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PREFACH

This final report Jdocuments work accomplished by SCIPAR, 1nc,, P.O, Box 18S,
Buftalo NY J4221, under Contract P33700-80-G-0009 for the Air Yorce kBngincoering
and services Laboratory, Tyndall AFB Fl..  The report covers tests during the
purind, 1 January 1980 through 1 June 1980, and subsequent data analyses during
the period, 1 June 1980 through 15 May 1981, This work was accomplished under
Program Element o2601F, Project 19002027, The project officer in charge of
coordinating the test program and analyses was Maj John T. Slankas.

This report reviews the state of the art in defining test proccedures and
analyses for photographic/photometric measurement of the exhaust plume visibility,
The overall progiram objective was to obtain data from flight and ground tests to
determine the apparent optical transmission and deqree of visibility of the smoke
exhaust and then relat:. the data to the engine Smoke Number (SN),

This report cummarizes work done botween 1 June 1980 and 15 Mavy 1981, 'The

AFRSC Project Of Licer was Major John T. Slankas,

This repcrt has been reviewed by the Public Affairs Oftice (ra) and is
releasable to the Mational Technical Information Service (NTIS). At NTIS a1t
will be avairlable to the general public, including foreign nationals. :

This report has been reviewed and is approved for publication.
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SHCTION 1

1,0 INTROHWUCTION

A study of the exhaust plume visibility of a C130-U Alrcraft powered by
four Allison T56-A-15 englunes was coordinated by the Air Force Engineering
and Servicaes Center (AFESC). This report documents SCIPAR's work effert in
detiuing test procedures and analyses for photographic/photometric measurement
of the exhaust plume visibility. The overall program objective was to obtain
data from filght and ground tests to determine the apparent optical trans-
mission and degree of visibility of the smoke exhaust and relate the data to
the engine Smoke Number (SN).

The Alr Force and The Envirommental Protection Agency (EPA) have each
puhlished smoke limlit speclfications based upon measured thresholds of exhaust
plume visibility; however, they differ significantly. Figure 1 illustrates
tiw Alr Force specifications for visisble and invisible smoke as they relate
to the Smoke Number of an engline measured by the method ot SAE ARP 1179 and
usiag MIL-T-5624 grade JP-5 fuel. The exhaust diameter of the T56 engine is
approximately 50 cm; therefore, as seen from the graph, the Air Force Smoke

Number requirement to insure that the smoke 18 not visible is about 50, FKor

comparison, the 1973 EPA emission standards for the class "P2" (all turboprop)
vngline with an operating shaft horsepower hetween 4,000 and 5,000 is shown in
Figure 2. The plot iu the lower right corner of this figure suggests that the
approprilate Smoke Number {s chout 29. Proposed revisions to the 1973 EpaA
Standards were Lssued in 1978, Under the unew specitications, the maximum

smoke Number allowable 1s identified as:

SN < 277 x (ry)~0.280

r, = rated output power available for takeoff
with standard day conditions in kilowatts

For the T56 engine, r, 1s approximately 3355 kilowatts. Therefore the maximum
smoke number specification is:

~0,280 o,

SN < 277 (3355) 29
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The new specificarion provides the marhematical equivalent of the 1973
requirvenent graph shown in Figure 2.

The discrepancy between the Afr Force limit of 50 and the EPA limit of 29
was a primary motivation for conducting this program. Each metrhod, however,
is not based on quantitarive measurements ot the light transmission of the
amoke plume. Use of the calibrated phorometrric rechintques discussed in this
report provides a wore precise determination of the observable smoke level for
Loput to trurboprop englne smoke atandards.

Since the councern of this program was to relate the measured Smoke Number
of the T56 engine to the plume transmission, it must be recognized that the
smoke Number and permissible smoke levels actually correlate differently,
dependent upon each particular application. A rest couducted by the Air Force
Aero Propulsion Laboratory, Air Force Systems Command, Wright=Patterzon Aix
Force Base (APTR-TM-069-11) provides an example by examining swmoke visibility
in & situarion Involving a four-engine jar alrliner during takeoff. All
engines were ldentical in size and performance and all produced the same
measured smoke level. Together, however, the four generated a heavy blanket
of exhausr smoke that was extremely visible, whereas the smoke from a single
engine of the same type was not as apparenr. The reason for this result is
that the smoke from the single englne can disperse more quickly. The Phoro-
graphic data collected for the pregent program, therefore, represents rhe four
T56 turboprops on the C-170 as an interactive group rather than single engine
smoke visibiliry that would relate to rhe single englne Smoke Number.

The vistble/invisible threshold (98 percent average plume Transmlssion)
for the multiple-engine C-130 was determined ro be within a Smoke Number range

ot 33 to 48. As discussed in Section 4.2, Phorogvaphic Versus Smoke Number, a

large amount of varfibility of the apparent plume transmission from run to run
was found and did not allow the specification of a single threshold. Among
rhe major contributors ro rhe smoke transmission varfability were the mulriple-
engine swoke Intevacticn, variable plume viewlng aspects, sky background
brightness levels, and localized atmospheric conditions. Comparison of the
photographic data to visual observer opacity readings is discussed in

Section 4.1, Photographlc Versus Visual however, no correlation between the

methods could be found because of incounsistencies within the observer visual

readings.
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SECTION I

2.0 TEST PROGRAM

The test program included a coordination meeting on 18 March 1980 and
flight/ground testing on 20 May 1980 at Edwards Air Force Base. Organiza-
tions involved in the Work effort included HQ AFESC/RDV; Air Force Logistics
Center, 6510th Test Wing, Logistics Squadron (Special) Detachment 4; Opera-
tions Test Center (OTC, EAFB); Detroit-Diesel Allison (DDA General Motors);
and SCIPAR, Inc. Each group provided support in the devel~hment of the test
plan and in the pertormauce of the tests and data collection, This section
describes the procedures, conditions, and collection methods used in carrying

out the program and obtaining the required data.

2.1 Instrumeggigipn

The equipment and supplies used i. the collection of the exhaust plume

data are discussed below.

2.1.1 Cameras

For collection of photographic data during the tests, two 35 mm format
cameras were utllized. SCIPAR and OTC each provided a Canon F-1 camera for
the task, Each camera was equipped with a 250-exposure film back, motor
drive, automatic exposure control, and a 100 mm lens with a Wratten No. 8
yellow filter. The photographic film/filter system was designed to obtain a
spectral response approximating the ecye (photopic).

Each component of the camera system had been selected to provide maximum
flexibility. The 250-exposure film chamber was utilized so that time between
3b-exposure standard film changes was not lost., Use of standard film lengths
would require access to the camera on the tracking platform, rewinding the
film, and reloading the camera. With the 250-exposure film chamber the
reloading was infrequent and film rewinding was not necessary. The motor
drive unit on each camera was required for automatic advancement of the film
while it was on the tracking platform. Manual film advance after each photo-
graph would not have been practical. The automatic exposure control was also
necessary because of restricted access to the tracking platform access. This

unit provided the correct exposure for each photograph,although the sky

Nie DT e Yy e




brightness varied throughout the test. The correct fllm exposure is required

for an accurate analysis of the plotographic imagery. To obtailn records of

the sky background brightness at the rime of rhe test a SpectraSpot %°

Field-of~View photometer was used.

2.1.2 Photographic Film
The selection of the photographic film for the data collectfon fis

dependent upon the {nformation vequired; in this case, the ratio of the amount

of light from the smoke plume to the amount of light from the backgrounl
(transmission of the plume). 1In anticipation of high plume transmissions
(95-98 percent), the brightness of the plume was expected to be very close ro
the brightness of the background. For dara analysis purposes, it was advanta-
geous to exaggerate thls difference during film recording so that the differ-
rences could be ecasily measured. When the film measurements are complefed, a
computer analysis program converts the photographic information back to the

relative brightness of the scene.

