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" ABSTRACT

Coanda-flow classification has been shown to effectively
handle T102. Present applications include removal of TiO2 scrub
. solids grit and fine-cut (1-3 um) separations. Potential energy
benefits (primarily micronizer steam savings) from such classifi-
cations are now being studied. Removal of 7-8 wt. % + 325 mesh .
grit has already been shown to significantly reduce grinding energy
requirements. Fine-cut separations are still being evaluated. In
conjunction with the experimental program, a mathematical model of
the Coanda-flow separation technique was formulated. The resulting
cut-size predictions were in good agreement with the experimental
results. This mathematical model was further used to analyze larger
slot dimensions, etc. which would be more amenable to plant-scale
operation.
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COANDA~FLOW CLASSIFICATION OF TiO,

INTRODUCTION

Size classification of TiOz is being investigated as a
means of reducing energy consumption in the micronizer. The micron-~
izer is the primary energy consumer in the plant, using ~1/3 of
the total energy, and the particle size distribution of its feed
is thought to affect its grinding efficiency. 1In particular, the
presence of 5 to 10 wt. % scrub solids grlt (+325 mesh) has been
shown to significantly increase the micronizer steam consumption.

In the present program Coanda-flow classification has been studied
and shown to be effective in removing such grit. This same
Coanda~-flow technigue is also being used to make fine-cut classgi~
fications. If the micronizer feed can be separated into two frac-
tions, one of which is very fine, these two fractions could be
micronized separately and thus avoid any overgrinding of the fines.
Since TiOp is particularly sticky and hard to handle, past classi-
fication techniques have had difficulty with TiO2, and none have
been able to make a fine enough cut-size to accomplish the abogve
goal. The present technigue shows the greatest promise for success.
It has been shown to handle TiOj well and to make a cut as low as
2~3 um.

OBJECTIVES

® Assess the feasibility of classifying Ti02 in a Coanda-flow
classifier.

® Determine the micronizer energy usage and pigment quality result-
ing from such size classification.

PATENT SITUATION

Patent Protection: None

Filing Action: None contemplated.

PROGRAM

A laboratory model based on Coanda-Flow principle is being
constructed at the Engg. Test Center. Experimentation is planned
for this Boundary-lLayer classifier to determine what if any flow~
balance problems may occur with the exit streams and to determine
potential energy savings.
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SUMMARY AND CONCLUSIONS

The initial stage of this study included the design, con-
struction, and testing of a laboratory Coanda-flow classifier for
separating out TiO; scrub solids grit. (In the plant Ti05 scrub
solids, when used, constitute 4 to 8 wt. % of the TiOy.) This
technique was shown to be an effective way to make such a separa-
tion and the resulting decrease in grinding energy usage was signif-
icant. 1In conjunction with the laboratory experiments, this classi-
fication technique was analyzed theoretically. Particle trajec-
tories were mathematically modeled. By comparing the trajectories
for different-sized particles, it was possible to predict the separ-
ation for different classifier conditions. The results were in good
agreement with the experimental results, indicating that the model
could be used to predict cut sizes under scaled-up conditions.

In the second part of this study fine-cut classifications
were made on micronizer feed. A German Uternal Jet classifier (also
based on the Coanda-flow principle) was used for these tests. The
results were particularly good. The classifier effectively separated
the TiOp and. produced a very fine cut size (2-3 um diameter top
size). This is in agreement with the theoretical predlctlons. The
investigation of energy usage and pigment qguality is not completed
yet, but some of the unmicronized fine fractions behaved very closely
to standard grade pigments. :

Plant-scale implementation has also been considered. Poten- '
tial problem areas were identified and some of them were considered
~in detail. 1In particular, dimension changes were evaluated theor-
etically to determine whether the desired separations could still
be made. The results suggest that such plant-scale separations are
possible.

DUP050059304
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DISCUSSION

I. Description of Coanda-flow Separation Principle

‘Coanda flow occurs when a high velocity stream attaches
itself to a solid and flows along the surface. In such case, the
surface may be curved, irregular, etc., and the stream will deflect
and follow the surface curvature rather than continue in a straight
pathway. This pr1n01ple can easily be adapted to produce a particle-
size separatlon by using a convexly-curved surface, the resulting
centrifugal force throwing the larger particles away from the surface
while the fine particles are carried with the gas stream (Figure LSW-1)

II. Classifier Design
A. TiOp Scrub Solids Classification

To separate out TiOy scrub solids grit, a laboratory classi~
fier based on the Coanda flow principle was designed and constructed
(Figure LSW-2). To aid in the design, a theoretical analysis was
made of the behavior of various size particles subjected to differ-
ent gas velocities and radii of curvature. (This will be discussed
in a later section.) The results of this analysis were used in
selecting the dimensions for the laboratory model. They include:
slot = 1/8" x 4"; radius of curvature = 4"; wedge + 3" from surface
and displaced 60° from start of curvature. The fine fraction was
collected by means of a bag filter while the coarse fraction was
either collected by cyclone or allowed to fall by gravitation into
a cotton bag. Both of these methods were satisfactory.

The ideal location for such a classifier in the plant would
be at the end of the flue legs (i.e. after the pigment has been
formed and cooled, and after the scrub splids have served their pur-
pose of keeping the pipe walls clean and free of sticky pigment).

At this point the pigment is dispersed in chlorine gas and is
traveling at a veloeity of ~100 ft/sec. The gas (air) used in the
laboratory experiments differs only slightly in physical properties
from the higher temperature {~150°C) chlorine in the flues. Also
the air velocity used in the experiments (at the slot ex1t) was ~100
ft/sec to match that in the flues.

B. 01assification of Micronizer Feed

_ To make a fine cut on micronizer feed; a German-made
Uternal-Jet classifier was used. This required shipping the pigment
samples to the University of Karlsruhe for the tests. George Schurr
(ESD) observed some of these tests, and returned with a diagram of
the classifier (Figure LSW-3). This classifier is also based on
the Coanda-flow principle but has some slight differences (as
compared to the scrub solids classifier) which give more control
over the boundary layer flow of the gas. Thus it can produce a

DUPO050059305
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finer separation. The velocity was 100 m/sec and the radius of
curvature was 3/4"i Also, a secondary gas sStream flows at the same
velocity as the pigment/gas mixture, and a curved section confines
this stream as it flows ~30 to 40° around the Coanda surface. Thus
a high velocity is maintained (i.e., the gas stream is not allowed
to expand) while much of the pigment separation is occurring.

Some expansion of the gas occurs as it proceeds farther around the
Coanda surface, but surface suction is used to help keep the stream
attached. :

III. Theoretical Analysis

To predict cut size for a Coanda-flow classifier, a mathe-
matical model was developed to compute particle trajectories for
different-sized particles. For each individual particle a force
balance was made. Since the particle is generally traveling in a
direction different from the surrounding gas stream, the particle
velocity was broken down into components - one in the direction of
the gas flow; the other perpendicular to it. The gas velocity in
this perpendicular direction was assumed to be zero.

