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. ABSTRACT
.U';’; o
2 3 An experimental investigation was performed to determine,
y |
gRK in situ, the change in mean particle size across the exhaust “
LLF 473
hJ. nozzle of a small metallized solid-propellant rocket motor.
()
DA
;“ Light scattering profiles were recorded at both the exhaust
(4
el .
%& and the entrance of the nozzle. The experimental method

used provided excellent results within the exhaust. However,

’
T combustion light at the wavelength of the transmitted light
{;é hampered light scattering measurements within the motor.
w2y,
v Particle size measurements were consistent with the siZzes

3 .
§$3 found in the collected exhuast products.
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R, I. INTRODUCTION

l' -

$ls

’zﬁ The importance of aluminum oxide (A2203) particle size ‘
it‘ produced in solid-propellant rocket motors has been recog- .
T . nized since aluminum was first introduced as a fuel additive.

ﬂég Aluminum added to a propellant will increase the thrust

S

EE; produced and aid in suppressing high-frequency combustion

f.- instability. Although the performance improves with aluminum

i%ﬁ addition, two phase flow losses adversely affect specific

‘3& impulse efficiency. Specific impulse efficiency is the product

';é of several component efficiencies, i.e., chemical-kinetic, |
;ﬁg combustion, two-phase flow, two-dimensional flow, submergence

éﬁ; and throat erosion. In aluminized propellants, the two-phase ‘
’i flow loss is one of the more significant losses. Two-phase

iij flow losses result from particle-gas thermal and velocity lags. :
,Ei The latter strongly depends on particle size. Parametric

:>; studies involving small motors, with throat diameters less

Té&i than one inch, at AFRPL [Ref. 1] and CSD [Ref. 2] have

EEE revealed that a 1 micron change in particle diameter results

= in a change of 1% in Isp. The effective use of particle i
E: damping for suppression of combustion pressure oscillations

is also strongly dependent upon the particle size distribution.
One of several analytical computer programs used to pre-

dict performance of a solid-propellant rocket motor is the

SPP (Solid Performance Program) [Refs. 3,4]. As the above .




2: discussion indicates, it is of critical importance to accurately
?m' predict particle size. This is especially true for barticle

o damping with minimum smoke propellants which typically con-

iéﬁ tain less than 2% metal by weight. The 1975 version of the

:d: ) SPP [Ref. 3] contains a particle sizing empirical model

k@ developed by Cohen. This model was based on correlating

collected exhaust samples. After a critical review, this model
N was considered inadequate. A new model was therefore required

for a new SPP version, titled Improved SPP [Ref. 4]. Inorder

T

to meet SPP accuracy goals, this model had to predict particle

size within *10%. Unfortunately, there are no adequate

. 2]

jix theoretical models relating particle size to propellant and
;"'\!

{t motor parameters. This necessitates the use of empirical
W

o

methods for correlating particle size.

There are two methods that can be employed to develop an

A

:5
;é empirical relation. One is to correlate particle size data to
igf‘ propellant and motor variables, as was done by Cohen. The
E:; other method is to calculate particle size based on a critical
,qg Weber number for a maximum stable drop size [Ref. 5]. After
;?@ considering the relative merits of each method, Hermsen [Ref.
*
ﬁ;ﬂ 5] devised an empirical model based on collected particle size
%bi data for the improved SPP. This model was correlated to a much
;-# broader data base than was‘previously available to Cohen.
b

The particle diameter correlated was D43, the mass-weighted

diameter, given by:

." R X3
RS S
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Bl 4 3
o Dg3 = 1N;D3/ IN;D;
Smith [Ref. 6] has shown that D, was the most appropriate !
average to use in predicting two-phase flow losses.
Hermsen's empirical relation [Ref. 5] is presented

ity -, below:

.2932 e-.0008163£PT

Dy3 = 3.6404 Dt (1 - )

" pam

.‘,,'1

'«.:'.:.

g where:

bt

?:.'l ‘

?& D43 = mass-weighted average diameter, M

L)

m$: Dy = nozzle throat diameter, in.

LN

ne 0‘

§$: g = A2,0; concentration in chamber, g-mol/100 g
P = chamber pressure, psia‘

o—E—;
S
—
]

Doy
_ KN A

average residence time, msec

- -

-

=2

The predicted D43 is now applied to the expression below in

.&}

s, i
Ry
"3

order to calculate the two phase flow loss [Ref. 7].

s

S

)

e c c

ey _ 5,,.15 .08_76

ﬁ“l: ETATP = C3 (€C4Dp /P € Dt )

-

ek

Ny

n.j:; where:

el

e

if% ETATP = impulse loss effect, %

fﬁfﬁ £ = mole fraction of condensed species, moles
};: of condensed species per 100 grams of
P mixture

i o

Y Dp = D43 iln microns

3

;y'sJ; 12

)
;:..‘
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* ; P = average motor chamber pressure, psia
Lt € = nozzle expansion ratio at ignition

) conditions

. 't; , -

{ Dt = nozzle throat diameter at ignitiion,
A inches

[A 'i .

#g e = Naperian base 2.71828

1

Q' C( ) = coefficients that are a function of Dt
y. and D

) p

% The two-phase flow loss is applied with the other aforementioned

" efficiencies to a theoretical Isp. The Isp loss from boundary
%, layer effects is then subtracted from the corrected theoreti-
ﬁ: cal Isp to obtain delivered Isp.

F; Collecting exhaust products is feasible only for small

:» motors and the techniques used often result in variation in

3 J the measured size. Validation of the SPP model must be based
ﬁ? ) on data collected within the motor environment. Light

%g scattering measurements are well-suited for this application.
}} These measurements are more easily made if the particles are
ﬁ% large compared with the wave length of the transmitted light
%& and the transmittance is greater than 90%. The former allows
ﬁL the accurate application of Fraunhofer diffraction, whereas the
?; latter specification is necessary in order to satisfy single
?w scattering requirements.

~Q The Naval Postgraduate School has conducted a series of

-?' investigations to determine the applicability of light scatter-
$‘ ing measurements to the solid rocket motor exhaust products

b
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[Refs. 8,9,10,11]. This investigation was directed at modi-
fying the apparatus and techniques developed in the previous
efforts in order to more accurately determine particle size.
Validation of the apparatus was also a goal. The SPP particle
prediction model can then be verified by a comparison of the

predicted size to the experimental data.
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II. THEORETICAL BACKGROUND

The most general theory of light scattering was developed
by Mie and is presented by Van de Hulst [Ref. 12]. Mie's
theory, although not restrictive in its assumptions in regard
to particle size and refractive index, is however very com-
plex to utilize for data reduction. Dobbins, et al. [Ref. 13]
and Powell, et al. [Ref. 14] derived similar expressions for
intensity ratios at two forward scattering angles based upon
an Upper Limit Distribution Function (ULDF). and Fraunhofer
diffraction. The ULDF was initially proposed by Mugele and
Evans in Reference 15. Although the expressions developed by
Dobbins and Powell are extremely useful in relating intensity
ratios to D32, the volume-surface mean diameter, these models
are still somewhat cumbersome to use for data reduction
purposes.

Particle sizes found in solid-propellant rocket motors
are often bi-modal. Particles in the larger mode are the most
important for two-phase flow loss calculations and are gener-
ally much greater in diameter than the wavelength of inci-
dent light. Scattering by these large particles is described
by Fraunhofer diffraction. Hodkinson [Ref. 16] and others
[Refs. 13,14] have demonstrated that diffraction theory
(within the forward lobe) can be used to approximate the Mie

theory. Buchele in Reference 17 summarized the experimental




ey s Moo et aube i miir ma i andt ekl gl i oAR it B ol 2 ki ud - ol Bri e Sad Ravada- oSal tat uat Bar aay aas ek Sod M

P

U

% techniques for determining the particle size by measurements

1

KK . . . .

W of diffractively scattered light. Buchele presents a function
f‘ which closely approximates the curves given in References 13 .
5 and 14.

\l

N

) 2

B I(6) = EXP[-(.5706)"]

4

)

@

“ where:

)

3 I(6) = ratio of intensity of scattered light at

q some angle (8) to the intensity of

?‘ scattered light at theta equal to zero
é, degrees

N a = 1D/X is the particle size parameter for

) diameter D,, and wavelength of light

- lambda (A)*
! )
. The above expression was used in the current study for data

‘¢ reduction to obtain D32. Unfortunately, D43 is the mean

X diameter used in the SPP. Therefore, D,, must be related to

g
- D43 either by analyzing exhuast samples or by approximate

w

y analytical means.

W A final important point is that the above expression is
£ valid for o < 3 (the center lobe). For the expected ranges

Iy

’1 of theta and D32, this proves to be a very mild restriction.
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III. EXPERIMENTAL APPARATUS

)

§ A. ROCKET MOTOR

; The rocket motor used in this investigation was the same
"W as the long motor described in Reference 1l1. The motor com-
! ponents are presented in a photograph in Figure 3.1 and the

) installed motor is shown in Figure 3.2. A schematic is also
presented in Figure 3.3. The propellant grain dimensions re-
mained the same as in the previous effort [Ref. 11]. The

grain was two inches in diameter, one inch in length and had

a web thickness of .725 inches. The grain was cylindrically

TN I TT T

‘i perforated and allowed to burn also on the aft end. The
igniter was composed of BKN03. Ignitiion of the igniter was

oy achieved by heating a resistance wire with a 12 VDC source.
Some of the exhaust products were collected in an eight

o inch diameter stainless steel exhaust tube. The products

; were collected from both the side walls of the tube and the

N end cap. Another particle sample was collected from the walls
of the combustor, near the nozzle entrance. Both samples were
then cleaned and mounted for observation using a scanning

electron microscope.