Specification of film was based on rhe minimum plume transmission to be

measured and the minimum density change on the film that can be measured. The

Perkin-Elmer Micro 10 microdensitometer at SCIPAR is able to measure density
differences accurately to less than 0.02. The plume ftransmissions fro be
When

measured during flight tests were expected to be as high as 98 percent.
the smoke plume is photographed, the transmission of the plume 1is:

Transmission of plume = T = %ﬁ = 10~AD/y
)

where
B, 1s the apparent brightness of the smoke

B, ls the apparent brightness of the background

[¢]

‘D {8 the measured density difference on the film

v (gamma) is the contrast (or gain) of the film measured
using sensitometri{c calibration.

L SN v g




From this relationship the minimum required film contrast can be found. Using 3

tne maximum smoke transmission of 98 percent:

.98 = 10-AD/Y

SO
AD a 0,009
5

and
AD = 0,009

Input of the minimum measureable A\D = 0,02:
Y = 2,22

Therefore, the minimum film contrast (or gamma) required for the test iy 2,22.
It should be kept in mind, however, that this assumes mlnimum measurable
change in density on the film. For purpose of accuracy, a greater change iu
density and, hence, a higher film contrast is desirable. Table 1 illustrates
the change in density that would be measured on films of various degrees of
contrast for smoke transmissions of 95 and 98 percent. Using contrast film of
Y = 3 to 4 provides an accurate recording and analysis method for plume
transmission up to 98 percent.

TABLE 1., CHANGE IN FILM DENSITY VERSUS PLUME TRANSMISSION

Transmission of Plume AD
Yy = 2.2 Yy = 3.0 Yy = 4,0
98% 0.02 0.03 0.04
95% 0.05 0.07
|
|
i
%
7




Based on data obtained from Eastman Kodak Company for Technical Pan Fllm
(EK 2415) indicating contragstg of ¥ = 3 to Y = 4, preliminary sensitometric
tests of the film were conducted at OTC's Photographic Laboratory. A film
contrast of y = 3.99 was found from these tests using standard procedures in a
Versamat®processor at 5 feet per mimite with Hunts 500 developer at 79.8°F.
Since this film contrast was desirable based on the defined requirements, it
was used in the flight/ground tests. The data release document P-255 fiom
Kodak which provides a complete description of the film 1s supplied in
Appendix A, Four 100 ft rolls of the Kodak Technical Pan Film were supplied
by OTC.

As previously noted, the proper exposure level during the flight test was
required to provide good images for analysis. The primary concern 1s the
resultant density of the sky background on the film. The dark smoke will
always appear less dense on the negative image 1\, therefore, a sufticient
background density is required on the negative. Also, by assuring that the
exposure is at a level where the film 1s most sensitive to varying imeage
brightnesses the analysis sottware can more precisely calculate the plume
transmission., Based on a test seri{es of photographs taken, the ASA film speed
on the automatic exposure controller was set at 80 to produce an expected sky
backyground density on the film of 2.3 {based upon the processing conditions

used in the preliminary test).

2.1.3 Smoke Meter

Measurement of the exhaust smoke from one engine during ground tests, as
defined in the Society of b lueers Aeronautical Recommended Practice, ARP
1179, required equipment that was supplied by DDA/GM. A smoke meter, smoke
probe, and sample line for wmeasurement of the engine/fuel Smoke Number were

provided.

2.1.4 Tracking Platforms

Two manual tracking platforms were supplied by OTC for use in the flight
tests, One tracker was a large mamually-controlled, motor-driven platform.
This tracker contalned Camera #1 and other cameras used for documentation
purposes. The tracking operator controlled the platform using hand controls.
Photographs illustrating the tracker and equipment are provided in Figure 3.
The second tracker was a small tripod-type platform for backup which was used
to hold one 35 mm camera (Camera #2). The tracking operator stood on the

ground and sighted through the camera viewfinder to track the aircraft.

8
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Figure 3. Trackiug Platform and Camera #1
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2,2 Ground Tests

To relate the smoke plume optical transmission to the measured Smoke
Number of the T-56 engine at various power settings, ground runup tests were
made. The smoke from engine Number 2 (A/C C-~130H, No. 73-1586, Eng. TS6-A-15,
Serial No. AE106872) was measured at flight idle, approach, cruise, and climb
power settings for JP-4 and JP-5 fuels. Smoke data was collected using a
smoke meter, photography, and two cartified visual emission readers from USAF
Occupational and Envirommental Health Laboratory (USAF OEHL). Figure &
illustrates collection of Smoke Number data from the engine using the DDA/GM
smoke meter.

Data collected during the ground runup tests in addition to calibrated
photography taken perpendicular to the plume include engine rpm, fuel flow,
torque, turbine inlet temperature, and oil consumption. A record of the
ambient environmental conditions was also required since these conditions
could effect the quantities of smoke produced.

The ground tests were conducted on 20 May 1980 from 1352 hours to 1439

hours during ambient air temperatures of 91.4°F to 95.8°F. The measured

atmospheric pressure was 27.42 inches of Hg and relative humidity was 16Z.

2.3 Flight Tests

The flight tests were held at the North Base Runway 06-24 at Edwards AFB.
Based on photographic measurement requirements and EPA requirements for
observation of visual opacity of smoke emissions, the data was collected with
the sun at the back of the observers. The flight sortizs included normal
takeof fs, fly-bys, and approach and landings using JP-4 and JP-5 fuels.

Takeof fs and landings were accomplished to and from the west and a race-
track flight pattern was selected. Figure 5 illustrates a scaled approxi-
mation of the flight path and locations of the observers and tracking plat-
forms. The solid portion of the flight paths indicate the location of the
alrcraft when smoke transmission data was recorded. Point A was an average of
17 Kft from Point B and represents the beginning of the inbound portion of the
flight path. At airspeeds of 200 to 300 knots (340 to 500 fps) each inbound

sequence provided approximately 40 seconds for data collection.

10
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Figure 4. Smoke Number Data Collection - Ground Runup
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The observers and recording cameras were located on the south side of the
runway. Camera #1 mounted on the larger tracker was located on the edge of
the runway along with a visual opacity observer (TSgt. John Vlasko, Atir
Quality Techniciau). Camera #2 (for backup) was positioned 300 ft. offset
from the runway as i1llustrated in Figure 5. The second visual opacity
obgserver (Capt. John E. Steveuns, Jr., Alr Resources Engineer) was located on
the edge of the runway approximately 2000 ft. West of the cameras. The sep-~
arate positions were selected to provide slightly different viewing aspects
for each observarion made. As fllustrated by the geometry of the scaled draw-
ing showing the flight path, however, the fly-in from 17 Xft range provided
similar viewing aspects for each of the three positions for most of the
{nbound sequence. For the average flight altitude of 400 ft. and track ranges
of 17 Kft to 5 Kft, the observer viewing elevation angles for Sgt. Vlasko and
the two cameras werte 1.4° to 4.6° and rhose for Capt. Stevens were 1.5° to
7.6°.

Data recorded on the alrcraft during the flight test includes eiach engine
horsepower, fuel flow, torque, turbine inletr temperature, altitude, alrspeed,
and aircraft configuration. Ambient conditrions at rhe time of the flight
tests (20 May 1980, 0830 hours ro 1021 hours) included measured air
temperatures of 67°F to 78°F, and atmospheric pressure of 27.51 inches of Hg.
The wind speed ranged from 2 mph to O mph at a 10° heading. The visibiliry
varied from 45 miles to 35 miles.

