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Cirrus Particle Distribution Study
Part 1

1. INTRODUCTION

A cirrus sampling mission over Colorado was made on 29 October 1977 during
a movement of the AFGIL. instrumented MC -130E aircraft to the West Coast. Par-
ticle and other atmospheric ‘lata were obtained for the Air Force Weapons Labora-
tory's Advanced Radiation Technology (ART) program. The purpose of this pro-
gram is to obtain data that will enable a better definition of typical habit and dis -
tribution of particles or ice crystals found in relatively thin cirrus clouds. This
information will in turn be used in determining the expected degradation of laser
beam energy propagated through this type of cloud form. Ensuing parts of this
study will present cirrus particle population and size data that were obtained during
other sampling flights,

The following Sections provide: (1) a brief review of previous literature on
cirrus data to provide a perspective, (2) a discussion of the cloud physics instru-
mentation aboard the sampling aircraft, (3) a review of the weather situation at the
time of one specific sampling flight, and {(4) a description of the generalized data

format and of the data for one mission.

(Received for publication 4 August 1978)
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2. PERSPECTIVE

The physics and composition of cirrus clouds were not extensively studied until
the last few years when improved instrumentation and a better sampling capability
orovided an impetus for a closer look at these high clouds. Aside from the fact
that they are an important mechanism for moisture exchange at subtropopause levels
thev also contribute to the earth's albedo and tend to restrict incoming solar radia-
tion and light transmittance. These effects are due to the small-sized but numerous
ice particles in cirrus type clouds,

Mason, } reporting on Weickmann's findings of the 1940's, indicated that at
temperatures below -25 C the dominant ice particle form is the hexagonal prism
which is indigenous to cirrus and medium-level clouds. Weickmann believed clusters
(bullet rosettes) of the prism-shaped crystals about 2 mm were common in isolated
cirrus clouds.

Sr-h:u-rrrz acquired snowflake replicas in many parts of the world and indicated
that cirrus clouds result from spontaneous nucleation, that is, foreign particles are
not required to initiate them. According to Schaefer, the crystal types common to
cirrus are the hexagonal plate and column and the irregular or asymmetric crystal,

In laboratory tests, aufm Kampe et 313 found predominantly single crystals to
form_at temperatures above ~20C, However, around -20C they were irregular
appregates or ""spatial crystals' (or bullet rosettes) with about 100 crystals per <:n13.
At -20C the same spatial crystals were observed, though they seemed to have the
characteristics of both plates and columns, Additionally, some single columns were
present at this temperature and at temperatures down to about -40C. This same
type of crystal was found in the top of a cirrocumulus cloud, where crystals were
just forming. Older crystals, gathered at the base of this type cloud, were of the
same type but had grown considerably in size.

Considering ice particles over a wide temperature range Ono4 pointed out that
their basic form exhibits four changes over the range 0 to -32C. The changes from
planar to columnar at -3.5 C and from columnar to planar at -9.5C are rather
sharp (on the temperature scale). However, the transition from planar to columnar

crystals below about -22 C is much less sharp.

1. Mason, B.J. (1957} The Physics of Clouds, Oxford University Press.

2. Schaefer, F.J. (1951) Snow and its relationship to experimental meteorology,
Compendium of Meteor,, Bull., Amer. Meteorol. Soc. pp 221-234,

3. aufm Kampe, H.J., Weickmann, H.K., and Kelley, J.J, (1951) The influence
of temperature on the shape of ice crystals growing at water saturation,
Je Meteorol.vgv:lﬁa-lﬂ.

4, Ono, A. (1970) Growth mode of ice crystals in natural clouds, J. Atmos, Sci.
Vgx:649-658.
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Based on an examination of more than 10,000 crystals and the results of others,
Ono developed the listing of typical crystal shapes according to the temperature

ranges below.

Table 1. Typical Crystal Forms as Function of Temperatures

Temperature

(C) Form of Ice Crystals
= =3, 9 Simple hexagonal plane ice crystal without any
internal structure,

-3.5 to -4 Solid/ hollow -type columnar ice crystal,

-4 to -6 Needle -type columnar ice crystal,

-6 to -8 Sheath-type columnar ice crystal.

-8 to -9.5 Solid/hollow -type columnar ice crystal,

-9.5 to =12 Thick plane-type ice crystal with or without hollow

structure on prism faces,

-12 to -14 Hexagonal plane ice crystal with internal structure,
ribs extending along the a axis over the basal
faces of the crystal.

-14 to -17 Stellar type plane ice crystal, including plane crystal
with dendritic extension, dendritic plane crystal
with sector plane at tops, and plane crystal with
dendritic extensions,

-17 to -19 Hexagonal plane ice crystal with internal structure,

-19 to -22 Thick plane-type ice crystal with hollow structure
on prism faces,

-22 to -32 Ice crystals seem to have characteristics of both

plane and columnar ice crystals. In addition to
single columnar or single thick plane ice crystals,
irregular aggregates of columns or sectors are
common, Scroll, side plane andbullet-type columnar
ice crystals are also common crystal forms,

The ratio of diameter to thickness for a given crystal diameter exhibits a maxi-
mum value in the neighborhood of -16C, This is where dendrites and stellars are
seen., On the other hand, the ratio of thickness (or length) to diameter in warm
columnar crystals goes through a maximum near -5C where needle and columnar
crystals are found.

The large variation of particle types in cirrus temperatures is particularly to
be noted in the preceeding table, While warmer temperatures frequently result in
one or two given particle types, Ono found that, at temperatures below -22C, par-
ticles have both the characteristics of planar and columnar crystals as well as varia-
tions of these, A summary of opinion of findings regarding typical cirrus particle

type is given in Table 2,
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Table 2, Cirrus Particle Type

Weickmann (1940's) In convective cirrus: bullet rosettes.
In cirrostratus: eroded single
bullets, columns and plates.

Schaeferz Hexagonal plates and columns and
irregular crystals,

Knnl](-nhc-rgs Bullets and columns,

Heymszzficld6 In weak uniform cirrus: plates, columns,

and some bullet rosettes,
In heavy uniform cirrus: mostly bullet

rosettes.

H(-ymsﬁc-m—] In cirrus uncinus: bullet rosettes,
single bullets, banded colurnns, and
plates,

Heymsfield and I»\’rmllenher';.z8 collected several hours of flight data in cirrus
generating cells found in uncinus, cirrostratus, spissatus and thunderstorm anvils.
Average values of particle and moisture data were:

(a) lce crystal concentration: 10,000 - 25, GCO m_3 (max, 50,000 m-g),

(b) Crystal length: 0.6 - 1.0 mm,

(c) Particle habit: bullet rosettes, columns, and plates,

(d) Ice crystal density: 0.6 - 0.9 gm me,

(e) Ice water content: 0,15 - 0.25 gm m_3.