B. LIGHT SCATTERING APPARATUS

The apparatus shown in Figures 3.4 and 3.5 was basically

|

\

o the same as used in Reference 1l with some exceptions. The ;
. |

|

\
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light source used for the nozzle exhaust was a 8-miliwatt,

helium-neon laser. The nozzle entrance also used a 8-milliwatt

TR W V¥ %

B e T

helium-neon laser. The lasers were mounted on two parallel

optics benches, such that one beam could pass through the ex-

A KA

haust and the other beam could pass through the motor cavity

o

adjacent to the nozzle entrance. A beam expander/collimator

. —

was used with the helium-neon laser in the exhaust. Each beam

o g

was intercepted by a stop placed directly in front of the
narrow pass filter. The narrow pass filter was used to eliminate
extraneous light. The stop and narrow pass filter were placed
h 30.5 centimeters from the motor centerline for the exhaust
beam and 11.5 centimeters from the motor centerline for the
W) motor cavity beam. The exhaust beam narrow pass filter had
¢ ' a diameter of 5.08 centimeters and the motor cavity narrow
pass filter had a diameter of 2.3 centimeters. Both beams
passed through the centers of these filters. 1In the present

arrangement of the apparatus this resulted in a maximum angle

P as AR

for collecting scattered light of 4.8 degrees in the exhaust
. and 6.0 degrees in the motor cavity. The placement of the

optics closer to the motor centerline allowed for a greater

- -
s

maximum angle to be recorded than in the original design.
Directly following the narrow pass filters were condensing

lenses. Both paths used a lens with a diameter of 5.08

b i, #*

centimeters. These lenses had a focal length of 50 centimeters

T

and were utilized to focus scattered light onto a linear array

of photodiodes. The array consisted of 1024 silicon photodiodes

Tt
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with .025 millimeter spacing. The apparatus in Reference 11
positioned the lenses such that only angles from 0 to .04
radians could be observed. In actuality, however (as a conse-
quence of diffraction around the beam stop and beam spreading),
the range of useful angles where only scattered light occurred
was from .02 radians to .04 radians. In the current arrange-
ment the diode array was placed 1.0 centimeters below the main
beam and the collecting tube diameter was enlarged. This
allowed a range of angles from .02 to .07 radians to be

observed.

C. DATA ACQUISITION AND DATA REDUCTION

The data acquisition system is presented in detail in
Reference 10. The system controller was an HP 9836S computer
and the HP 6942A multiprogrammer provided A/D conversion and
storage. The data acquisition system was programmed to take
data at a specified point in the motor firing by inputing a
trigger pressure and a time delay after the trigger pressure
was reached. The number of diode scans for the exhaust ancd
motor cavity were eight and four respectively (limited by
the current data acquisition system memory size).

Two methods were used in References 10 and 11 for data
reduction, one of which was altered for this study. The modi-
fied method pertained to the iterative graphics technicue.

In References 10 and 11 the experimental data were normalized
and compared to a theoretical profile that was also normalized

to some assumed scattered light intensity at zero degrees

19
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for a specified D32. A "best-fit" of the experimental profile
to the theoretical one yielded D32. The current investigation
determined that this method resulted in ambiguity in deter- |
mining D32 as a consequence of assuming a centerline intensity
for the scattering profile. The method used in the present
study was one in which the experimental data were not altered.

A theoretical curve was generated for any specified value of

D32 based upon a selected initial angle (61) and the correspond-
ing intensity at that angle (Il) from the unaltered experimental
data. The approximate intensity profile for a polydispersion
given by Reference 17 is:

I = I Exp-{(e"z2 -ei)(.57 Dﬂ/)\)z}

2 1

Specification of a series of values for 62 results in
values for 12 and, therefore, an I vs ¢ theoretical profile
that passes through the experimental data at Il’ 1. If
this curve does not fit the experimental data, then other values
of D32 can be chosen and a new theoretical curve generated.

A "best-fit" method is subsequently used to determine D32.

In summary, the method used for obtaining the mean particle
size is based upon fitting an approximate (although quite
accurate within specific angle restrictions) theoretical
profile for a polydispersion to the unaltered profile obtained
experimentally over a small range of scattering angles. The

modified data reduction program is presented in the Appendix.
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The second method was similar to the first and also used

the above expression solved for D32:
2 2. .2 2
D32 = -Ln(Iz/Il)(A/.57n) ﬂez -el)

The procedure used was to first select a starting angle, 61,
along with a 62/6l ratio. A value of I2 at 62 was obtained
from the experimental data. This was repeated with increasing
values of 62 and then again with different values of 62/61.
The results were plotted graphically as particle size vs

scattering angle for each angle ratio. A nearly constant

value of D32 vs 6 indicated a good correlation.
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Figure 3.1. Motor Components
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Installation of Rocket Motor

Fiqgure 3.2.
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LIGHT SOURCE SPECIFICATION

A. Helium-Neon Laser (Exhaust)

1. Manufacturer Spectra-Physics
2. DModel: 147

3. Type: He-Ne Class IIIB
4. Output Power: 8 mWatt

5. Beam Diameter: .92 mm

6. Beam Divergence: .87 nrad.

B. Helium-Neon Laser (Motor Cavity)

1. Manufacturer: Uni-Phase
2. Model: 1305P
3. Type: He-Ne Class IIIB
4. Output Power: 5 mWatt
5. Beam Diameter: .81 mm
6. Beam Divergence: 1.00 mrad.
“
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IV. RESULT AND DISCUSSION

\ g A. INTRODUCTION
-?ﬁ ' The purpose of this study was to improve and validate
1;1 the accuracy of the apparatus used for particle sizing in
éij the rocket motor environment. Also, the experimental data
?;, will provide a basis to verify the particle size prediction
LN model of the SPP.
;g& The apparatus had been calibrated by Harris [Ref. 10]
h{: and Kertadidjaja [Ref. 1l1] using glass and polystyrene spheres
f‘§ in a suspension of water. Kertadidjaja [Ref. 11] also
?E) attempted to demonstrate the applicability of the apparatus
g;j ' to the combustion environment. This investigation continued
%5 the earlier studies with several refinements. Three propel-
?if lant types were used in this investigation. All three utilized
1?‘ a GAP binder with ammonium perchorate (AP) oxidizer. Each had
E%ﬂ varied aluminum content, with the percentages present being
:%: 0%, 2%, and 4.8%. The size of the aluminum powder was 20
.533 microns. The major ingredient compositions for the 4.8%

%

alum;nized propellant were 14.7% GAP, 45.7% 200 um AP, 24.6%

25 um AP, 8.5% TEGIN and 4.8% 20 uym AR . The 0% and 2%

- ’ﬁ’\”r
i‘ . n_ f LA.
FOFGELISY REY

»
[y

aluminized propellants kept the same solids loading.

-

e
‘5 B. SYSTEM CALIBRATION
[}
}2} As previously mentioned, the apparatus was calibrated by
L
N
both Harris [Ref. 10] and Kertadidjaja [Ref. 11l]. The
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o
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apparatus was re-calibrated in this study as a result of the

modifications that were made. The standard calibration proce-
dure described in detail by Harris [Ref. 10] remained the ’
same. The laser beam passed through a glass container holding
a suspension of polystyrene spheres and water and was initially
positioned on the number one diode. The linear diode array

was then moved vertically down, with the aid of a dial indica-
tor, such that the number one diode was one centimeter below
the main beam. Since the diode array was 2.56 centimeters

long and was 50 centimeters from the focusing lens, this
arrangement allowed for a range of measuring angles from .02

to .07 radians. Therefore, the scattered light striking the
diodes would not be affected by the main transmitted beam or
the light diffracted by the beam stop as in the previous two
studies. This arrangement was used both for the exhaust beam
and the motor cavity beam.

Two polydispersion samples of polystyrene spheres, with
D32's of 4.8 microns and 10.2 microns, were used for the cali-
bration. These samples were chosen because the D32 was known
and the expected D32 of the actual aluminum oxide particles
during a motor firing was between 1 and 15 microns. The
results are presented in Figures 4.1, 4.2, 4.3 and 4.4. These
results were encouraging in regards to validating the modifi-
cations and the method for data reduction. Calibrations were
also conducted within the motor cavity with the laser beam

and scattered light passing through the motor windows. Figures

30




»
a's

ﬁ - 4.1 and 4.2 are representative of the results obtained. This
’$ indicated that the motor windows did not adversely affect
scattering profile and, therefore, bias the results.

An initial point of concern was the narrow range of measur-

.$ ing angles which were employed in the present apparatus.
:_ Since large particles diffract most of the incident light at
E small angles and very small particles diffract most of the
gf incident light at large angles, the range and minimum angle

. employed could not have resulted in sufficient sensitivity to
sg particle size for the expected range of particle sizes. Also
;i shown in Figure 4.1 are two additional theoretical profiles
~: for D3, of 10 and 8.3 microns. It was apparent from the sensi-
;: tivity of the slope change with D32 that the mean particle
:5 size could be determined with an uncertainty less than *.5
2 microns.