Force Balances:
In the direction of gas flow:
drag force = acceleration

Pg-) 2¢cy = +(-4/3)1rr3pp (..XP.S)

.2 .
1l/2 Tre (v, - V

In perpendicular direction:

drag force = deceleration

dv. \
- 3 ’
-(4/3)Tr Pp ('_EI%B )

2 2
1/2 PpTE (vpp) Cp

where r particle radius (cm)

= particle density (gm/cm3)

O
o
{

Vpg = particle Veldcity in direction of gas flow (cm/sec)
pg = gas density (gm/cm3)

Vpp = particle velocity in direction perpendicular
to gas flow (cm/sec)

Cp = drag coefficient
Vg = gas velocity (cm/sec)

(Note: All particles are assumed spherical and gravity has
been neglected.)

DUP050059306
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If the particle is large and manages to escape the flowing
. gas stream, the force balance reduces to a single expression for
the direction of particle travel. .

deceleration

-(4/3)n3p p(&b)’
dt

Drag Force

1/2 ppﬂrz(vp)zcn

Where vp = particle velocity (cm/sec)
The drag coefficient, and more importantly its functionality,

vary with Reynolds number (Re = Zpgvr/ug and v = particle velocity,

bg = gas wviscosity). However, the Reynolds number can be broken

down into several ranges for which the resulting functionalities

are all fairly simple (the commonly known relation for Stokes drag -

is CD 24/Re)

However, solution of these two force balances is complicated
by the constantly changing direction of movement (and consequently
the direction of the forces). Solution must therefore be done in
small incremental time steps. At each time step, the differential
equations can be solved analytically. The particle is then assumed
to travel vAt in the appropriate direction and the procedure is
repeated. A computeér program was written to perform these calcula-
tions and to plot the resulting particle trajectories (Appendix).

Knowledge of the gas velocity profile is also necessary for
this analysis. For the initijial calculations (for the scrub solids
classifier) a gradually expanding box~like profile was assumed
(Figure LSW-4). No boundary layer (i.e., velocity dropping to zero)
at the Coanda surface was included, as it was assumed to be so small
that it would not play a role in the separation. Estimation of the
boundary layer thickness based on boundary layer theory (Schlichting,
1968, p.26) confirms this. The calculated value at 1 cm from the
slot exit is ®107° cm, i.e., less than the diameter of a particle.

Actual velocity profiles were measured using a pitot tube
and are shown in Figure LSW-5. The minimum distance from the surface
at which a measurement could be made was 1/16". The surface boundary
layer thickness was always less than 1/16", and therefore was never
actually measured. Thus, the boundary layer as shown is not intended
to be accurate in its indicated thickness, but rather to emphasize
that such a boundary layer does exist.

These measured profiles are similar to those reported in
the literature, but such profiles were not used in the theoretical
calculations because they were too complex, and no correlation
based on the slot exit velocity was available. More important,
however, was the fact that the measured expansion rate of the gas
stream was in fair agreement with the assumed rate, as this rate
may affect the sharpness of the cut as well as the cut size.

DUPO050059307
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The results of this mathematical analysis for a set of
conditions similar to those in the flues (i.e., chlorine gas @ 150 C
with a gas exit velocity of 100 ft/sec) and a Coanda surface radius
of curvature of 10 cm with a 1/8" slot width are shown in Figure
LSW-6. '

- These calculated trajectories indicate that the small par-
ticles (<10um diameter) follow the gas stream around the Coanda
surface. Slightly larger particles (10 to 50 um) have sufficient
inertia to escape the flowing gas stream, but are then decelerated
by the surrounding quiescent gas. The trajectory end points shown
do indeed represent stopping points, but once the particle slows
down (or stops), gravity will soon take over, causing it to fall
back into the gas stream, and likely continue to move with the edge
of this stream. The larger particles (> 50 um) escape the gas stream
immediately and continue for long distances (310") before gravity
has any effect.

The easiest way to separate the grit will therefore be to
place the separating wedge so that all of the gas flows along with
the fine fraction. The expected cut size will then be <~50 um..
Based on this information the laboratory scrub solids classifier
was set up with the wedge about 3" from the surface at ~60° around.
A typical experimental run gave the following results

Wet screen analysis of feed
~+80 mesh 6.53 wt.$%
~80 +325 mesh 1.32 wt.%
Classified - Fine fraction
+80 mesh 0.30 wt.%
-80 +325 mesh 0.42 wt.%

This indicates that the cut was near 325 mesh as predicted. (Although
it appears that only ~2/3 of the 80 to 325 mesh was classified out,
the actual value is probably higher (possibly as high as 80%). This
is due to a small loss of fines when running small samples in the
present system.

The accuracy of the mathematical model was further demon-
strated when it was used to predict the cut size for the Uternal Jet
classifier. (A non-expanding gas profile was assumed for these cal-
culations.) 1In this case the separating wedge actually splits the
gas flow, and the sharpness of the cut will depend more strongly on
“the height of the slot. For instance, if a sharp cut between 2 and
3 um is desired, a 3 um particle exiting next to the surface (Fig. LSW-7)
must be separable from a 2 um particle exiting from the top of the

DUP050059308
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-slot (Fig. LSW-8). Based on the particle trajectories a reasonable
separatlon can be made as lowas 1l to 2 um, but a really sharp separ-
ation is probably possible only at ~5 um. For the present loca-
tion of the separator (1/4" from the surface and ~120° around), the
predicted cut is between 1 and 2 um with top size of ~1.5 um, and
indeed the resulting fine fraction had a top size of 2 to 3 um. The
coarse fraction, as expected, did contain some of the fine particles,
but only a small percentage of the original sample.

EXPERTIMENTATION

Samples of R900 and R960 dryer discharge (micronizer feed)
were classified in the Coanda-flow scrub solids classifier. The
"as is" R900 DD contained ~8 wt.% +325 mesh grit. Almost all of
this grit was in the size range 20 to 40 mesh. The R960 DD, on
the other hand, contained <1 wt.% grit (apparently it had been
produced using salt scrubs). For testing purposes ~7 wt.% grit
- {20 to 40 mesh) was added to it. The Coanda classifier effectively
. separated out the grit in both of these samples. However, pigment
stickiness and ease of deagglomeration are important. A sample of
R101 containing 6 wt.% grit could not be classified well because:
much of the fine plgment remained agglomerated in the injector and
thus behaved like grit during classification (i.e., much of the fine
pigment was collected in the coarse fraction).

