H .“ OT a “ .E16.8. ” TIME * “ .E16.8)
CC • -- _________________________________ _________________________

CC CARDS SPECIFING BOUNDARY VO R T ICITY VA LUES GO HERE
CC - -   - - _____

CC •~ CALCULTA E NEW V O R T I C I T I E S  EVER Y WHER E EXCEPT AT EXTE MI O P POINTS
DO 190 J .2 .ZY - - - - - —--— - —- - -  —

00 190 1a 3 . IX

BEST AVAILABLE COPY
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v 1=U II • I .J ) ‘U ( I  ,J )
IF (V 1 .GT .0.O)GO TO 180 

— ______ _______ ____________________

V 2 V I* VORT (1.1..), 1)
GO TO 181 

__________________________________________________________________________

180 V 2 aV IiVORT CI ,J .1)
_ ._J8J V1!U(I..J).UU I,))

IF ( V3.GT.0 .O)GO TO 182
V 4 Z V3 SVO RT ( I ,J .1 ) ____________________________________________________________________
GO TO 183

182 V 4~ V3 *V OR T (I—1,J .1)
183

_______ IF(V5.GT.0.0)GO TO 184
V 6’VSSVORT (I.J .1 .1)
GO TO 185 _______________________________________________________________________

184 V 6aV SIVOR T (1.J.1)
185 V7 V(I ,J) .V (I.J—1)

1F (Vi .GT.i.O)GO TO 186
V B aV 7SVORT (I..J,1)
GO TO 187

186 V 8aV 7~ VORT (I..J— 1.1)
18 7 V C1aDX IHS (V 2—V 4)

VC2aDY INS (V6.’V8) 
_______ ________ — ______________________

VCIT(1.J)a VC I
- —-  

VC ZT (I,J)aVC2
VCaZ.SVORT (1.4.1)
VC 4ZDXZII (V ORT(Ie1.J ,1) .VC .VOR I (1—1 ,J ,1))

- 
VC5aOVIP1VORT(I ,4 .l ,1)—VC .VO (4T (I.J—1 ,1))

CC ~
CC ~~ 

-

CC ~~ SIGNU — INDICATES WHAT VALUE TO USE IN CORRECTING FOR FALSE VISCOSITY
CC •~ STON y — INDICATES WHAT VA LUE TO USE IN CORRECTING FOR FALSE VISCOSITY

- S!ONU SIGN (.S,—U (I,J))
SI~ N~~itGN (.5 ,—V (I.J))
IF (U (1,J).EQ .O) SIGNUaO.

- 
IF (V (I.J).EQ.0) SIGNV aO .

CC •‘
FVC Xa SjGNU ~DX *(U (I.J)5VC4*TP~OI(U (I.1. ,J),U (I—1.J ) ,UX) •

— 
T P C O 1 (V O R T ( I . 1 ,J . 1 ) .V O R T ( I — 1 . J , 1 ) . D * ) )

FVCY iSIGNV ~OV’(V1I ,J) VC S•TPCD 1 iviI.J .lr VTr 1r~0YT’
C TPCD1 (VO RT (I,J .1 ,1) ,VORT CZ ,J—1.1 ).DY))

CC IS

CC ‘ FITPX AND FITPY ARE FITTING PARAMETERS RELATED TO THE
CC ~~ FALSE VISCOSITY CORRECTIO N TERMS IN A AND IN V AND ARE
CC •~ NORMAL LY SET EQUAL TO 1
CC ~~~~ 

- -

CC ~~ S S S S 
__________________________________ _________________________________________

FCFX (1.4) aFV CX
FCFY(I, J)aFVCY

- -  
IFIABS (FVCX ).GT. FITP X A B S (V C1) ) FCFX II ,J)aFCFXU ,J)’1 .E20
IF1AB S (FvCY ) .GT .F ITPY~ AB S (VC2)) FCFY (I,J)aFCFY (1,4)*1.E20

~~~~~~~~~~~~~~~~~~~~~~~~~ FV CX aS IGN(VCl ,FVCA)
IF( A 8S (FVCY ) .GT .FITPY ABS (V C2 )) FVC Ya SIGN(VC Z ,FVCY )

C VORti ! 2)aVORT (I,J ,1 ).DT~~(CV C ~~YC5—VC 1—VC J
•• NOTE V )S .OU J ,\RM 1E.8,O4)\I? 8

VORT (I.J.2) V ORT CI. J ,1 ).OT~~((O,O.O, 0—VC t—VC2 )
C •FvCX •FVCY) ___________________________

190 CON?INUU
DO 107 Ia3 ,IX 

___________ _____ _____

CC ~• CALCULAtE V0PT1~~ITY~~LDNG TOP EX TLI~1OW tINt 
-- _____—_____

_ _JLO.~T I. IY P1.2 ) a3.5 VOPT I  I. IYP 1 — 1 , 2 )  —V OR T ( I. IYP 1—2 ,2)
C •VORT (I.IYP1—3 .2)

CC CALCULAT E V O P T I C I T Y  ALONG B OTTOM ExTERIOR LINE 
__________________

107 CONTINUE _____________ ________ ______________

cc •~ CA LC1,LATE~~i~~r1C !TY ALONG MI~~~T EXTERIO ~~ LIN~ 
- -