During the flight test period scattered and broken clouds caused problems
10 making smoke traunsmission measurements. The clouds were documented at i
20 KEt altitude with coverage Iincreasing from 10 to 70 percent during the
tests, When the smoke plume 1is viewed agalnst a nonuniform brightness sky or
¢loud background, the visual and phoftographic methods of measuring the plume
transmission are hindered.

The camera shutter controls on the two cameras were electrically connected

to provide synchronized photographs of the smoke plume. The photographic

i
1
i
1

sequence was started at the beginning of each inbound portion of the C-130
flight at a rate of one frame every five seconds. The first observer, Sgt.
Vlasko, recorded visual opacity data with each photograph. The second
observer, Capt. Stevens, recorded visual opacity every 15 seconds throughout

the test.

13




A problem wirh Camera #1 was not discovered until the end of the flight
sequences. The camera was mounted on the tracker without covering of the
viewfinder on the rear of the camera after the s-stem was boresighted. With
sunlight entering the viewfinder, the automatic exposure sensor determined
improper camera exposure settings, causing the recording film to be extremely
underexposed and eliminating its use for data analyais. The backup camera at
300 fr, offset, however, provided data at similar viewing aspects for a large
percentage of the fabound sequence as previously deacribed. For rhe ranges of

17 Kft the viewing azimuth difference ranged from 1° to 3.5°.
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SECTION 111

3.0 DATA ANALYSIS

The basic photometric analysis scheme is illustrated in Figure 6. The
film record of the smoke plume during the tests was developed using calibrated
photographic processing in an OTC autowatic processor, Image analysis was
then conducted at SCIPAR by scanuning the film with a microdensitometer to
convert the image to digital input for the computer. The computer analysis of
the digitized image produced a map of the smoke plume that showed the ratio of
the plume brightness to the brightness of the adjacent sky background (apparent

transmission).

3.1 Photographic Processing/Development

When the black-and-white films of the flight test were processed, a
method of calibration (sensitometry) was required. A 2l-step exposure tablet
1n a sensitometer was used to expos blank portions of the flight test film so
that the step images could be processed with the flight test images. The
exposure and processing of the step tablet pravided information necessary for
relating the densities measured from the film to the amount of light that
exposed the film (sky background brightness can be compared to smoke plume
brightness). |

Processing of the test film was conducted at the YAFB OTC Photographic
Labortory. OTC provided a Kodak 101 Sensitometer to expose several step
tablets on various portions of the test film for use in measurement of the
film sensitometric characteristics. The absolute exposures produced on the

fi1lm at each step are provided in Table 2. Five step tablets were used during

processing for evaluation of the fllm response throughout the development

sequence, i.e. film speed, contrast, The resultant film densities produced

from each step ex\osure are discussed and plotted in Section 3.2.1, Mcthodoloay,
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F" TRRESEGRT T, LT T I AR LR . v e e s o v e e =
TABLE J. ABSOLUTE EXPOSURE AT FACH STEP 3
4
STEP EXPOSURE ( LUX LGy EXPOSUKE
S
| 1 0.0025 ~2.82
| 2 0.0020 -2.70
3 0.0031 -2.51
4 0.0044 ~2. 36
5 0.0063 ~2,20
6 0.0085 -2.07
0.0126 ~1.90
8 0.0182 -1.74
E 9 0.0257 -1.59
10 0.0363 ~1.44
11 0.0537 -1.27
12 0.0759 -1.12
13 0.1072 -0.97
14 0.1514 -0.82
15 0.,2138 -0,07
16 0.3020 -0.52
17 0.4266 -0.37
18 0.6026 -0.22
19 0.8511 -0.07
20 1.2023 0.08
21 1.6982 0.23
17
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The film was processed in a Versamaﬁm processor at 5 feet per minute with
Hunts 500 developer at a temperature of B0.8°F. No major problems were
encountered in utilizing the OTC faciliry and the maximum length of film that
could be processed was unlimited. The processing sequence was completed in
legs than 2 hours. The lmagery processed included approximately 500 franmes

from the two cameras used in the flight test and 100 trames from the ground

test fllm.

3.2 Analysis Procedure

A Perkin~-Elmer Micro 10 microdensiromerer and Digiral VAX 11/780
Computer System ar SCLPAR were used (illustrated fun ¥Flpure 7) for analysis of
rhe test films. The microdensitometer digltized the phorographic images,
recording rhe densiries over a mateix of trhe tmage on digiral tape. The
aperture size selected for scanuing the image, dependent on the overall image
size, was 0.050 ma (50 um). The recorded data tape was then transferred to
the VAX computer for exposure/contrast analysis and production of plume

apparent trausmission maps using SCIPAR CONMAP software.

3.2.1 Methodology

The image location oun the film was {denti{fied for fupur fo the micro-
denstitomet2r since a restricred portion of the film was scanned. Coordinates
idenritying the location of the smoke plume imapge and arcas of the background
sky image on each photographic frame were obtained using a grid overlay with
1 mm spicing. Using visual examinat{on, rhe plume fmage locatlon was ildenti-
fied using the botrom right corner of each frame as a reference point. The
area scamnned on each frame containing the smoke plume had dimensions of 5 mm
by 6 mm. Within this area the density of the image was measured at 12,000
positions on a matrix with a 50 ;m spacing. The gcanning sequence utilized
for each image provided a specific order in which the data was recorded rthatr
allows rhe computer to reconsfruct a map or "plcture” of each image. The
scanning sequence for the f{lm examined used 120 scan lines, each containing
100 dansity readings. The relative position of each of the readings (pixels)
on the images are illustrated in Figure 8.

Measurements of the background density level were made by scannlng three

5 mm by 1 mm areas of the image ad jacent to the smoke plume on each frame.
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Analysis of the image densities requires input of the sensitometric
characteristics of the film, The: densitics of ecach of the 21 steps from the
tive sensitometer exposures processed with the images were read using the
microdensitometer and recorded in an input data set. A plot illustrating the
average film response measured from the set iy provided in Figure 9. By
measuring the slope of the straight-line portion of each function, the
average value of the film contrast was determined as vy = 2,96, Although this
contrast was not as high as had been determined in preliminary film tests at
0TC, it was sufficlent for accurate evaluation of the smoke transmission.

The computer software, CONMA?, utilizes the film sensitometry data to
relate the densities read trom the smoke plume or sky background image to the
relative scene brightnesses that produced each density. The code then
compares the relative brightness values among the smoke image areas to an
average relative brightness of the sky background to provide a ratio. The
computer output for each pixel is a direct ratio iadicating the smoke plume
dpparent transmission:

Transmission =  Brightness of Smoke
Brightness of Background

3.2.2 Output Maps

An example transmission map is preseuted in Figure 10. Each symbol
printed on the map represents a reading taken by the microdensitometer. Since
the analysis is concerned only with smoke that appears darker than the sky
background, areas brighter than or equal to the average background brightness
are printed as blanks. The symbols, O through 9, indicate transmissions ana-
lyzed from the image of 88.8 to 93.8 perceut. The symbols, A through J, rep-
reseat transmissions of the plume from 93.8 to 98.8 perceat. A "-" indicates
areas where the transmission is less than 88.8 percent., The 98.8-percent
upper limit results from the variability of the sky backpgrouud brightness. In
this case a one-standard deviation limit was placed on the average or mean
background brightness to eliminate most of the fluctuations within the sky
itself.