To determine grinding energy requirements, samples were
classified and micronized at various steam/pigment levels in the
Edge Moor 8" micronizer. They were then compared to unclassified
samples similarly micronized. Since gloss is the property most
‘strongly affected by the grinding energy level, all samples were
analyzed for gloss in both alkyd and aqueous formulations. The
results (Figs. LSW-9 and 10) show reduced grinding energy require-
ments for grit-free samples. The actual energy requirements of the
large plant micronizers may, however, differ somewhat from those of
the 8" experimental micronizer, but the present results do suggest
that significant grinding energy reductions may be possible.

The purpose of classifying the micronizer feed (dryer

discharge) with the Uternal Jet was to Spllt it into two fractions
which when micronized separately would require less grinding energy.
This would occur if the present process overgrinds the fines or if
a narrower particle size distribution is more efficiently ground.
Samples- of R900 and R931 DD were sent to Germany for classifica-
tion in the Uternal Jet. Upon return, both coarse and fine frac-
tions were micronized at wvarious S/P levels and compared to unclas-
sified samples similarly micronized., Analyses of the samples included
particle size distribution for the original R900 DD and R931 DD and
the classified samples. (Figures LSW 1l and 12)
Accoridng to the sedigraph results the mass does not balance. At
the present time we do not know why, but further study is planned
once the Engineering Department completes their own boundary layer
classifier. Paint formulations were used to determine gloss

DUPO050059309
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for the R900 samples and hiding power for the R931 samples. The
results are plotted in Fig. LSW-13. The most significant result
was the high hiding power for the unmicronized R931 fine fraction -
this sample was just below standard pigment quality in its behavior.
Attempts to determine the grinding energy requlrement for this fine
fraction, however, have been inconclusive. The 8" micronizer could
not be run at a §/P ratio low enough to distinguish between the
classified and the unclassified (i.e., both samples had good hiding
power at this lowest S/P). A low energy hammermill was subsequently

tried, but its grlndlng energy level may have been too low as there
was no improvement in the R931 fine fraction.

Problems were also encountered with the R900 samples. One
of the R900 fine fractions had an impressively high gloss value,
‘but was irreproducible -~ the initial measurement gave 77 and several
repetitions gave 42. The micronization tests were again inconclu-
sive. This particular sample of R900 micronizer feed was so good
that even at the lowest S/P (on the 8" micronizer) a very high gloss
pigment resulted. Thus differences in energy requirements between
classified and unclassified pigment could not be determined. A
further test was made using sandmilling, a lower energy type of
grlndlng. The resulting slurrles, however, produced very poor
gritty paint films. (It is not certain whether the slurry prepar-
ation technique -had any effect on this or whether it was solely due
to poor pigment quality.) To resolve the question of energy usage,
a poorer (more normal) quality R900 micronizer feed will be used
in future tests.

To determine overall energy requirements, the coarse frac-
tions must also be evaluated. Some micronization tests have already
been done on the R900 coarse fraction. The results suggest that
more grinding energy is required (as compared to an unclassified
sample) , but the observed gloss differences were within the accuracy
‘limits of the measurement and thus inconclusive. The R931 coarse
fractlon has not been evaluated, as the original sample pelletized
in transit to Germany These pellets were removed before classi-
fication so it is uncertain whether the resulting coarse fraction
(and possibly even the fine fraction) are representative of fresh
plant samples. Further experimental work with fresh pigment is
planned.

SCALE-UP_CONSIDERATIONS

For scrub solids grit classification either the laboratory
model or the Uternal Jet design could be used. However, the
laboratory Coanda model would likely use the least amount of extra
gas. If such a cla351f1er is to be used at the end of the flues,
the pigment would be in a chlorine atmosphere and additional gas
would have to be chlorine as well. Thus large quantities may be
undesirable. On the other hand, the controlled boundary layer flow
of .the Uternal Jet would undoubtedly insure a sharper cut at 325

DUPO0O50059310
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mesh. The Uternal Jet could also be used to make a dual separatlon
(grit elimination plus fine-cut classification) after the plgment
has been collected in the cyclone. This would require an air stream
to disperse the plgment,whereas for classification in the flues we

- would assume that the pigment is already dispersed (i.e., deagglom-
erated). However, logistically it may be difficult for the plant

to ‘handle two separate streams (the fine and coarse fractions)
through the remainder of the process, i.e. wet treatment, filtra-
tion, drying, and micronization.

I. Scrub Solids Classification

For the present analysis we will first consider the labora-
tory Coanda design. For scrub solids classification at the end
of the flues, the slot height must be large enough to avoid plug-
gage. Also the JV plant cannot tolerate an in-line pressure drop; i.e.
orifice flow must be avoided or additional blowers will be necessary
to inject the pigment. Orifice flow can be avoided by maintaining
the same cross—-sectional area going from the flues into the slot.
For example, the flues end with a 12" diameter pipe, thus having a
cross-sectional area of 112 in2. To maintain this area, a slot of
~height 1" would have to be 112" long. A more reasonable size would
be either 2" x 56" or 3" x 37". Thus the major scale~up considera-
tions (assuming gas velocity and pigment concentrations are kept
the same) will be:

1) how large (height) a slot can be used without sacrifi-
: cing cut sharpness.

2) how long will the stream stay attached to the Coanda
surface if a large slot is used.

-3) how much additional gas is needed for nixing as the
boundary layer expands.

A correlation for detachment angle was given in the 11ter—
ature (B. G. Newman, 1961).

o = 245 - 391 (b/a) (See Figure LSW-~14 for Newman's
sep 1 + (9/8) (b/a) Coanda configuration)
where esep = detachment angle (degrees); the angle refers to the

angular displacement around the
Coanda surface

slot height
radius of curvature

pT
]

DUP050059311
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This expression, however, is onlg valid for Reynolds numbers (where
Re is defined as [(P - Pe) ba/pvelX) greater than some limiting
value. Newnman's experimental results gave a limiting walue of
Re ¥ 4 x 104, but the b/a values which he studied were quite low
(0.0067 to 0.04). He further states, that the Re value should
deviate less than 5% for b/a up to 1 and that the value (4 x 104)
is no? known to that accuracy. (His data suggest an accuracy of
=10%

The following three cases (for the original Coanda-flow design)
were selected to represent the range of practical plant-scale
conditionss: .

1) 6 in. radius of curvature; 2" x 56" slot
2) 8 in. radius of curvature; 2" x 56" slot
3) 8 in. radius of curvature; 3" x 37" slot

To determine whether these conditions would still give the desired
separation, the above correlation was used along with a computer
analysis of the particle trajectories. The accuracy of Newman's
correlation is not known for the desired range of b/a >0.25 but

Newman expects it to be reasonably accurate for b/a <1.0. The expres-
sion was, therefore, used only to obtain an estimate. If the original
scrub solids classifier design were used, we would need the gas
stream to remain attached at least 90°, However, to obtain an esti-
mate a value of 150° was used to include a margin of safety. This
resulted in a b/a value of X1/3.