~~~~ 

— _____________

00 108 Ja1.I YP I

BEST AVAILABLE COPY
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v oRTUA P I,J ,2 =3.S V U RT U *P 1~~l,J.2)~~vO RT (Ixp 1_ 2 ,4 ,2))
C VOPT (IXP 1—3 ,J ,2) 

_______

108 CONTINUE — _____ — - —
CC 

_______ __________ _________________

DO 191 Ja1~~TYP 1~~~~~~~~~
V ORT (1,J ,2)a~ VOPT (3,J,2)

191 CONTINUU
CC ~~ I BY—PASS GREEN”S FN . EXTRAPOLATION 

________

CC ~~ WH EN STA PT ING FPOH -VflMr ERO~ 
— — - — — _______

CC 
______ _______CC -— _____ _____

IF( ICONT. LE. 20) 00 TO 195
CC - u-- --— ----
CC
CC ~~ TO AVOID SK!PPING - —— — — —  -

IF IKO NT .GE .0) GO TO 195
CC - -- _________________ _________________________________

CC II IGRNKT IS COUNT CONTROL FOR CALCULAT ION
CC ~~ OF GPtEM”~ ~UN~TION
CC •~
CC ALWA YS PERFOR tACCUCATTOPUW ER STARTTNG OFF - - _________________

CC 55

IGRNKTa !GRNKT4 L
CC

tFTMODrIBRr1

~

r .3 . tu .u .ANu .uT . L r . I .s t —4 )  OP TO 575
195 CO NTINUE

WRIT E (6~-6G )-0)
6010 FORMAT 1” GREENS FUNCTION USED DURING THIS STEP “) -

C - IMPOSE GREENS~FUNCTT0NS TO OBTAIN Di ON COtJNOARTES — ____________________

C
C — SEARCH FUR N0r4—zt. p(u yy RII~~i ij t s
C

NYU O --_______________

NYL O
N X RIO  

- ______ __________ _______— — —

NXI. 3
- - __________________________________________________________________

IF (ABS (VORT (3 ,J ,1)).LE.EPS)GO TO 90
NYL J  - - —  - ___________________________

GO TO Ol
90 CONTINUE
91 DO 92 Jal ,IYM R

- KaIY~ FI F (A AS (V O RT ( 3 , K . l f l . L E . E PS ) GO TO 92
NYU K — —________ —-

GO TO 93
92 CONTINUE - - - —_ _ _ _ _ _

93 DO 96 J NYL ,NYU
DO 94 t i~~TXM l
IF (AR S (V ORT(I ,J ,l) .GT.EPS)GO TO 94 

___________________________NX I.1
00 70 95 

____________

94 CONTINUE - -— _______________—

95 IF(NX .OT .NX R )NXR=NX
96 CONTINUE

WR ITE ( IPRTER , 1O 50 ) NX L. NX R,NY L , NY U 
____________1050 FOR MAT CIMOI ”  Xt ’”it2T” N~ R~~~ ”iIZ,” Ry 1*”i12 ,” NYU e ” ,I2) —

C
C LI M ITS OF NON ERG YORIICXTT—A RIA— M*VE BEEN E5TA 8L ISHED~~ 

- —  __________

C
C CALCULAT E U ,y ON yap ANU 7* 1  BOUNUIMY L1NE5
C

A RG2 (1) O .O      — _____

A PG2 (2 )= IY .2
NA R G ( 1 ) 2  -

NARG (2) TY
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_ z,rrr: rr r_ - - — - 

4S

00 510 La1 ,2
YB*AR G2 CL) 

__________________________________

LLINAPII UL,
C DO 500 11a 3 ,IXMI

_____________ ______ _________ ____________________________ _____

CC •~ CHA N G f l~~~~3~4OS TO INCLUDE C~P~tR POTNY S - _____

CC S•
C~~~~~• JSKIP — 1 OR 2 DEPE NDING WHETHER GPEEN”S FN . IS INTE R POL ATED
CC I. 

- 
AT EVE RY OTHER POINT OR CALCULATED AT EVERY POINT __________________________

CC •S
JSK I P 2  

________________________________________________________________________________

CC
— 

DO 500 11 2 ,IX ,JSKIP
Ku -

X B F LOAT 
______________________________________________________________________________- ______________________________________________________________________________

FV B X (1 )aO.O
FUB X (1)aO .0

— 
00 420 JaNYL ,NYU

YP FLOAT (J~ 2)
F VB ( 1)uO.O
FUB ( 1)10.0 _________________________________________________________________________________
FV R (NXR) aO .0-
FUB(N XR ) aO.O
CY Y B— Y P
CY2 CY S CY 