'l‘he_y8 admitted that the mean particle length of 0,6 mm (600 um) or more that they
found was greater than those usually observed in cirrus, but they pointed out that
the cirrus generating cell is not a cloud in the usual sense, Rather, it is a mass
of growing precipitation elements (ice crystals).

On two particular flights in high clouds, Heymsﬁr-l(ls found the total concentra-

tions of crystals at various altitudes as follows:

. Knollenberg, R, G. (1973) Cirrus-contrail cloud spectra studies with the
Sabreliner, Atmos. Tech, (by NCAR), No. 1, pp 52-55.

6. Heymsfield, A, (1974) Ice crystal growth in deep cirrus systems, in Preprints
of Conference on Cloud Physics, Bull, Amer., Meteorol. Soc, pp 31T-: .

7. Heymsfield, A, (1975) Cirrus uncinus generating cells and the evolution of
cirriform clouds., Part [: Aircraft observations of the growth of the ice
phase, J., Atmos., Sci. @2":799-808.

8. HeymsfielM, A,J., and Knollenberg, R, G. (1972) Properties of cirrus
generating cells, J, Atmos. Sci, &&:1358-1366.
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Flight No. 1 Flight No, 2
Altitude (kft) Concentration (r'm"’;; Altitude (kft) Concentration (,.“"‘*,
31 0.39 37 0.57
29 1. 71 25 1.78
21 4. 13 17 2,24

He also pointed ou: that cirrostratus clouds exhibited lower particle concentrations
and ice water contents than did cirrus uncinus clouds. The mean and maximun
crystal lengths were found to increase from near the cloud top to the cloud base.

The number of sampling flights through aircraft condensation trails at high
altitudes appears to be small. However, Kno]lenbor‘gs has indicated contrails are
similar to natural cirrus as concerns crystal size spectra.

In all of his cirrus flights, Heymsﬁelds found a thin (0.5 to 1.0 km) nearly in-
visible tropopause cirrus layer above a lower cirrus deck. The particle concentra -
tion in this high cirrus was of the order of 0.2 to 1.5 r-r::_?’. These layers contained
columnar and plate crystals, and occasionally trigonal crystals. The thin cirrus
layers were found nearly every day at the tropopause, independent of whether a
storm system was below. They apparently formed in the stable layer near the base
of the tropopause. The highest concentration of crystals found in Heymsfield's
cirrus flights was in the 7 to 15 um range, whether 20 miles from the edge of an
overrunning surface, 150 miles from the edge, or in the thin tropopause layer.

In the Ryan et :nl” single flight through a cirrus layer at 32, 000 ft the measured
crystal concentration varied between approximately 0.5 and 3. 8 (~m‘3 which is near
ll(:ym.‘;fi(,-l!l's6 results. They found nearly equal numbers of particles in each
channel in the 5.5 to 50 um range. Ryan et ul'q point out that only apparent size
distributions can be reported for particles detected by spectrometers based on a
light scattering mechanism. This is the case since the scattering properties of ice
crystals are not known.

Although not directly applicable to the problem of ice clouds Ht.(-w:nr'tlo has
provided an excellent literature review of the extinction caused by various sized
droplets in fogs. The atmospheric extinction of visible wavelengths in some fogs
is several times that at a wavelength of 10 um. She points out that large drops

contribute much more to extinction than do small drops.

9. Ryan, R.T., Blau, J.H., Jr., von Thuna, P.C., and Cohen, M. L. (1972}
Cloud microstructure as determined by an optical cloud particle spectrometer,
J. Appl. Meteorol. \IML:ME)-lSS.

10. Stewart, Dorathy A. (1977) Infrared and Submillimeter Extinction by Fog,
Redstone Arsenal Technical Report TR-77-9, 55 pp.
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In a study of Alaskan ice fogs below -20C, Thuman and Rohmsnn” found the
size of particles decreased as the temperature decreased; however the number of
equant solid particles with rudimentary crystal faces, or 'droxtals, " increased
rapidly with decreasing temperature. At low temperatures (<~ -35C) they attri-
buted the high incidence of restricted visibility (at the surface, not aloft) to the
presence of the droxtals rather than the prisms of hexagons; in fact, below -38 C

they found over 90 percent of the particles in the ice fogs to be droxtals.

3. INSTRUMENTATION

The AFGIL, MC-130E, serial number 40571, shown in Figure 1, is equipped

with five optical spectrometer probes for measuring the size and number of particles

in different areas of the particle spectrum. These are manufactured by Particle
Measuring Systems, Inc. (PMS) and consist of four imaging probes and one scat-

tering probe.

Figure 1, AFGL Instrumented MC-130E Aircraft

11. Thuman, W.C., and Robinson, FE. (1954) Studies of Alaskan ice-fog particles,

J. Meteorol. 11:151-156,
—_— ww
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One-dimensional (1-D) measurements of the largest sizes are made by the
"precipitation' probe which records ice particles between approximately 400 and
4700 pm. The "cloud" probe makes 1-D measurements of particles between
approximately 26 and 312 pum, while the scattering probe is used to detect particles
in the 2 to 30 um range.

Two-dimensional "shadowgraph' recordings of particles are also made aboard
the aircraft by two 2-D spectrometers. These are based on an extension of 1-D
technology and are manufactured by the same developer. The 2-D probes contain
high speed front end memories enabling each photodiode detector element to encode
many bits of shadow information from each particle. As a particle passes through
the spectrometer array, slices of the shadow are recorded to develop a two-dimen-
sional image. The range of the 2-D "'cloud" probe is approximately 25 to 800 pum,
and that for the 2-D "precipitation' probe is about 200 to 6400 m.

Particles passing through the vertically pointed laser beams of the four imaging
probes occlude one or more photodiodes in a line. lLarge particles therefore
occlude more of the diodes than do smaller ones. In the scattering probe, particles
also pass through a laser beam, but in this case the size is determined by the amount
of light that is forward scattered by the moving particle. More extensive discus-

sions of 1- and 2-D probe capabilities are given by Kn()llcnb('rglz' e and

Heymsfield. 48

The 1- and 2-D array probes provide a relatively accurate measure of particu-
late mass spectra for liquid droplets because they are essentially spherical and
have a density of one (although there is some difficulty with droplets splashing). In
ice clouds the size spectrais also relatively accurate; however, conversionto a mass
spectra involves certain assumptions requiring estimates of particle density.