For illustrative purposes, symbols which appear to represent a progres-—
sion from dark to light when printed can provide a simulated “photograph" of

the scanned image when printed as a map. This method can be used to locate

21
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speclfic areas of the smoke plume that are of interest. An illustration ot

the simulated "photograph” i{s shown in Figure 10. Because of format charac-
tarlstiscs of the line printer usded to output this grey scale map, however,
the diagram {s somewhat distorted. The scale of the printout i{s shown as l.ub
times higher than the width. Although this does not present a problem in the
analysis of the average plume transmission, grey scale maps presented in the
following sections are printed on a Veraateég)prtnter/plottor that provides

syme trically scaled output,

3.3 Plume Measurements - Flight Test

Analysis ot the imagery from Camera #2 has provided smoke transmisgsion
dara for the C-130 flight test sequences conducted at BAFB. As previously
discussed, the film from Cameva #1 was improperly exposed and could not be
used to accurately determine the smoke plume transmission information.

The mean transmission of the smoke plume in each flight test photograph
wis determined, using a statistical analysis routine, MAPSTAT. The code
provides frequency distribtution and mean values for a selected area of the
transmission map bminded by a user specified polygon. An example cutput
table produced by the MAPSTAT analysis of the smoke plume transmission map
in Figure 10 1is shown in Figure 11. The table identifies the frequency of
symbols on the map at each transmission level, the total number of pixels
within the smoke plume, 1272, and the average plume transmission, 96.2
pe.-rent,

xamples ¢t the transmission frequency distribution or normalized
histogram are poovided in this section. A nomplete set of frequency distribu-
tion plots for all of the smoke test runs is provided in Appendix B. The data
is organ.zed to present the transmission data from each photograph during a
sinyle fly-by on one rigure. The plotd were normalized to provide the rela-
tive frequency ot each transmission value v thin the smoke plume., Figure 12
illustrates the ftrequency distributions der d trom Frames 2, 3, and 4 on
Run #5 (Uverhead pass, Flight Ldlce power). The distribution of transmission
values for Frames 2 and 3 are very similar. The overall average plume trans-
migsion for esach measure between 7.5 and 98.5 percent within a single cell
(bin) and, thnerefore, the distribution appears as a single line approaching

1.0 or 100 percent.




1”!5 Y L . N, e

so1qel 3IrdIng IVISAVW 1] 9and1j

r38°0 22/6°0 62 85
VRAL Y 124678 82 LS
c21p°g 26969 L2 95 ;
11ip°4 TR 62 5§ EETY P A3Q CLS NOISSIWSNVYEL
SE0D [ £296°0 2F. & —2296°0 NV3NW NOISSIWSNVHL .
u L1075 25960 183 £ J
: rlg- o £296° 4 g 25 528 ¢ QNNOYDMUDVYE 3HL 0L TYND3I SEINIOL 40 ¥3IANAN [P
; TR Al s 5296 ¢ ge is a 1686°0 NVYHL $S37 SINIOd 40 ¥3IgWnN ;
M s7lo° s LB55° 12 1€ ns —2t21 SLIMIT M33ML138 SLINICd 40 Y3IGHWNN
, LA AR L596°0 3> 5 52 :GR2°F MYHL ¥3ILVIY9 SLINIOd 30 ¥3gHNN
: CHiB T £i56° 0 62 gy
eelp i (5564 e 24 sxvarvudxnexzxvSIILSTLIVIS dVHssssxsunxnvssuvun
i LIy LEGE K og 9y
JEER Y. aid 5296° 0 £ 34 £zt G635 T 586° 8 ¢
9ziG U £535° 9 €€ vy Vel Y8E" O : 64570 1
FAR ¥ Al SCEE° 0 1 £r St L6 : 0L6° M H
1t1g°g 1655°0 2< ey 261 nle'g : S96°Q 3
TAS 955570 £2 1y v51 4596° 0 : PO’ Do E! i
Zrig Btcs @ ee oy ga1 G964 : 566°8 3
vilgtna a9sce g e AE 671 566°'4F : 566°8 qQ o
_ gyig 4 £L86° 0 2€ BE 86 nse g : 6¥6° 0 3 N -
colgT e BLG6 D 2z LE &2 SY6°H : Y6 g 8 ™~ »
27186 EISE"N 62 S€ 62 GvY6 8 : GE6°F v A
: S119°y Ev96° 0 £E 5¢ 61 SE6° 4 t pEs*Q 6 g
Glig o vEss° g 9z vE ! e : 626785 8 L
L296° 0 18 £€ . 626°0 : [26°8 /4 j
8256°3 v 43 I 526°49 1§l 9 A
! 0196 g It 1€ 1 G16° 0 T et g S
95568 v ot H 51670 P GLE" D ¥
1196° 07 v 62 I 3063 L Fof 0] £
£795° 4 oy 82 ~ o6ty T 56370 ‘ <
55960 1+ L2 Iog SR T : ges oy [ .
R R J€ 92 I 568°0 : Seg°g g K
L996° ¢ LE 52
L1960 cF, v2 * IDNVY NOISSIWSNVYL 108AS
. L1556°% b4 £2
i 2296/ 62 2z
B8SS6° H 62 12
SYe6' g 52 g2
5 AJQ QLS NY3IN vivg INTT S-FV IHVES
; SOILSTLIVLS 3INIT-AG-INIT NOISSIWSNYYL




v e
« Gz UNY ~ UOIINGIAIST( UOISSTIWSUBRIY 2ATIB{aY "] AINTt4 < .
NOISSIWSNVAL _
: |
I 88°C 958°¢ #8'8 cZ6'@ 6’6 88°¢ 983°8 ¥8'~ 28°@ 8°86 8L°9© “
r | T B 14 7 R Y 14 T Q
” v
1l qw,
- z .hv
m A
3 7
. i
4, 3
}
e 3 »
. "

%86 - ¥ c'e

ta
s
o
[*H

%96 — €

- -

%96 ~ C IUOTSSTWSURI] °OAY

. - g "

y-dr -19nd

Kl LEWODWZO>

19v0d 9TPI IUDTITA L
ssed peaylaaQ :21TFoad 3YybTidg £
|
S5 uny ~ |
y
- .
re




A grey scale map series of Run #5 i3 provided in Figure 13. The grey
level {0 each map correspouds to various smoke transmission levels as indi- 1
cated by the calibrated scale on the left side of the figure. The white
areas of the map indicate areas of 98.5 percent transmission or higher.
The frequency distributions for the samoke transmission from Run #06
(Overhead pass, Approach power) are shown in Figure 14, A grey scale map
sequence for this run is provided in Figure 15, The average transmission of
the plume during this run ranges from 96 to 9/.6 percent with portions of the
plume at 89% transmission. As illustrated by the grey scale maps, the defi- 1
nition of a single plume 1is difficult since the smoke from each engine accumu--
lated incougistently. The overalil plume 13 generated by 3 to 4 engines in
thig sequence, however, the contribution of smoke from each engine is shown to
vary.
The smoke produced by the C-130 aircratt during Run #9 (Overhead pass,
Takeoff power) is plotted 1in Figure 16, The average plume transmission in
Frame #3 was calculated as 95.6 percent, whereas the smoke in other frames
from the run average above 97 porcent, The distribution of transmission valucs
throughout the plume is varled for each frame, however, Frame #3 illustrates
that elther the smoke production was increased (i.e, throttle change) or the
dispersion of smoke was altered by atmospheric conditions., This is 1llus-

trated in the grey scale map sequence in Filgure 17. Examination of the smoke ]

fn Frame #3 and Frame #4 shows the development of a dense smoke patch. As the

sequence contimies to Frame #7 the higher viewing aspect angles cause the

tvausmission of the plume to approach 100 percent. é
The transmission data from Run #13 (Parallel pass, Cruilse power) is .