________________________________________________________________________________

Do - 4:1o--- r~
-;-NXR

XP FLOA T (1—21 
__________________________________________________________________________

DENOM Z(ii i—XP I*(XB— XP )+CV 2 )~~((*8.X P)* (XB .XP)~~CY2 )

— 
F VB (I—1)aVORT (I,J,1 )5DX I*X P ’( (Xb2 —x P~ X P—CY2 ) /OENON)
FUB ( I— 1 ) = ( V O R T ( I , J , 1 ) ° O X I ’ X B 1 -XP CY ) / D€ NO M

— 410 CONT INUE 
___________________________________________________________________________

CALL OS F ( DX , FV B . Z , NX P)
FV BX (K)*Z (NXR)
CALL OSF (DX .FUR,Z ,NXR ) 

-

F U B X ( K ) * Z NXR)
420 CONTINUE

K ak .1 
________________________________________________________________________________________

FVBX IK ) O.0
FU RX ~ PU=0.O 

__________________________________________________________________________

CALL QSF(DY .FVBx ,Z ,K)
— —  

V (h1,LL )aZ (K)*PIIN .CAPU
CAL L Q SF ( DY . F 1J8X ,Z , K )
U( I i , L L )*ZCK ) ’ P I ITM2

500 CONT IPIUE
CC ~• FIRST SET OF U AND V MOD IFIER S ’GO HERE 

_______________________

CC •~ FIRST SET

DO 505 £1 a3 ,1XM 1 ,2
U (I1 ,LL )a(U(I L— t ,LL) .U 1I1~~1,LL))’.5

505 V (I1 ,LL )a(V (I1—l.LL ) .V (Il.1,LL ) )•.5
CC ~~

slO CONTWUt~~~ 
— _____________

C -

C CALCULATE U ,V ON Xa .5 LI NE
C 

_______________________________________________ ______ _________________________

A RG2(1F~O .0 
- _____——__________________

APG2 (2) IX~ 2 ________ _____ _____________NAPG II)*2 — .  _____ -- ____________

N ARG (2)a !X
L L 2
IIa NARG (LL ) 

_______________ __________________
XN *APG 2CL IJ)  

_______________

00 550 L a3 ,IVMI ,JSKIP 
_________________ ______________

Ki 
FV RX (1 )aO ,O C

~ 

-
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* F~j&(~~~~a~~.O 
-

YB aFLOAT (L—2)
00 540 JzNYL ,NYU -

K K.1 
-— - — — —  —-V—--—-— -V ——— - —— —  _____________—-

CY YB—Y P
_____________________________________________________________________________________- CY22CYIC’r

00 530 Ia3 .NXR
XP*FLOAT (I—2) - - _ _________—

DENO M a (IXB—X P )I (X8—XP) SCY 2 )~~((XB’XP )~~(X8.xP).C Y2 
________________

FVB (1-li aVORr CIiJ. 17 *DXT~xP.r ( 2 ~~~RP~~F~CYZ )7OENON r —— _________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
530 CONTTNu~

CALL OSF (DX ,FVB .Z ,NXR ) 
_______________________________________

FVB X (K)’!INXRp —

CA LL OSFIDX ,F UB ,Z ,NXR)
FU HXI~~1*Zi NXR

540 CONTINUE

FVBX (K)aO .O _____________________________________________________________________
FUBX(K )iO~.0 

-

CALL OSF (DY .FVBX ,Z ,K) 
______________________ ___________________________

V (II~ L)~~ZCK )’PITF1 CAPU
CALL OSF (DY ,FUB*,Z.K1

550 CONTINUE 
__________________________________________________________________________

CC •~
CC •• GREENS FUNCTION TEST -

IYM 2a tYM 1~~1
CC ~~ SECOND SET OF
CC 

- “ 0 A N 0 V MODIFIERS GO HERE
CC •~ SECOND SET

— 00 5s5 ta~ ,Im2.2
U (IX ,L )a(U (I X ,L—1 ) .U (IX ,L*I))S .5 

______ ____________________________________________________ ______— —

555 CONTINUE
- -  
C C ”

GO TO (588,588).IONE 
_______________________

CC 
-__________________________

C -

575 CONTINUE -
CC
CC •~~ 

-

GO TO (590.590),IONE
CC ~‘CC ~~
CC ~~ CHANGE V (A FTERr TOV tBEFOR !1 - —- — - — - - - -  

CC II

4. NDIF*1Y~~
00 580 Ia2 ,IX
00 580 Ja2.62 ;P4oCF —~~

—
V II ,JI *V (I,J)—DELCU 

___________

580 CONTINUE -— ______ - —
~~~ 

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

-

DO 585 Ja3 ,IYM I
V C I X e J ) aV rtXI IT OELCU

585 CONTINUE
CC ~ • END CHANGE —— -- —————-—- 

588 CONTINUE
590 CONTINUE • - - - - - - -~- —— - -— — - — — - —- --—--— — - -- - -  - — - - —  --

CC
C CALCU LATE P5i ON~~UUND*RIf S AT TOP OTtON—4NG ArR1GNT
C

PSI(3,2)a—DX~ V (2.2) 
— —-—---.— —_______

PSI (3 ,IY)a— OX 1V C2 ,IY )
• DO 700 1a3 ,I XM I —  --

PSI(I .1 ,IY )aPS I (I—1 ,1 Y ) DX 2~ V (h1Y l

BEST AVAILABLE COPY 

—— 
-
~~~