These instruments are among the best presently available, but even better
quality ice crystal data would be desirable. Dendrite crystals, for example, are
not well sized by the probes because they frequently result in less than a 50 percent
reduction in laser light. Also, columnar crystals are underestimated in concentra-

tion according to Heymsfield. =

Plates, plates with extensions, bullet rosettes, and
aggregates, however, are sized and counted nearly correctly. To eventually im-
prove the quality of ice particle data, AFGIL. is pursuing the development and ac-

quisition of a superior cirrus particle detector,

12. Knollenberg, R.G. (1970) The optical array: An alternative to scattering or

extinction for airborne particle size determination. J. Appl. Meteorol.
9:86-103.
wv

13. Knollenberg, R.G. (1976) Three new instruments for cloud physics measure-
ments: The 2-1) spectrometer, the forward scattering probe, and the active
scattering spectrometer, in Preprints of Intnatl. Cld. Physics Conf., Bull
Amer., Meteorol. Soc. pp 554-561.

14, Heymsfield, A.J. (1976) Particle size distribution measurement: An evaluation
of the Knollenberg optical array probes, Atmos. Tech. (by NCAR) No. 8§,
pp 17-24.

13
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The MC -130F sampling aircraft is instrumented with an aluminum foil impact

sampler to record larger droplets or crystals, Since such large particles are

ordinarily rare at cirrus altitudes this device was not used in obtaining the data

described in a later section.
A device for collecting particles on a formvar replicator film is ordinarily

utilized, although it was not available for the 29 October flight because of mechanical

problems, The advantage of formvar for collection is that a permanent replica of

particles is made that gives valuable detail on their physical structure,
Optical detection systems and continuous

This is

more difficult to obtain by optical methods.
replication are often complementary. The bulk of optical data can be digitally pro-

cessed, some in real-time, while the formvar data provides greater detail but must

be reduced manually.
To obtain a visual estimate of the intensity and type of ice crystals through

which the aircraft is passing a metal rod or "snow stick' with a black, flat surface

at the end has been fabricated to protrude out the fuselage approximately 17 in, into
the airstream. Particles of ice impinge on the flat surface that is perpendicular to
This provides the meteorological observer a view through his window

the airflow.
of a sample of the type, size, and number of crystals being flown through,

The type of instrumentation aboard the aircraft and the location of some of the
sensors are shown in Figure 2,

The remainder of this report describes a particular cirrus sampling flight of

the MC-130F aircraft on 29 October 1977 and the data that were obtained during

the flight.

C-130E 40571 g 10
(e I
R\ 'ﬁ w D
| ot /
¥ - a
5] =
| 4 |
L8 LY
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2 ol 5 2 KEY
3 N Ll .
g ‘.~ ~ _/ ,«*‘\(h | DEW POINT + GROME TER PROBE
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6 < 3 PMS 1D PRECIP PROBE (300-4500p)
X 4 HYDROMETEOR FOIL SAMPLER
) ) A 5 PMS 10 CLOUD PROBE (20- 30041
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Figure 2, Cloud Physics Instrumentation Aboard Aircraft 40571
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L. SYNOPTIC SITUATION

The surface isobaric pattern over the mountain states was relatively weak on
29 October 1977, the day the sampling mission was flown near IMenver. The pre-
vious day, a north-south oriented co!d front had started to move inland over
Washington and Oregon. By the morning of the 29th it extended from Central Calif-
ornia north into Eastern Washington and was continuing slowly eastward resulting
in light rain showers over Oregon, Idaho, and Montana. The small scale features
of the 29 October 12007 synoptic chart are shown in IYigure 3 while Figure 4 is the
corresponding chart for 24 hr later,

5, an upper level trough extended along the coastline of

As shown in Figure
wesstern North America resulting in a southwesterly flow over the western states,
The southern portion of the trough near California continued moving to the east,
and by the following day it extended northwesterly from New Mexico to the Alaska
coastline. The lifting induced by the trough was favorable for the formation of the
cirrus clouds through which the sampling aircraft flew,

The vertical pattern of temperature distribution along the flight path is shown
in cross-section form in Figure 6. Between 1200 GMT, when the temperatures on
the figure were established, and the time of the actual flight, slightly colder air had

moved into the sampling area,

Figure 3. Synoptic Surface Chart for 12007, 29 October 1977

15
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Figure 4, Synoptic Surface Chart for 1200Z, 30 October 1977

Synoptic 500 mb Chart for 12007, 29 October 1977
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Figure 6. Isotherms (°C) Along General Flight Path 29 October 1977 as
Determined From 12007 Soundings Along Route

Supplemental data indicated broken to overcast skies over most of Colorado
with ceilings estimated at 10, 000 to 25, 000 ft (3050 to 7620 m). The freezing level
was near 12,000 ft (3660 m). There were no reports of the heights of cloud tops,
Radar reports indicated there were no echoes most of the day in the area except
about 17357 when light rain showers or thunderstorms were reported over the
Colorado-i'tah border. At the approximate time the aircraft was within a few miles
of Denver (and the sampling was in progress) the Denver weather report indicated
the bases of overcast clouds were estimated at 25,000 ft (7620 m), the visibility was
40 miles (64 km), the temperature was 65°F (19C) and surface winds were 170" at
5 kts (2.5 m Ho(-_l). Most other stations within at least 100 miles (170 km) reported
similar weather conditions at the time,

Figure 7 shows plotted sounding data for 12007 on 29 October for Grand Junction
and Ddenver, respectively, The former station is about 60 miles (96 km) from the
sampling track but it is in a direction from which air was being advected toward

the sampled area,
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Figure 7, Grand Junction and Denver, Colorado
Sounding Data, 12007, 29 October 1977

Figure 8 is a Defense Meteorological Satellite Program (DMSP) picture of
general cloud conditions over the southwestern portion of the United States at
approximately midday on 29 October. The main cloud mass feature is associated

with a high level jet extending to the northeast from over Baja, California.
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Figure 8. Defense Meteorological Satellite Program
Visible Picture of Western United States (Midday
29 October 1977)

5. THE SAMPLING

The generally good visibility reported in the Denver weather observation was
also mentioned in a comment recorded at 16447 in the sampling aircraft. While
still a few miles east of Denver at 23,500 ft (7. 1 km) the Air Force Academy,
some 70 miles (112 km) south could be seen. Other notes from the aircraft voice
tape transcript are recorded in Figure 9.

