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NOMENCIATURE

Afg Frontal area of nacelle. (m2)

D Droplet Diameter (mm)

LWC Liquid Water Content (gm/m3)

oy, Mass flow rate of water (gm/sec)

n Number of drops counted

qy Total liquid volume in the measurement volume (cm3)
Qw Volumetric water ingestion rate (cm3/sec)

V, Airspeed (m/sec)

w Water jet speed at the spray nozzle (m/sec)

V4 Average water drop speed (m/sec)

x distance downstream from the spray nozzle (m)

Greek Letters

py Water density (gm/cm3); 1.0 gm/cm3

6 Thickness of the Light Sheet (mm)
Subscripts

a Average spray property

i Identify jth drop, where § =1 ton
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EXECUTIVE SUMMARY

Water droplet ingestion into turbine engines resulting from heavy rain and

wheel spray generated on a wet runway is of importance. Adverse effects of
large quantities of water ingestion can include the compressor stall and
combustor flame-out. Engine certification requirements as set forth in FAA

regulations call for continued engine operation at takeoff and flight idle
conditions while ingesting water at 4 percent by weight of airflow, generated
by a spray to simulate rain. There is also a certification requirement on the
entire aircraft system which dictates that the system must be designed to
prevent hazardous quantities of water from being ingested into the engine
during takeoff, landing and taxiing operations on wet runways. The present
work was undertaken to develop measurement techniques of two-phase droplet
laden airstreams during engine water ingestion. The ultimate objective is to
correlate the non-intrusive measurements of the water ingestion rate and
droplet size and spatial distribution at the engine inlet with engine
performance parameters. Such techniques and data will assist the FAA in
evaluating current water ingestion certification tests.

A non-intrusive optical technique was deveioped for the determination of liquid
mass flux in a droplet laden airstream. The technique is also capable of

providing information on the droplet size and spatial distribution at the
nacelle inlet plane.

Independent measurements of the liquid water content (LWC) of the droplet laden
airstream and of the droplet velocities were made at the inlet plane of a
simulated nacelle in a wind tunnel for the liquid mass flux determination. The
liquid water content was determined by illuminating and photographing the
droplets contained within a thin slice of the flow-field by means of a sheet of
light from a pulsed laser. Fluorescent dye introduced in the water enhanced
the droplet image definition, The droplet velocities were determined from
double exposed photographs of the moving droplet field. The technique was
initially applied to a steady spray generated in a wind tunnel. It was found
that although the spray was initially steady, the aerodynamic breakup process
was inherently unsteady. This resulted in a wide variation of the instantane-
ous liquid water content of the droplet laden airstream. The standard
deviation of ten separate LWC measurements was 31 percent of the average.
However, the liquid mass flux calculated from the average LWC and droplet
velocities came within 10 percent of the known water ingestion rate.
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INTRODUCTION

The effects of water droplet ingestion into turbine engines resulting from
heavy rain and wheel spray generated on a wet runway is of importance. The
effects of water ingestion on engine performance have recently been
investigated (reference 1) and a probe for stagnation pressure measurement in a
droplet laden airflow was developed (reference 2). The adverse effects of
large quantities of water ingestion can include the compressor stall .and
combustor flame-out (reference 1). Engine certification requirement as set
forth in FAA regulations (reference 3) call for continued engine operation at
takeoff and flight idle conditions while ingesting water at 4 percent by weight
of airflow, generated by a spray to simulate rain. There 1is also a
certification requirement on the entire aircraft system which dictates that the
system must be designed to prevent hazardous quantities of water from being
ingested into the engine during takeoff, landing, and taxiing operations,
(reference 4).

The criteria for both water ingestion certification tests are somewhat

arbitrary. The 4 percent by weight water ingestion test for engine
certification does not address such issues as droplet size and their spatial
distribution over the frontal area of the nacelle. For performance on a wet

runway, the criterion is even more arbitrary in that it does not specify what
constitutes a hazardous quantity of water ingestion.

The present work was undertaken to develop measurement techniques in two-phase
droplet laden airstreams to better quantify the engine water ingestion. The
ultimate objective is to correlate non-intrusive measurements of the water
ingestion rate and droplet size and spatial distribution at the engine inlet
with engine performance parameters. Such techniques and data will assist the
FAA in evaluating current water ingestion certification tests.

REVIEW OF APPLICABLE MEASUREMENT TECHNIQUES

A review of available measurement techniques for sprays was undertaken to
determine the applicability of the existing techniques to quantitative
determination of water ingestion into an engine. The quantities that need to
be determined are:

a) Drop size distribution together with spatial distribution of drops at
the nacelle inlet.

b) The mass flow rate of water crossing the nacelle inlet plane at any
instant.

Extensive work on measurements of wheel sprays generated by aircraft
under-carriages was carried out by Barrett (reference 5). A spray intensity
probe was developed to measure mean local dynamic pressure generated by moving
droplets. However, all of Barrett’s measurements were in the near field of the
wheel generating the spray and the technique used only provided time averaged
local measurements in the spray.

Several mechanical, electrical, and optical methods are available for droplet
size determination in fuel sprays as surveyed in review articles by Jones

-1 -



(reference 6) and, McCreath and Beer (reference 7). None of the techniques
surveyed would be capable, in their existing form, of satisfying the second
requirement above. It was considered possible that the requirement could be
met by some modification of the existing techniques.

The first trial approach was an extension of the charged wire probe technique
described by Gardiner (reference 8) for drop size determination in water
sprays. In that technique, the electrical pulse generated in a circuit
containing a charged electrode when a drop impacts the electrode is measured by
a pulse height analyzer. The probe is initially calibrated using known size
drops impacting the electrode. A relationship is established between the pulse
height and the drop size. In practice, the drop size characteristics are
derived from the pulse height statistics stored in a pulse height analyzer.
The technique as described by Gardiner (reference 8) thus provides the local
drop size distribution in a spray. In the present work, a modification of the
technique was considered. Instead of a single electrode probe, a charged grid
was considered. A copper wire mesh with wire spacing of approximately 1 mm was
charged to 2000 volts by a high voltage DC power supply. The idea was to
install the screen at the nacelle inlet plane so that all drops larger than the
mesh size would be intercepted by the screen. The charge transfer between the
screen and the impacting drops would set up a current in the circuit supplying
the grid. The current would be proportional to the total surface area of the
drops impacting per unit time. Then if the size distribution were to be
determined by an independent optical technique, the volume flow rate of water
would be proportional to the product of the Sauter Mean Diameter (SMD) of the
spray and the current supplied to the grid.

In practice, however, several difficulties were encountered with this
technique.

1) The charge distribution on the screen was non-uniform, resulting in
different pulse characteristics for different impact locations on the
screen for the same size drop.

2) Wetting of the screen. altered the initial charge distribution.

3) Water film on the support set up a conduction path from the screen to
the ground, causing a leakage current.

Because of these difficulties and the fact that an optical technique was still
needed in conjunction with the charged screen for water flow determination,
this approach was abandoned in favor of a purely optical non-intrusive
technique.

PRESENT TECHNIQUE

A non-intrusive optical technique was developed for the determination of drop
sizes, spatial distribution of drops at the nacelle inlet plane and
instantaneous mass flow rate of liquid water entering the nacelle. The liquid
water mass flow rate is determined by independent measurements of the liquid
water content of the droplet laden airstream and the droplet velocity at the
nacelle inlet plane.



For liquid water content (LWC) determination, a thin cross-section of the flow
close to the nacelle inlet plane is illuminated by a pulsed laser light sheet.
The drops contained within this light sheet are photographed by a camera placed
with its axis nearly normal to the plane of the light sheet (figure 1). The
duration of illumination of drops by the laser pulse is extremely short, about
10 nano second. Therefore, the motion of the drops is frozen in the
photographs. The thickness of the laser sheet is controlled by a beam expander
and a slit. The slit was of 9 mm width while the initial beam width was 14 mm.
The slit thus allowed only the intense central portion of the expanded beam to
pass through, cutting off the less intense outer portions.

The depth of field of the camera is set to be larger than the light sheet
thickness by proper selection of aperture and magnification. This assures that
all illuminated drops (contained within the 1light sheet) appear in the
photographs with a sharp edge definition. The measurement volume is defined by
the product of the projected frontal area of the nacelle and the light sheet
thickness. Information on drop sizes and spatial distribution is also obtained
from this photograph.

When drops are photographed using the optical set up as shown in figure 1, with
proper focusing and depth of field selection, the droplet edge definitions in
the resulting photographic images are still far from ideal as shown in
figure 2. This is caused by two effects:

1) The illumination of individual drops is not uniform, resulting in
poor image definition of larger drops.

2) Scattering and diffraction around smaller drops causes a "halo"
effect around the drop boundary, causing the image to appear much
larger than the actual size.