- --
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PS1(I.1 ,2~~ PS I(I—1 ,2 )—DX2 ~ V (I.~~)
700 CONTINUE 

______________________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P5I (i~~~1~ M1 )=z..PSI(IX ,I Y )— PSI (IXM1 ,1Y).ox .ytT XTIy)—py.u (Ix .IY)
CC ~~ CHANGE TO REFLECT VORTICITY ON THE BOUNDARY

C — .S I O X • O X * V O R T ( I X , IY , 2 )
DO 7 10 J a3 ,IY M1
K IYP L— J
PS I ( IX , K ) I P S I ( IX . K . 2 ) — O Y 2 I U ( I X , K + 1 )

7 10 CONTINUE
250 ITER2O
260 DPS IMX IO .

PSIP4AX a Q .
ITER a ITE R.1

CC •• TEST ITER TO PREVENT RUN AWAY ITERATIONS
IFII TER .GE .35) CA LL PRTOUT
00 270 J 3 .IYM 1
DO 270 1a3 .IXM 1
P51 (1,4) aRLIPSI (I,J)+P1’CPSI (I•1,J).PSI(I— 1 ,J) ).P2I(PSI(I,J.1).
1PSI (1.4—1)) .V ORT (1,4.2) 5P3

270 CONTINUE 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

00 280 I~ 3.IXI41
DO 280 j a3, IYM1
P5 a P5j  II..))

—- 
PS I( 1 ,4 )  aRLIpSt (I ,J).PI*(P5I (I.1 ,4) .pSI(I~~1,J)
1PSI (1 .4—1)) .VOR T (I .J,2)~ P3

- 
D SIZ ABS (PS—PSI (I,J))

CC I~~
IF (OPSI.LC.OPSIM X)00 TO 288 -

- - 
OP~ tR XaDPSI

CC •~ FIND COORDI NATES OF DPSII4X
- — 

ITIITaI

I 7H2 J 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CC ‘~ END FIND
288 CONTINUE ________________________________________________________________________

IP(AeStP ~TTr J))  .LE. PS IMAX )G O TO ~B0
PSIMAX ABS (PSI (I .J))

280 CONTINUE
CC •~ CHANGE 4 BOUND TO GET CORNER POINT

DO 290 -J~
1-,IY

PSI (1,4) a—PSI (3,4)
290 CONTINUE

CC •~ PSITST TEST
CC

WRITE(6.6001) I1H1.IIH2
6001 FoRMArr 4~Ox-,zi io

WR ITE (6.6002) D PSIMX ,PSIMAX
60ö2 FORM iT~~~~~~~4)

CC
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TO ~bO
C __________________________________________________________ ___________________________________________

CC ~~ R~ SET~ PSI TEST VALUE FOR ALL SU~~~EQUt N J TiME 5Tt~ S
IF (KONT .EO .0) PSITST PSITST*10 .

CC
~~ WRITE INOATA REFLECTING CHANGE OF PSI TEST

— - IF (XONT .EO.O ) wR ITE (6,IN UA TA
CC 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _________________________
DO 281 i~r, rxPi
DO 281 Ja l , IYP 1  

_ _ _ _ _ _ _ _ _ _ _ _ _VORT C Ii3;lT VO~ TrT~ J~2r
281 CONTINUE

CC •~ COUNT NO. OF TIME STEPS 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

KONT IKONf .1
WR ITEC6.1,022) KONT 

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

60 22 FO RNAj I”  ~~~ EUDF TRIS TINr STE P a ~~~~~~~~~~ 
—

C DF TERM IN F CHANGE IN CAPU = CHANGE IN Y OF STAGNATION POINT

BEST AVAU.A~ 
COPY

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — - - - - -  •- - - -  -— -- --~- ----—
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(A T MAX PSI) DIVIDE D BY DT
CC ••
C

MV I O
M V J O   - -  - -
PSIMX O . 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 600 I~~~TX
DO 600 J 3 , IY
IFC P S I ( I ,4 ) . L E . P S I M* ) GO TO 600 - -
MVI* I
MVJ aJ —- - .—— - — - —-— —— - — - -- -- - -

PS IMX=PS R (I,J)
600 CONTINUE

CC ~~ FIND MAX PSI IN THE NEIGHBORHOOD _OF PSI (NV I,MV J) 
_ _ _ _ _ _  _ _ _ _

CC ~~
CC ~ * USE THE BEST NINE POINTS AND THE SECOND BEST NINE POINTS  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CC ~~~~ 
- -

CC ~~-V MD rGN(I u~5I(My I.l MV.J 1 .P51 (M VI — 1, MV ,J ) ) )
K D O

610 CONTINU —-V —

A O IZPS I(MVI ,MVJ .1 )—P SI(MV I ,MVJ ) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A O M 1 PSI(MV I,MVZ7~Ii~PS1TMVt.Mv~
,, — — —  —