The cirrus sampling considered most significant was begun about 16507 near
Denver and continued for nearly a half-hour as the aircraft continued to the west
northwest., The aircraft altitude was between 24, 600 ft (7.5 km) and 25, 250 ft
(7.7 km) MSI. during the sampling period. Flight altitude temperatures were
between -27 and -31C during this time. Figure 10 shows the variation of aircraft

altitude and outside temperature as the flight progressed in the sampling area,
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Time

16:44:00

16:45:10

16:45:30

16:50:50
16:51:10
16:52:10
16:54:30
16:56:20
16:58:50
17:00:00
17:01:00

17:01:15
17:01:25
17:02:15

17:03:35
17:06:30

17:07:00
17:08:50
17:10:00
17:11:30

17:12:30

17:13:10
17:14:00
17:14:30
17:15:45

At 23,500 ft (7162m). In clear. Cirrus all quadrants.
Visibility 100 mi. Air Force Academy visible.

Jet contrails above that are below higher cirrus layer.
At 24,000 ft (7315m).

A cirrus layer above estimated at 36,000 ft (10, 972m).
But there is also cirrus all quadrants at lower levels,

Some counts in cloud probe.

At 24,400 ft (7437m). Getting into bottom of a cirrus layer.
At 24,500 ft (71468m). In thin cirrus,

Monitor on cloud probe shows bell curve distribution,

Start the 2-D sampler,

2-D shows particles 100 to 200 u in diameter,

At 25,000 ft (7620m). Definitely in cloud.

In stratified cloud. Can't see any structure above or below.
Not getting anything on snow stick.

Getting many updates on 2-D.
Very small particles visible when snow stick is rotated.

From monitor it's difficult to tell if particles are bullet rosettes,
but snow stick indicates single crystals, small.

Larger particles indicated on snow stick and 2-D,

Clouds look thick above and below. Cannot see ground.
Can see no structure in clouds.

Can see ground and snow on mountains now.
Some fairly large stellars.
Getting into thicker clouds.

Still no cloud structure, but breaking between layers of clouds.
Wing tips have been visible whole time. Breaking out on top.

At 24,900 ft (7589m). On top of one cirrus layer. A higher cirrus
layer is above.

Can see snow covered mountains below,
Very few particle updates.
1-D probe does not indicate any particles.

Scattering probe indicates particles across the spectrum, but
mainly toward smaller sizes,

Figure 9, Notes Transcribed From Mission Director's Voice Tape Comments
During 29 October 1977 Sampling Flight
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Figure 10, Variation With Time of Aircraft Altitude and
Outside Air Temperature During 29 October 1977 Sampling
Period

At 17017 the aircraft was reported to be in a thin stratified cloud. The air-
borne meteorologist indicated he could see no cloud structure above or below his
25,000 ft (7.6 km) altitude at that time. The ground was visible for one or two
brief times during the sampling period. However, at 1712Z the observer indicated
the aircraft was briefly above one cirrus layer at 24, 900 ft (7. 6 km), but that there
was another layer still higher. Contrails were occasionally visible above the air-
craft, but below the higher cirrus deck., By 1715Z most of cirrus layer being
sampled was behind the aircraft although particle counts increased again shortly
thereafter,

The smallest particles had been reported at the beginning of the sampling
period (1650Z). There had been a gradual increase in particle size seen on the
snow stick outside the aircraft as the heaviest (thickest) portion of the cirrus layer
was traversed. A 1710Z comment indicated the aircraft was moving into some of
the heaviest cloud seen up to that time, but by 17137 snow-covered mountains were

seen below,

6. DATA AND FORMAT DISCUSSION

"

Several small but representative "shadow graph'' samples recorded by the

PMS 2-D probe are shown in Figure 11, The vertical bars throughout the samples
are each 800 pm in the y-axis direction, Software considerations of the sampling
airspeed have insured that a given distance in the x-axis direction (which is also a

measure of the time a given particle occludes a photodiode) corresponds with the
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same distance in the y-axis direction. Thus, the ''shadow' of a given particle in
Figure 11 represents an enlarged view of the original shape that passed through
the probe, A scale in um is given on one of the samples,
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Figure 11, PMS 2-D Particle Shdwg ph I)u ing 29 October 1977
Sampli gFlight Each line shows examples rded at about the
indicated time
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The smallest particles that can be recorded by the 2-D cloud probe are ~ 25 un 1

square, The second line of Figure 11 recorded at 1658:57 contains small particles 4
that appear to be about as small as those possible to record, Note that when cloud

particles are as small as these, the vertical bars at the beginning of each recorded
particle are necessarily closer together than when larger particles are being
recorded,

The sample lines of 2= shadows on Figure 11, which are in chronological order,
provide an overview of the variation of particle size during the sampling flight, As
previously mentioned, the smallest particles occurred at the beginning of the data
run. They sporadically increased with size reaching 500 to 800 pm in size by the
end of the run at about 17147, Very shortly after this time no further shadowgraphs
were recorded. The horizontal extent of the cloud had apparently been exceeded as
the aircraft continued westward, i

Based on some of the patterns in Figure 11, and on many others not printed
here, it was determined that the predominant crystal form seen in this cirrus sample
was ''bullet rosettes' or, as termed by Magono and L.ee, 15 combination of bullets, "
The variation of particle forms in the 2-D shapes is readily apparent. Many appear 1
to have an approximately round shape, probably small hexagonal plates; however,
the rosette form seemed to predominate, The symetrically shaped, pristine par- 4
ticles outlined in Magono and [.ee's excellent ice crystal classification paper were
extremely rare in the cirrus clouds encountered on this flight. This is common in
our general experience,

Computer processed data from the three PMS 1-D probes are included in Ap-
pendices A and B, The bulk of these data are number densities of various sized
particles in terms of number per cubic meter per millimeter of bar width, (Bar
width will be explained below,) Certain additional flight information such as the
aircraft pressure level, altitude, temperature, and true airspeed (TAS) are also
included on the right side of each printout sheet. Summarized data for two saniple
start times, one 30 sec after the initial one, are included on each page. Figure 12
provides an example of the data printout format with the explanations of particular
elements,

Although the data printouts in Appendix A are summaries for 30-sec periods,
the sampling interval could be changed in the future to provide summarized data for

shorter or longer periods. [.onger period examples are in Appendix B.

15, Magono, €., and Lee, C.,W, (1966) Meteorological classification of ratural
snow crystals, Jour, Faculty of Sci,, Hokkaido Univ., Series VII, VOL, II,
4, pp 321-361,
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Flight number and date of flight,

Length of sample over which particle concentrations are determined.

Time sampling began; completed 30 sec later.