As a check on the usefulness of the Newman expression the slot
Reynolds number was calculated for the following conditions:

= 12 (2x6) in? ~ where p = 0.004 (Clz @ 150°C)

(P-Plo = % pv2 v = 3000 cm/sec

I

v = u/p p = 0.0002 poise (Cly @ 150°C)

The resulting value was 1.5x10° which is above the desired minimum.

Another consideration is the slot aspect ratio (length/
height). In the literature, one study (McGlaughlin and Greber, 1967)
was reported in which aspect ratios of 0.8 to 2.4 were used, and .
the gas streams detached much earlier than predicted by the above
expression. Newman's éexperiments, on the other hand, were in the
range of 200 to 1200. It is not known how large the aspect ratio
must be to avoid problems, but probably 10 to 20 would be a good
guess. 1In the laboratory scrub solids classifier, a value of ~30
was used. In the Uternal Jet the ratio was 11. In the three selected

cases, the aspect ratio is 212.

DUP0500598312
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»
The computer results for the three cases are shown in Figs. LSW-15

16 and 17. In general, the use of such large slot widths causes

a considerable sacrifice in the sharpness of the cut, and the exact

location of the separating wedge will be much more critical than

it was in the laboratory model. This effect is shown guite clearly

in Fig. LSW-18, which gives partlcle trajectories for particles

ex1t1ng from different locations in the slot. If the separator

is carefully placed, a separation at ~40um could be made. The

cut would not be as sharp as in the lab model, but probably sharp

enough. However, this requires the separator to be in the middle

of the gas stream and would require gas flow balance and control

on the exiting streams. If on the other hand, the separator is

placed outside of the gas flow, all of the gas will be associated

with the fine fraction and gas handling would be much easier.

However, the cut size will be considerably greater, ranging from

70 to 150 um, Of the three cases, the 2" slot with the 6" radius

of curvature gives the finest cut. The case of the 8" radius of

curvature with the 2" slot is similar to the previous case, but

the gas flow is more expanded. This will cause an even greater loss

in the cut sharpness and possibly some increase in cut size. The

third case is the worst and would certainly not be recommended.

In fact, in general, the smaller the slot helght, the better will

be the cut sharpness. Also, a smaller radius of curvature will be

‘possible, which in turn will decrease the cut size. Based on this

information, the first case (2" x 56" slot height, with 6" radius of

curvature) would be recommended. An even smaller slot height, such

as 1% (length = 75") or 1-3/4" (length = 65") would be better, if

the slot length does not pose a problem in design and construction.

Another consideration for plant-scale feasibility is the
amount of surrounding gas which becomes entrained in the pigment/gas
jet as it flows around the Coanda surface. No exact correlation
was available for the present configuration. However, Giles et al
(1965) reported an approximate formula for a logarithmic spiral
surface.

VE,z 1/2 U (Ym/2/s)

- where VE = entrainment velocity

{vol. entrained)
or

(dist. traveled around surface) (slot length) (time)

U = maximum velocity for any given distance around surface
Yo = half jet thickness (see Fig. LSW-8)
s = distance around surface (i.e., travel distance from N

slot exit)

DUPQ050059313
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This formula was used to obtain an order-of-magnitude estimate for
the laboratory Coanda-flow classifier design. For a circular Coanda
surface, ¥p/2/8 is not constant along the surface. Therefore, an
average value was used, and based on the experlmentally determined
velocities, a value of 0.2 was selected. U also varies as the
stream progresses. Again, an average value was used - in this case,
one-half of the exit velocity. The resulting value of Vg was

150 cm/sec. For the previously-mentioned case of a 2" x 56" slot
with a 6" radlus of curvature, the gas flow rate through the slot
would be ~ 78 ft°/sec, while the total entrainment would be

18 ft3/sec or A 1/5 of the jet flow rate. To avoid

undue turbulence in the plant classifier, it may, therefore, be

necessary to have a bleed stream of this magnitude situated above
the slot.

If the Uternal Jet design were used for scrub solids class-
ification at the end of the flues we would still want a large slot
for the pigment feed. Thus we would probably want to change some
of the other dimensions such as the radius of curvature. For
instance, the radius of curvature could'be 4", the pigment slot 1 1/2"
and the additional gas slot 2 1/2". for these conditions is
~60° (see next section on Uternal Jet §1Be cut classification for
further explanation). The predicted cut size for this was ~5um
(Figs, 19 & 20).

Regardless of the classifier design, the state of pigment
agglomeration will be important. If the pigment is not well-dispersed
at the end of the flues, a sharp separation cannot be obtained
without supplying extra energy to break up the agglomerates. A
separate study (W. E. Stevens) is already underway to determine the
degree of dispersion at other points along the flues, and we have.
requested that he also include a measurement at the end. This
information will then be used in our assessment of plant-scale
feasibility.

II. Classification of Micronizer Feed

Scale-up of the Uternal Jet for use as a fine-cut classifier
would primarily consist of making the total slot length great enough
" to handle the pigment rate in the plant. Otherwise, there would be.
no change in dimensions. Analysis of the design, however, did clar-
_ify the operation of such a classifier. The slot height (in
Newman's expression) is actually the combined heights of the pigment
feed slot and the additional air slot totalling ~1.25 in. Therefore

e _ 391(1.25/0.75)
sep 245 I+ {9/8) (1. .75)

®
I

il

18.3°

(The "Re" was calculated for these conditions and is above the
minimum value.)
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This angular distance is quite small, but much of the separation

is actually produced within the air slot (i.e., after the pigment
exits but within the region of controlled flow). Also the suction
on the Coanda surface may be very important in keeping the stream
attached. A small pigment feed slot will be important to maintain
good cut sharpness, but increasing it from 1/4" to 1/2" may be

all right. Some idea of the required length can be determined from
the experimental feed rates. If one production line makes 100,000
tons/yr. (10,300 kg/hr.) and the feed rate is twice the experimental
(because the slot height has been doubled), - 2x200 = <100 kg/hr.,
the needed length is

10.300 (g cm) = 206 cm. = 82.5 in.

This total length could be provided by using several classifiers;
for instance 4 classifiers each having V20" long slot.

_ A possible disadvantage of this unit, however, is the need
to balance the flows of exiting gas streams. It is not known how
critical this will be, but further studies are planned to determine
this.