A 1 0aPSI(MV I .1 ,MVJ )~~PSI (MV I ,M V J )
1M10*P SI(My i—1 ,MyJ)—p ’Sl (My I,Ny ,jJ

CC
B53 .25’(PS!t MV Tt MY~J.1 ~

I — P SIC M V I—1 ,M V J S I ) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 -- 

-PSI(MV!TIIMV J T1

1 •PSI (MV I— l ,M VJ 1I ) 
-- -- B I ~~5 T A TO—AN LU ~

821.51 (A Ol— AOM 1 )
B3z~S1(A10’AMT01
B4z.S~~(AO1 .A 0Ml )
OELTA=4 ; 183 86 85 85
DEL**— (2..B1~ B4—B2•B5)/DELTA
DEtY2t—B

~

— 85—DELAI— .5,5.
DEL PSI B 1 .DELX .R2~DEL Y.83’DELX•I2.94~DEL yI~2.65IDELX ~ QEL y
PSIMX PST (MVhMY JT*DELPSI -

WP ITE (6.6025) PSI (HV I,MV J),PSI (KV I ,MV J .1) ,PSI (MV I ,MVJ— 1),
C PSI (MV! VJITPS! tMV t~~tiMV~i)

WR ITE( 6,6025) PSI (MVI+1 ,MVJ .I) ,PSI(MV I .1.MV J—1 ) .PS I(I4V I—I ,MV J—l ),
- - - C~~~PSTIMvI—L,MY,J.1P

wR ITE( 6,6O25 ) DELX ,DELV.DELPS I
6025 FORMA T (5E20~~7T

IFCKD .E0 .I ) U0 TO 650
K D 1  - —_____ -________________ -- 

_ _ _ _

W 1 1. —A BS ( O ELX )
DEL XO~MVT.UELA
DELY O OE LY 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PSIMX 0~ PSIMX 
— -

MV ISMV 1.NO 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IF (P(D.EO .I) GO TO 610
650 CONTINUE 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

OEL XIMVI~~OECX
CC 

_ _ _ _ _ _ _ _ _ _ _ _ _

CC •• - 
_ _ _ _ _ _ _ _ _-

~~~ 
.5

CC ~~ THESE EXPRESSIONS WETGHT TME RESUCT TOWA R O THE MOST CENTRAL ONE -

CC 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DEL XP=W 1 .I1ELX0 .(1.~ W 11 .utLA —

DELX DELXP — MV I
PSIMX= PSIMX eM O IOE LX I (PSI MX— PS! MX O - - - - 

CC ~~ THIS EXPRESSION WEIGHTS THE RESULT TOWARD THE MOST CENTRA L ONE
DELYPPIP4VJ .DELY ,MDIDELX • CDE LY DE LY O)  --

CC ~~ —

BEST AVAILABLE COPY 
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cc
C W RI TE (6.AO2S) A 0 1.A OM 1 ,A10 ,A M IO 

_____________________________

W P IT ECS ,6025 )  A 0 1 , A O M I , A L O , A M 1 O
C W P ITE (6.602S) B1.82,83,84,B5

____________________________________________________

W R ITE (6.602SF I~~~~~~~~B47G~
WRI TE C 6 ,301 0) PSIMX .DELXP ,DELYPP

— 
3010 FO~MAT (”0” .” MAX PSI a”,E16. 8,D AT Ia “,F8.4,” Ja “,F8.4)

CC ________________________________________________________________________________________
CC

— CC •~ 2 POINT PREDICTOR
CC ~~ 4 PO1N~t C ~ RRECT0R

IF (KONT.GT.3) GO TO 620
DELU (KONT) IQELYPP—REDLIN
G0 T0 670 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

620 CONtINU ~~
OELU (1)zOELUC2) 

_____________________________________

DELU i�I O~LiTi3) 
—___________________________________

DELU(3)10ELYPP~ REOLI N -
~~~~~~~~~~~~~~~~~~~~~~ (DELU (I),I l.3)

6030 FORMAT 1//” YS” ,SX ,4F15.7//)
IF (KONT Y�01 GO TO 670
YPREDZ2~ DELU (3) —DELU (2) _________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) f Z T .
CC *• FACT IS A PARAMETER TO CONTROL OSCILATIONS IN THE CONTROL SYS.
CC ’• AS IS FA CTI
CC AS IS FA CT2 

____________________________________________________________________

CC - “ THE FOLI~ WTN~~ FACTS ARE FOR CAPU (0 ) I000.
C FACT = .1 

_________________________________________________________________________________

C - PA C t i~ .3o3
C__
CC •0
CC •• THE FOLLOWI NG FACTS ARE FOR CAPU( 0)=2 0.
C FAC T z .2
C FA C T L a O  

________________________________________________________________________

C FACT2 4
CC

DELCUF .S.(VDES~ YPRED ).DY/OT/F5CT2 , FAC T~~(DELU (3)—DELU (2))~~DY/r ’T
C — FA cT1IWE LU (3)—2.~~DELU (2).DELU (1))’OY/DT