plotted 1n Figure 18 and mapped in Filgure 19. This 1s an example of a run -

where the measured smoke was minimal. Transmission averages of 97.8 and 97.9

perceant for Frames 5 and 6 were found with no measurable smoke in Frame 7 and

8. The background "noise" 1llustrated at the top of Frame #8 results frum

variation in the background brightness within the frame. While the backyground

is measured at these areas within the frame, only the average value 1s used in

reducing the data, This method does not account for gystematic variations in i
the background level. A more sophisticated algorithm could be developed that
would include the systematic sky background variation, however, this is only
significant when the target is at a close range to the measurement camera or a |

large variation in background level 1s preseant for other reasons.
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Figure 13. CGrey Scale Maps - Run Number 5
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Figure 15. Grey Scale Maps - Run Number 6
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Grey Scale Maps - Run Number 6 (Concluded)
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Grey Scale Maps - Rur Number 9
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Figure 17. Crey Scale Maps - Run Number 9 (Concluded)
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The next example {s Run #15 (Parallel pass, Takeoff power). The relative
frequency plot of smoke transmissioa Ls provided in Flgure 20 and rhe grey
scale maps in Figure 21. 1In Frame #1, the smoke 13 blocked by the alrcrafr
and, therefore, no transmission dara was avallable. Dark plume transmission
values found 1n Frame #2 were due to rhe radial plume viewing aspect. As the
sequence progressed, fthe viewing angle approached a perpendicular aspect and

no smoke could be measured.

3.4 Plume Mcasurement = Ground rests

Photographic data was collected during ground tests to determine the
plume rransmission from a perpeadicular aspect and relate the values fro smoke
number readfogs from a4 smoke aeter. The collection of valid photographic
information, however, required a sky background of uniform brightnesses.
Transmission data could not he generated from the photographs because rhe sky
background viewed through the plume was near the horizon, cloudy and non-
uniform. The nonunitorm background within the fleld-of-view of rhe camera
varted enough that dirferences Ln measured brightnesses caused by the smoke
could not be disringulshed from background changes.

Successful readfngs of opaciry by the observers, smoke numbers (from
DDA/GM tests using the smoke meter), and the engine power for each resr run
were documented. The observers were able to evaluate the plume opacity (wirh
some difficulty) by viewing a selected area and observing the brightness
change due to the turbulent plume. By constant observation of the plume, much
more fnformation was avallable to the observers than to the instantaneous film
record. Figure 22 illustrates the locatlon of the two observers and the over-
all ground rest sctup, The photograph was taken from the same locarion as

rhe data recording camera.
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Grey Scale Maps - Run Number 15
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SECTION IV

4.0 TRANSMISSION MEASUREMENT COMPARISINS

The smoke plume data collected photographically is compared to the data
documented by the two certified visual emisslon readers in this section. The
photographic data is also related to the measured smoke mumber of the engine
power setting/fuel combination. Table 3 summarizes smoke meter measurements
made during the ground runups, The data was utilized for comparison to the
flight test smoke transmission values. As previously discussed, the tests
compare the smoke produced by JP-4 and JP-5. The smoke numbers increase from
the 40 to 50 range with JP-4 to the 50 to 60 range with JP-5., The differences
between the fuel flow of the ground tests and the flight test fuel flow are
not taken into account in the data comparisons made in this section. The
inflight fuel consumption for the climb and cruise settings were 10 - 20

percent higher than the ground runup tests.

TABLE 3, GROUND RUNUP SMOKE NUMBERS

GND Test Flight Test "'
Power Sctting Smoke # Fuel Flow Fuel Flow
(LB/HR) (LB/HR)

Approach & Land (JP-4) . 1000
Flt. Tdle (JP-4) 600
Cruise (JP-4) 1500
T/0 & Climb (JP-4) 2000 - 2200
Approach (JP-5) ) ) 1000 - 1100

Cruise (JP-5) 1600

Takeoff (JP-5) 2000
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4.1 Phorographic Versus Visual

Comparison of the smoke plume traunsmission data to the values recorded by
the visual emisslion observers lanvolved examination of the darkest areas of
the plume vather than the overall average. On each run the observers attempt
to view the darkest area of the plume aud record the “opaciry”™ (100-percent
Trausmission) of this area. A problem in vepreseunring this visual estimation
procadare in the analysils of the photographic dara i3 selecting the plume <lze
thatr rhe observer views for generation of dara. The angular resolution of rthe
aye is approximately 1/60 degree (1 arc wminute); however, the evaluation of
opaciry by the eye would not be made over such a small area. A more realistic
assumption would be that the observers averaged cver an angular area on the
order of five to fifteen arc minutes {n the darkest part of the plume.

The resolurion of rhe grey scale maps (s similar to thar of rhe eye in
that each pixel Is a square with 1.72 arc wianute sides. To reduce the photo-
graphic dara to a value representing the darkest visusl area, a standard dara
analysis formar was developed, First, it was determined thar the area of 26
pixels from the map equals the area of a circle with an angular diameter ot
10 are minutes. This 13 independent of the range between the target and
measurenent camera. The next step was to represent rhe plume transmission
data from each frame as a cumulative distribution. The data from Run #6 is
plotted in Figure 23 for illustrarion. The entire sequence of runs {s con-
talned in Appendix C. These plots 1llustrate the relative coutribution of
each rransmission value to the overall smoke plume by examination of the slope
of the curve.

The rransmission value ar 10 arc minutes size or afrer 26 pixels was
found from the plots for comparison to the visual observer data. This value
approximates the average rransmission of the plume over a 5 to 15 arc minute
size area. The cumularive frequency level corresponding to 26 pixels varies
berween frames slnce the size (total nuwmber of pixels) of rhe plume variles.
The transmission values at 10 arc uwlnutes are ldentifled on each cumulative

plot in Appendix C and in Figure 23.
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Comparison of the photographic and observer transmission data was
accomplished by plotting the traunsmission values as a functlon of time. The
transmission values from the obscrvers were obtained trom the opacity values
that were documented in QEUL Report No. 80-27. Figure 24 provides an exam-
ple for Runs #6 and #7. The remalning plots are supplied in Appendix D. The
thin solid line represents data recorded by Observer A (Vlasko), the dashed
line represents Observer B (Stevens), and the heavy solild line represents the
photographic data of the darkest area of the plume (10 arc wminutes). Because
of the separate viewlng positions of the two observers and the camera, the
viewing aspects would be expected to dlfter significantly during the last two Lo
three bS=secnnd intervals of the run (approximately 5,000 ftt, range)., Before
that time, however, all tranmission data should be the same.

Although some similar frends can be seen by examining the photographic
data and the observer data, differences between all three sources are evident.
Figure 25 is a scatter diagram illustrating the transmissiou data measured

photographically versus the observer readings. The data was plotted at each

five second interval on the plots {n Appendix C. Values weve interpolated ior
time points where no readings were made. The dashed line {llustrates exact
correlation., The scatter of the data In the tigure shows little correlation
between rthe three data sources. Most ol rhe values throughout the tests for
Observer A range from 70 to 90 percear. The data for Obvserver B ranges
primarily between 90 and 100 percent. The plhotographic data, however, ranges
primarily between 80 and 100 percent. Although there are many problems
related ro the collection of good photographic data, the trausmission of the
plume at each pixel on the map Is accurate atr least within *2 standard
deviations of the background brightness readings (using a 95 percent

conf idence level). The accuracy, therefore, in the transmission of each pixel
is estimared to be better than + 3 percent fransmlssion. The accuracy
(standard deviation) of the average or 10 arc minute transmission values is
considerably better. The choices of the method used to combine each value
within a swoke plume to produce a single transmission value could {introduce

systematic errors In relating the photographic data to the observer readings.
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Figure 24. Transmission Data for Runs 6 and 7
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4.2 Photoygraphic Versus smoke Number

Comparison of the photographic measurements of the smoke plume
transmissions to the Smoke Numbers at each power setting required the viewing
aspect of the plume to be taken into account. To simplify the task of
evaluating the exact viewlng angles of each plume photograph, the transmission
data was grouped as a function of the range to the alrcraft and the viewing
aspect was assumed to be the same within each group. The approximate slant
range of the aircraft from cach frame was determined by measurement of the
wingspan from the photographic image. Table 4 provides a summary of the
average plume transmission for several range groups. The Smoke Numbers are
based upon the values determined from the ground runups for one engine '/ith
the specified power setting and rfuel used in each run.