Concentrations are in number of particles per cubic meter per millimeter
bar width (see text for discussion of bar width).

Particle type is determined after other data are examined. In this case
bullet-rosettes. Other possibilities include rain, plates, small snow,
columns, needles, aggregates and rimed dendrites.

Mean maximum size of particles in micrometers (see text).

"Scattering", "Cloud", and "Precipitation" probes are used in determining
concentrations of particles in the size ranges 2-30yum, 26-312 um and
402-4686 um, respective]y

Typical concentration: .17 x 107 particles per cubic meter per bar width
are 8um in size.

Total 1iquid water content in grams per cubic meter for each of the three
probes. Scatter probe particles are assumed spherical with density =1.
Equivalent melted diameter (in um) of a particle having a mass at the
median value of each probe's LWC.

Sum of cloud and precipitation probe's LWC, but excludes contribution of
the four largest cloud probe channels (i.e., at 251, 271, 291 and 312 um)
that overlap the contribution of the smallest (402 um) precipitation channel.
Equivalent melted diameter (in um) of a particle having a mass at the
median of the combined cloud and precipitation probe's total LWC value.
Contributions of the four largest cloud probe channels are excluded.

Figure 12, Description of Cirrus Study Data Format
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16, Cunningham, R, M. (1978) Analysis of particle spectral data from optical array
(PMS) 1D and 2D sensors, in Preprints of AMS Fourth Symposium on

Meteorological Observations and Instrumentation, Denver, Colorado.
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Table 3. Equations l‘vﬁmi
Diameter (D), D= AL"™

to Correct Particle Size (1.) to Melted

Units in mm

Particle Type A B Breakpoint (L.)
Rain 1 1 -
Wet Snow 1 1 LE 1 mm
Wet Snow i 65 GT 1
[Large Snow .4 78 LE 1
L.Large Snow .4 .88 GT 1
Small Snow .4 .78 LE. 5
Small Snow » 0 . 67 (2
Bullet Rosettes «2b « 8 LI .2
Bullet Rosettes .44 1.0 G 2
Columns .44 1.0 -
Needles .26 < 87 -
Plate Family . 34 o i LE 1
Plate Family .34 .68 GT 1
Agpgregates of Plates and . 34 10 LE 1
Dendrites .34 .Bo GT 1
Dendrite Family .34 PRCHE -
Graupel . 60 .91 LE .4
Graupel .49 .68 GT .4
Rimed Dendrite w30 1. 0 LE .2
.42 - 00 > e 2.0
wol 1.0 GT 2.0

From the equivalent melted diameter information for each channel the liquid

water content (LWC) is calculated once per averaging interval using the average

particle number density. The equation used for this calculation is

15
m 3
LWC I
5000 © iZ,‘] N, D,
where

- -3
9] water density (1 g em ™)
Ni number density for channel i
I)i center diameter for channel i (in mm} .
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The LWC (in Lr/nv") total is given in the data printouts at the bottom of the data
column for each probe, The "Total" LWC (in :/m'{) in the bottom right corner of
each printout is the total value for the cloud and precipitation probes less any over-
lapping range. Because of the deletion of the overlapping amount the "Total" LWC
value will occasionally be slightly less than the amounts indicated for either of the
probes individually., The median volume ‘diameter of all melted particles is the
diameter where the mass (ILWC) of all the particles smaller than it, is one-half of
the total mass of the sample being considered. It is found by summing the mass of
each channel until the sum equals one-half the total mass., The equivalent mean
diameter (in pm) of all the particles in one sample is found on the printouts and on
Figure 12 at the bottom of the columns applying to each probe, The diameter value
under ""Total" in the bottom right of each printout is based on the combined cloud
and precipitation probes' [LWC. Since the overlapping part of the combined [.LWC
value is deleted the ""Total' diameter will sometimes be the same or slightly less
than corresponding diameters listed for either of the two probes separately. Data
from the scattering probe are not used in computations involving the "Total" LWC
and diameter values in the bottom right of each printout.

Based on these two "Total' values for each 30-sec sample the plots of their

variation with time during the 29 October flight are shown on Figure 13 (a and b),
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Although one is plotted on a logarithmic scale and the other on a linear scale there
is an overall correlation between the two curves as shown in the slight increases in
both between approximately 1652 and 17127. Also, a peak value occurs in both
plots at 17147, just before each falls to a minimum. However, the very rapid in-
crease in LWC at 1651 and the valley at 17137 are not reflected in similar changes
in the mean diameter values. The gradual increase of particle size with time that
seemed apparent in the Figure 11 2-D shadowgraphs is also reflected in both por-
tions of Figure 13. In general, the LWC plot appears more responsive to actual
particle density changes in view of the variations on Figure 13a, although this may
be somewhat disguised through use of the logarithmic scale,

Figure 14 (a and b) was developed to show the variation with time of concentra-
tions of particles of a particular size, The specific channel sizes plotted were
chosen as representatives of their particular probe. The 16 pm channel is near
the midpoint of the scattering probe; the 67 and 251 pm channels are from the cloud

probe, and the precipitation probe is represented by the 707 jo channel curve,
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The overall temporal variations of particles in the three smallest channels on
Figure 14 (aandb) are similar in that they rise above the zero level at about the
same time, remain generally within an order of magnitude of a mean value for about
25 min, and then descend in magnitude to a lower level, The small-interval changes,
however, are many, and indicate considerable independence in the up and down trends
between the various sized particles, [n this sample the smallest sized particles
displayed the least variation in density with time, Figure 14 (a and b) shows that
as the size of the particles increased from 16 up to 707 pm the amplitude variations
became greater (with greater peaks and deeper valleys). It is not known whether
this is typical,

The change in concentration of the 707 pm sized particles in Figure 14b appears
to be almost completely independent of the variation of smaller particles, It does,
however, begin to increase at 17007 shortly after the 251 pym curve begins to rise,
and it also dips significantly at 17137 when the three other curves show a similar
drop. The 17137 drop in concentration is directly correlated with the drop in LWC
seen on Figure 13a at the same time.

The plots in Figure 15 show the variation of liquid water content (LWC) for
each of the three probes plus a plot of "Total" values from the cloud and precipita-
tion probes (excluding overlapping channels in the cloud probe), Figure 15d is
similar to Fipure 13a, but on a slightly different scale., These LWC vs time plots
have variations similar to those displayed by the temporal changes of concentration
in Figure 14 (a and b), The scatter probe changes are approximately in phase with
those of the cloud probe, but the former's contribution of mass is about an order of
magnitude less (10-3 VS 10_2 g/mg). The LLWC determined by the precipitation
probe increased markedly from approximately 16527 until 17147 and then fell
rapidly.