Other Applications

: The Coanda-flow classification principle can also be used
to separate particles of different density.
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FIGURE LSW-1

COANDA CLASSIFIER

trajectory of small particle
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- mixture exits at high -\E&
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velocity. o _ , .
Y \\\\\\\ “‘“ | }. \/ . pa;: t%CIe

Coarse
Fraction

]

Fine
Fraction

‘Curved Coanda
surface
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FIGURE LSW-4

ASSUMED GAS VELOCITY PROFILES

In constant high Qélocity region
v = vi/a
a=230+ 8

where ﬁi = exit velocity

8 = glot width (1/8")

© = angular displacement
' {radians)

Note ~ No initial straight section was
assumed, however the actual surface
did include one (see Figure LSW-2).
This figure is not drawn to scale.
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FIGURE LSW-35

MEASURED VELOCITY PROFILES

Exit Velocity .

o 100 ft/sec
S I B ' 85 ft/sec
V ‘Tf"i ‘n‘. _*%EEE;ED4f""”".

1" straight
section

4" radius of -
curvature

" - (Drawn to scale)
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Particle Trajectories in a Coanda Classifier
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Figure LSW-7

PaRTICLE TRAJECTORIES

ConNDiTIONS «  AIR, Rm‘\'emp.
Vs 3000 cM/szc..
PART. DENg = 4.0 é/c.m3

o [
s b
9

mmmﬁensk
“' \Mm G "'7,.4.0&
Q- 2pm - T- 9um
3 - 3pm 8- laum
4 - 4 pm ’q"’|5,u.m
5- 5 m .
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Figure LSW-8
PARTICLE TRAJECTORIES

(same as Figure LSW-7
but Exiting from Top
of Slot)
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. .
Figure LSW~10 S
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Figure LSW-13
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FIGURE LSW-1}
B. G. NEWMAN'S COANDA-FLOW CONFIGURATION
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- Figure LSW-~16
PARTICLE TRAJECTORIES

8" Radius of Curvature, 2" Slot Height
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6" Radiys of Curvature

2" slot Height
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. UTERNAL JET DESIGN
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i = e L T L S ] 2 1) .1 T8, 1- DA, Y SR R
APPstx COMPWL—.,R P@oefmm

—— - . - [ WU e e = o = . - - .
00 R 001677 VMER 0000 R 001671 VNET 0000 R 001702 VNU 0000 R 00170¢
00 R 001637 VRET 0000 R 001653 X8 0000 R 001663 XC 0000 R 00164¢
00 R 001703 XXX 0000 R 000000 Y _ 0000 R 001720 YY . .. 0000 R 001704
1 COMMON INT,AT,BT,CT,DT,KAY1,KAY2,KAY3,KAY4
2% _'ovnausxon Y(3),RR(300),THETAC300),V(300),ITR(9) e
3 ‘ AL KAY1,KAY2,KAY3,KAY4
_ . '4‘ N . DATA ITRI 1' 02' '3' '4’ '5’ ’60 ’7', '8' '9 / J
5% C VIN = "INITIAL PARTICLE VELOCITY (cw/sBCJ
6% c DM = PARTICLE DTAMETER (MICRONS) e
7% € ™ 2 GAS TEMPERATURE (C)
8% ¢ VISC = GAS VISCOSITY (POISE) e e
9% ¢ RHOP = DENSITY OF PARTICLE (GM/CM3)
___.10% c RHOG = DENSITY OF GAS (GM/CM3)
T s c RIN = RADIUS OF CURVATURE 0OF COANDA SURFACE (CM) T
. 12% c YRET = TANGENTIAL VELOCITY OF PARTICLE (CM/SEC) L
'13% c SLOT = PIGMENT FEED SLOT HEIGHT (CM)
__.14% ¢ TOEL = TIME STEP FOR CALCULATIONS (SEC) i N
15% c PST # STARTING LOCATINN OF PARTICLE IN SLOT (0.0 TO 1.0,
168 C o o ..._0.0 SETS PARTICLE AT sunrncs, 1.0 SETS PARTICLE AT _
17% ¢ ' TOP OF SLOT)
Ll NUM = 0 e __
. 19% c DRAW COANDA SURFACE " o
-'20% CALL PLOTS(0,0,0) e e
21% CALL PLOT(2.0, 2 0.3) ' I
22 ____. CALL ORIGIN (8.0,8.0,=1)
T 23s CALL SCALF (0,394,0,394,1)"
245 € ADD SPOKES TO INDICATE ANGLE:S e e e
25% READ (5,100) SLOT,VIN,VISC,T™,RHOG,RIN,TDEL,PST -
. 26% CALL POL(O,,0.,PIN,12,1,0) e
T 27 100 FORMAT (8F10.0) ' ’
L. 28% 402 READ(S5,100) DM,FHOP L )
T29e T T 1IF (DM) 999,999,150 - ) ' ' TTmmTTT T
_ 30 150 WRITE (6,104) SLOT,VIN, on,vrsc ™ , e
31 104 FORMAT (1"1///10X.'SLOT F8. 2,sx.'v1u ='.re ,245X,°DM =7,
32¢ 1" F6.2,5%,°VISC =,F7.4 sx.'rn =%,F5.0) . e
33%. WRITE (6,105) RHOP,RROG,RIN,TDEL
34‘ 105 FCRvaAT (9X.'RHL‘P v-"Fs 1.5’(, PHOG='.F6.3,5X,'R1‘J '='pF6.2lsxl
35 1 ‘TDEL =°,F8.5)
. 368 c SET INITIAL POSITIO™ NF PARTTCLE
37 RR(1) = RIN ¢+ PST*SLOT
389 VGAS = VIN
398 TT = 0,0
408 ¥(1) = 9.0
418 ¥€2) = PR(1) ’ 7 T
42¢ ¥(3) = o,
43¢ V(1) = ¥(1) ' o :
44s THETA(4) = Y(3) : ) ‘
45% RAD = DM/27,
463 VRER = 0,
47 VPET = VIN Tt T e
48% TY = 0.375%PHNG
499 T2 & PADNSFEUNPS] =g
50% RER & RHOG#DM$1 E=4/VISC
S1¢ Js1
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$7%
.58%
59%

... 60%

..4%

61%
oor
63¢
64t
65¢
66%
87%

. 68%

69¢

. qO%*

s

.. 72%

73%
75%

- 16¢

17

..78%

79+
80%
8i®

. 82%

83%
84s
85%
 86%
87*
e8s
89¥
90%
91
92¢
93x
94%
95%*
96%
97*
9R*
99%

100%

101

102+

103¥

104+¢

105%

106
107+«
109
109*

e

e i e v - — - 8 = | CDP-ES-79 24 -
.. INT = 1 e e+ e et s s
C DETERMINE GAS VELOCITY AT PRE:SEN'!’ PARTICLB POSITION

CALL AGAST (RR(J),THETA(J),VIV,VGAS) e — —
IF (VGAS.LE.1.0) GO TOD 500

. .RE = REWF*ABS(VRET = VGAS) e vmenstmme i 1t s sa o ma. - et tomsonm 1
J=J + 1

. VAN = SORT(VRET*VRET + VRER¥VRER) . _._. — - . —_—

XV = VAN&TDEL

. TH = ATAN(VRER/VRET)

201

.€D = CD/CUNN .