The average plume transmission versus Smoke Number for ranges from 4,000
to 20,500 fr. is plotted in Figure 26. The viewing elevation from the plume
axls for these slant ranges varies from 1° to 7° while the viewing azimuth
varles from 0° to 14°. The data from the closer ranges were not plotted since
the viewing aspect is at much higher angles. The dashed lines on the diagram
1llustrate the upper and lower boundaries of the data. As illustrated by this
euvelope, the variabiility of the average transmission increases with an
Increase of the Smoke Number from 43 to 60 and precludes significant
correlatinn between the transmission and Smoke Number.

A threshold for average transmission corresponding to the oh 2rver's
thresnold of visibility was made by examination of the photo/observer plots in
Appendix D. Observer A identified the plume as invisible at the 97.5 to 98.5
percent transmission. Selecting an average transmission of 98 percent as the
threshold of visibility in Figure 26, the upper and lower boundaries of the
piotted data can be used to provide Smoke Numbzars for the visible/invisible
plume., The data, however, relates *-.: Smoke Number setting of a single engine
to the transmission of the plume measured from four engines. The lower
boundary of the data envelope reaches 98 percent at a Smoke Number of 33 while

+

the upper boundary corresponds to a Smoke Number of 48,
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SECTION V

5.0 SUMMARY

Major factors ilavolved in the variability of the C-130 smoke plume
transnission include the interaction of the output from mltiple engines,
changing plume viewing aspects, and varlation in smoke dispersion from local-
ized atmospheric conditions. During the flight tests the plume transmlssion
was measured using calibrated photographic and visual observation methods.
Inconsistency of plume shape and transmission from run to run, evident from
the photographic records, wmade 1t very ditrtjicult to correlate transmission
data to the englne Smoke Number setting and visual opacity readings.

The flight test summary in Table 5 describes the results of the test
effort., The photographic data previously reported as transmission has been
converted to “opacity" (lUQ-percent transmission) so that the data could be
tabulated in the form reported by USAf OEHL observers. The tabulated photo-
graphic data describe the average of the darkest areas and overall average of
the plume on each frame throughout a run. The corresponding inflight power
cettings, ground and tlight fuel flow, and ground test Smoke Numbers are also
indicated.

The opacity reading of the smoke, as measured by the two oiservers, were
found to be significantly different. Observations made by one observer showed
a majority of the opaclty readings between 10 and 30 (70 to 90 percent trans—
mission) while readings by the second observer were between 0 and 10 (90 to
100 percent transmission). Some of these differences probably resulted from
the variable test conditions involving a nonstationary (-130 aircraft and
nonuniform sky backgrounds., As reported in USAF OEHL Report No. 80-27, both
obtservers are certified by the Texas Air Control Board to conduct visual
opacity determinations of stationary sources. The proper methods for accurate
observation would have required the observer's lines-of-vision to be perpen-
dicular to the plume direction, with several readings at the point of greatest
opacity being made over a 6-mimute period. Given the inconsistency of the
observer readings, littlie correlation to the photographic measurements should

be expected.
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Comparison of the photcerraphic data to the engine Smoke Number, as
measured from ground runup tests, provided an indication that the visible/
invisible rthreshold (98 percent average Transmission = Opacity of 2) ranges
between 33 and 48 for the C-130 aircraft. The threshold is based upon axial
viewing of the plume, however, the variable interaction of the individual
exhaust from the multiple englines made it impossible tro identify a specific
threshold. The threshold i{s close to a Smoke Number of 48 for cases where the
viewing aspect allows the smoke from each engine to be viewed individually,
f.e.,litrle interaction among individual exhaust plumes. The threshold
decreases as the apparent plume involves interaction among the smoke from all
four eugines, approaching a Smoke Number of 33.

The test program demonstrated the value of calli..-ted photographic
me thods for the measurement of suoke plume transmission and for documenting
the two-dimensional nature of a visually observed smoke plume. Future effort
should continue development of the measurement technique and define algorithms
to reduce rhe measured transmission data fo a single number (or parameter)
that correlates with Smoke Number and visual opacity.

Future test programs should utilize co-located observers (several) and
measuyrement cameras to reduce the number of vartiables during the test. The
test plan/schedule should allow flexibility to obtain uniform, clear sky
conditions since the photographlic measurement technique is more accurate under

these conditions.
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APPENDLX A
KODAK DATA RELEASE P-255
KODAMK TECHNICAL PAN FILM |

({ESTAR-AH BASE) EK2416

This document is included in this report to
provide further information about the film selected

for us¢ in recording the smoke plume transmission data.
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P-255

KODAK TECHNICAL PANFILM
(ESTAR-AH BASE) 3943

DESCRIPTION
KODAK Techmical Pan Film (ESTAH-AH Base) SO-11518

a black-and-white negative film with_extended rec

panchromatic sensitivity. It has extremely hine graun and

extremely high resolving power This hiim replaces two
films used 1n & wide range of scientific and technical
applications—KODAK Solar Flare Patrol Film (ESTAR-AH
Blase) S0-3192 and KODAK Photomicrography
Monochrome Film (ESTAR-AH Base) SO-410 SO-115
Fim provides several advantages over the SO-392 and
S0-410 Films. These include higher green sensitivity,
higher resolving power and modulation transter function
(MTF), and better handiing in sheet formals.

Yhe SO-115 emuision accommodales flexible
processing 10 a w:de range of contrasts Gammas from 1 to
4 are achievable with conventional developers KODAK
Technical Pan Film can be processed 10 higher contrast
and density than KODAK High Contrast Copy Film 5069
This cuntrest control is of special benelit, tor example, 1n
photomicrography of low-contrast specimens

The dyed-gel backing layer suppresses curl 83 well as
haiatior The ESTAR-AH Basu (with a 0.1 base density)
permils handling ol magazine-loaded film 1n subdued
hght

APPLICATIONS

This film pravides contrast enhancement of
photomicrography specimens which are colorless, faintly
staineo, or Intended for phase confrast of Momarski
iHumination (such ax chtomosomal or karyolyping
studies). It requires reduced exposure himes with green
filltation 1n photomictography compared with SO-410
Film

insolat recording 1t replaces KODAK Solar Flare Pairol
Film S0-392 for solar cisk recoraing and provides

€ fasiman Kogan Company, 1972
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information on solar phenomena occurning throughout
the green wavelengths as well as at the H-alpha hine.

1t s excellent for photographing the images
reconstructed from holograms where the playback
Wuminant 1s a helium-neon laser (633 nm) It may also be
used 1o record the oulput of light-emiting diodes (LEDs).
which peak al 640 to 660nm, and plasma displays

Because it can provide very high contrast and
maximum density when processed In selected
conventional developers, this Him s very useful for
making black-and-white slides

This film will find olher apphications where speed/grain
ralio 1s important, where both high resolution and cainera
speed are important, or where a wide range of conirast
control 13 necessary.