An improved version of this technique utilizes laser induced fluorescence of a
small quantity (less than 10 ppm) of dye (Rhodamine 6G or Fluorescene)
introduced in the water. The fluorescence spectrum of the dye lies in a
wavelength range longer than that of the incident light, therefore, the
incident light scattered from the drops can be filtered out and only the
fluoresced light is photographed. Shott colored glass filters are ideally
suited for this purpose. This technique results in much better edge definition
of droplets in the photographic images and a nearly uniform illumination of
droplet interior (see figure 3).

An automated digital image processing system was developed to analyze the
photographic images. The image processing algorithm detected drop edges,
defined droplet boundaries, calculated the area of the drop images and an
equivalent drop diameter based on this area. Droplet size distributions were
constructed once statistics on a sufficient number of drops were available.
The 1liquid water content was determined from the total volume of drops
contained within the projected area of the nacelle, together with the knowledge
of the incident light sheet thickness. A description of the image processing
system is presented later in this report.

For the determination of instantaneous mass flow rate of airborne liquid water,
a measurement of drop velocities is needed in addition to the LWC measurement.
This may be accomplished non-intrusively by laser double pulse photography of
the moving droplet field. Two images of each drop appear in the photograph
(see figure 4) and the drop velocity may be determined by the measurement of
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Figure 2. Droplet Photograph Without Fluorescent Dye in the Water



ORIGINAL pagr is
OF POOR QUALITY




ORIGINAL PAGE 1S
OF POCR QUALITY

Figure 4. Double Pulse Photograph of Droplets in a Moving Air Stream



the distance translated in a known time interval. Solid-state lasers such as
Ruby or Neodymium: yttrium aluminum garnet (Nd:YAG) lasers may be operated in
the double pulse mode, wherein the Q-switch is opened twice in rapid succession
to split the energy of the flash tube between two intense pulses. The time
interval between the two pulses may be adjusted in the range of 50 to 200 ps.

The product of the LWC evaluated over the nacelle frontal area, the drop
velocity and the nacelle frontal area is the instantaneous mass flow rate of
airborne liquid water into the nacelle.

WATER INGESTION SIMULATION FACILITY

In the first phase of the program, an experimental facility was developed to
simulate engine water ingestion and to calibrate the non-intrusive optical
technique for the quantitative measurements of engine water ingestion. A
description of the facility follows.

The engine water ingestion simulation was set up in an open circuit wind tunnel
of 18-inch x 18-inch test section. A schematic diagram of this facility is
shown in figure 5. Air was supplied to the test section by a high capacity
blower via a settling chamber, screens and a nozzle contraction. The blower
output was adjusted by a damper vane ring at the inlet. A water spray nozzle
was mounted on a streamlined sting support at the entrance to the test section.
The nozzle consisted of seven 2 cm long tubes of 1.6 mm inside diameter. The
water was supplied to the nozzle from a pressurized tank via a flowmeter and a
ball valve. The individual tubes of the spray nozzle were adjusted such that
most of the spray water entered the simulated nacelle with the tunmel running.
The droplet-air mixture entering the simulated nacelle passed through a
separator box which contained a series of baffle plates. The baffle plates
subjected the flow to a series of sharp turns, thereby separating the droplets
from the airstream and collecting them in a water film on the plate surfaces.
Most of the water entering the nacelle in the form of droplets was collected at
the bottom of the separator box. The air was evacuated from the separator box
by means of the suction provided by the inlet of a secondary blower. The air
from the exit side of the secondary blower was dumped back into the tunnel,
downstream of the nacelle location. Calibration checks were made to determine
the carry over loss of water in the form of fine drops. For the spray flow
rate employed (300 cc/sec), the carry over loss was about 5 percent, with 95
percent of the water sprayed into the nacelle being collected at the bottom of
the separator. With a steady spray, the total mass of water collected, divided
by the time of collection was close to the time averaged mass flow rate of
water entering the nacelle in the droplet-air mixture.

The optical set up is shown in figure 1. The laser sheet of 9 mm thickness was
produced in front of the nacelle inlet plane approximately 2 mm from the inlet
plane to avoid illuminating the water film on the rounded nacelle entrance.
The illuminated droplet field was viewed through the side of the tunnel. The
camera axis formed an angle of approximately 20 degrees with the nacelle axis.
In viewing the droplet field through the plexiglas wall of the tunnel at such a
shallow angle, multiple reflections of illuminated drops were encountered
within the plexiglas wall. To alleviate this problem, a window extension was
mounted on the tunnel side wall at a 20 degree angle, such that the camera line
of sight was normal to the window at the end of the extension.
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The objective of the experiments was to compare the instantaneous water flow
rate into the nacelle as determined by the present non-intrusive optical
technique with the known time averaged water flow rate. Ten photographs were
taken for a fixed spray rate and airspeed to yield a set of ten successive LWC
measurements in a steady spray. The variation in the drop velocities within a
given double exposed photograph or between two photographs at fixed tunnel
speed and water injection pressure was found to be less than 5 percent.
Therefore, a single drop velocity was used for water mass flow rate
determination. A sample photograph of droplet field is shown in figure 6. The
nacelle boundary was photographed separately and superimposed onto the droplet
photograph in figure 6. Notice that the drops within the light sheet are
uniformly illuminated and appear with sharp boundaries. Unfortunately, due to
light scattered from drops contained in the light sheet and that from the beam
dunfp and the transmitting side plexiglas window, some of the drops outside the
laser sheet appear with faint images. During image processing of the photo-
graphic negatives, these faint drops, which are present outside the light sheet
may easily be eliminated by setting proper threshold criteria.

IMAGE PROCESSING SYSTEM DESCRIPTION

Processing system architecture is depicted in figure 7. 1Image acquisition,
display and processing was accomplished using a De-Anza ID-5400 image
processing system. The hardware package incorporates a vidicon and power
supply for analog image formation, three image refresh random access memory
channels, RAM, digital video array processor, and color video display. The
analogue signal from the video camera can be digitized by an A/D converter and
fed directly to the array processor which in turn controls the data flow and
writes the data into one of the memory planes at a rate of 30 frames/sec. The
digitization process converts each picture into 512%512 matrix element
(pixels). Each pixel is one byte number (256 resolution level) representing
the average optical density in an elementary cell, the size of which dictates
the spatial resolution of the system. While digitization can proceed at video
rates of 30 frames per second, a program is used which creates one digital
frame from the average of 64 consecutive digitized frames. Thus, the image
formed has a low level of random noise caused by the vidicon and the digitizer
electronics. The digitized image information is then stored on a mass-storage
device for further off-line processing.

Software residing in the host computer (PDP 11/34) operates through a direct
memory access (DMA), interface through which the PDP-11 sends and receives
information from the video processor registers or from the RAM channels via a
driver program. The vidicon image digitization, averaging and storage
capability is part of this (DMA) interface software.

To study a droplet picture, the negative is taped on to a transparency
containing a 1 cm x 1 cm grid formed by fine lines. The grid lines are
carefully oriented with respect to the droplet images on the negative such that
none of the drop images is intersected by the grid lines. The negative,
together with the grid lines, is then mounted on a flat light-table. The
vidicon is focused on the plane of the background illuminated negative by means
of a macro lens. The magnification on to the vidicon is adjusted such that a
1 cm? area of the negative enclosed by the superposed grid lines nearly fills a
video frame containing the 512 x 512 pixel array. After accounting for the
photographic magnification of the image on the negative and a specification of
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Figure 6. Typical Photograph of the Droplet Field at the Nacelle inlet

plane
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4 pixels for the minimum size drop accepted, an overall resolution of 0.1 mm
was estimated for the diameter of the smallest drop measured.

The negative was scanned, one grid square at a time over the projected frontal
area of the nacelle. The calculated drop volumes were then added up for all
the squares to evaluate the liquid water content over the projected frontal
area of the nacelle. This procedure ensured that every drop is accounted for
and is counted only once. An example of a digital subimage representing one
grid square is shown in figure 8. An enhanced image with defined droplet
boundaries is shown in figure 9.

Image processing software was developed to detect drop edges, define droplet
boundaries, and calculate the area of drop images. The excellent contrast
between the images of drops within the light sheet and the background allowed a
simple thresholding criterion to define regions containing drop images.

The various image processing programs along with computer program needed for
droplet statistics determination are attached under Appendices A and B,
respectively.

RESULTS AND DISCUSSION

Results are presented here for fixed values of spray flow rate and airspeed in
the wheel spray simulation tunnel. The flow rate through the spray nozzle was
maintained constant at 0.3 liters/sec, which resulted in a water jet velocity
of 22 m/s based on the total flow area of the seven tubes in the spray nozzle.
As discussed later, this flow rate was chosen to simulate extreme cases of
engine water ingestion resulting from wheel spray. The airspeed was maintained
at 61 m/s. The large difference between the speeds of the air and the water
jets caused an aerodynamic breakup of the water jets into small drops, which
accelerated along the flow direction to approach the airspeed. The measurement
station was located 3 m downstream of the spray nozzle and immediately upstream
of the simulated nacelle inlet.