; The "upsweeps" in the curves at larger angles using the

- two angle method were the result of the increase in slope of
g the scattering profile due to the effect of truncation by
% the apparatus. These parts of the curves remain only to
& provide a reference to the angle ratios.
’; Another informative point in apparatus design is given
fs by Hirleman [Ref. 18] in regards to placement of the focusing
E lens. Hirleman notes that truncation of the larger scatter-
"5 ing anbles, which is a function of the placement of focusing
'g lens, will cause a biasing against the small particles. The
o

expression given in this discussion is:

A )

A
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z = (md/7.66A)D

where:’

Z = critical distance in front of the focusing
lens where significant energy diffracted
by particles less than diameter D is
truncated by the focusing lens

A = wavelength of the incident light

For a given Zc' all particles that are greater than D in size
will have 84 percent of their diffracted energy pass through
the focusing lens. In the exhaust configuration of the present
apparatus Zc was equal to 30.5 centimeters, d was 5.08 centi-
meters and A was .6328 microns. This yields a D of 9 microns.
Thus, according to this criterion, some of the scattered light
from particles below 9 microns is truncated and, therefore,
results in a bias towards larger particles. This type of
biasing was small in the present apparatus down to particle
sizes of approximately 3 microns (the smallest particles in
the 4.8 micron D32 polydispersion) as evidenced by the good
calibration results is shown in Figure 4.3. However, the
apparatus could be improved by either moving the lens
closer to the exhaust (at the risk of apparatus damage from
the exhaust jet) or by using a larger diameter lens.
Transmittance effects were also investigated in conjunc-
tion with the calibration. As previously mentioned, trans-
mittances above 90% are required to meet single scattering

rgquirements. Calibrations were conducted using polystyrene

32
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) spheres with a D3, of 10.2 microns. Scattering data were

R recorded for transmittances of 85%, 70%, 60%, 50%, and 30%.

S The results are presented in Figures 4.5 through 4.14, and

# summarized in Table III. Both the curve fit and the two-

f angle methods resulted in very good agreement with the actual

f mean particle size with transmittances as low as 50%. Even a

; transmittance of 30% did not severely affect the measurement.
These results indicate that particle sizing methods based upon

{ single scattering theory can effectively be used in a multiple

; scattering environment with transmittances significantly less

Y than 90%.

. A test was then conducted to determine the transmittance

in the actual motor exhaust using the 2% aluminized propellant.

The procedure was the same as the one used in Reference 1l1.

The transmitted beam was directed onto the diode array (with

) the appropriate filters to reduce the intensity) and the beam

profile was recorded. The motor was then fired and the profile

'S was again recorded. The results are presented in Figure 4.15.

! The results indicated a transmittance greater than 90%, with

« some beam spreading. There was also no apparent beam shift.

Therefore, transmittance loss was determined not to be a

debilitating factor in the motor exhaust jet.

sata w e

p The calibration curves have an apparent limit of approxi-

mately .04 radians for which scattered light can be recorded

(for example, see Figure 4.3). However, it was stated that

-

the apparatus was designed to record angles up to .07 radians.
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‘tib This is due to the water-glass interface having an effective
Pyl

NN )

:?ﬁ% index of refraction of 1.39. Thus, the scattering angles are

,-n; corrected for this high index of refraction, resulting in a

T

{%ﬁ corrected maximum angle of approximately .04 radians.

548

G

) C. NOZZLE EXHAUST MEASUREMENTS

i;; One test was conducted with a nonmetallized propellant.

] :;- J'.“b

i{i The results, presented in Figure 4.16, show no scattering.

y Therefore, the scattering observed by Kertadidjaja [Ref. 11]
{Fﬁ at smaller angles for a similar test was probably the result
ﬁﬁ{ of beam broadening and diffraction around the beam stop.

) Three tests were conducted with both the 4.8% and 2%
j'l (4
:jz{ aluminized propellants. The motor firing data and a summary
194
}‘i& of the particle size measurements are presented, respectively,
e

p in Tables IV and V. From light scattering measurements each

“
\ ' propellant showed a similar result, one test with a D32 of
M,
Y
k:j approximately 5 microns and one with a larger value of D32
ot
C) (7-12 microns). This test-to-test variation probably resulted
e
3;3 from the very short burn times and the corresponding lack of
oo
ﬁ? a well-defined steady-state condition. These results are
i;:r presented in Figures 4.17 through 4.28. Typical S.E.M. photo-
;éi graphs are shown in Figure 4.29. The light scattering results
AP
;&ﬁ were quite consistent with those obtained from the S.E.M.
W
.
d evaluation. Although the sample sizes from which the S.E.M.
{i_ evaluations were based were relatively small (see Table VI),
;f; it still provided a good indication as to the validity of
g
&
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the light scattering measurements. It should be noted that

D32, and to an even greater extent D is strongly dominated

43’
by the larger particles. One or two large particles can
significantly change D3y Future S.E.M. evaluations should
utilize much larger sample sizes.

The SPP equation for Dy3 (which is primarily a function of

throat diameter) predicted much smaller values of D than

43
observed in this limited set of data. The SPP model, however,
is based on particulate data from motors with nozzle diameters

greater than 1 inch.

D. NOZZLE ENTRANCE MEASUREMENTS

Light scattering measurements through the motor at the
nozzle entrance were unsuccessful as a result of combustion
light existing at the same frequency as the laser light. This
was the case for both the helium-neon laser (A = .6328 um)
and the argon laser (A = .488 um).

The analyses of the S.E.M. data for the nozzle entrance
indicated a much larger D32 and D43 as compared to the nozzle
exit measurements. Therefore, a significant reduction in size
appears to have occurred to the larger particles across the

exhaust nozzle.
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5 TABLE III
i EFFECT OF TRANSMITTANCE

ON MEASURED PARTICLE SIZE
(D32 from Manufacturers Data Equals 10.2)
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Transmittance Measured D
(%) (microns)

32

a “"h. A
2o

85 9.8
= 70 9.6
o3 60 9.5
50 9.4

‘2 30 9.3

36

oy ';.‘r:‘;"l A

- 13 .
2ttt

x
]

Jolafeel
TR
L%

%)

Ty e (T o T S T o L Lt o L 2 T D A i RGN

- ot




= R R R R A N T W TR T T TN T AR T VNI T IR TR T R UWR U TV TV Ve T™w r-“ﬁ-vw

TABLE IV

SUMMARY OF MOTOR FIRINGS

Date of Wt of Press Press Burn Residence Dt
Test Alum Pc Max P Time Time (In.)
(%) (psig) (psig? (sec) (msec)

Oct 31, 85 0 350 366 3.8 - .28

Oct 22, 85 4.8 312 328 2.9 10.9 .28

r Oct 23, 85 4.8 328 359 2.3 11.3 .28
!

Y Oct 18, 85 4.8 333 340 2.8 11.3 .28

Nov 19, 85 4.8 450 466 .95 14.0 .25

Oct 30, 85 2.0 296 296 2.8 10.4 .28

Nov 26, 85 2.0 408 467 2.0 14.4 .28

Nov 25, 85 2.0 566 575 1.8 16.7 .25

Note: Pressure colume labeled P_ indicates pressure
at which data was taken.
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;.' TABLE .V

A '.‘_ SUMMARY OF EXPERIMENTAL RESULTS

'; i W of Press . D3, D35 Dy3 Dy3

Alum Pe Light Sct. S.E.M. S.E.M. SPP FModel

e (%) (psig) (psig) Ext./Mtr. Ext./Mtr.

o 4.8 328 5.6 5.6/18.2 7.3/24.7 2.3

e 4.8 333 5.5 -/ - -/ - 2.3

. 4.8 450 12.0 13.6/18.9 19.7/23.9 2.5 |
re 2.0 296 7.0 12.2/14.4 18.6/19.6 2.3 '

o 2.0 408 9.3 -/~ -/ - 2.3

2.0 566 4.6 4.9/10.8 6.0/13.2 2.5

.1"._"
‘r.r'-" . . .
o Note: (-) indicates sample was not taken for this run.

Diameters are in microns.
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TABLE VI

S.E.M. PARTICLE DISTRIBUTION

-

-
rd

At

a8

Size in microns

-

1 2 3 4 56 7 8 9 10 12 15 19 20 25 30

XN Y
oS05

Oct 23 Ext. 53 22 16 11 7 4 2 1 1

- e

A

Oct. 23 Mtr. 50 21 22 13 9 6 8 4 1 2 1 1 1 2
{ Oct. 30 Ext. 45 42 11 13 21 2 2 1 1 1 1

Oct. 30 Mtr. 24 15 3 6 28 3 7 13 6 3 1 2 1

[aRd
SO S WE S

EVA0%

Nov. 19 Ext. 64 35 31 7 6 1 1 1 2 1 11

Nov. 19 Mtr. 73 29 9 5 12 41 1 1 2 1 1 1 2 1

O]
P e Zala s

-
v

Nov. 25 Ext. 44 39 22 3 14 4 1 1 1

o
5

s

25 Mtr. 37 30 11 1 15 8 3 8 3 4 3 1
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Figure 4.2 Calibration With 10.2 Micron Polystyrene Spheres
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Figure 4.6 Two Angle Method,
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Figure 4.14 Two Angle Method, 30% Transmitted Light
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Figure 4.22 2% Aluminum Propellant, 30 Oct., Exhaust
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TWO-ANGLE METHOD
For Various Angle Ratios

Figure 4.26 2% Aluminum Propellant, 25 Nov., Exhaust
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V. CONCLUSIONS AND RECOMMENDATIONS

The results of this study have shown that the measure-

e ment of D32 in rocket motor exhausts can be made using quite
ix simple light scattering methods. Apparatus calibration

»KE results and S.E.M. evaluations of the collected motor exhaust
é&: products support this conclusion.

& The SPP equation model underestimated D,, for this inves-
?i tigation. This indicated that the model predictions cannot
{E be extrapolated to small motors with throat diameters less

ﬁt than one inch. The light scattering method, however, can

;§§ be used to validate the SPP model for the larger motors upon
:: which it was based.