SPECTRAL SENSITIVITY

The speclral senstivity of SO-115 fim refiects an
extensive elfort 10 provide reasonably uniform sensitivity
at all visible wavelengths while retaining the exceptional
red sensitnity (and other valuable properties) ol SO-392
and SO-410 Fiims To achieve g closer approxumation to
flat response, some users may wish 10 make exposures
througch & color compensating hiter which setectively
attenuates red and blue-UV radiation. e g, KODAK Color
Compensating Filter CC40C or CC50C (Cyan). The effect
of using such & tilter will be 10 yield reasonably fiat
responsa out 10 655nm. Note, in companson, that ilms
having conventional panchromatic  sensitivity  are
designed to provide flat response only out 1o 625 nm
Thus, even with a CCS0C Filter in place, SO-115 Film will
record red porlions of a scene relatively more sthciently
than matenais such as KODAK PANATOMIC-X Film or
KODAK PLUS-X Pan film

e O e




SPECTRAL SENSITIVITY

2.0 -
. KODAK Technical Pan Film (ESTAR-AH Base) SO-115
>—
i
E 10)- T T T
(_—/—) . Dittuse density - 03 abiove gm:’l:;g//,—'
G T — —
) e
o 0 TT¢Hechive prposure  Visihie 1 4 yeconds Dittuse density - 1 O above gross log
5 Uhraviolet g 2 seconds
EJ Developed in KODAK HC-110 Developet {DMullon D)
B nunutes at 64°F (#0°C). continuous sgnation
250 300 350 400 450 500 550 600 650 700 750
WAVELENGTH (NANQMETERS)

“Sensivity equals reciprocal ol exposure (ergsiem?) reg

IMAGE STRUCTURE CHARACTERISTICS

All data given in this section is based on development in
KODAK HC-110 Developer (Dilution D) at 68°F {20°C) for
8 minutes.

Resolving Power

Ten-Object Conlrast Resolving Power {lines/mm)

1000:1 320
1.6:1 125

Modulation Transfer Function

Thess pROIOGraphic mOdulahon Irensler valire, were dalgrmined using
» Mmethod simdar 10 that of & proposed ANSI Standard The him was
€xpOred with The spec uminant 10 \ialty varying o leat
paleIns having an aerial image modulation ol a nominal 38 petcent at the
Wnage plane. wath rocessing a3 indicaled 'n mosl ca these
pholograptue modulation 1ransier values Intluen < by osvelopmenl
sdiscency efiecty, and atg not equivalant io the Yrue oplical modylstion
tansler curve of the emulmion layer in the particular photographic

product

wired Lo produce densities specitind

Dittuse RMS Granularity

¢ (exireinely fine}

This velua reptesents 1000 tymes 1M 3IANGEId Sevidlion In denwity
nroduced by the grenular struciure 0 the metenis! when o unttormily
evpused and developed yample 18 scenned with & microdenmiomie
calibrpied (o 1ead Amencen Natonsl Slandstd oiifuie visual dentity and
hav.ng s 48 » mGrculatsperture Gianulaniy it an objcliva messutement
ot the spatis! vansnion of sample density Ihal generally correlates with
gramuvess, which 1s The subjective eHect of the image nonunitormity upon

an Obhyrvar,

Broatiy speating grinulanty messuraments with 1ha 40 » m spenure will
Indicaty the magAItude Of the gramiInest 3EAMLICA Produced by viewing
the ditfvaely Huminated samnph with 12X monocular magatication ¥ the
wigwing condiions ai¢ changed trom (he 1pecilied 12X coNOIlOL N
published rns velugs may no longer correcily (ndicate the ceistive
senzations of Qrainingss procuced by VANoOUs sampies
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EXPOSURE, FILM SPEED AND CONTRAST

The fcliowing are suggested starting exposute
conditions. Since there are a wide range of unigue
exposure situations in which this film may be used, we
give recommendations only for the most common
applications. Note that the oxposure index s closely
related o the processing conditions and the resulting
contrasl. Compare the tables presented with the
characteristic  curves in choosing the appropriate
centrast and exposure index Values glven are loruse with
meters marked for ASA speeds or sxposure indexes and
are suggested starting points for trial exposures.
Bracketing exposures by full-stop intervals witl usually be
required for initial tests.

Exposure indexes tor Photomicrography

The following »xposure index (Ef) vaiues are intended
as staring ~oin's for trial exposures 1o give salisfaclory
results  with  photomicrugraphy equipment having
through-thr-lens meters. The indexes are based on the
formula E1 = 10/E, wherse E is the 1-second exposure in
meler-candie-seconds required to produce a density of
0.8 above minimum density with the indicated
developmant,

Tungsten Exposure Index

Development
in Yime
KODAK {minutes) st  Contrast Exposure
Oeveloper &3°F (20°C) index Gamma index
D-18 4 29 4.0 100

maximum

HC-110 L} 1.7 1.9 100
{Dlution D)
HC-110 [} L4 1.8 50
{Dilution F)

Fliter Factors for Photomicrography

The lollowing valucs are based on 1-second tungsten
exposures with developmant for 8 minules at 68°F
(20°C) in KODAK HC-110 Developer, Dilution D:

KODAK WRATTEN Fiiter Filter Fectoe?
No. 11 {yellowish-green) 5
No. 12 (deep yellow) 1.25
No. 13 (dark yellowish-green) 64
Ne 25 (red tricolor) 2
No. 47 (blue tricolor) 25
No. 58 (green triculor) 125

Plctorlal (Full-Range) Photography

Conventionsl dexelopers used with this flim will generally
produce contrast too high for normal pictorial
photogiaphy. in addition, the extended red sensitlvity of
this material will generally cause poor rendition of skin
tones when photographing people. However, it may sthi
be desitable in specialized applications to take advantage
of the extremely fine grain and high resolving power of
30-1156 Film when photographing scenes or subjects
having & v/'Je range of brightnesses. In such cases, the
user may find it rewarding to experiment with speciatized
low-conirast developers Most such developars are
telatively unsiable and must be prepared shortly before
use. An example is POTA Daveloper$ . Suggested meter
seiling lor trial exposures onfilm to be processed with this
developer in a small tank for 15 minutes at 68°F (20°C) is

E1 25 (Daylight)

This exposure index is based on the formula El = 0.8/E,
where E is the sxposure (at 1/25-second) in meter-candie-
seconds requirad to produce a density of 0.1 above
minimum density with the Indicated development,

Speed and Contrast with Machine Processing

Procesaing In &« KODAK VERSAMAT Fiin. Processor, Model 11, wili yield these 3peed and contrast results:

Machine
KODAK Developaer Speed Developer Contrast Exposure
Developer Temperature (H/min) Racks index Gamma Index
VERSAMAT 841 B5°F (20.5°C) 78 1 2.28 2.8 160 (Dayhght)§
VERSAFLO 80°F (28.5°C) 10.0 2 1.5 1.8 80 (Tungsten)

P Processed in s amell tank with sgitetion at 30-0econd interval

1 When uting 1hrough- Ihe-1ens eaposure Meters. read the 91pOIUTe with
ouf the Lilter in piace Then use 1k Hiltes tecior 1o compute 1he correct
suposute Depending upon the attusl tesponse of Ihe meter, teading
oaposuiet through the hiter may Plve eftonecus resulls

$ See 'Wide Latiude Photography™ by Mantyn Levy in Pholographic
Science ang Engineesing. Volums 11, No 1 January-February. 1987,
Pages 48-33 For adoihionat information on 1Ns 10pKC. weite to Scisntilic
and Technical Phorography, Dept. 787, Easiman Koask Company,
Rochester, N Y 14650

§Based on 1725 second exposure time
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RECIPROCITY FAILURE
When tungsien exposures are made al timas sppieciably more Of less than 1 second, changes in spoed or contrast may be

noted. The tolluwing corrections will be nucessary.