The droplet velocities were determined from a double exposed photograph of the
moving droplet field as shown in figure 4. A 100 ps time interval between the
two pulses was employed. The droplet velocities were found to be within 5
percent for a large number of droplet pairs. Furthermore, within this small
variation of droplet velocities, no correlation was found between the drop
velocity and size. A single average value of velocity was assigned to all
droplets. This average value was found to be only 41 m/s, i.e., 67 percent of
the airspeed. Thus, the 3 m distance between the spray nozzle and the
measurement station was insufficient to accelerate the drops to the tunnel
airspeed.

A series of ten photographs was taken during the period January-February 1986
for the liquid water content determination. The width of the light sheet was
maintained at 9 mm. The photographic negatives were analyzed by the image
processing technique discussed in this report. The volume of a drop was
calculated as the volume of a spherical drop having the same equivalent
diameter. The equivalent diameter was calculated from the image area of each
drop. For a non-spherical drop this procedure leads to a higher value of the
calculated drop volume. The percentage error introduced therefore depends upon
the how different the drop is as compared to the spherical shape.

- 13-



ORIGIN A}

OF POOR QUALITY

Figure 8. Digital Subimage Representing One Grid Square

Figure 9. Enhanced Version of Digital Subimage Shown in Figure 8
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The results of the image processing analysis are shown in table I. The raw
droplet data has been shown under Appendix C. For each of the ten droplet
pictures analyzed, the total number of drops counted over the nacelle frontal
area, the mean droplet diameter, the volume weighted mean diameter and the
total liquid volume are presented. The standard deviation of the mean and
volume weighted mean droplet diameters as calculated from the ten plctures was
in the range of 7 to 8 percent of the average. This indicated that the
picture-to-picture variation of the calculated mean diameter was wlatively
small. The picture-to-picture variation of the total liquid volume was larger:
the standard deviation of the ten measurements was 31 percent of the average.
The average value of the total liquid volume from the ten pictures was used to
calculate the average liquid water content, i.e.,

(LWC), = Pulv = 450 gn/m3; where Pw = 1.0 gm/cm3
Ag. 6

The average mass flow rate of water was then calculated as
By = (LWC), . Af . Vg
= 332.5 gm/sec

The average mass flow rate of water in the moving droplet-air mixture as
measured by the present non-intrusive optical technique thus indicates a flow
rate approximately 10 percent higher than the actual value of 0.3 1/s. Reasons
for this discrepancy between the measured and the actual mass flow rates are
discussed below. It should be noted however, that there is a significant
picture-to-picture wvariation in the instantaneous water mass flow rate
determinations caused by measured variations in the instantaneous LWC values.
The test droplet spray was quite dense in comparison with the certification
requirement of 4 percent by weight of liquid water in the airstream. The
present 0.3 1/s water ingestion rate in a 61 m/s airstream over the frontal
area of the 15.24 cm diameter nacelle translates to a water flow rate/airflow
rate ratio of 22.5 percent. Such a high water spray rate was used to simulate
extreme cases of engine water ingestion resulting from wheel spray.

There are three factors that affect the accuracy of LWC measurement by the
present technique:

1) Droplets largely outside the light sheet but at the boundary are
partially grazed by the light sheet and show up on photographs, thus
increasing the LWC measured.

2) The procedure for calculation of drop volume from its non-spherical
images on the photograph relies on an equivalent diameter which is
calculated from the enclosed area of the image. This procedure tends
to over-predict the volume of the non-spherical drop and hence leads
to a higher value of measured LWC.

3) The illuminated drops contained in the light sheet are viewed by the
camera through a dense spray. Therefore, there is a possibility of
some illuminated drops being masked by droplets present in the view
path of the camera. This masking will result in a lower value of the
measured LWC.

-15-



TABLE T

Summary of Data Photographs

Vy =61l m/s; V, = 21.7 m/s; Qu = 300 cm3/sec; x=3m Af=182.4 cm2;

6§ =9 mm
Negative No. of Drops Mean Dia. Vol. Mean Dia. Total Liquid Vol.
No. - mm mm mm3
1 267 0.55 0.89 97.4
2 207 0.58 0.86 68.2
3 256 0.51 0.87 89.0
4 155 0.58 0.86 52.3
5 179 0.63 0.92 88.0
6 212 0.56 0.88 75.0
7 | 243 0.59 0.91 95.7
8 128 0.50 0.68 21.5
9 337 0.53 0.80 91.8
10 169 0.60 0.87 57.8
. Average: 0.56 0.85 73.7
Standard Deviation: 0.04 0.066 23.0
Std Dev. percent of Mean: 7.0 7.8 31.0
NOTE: Mean Dia. = >"iPi ; Vol. Mean Dia. = ZngDy*
Zng =nyD;3

Total Liquid Vol. = Znj _x_ Di3
6
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Despite these three sources of errors, the present non-intrusive technique is
still considered a good method for measurement of the liquid water flow rate in
a moving droplet-laden airstream.

The droplet size distribution determined from the more than 2000 drops counted
in the ten pictures is shown in figure 10.

1)

2)

3)

4)

CONCLUDING REMARKS

A non-intrusive optical technique has been developed for quantitative
determination of instantaneous liquid water mass flow rate in a droplet
laden airstream. The technique is generally applicable to the problem of
water ingestion into an engine resulting in up to 22% water by weight
(rain or wheel spray).

The technique yields instantaneous spatial distribution of droplets at the
nacelle inlet plane as well as the droplet size distribution.

Significant variation in the instantaneous values of the liquid water
content was encountered in a droplet laden airstream produced by injection
of a steady water spray in a steady airstream. The standard deviation
among ten separate instantaneous determinations of the LWC was 31 percent
of the average LWC.

The average liquid water flow rate as determined from the average LWC and
drop velocity measurements was approximately 10 percent higher than the
actual spray flow rate.
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CRIGIAL PAGS
OF POOR QUALMY

BORTRAN IV-P vA2-51 19:58:17 26-APR-85 P 1
DROPS.FTH J/TR:BLOCKS/WR
gl PROGRAM DROPS
Cc
© Drops analysis based on averaged maximum gradient
C
g2 LOGICAL*1 ANGA,ANSO
993 BYTE 21ERQ
RELES REAL*3 HIST(A:25%5),DMAXO
I A BYTE BUPIC{512),BUGRA{HI2)
NG BYTE PI%LI(Slu.lﬁ
DI COMMONH/P INTA/P IKEL
Ny THTEGER*2 [VLT{256)
YY) IHTEGER*2 ARMIN
Ny INTEGER*2 1BUFO{B)! Basic data processing parameters
51l FEQUIVALERCE {IBUFO{1) ,KREDC)
a2 FQUIVALENRCE {(IBUFO{2),5CALE)
nrLg EQUIVALERCE (IBUFO(A) JARMIN)
mY14 EQUIVALENHCE (IBUFO{%), ICORTA)
My IHTEGER*2 SL,55,HL NS
HIrLG REAL*A ABUFL200) ,PBUE{209)
Ny THTEGER*2 LIMIT!4,290)
DDIR] COMMON/MINARE ZAM THAR
N1y IHTEGER*2 IBUFE{3),PL,PC,CL,CC
nn2y REAL*A AREALPERTH
nmr2a EQUIVALEHCE (IBUFEL L)Y, PL)
ny22 EQUIVALENHCE (IBUFEL2),PC)
nIy23 FQUIVALERCE (IBUFEC3),CL)
24 EQUIVALERCE (IBUFE(4),CC)
2y EQUIVALERCE {IBUFE{S),AREA)
01326 EQUIVALERNCE (IBUIE(?).PLRIH)
c
Cc
[ Open data file
c
27 OPER {(UHIT=3,NAME="'53Y: (397 ,399IRAIN.DAT' ,TYPE="0OLD",
1 DISP="KEEP ' ,ACCESS="DIRECT"' ,RECORD3IZE=4,FORM="UNFORMATTED '}
n2g READ{3'1) [BUFU
nnz2y IF (KREDC.RE . GO TO 999
3y KREDC=11 Initial record for parameters storage,no data
$1Y31 ARMIA=5] DeFault min areca
NyY32 [CORTA=Y
N33 SCALE=]
MI34 TYPE *,' Processing parameters initialization, defaults are:’
M3 TYPE *,' Min area 5 S5q. pixels, Scala ! mn/pixel: Change ‘Y/N)I'
N3 ACCEPRT 181,ANSA
m33r IF ¢AHSA.NRE.'Y') GU TO 111
N¥38 TYPE *,' Enter Hin area {(3q. pix) and Scale {ma/pix)"'
N3 ACCEPT * ARMIN,SCALE
myay G0 TO 111
HES! 990 TIPE *,' File has alrnady data, Stops execution {(Y/H)'
0a2 ACCEPT 181,ANSA
DIYA3 IF {AHSA.CEQ.'Y') GO TO 959
C
C First detector
C
1344 111 TYPLE *,' Begin coarse detection’