C C ’  
-

CC __________________________________________________________________________________
C 

- 
OEL.CU DELCUC .DEL CUF

__çC 5* NOTE ONLY DELCUP USED
DELCU DELCUF
CA PU C A PU • DEL CU

670 CONTINUE
- W P I T E ( 6 , 3 0 1 3 )  CAPU

3013 FOPMAT(//” CAPU ”,E1 6.7J
W R IT E ( 6 , 3 0 1 1 )  DELCU

3011 FORM A T IIN ,“ DELTA CAPU =“,E16.7)

-- CA PUST2OELCU
CC

WRITE ( IPRT ER. 1008 ) ITER 
______ _________________

1008 FORMA T (1$ .~‘Tii~ a “.1.3 I
CC

IS

CC 
_______________________________ __________ _________________

Cc ALT ER PSr~t~ RE FLECT ch ANGE IN FREE STPEAM—VELOUrU !CAPUST1
CC 

________________ _______ _________

DO 680 I~~~ IX —— - ______ - -  _________——

DO 680 Ja2 ,IY
- 

P~ 1 (I ,J)= p S1 (1 ,J )— CA Pu ST 5DX* (I—2)
680 CONTINUE 

_________________ ______ _____________________________

DO 6R2 J~ 2~ IY~~~~~~~~PS I U,J ) = — PS I ( 3 ,4 )  
________________ ________________

E.~ 2 CONTINUE 
—- —- -V..-— — _

~~

_

~~

_ - _________________

CC 
- 

~~~~~~~~~~~~~~~~

- — -V . - - - V  - --V 
- 

- - - 
-V -V
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LI. “‘ ALTER V ON BUUNOARY TO REFLECr CNANGE IN F~~~E ~ T)~EAM ~ELO C 1 T Y
00 690 I = 2 . IX
V ( 1 ,2) V ( I , 2 ) . CA P U S T  

— V I  I , IY =v C I . IY )  .CAPUST
690 CONT INUE  

_________

DO 692 J= 3 ,IYMI
V ( I X iJT *V T IX ICAI U~~L

692 CONTINUE
CC •~ END ALTER ~~~~~~~~~~~~~~~~~~~~   

- V - - - - - - - - - - — - --——-- - -
— CC •‘

CC U AND V GENERA TEO BT FCU  —

Cc .5 ___________________________________________________________________________

V M A X O .O
00 110 t~~2ITXMI
DO 110 Js3 ,IYM 1 

__________________________________

UI !..)) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~UTRY A B S ( U ( I ,J ) )
IFWTPY7GY UNA ,U UMA X aU TRY
V ( I ,J ) 1— OX I H* ( P S1( I . I , J )~~PS1( I~~1. J ) )  

_______________v TR y ~A8siv(r ~.j ) r— — --_____

IF (VT RY .GT.VMAX )VMAX IV TRY 
________

110 CONTINUE
cc I.

CC ~~~~~~ tXTRAPOLA TE U AND V TO EXTERIOR L INE
CC .......ALONG TOP

DO 112 I13,Dr
UU ,I YPL)=3.*CU(I ,IYP 1—1 )—U( I ,IYP 1—2 )) .U( I.IYP 1—3) 

___________________________

V C Ij I Y P 1 ii 3 *IV1T TVPT~ IT—V ( I , IVP1—2) ) ’V ( I IVPi 3F
CC ~ •...ANO ALONG BOTTOM

U11 1)a J..(U(I,Z I—U (I ,3J )IU (I,4)
V (I,1)13 .S(V (I,2)—V (I,3)) .V (I,4) 

_____________ __________________

112 CONTINUE —

cc •~ EXTRAPOL ATE U AND V TO EXTERIOR LINE 
_____________________________________

CC •~ .......7 ~.ALONG RIG HT SlOE
DO 114 4 t ,IYP I

-- —- U (TAPL ,J)aJ . 5iU (1XPI—1,J) — U (IXP.—2 ,J ))IU (IXP1—3 ,J)
V I IXP1 ,J) =3 .*( V t IXP I—1.J )—V C IXPL—2 ,4) ) ~V (IXP1— 3,J) 

___________________________

114 CONT IN U E — —
CC 

_________ _______________

IF KONT ;LE.2~ r T O ~~~ u
CC • TO A V O I D  SIcI PPING

- - TF (KON fl GE7OJ GO TO ~5O
Cc •.

CC USE EXT RA POLA TION FOR U ANL/ v ON TRE BOUNDARY~~~~~~CC *~ EXTRA POLATION ASSUME S THE FOLLOWING SEQUENCE OF EVENTS 
_______

CC ~ I SAVE 0197 tBr — 1AF-TER—C~ AN~E 0 F PtFERENCr PT.) - - ______

CC ‘ 2 SAVE U (8) ,V (B ) (AFTER CHANGE OF REFERENCE PT.)
CC A EXTRA POCATE DECTA I.Aru
CC •~ 3 EXTRAPO LATE U (8).V (B) IF DELTA TIME IS SMALL ENOUGH
CC •~ S IN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —

CC ‘~
IF (MOO (IGRNKT ,3r EQ;O OO—TO--fI~0 

- -  -
~~~~~~