{3 In order to improve the signal to noise ratio in regards
:; to the scattered light intensity, it is recommended that the
:ﬁ laser beam be moved closer to the exit plane of the nozzle,

£ ()

where the particle density is greater. The laser beam for

o

&é this study was 7.3 centimeters aft of the nozzle exit. To

gtf resolve the combustion light problem it may be necessary to use
2 a different laser, such asa.Oo2 that has a different wavelength
z¥ than present in the combustion process. Also, other binder

3 systems should be tested to determine if they significantly

;‘ alter the light spectrum.
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10
20
30
40
S0
60
7%
80
90
190
110
120
13¢
13
148
150
168
R
17%
189
17
200

210 Choese:  PRINT CHR$(12)

220
an
N*
240

258

144
350
359
Lyj |
180
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APPENDIX

PROGRAM LISTINGS

VIR IO IONES 0 I T 000 0TI 00300006 D 0 NI 006 3630 0 D2 T e

(F12311333133 8232108} ROC FRAREECXRUEX X RERREF 2
PEERREREARRERARN R RES PLOTS RAW DATA REREX R RER IR R EAR
LSRR LI NN AVERAGES FXFERERFREEE TN %
TEERRREER R AR RAR FILTERS REERERRERREN R RARR N

Teierppnrenmoorex o DETERMINES MEAN DIAMETER  wxBautdByusuusupecs
Peesrrpnninenenenres  BY INTERACTIVE CRAPHICS  MERMOnmmsctamiernss
PRt snenrtanr ¥ snt  AND THE TUO-ANGLE NETHOD  H6a it s ¥ERRaas ¥
Terrmteneaeanet  Rodbert Xelly Harris B4 SXkmememsaseiruexusy
PRAPRRARRFRNIPRARLR Revised, John S Rosa 8D HEERNEX KEEHEXFEEXRL X
P HEEOEEHOHEEE HHEEHHNUEEHHHEEEE ORI SIS
OPTION BASE [

FOM /Hrdgavs/ Av2{1024)

CON A2(1024) RUFFER

(OM /Gavss/ T1(1028),L

CCM /N3x/ M7,M3,Xt,Ye, Xn Yn, Xx

COM /Readata/ B,P H,Q381201,0480201,228120) ,Y1(B192) BUFFER,Y2(B192) RUFFE '

COR /Twe/ Au(1028) W M1, F

DIM Scans{R),X(1524) .
FOM /Plots/ P1SE20),P2$120],P380201,PA8120)

INTEGER Sraf(1:12480) BUFFER

01d=0

PRINT * 7D LOOK AT ANY DATA FILE THE PROGRAM NEEDS SOME STARTING IMFORMATI
PRINT °°

PRINT * TO ACCOUNT FOR THE CHANGE IN WAVELENGTH IN THE MEDIUM*
PRINT **

PRINT * ENTER THE INDEX OF REFRACTION OF THE MEDIUM®

PRINT **

PRINT * WATER = 1.33"

PRINT * AIR = 1.0

PRINT ESTIMATE OF EXHAUST = 1.1°

BrEP

INPUT ® THIS VALUE ADJUSTS THE COMPARISON CURVE TD THE MFDIUM®,M1
PRINT CHRSCID)

PRINT *  TO ACCOUNT FOR REFRACTION OF LIGHT AT ROUNDARIES BETWEEN®
PRINT °®

PRINT * THE MEDIUM AND AIR YOU MUST ENTER THE INDEX OF REFRACTION *
PRINT **
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SN 390 PRINT ° OF THE CONBINATION OF THE MEDIUM AND ITS BOUNDARY®
PO 400 PRINT **
. 418 PRINT * THIS VALUE IS APPLIED DIRECTLY TO THE DATA®
- 420 PRINT **
X 430 PRINT * AIR=1.0 PLEXIGLASS & WATER = 1.39°
ey MY PRINT **
Y A50  PRINT "ESTIMATE OF NOTOR CAVITY COMBUSTION PRODUCTS & WINDOW = 1,22*
s ALY PRINT
D A70  PRINT ° ESTIMATE OF ROCKET EXHAUST = 1.1 OR 1.0°
& 480  INPUT A
'; fC 49)  PRINT CHR$(12) :
38 500 INPUT ° ENTER LASER MAVELENGTH (FoNe=,5378,Ar=.483)" ( '
il 510 INPUT °ENTER THE DESIRED PLOTTING INTERVAL OF DIOPE a4PRAY (2,4,6)°,H
e 520 F=508 Ima FOCUL LENGTH OF ORJECTIVE LFNS
: 521 X(1)=t
% 522 TH1)=92
ga 539 Died=.025 'an  DIODE SPACING MAY BE .03
Al 549 FOR T=1 T0 1023
o 550 X(I+1)=141 ICREATE A% ARRAY OF DTODF NUNPERS
4 548 THCI+1)=ATNC(1%Diod)/(FaN) ) 4T1(1) ICREATE AN ARRAY OF THETA
0 570 NEXT [
D 580 PRINT CHR$(12)
K 590 CALL Displavi(Cld) 1JUST PRINTS INITIAL AFMARYS ON CRT
- 600 IF OVd THEN CALL Review(Avl()) ITHESE TWD LINES ALLNWY FOR
Fots 619 IF 01d THEN GOTD Gavss IREVIEWING REDUCED DATA FILES
ooy 620 BEEP
' 638 THPUT ° INPUT THO FILENAES NOW (NO-PART ,PARTY® Q38 0ds
40 INPUT * ENTER “1” FOR 8 SCANS 2 FOR 4 SCANS® P
o 650 718=":INIFRNAL,4,1° | USES LEFT DISK DRIVE FOR RAW DATA FILES
} 569 CALL Readata
3 670 CALL Shift
“w £89  REEP
' 670 Screen: !
I © 700 PRINT CHR$(12) ICLEARS SCREEN
1 719 Pre="YOLTAGE®
e 720 P2$="DINDF MINEER" t STRINGS FOR PLOTS
Wieh! 730 PI$="YNLTAGE vs, DIODE®
e 740 PAS="ReW DATA"
2 750 M5=1024
- C7S1 Mesq,
P [ 760 Xt=6d ) SET UP VALUES FOR PLOTS
O LT Y=
A%k L 7B Xe=d
nhY | 790 Ya=3
et 791 Xa=0
:\% 800 CALL Plet(Y2(H)) | DRAWS AXES ,ETC...
Y 910 GSTORE Graf(®) | STORES GRAPHITS DISLAY JUST MADE
g 820 CML Dataplet(B,Y1(%),H) IPLOT NO-PARTICLES DATA
NS 830  PRINT ® NO-PARTICLES PLOTTED®
! 840 PRINT **
. 850 PRINT * HOW MANY SCANS SEEM TO BE GOOD ?*
R Bs)  INPUT J
RR
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1
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4
KRS
:&3;) l
\ )
,;}:{.g w BB‘J . WHICH SCANS ARE GOOD 7.,.ie...1,2,4,5,7, INCLUDE LAST CO
(R LY 'LAST COMMA IS REQUIRED OR YOU HAVE YO HIT CONT.. TWICE
890 INPUT Scansts)
(R 90 PRINT CHRS(12)
ool 910 PRINT USING *///1/1111°
iy 928  PRINT ® AVERAGING THE SELECTED SCANS®
e 930 CRAPHICS OFF
ks 940 CALL Average(J,Scans(#),Y1(#),Avi(¥))
v ) 956  PRINT USING *@" ;
- 960 GLOAD Graf(®) ILOADS CRAPHICS ARRAY RATHER THAN WASTE TIME RE-DRAWING ‘;
s 978 CRAPHICS ON (
ay 980 CALL Reselt(Avi(®),X(#),H) ! PLOTS 1024 ELENENT ARRAYS ;
R 990 PRINT USING "//* 4
RS 1000 PRINT * Average Intensity No-Particles® -
1010 ON KEY 0 LAREL “AVERAGE!® GOTD Screen
Ll 1020 ON KEY 1 LABEL *PLOT-PARTICLES® GOTO 1060
Qi 1030 PRIN ° PRESS KEY & ¢ TO RE-AVERACE OR ¢ 1 TO CONTIMIE® ;
e 1048 Standby: | MANUAL CALLS THIS INTERRUPT DRIVEN PROGRAMMING
Y 1059 £TO Standby ! LOOPS, WAITING FOR USER TO DECIDE
M 1060 PRINT USING *e°
O 1070 OFF KEY 1 {HELPS AVOID CONFUSION BY CLEARING THAT EOX
S 1080 CALL Dataplot(B,Y2(#),H) IPLOT PARTICLES DATA
oy 1098 PRINT USING */°
S5 1108 PRINT * PARTICLE DATA PLOTTED®
- 118 PRINT * FOR A HARD COPY OF THIS RAW DATA PRESS KEY & 6"
1120 PRINT * * -
. 1130 PRINT ® OR 7O CONTINUE PRESS KEY 4 1°
.73 1140 ON KEY & LABEL "HARD & RAW" COTO Raw 1
Lo 1150 ON KEY 1 LABEL "CONTINUE * GOTO Select 9
oo 1160 COTO Standby
oty . 1170 Raw: CALL Plot(Y2(®),1) | THE ONE (1) IS AN OPTIONAL PARAMETER
e , 1180 CALL Dataplet(B,Y2(#) H) | WHICH IS USED 10 GET HARD COPIES
J 1199 Select:!
o 1200 OFF KEY 6
o ds 1210 OFF KEY 1
Lo 1220 PRINT CHR$(12)
e . 1230 PRINT USING *////°
ety 1240 PRINT * HOW MANY SCANS SFEM TO BE GOOD ?*
£ ™ 1250 INPUT J
o 1260 PRINT * WHICH SCANS ARE GOOD ?...ie...1,2,4,5,7, INCLUDE
X LAST COMMA®
1270 INPUT Scans(#)
ZIQI 1280 PRINT CHR$(12)
<L 1294 PRINT USING *////1/11/°
ek 1300 GRAPHICS OFF
1310 PRINT * AVERAGING THE SELECTED SCANS®