-Al-



ORIG!NI\.. PAGE s
OF POOR QUALITY

FORTRAN IV-R 3 vaA2-n} 17:50:17 26-APR-B5 [ 2
DROPS.FTN /TR:BLOCKS/WR
nas CALL SETUP
MIAG e *, ' Smoothing before computa gradient (Y/N)!
nnar ACCEPT 181 .ANRSA
“NIAB IF {AHSA.EQ,.'H') GO TU 4
IDER] CALL SHOUTH
NGy G TO %
DI 4 Ny 3 K=21,2%0
152 3 VLT{K)a /2
L3 CALL VLTCURCL,IVLT)
.
C 3ave origtnal plcture
[
nnsa 5 CALL SETYP
NNLHYL OPEN (YNHIT~7 , TYPE="'SCRATCH' ,ACCESS="DIRECT ', INITIALSIZE=512,
IRECORDS IZ2E=120)
nnne HBLK=1
nny? DY 19 Kal,32
NNH3 LIH:s{K=1)"16+]
nnHy [EOD= IMAGECT LN, 16, 'R ,PIXEL)
NGy ISTAT=JESCC?,P IXEL (NBLK, 4596, 1,NBLK)}
Mot 0 CUHTIHVE ’
[
(N Transfer smooth picture to channel o
C
nnG2 CALL SETup
DR CALL INSELE2.8,.0)
ns4a CALL QUTRBL L)
DIV CALL FHOPLR
C
(X Conpute gradient
C .
NG CALL sETUP
nne? CALL GRADIE
c
(M Restore original picture
C
gy CALL SETUPR
nNeGY HRLK=1
nnry Ny 29 K=1,32
N1 A LIR={K=-1}"16+1
nare [STAT=JLEECT7 P IXEL ,NBLK , 4996, 1 ,NBLK)
7 MY ICOD=THAGE( LIN, 16, "W P IXEL)
01374 2 CUNTIHUL
[N
e Threshold gradient pictura
nyrs CALL 3ETYP
myle CALL THSELEL,8,.0)
nnrl’ CALL QUL {4y
nnyy CALL FHOPER
Ny CALL SETUP
Ny nn T™PeE *, Threshold gradfent image’,ICORTA
o | cALL sETTIe
Ny no %1 JLT=1, [CORTA
[ H K] 51 YLV I T ) =)y
IHE! DU 52 JLT=I1CORTA+1,2506

-A2~



ORIGIMAL !
OF POOR ¢
FORTRAN V- S va-51 19:58:17 26-APR-85 E3
DROPS.FTH /7 TR:BLOCKS/WR
oYy 52 IVLTCILT In 250
nnaeG CALL VIDTHRC L, TVLT)
nnu7 TIPE *,' Accept throshold (y/n)’
11 111] ACCEPT 141,ARSA
DDHE IF (AHNSA.RE.'H') 60 TO 67
NNy TYPE *,' Entar gradient image threshold’
NN ACCEPT *,ICORTA
0192 G0 TY Sy
mig 171 FORMATIAL)
NN 01y CALL SETHP
0Ny ) DO 7Y T2 ICORTA+], 2506
[ AR ) VLIS IL T =i T=1
DOR R CALL VLTCORS T, IVLT)
nNnIg CALL sETup
C
(M S5ave gradient plcture
C
DIME HBLK=1
niny Ny 8 K=1,32
Mt LIRA{E=1)1*16+1]
nin2 [CONaIMAGEC L LINL 16, 'R ,PIXEL)
DAT K] ISTAT=JESCL7 P IXEL JHBLK, 45396, 1 RBLK)
DIDE) 9 CONTIHUL
«©
(X Remove background variations
C
iminsG TIPE *,' Removn backyground vartationa [(Y/N}'
nins ACCEPT 181,AH50
N’ IF (ARSO.RE.'W') GU TO 85
Ny CALL THSELL2,.8,97)
niny CALL OUTHBL{A)
ARY) CALL FHOPER
nit1 CALL SETHP
N2 CALL IHSELLL,8,.0)
3 CALL OUTHIBL(2)
N4 CALL FHOPER
AR CALL SETYP
DAREN (M) o Bt} ]
nuL? 1) 15D=17y | Varintiona scale
DERE}] CALL HIGPASCISD, 1 ,07)
DER R CALL SETYP
[
© Restore ygradient picture
C
n2y HILK1
N2 Ny 129 K=l,32
[) B Bided LIl {K=-1)"{n+1]
N2 [STAT=JLEEC7 ,PIXEL ,NDBLK, 4096, 1,NBLK)
2y [COD=IMAGE(2 , LIN, 106, 'VW' ,PIXEL)
NI2Y% 120 COWTINVE
[ M
i Coupute HHistogran
©
o [11}] 2ERag
0127 TIPE *,' Compuyting modified POF’
N2 DO 9 K=04,255

~A3-~



FORTRAN V-
DROPS.FTHN

n29
AR
Nl
) BN ¥4
N AKR]
N ARE]
D ARE
[ AR
DNABE
N34

nan
niay
it
DAY P4
DAE R]
NIEE]
N4y
DAEYH
niaz
nian
DARN
DALY
DARSE
12
) RN
DAME)
NiHYyY
[RARITH
DARYA
nNinHs
DARIN
RYD)
Nint
N2
nin3
ind
Nnh
Nlinn
Nint
DAY
niny
Ny
N AWA
Ny
nirs
N4
niEry
nrn
nery
nyn
) N A ]
DARIDS
Nyl

27

137

160

39N

ani
32

S va2-hl 179:50:17 26-APR-05 € 4

7T :BLOCKS/WR

HISTIK)=2AY.

Ny 1% K 13,5009

[COD= IMAGECTL K, 1, 'R ,BUPIC)
COD=TMAGE(2 K, 1, "R ,BUGRA)

DY 1% J=17, .59

IF (IBGRALD Y. EU.2Z2ERO) GO TO 159
A= IVIBUGRACI D)

TInIV(BYPIC(I))
HISTCUD ) aHISTCIE)+T1"A

CUOHTINUL

Display histoyram and threshold daetermination

DHAXO=Y .

DO 1Ny K=0,2%%5

IF (HISTER).GT.DHAXO) DHMAXO=HIST(K)
CONT (WL

D 182 Ky, 25%
HISTERI=UHISTI{K)I/DHAXO
CUNTINUE

CALL THSELLL . 0,00)

CALL OUTHBL(4)

CALL FHOPRER

CALL SETUP

N0 169 Kal 256

IYLT(K)=0y

CALL VIDTUR{1,IVLT)

1THR= _

CALL DISHISINIST,ITHR)

TIPE *, ' Entar (1) simple, {(2) bimodal distribution’
ACCEPRT * INODES

CALL SEWISOCHIST.ITIIR, IMGDES)
TYPE *,' Esttwmated threshold',ITHR
CALL SETUPR

DO 491 JLT=]1, 1THR

IVLTCIOLT )=y

DY 392 ILTaITHR+1,256
[VLTLOLT Y25

CALL YITCORL L, TVLT)

CALL Skt

VL TEL )y

IVLTC2S06 )]

CALL VLTCORSL,IVLT)

CALL siEfyp

CALL BORDEACIVLT)

CALL 31THP

CALL DISHISIHIST,ITHR)

TYPE *,° Acecept threshold (Y/7H#)!
ACCEPT 101 ANSA

IF {ANSA.HE. 'H') GO TO 358
TIPE =, Entar threshold'
ACCERPT *,TTHR

IF {(AHSO.HNE.'’H')Y GU TO 327
CALL THSELOL,3.,.10)

CALL OUTHRLL{2)