-V _____— _____

CC
K MOOI IORPI( T c3 ) —

ND I F* T Y — 2
DO 760 1*2,1*- — -———— — — -- -- —— ---~~~~~~~~~~~~~~

- 

BEST MMtAB~ 
COPY 

-

— - - - _____- - -.~---~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - .—.. ~—.— -~—~~~~~----‘_-- -
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00 760 Jz2 ,LY,ND IF
U S(IsJ~~KT~1TCI.J) 

-—____________________________________

V 5 ( I . , J , K ) a V ( I .J )
760 CONTIN UE

CC •* SAVE TIME
1F(K. E Q .7 )  TS IT IP4 E

CC S. SAVE DELCU 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I~ 1 ElI. IFDELCUS=DELCU 
—_______________________________________

CC ______________________________________________________________________________________
00 765 Ju2 ,IY
US( IX ,J ,K IU ( IX’ .) )
VS (IX ,J ,K )IV CIX..))

765 CONTINUE _-- — - — - — —  - 

WRIT E ( 6.6026) K
6026 FORMAT C” U tR ),V lR) - SAVED ” .l-S)_—-_-— -- -- — - - - - - —— - -

CC
CC •• - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IF (MOD (IGRNKT ,3).NE .2) GO TO 850
CC •~ CALCULAT E DELT A TiME- FOR E~.TRA POLAT 1ON USE - - — -

DT IXaUMA X IDY I .VMAX IOX I.DT2
DTCR f T~~I . /OT!X _ _—  ____ - - -  _ _ _ _ _ _ _ _

DT1 . 8 ‘OT CR I T
_ TIHETatIM~..OT

CC •• END CALCULATE
ND IF* IY—2 __ .
DO 780 Iu2, IX
00 780 4a2.IX,NQIF — —

C WR ITE (6,6019) I.US (I,J .l)~~US (I.J,2)
- UCI.4)~2EX .7kAP(US (I,J,1),US(I,,J ,2),TS,TIME t~~~MET )

V II ,J)aEX TRAP IVSC I ,J ,1) ,VS (I.J ,2 ),TS ,TIME .TIMET )
C WR ITE (6,6OL 9~—-1-,U-C4.J).- .V-(.I--.J-)-—---_—-----—------
6019 FORMAT (15,4F10.2)
780 CONT INUE------_--— —-

DC 785 1a3 ,IYN I 
- -  - _____________________________________________________________________

VI IX, 1)sEXTRAP ( VS (IX, 1.11 .VS (IX. 1.2) ,TS ,TIME,TIMET)
C WRITE (6,~~o1~~)-_I..u.4.3Z..I-3.-..V4-32,I)

185 CONTINUE
WR ITE (6,6020

60 20 FO RMA T ( ”  U ( B ) .V ( B )  EXTRAPOLATED ” )
-DELCU—E~l-7ftAP4-9€LCU5-,0ELCU.T~~.TIP f~ .TIMCT)

850 CONT INUE
CC -— —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _____________________________

2 10 IPRT~~IPRT ,1 •
C IFC (IPRT,IPR -IN-fl *-IPR-IN-T-.P4E.-IPRT-)-Go—-TO--220--—- ——- ---——--—-- - —--— -
Cc ~ KONTF a FINAL COUNT
CC— SI~ .-~ 

___________________________________________________________________________________

CC ~ ‘ STORE ON TAPE HERE
C IF (MODIKONT-, .20-) .EQ.O.)--WRj-T E-4-1G )—4.T-0R( -- --——-- - - - -— — --——- —

CC
CC •• CALL PR INT -0U-T---NEP€- ———-  - - - - - — - — —  ——_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _- —

4 IA I * 4 P R * ; U T 4
CC •* -

IF (KONT.E Q .XONTF ) STOP 33 -

220 CONTINUE _ - — — —-— — — —-- -   ________________________

cc
IF(K ONT .G E.0) GO- TO--Z O O - - - —-——--_____ ---- - — - - - - — - - - V

.
- -  —______

C IF (TIME.LT.TSTOP )GO TO 100
CC ‘~~ 

—________________________________________________________________________
T F ( ( IPQT , IPR1NT) ’ l PRINT .E(~.IPRT ) GO TO 225

C W R I T E  OUT FINAL ARRAYS _ - .__ . - - -

CALL PRTOUT
GO TO (22~~,221.222.221),LTYPE . .- - —  -— - - - —

?2 1 CONTINUE

BEST AVAILABLE COPY 

- 
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WHI (IF-LLEZ.j.S~TORF
2210 W P IT E ( I P RT E R . 1 0 0 4 )
1004 FORMAT (iN .“ E1I4AL ARRAY1...QtLDJ.SK....~....IERN1NAtIOP& NORMAL’ )__