202

. IF (XB*TT.LT.50.0) GO TO 203

203

.. 204

206

207

RR(J) = SORT(XV*XV + PR(J-I)*RR(J- ) - 2 O*XV*RR(J'IJ*COS(l 574TE
1) D e e

THA = ASIN(XV*SIN(1,57+THJ/RR(J))

THETA(J) = THA + THETA(J=1) g P U R -
CALCULATE NPAG COEFFICIENT

IF (DM'LEQliaboR.RE.LFHOQI) CD=24QIRER —- —

IF (DVM.GT.1,3.AND.FE.GT.0.1) GU TO 204
IF (DM.GT.1.3) GO TO 202
CUNN = 1.0 + (.0002%TM/DM)¥(2.7940.894%EXP(=~2,47E3*¥DM/TH))

o mv v e .+ ¢ o+ m——————— o i o e womm e s dbev—

XB = T1*CO/T2

IF (INT.EG.2) Ga TO 302

GO TO 301 e e PR - raa . can b e ot e+ on e
BT = X8 '
.CT = VGAS e e e e e i 2 et oo oo
AT = (VRET ~ CT)/FXP(-BT*TT)

EOUATION FORM VSASEXP(=B*T) + C o e
G0 TO 300

IF (RE.GT.3.0) GO TO 206 —— o e
c1 = 0.0 ’ '

€2 = 24./RER e b e e e 2w et e e+ oo < ooemn et oo 1 m @ oo
Cc3 = 2.4 ' .

GO 710 208 et et 2 2 e et et e 2 e e
IF (RE.GT.100,) GO T0 207 '

€1 = -17.5/RER/PER v on cmoms e o s oot 2 e e b wen mm o va e

€2 = 34,6/RER

. €3 = 0,815 R , e e ot et
GG TO 208 - :
ci = 0,0 e et e e e et s . i i g 2 2 4 e st et e
Cc2 = 7s. /RER -
c3 = 0,4

208

KL}

TH1 = (T1%C1 = TI®C2SVGPS + TI1*C3I®VGAS¥VGAS)/T2
TN2 = (T13C2 = 2,¥T1¥C3*VGAS)/T2

TN3 = (Ti1*C3)/T2

Q = TN2¥TH2 = 4 ¥TNI*TM]

EQUATION FURM V = A/(1. « B*EXP(-CT)) + D

_XC = SGPT(Q)

IF (XC*TT,GE.50.0) GO TO 345

DT = =(TN2 + SART(0))/THI/2.0

AT = SOPT(O)ITN3

CT = XC .

BT = (1.0 = AT/(VRET = DTI)/EXP(=CT*TT)

IF C(INT.E0.2) GO TO 2310 ) ) p
ATA = AT .
BTR = RT 7 I3
¢TC = CT

pTD = DT . .

TW = TT ¢+ TLEDL . '
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110*
111+
112»

113+
114

1155
116¢

117
118

119%

120%
121%
122%
123
124
125%
126%
127=
128%
129%

.130%

131s
_332%
T133%

L. 134%
. "3135%
. 136#

137+
138%

"139%

140%
141%
142%
143
144+

T145¥

146%
147%
148%*

T 149%

150%
151¢
152#
153+
154%
155+
1563
157%
1583
159*
160%

161¥

162¢

163%
164%
165%
1663
167%

e mmreme co—— -

o 55 o

'c5§¥ns-79—24

———

"'301 TW = TT + TOEL
ATA*EXP(*BTB*TH) r cTC

VNET = ATA/(1.0 = BTB*EXP('CTC*TH)) + DTD

INT = 2

GV = VGAS

VGAS = 0.0
_VRET = VRER

RE = RERFVRER

GO TO 201

- — . . e .

345 IF (INT.EQ.2) GO TO 343

GO T0
210 ATT
© ' BTT
CTT €T
DTT DT

343 TT = TW

341
AT
BT

- —. v

i Oy P T

v . i i — o .

VNER = ATT/(1.0 = BTT*EXP(=CTT*TT)) + DTT

INT = 1
GO TD 350

300 JF C(INT.E0.2) GO TO 340

ATA = AT
BTB = BT
CTC = CT.

__-VNET =
INT =

TGV = VGAs
VRET = VRER

_VGAS = 0,0

RE £ RER*VRER

GO TO 204

“°340 ATT = AT

BTT & BT

CTIT = CT
302 IT = TW

- e mewe ga e

B

- o e — - —

L T vy

emmem i e o e o i

o—— o

VNER = ATT¥EXP(~BIT*TT)

INT =
350 VMt

TH2 = ATAN(VNER/VNET)
VRET = VUN1¥COSCTH2 + THA)
VRER = VNI¥SIN(TH2 + THA)

c

€

¢

V(J) = VN1

+ CTT

= SORT(YNET*VNET + VNER¥VNER)

- ee s eme———

a - —

IF (THFTA(JJ.GE.BJO.DF.FR(J)rGE.SG.O) GO TO 400
IF (J.EQ.300) GO TO 400
IF (V(J).LE.10,0) GND TO 400

GO TO 200

VELOCITY GAS STREAM

500 VNU = SQRT(VRET*VPEY + VRER*VRER)
XX = PR(JII*SIN(THETA(J))
YYY = RR(J)*COS(THETS (J))
PHY = ATAN(VRFR/VPET)
PSI = THETA(J) =~ PHI

561 RE = RERSYNU

CALCULATE DRAG COFFFICI¥NT

IF (D¥,LE.1.,3.0RP.PE,LF,0,1) CD =

24,/REP

IF (DM.GT.1,3.ANDRF.GT.0.1) GO TO S04
IF (DM,AT.1.3) GO TO 502
CUNN = 1,0 + (.0002%TV/DM)*(2.79+0, 894*EXP(-2 47E3¥DM/TM))