CALL FHOPLR

ORIGINAL PAGE i3
OF POOR QUALITY
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FORTRAN 1Iv- S vnr-51 17:58:17 26-APR~-05 ¢ ES
DROPS.FTHN- /7 TR:BLOCKS/WR
82 CALL SETYP
AR R GO 1O 3y
ning 329 CALL HIGPASCISD, L. 8)
miny CALL SETUP
AR G TO 3199
nis7 359 TYPE *, ' Default region the antire picture: changa (Y/N)°
ning ACCEPT 191 ,ANRSA
ntsy IF (ANSA.EQ.'Y') GO TO 499
iy Sl
nin 35721t
"2 HIL=%19
AN R H3=%18)
DAUE! 6y TY A%0
N ang TIPE *,' Usn curaor to define region/push white key'
N196 CALL REGIO(SL,55,.HL NS
[
AR Y4 A% AMTHAR=ARHIN
NEEE TYPE *,' Regfon definitfon SL=',3L,*' 55=',35," HL=',HRL,"' NS=' NS
N VLT )=y
NNy IVLT(2)=25%
n2nl IYLT(256 10255
nine CALL VLTCORL{1,IVLT)
NNy CAILL SETUP
nN4g TYPE *,' Conmputing drops 3iz2a’
nenG CALL GUTASEL ,SL LSS HL (NS ABUF ,PBUF ,LIMIT,NHUHMOBJI)
N2NG VLT L))
nany IYLT{2%6 )]
nion CALL YLETCOROL L IVET)
IRON CALL BORDEA{IVLT)
N2y CALL SLETUP
N2l TYPE *,' kEnd coarse detactor’
212 ann CLOSELUNRIT=7)
[
(¢ Save results on disk
[
N2l 2008 HUNMDR Y
N2 SUM.E2a3CALE®SCALE
N2y TYPE *,' DATABASE: Initial alement' ,KREDC
n2n PO 251 K=1,HUHUBY
n27 HUMDR=1{BIMDR+ 1
N2y TKRENCaKRENDC» L
n2ty PlLel IHITCL LKD)
n22y PC=L IMIT(2,K)
N2l CLelL IHIT(3,K)
nrr2 Ce= IHIT{4,K)
N2y AREA=ARYF{K )*SCALE2
DR} PERIM=PBYF (K )I*SCALE
n:2y WRITELZI'KREDC) (BUFE .
N22H I (RREDC.EQ.1291) 6O TO 2025
n227 20m CORT INUE
N2y 225 TIPE *,°' DATABASE: Final alement' ,KREDC-1
DREA TYPE *,° Huieher of objects 1n thias frawe' ;NUMDR
1220 GYRITECD'1) IBUFUIUpdate general inforwation record
N2 351y CLOSECYUNET=3)
[T B4 END

ORIGINAL PAGE E§
OF POOR QUALIYY



FORTRAN.IV~-PL va2-51 14:99:92 25-APR-85 PA 1
GOTAS.FTN °* /TR:BLOCKS/WR

s SUBRUUTINE GOTAS{CHAN,SL,SS.NL NS.ABUF,.PBUF,LIMIT . NUMOBJ)
Cc
C Drops gecometrical caracterf{zation
c
2 INTEGER®*2 CHAN,SL.S3S.NL,NS
N3 BYTE PIXEL{(G12.16)
R COMMON /P INTA/PIXEL
NNy INTEGER®2 FLAG(5H12,2),10{(3M)
NG INTEGER*2 ISLS{M),IS35¢{97) ,EL(9F) ,ES{27)
nmy7 INTEGER*2 CHTR{Y9Y,2) ,BEGIN(OY,2) . IEND{Y1,2)
mman INTEGER*2 OLDID, HEWID
nnyly INTEGER*A HPIXS(Y)
nay REAL®4 RPER{Y)
mii REAL*4 ABUFCL) ,PBUF(L)
mi2 [RTEGER*2 LIMIT(4,1)
c
Cc Inittaliza
C
mit3l CALL 2IALFLAG(L, 1), 1924)
nyta CALL ZIAMRPER, 13Y)
Nty CALL ZIA(HPIXS,189)
HEREN CALL Z1IACEL ,94)
ni? CALL ZIACES . 99)
Nty CALL ZIACCHTROL, 1), 10M)
Ny CALL ZIACBEGINCL, 1), 183)
N2y CALL ZIACTERDCLE, D) 100
DIIRA) CALL TTINC320900, 1505 ,'0Y)
nn2ze CALL ITIACI2009,1555,99)
31} 35 ] RUNMOBI =y
NERE 1hWe )
nyrYy HENC=0Y
A1) B4 1 ROVLC=9
N2y DIRVRIED
Ny g H55255+0G
NNy Nt =s5h=-1
1013 HLL=HSL+NHL
c
(M Main loop
C
Nt nn 199 L=1,HL,1G
nni:2 IBLOCK=MINA{ 16, ,HL~-L)
nni3 L INRE =L +RGL
N RE] 1COD= THAGEC(CHAR L IHE , IBLOCK, 'R’ ,PIXEL)
nIIn DO 190 KK=1,16
036 Hi=3S
37 LIHIA=L IHE+KK-1
N3 HEWC=8 | Start scearching for an object gt #
DURE) 195 N0 11 Jald]l 135 | look for left adye
14y IF (PIXELLJLKKY) GU TO 1274
DDEN| Ly CUNHTINULE
C Ho wore cdges on this line
e G0 1Y 193
N3 129 Hi=J | Laft edqge
NOER] Ny 139 J=H1,.H55 | Look riqgh edga
NNAYG I ¢ HOT.PIREL(J,KK)) GO TO 149
DB ET 139 CUHT IHUE

-A6-



FORTRAN 1V-PL

GOTAS.FTN
nnar
348 149
«©
[
C
49
BT
nmsni
C
Cc
nn2
mn3i
nmsa 171
C
C
55
[
C
se
©
[N
nn? 192
NNH
ANHY
1IN
DY
C
C
nn2
nnna
NN
nneYy
nnnG
ne?’
C
C
nann
N3G
©
©
(W
nary 193
nn?i
11} Nt
N2y
nazy 199
s
m’e

ORIGINAL PAGE IS
OF POCR QuALITY

+

va2-51 14:99:02 25-APR-85 PA R
TR:BLOCKS/WR

Jal335+1 | Righ edge 13 the picture boundary
H2=Jd-1

Find ID of this object from previous flag Tine

CALL MATCH{FLAG(1,3-15W) , H1 . N2, HUN, ID N335
HEWID=1D( 1)
1F (HUM.LT.2) GU TO 141

If many 1D condnanse them into ane
CALILL COHID(RPLER NP IX3,I5LS, [555,EL,ES,RUK,ID)
Ly T 1942
IF (HUNM.NLE.9) GO TO 182

If threra 13 not ID them creates one
CALL FIND(9F HEWID,HPIAS . ULDID)

brgin counting parimeter new object
RPLR{NLWID )=H2-H1+2

And update flag huffer and counters
CALL TTIAHEWID  FLAG(H], I5W) ,H2-N1+1)
HEVE=HEWE+ ]

CHTREREWC , ISW)aNEWID

BEGINCNEWC, [SW)=l]

IEHD(HLEWC, ISW)=N2

Ipdato statistics huffer

HP IXSIHEWID )= HP [XS{NEWID ) +H2-Hi+1

IF CISLS{HEWID).GT LIRIA)Y ISLS(NEWID)aL IHIA

IF CISSSUNEVID) .GT.H1) ISSSONCEVWIN)I=HI

IF LESCHEWID)Y LLT.N2) ESIRLWID)I=N2

ELIHEWID)I=L INIA

CALL PERIMEHOLC ,HEWC,CHTRS L, ISW) ,HEWID  RPER,BEGIN(1,3-1SW),
1 BEGINS I, ISW), IENDCL,3~-ISW), IEHD( L, I3W) )

Send back for more data on the same ilne
Hi=N2+2
IF {(RI.LE.NS3) GO TO 1A%

Search buffars for terminated drops

CALL EHOFLI(RPER, NP INS,ISLS,ISSS,EL ES,NLL,LINIA,CNTR(1,3-13W),
| CHTRC L, I5W)  HOLC  NEWC  HIMOB)  BEGINZ 1 ,3-15W ) ,BEGINCT, ISW),
2 TENDCL,3=-ISWI L TENDI L I5W) ,ABYE PBUF LIMIT)

CALL ZTALFLAGS1,3-15W),512) | Zero flag line

[5W=3-15W | 3wlitch the flag

HOLEC=H{INC

CUOHTIHUE | Close matn loop

RETURN

Luo
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FORTRAN-"1V~¢

MATCH.FTN
gag1

ancooon

g2
g0A3
aABA
anNnsS
ARG
N7
anng
9939

(2 X2 Xy)

LAY
Nl
a2
A3
BLAR
AN1S
nne
0317

000

nais
ANy
nN2y
An21
nn22
AN23
NN24a
nz2s
nazeo
27
nR28

vA2-51 19:81:39 #4-APR-85
/TR:BLOCKS/WR

SUBROUTINE MATCH(FLAG,N!,N2,NUM,ID,NS)

RETURN 1.D. OF OBJECT FOUND ON PREVIOUS LINE

FLAG = OLD FLAG BUFFER

Nl = BEGIN, N2 = END OF ORBJECT
HUM = NUMBER OF OBJUECTS LOCATED
ID = 1.D. OF OBJECTS LUOCATED

INTEGER FLAG(1)
INTEGER*4 ID(1)

M1 = NI - 1

M2 = N2 + 1

IF (M1.LT.1) Ml = |
IF (M2.GT.NS) H2=NS
HUNM = &

K =9

FIND ALL FLAGS

19

29

DO 19 J=M1,M2

IF {(FLAG(J).EQ.K) GO TO 14
IF (FLAG(J).EQ.8) GO TO 19
K = FLAG(J)

NUM = RUM + |

INCRUM) = K

CONTINVE

IF (NUM.LT.2) RETURN

REJECT DUPL ICATES

CALL CORSRT(ID,ID,NUM)
N =]

K = ID{1)