1320 CALL Average(J,Scans(®),Y2(¥) Ae2(H))
1338 PRINT USING "8°*
1340  P4$="AVERAGED SCANS®
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B4 \s :
z\-T 1350 CALL Plot(Av2(m))
Pt 1358 CRAPHICS NN
S 1370 GSTORE Graf(#)
- 1380 CALL Result(Av2(#) X(%),H)
Ny 1390 PRINT USING *//°
F YN 1408 PRINT °* Average Scattered Intensity”
1410 OM KEY 2 LABFL "AUFRAGE2® COTO 1089
oI 1420 0N KEY 3 LABEL "SUBTRACT® GOTO 1450
R j 1430 PRINT * HIT KEY & 2 T0 RE-AVERAGE (R KEY ¢ 3 10
= CONTINUF®
e 1440 COTO Standhy
5 1450 PRINT USING "B*
,;i.;) 1450 CFF KEY 3
34 1470 MAT Aul= Av2-Avl ISUBTRACTS NO-PARTICLES FROM PARTICLES
BYR 1430 GLOAD Graf(m)
_— 1490 CALL Result(Avl(#),X(%),H)
Ay 1500 PRINT USING *///*
e 1518 PRINT °* Plot of the Difference Between Particles and N
v o-Particleg”
O 1520 PRINT ° KEY ¢ 6 FOR HaRD CePY®
¥ 1520 PRINT * KEY ¢ 1 T0 CONTINIE
oword 540 ON KEY 6 LAREL * HARD AVERACE® GOTO 1570
e : 1SS0 0N KEY | LABEL *  FILTER *® GOTO 1600
Naeo 1560 GOTO Standby
Y 1570 CALL Plat(Avi(s),1)
AL 1588 CALL Resolt(Avl(®),X(),H)
1590 PLOTTER IS 3,°INTFRNAL®
- 1600 PRINT USING *//*
P 1618 PRINT * ENTER THE NUWBFR OF TIMES YOU WISH TO APPLY®
Shes 1629 SRINT ° THE DIGITAL. FILTER FOR SMOOTHING®
ST 1630 PRINT * EXANPLEewseenas (9"
558 1640 PRINT °* TAKES ABOUT 1.5 NINUTES®
: 1650 INFYT * 2ER0 1S ALSO ACCEPTARLE"Fil
e 1660 IF Fil=0 THEN Cavss
N 1670 PAS="FILTERED DATA"
u',i& 1680 CALL Filter(Avi(®) Fil)
v 1690 PRINT CHRS(12)
st 1708 CALL Plot(Avi(#))
e 1710 IF (M THEN WAT X= T1
A 1720 CALL Result(Avl(®) X(%),H)
'g . 1736 PRINT * Plot of the Difference Between Particles and N
\J . o-Particles"”
:'s. 1740 PRINT ° AFTER APPLICATION OF A DIGITAL FTL
e TER®
(e 1750 PRINT * for a HARD COPY °
R 1760 PRINT * PREPARE tha PLOTTER and®
y.:n". 1770 ERINT * PRESS KFY ¢ @°
o 1780 PRINT * OR®
0 1790 PRINT * PRESS KEY # 9 TD NORMALIZE®
PV 1800 ON KEY 8 LAPEL "HARD FILTERED® GOTO 1830

1810 ON KEY 9 LABEL ° NORMALIZE ° GOTO Gawss




1820 GOTO Standby
838 CALL Plot(Avitn) 1) ! The 1 is for hard copy

1840 CALL Result(Avl(%),X(3) H)
1850 DFF XEY 9

1860 Gavss: OFF KEY 2 IKEY 1 OPTION IS STILL VALID 7
1876 OFF XEY 8

1880 ON KEY 1 LABEL *  FILTER * COTO 1500 ! ALLONS ONE TO SMODTH 01D DATA

1874 ! WHEN REVIEWING REDUCED FILES .
1891 01d=1 ! THIS ALLOWS FILTERING EVEN AFTER ENTERING GRAPHICS MODE, THE

1892 ! DIODE COCRDINATES AREN’T NEEDED ANYMORE SEF LINES NEAR CALL FILTER

1900 PRINT CHR$(12)

1910 'Av2 Array is Normalized MIT Avi(#) is 5till Saved For Re~work if Needed
1920 MAT Av2= Avl ! TO BFGIN WITH THE ARRAY 1S ASSUMED TO BE NORMALIZFD

1930 } AND THE USER CHANGES THIS WITH INTERACTIVE GRAPHICS

1948 ! IN THE SUBRDUTIME “Compare”

1950 P1$="FILTERED VOLTAGE *

1968 P24="THETA (rad)" 1STRINGS FOR PLOTS

1970 PIS="INTENSITY vz, THETA"

1989 PA$="CURVE FIT RESWLYS®

1996 ¥5=.07¢ 1SET UP VALUFS
2000 Xt=,005 IFOR PLOTS
2010 Yi=.1

2020 Xa=2

2038 Ym=2

201 iz 02

2000 CALL PYot{Avi(n)) '
2050 ralL Resslt(Av1(®), T1(1) H) IPLOT OF NNRMALIZED INTENSITY vs. THETA
2060 GSTORE Crafix) ! SAVES THE SCREEN IMAGE

2078 CALL ComparetAol(#) H,N,M1,Graf(#)) .
2N80  GRAPHICS OFF

2099 ON KEY 4 LAREL "OTHER ARRAY® GOTO Choose

2190 ON XEY 5 LARBEL * TWD-ANGLE"® GOTD Buchele

2120 ON KEY & LABEL *"STORE DATA® GOTD Storedata

2130 OM KEY 7 LAREL * QUIT " GOTO Quit

2140 CALL Menvet t PRINTS OPTIONS ON THE SCREEN

2150 GOTD Standby

2169 Bochele: !

2170 CALL Twsangle

2188 CALL Henyel

2190 6070 Standby

2208 Steredata:!

2216 CALL S5tare

2220 CALL Menve!

2218 GOTO Standby

2240 Quit: ! _
2250 END .
2260 SUB Averane(J,Scans(#),Y(¥),Av(¥)) VAVERACES SFLECTED SCANS
2270 HAT Ay=z () VINITIALIZES THE ARRAY LDCAL TO TH1S ROUTINE
2289 FOR J=1 70 J STEP 1
229 K=(Gcans(1)-1)#102441 ! THIS COUNTER IS THE BEGINMING
2300 L=Scans(1) #1024 ! AND THTS ONE THE END OF RILOCKS
* 2m FOR T1=X TO L ! OF 1024 IN THE OVERALL DATA
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2 2211~ ]
e Enhmeran ) PIRCIPANR 15 ALMAYS BETUEEN
2l . NEXT I
2350 NEXT 1
2360 AT Av= Av/LD)
2370 SUREND
2380 SUR Dataolet(B,Y(¥) H) IB IS 4 OR S(THE NUMBER DF SCANS)
2390 CON /Max/ M7 M5,Xt,Yt,Xm, Y, Xx
2400 LDIR &
2410 LORG 4
2428 FOR J=1 T0 B 1EACH SCAN
2438 NOVE S00+J850,N7-.05 ! SEE NEXT LINE '
2440 LAPEL J; ! HELPS KEEP TRACK OF EACH SCAN AS IT APPEARS
2450 LINE TYPE 1
2460 K=(J-1)%102441 . IBEGINNING OF EACH SCAN AMD
470 L=Te1024 ITHE END WITHIN THE TOTAL BOCK
24890 HOVE 1,Y{K) ! MOVE TO THE FIRST POINT
2490 FCR T=K TO L STEP H
2900 X=1-kH1 ! THIS GIVES 1 TO 1824 FOR ARSCISSA
2510 PLOT X, 7(D)
2528 NEXT ]
2539 NEXT 3
2540 PENUP
2511 #8=1
2550 SUBEND
2560 SUR Reselt(Iav(#},D0n) H) ITHE AVERAGE INTENSITY IS PLOTTED
2576 CLIP N .
2580 MOVE D(1),Tae()
2599 FOR I=1 TO 1824 STEP H
2600 DRAW D(I), Tav(D)
2h1 s NEXT 1
cht PENUP
2h38 SUREND
2631 Solt: |
2640 SUB Plot{Y(¥) ,0PTIONAL Hard) 'IF THE OPTIONAL(Hard)IS PECEIVFD
2650 COM /Max/ W7,M5, Xt Yt Xs,Yn, Xx UTHE FIGURE GOES 10 THE PLOTTER
2660 COM /Plots/ PIS[201,P28(20),P380201,P48(20]
2670  M7=MAX(Y(%))#1 .4 I A SCALTM; UARTABLE
2680 Me=,1sW7 | ANDTHER STALINR VARTIAMLE
2700 GINIT YGINIT IS JUST GNOD PRACTICE SO YOU KNNW
2710 IWHERE YOU ARE BEGINNING
2720 SFLECT NPAR ITHIS DFTECTS 1F THE HARD COPY TS DESIRFD
2730 CASE 1 tIT COULD BE DONF WITH IF THEN LORIC
2740 PLOTTER IS 3, INTERNAL® TRUT 1S PRESENTED FOR FAMILIARIZATION
2730 (ASE 2 ISINCE IT IS MORE POWERFUL IN COMPLEX
2740 PLOTTER IS 705, "HPGL"® ISITUATIONS
2770 END SELFCT
2780 GRAPHICS ON ! T0 BF AKLE TO SEE THE PLOT
2790 CSITE 5,.5
2880 DFG
2810 LR 0
75