The "Total" LWC curve in Figure 15d increases only slightly during the sampl-
ing period reflecting the relatively high contribution of the cloud probe in the initial
minutes, then, as it began to decrease, the increasing contribution of the precipita-
tion probe in the final minutes, The increasing [LWC of this latter probe at about
1708 to 17107 appears to correlate well with transcript notes that indicated particles
were visible on the snow stick and that the cloud was relatively thick.

Longer term data averages than the 30-sec values of Appendix A are given in
Appendix B. The latter appendix contains 1-D data printouts for periods varying
from 1 to 18 minutes. The specific periods selected were largely based on the
values shown in Figure 15, From another cirrus report being prepared it has been
found there is general agreement between periods of reduced visibility and higher

values of liquid water content measured by the precipitation probe.
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Some plots of number density as a function of particle size for specific sample

times are shown in Figure 16 (a, b, ¢, and d),

These are essentially pictorial

representations of some of the tabular data that are given in the Appendix. Data

from each of the three probes are plotted if they recorded any particles, In the

case

of Figure 16 (a and b) there were no particles observed by the precipitation probe,

and only data from the other two probes are shown.
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of one probe and the lowest channel of the adjoining one.

to the 300 pum value of the cloud probe.

density between adjoining probes seems excessive,
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Figure 16, Particle Concentration as a Function of
Particle Size for Two Sampling Times, (c) Time
when visibility further reduced, (d) time when LWC
and median diameter reached peak for the sample
period

In most cases it is believed the gaps shown between the curves for the three

probes may be bridged by simple linear interpolation between the highest channel

conducted, and is continuing, on the advisability of making certain processing

changes that would reduce the gap between curve segments and lead to a more
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Often, however, the data gap in number

Considerable study has been
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For example, the 350 um

value of number density of the precipitation probe on Figure 16c or d may be linked
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smooth transition of concentration values from large to small particle sizes. This

may eventually be effected by altering the output values of the smallest one or two
channels of the cloud and precipitation probes, Such a change, if effected, should
result in only minor revisions of the median diameter and liquid water content values
in this report.

Figure 16 (a and b) shows concentration vs size cdata in a cirrus cloud that be -
came gradually heavier as the flight progressed. A transcript note concurrent with
data in Figure 16a indicated the aircraft was just coming into the bottom of the
cirrus layer., Visibility was barely reduced at this time. By the time data in Fig-
ure 16b were recorded, however, a transcript note indicated the aircraft was def-
initely in the cirrus layer and visibility was presumably reduced. Particles corres-
ponding in various size classes had increased in number about half an order of
magnitude between the times represented by Figure 16a and Figure 16b,

Figure 16¢ represents data recorded at a time when an aircraft log note indi-
cated that the cirrus was relatively thick., The LWC was also at a relatively high
plateau at that time. Although the number concentrations at sizes below 150 pm
had not changed appreciably from the time represented by Figure 14b, the concen-
trations in the cloud probe greater than that size did increase. There was also an
increased concentration of larger sized particles recorded by the precipitation probe
at the later time,

The greatest total liquid water content value and equivalent melted diameter
during the sampling were recorded about 1714Z, shortly before they both decreased
rapidly, Figure 16d shows the concentration of particles by size at this time. There
was very little difference in scatter and cloud probe data between those in Figures
16b and d; however, the precipitation probe data in the latter figure is significant
and correlates well with the large droplets seen at this time in the 2-D) output in

Figure 11,

7. CONCLUDING COMMENTS

The purpose of this report has been both to describe briefly some previous
research in the field of cirrus particles and to present the results of one sampling
flight through cirrus by the AFGI, instrumented MC -130F aircraft. While previous
work in this area has not been extensive, an increasing number of investigators
appear to be interested in cirriform clouds. Thisis partly due to improved instru-
mentation and also to an increased realization of the importance of this type cloud
in the economy of overall cloud cover over the earth,

The cloud-physics instrumentation on our MC~130FE permits a variety of en-

vironmental measurements to be made and tape recorded for study and evaluation,
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For cirrus study the one=- and two-dimensional spectrometers are particularly
valuable in providing information on the size, concentration, and shape of particles
that comprise the visible (and sometimes not visible) cloud mass. From such
measurements the liquid water content of the atmosphere in be ilculated.

In the 29 October 1977 flight a cirrus cloud of varying density was sampled for
slightly less than one-half hour, Particle data averages f:wr 30-sec consecutive
periods during the sampling are presented in this report. Plots of the variation with
time of liquid water content and of the equivalent melted diameter of particles re-
flect continual change; however, they are both greatest at approximately the time
the aircraft meteorologist indicated visibility was least. The meteorologist's
estimation of cloud intensity was best correlated with liquid water content variations
recorded by the precipitation probe and much less with those by the cloud probe and
scattering probe,

The 2~D probe printout of ice crystal sizes and shapes in the form of "shadow -
graphs' showed very few particles to be recognizable according to known classifica-
tion types. While the majority of those identifiable were bullet rosettes with a few
plates and columns, many could only be considered to be in a miscellaneous category
that contained an assortment of shapes.

Additional sampling flights through cirrus clouds have recently been conducted
b} AFGL for the Air Force Weapons Laboratory, Further reports on the cirrus

particle spectrum are planned.
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SIZE
(M)

SIZE
(MU)

AFWL CIRRUS STUNY BY AFGL

FLIGHT E77~-51 ON 2

SCATTER
FROBE

2.53E¢08
2.61E¢05
2.F1E405
5« 21E405
u'
0.
0.
n.
0.
0.
0.
u.
0.
nl
0.

2.LT7E-D6H
2

PARVICLE SIZF NISVTRIBUTIONS

SCATTER
FROAE

2490E¢08
5.21FE#05
2.61E405
2+61E¢05
2+.F1E+ 05

INYERVAL
PARTICLE SIZE DISTRIBUTIONS

Ty

SIZE
(M)

26

(%4

024

89
103
128
149
169
189
210
230
251
2rs
291
312

9 OCT 77

30 SZCOND AVERAGING

PEt BULL~ROSE

cLOuUD
PRO3E

0e
0.
0.
De
0.
D.
u.
0e
0.
0'
0.
n.
O
0.
N.

0.