_ 
__________ —

STOP
222 CONTINU( _____ —- — - ___________

2220 W R IT E( I P Q T E R , 10 0 9 )
1009 FORMAT I t-N—-.” ~ I~-’~ L 

£D~~A Y~ ~J~~T flI~ 0jSK~~
.._ TLRMI-NA.TIOs— bi0RNAL. H)

STOP
225 CONTINUE ---- -— — - - - -— ________— -

GO TO (222 0,2210.2220 ,2210),ITYPE -

300 W RIT E (1PRTER,LOOSL —_________ - - - - _-_- -- _ - - -  — _______________

1005 FORNA T (IM ,“TOP LEFT VALUE OF PSI ON BOUNDARY HAS CHANGED TOO MUCH
1 EXECUTION TERMINATED” )

CA LL PRTOUT
- - - -STOP--

310 WPI TE (IPRTER ,1006)
1006 .FORMA ~T~(1*_v*€EP4.TEP RIGHT VALUE OF J’~~I ON BOUNBARY—MAS---GHANOEO TOO

I MUCH EXECUTION TERMI NATED” )
CALL PRTpUT
STOP

3000 CONT INUE
WR ITE(I PRTER ,1007) IER ,ARG

1007 FORMAT -f 1-M .‘ ERROR RETURN fROM SUBROUTINE DES.)—— IER • ~I3.
1 “AR O a “ .E16.8)

-
~~~~~~~~~~ S T  0 F S

END
- -- -  SUBROUTI-ME-—PR-VOUT

COMMON/BOX/OT ,T IME .DX ,DY .H,PSI 1 33.63) , VORT (33,63,2) .0 (33 .63) ,V (33,
- - - 1 63),UMAX TYM*XwC-*PUrUEtU (4),KONT

COMM ON/8OX1/ FCFX (33 ,63) ,FCFY (33,63)
C .~ C1T (33 .63),~ C2T (33.63)
COMNON/ INDEX/IX , IY 
COMMON- -ICNE-CPttl CMI *-!K?*T, I TEN
IKN1ZIKNT. I

- IXP Ia IX .L
IYPIaIY .I

C PR In T P3i- , U .y ,y ONT ~WR ITE 16, 1000)
1000- FORNAT -(-lptl-,-” PWIN-T—OP-P9-I,U,y ,VORT FOLLOW S —

WRITE (6,999)TIM E
999 FORMAT IIM— ”TIM! -

IS KIPa1

DO 1 00 JaM, IYP1 ,15K1p
L1IY RI—j i ,)
W RITE(6, !001)L

1 003 FORM AT fIHo ,”POW— ~-—”,--I-3)
VP ! ft (6, 1002) CPSI (I.L) , laM . IWI. ISK
-wp!TEU ,.lpeE I UC1,L ) ~~1 sPt . IMPL. l ~II1IF)
WR IT E(6 , 1002 ) ( V ( I , L ) . Ia M . IX P 1, IS K IP)
WR lT E(6, I00~ )-f V ORT ( I.L., Z~~.I.M.I*P1,-ISN-IP4 —______________________________

WR IT E(6 ,100 2)  CFCFX ( I , L ) , Ia M , IX PI . ISK I P)
W R IT EIÔ, 1O0?HFeF~~f l-,~-)-,1- M~ IXeh -ISK-1P)
W R!TE(6 ,1002) (VC 1TC I.L ) ,IaM, IXP 1 ,ISKI P )
WQI T E~~.-. 1O8~~I CVG2 T I I L ) . f — t l . In ra . IS r I 1 P)

1002 FOR MAT IIN .10E13.5)
100 CONTINUE

IF CITER.GE.35) STOP 2
IF ( INNT oG~~i-CP4-T-)-—STOP---4
RETURN

- -- -— END-—

BEST AVAILABLE COPY 
-

--b-- -
- 

~~~~~~~~~
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//LKED • SYSU9- DD—DSN.&Y51 .-TEOI%I W.O I SP S)4R- — -

/ /  00 OSNaFOR T.SSPLIB1D1SP1S~~
//GO~ SYSIN 00—’ 
-

DEL Xal/60 TI3)aT (t)’.Ol CA PU IO)1t 000

LPRINT 2O, 
_______________________________________________________________________________

ITA PEI+,-- ——-—- -

TSTOP a. I.
PSCI4T*.5,--—-— ----——- ——

psITsTa .Oot,EPS1.001,PA* .25•
-—

ICN T~S.
FITP Xa 1 ,
FITPXSI.E50 ,FITPY I1.E50 *

- - REOE.IN 32-.-G906. 
-

CAPUa 1000..
RUNNOa1 1.9,FACT~ .1 ,FACTIa .3

03 ,FACT2 2.34’
KONTFa4.
LASTS~0, 

- -

IFIRSTa1,
IFIRST IO, ___________________

%END ___________________________________________________________________________________

8~S
’
~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _  

J 
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