DO 24 J=2,NUM

IF (K.EQ.ID{(J)) GO TO 28
He=H+ 1

IN{H) = [IDCI)

CUNTIRVE

NIH =}

RETURN

END
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FORTRAN 1V-T
PERJM.FTN

8081

am2
09933
8034

31303453
a6
2987

annn
LD
N
LLAD

N2

g1l

avd
ag15

3/: 38
a7
snie
AR
na2n
o221
n22
23
m24

pA2%
nN26
27
Ny28
ny29
a3z

o831
NA32

o000

acno

[z X XxX2KeXg]

ORIGINAL PAGE is
OF POOR QuaLiTY

va2-51 19:91:94 J4-APR-88 P 1
/TR:BLOCKS/WR

sus
1

ROUTINE PERIM({NOLC,NEWC,NECNTR,NEVID,RPER,OBEGIN,NBEGIN,
OEND,.NEND)

THIS SUBROUTINE ACCUMULATES PERIMETER MEASUREMENTS FOR THE 'OLD'

INT

LINE BETWEEN N1 AND N2 OF THE 'NEW' LINE.
EGER NECNTR(1),0BEGIN{1),NBEGIN{1),0END(1),NEND(1)

REAL*4 RPER{( 1)
IF (NOLC.EQ.8) RETURN
SEARCH 'OLD' LINE FOR MATCHING OBJECT SEGMENTS.
Ll = g
DO 199 J=1,NOLC
IF COEAN(J ) .GE.NBEGIN{NEWC)-1.AND.
1 OBEGIN{(J).LE.NEND(NEWC)+1) GO TO 141
GO TO 199
191 ONEWC = HEWC - |
IF (ONEWC.LT.1) GO TO 381
IF (NEWID.EQ.NECHNTR{ONEWC).AND.OEND{L2).GE.NBEGIN{NEWC))
1 GO TO 3m92
GO T0 391
IF PERIMETER HAS BEEN ADDED FOR PREVIOUS PARTICLE SEGMENT ON
‘HEW' LINE WITH SAME 1.D. AND THE 'OLD' MATCHING SEGMENT
UVERLAPS BOTH 'HEW' SEGMENTS., THEN THE OVERLAP IN THE
CURRENT SEGMENT IS SUBTRACTED FROM THE PERIMETER VALUE.
392 RPER(NEWID) = RPER{(NEWID) ~ SQRT{{OEND{(L2)
1 = FLOAT{HEND(ONEWC)))**2 + 1.} + NBEGIN{NEWC) - NEND{ONEWC)
GO TQ 343
ki B} RPER(HEWID) = RPER{HEWID) + SQRT({(NBEGIN{NEWC)
1 = FLOAT(OBEGIN(J)))**2 + 1)
393 L1 =
KeJg+ 1]
GO T0 1A2
17 CORTINUE
192 IF {L1.EQ.) RETURN
L2 = g
IF (K.GT.NOLC) GO TO 298
DQ 183 J=K,NOLC
IF {(OEND(J).GE .NBEGIN(NEWC)~1.AND.
1 OBEGIN(J).LE.NEND{NEWC)+1) GO TO 194
60 70 193
184 WPER(HEVWID) « RPER{(NEWID) + (QBEGIN{(J) - OEND{(J-1)})
L2 =9
193 CONTIHUE
28) IF (L2.EQ.8) L2 = L]
RPER{HEWID) = RPER{HEWID) + SQRT{{NEND(NEWC)
1 = FLOAT{CEND(L2))1="2 + }.)
RETURN
END
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FORTRAN" 1V

CONID.FTN

991

/2
ann3
anoa
23ns
NG
N7
LEEL:
a9
oy
il
a2
N3
mila
nats
Hnaio
Iz
LAY
BLAR
nnzy
21

c
c
c

19

5 vA2-51 18159152 #4-APR-85

v

"~
s

/TR:BLOCKS/WR
SUBROUTINE COMID{RPER,NPIXS,ISLS,ISSS,EL,.ES,.NUN,ID)

USED TO CONCATINATE MANY [.D0.'S

INTEGER OLDID,.ISLS{1),ISSS(1),EL(1),ES(1)

INTEGER™4 NPIXS(1),ID(1)

REAL*4 RPER{ 1)

NEVWID = [D(1)

DO 19 J=2,NUM

OLDID = 1D(J)

RPER(NEWID) = RPER{NEWID) + RPER(OLDID)

RPER(OLDID) = @,

NP INS(NEWID) = NPIXS{NEWID) + NPIXS(OLDID) )
NP IXS(OLDID) = g

IF CISLS(NEWID).GT.ISLS(OLDID)) ISLS(NEWID) = ISLS(OLDID)
ISLS(OLDID) = 32399

IF CISSS{HEWID).GT.ISSS(OLDID)) ISSS{(HEWID) = ISSS(OLDID)
ISSS(QLDID) = 32999

IF (EL(HEWID).LT.EL{OLDID)) EL{NEWID) = EL(OLDID)
EL(OLDID) = g

IF (ES(HEWID).LT.ES(OLDID)) ES(NEWID) = ES(OLDID)
ES(OLDID) = @

RETURN

END
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FORTRAN 'IV-P ve2-51 19:92:52 #4-APR-83 P 1
PCNCAT.FTHN /TR:1BLOCKS/WR

8g1 SUBROUTINE PCNCAT(NCEN,PCNTR.BEGIN.END.NEWID,RPER)
C
C THIS SUBROUTINE CONCATINATES ALL ENDING PERIMETER VALUES FOR EACH
c 1.D. ON AN ENDING LINE.
c

M2 INTEGER PCNTR{1),BEGIN(1),END(I)

8nn3 REAL*4 RPER(1)

284 00 1973 Je],NCEN

LL D) IF (NCWID.EQ.PCNTR(J)) GO TO 141

AMIG G0 70 189

nnn? 181 RPER(CHEWID) = RPER{(NEWID) + END(J) - BEGIN(J) + 2.

annn 1855  CUNTINUE

onna9 RETURN

a1y END

~All-



FORTRAN 1V-P va2-51 19:93:98 F4-APR-85

FIND.FTN /TR:BLOCKS/WR
angi SUBROUTINE FIND(NBIN.NEWID . NPIXS,OLDID)
Cc
C USED TO FIND A NEW BIN POSITION
Cc NBIN = LENGTH OF BIN BUFFERS
(o HEWID = HEW BIN VALUE RETURKED
c HPIX3 = SUM OF PIXELS BUFFER
(o OLDID = LAST FOUND 1.D.
aa92 INTEGER OLDID
a0 INTEGER™4 NPIXS(1)
Py DO 199 J=OLDIN,NBIN
i IF (NPIXS(J).EQ.8) GO TO 208
anns 109 CONTINUE
/nA7 DO 1549 J=1,0LDID
annn IF {HPIXS{J).EQ.9) GO TO 208
o9 159 CONT INVE
ANy TYPE *,*' All bins filled'
nyll sfop
oy 209 NEWID=J
Mg gLDIV=Y
nu14 RETURN
NI1Y EHD
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ORIGINAL PACE IS
OF POOR QUALITY

FORTRAN “IV-P vp2-51 19:93:28 24-APR~-85 4 1

CORSRT.FTN /TR:BLOCKS/WR

sag SUBROUTINE CORSRT(KEY,PTR,LEN)
C
C 1IN CORE SORT ROVUTINE. SORTS THE VECTORS KEY AND PTR INTO ASCENDING ORDER OF
C KEY. THE VALUES IN KEY ARE TREATED AS LOGICAL QUANTITIES HENCE SIGN BITS
C HUST BF TREATED ACCORDINGLY. ALPHABETIC RECORDS MAY BE SORTED SINHCE
C CHARACTER CODES ARE [N LOGICAL ORDER. THE PTR ARRAY CAN THEN BE USED TO MOV
C RECURDS IN A DISK FILE.
C

2 IMPLICIT INTEGER(A-2Z)

a3 INTEGER*4 IMSK,JM3K,SM{32),PTR{1),TEMP

LILE LOGICAL™4 [IHMSL,JMSL ,KEY{(1l),LTEMP

mnas DIMCNSINH BDRY(3,32),CBD{32)

e EQUIVALENHCE {( IMSK, IM3SL ), (JM3K,JMSL)

o7 DATA SM{1),35M(2),5H{17)/02993380309538,019A3N0033033.0190988/
C

nang nog 1 1=3.16

NNITY 1 SM{1) = GM{I~-1})/2

Ny Ny 2 I=18,32

mil 2 SHIT) = GH(I-1)/2

N2 LEV = |

N3 BORY(2,LEV) = |

N4 BORY{3.LEV) = LEN

D ILARE CBO(LEV) = 2

NG 72 CB = CUD(LEY)

DI AW/ PL = BDRY(CH,LEV)

ns Py = BDRY(CB+] . .LLEV)

AR IF {(PL.GE.PY) GO TO 75

w2y IHSK = SH{LEV)