Cch = CD/CUMN

DETFRMINE TRAJECTORIES FOR PARTICLES WHICH HAVE ESCAPED HIGH-
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.. 168% . 502 XB = T1¥CO/T2
169% IF (XB*TT,.GE,50,0) GO TO 550
. 110‘ BT = XB - - s o - . - — -« o—-—— o »——-'~---'—.-'-—’---v--.-e-.~r-~— .
171* CT = 0,0 '
~..172% AT = (VNU = CTI/EXP(~2T*TT) e ——— . e e o
173 550 T = TT ' '
108 T © TT + TDEL _ — —
375% VNU = ATH*EXP(~BT*TT) + CT
176% A = -A'\'*CDS(PSI)IBT s e+ e s et oo ——
177% ,BB = BT .
__178x _'ec = CT*COS(PST) - e v m .
179% " DD = XAXX~AASEXP(=BB$T) ~ CC¥T _
.. 180% XXX = AASEXP(=BB*TT) + CC*TT + DD e ——— e
T 181% AR = AT*SIN(PSI)/BT
. 182% CC = =CT*SIN(PSI) i s v v e vt b oo oot e e
183% DD = YYY = AR¥EXP(-RB*¥T) ~ CC*T
184% _YYY = AASEXP(~BS¥TT) + CC¥TT & DD _
185% "Iz J 4+t ' S '
—.186% RRCJ) = SQRT(XXX¥XXX + YYY*YYY) e e
187» THETA(J) = ATANCXXX/YYY)
- .188% . IF (THETA(J).LT.0.0) THETACJ) = THETACJS) + 3.14 e it e
189% S Ved) = VU
__190% o _.IF CTHETA(J).GE.3.0,0R.RR(J).GE.50.0) Go 10 490 e e ov——
191 1f (J.F0.300) GO TO 400 )
192* IF (V(J)LE.10.0) 60 T0 400 eers e oo o e o+ b e+ s s i
193» GO TO S01 '
_ 194» 504 IF (RE.GT,3.0) GO TO 506 e e o et e et oo e e e anie o wmpe s
195* Ct = 0,0
196% ...€C2 = 24,0/RER  __ _ __ . R, e+ e s e e s
1971 €3 = 2.4 v — - N v . -
.. 198% Gn TO 508 — — e e+ e e
199% 506 IF (RE.GT.100.) GO TO 501 "
. '200% .ct = -17 5/RER/RER e e , e .
201% €2 = 34,6/RER
. 202% ..C3 = 0,818 e o : e et e e i = o <t e o o 5+ 5
1203 GO TO 508 ' T ' T I S
. 204% ... 507 C1 = 0.0 - i — .
205* C2 = 75,0/RER .
206% C3 = 0,4 ——er rv - e —— 1 oo oot
207% §08 TN = TI¥*CL/T2
208% TN2 = T1#C2/T2
2099 TN3 = (T1¥C3)/7T2
210% Q = TN2RTN2 = 4,¥TN1*¥TN3
211 XC = SORT(Q) )
212¢ IF (XC*TT.GF.50,0) GO TO 552
213 DT = «(TN2 + SORT(Q))/TN3/2.0
214% AT = SGRT(Q)/TN3 i
215+ CT = x¢
216» BT & (1.0 = AT/(VNU = DT))/FXP(~CT*TT)
217% §52 T = TT .
216 T™T = TT + TOEL ) .
219¢ YNU = AT/(1.0 = RTEFEXP(=CT*TT)) + DT
220% AR = ATHCOS(PSI) + DT*COS(PSI)
221% BR & AT*COS(PSI)/CT
?22% CC = XXX = AA¥T = HASALOG(1.0 = BTEEXP(=CT*T))
223 XXX = AASTT + RRASALOG(1,0 = HTHEXP(=CT*TT)) + CC
224% AA = “AT*SIN(PSI) = DT*SIN(PSI)
224 B3 = «ATISIN(PST)/CT

DUP050059339




a"

VAILARLE LOCATIOM-

- 41 - CDP-ES-79-24
226% - €C ® YYY. = AAST = BRFALDG(1.0 =« BT¥EXP(~CT*T)) -
227+¢ YYY = AASTT + BR¥ALOG(1.0 = BT*EXP(=~CT*TI)) + CC
228+ J=J+ 1 e vwe e e temeem -
229» RRCJ) = SQRTLAXX*XXX + YYY*YYY) ,

L. 230% _ THETA(J) = ATAN(XXX/YYY) . e et o b e
231 IF C(THETACJ) LT, o.ov THETA(J) = THETACJ) + 3.14 o '

. 232% . VEI)Y = vy e = o
233# IF (THETACJ).GE.3.0,0R.RR(JI).GE.50,0) GO TO 400

.234% IF (J.EG.300) GO TO 400 N
235% IF (V(J).LE.10.0) GO TO 400 ‘

_ 236¢ 'GO TO S01 e e
237 400 NPT = J o ‘ T T T '
238* € PLOT TRAJECTORY __

. .239% CALL POLAP(CRR,THETA,NPT,$,0,1H%,0,,0. 394) '

- 240% NUR = NUM ¢+ 1 e e e e e e e
241+ LAB = ITRINUM)

242 TEND = THETA(NPT) + 0,05 e e i
243% XX = RR(NPT)*COS(TEND) T T Ty

244 . 1Y ® RR(NPT)IX*SIN(TFHD) e e e
- 245% CALL CHARCXX,YY,TEND,0,125,LAB,1)

L246% WRITE (6,106) (V(I),RR(I),THETALI),I=1,NPT) e
247 106  FORMAT(1H1,(10X,F8,2,5X,F8,2,5X,F8.2))

____248% o GO TO 102 R . S
249% " 7999 CALL PLOT(0.0,0.0,999) )
250% ... STOP e e s e s . e+ e e e = e e s
251% £END

END OF COMPILATION: ~_ NO DIAGNOSTICS. -~ .

‘-' ) N - B . .

27R3A £35 SL73R1 11/27/79 13:48:52 e e e e+ e

S$COANDACL) ELEMENT TABLE - L . e e

£ w,,_,,,,._nmsmn . .TYPE DATE . TIME SEO # s:zs-vae.rsxr !

8. FOR SYMB 30 DEC 77 11311330 1 , 19

s . e __.. FOR SYNB 05 JAN 78" 09307310 2 Y.

s FOR SYMB 10 JAN 78 11300357 3 4

- FOR 5Y*B 10 Jan 78 16303:42 4 3
FOR SYVB 10 JAN 78 16203249 5 3
RELOCATASLE 11 JAN 78 09349351 6 1 3
RELOCATARLF 11 JAN 78  09349:54 7 1 3