SE7h
(M)

402

ror
1013
1320
1625
1932
2237
2544
2849
3155
3462
3768
4073
4379
4686

STARY ®*16t49101°*
(NUMBER/M®® 3-MM)

PRECIP
PROBE

INVERVAL START ®16149131°%

¥y

SIZE
M)

26

L4

57

83
108
128
169
159
139
210
230
251
271
291
312

PEt 3ULL-ROSE

cLouD
PROBE
O
0.
4L,5BE+03
S.LHESD3
3.71E403
1.37E+403
n.
8.92c402
U.
ul
u.
0.
o'
0.
0.
2.78c~0°%
56

SIZE
(MUY

402

raz
1013
1320
1625
1932
2e37
2544
2049
3155
3462
31768
40773
%379
4686

PRECIF
PROBF

nl
0.
0.
0.
0‘
0.
g.
n.
0.
0'
0
0'
n.
0.
0

0

P (M8)
384.2

ALY (KM)
T.467

TEMP (C)
~26.7

DEWP (C)

TAS (M/S)
115.8

TOTALS
0-
0

(NUMBER/M®* 3-4M)

P (M8)
383.3

ALT (KM)
T.4B3

TEMP (C)
~27.1

DEWP (C)

YAS (M/S)
115.9

TOTALS
2.78E-05
56




AFWL CIRRUS STUDY 3Y AFSL

FLIGHT E77-51 ON 29 OCY 77 30 SECOND AVERAGING
) INTERVAL START ®16150101*
PARTICLE SI7Z NISTRIBUFTIONS (NUMBER/M®® 3-MM)
TYPEt 3ULL~ROSE

| SIZE SCATTER SI?7E cLOUD S17ZE PRECIP
' (M) FROBZ (1)) ] PRO3E (M) PROBE P (M8)
383.1
2 3.04F%08 26 0. 402 0
(3 5.21E405 87 1.95E+04 T07 b ALY (M)
6 2. 61E405 67 L.5BE+03 1013 0. 7.485
8 7.82E405 83 S.L6E403 1320 0.
10 2.61E+05 108 1.86E+03 1625 D0 TEMP ()
12 2.61E405 128 1.37E+03 1932 0. ~27.3
16 0. 149 0, 2237 0.
16 2.61F¢+05 169 8.92E+02 2544 0. NEMP (C)
18 0. 189 0. 2849 0.
20 0. 219 0. Y155 0.
22 2.61E4 05 230 0. 3462 0. TAS (M/S)
24 0. 251 0. 3768 0. 115.8
26 2,61E+05 271 0. UYL R 0.
28 0. 291 0. 8379 0.
30 0. 312 . 4t A6 De
TOYAL®
LWC 1,26E~05 3.16E-05 0. 3.16E~05
MED D 21 51 n 51
INTZRVAL START *168501 31°
PARTICLE SIZ?¥ DISTRIBUTIONS (NUMBER/N®® 1-MM)
TYPEY 3ULL~-ROSE
SECE SCATYER S1IVE cLouD S1ZE PRECIP
(MUY FROB:Z (M) PRNJE (M) TROBFE P (MB)
382.9
2 2.98E+08 26 0. L S.40E~-D1
b 2,651E+06 W7 3.77E+03 Tav Oe ALT (XM)
6 2.08E%056 67 1.8%54+04 1013 0. T.490
8 5.21E405 83 2.735403 1320 0.
10 2.61E¢05 193 3.71E¢03 1625 0. TEMP (C)
12 5+ 21FE%05 128 2.75E+03 1932 0« -27+3
14 0, 1%9 3.25Z+03 2237 0.
16 7. 82E+405 169 0. 2544 0. NDEWP (C)
18 ?.61E¢ 05 189 0. 2849 0.
20 0. 2110 0. 3155 0
22 0. 230 Je 3462 0. TAS (M/S)
26 LI 251 1.,28E+03 3768 0. 115.9
26 0. 271 Ne Lo7? 0
28 0. 291 0. W379 0.
30 0 312 0. Ly 26 Ne
TOTALS
LWC 9.58E-056 6.98E~05 bo72e-07 5.20E-05
MED D 15 65 176 57
39




ACWL

FLIGHY E77~-51 ON

PARTICLE

SIZE SCATVEK
FROBE

-~
x
-
-~

2 2.2BE408
L B.07E+DH
6 2.86F+06
8 L.17E405
10 1.04E+0N6
12 1.82E¢06
16 1.56E+06
16 1.30EeN5
18 2.36E406
20 7 .81E¢05
22 1.06F¢06
24 2+60E+05
26 5. 21E¢05
28 T.81F¢#05
30 2.60F®05

LWC 9.09€E-05
MED D 21

STZE SCATVER

(MU) FROAZ
2 1.47E¢08
| [ 1.66E¢07
6 1.56€¢07
8 1.,20E¢07

10  1.04Ee07
12 8.32E+06

14 LeBBESDS

16 L.9LESNG

v 18  6.50E+05
20 3.64F+06

22 2.60E+06

26 1.56E+05

26 2.86FH05

28 2.E8NG

30 3.12E¢06

LWC 3.89E-04
MED D 25

SIZE
(M)

26

N7

67

39
108
128
183
169
189
711
230
?51
271
291
312

S17€
(MU)

29 OCT 77
INTERVAL START *16851t01°
SIZS DISTYRIBUTIONS
TYPE?

CIRRUS STUNY BY AFSL

30

3ULL-ROSE
cLOuD SIZE
PRNIJE (HY)
Te41E+04 402
3.90E+00 ror
L5854 04 1013
S.3hE+ 04 1320
2.97c¢ 0k 1625
1.10c¢04 1932
1.19E¢ 04 2237
b .4b6E®D3 2544
LeB1E03 2849
3.,166£¢03 3155
1.16F¢03 34h?
1.728E+03 3768
0. 4073
0. k379
0. 4686
3.76E-04
62

cLouD
PROBE

3.33E¢05
2. 34E+0S
2.01Fe05
1.12E405
8.15E+0L
L.hRE®DGL
1.08E4084
1.51E¢ 04
4.81E¢03
S.24E¢03
beF1ED3
5¢13£E¢03
1.44E4O3
u.

0.

1.,11E-03
58

40

INTERVAL START ®*16151131*
FARTICLE SIZE NDISTRIABUTIONS
TYPES BULL=-ROSE

SIZE
(MU)

L02

To7
1013
1320
1625
1932
2237
2544
2049
3155
38h2
3768
4073
4379
L6586

(NUMBZR/M®® 3~-MM)

PRECTP
PROJE

1.08F¢00
0'
0.
Ne
0.
O.
0.
00
0.
r’.
Ne
0.
0
0.
0.

G.43IE-QT
176

(NUMBER/M® * 3-MM)

PRECIP
PROBF

1.62E400
0.
Oe
0.
L
O
u.
0.
0.
0‘
0.
0.
0.
0.
0.