S R R R Y I A S L A T AT I A



2820 LOWG S
2030 MOVE 75,95

2840 LABEL USING *X*;Pas

2850 MOVE 75,90

2850 LABEL P3s

2870 MOVE 75,20

2880 LABEL P2s

2890 LDIR 90

2990 MOVE 18,50

2910 LABEL P1$

2920 VIEWPORT 39,125,30,85 ! STREEN UNITS FOR MARGINS
2939 FRAME | DRAUS A ROX
2940 WINDDM Xx,M5,-H6 N7

2950 AYES Xt,M6,Xx,0,%n,1,5

2960 LPIR 0 .

2970 CSIZE 3,.5

2980 LORG 8

2599 CLIP OFF

3080 FOR I=-No TO N7 STEP N7/10 INUMRER THF Y AXIS
3019 MOVE Xi, T

3020 LABEL USING "4,HD.DDDD";1

030 NEXT I

3040 CSTZE 3,.6

3050 LDIR 90

060 LORG B

3670 FOR I=Xx TO 5 STEP Xt INUNBER THE X AXIS
090 MOVE T,-M :
3090 LAREL USING *¥,k%;1

0 NEXT I

10 PENUP

3120 SUBEND

3130 SUB Compare(Avi(#) H,M,H1, INTEGER Graf(¥))
340 COM /Gawss/ TH(R),L

3150 COM /Hrdgavs/ Av2(x)

360 CON /Max/ K7,M5,Xt,Yt,%n,Ym,Xx

3201 Poot: |

3202 PRINT * INPUT REFERENCE ANGLE *

3203 INPUT T4

3205 FOR Net TO 1024 STEP 1

3206 IF TH(N))=Tt THEN 3208

207 MEXT N

3208 It=n

3299 FOR I=N-5 10 NS

P Ie=lvdnl(D)

PN MEXT ]

212 A=l

3220 OFF XEY 1GETS RID OF ALL LARELS ON KFYS
R¥&L] N KEY 3 LABEL “MEMUE® GOTO 4149
320 PLOTTER IS 3,"INTERNAL® ! IN CASE A HARD COPY WAS JUST MADE
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> %%o %mearune:l ' m!)r?t ‘%’&‘n‘%%i%&ﬂhb%"u%ﬁ‘.%
: Ryl D=10. ! INITIAL PATICLE MEAN DIAMETER IN MICRONS
3280 Change: CSIIE 4,.6
SO 3290 PRINT USING *////1/°
%.; 3300 PRINT * STAND BY FOR CURYVE®
-y 3310 HIUE 6,1
Lo 3320 CLIP ON
) BN DIN T(1:1024)
o 3 FOR 1=1 TO 1024 STEP W
Gl 150 TC=ALSEXP (=D 21 (TICT)*2-TA*2) M C (N8, STRPTH /L) *2) ))
:’;3_. 3370 DRAW TH(D), T(T)
R 379 TF (THI)((PTD¥N1)/L)) )3, 0 THEN 3440
R 30 NEXT [
3840 PENIP
o 350 IF Harg THEN 3550 IEXITS ROUTINE IF A HARD COPY WAS JUST MADE
e 3469 PRINT USING *///1/111/°
e 3470 PRINT * USE THE KNOR TO VARY THE PARTICLE
ot s1ze”
o 3480 PRINT * OR HIT KEY ¥ & FOR HARD COPY®
o 3450 PRINT *
KT 3500 PRINT * KEY 4 9 ALLOWS You 10*
8 3510 PRINT ° SELECT NEW REF ANGLE ®
o 3528 PRINT * ¢
s 3530 PRINT * HIT KEY 4 3 TO GET CUT*
WX TS0 PRINT USING *///1/1"
3541 OFF KEY ¢
3550 ON KEY 6 LAREL "HARD COPY® GOTO Hardgauss
o 3560 ON KEY 9 LARFL “NORMALIZE™ €OTO Poot
ARR 3570 CN KNOR .05 GOTO Pulse 1(.05) IS TIME INTERVAL IN WHICH
A 3580 Wait: GOTD Mait I PULSES FROM THE KNOR ARE
3590 Pulse: PRINT USING "0° ! COUNTED AND THIS NUMPER IS
3600 Strnol8="Mean Diameter ® I USED BY THE INTERRACTIVE
! 3610 Strng28=" Micrens® I GRAPHICS TO VARY THE PAPTICLE
e 3620 Count=KNORX ) SITE AND PLOT THE ASSOCTATED
o 3630 D=DROUND(D+Count/15,2) I GAUSSTAN APPROXIMATIONS OF
A 3648 CLOAD Graf(x) | SCATTERING PROFILES !
o 3650 LDIR 0 :
& 368 LONC 8
e 3670 MOVE NS,.BxM7
1S 3680 LABEL Strag1$AVALS(D)AStrng2$
3 l’j‘ 3690 COTO Change
Nl 3700 Hardgavss: !
Wh I PRINT PREPARE the PLOTTER®
= ;20 PRINT * PRESS CONTINUE for*
3730 PRINT * HARD COPY®
a5 740 PAUSE
e 750 Hard=1 I SD THAT SUEEXIT OFCURS AFTER HARD COPY
[ 3760 CALL Plot{As2(¥),1) ! 18xHARD COPY
M
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3770 CALL Result(Av2(®),T1(8) )
3789 PRINT USING "€*

3790 LORG 8

3800 WOVE NS,.0eN7

3e10 LDIR 0

3820 LABEL Strrql$&VALS(D)4Strng2s

1849 GOTO Change '
4160 Sebexit: ! :

4170 SUBEND

4189 SUR Henyel

4190 PRINT USING "R*
200 PRINT * YOU CAN RE-NDRMALIZE®
2140 PRINT “MIHEN I I R R EFE XTI KRR PR "
4229 PRINT ° YOU CAN RE-AVERAGE (New Data finly)®
4218 PRINT “3MEMERREIHEHEE E 0 GUHEHEHOU RS R I ERRR RN % *
A240 PRINT * PRESS KEY & 4 TO LOOK AT OTHER DATA®
250 PRINT * OLD O} Wl "
4250 PRINT * MOTOR / EYHAUST®
4279 PRINT 233333 MENHEIEI 000030000 33000 000 30 0000630 X6 36 3 M B I "
42880 PRINT * PRESS KFY # 5 *
4290 FRINT *® FOR THE ' TWO-ANGIE ‘ METHOD®

,—; 4300 PRINT * OF PARTICLE SIZING”

X9 4310 PRINT “oamntt Bt 0b OO RO N YR R O Y
¢ . 4320 PRINT * T0 STORE THE REDUCED DATA PRESS KEY ¢ & *
» : 132 PRINT ® 3OO R O U OHE R X

4340 PRINT * TO END THIS SESSION PRESS KEY ¢ 7°

4150 SUREND
4360 SUB Display1(0ld)

= 4370 RINT ° 10 REDUCE NEW DATA PRESS KEY # 1°
a7 4380 PRINT **
& 4390 PRINT * TO REVIEW PREVIOUSLY REDUCED DATA PRESS KEY ¢ 2°

A400 PRINT °

4410 ON KEY 1 [ABFL * NFW DATA® GOTO New

s 4420 ON KEY 2 LAREL ® OLD DATA® GOTO Review

. 4870 Maitr: GOTD Wait )

oy 4440 New: PRINT CHR$(12)

N : 4450 PRINT * PUT THE DISK IN THE LEFT DRIVE IF IT IS NOT ALREADY®

! | 4460 PRINT °°
© AT PRINT * ENTER THE NAMES OF THE FIRST AND SECOND FILES,®
o | MBO PRINT *°
n © Aa90 PRINT * EACH FILE HAS DATA FROM BOTH DIODE ARRAYS.®
A : 4500 PRINT **
= . AS!0 PRINT * FIRST IS NO-PARTICLES & NEXT IS PARTICLES ----Dis,D2s"
o © AS20 PRINT **
, T 4530 01d=0
Vs | 4540 SUBEXIT
;3; | 4550 Review: 0ld=l ITHIS VARIARLE IS PASSED T) THT MAIN PROGRAM TO INDICATE
2 4560 ITHAT THE DATA TO RE READ TS ONF (1) SCAN AND THAT
o 457 ITHE AVERAGING ROUTINES WILL NOT BE USED
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4780
4590
4600
4610
4620
4630
A
4650
4660
4670
4680
4691
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4808
4310
4820
4838
1840

SHPEND
SUB Readata

Sh ania ada AR e ath Ak aid o a4k aiA e

CPM /Readata/ B,P,H,Q381201,Q480201,7281201,Y1(%) BUFFER,Y2(%) BJFFFR

Xy2=|

B=8

R1=65538

IF P=2 THEN Xyz1=4097
IF P=2 THEN R1=32768
IF P=2 THEN B=4
PRINT * *

! FILE POINTER VAR[ARLE

| NUMBER OF SCANS I¥ MOTDR DAfA

INUNKER OF BYTES  OF MOTOR DATA

IRECCRD & WHERE 4 SCANS DATA BESINS

INUNRER OF BYFES OF 4 SCAN DATA
INUMBER OF SCANS

PRINT * READING DATA FROM FILE ON DISK®

ASSIGH BDickl TO R38hZzs

ASSIGN BDisk2 TO Q4$4Z1s

ASSIGN BReFf1 TO BUFFER Y1(¥)
ASSIGN ®Ruff2 TD BUFFER Y2(#)
CONTROL @Dicki,5;Xyz

TRANSFER EDiski T0 @Buff1;COUNT R
WAIT FOR EOT EDisk]

CONTROL #Disk2,S;Xyz

TRANSFER @Disk2 TO @Buff2;COUNT R1
WALT FOR FOT @Disk2
ASSITN Bliskl T0
ASSIGN eNisk? 10 %
ASSICN 9Ruffl TO *
ASSIGN €Buff2 10 »
SUBEMD

4850 SUR P1ot2(F,D(%),X)

4860
4870
4890
4391
4900
510
4928
4930
4944
4950
4960
4970
4980
4990
5000
5018
5020
5030
5040
5050
5068

DIN Title1$(251,Thetas(20]
GINIT
IF X=1 THEN PLOTTER S 705, *HPGL®
DEF
GRAPHICS ON
VIEWPORT 35,125,35,R5
Hax=1 DX INT( (HAX(D(%))+10)/10)
WINDOW D(1,2),D(E,2) 0, Max
6=(D(E,2)-D(1,2))/(E-1)84
F=(INT(E/4)-1)¥4
IF F=0 THEN F=4
CLIP D(4,2)-G,D(F,2) 424G, 0, ax
GRID €,5,D(4,2)-6,8
CLIP OFF
LORG 8
LDIR 90
CSIZE 4,.5
FOR 1=4 T0 € STFP 4

MOVE DII,2),0

LAREL USING *.DDDD*;D(1,2)
NEXT 1

LT N D LS S N
-‘ .‘-’ \1' -_..\ % - \-',-'_\\_ \\-_':-, .-‘R.