Changes in Speed and Contrast Due to Recliprocity Effect

Exposure Time (seconds)
000 ] 100 1 v ] v 1 we | wioe | 14000 | 1710000
Contrastindex | | .
Change ~10% Nune Nons None -5% -5% ~10% S10%
“Speed Changs | -70% | -50% | -20% | None | <20% 20% | Nons | None
. . R ARV ISV SRS UM SO PN
Exposure Change
Required +12/3 +f “1/3 None ~1/3 -1/3 None None
{camera stops)
[ VPRI GUPRVORIIIY SN DIIPOUIIEY JIPIISpREEGE SR SNSRIV QU RPN e e
Adjusted Exposure
Index 32 50 80 100 125 125 100 100

Based on deveiopment 1n KODAK HC-110 Devefoper (Dilution D) for 8 minutes at 68°F (20°C) in a sensilomelnc

processing machine with agitation at 8-second intervals to give a contrast index of 1.9

PROCESSING

Smatt Tank Processing

Washinrunning water for $1o 1Sminutes a1 6510 70°F (18
to 21°C), depending upon reduction of residual hypo

ocessing i i Is, agitation at
gg-'sz’coc:; ‘:,:Sr.‘:::‘:’:?:;:::;“2:?,:’;:::\;:&_ needed For {aster washing and less waler consumption,

Oevalov 1o the desired contrast index based on
ntormation 1n the eaposuie seclion and on
charactorstic curves. The contrast

fnnse the tixed film in running water for 15 seconds to
remuve excess hypo. Bathe the fiim \n KODAK Hypo
Clearing Agent fot 30 seconds with agilation Then wash
8 ine fitm for 1 minute 1n runiing water at 6510 70°F (18 1o

index obtained (21*C1, allowing at least one change of water quring thig

depends primarily upon the developef, temperature, time

dilutron, and development time chosen. 11 is atfeciodton
tassor uxtent by exposura lime (see reciprocity tailure),
specific processing tothniques, and normal product
variabilty. Therefore, he times giwen should be

considervd us staring points onty.

Rinse n KODAK Stop Bath $B-1a tor 1510 30 seconds at
6510 "O*F (180 21°C).
Fix as . nlows with fiequent agitation al 6510 70°F {18ta
21*C).
In KODAK Fixer ot KODAK
tixing Bath F-5
In KODAK Rapid Fixer

2 1o 4 minutes
1'% 10 3 minules

Dry the filmn a dust-iree piace Heated forced-eir drying
&t 12010 140*F (49 10 60°C) may he used o reduce drying

fime

Machine Processing
Using the KODAK VERSAMAT Film Procesor. Model 11,
and the listed chemcals, follow one of the processing
sequences described below For both processing
sequences, fixing and drying are sdequate at the
recommended machine speeds. The user should runiests
10 oetermine that washing quality 13 adequate tor tus
needs.
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KODAK VERSAMATY 641 Devcloper Replemisher
KOOAK VERSAMAT 641 Oaveiopor Startet
KODAK VERSAMAT 641 Fixer and Replenisher

Processing Sequence

No. of
Step Racke Path Length Tempetature
- Develop 1 AN (1.2m)] 85 ¢ WF (2952 03°C)
Fix 3 12 (38 m) ] B5°F (20 4°C) nominal
Wash 2 8N (24m)} 7510 BO*F (241026 5°C)
Ory ~ 8 M {24 m)| 1350 140*F (5710 60°C)

To produce s gamma of about 2 8, stanl with & machine
speed ot 7.5 feet per minute (2.3 m/min).

CHARACTERISTIC CURVES

KODAK VERSAFLO Developer Replenisher
KOOAK VERSAFLO Doveloper Starter
KOQDAK Rapid Fixer

Processing Sequence ]
E
No. of ;
Step RAacks Path Length Yemperature
Devolop H AH(24m))| 80 WF (2651203°C)
tin 3 12 (3.8 m) | 80*F (26 5*C) nominal
Wash 2 AR (24 m)| 70 t0 75°F {21 \0 24°C)
Dry - 8 R (2.4 m)) 13510 140°*F {5710 60°C)
4

To produce a contrast index of aboul 15, start with a
machine speed of 10 feet per minute (3m/min). Washing is
not sutficient to provide archival quality but should be
adequate for many scientific recording applications. The
4 x 5-inch sheet fiim may cause transport difficuities when
processing with VERSAFLO Developer, )

KODAK Tachnicot PanFlim (ESTAR-AM Bose} SO 113

[ A R R aaiinasiiud
AODAR MC 114 Gyreroper (Diton O &
MO C i 1aed bt B
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PR I X
e T T

{

S
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1 1 hoind

KODAK Yothricsl Pan Fim (ESTAN AH B200) 30113
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S 120 CH b Lnt st B DD S Intereely -4 3.0

Tungiten 03p0auit | sceny
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MODAK Technical PanFlim (ESTAR-AHBase) $0-118

LREh it Lo e 98 g g
RODAL WERVAILO Devesagst

§0° 1M 4CHn ¢ RODAR vERSAMAT
Pam Piguennon Mode 1Y
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Log Exposure {(meter-candie-3econys)
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HANDLING AND STORAGE

Keapn unopened boxas of ilm at 70*F (21°C) ur below.
Allow cotd lilm 1o reach room tamperature beforo opening
the packags (2 hours if rofrigerated, 3 hours if trozen)
{.oad and unload the camera 1n subdueq! light, ana rewind

° g film completely into the magarine belore unloading
th camers For best results, piocess the film as soon as
possible aflar exposure.

Tolal darkness 15 required when removing the him from
the magazine and ir processing. However, after
development is halt completad, a suitable salelight lamp
with 8 15-wall bulb and A KODAX Salslight Filter No. 3
(cark green), or equivalent salehight conditions, car. be
used for a few second; if the salelightis kept at teast 4 [eot
(1.2 meters) from the fim.

ik S Al

FILM SIZES AND ORDERING INFORMATION i

Three s:izas are linted and are availablo in single umts
through Jealers wito serve the prolessional
photographer. Because this film is & special-order
product, your deaier may not have it in stock. He can order

- the film n the listed sizes (or you. The 150-faot rolls are

) wound on small diameter cores so that the outside
diameter of the rolls will be compatible with 35 mm bulk-
f'lm loadars. The 4 x 5-inch sheel film package contains
two 25-sheet hermotically sealed envelopes

Siie & Specification CAT. Ko,
13536 magazine 129 7563
35 mm x 153 H - .

Sp 651 (Type AA core, K5 perf) 129 9918

4 2 5in¢h, 50 sheets per pky 152 4594

Other s12¢s may be made available subject to minimum
orger quantities. Minimum order quantilius for special-
order *izos correspond generally to 750 square feet of
film.

i

frre = e e e e —

The sensuomelec curves and dale in this
pubhicstion represent producl lested under
tha condilions of sxposure snd piocessing
spacified. They are ropresentative ol
production costings and. thereloce, do nol
apply diteclty to @ particular box or roll of
photogrephic matetisl. They donotrepresent
standards or specilicalions which must be
met by Esstman Kodak Company. The Com-
pany (eserves ithe unght 1o change and
improve product cheracterisiics sl any time. -

il e e LS
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APPENDIX B

TRANSMISSION FREQUENCY

DISTRIBUTION DATA

RUNS 5 THROUGH 28
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APPENDIX D

PHOTOGRAPHIC DATA VERSUS
OBSERVER DATA

The photographic transmission data utilized for
the smoke plume in these plots are approximately the

average of a 5-to l1%-arc minute angular size dark areca.
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