2y 81 JHSL o KEY(PL).AND. IMSL

m2a2 IF (JHSK.NHE.¥) GO TOU 8YH

N3 Pi. = PL + |

nN2a IF (PL.EQ.PYU) GO TO 73

nma2n GO TO 81

mMm26 85 JHSL = KEY{PU) . AND. IHSL

ne27 IF (JMSK.HE.)J) GU TO 86

N2 LTEMP = KEY{PL)

2y TEMP = PIR(PL)

3N KEY{PL) = KEY{PU)

N3l PTR(PL) = PTRIPY)

nni2 KEY{(PY) = LTEMP

nnil PIR(PU) = TEMP

DI RY G TO 81

nuin 86 Py 2Py -1

NG IF (PY.NE.PL) GO TO 0%

nni’ 73 JH3SL = KEY{PL).AND.IHSL

N3N IF (JMSK.HE.8) PI. = PL - ]

N3y IF {(LEV.GE.32) GO TO 75

myag Ci = CBUDI(LEV)

I ER LEV = LEV + 1

42 CBNILEY) = |}

I ER] BORYL1,LEV) =« BORY(CD,LEV-1}

L ER) BHORY(Z2,LEV) = PL

nyan BORY{3.LEVY = BORY{CD+1,LEV-1)

nNyan G0 TO 72

Az 75 I¥ (CBDI{LEV).EQ.2) GO TO 76

N4 CBD{LLY) =» 2

-Al3-



FORTRAN"IV~P

CORSRT.FTN
949
sy
NG i 76
n.HNH2
amn3
854

vA2=-51 19:43:28 g4-APR-88
/TR :BLOCKS/WR

BORY{(2,LEV) = BDRY{(2,LEV) + 1
Gy TO 72

LEV = LEV - 1

IF (LEV.GT.8) GO TC 75
RETURN

EHD
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FORTRANT V=P vg2-51 19:91:54 #4-APR-85 P 1
ENOFLLI.FTN, /TR:BLOCKS/WR

9891 SUBROUTINE EMOFLI(RPER,NPIXS,1SLS,ISSS.EL.ES.NL.LINE,
1 OLCNTR,HECNTR ,NOL.C ,NEWC ,NUM ,0BEGIN,NBEGIN,
2 OEND ,NEHD .ABUF ,PBUF ,LIMIT)

Cc
c SEARCH FOR FINISHED OBJECTS
c
AN INTEGER*4 NPIXS{(1)
i3 THTEGER OLCHTR( 1), NECNTR{1),0BEGIN(1)} ,NBEGINC]1),0END(]) ,NEND( 1)
a4 INTEGER ISLS{1),ISSS{1).EL(1),ES(])
NNy REAL*4 RPER{1).ABUF{ 1), PBUF(1)
ona6 INTEGER*2 LIMIT(4,1)
(o4
C SEARCH OLCHTR FOR 1.D.'S NOT IN NECNTR
C
nnn? IF (LINE.EQ.NHL) GO TO 52
aman IF {(HOLC.EQ./7) RETURN
LG 1F {HEWC.EQ.¥) GO TO 51
g DU 17 J=f NHOLC
LAWY REWID = OLCHTR{J)
2 DO 29 K=} NEWC
o3 IF (NEWID.EQ.HECNTR(K)) GO TO 12
syl4 27 CUNT INVE
o
C DROPLET NHOT CONTINUED
C
G CALL PCHCAT{(HOLC,OLCNTR,OBEGIN,OCEND  NEWID.RPFR)
NG CALL FIHAL(HEWID,RPER,NPIXS,ISLS3,1SSS,EL,.ES,.HUM,ABUF,
1 PBUF ,LIMIT)
7 19 COWTINUE
g8 RETURN
C
C FINISH OFF EVERYTHING
C
A9 51 DO 57 J=1,NOLC
N2y HEWID = QOLCHTR{J)
m21 CALL PCHCAT{NOLC ,OLCNTR,OBEGIN,0END ,NEWID,RPER)
822 CALL FINAL(HEWID ,RPER,NPIXS.ISLS,ISSS.EL,ES,.HNUM,ABUF,
| PBUF ,LINIT)
N3 1734 CONTINUE
nnza RETURN
N2y 52 IF {HOLC.EQ.A) GO T0 GA
nnzn If (HEWC.EQ.J) GU T0Q 51
nm27 N By Jef HOLC
NN2z2e HEWID = OLCNTR{(J)
"2y D) 99 K=] ,HEWC
NN IF (NEWID.EQ.NECNTR(K)) GO TO 198
"I 993 CONTINUE
31} e v d CALL PCHCAT{NOLC,OLCNTR,OBEGIN,OEND .NEWID,.RPER)
333 CALL FINAL(HEWID, RPER ,MPIXS,I3LS,1SSS.EL.ES.NUN,ABUF,
| - PBUF,LIMIT)
L KES 0 T0 09
17} k153 193 CALL PCNCATI{MLEWE HECNTR,NBEGIN,NEND ,NEWID,RPER )
”A36 CALL FINALINEWID RPER,HPIXS,ISLS,I35S,EL, LS, NUM ABUF,
1 PBUF .LIKIT)
Nz 8n CONTTHUE
R RETURN
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FORTRAN*IV=P vn2-51 19:91:54 P4-APR-8S P
ENOFLI.FTN /TR:BLOCKS/WR

AN39 60 IF {NEWC.EQ.”) RETURN

ANAY Ny 79 J=1,REWC

LLER HEWID = NECNTR(J)

n42 CALL PCNCAT{(HEWC ,NECNTR ,NBEGIN,NEND ,NEWID,RPER)

D343 CALL FINAL(HEWID ,RPER,NPIXS,ISLS,ISSS,EL.ES.NUM.ABUF,
1 PBUF ,LIMIT)

naa 19 CONTINUE

NMAH RETURN

2346 ENHD
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FORTRAN 1V~PLUS VA2-51 19:29:49 25-MAY-82 PAGF ]
FINAL.FTHN /TR:BLOCKS/WR

aggl SUBROUTINE FINAL{NEWID . RPER NPIXS,ISLS,ISSS.EL.ES,NUM ABUF,
1 PBUF,LIMIT)
c
C TO TERMINATE AN OBJECT
C
a2 INTEGER*4 NPIXS(1)
3l INTEGER*2 LIMIT(4,1)
NNLE! INTEGER ISLS(1),I3SSC{1),EL(1),ES(])
aMNIn RCAL*4 RPERS1),ABUF(1),PBUF(1)
OB BYTLE ORIGA(D12)
nnn’ COMMON /MINARE/ AMINAR
nnng IF (HPIXS(REWID).EQ.4) RETURN
nopYy HUM = NUM + |
Ny IF (RUM.LT.251) GO TO 5
DDAR! TYPE *,' Humbor of spots gt buffer space available'
N2 STOP :
c
C ACCUMULATE DROPLET STATISTICS
c
N3 5 ABUF(HUM) = NPIXS(NEWID)
myL4 PBUF(HUM) = RPER(NEWID)
Mris LIMIT(1,RUM) = [SL3(NEWID)
myi6G LIMIT(2,HUM) = [SSS{HEWID)
myr LIMITCI HUM) o EL{NEWID) ~ ISLS(NEWID) + |
DDARY LIMITCA,HUM) = ES{NEWID) - ISSS(RLWID) + 1
C CLEAR OUT BINS
DR I (ABUF{NUM) . GT.AMINAR) GO TO 1@
nA2y CALL BORRARC Y LIMETOL , HUM) (LIMIT(2 NUM) LIMIT(3 ,NUM) LINIT(4,NUM))
N2l HUM=NUM- )
c
na22 19 HP IXS(NCWID) = @
Nzl RPER(CHEWID)Y = g,
NN2A4 ISLS(HEWID) = 32099
N2y ISSS{HEVWID) = 32990
NN26 EL{HEWID) = &
"2l ES(NEWID) =» @
N2 RETURN
/29 END
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FORTRAN "1V=pP
RAINST.FTN

LOLA

nn2
nmi3
msa
nmmy
nynveG
noy?
nony
B A
iy
Nt
m2
DORR!
mrla
Ny
DU AYH
ni7
Nyt
DAY
2y
mza21

a2
nn2
NN24

n2s

man
ma2v
2y
NNy
NIy
DORE!
2
i3
nnia
B RE

nnin
nnir
nning
nym
DDEN
nnat
mraz
O E K]
NDEE
nay

GOS0

L XxK]
(]

(2]

e

ORIGINAL PAGE 15
OF POOR QUALITY

vA2-51 ) 19:509:39 23-FEB-84 P 1
/TR:BLOCKS/WR :

PROGRAM RAINST
Read droplaots’' data file and computa genaral statistic
Progranaer: Niguel A, Harnan