1OPEN 1/0 PATHE

IREADS MO-PARTICIE DATA

! NDT AN QUERLAPPING TRANSFER

Xy2 SETS DISK FILE POINTER TO
IETTHER MOTOR OR EXHAUST DATA
IREADS PARTICLE DATA

1JUST GOOD PRACTICE TO CLOSE
11/0 PATHS

IDFGREES for LAREL DIRECTICN

IAN X GRID LINE EVERY Ath POINT

IMAKES GRID UNIFORM

IPUTS NUMBERS ON X AXIS
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T3
S WO
B 5690 FOR I=10 TO Max STEP 10
- 5100 MOVE D(4,2)-6,1
. 5110 LABEL USING *4,X*;I
- S129 NEXT |
5130 CSIZE 6,.6
e $140  Title$="TUD-ANGLE METHOD®
:4~) 5150 Titlel$="For Various Angle Ratiss®
- 3160 Sire$="SIZE (microns)®
o SI70  Thtas="THETA (rad)®
o 5180 Subs="1"
o 5190 LDIR 90
S200  LMRG 5
S210 B=D(4,2)-C-(D(E,2)-D(1,2))/10
- 5220 MOVE R Max/2
0% 5200 LABEL Sizes
- 5240 LDIR§
‘1»;;1. 250 A=(D(E,D#D(1,2))/2
“ﬁ“ 5269 HOVE A,-Max/4
r 5270 LAKEL Thtas
. 280 LORG 3
N 5250 MOVE A,-Nax/4
oS 3290 LABEL Sehs
AN 530 LRGS
.o~ 5320 NOVE A,Max#1,15
5330 LABEL Title$
e 5140 (SIZE 4.5
DS 5350 MOVE A, Max#1,05
- SI0 LABEL Titlet$
b 5370 PENUP
.- 5380 SUREND
(:) 3390 SUB Distribwtion{D(#),Tratio,E)
Y 5400 LINE TYPE 1
R S410  CLIP O
o 5420 Tratio$=VALS(Tratie)
K 5430 MOYE D(1,2),D(1,1)
! 5440 FOR I=1 TOE
€ 5450 DRAW D(T,2),DMI,1)
o S48 NEXT I
- S470 LIRG 4
5480 LINE TYPE 1
o 5490 CSIZ 4,.3
e G300 MOVE D(I-1,2),D(1-1,1)42
5910 LABEL Tratio$
P 5520 PENUP
T SS30 SHEEND

A
>
)

e ) "- v
g i A 4,
AR A

22
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Wi v.'étagﬂmte. A

- K 'Q ) .. '

3340 SUB Twoangle

A AR Sy
WARCRTLL GG

e ‘St Al e Ala R Aar A Be i’ Ao S 28 Tae” Sy bl TETE LA SR < L‘W

INUMPER Y AXIS

ISTRINGS FOR PLOTS

1 ANGLE RATID

ITHIS SUBRODUTINE PI.OTS THF
IPARTTCLE SITES PERIVED USTNG
IVARIQUS ANGLE RATIOS APPLIED
179 THE DATA QVER A RANGE OF
1ANGLES
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990 PREERHDEEHHOHOE R HEHEHOH OO R R
S540  PEEREBEREAXRCEAS SURPROGRAM ' TWUANGLE’ HXHER RN E IR ¥

G578 IRERNEEREIRRAERE PARTICLE SIZING RY HEERRERRARRER YRR NN
IR0 TREXEERLEEERERAR KEASURING THE RATIO FHREHEERIX R RER R
WA IR EE L ITTE PTTETLN OF INTENSITY AT BB S
600  TeREYREARIEXERER THO ANGLES %R X0 %

9619 1axuwxy BT DI 003 00 0006 T 0 0000 0630 304036 3690 0606090 306 0006 90 6 36 0436 00 3028 96 0006 0636 06 06 36 9046 36 6 3 3 6
5620 OPTION BASE 1
5630 COM /Two/ Aui(1029) M, M1 F

5640 COM /Gauss/ T1(1024),L ITHE GAUSS IS NOT USED HERF
SA50 TRUT THE CON RLOCK HAS THETA
3668 DIM D(299,2) IAND WAVELENGTH

5570 PRINT CHR$(12)
5680 PRINT USING */////11°
S¢90 PRINT * THIS SUKPROGRAM USES THE TWO-ANGLE METHOD DESCRIBLD BY RUCHFLE®

2780 PRINT * *

3710 PRINT * T0 CALCULATE PATICLE SIZE FOR VARIOUS ANCLE RATIOS AND ANGLES,®
G720 PRINT * *

5730 FRINT » IT IS HOPED THAT THE CURVES WHICH RESULT WILL SHOW *
5740 PRINT * ®

5750 PRINT * WHICH SIZE IS THE MOST PROEABLE.®

5760 PRINT

5770 PRINT *AFTER NOTING FROM THE RAW DATA WHICH ANGLES CONTAIN THE CENTER LOBF®
5780 FRINT »

5770 PRINT * ENTERwxsxmmunnunaaTHE SMALLEST USEABLE ANGLE,®

5880 PRINT THE SMALLEST ANGLE RATIO,AND"

SB16 PRINT * THE STEP STIZE RETWEEN ANGLE RATOS"

29 PRINT ¢ YOU WISH TO EXPLORE®

5830 PRINT * EXAMPLEH - E R 1% 012,1.2,.4°

SHA0 INPUT * ENTER thetat, theta-ratio, theta-step®,Q,A, B

5850 OFF KEY

5840 X=0 IGRAPH WILL APPELAR OM SCREFN
%870 Regin; TRUNMING CONTTNUES HERS WHEN A HARD COPY IS BFSIRFD
5888 Wan De Hulst and Gumprech & Sleepevich exnlain that the chanoe in
5890 Twavelength of the beam is accounted for hy dividing by the index

594 Tof refraction of the medium, eEmuExansl=L/H1 swxxsexsss

3910 C=(L/W1/.52/°1)*2 frosomm e see page 15 of nasa terh paper 2156
5920 FOR N=t TN 1024 Ite see this is a convenient constant
5930 IF QCTLIR) THEN 5950 IFINDS POSITION OF MINIMUN ANLGE
5940 NEXT N

3950 FOR Tratie=A Y0 3 STEP R IVARTOUS AMGLE RATIOS

5958 FOR J=N TO 1010/Tratis STEP 10 'SETS THE RANGE OF POSSIELE

5979 ! ANGLES (THETA 1)

594¢ Theal=T1(D

5999 Thta2=T1(J¢Tratio) ! THETA 2

6080 Deltatheta=Thta2*2-Thtal*2

6010 I1=0

6029 12=0




i
i R T SRR et FEV
6058 NEXT I 10F A STEADIER CALCULATION
6060 It=11/1
6078 FOR I=INT(J#Tratie-5) TO INT(J#Tratio+5)
6080 12=12+Av1(]) I DOME HERE FOR THETA2 FOR
6090 NEXT 1 I THE GIVEN ANGLE RATIO
5109 12=12/1%
6110 E=(J-N)/1041 ITHIS IS A COUNTER FOR THE ARRAY CONTAINING
6120 IPARTICLE SIZE AND THETA1 FOR THE GIVEN
6130 1ANGLE RATIO
6148 IF T1¢12 MR 11=0 OR 12¢(=0 THEN D(E,1)=0 ALLOWANCE FOR IF THE DATA
150 IF T1(12 OR I1=0 OR 12(=6 THEN GQTO Xcomp !IS NOT WFLL REHAVED
6160 D(E,1)=5RR(-C/Deltatheta®LOG(I?/11)) 'TUO ANGLE METHOD
6178 {UALUE OF DIAMETER based en INTENSITY RATIO
6181 For a given ANGLE RATIO and ANGLE THETA1
6199 Xcomp:  D(E,2)=Thta)
6200 Spar=PTxD(E, 1) eNt/L ITHIS IS PIXD/LAMRDA -~ THE SIZE PARAMETER
K210 Tbar=Svar#Thta2 . ITHETA RAR FNR THE LARGER ANGLE
6220 IF Thar)4 THEN J=1010/Tratio ITHIS ENDS THE DO LOOP FOR THIS
6230 TF E=1 AND Thar)3 THEN 6330 IANGLE RATIN SINCE THE GAUSSIAN