B PELOCATAGLE 11 JAN 78 09:49359 8 1 23

$ RELOCATABLE 11 JAN 78 09:50302 9 ] 4

s RELOCATABLE 11 JAN 78 09:50:05 10 1 10

ST FOR SY¥B 21 NOV 79 11321301 11 2

ST . RELOCATARLE 21 NOV 79 11221306 12 1 2

NDA FOR SY¥B 26 NOV 79 13303244 13 61

NDA RELOCATAPLE 26 Y0V 79 13303350 14 3 79

DA FOR SYvB 27 NOV 79 13:48350 15 63

NDA 16 3 76

RELNCATABLE 27 wov 79 13248352

- LER PROCEDNURE TABLE EMPTY

PROCETURE. TABLF, EVPTY
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.COPE*GNAPH, POL.YPFS POL et e et et £ e e e s e o o v 1 ot e -
4R} T -08/23/79-14:24319 (1,) ‘
ROUTINE POL._ __  ENTRY POINT 000253 -
_IRAGE USED. CODE(l) 000303: "DATACO) 000065; BLANK COMMDN(B) 000000
:LEB.Nk:l.-_!!.E.-EEBENCES_L.(G!-OCKa ..'5'..5'_4.5.:-)_- —_— e e e et e
03 eLovr e e et e va e e e e
04 PLTLN
10S_ . NUMPLT — — e o - I -
106 ELIPS
107 _ __BMATHS - e e e o n
110 COSS
131___SINS —— , . e et e e
1 N . » ’
JRAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
)01 000073 1236 0001 000213 1476 “0001 000133 2L 0001 00037,
J00-R 000012 BS _.. 0000 R 000011 8Y 0000 R 000002 C . 0000 R 00001
300 R 000017 O 0000 ® 000013 03 0000 000023 DYNS 0000 I 00001,
)00 R_000006 RX 0000 R 000007 RY 0000 R 000003 S 0000 R 00001
100 R 000004 XS 0000 R 000020 XX 0000 R 000005 YS 0000 R 00002
is _SUBROUTINE POL(X,Y,R,NR, NC,IOP) - . —
an ¥Ts= 360 0/NR
I RA s 0174533 R -
'Yy o = CUS(RA®T) ) ’
5% — S = SIN(RART) e e
6 CALL PLOT (XS,YS,4) .
> XS = 1.0 e e et et e e e e . ..
8 ¥S = 1.0
G RX = Hex3
10w RY = N#YS '
11 AX = RX/NC
12» BY = RY/NC
13% 8% = .12
14 NS s R ¢+ .05
15w cC =¢C
ton 85 = §,
17 DO 4 1 = t,NR
188 CALL PLILN(R, Yy X¥XxCC,Y+1Y2SS)
19» IF(IOP Ed. 0) 60 TO 3 .
r-{'}] D = Tal=9
21 .. IF(D=90.0) 2,2.1 .
22 1 DS = Kk + .13 .
23 D =0 ¢+ 150 ’
24 88 = -,12
evn e XX = X # (DOACCAUSIASD)Y%RXS
2he ¥YY = ¥ # (US*83-HBS*CLInYS
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. e e e o —— e

R

Q8
292

3 CT = CxCC = $#88

S8 = S*CC + C#8S

CALL NUMPLT(XXoYY, RARD,=,08,TxI,=1)  _

-

30w a4 cC = CT . i
31w _.00 5 1 = 1,NC e e e e e e
32+ S CALL ELIPS (X+AX#1,¥,AX21,8Y*1,0.,0,,0.,3)
.33¢ RETURN - -
34% END S
END _OF COMPILATION: NO _OIAGNOSTICS. .-
\ —
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S A.AGAS,A,AGAS - .
0T3-01/11776-09:49:59 (2,)
BROUTINE AGAS ENTRY POINT C0C050

ORAGE USEbS CODEC4) 0000625 DATA(O) 0GOOLC;: BLANK SOMMOM(Z) 030302

ORAGE ASSIGNMENT  (BLOCK, TYPE, RELATIVE LOCATIONs NAME)

001 000037 150, 0001 . 000044 152L 0001 000043 993L 3000 R 00008
900 R 000CO} VH : |

T SUBROJTINE "AGAS(R, TH, SLW,RADs VI, VG)
| FI IF (TH.EQ.0,0) G3 TO 999
3o ALEN = 2.08SLWsTH + SLW
| - {F (R-RAD.LE.aLZM) G) TO 150
. 1) IF (R~RAD,GE,1,25¢ALZN) GO TO 152
e VH = VIeSLW/ALEN
7e UG = =4,0VA®(R=RAD=ALENI/ALEN + VH
8e 60 To 999 - :
o 150 VG =z VISSLW/ALEN
10+ 50 To 999
11e 152 VG = 0.0
12 999 RETU3N
13 END
END OF COMPILATION: NO OIAGNOSTICS.
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¢ A.AGAST'.AGAS?
073-03/20/79'1u.ll 49 (,0)

—— PRI,

BROUTINE AGAST _ ENfRY POINT 000015 _

5ias€fus€b%'ébottti'iiﬁﬁéi?*ﬁiti(Ei"boﬁoOSifbflnk'CbunoN(ZJ~oooodo

IRAGE. ASSIGNMENT . (BLOCK, TYPE, RELATIVE LOCATION, NAME) _

001 000010 150L _ 0001 _ 000012 939L ____ 0000 __ 000000 DYNS

e mme e ————————iree o v =

(O TSUBROUTINE AGAST (R, TH, Vi, VE) — ' T
- 2» IF (TH.EQ.0.0) GO TO 999 .

3a " IF (R.LE.S.08) 60 TO 150
- a4 V6 = 0.0

S ' 60 T0 999

Y A 150 NG = VI

Tw 999 RETURN

e . END
T END "OF COMPILATIONT ™~ NO OTAGNOSTICS. T - -
L . v R
R 27R3-17 T E3S SL73IRT 03720779 f4311:52 T , '
1$th0ANDA(1) ELEMENT TABLE )
€T T VERSION TYPE " DATE TIME SEQ # SIZE-PRE,TEXT
8 . . FOR SYM3 30 DEC 77  11311:30 I S .
S .  FOR SYMy "T0S JAN 787 Q9:07310 2 T Y
\S : . FOR SYMB 10 JAN 78 11200357 I .

' ‘ ' FOR SYM 10 JAN 78 16303342 4 T3
FOR 8YMp 10 Jaiw 78 1o303249 S 3
RELUCATAMLE 11 JAw. 78 09349251 b 1 3

, : _ . RELGCAVABLE 11 JAis 74 uv349:54 7 1 3
\B . T URELUCATAMLE  11°JAW 78 09349359 ) 1 23
\S : _ __ RELUCATAJLE 11 Jan 7B 09350302 9 1 4
\S ' T RELOCAVARLE 11 JAN T4 09250305 10 1 10
\NDA . . FOxr sywg 28 JUN 78 14317336 11 55
\NDA o RELOCATAGLE 28 Juw 78 14317354 12 - 3 " 16
ANDA 4 _POR SYM3 20 MAm 79 14311347 13 56
INDA 77 RELUCATAGLE 20 MAR 79 14311349 14 3 16
\ST " FOR SYHN 20 MAR 79  143113Sy .15 2
AST RELUCATAHKLE 20 VAR 79 14311351 16 1 e
WAIUABLE LUCATION« rm mme e e e e et e ..
JILER PRUCEOURE TAHLE EMPTY _ o o

PROCEOURE TABLE EMPTY
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