REAL*A DBUFC1200) VOBUF( 1299) ESFER(1205)
REAL*Q SHD3,SHD2,07OT,ESTOT,SHD4,COHUD
INTEGER*2 WUHLE

LOGICAL®Y ANRSA

REAL*A VOLNIS(A:79) FREWIS(A:79)

REAL*4 AREALPERIWM,D3,D2,D,.D4

LOGICAL*E HOZOD(12) ,HOZIN{GB) ,NOZID(CS)
EQUIVALENCECHOZ20DC 1), HO2IDC L))
EQUIVALERCE(NHOZING 1), HOZID(13))

INTEGER*2Z OPEPLO
LOGTICAL*L FILEHA(D22)
IHTEGER*2 IBUFER(D),3L,.S5,.NL,HS

EOIVALERCEL IBUFERI 1) ,SL)

EQUIVALENRCEL IBUHFERL2),S53)

EUDIVALERCES IBHFERC3) HL )

EQUIVALERCES IDUFERCA),H3)

EQUIVALENCES IBUFER(SH ) AREA)

EQUIVALENCES IBUFERC7) PERIM)

DNIA YOLUHTS/80*0./ JFREULIS/80%3./

DATA HOZUD /'H','0°,*2','2 'L ' 'E'," "' 1 ,'D' et Y vy

Open data file
FORHAT(Q,22A1)
TYPE *,' Entar ftlaname'
ACCEPT 451,LONGU,(FILENACL),1=1,LONGO)

OPER(UNIT=3 , HAME=F {LENA ,TYPE="OLD ",
ID15P= KEEP ' (ACCESSa'DIRECT ' ,RECORDS 1ZE=4 ,FORH="'UNFORMATTED ' )
READC3 1) IBUFLER

HURE=IBYFERS 1)

1COWT=0

BLUERES M

SHD 3=,

SHD2=4.

DED N R

E3TOT=15,

Pl=3.14159

Gl=4./7(3.*SART(P]))

Hain loop
DD 14917 K=2 RIJME
READ(I3'K) IBUFER
i CIBUFERCLY.CU.F) GO TGO 299
[CONT=JCONT+]
N2=L 4. *AREADN/P T
D:aBARTLD2)
D3:2D2*D
NDA=D2* N2
ESFERCTCONT )a(PERIM*PERIN)/{ARCA*4.*P])
DBYF( ICOHT =D

~-Bl-



FORTRANTIV-P V=51 17:58130 23-FEB-B4

RAINST.FTN /TR:1BLOCKS/WR
nnae VOBUF( ICONT )=QI*(ARCA**1.5)
Ny SHDA=5ND4+1)4
I ERL SHD3=5HND3+D3
NEEY) SHD2=3HD2 402
NNy DITYTaDTOT+D
K1 ESTOT=ESTOT+ESFER{ ICONT)
nmn2 [I=19*D
0Nyl T{=HIC?9, 1)
nnv4 FRENMISCIII=FRENISCIT )+
nnYy VOLIVESCTT Y aVOLILIS 11 )+D3
NNte log CONT LHYE
nov? CLOSE (UNIT=3)
nNnHy GO O 39y
NNHY 209 CLOSEIUNIT=T)
NNGIY TIPE *,' File roacords countar error'
mI6 i CALL EXIT
C
« Begin genaral statistic
C
N6 3ng TYPE *,' Enter nozzle coda’
nnL3 ACCEPT 799, ITEX (NOZINHCT) , I=1  ITEX)
nnad 7% FORMAT{Q,08A1)
716 TYPE *,' Entar water prassure (psi)’
DI ACCEPT 2 ,WATTP
DY TIPE *,' Entar wind tunnel 3poed (ft/sec)'
NNGY ACCERT *,WT3
NNGY TIPE 2, Entar downatream courdinate {(inch)’
myny ACCERTT = DUWL
DUEA PRINT A4, HO200,(HOZIN{D) ,,I=1,1TEX)
mr2 PRINT 5 ,WATP
mi733 PRIWT o WIS
nnli PRIRT 7,DOWL
mr PRIWT 11, JICONHT
myrG 4 FORMAT(X,12A1,68A1)
myr? 5 FORIBAT{ ' Water prassura =',FG.2,' p3l')
NIy ] FURHATL ' Wind tunnel apeed =' F6.2,' ft/sec')
nnrYy 7 FORMATC* Downstream location =' ,F6.2,' inch')
nnBgy 11 FORIIATL ' Huwmber of Drops =',15)
NNyl PRIVT 12
nni2 12 FORMATL * Length dtametar (D1J)')
DIH K] HARO= [CORT
IIBE] CALL STANTSCHAMO ,DBUF ,DTOT)
B3 PRINT 13,5URTEHHUD2/FLOATCICONT))
noneG 13 FORMAT(' Area wean Jdlancter (D20)=',F15.6)
nnwy COHON=SHD3*P 1 /6.
nay PRIFT 17,C0MOD
iy 17 FORMAT(' Drops total volumes' ,F15.6)
Ny HAHO= TCONRT
HOED! CALL STATS{HAHO,VOBUF ,COMOD)
N2 YOLHUEDN=SHD3/FLOAT TCONRT )
I3 VOLHED=aYOLHED**{ ] ,./3.)
11 PRINT 14, YOLHED
0NN 14 FORUATI ' Volume wean diamater (D3J)=' F15.6)
BN PRIHT 16,5HD3/5HD2
Nz 16 FORUAT(' Sautar mean diameter (D32)=' F15.6)
M} 311 PRINT 3J,35HDA/5HDI
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FORTRAN '1V=F

RAINST.FTN

71571
niny
nint
[} 27} Pl
DAY R
DAVIE]
Ny
minn
nin?
ninyg
DAVIM
Ny
Nt
N2
DARM ]
Nile
Ny
DRR Y
Ny
HARE ]
ni
nzy
Nzl

) 4
N2l
ni2i
) el
) R4
w2z
[} A4}
DA |
ARIL
J131
32
nias
HDARE]
AR
1136
N3’
AR
N
nian
AR N
N2

30
31

ons

6N

430

nna
Uy

ORIGINAL PAGE IS
OF POOR QUALITY

vnr-51 10:59:39 23-FCEB-04 P 3
/TR :BLOCKS/WR

FORMAT{ ' Volume distribution mean dtameter (D43)=' ,F15.6)
PIOINT 31

FORMATE ' Circularity (parimater**2/arca®4pt)’)

HAMUY= [COHT

CALL STATSINAMU,ESFERESTOT)

TIPE *, ' Plot the Jdistributions (Y/H)}'

ACCEPT 3483 ,ANSA

FORHBATIAL)

IF AHSALHE. 'Y ) GU TO 089

QPLEPLO=)Y

SARP=FILOATC ICONT )/ 107 .

SHD3=5MD3 /2 19,

DO ST K=y, 7Y

MRS =YL ISR ) /5HDT

FRENESTE ) =FRENTISII )/ SAMP

COWTINYE

TIPE *,' Frequoncy distribution (Y/H)'

ACCEPRT 80 ARSA

IF (AHSA.HE.'Y') GO T 69

CALL RAINHICFRENTS ,OPEPLY ., . 1)

IF COPEPLOLEQ.Y) GO TQ 6

OPCEPLU=-0PEPLO

CALL SYHUOL{~-4.3,1.15,.1,'DROPS DIAMETER FREQUENCY DISTRIBUTION',
1 M. .37)

CALL SYMBOL(-1.35,-.7%,.1, 'FREQUENCY (X)',100.,13)

60 TO 48y

TYPE *,*' Cunmulative volume distributfon (Y/N)’

ACCEPT BABARSA

IF ZANSALHE.'Y') GO TO 659

CALL BATHWIIVOILNIS,OPEPLO ,B.,.1)

1K JOPEPLO.GE ) GO T 659

CALL SYMBOL{~-4.3,1.4%,.1, 'VOLUME CONTRIBUTION VS DIAMETER',984..31)
CALL SYMBOLL{-.8%,~.75, .1, 'VOLUKE CONHTRIBOTION (X)',104.,23)
CALL SYHBOLL.7,.2.35,. 1, "DIAKMETER (HH)' ,97.,13)

CALL SYMBOLL-5.5..,.1,H02ID,99.,1TEX+12)

CALL STHBORLL=5.2% .. .. 1, 'WATER PRESSURE (PSI)',99..,.2)

CALL HUHBER{=%5.2%,2.2%, .1, WATP ,97.,-1)

CALL SYBOLL =% .07 . ., .1, 'WIND TURNEL SPEED (FT/SEC)',99.,26)
CALL RUHBERE=-%.09,2.85,.1,WIS,99,,-1)

CALL SYMBOLL=4.75%,7.,.1,'DOWHSTREAM STATION (INCH)' . ,99.,2%)
CALL HUMBERS=-4.75,2.7%,.1,00WL,99.,~-1)

IF (OPEPLO.KTLY)Y GO TO 6A9

IF (OPEPLO.RE.¥) CALL PLOT(A..7..,999)

CALL EXIT

END
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