6248 the abeve line ends all calculation if IS NOT VALID WHEN Thar ) 3

6250 Ithe first element (E=1)failed the test

b2h0 NEXT J

6279 I FIRST TIME THROUGH-- D HAS THF MOST ELEMENTS IT WILL HAVE
6289 ! S0 SET UP THE GRAPH USING D’s PRESENT PARAMETERS

6290 PRINT CHrs$¢12)

6300 IF Tratio=A THCN CALL Plot2(E,D(%),X)

4218 CALL Dastrihution(D(®) ,Tratis,B)

6320 NEXT Tratio 4
6330 N KEY 2 LABEL "HARD COPY®* GOTD Hard
6240 ON KEY 3 LABEL. *MENUE * GOTO Suberit
6350 PRINT USING */////°

6360 PRINT * YOU CAN GET A HARD COPY BY PRESSING KFY ¢ 2°
6370 PRINT * OR EXIT THIS ROUTINE BY PRESSING KEY ¢ 3"
6380 Standby:GOTO Standby

6370 Hard:X=1 A VARIABLE TO CONTROL PLOTTER

6400 €OT0 Pegin

6410 Subexit: GINIT

5420 GRAPHICS OFF

6430 SUBEND

6440 SUB Shift ‘

6450 CON /Readata/ B,P,H,Q3$1201,Q481200,2281201,Y1(x) BUFFER,Y2(¥) BUFFER
6469 DI E(1:8192)

6470 PRINT CHR$(12)

480 PRINT USING *///////"

6490 PRINT * RAW DATA IS BEING SHIFTED TO CORRECT FOR SMALL GAPS BETWEEN SCANS®
00 PRINT *° !
6518 PRINT * BE PATIENT, IT'S A LONG SET OF DO-LOOPS®
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A 8530 !
K b5 ! 0 THE VERY BEGINNING OF [TS 1024 BLOCK IN THE OVERALL AKRAY
6550 ! JTHE FIRST SET IS RIGHT DN, THE NEXT IS OME OFF,THE THIRD 1S
SR 6569 ' THO OFF ,,50 FORTH. THIS MAY NOT MATTER WITH OUR RESOLUTION
6570 | AND TS PROBABLY DUE TD THE MEMORY CARD CYCLING AT THE END OF
2 6580 ! SOME SCANS. SEE THE CIRCUIT TIMING DIAGRAM IN THE THESIS.
y 659 SELECT B
4 6600 CASE 4 IEXHAUST DATA HAS 4 SCANS
: b618 #=3
i 6629 CASE 8 INOTOR DATA HAS 8 SCANS
! 6530 Wy
3 bb40 END SELECT
‘ BAS0  FOR X=) 10 2
v 6660 IF K=1 THEN MAT E= Y1 I0PPERATES ON NO-PARTICLE AND PARTICLE SETS
6670 IF K=2 THEN MAT €= Y2
! 6680 FR J=0 T0 4
5690 IF H=7 AND J(=3 THEN 6800 !One 4076 Block Doesn’t Heed Shifting
N 5700 FOR 1=(J)w1024+1 TO (J+1)#1024 IRLOCKS OF 1624
3} 6710 IF =3 THEN L=1+J Array B Has the worst
720 IProhlem With Shifting Data
N 6730 IF W=7 THEN L=1#1 tarray D is Allways off by ene
2 6740 IF L)(J#1)%1024 THEN L=(]+1)%1024
: 6750 1JUST TO AYDID PROGRAMMING ERROR AT THE END OF THE APRAY
: 6760 E(1)=E(L) ITHTS SHIFTS THE DATA
ey 8770 : IDEPENDING ON 'L * ARRIVED AT
6780 _ IBY OBSERVING RAW DATA
| 5799 NEXT 1
> 6300 NEXT J
N 6818 IF K=1 THEN MAT Yi= E
X 6820 IF K=2 THEN MAT V2 E
X 6830 NEXT X
3 6840 CUBEND :
5 6850 SUR Stere | THF LARGE ARRAY CONTAINING MULTIPLE STANS HAS BEEN REDUCED
; 5060 | T0 A HEAN SCATTERING PROFILE BY AVFRASING AND FILTFRING, TF
- 6879 I YOU FEFL THAT STORING THIS DATA IS NECESSARY THIS ROUTINE
y 6880 ! DOES U7, IT SAVES DISK SPACE TO STORE THE RESULTS THEN
. 6899 | ELININATE THE ROW DATA IF YOU FEEL CONFIDFNT THAT THE
\ 6900 ! REDUCTION 1S THE BEST THAT CAN FE. N OTHER MCRDS,
£ 6910 1 DN NOT PURGE A RAW DATA FILE UNLESS YOU ARE ABSOLUTELY SURE
. 5920 I YOI WONT WANT TO REDUCE IT AGAIN. :
2 6930 COM /Hrdgans/ Av2(¥) tAu2(#) 1S THE REDUCED DATA
. 5949 DI Data(1:1024) BUFFER IBUFFER USED TO TRANSFER TO DISK
- 6950 MAT Data= Av2
& 6960 PRINT CHRS(12)
3 5978 PRINT USING *//7///°
p 6980 PRINT * A SUGCFSTED METHOD OF NAMING REDUCED DATA FILES IS AS FOLLOWS"
: 6590 PRINT * M----oam- KOTOR BEAN®
. 7000 PRINT * X------- EXHAUST BEAN®
X
3
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na
7020

7038
7040
7050
7060
T
7080
7090
7N
11
7120
7130
7140
7150
7160
7170
7180
7190
7280
210
7228
72%0
7240

250
7260
770
7288
21
7360
7310
7328
7338
7340
7358
7380
73
73
7390
7400
74190
7420
7430
7440
7450
7460
7470
7480
7490

L aiie i e nthy R ag R o 0h cndd i i o i ket i o S =tk 4 moRai giar Sat et mes hal Aok Bkt Stk el X8 38 10 Aak el Rl ol SR B . e 1

PRINT *  C-eooe- CALIBRATION v IF N0 ‘C’ THEN AN ACTUAL FIRING IS ASSUMFD®
PRINT * G--~--—GLASS BEADS

PRINT * IF N ’C’ THEM ‘G’ STANDS FOR 'CAP‘ PROPELLANT®
PRINT *  A---mem- ALUNINUM OXIDE®

PRINT * PPP-—---CHAMBER PRESSURE FOR RUN OR OTHER.,,,(NOIZLE TYPE)"
PRINT °* PARTICLE SIZE FOR CALIRRATION®

PRINT * MMDD-—-MONTH,DAY OF RUN OR CALIERATION®

FRINT *°

PRINT * EXAMPLE:  MCA125IN12°

PRINT *®

PRINT ® HOTOR BEAM CALIBRATION USING ALUMINUM OXIDE FROM 1 TO 25 MICRONS®
PRINT * DN JUNE 12"

PRINT * EXAMPLE:  XG3S0AU1Q®

FRINT *»

PRINT * EXHAUST BEAM DATA FOR GAP PROPELLANT AT S50 psi ON AUGUST 10*
PRINT * PLACE A DISK IN THE RIGHT HAND DRTVE®

PRINT * ENTER THE FILENAME YOU WISH TO USE FOR THIS REDUCED DATA®
INPUT A

CPEATE BDAT A$,512,16

ASSICN @Disk TO AS

ASSIGN BRuff TD BUFFER Datalx)

CONTROL @Buff,3;1,8192,1 {RUFFER IS FULL
TRANSFFR @Ruff TO @Disk ;COUNT 8192

WALT FOR EOT BDisk

ASSIGN PBuff TO »

ASSICN #Disk 10 #

SUREND

SUB Review(Avi(®))

DTM Datal1:1024) EUFFER

PRINT * EACH REDUCED FILE COMTAINS ONE SCAM DMLY, YQU MUST KNOW IF IT®

PRINT * IS EXHAUST , MOTOR CAVITY , OR CALIDRATION DATA."

PRINT **

PRINT ® THE DISK WITH THE REDUCED FILE SHOULD BE IN THE RIGHT-HAND DRIVE®
PRINT **

FRINT * ENTER THE FILENAME OF THE REDUCED DATA*

PRINT * 10 BE REVIEWED*

PRINT ** )

INFUT AS

ASSIGN @Disk TO As

ASSICN RBuff T0 BUFFFR Data()

CONTROL @Disk,5;1 .

CONTROL @Ruff,3:1,0,1 ITHIS 1S AN E4PTY RUFFSR
TRANSFER 8Dick TO @Buff;COUNT 8192 1102438=NUNBER OF RYTES
WAIT FOR ENT BDisk

ASSIGN @Disk T0 *

ASSIGN €Buff 10 &

MT Avi= Data

SUBEND

SUB FiltertAl®),Fil)
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) 7520 PRINT USING *///1//11°
) 7530 PRINT *
Lo 7540 FOR J=1 TO Fil
';f\ 7550 FOR I=1 TO 1814
X 7560 B=I+1
) 7570 C=1+2
o 7580 D=1+3
) 7598 F=1+4
o 7508 6=145
Fin 7618 H=1+b
N 7620 K=1+7
o 7630 L=1+8
LG 7649 N=149
7650 P=1+19
e 7660
%7 MEXT 1
L2 7680 WAT A= F
o 7690 NEXT ]
o 7708 SUBEND
()
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FILTERING THE SCATTERING PROFILE®

ITHIS IS A Symetric Moving Average
ITYPE OF DICITAL FILTER. EACH
{DATA POINT IS EQUALLY WEIGHTED
FIN THTS CASE BUT THIS CAN BE
ICHANGED IF ONE DETERMINES THAT
'FEWER POTNTS WITH UNEQUAL WEIGHTS
1WOULD BE FASTER OF GIVE PETTER
IRESULTS. THIS TYPE 0F FILTFR ¥AS
WWSED SINCE IT INTRODUCFS HO PHASE
ILAG (Angular Resolution) .
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