1.61E£-06
176

ZCOND AVFRAGING

P (MB)
382.0

ALT (KM)
7.507

TEMP (C)
=275

DEWP (C)

YAS (M/S)
11640

ToTALS
J.59E~-04
61

P (MB)
380.6

ALY (K™)
T.532

TEMP (C)
A

DEWF (C)

TAS (M/S)
116.1

TOTALS
1.016'03
56




SIZE
(MU)

SIZE
(MU)

AFWL CIRRUS STUNY BY AF3L

FLIGHYT E77-51 ON

SCATTER SIZE

PROBZ (MU)
6.29E07 26
3.14E Q7 (%4
242LE#O7 67
2.18E+ 07 LE
1.87€E¢07 108
1.40E¢07 128
8.06E+06 149
8<06E+06 169
Se4bE+0H 189
ko W2EL 06 210
L.L2E*06 2%0
3.90GE+ 06 251
3.12E+06 271
L .9&E+ 06 291
1.82E¢06 312
5+20E-04

23

INTERVAL START *16152131"*

29 ocv 77

INTERVAL STARY ®16152101°*
PARTICLE SIZE DISTRIBUTIONS
TYPES BULL-ROSE

cLouD
PRO3E

4ob4ESQOS
3.02E+05
2.42E405
1.82E+05
1.44E+05
9.,73c¢04
6. L7E+O04
3.91E+¢04
1.,92E+04
1.15E¢06
1.27€E404
1.,28E¢03
S.T6E+03
0.

1.92E+03

2.21E-03
-1

30 SZCOND AVERAGING

SKZE
(MU)

402
rov
1013
1320
1625
1932
2237
25 L4
2849
3155
3462
3768
4073
4379
4686

(NUMIER/M®® 3-MM)

PRECIP
PROBE

2.15€¢00
0.
0.

0.

PARTICLE SIZE DISYRIBUVIONS (NUMBER/M®®3I-MM)

SCATTER STZE
FROBE (MDY
9.u8E#O7 %6
&.91E%07 W7
3.63E¢07 67
2.78E¢07 38
2.00E+07 108
1.48Ex 07 128
1.83E+07 1&9
1. 09E¢ 07 169
9.35E¢06 189
5.71E¢06 210
&.15E¢06 230
24 3LE+06 251
2+ 86E+06 271
3.89E+06 291
3.89E+06 12
6.00E-0%
22

cLouo
PROBE

2.96E405
1.65€E+05
1.96E405
1.11E405
1.26E405
1.33E405
1.09€E¢05
8.89E+04
6.53E+0&
3.56E¢ 04
1.96E+04
1.15E+04
7.20E¢03
3.29E¢03
1.92E+03

3.32E-03
Y

41

TYPET BULL-ROSE

SIZE
(MU)

L02
rov
1013
1320
1625
1932
2237
2544
26 49
3155
3462
3768
4073
4379
4686

PRECIP
PROBE

8.60E+00
0.
0.
0.
0.
Oe
0.
O
0.
0.
0.
u'
Oe
0.
0.

7T.52E-06
176

P (MB)
380.5

ALT (KM)
7.53%

TEMP (C)
=2T7.5

DEWP (C)

TAS (M/S)
115.2

TOTALS
2+ 0LE-03
63

P (MB)
378.8

ALT (KM)
7.565

TEMP (C)
-28.0

DEWP (C)

TAS (M/S)
116.3

TOVALS
2.91E-03
T4

M1




SIZE
(MU)

SIZE
(MU)

AFWL CIRRUS STUDY BY AF5L

FLIGHT E£77-51 ON

SCAYYER
FROBE

8.12E¢07
S.55E+07
3.61E%07
3.61E¢07
2.28E+07
1.37E¢07
1.58E¢07
1.26E¢07
1.48F¢ 07
5.71E+06
5«19E¢06
4.15E+06
5.19E#0b6
3.89E+06
3.63E¢06

T 2LE-0k
22

SCATTER
FROBE

6.27E¢07
6. 76E4+07
5e13E%07
L. 04E+DT7
3.00E¢07
2.36E407
1.74E407
1.45€E¢07
1.45E¢07
6.6BE*DH
6. 4BEL 06
L.40E*06
2.,85E%06
5.96E¢06
3. 37E4 06

T.88E~0%
21

29 ocr 7z
INTERVAL START ®*16153t01*
PARFICLE SI7F DISWRIBUTIONS

30 SZCOND AVERAGING

TYPE' BULL-ROSE

SIZE
(MUY

26

&7

67

88
108
123
149
169
189
210
230
251
271
291
312

INTERVAL START *16153831*
PARTICLE SIZE NISTRIBUTIONS

CLOUD
PROBE

1.48E¢05
1.36E405
1.96E+405
1.,22€+405
6.83E¢04
1.40Ee05
1.49£405
1.20E+05
9.66E+ 04
S.lLbLESDL
L.03E+04
2.30E+04
1.87E+04
1.15E¢04
5.75E403

Le77E-03
83

SIZE
(MUY

402

Ta7
1013
1320
1625
1932
2237
2544
2549
3155
3662
3768
4o7s3
&379
4686

YYPE® 3ULL-ROSE
SIZE cLouo SIZE
(M) PROAE (MY)

26 2.21E#05 402
&7 3.012¢05 707
67 3.01E¢05 1013
38 1.60E+05 1320
1018 2.21E+05 1625
123 2.27E* 05 1932
169 1.91FE+05 2237
169 1.37E¢05 2544
189 8.164E+00 2869
219 4,39€E+04 3155
230 1.38E+04 3u62
751 1.28E+04 3768
271 Se7LE®DZ 4073
7291 8.21E¢03 &379
312 5.75€E+403 4b 86

4.895-03

7%
42

(NUMBER/M** 3-MM)

(NUMBER/M*® 3-MM)

PRECIP
PROBE P (MB)
377.1
1.93E+01
0. ALY (KM)
O T.596
0.
0. TEMP (C)
0« ~28.6
0.
0 DEWP (C)
U.
0.
0. TAS (M/S)
Oe 116. &
0.
0.
0
TOTALS
1.69E-05 3«71E-03
176 78
PRECIP
PROBE P (MB)
375.0
5.36F¢00
0. ALY (KM)
0. T.636
0.
0. TEMP (C)
0. «29+3
n.
0. DEWP (C)
0.
0.
0. YAS (M/S)
0 116.6
0.
0.
0.
TOTALS
4.69E-06 4.27€-03
176 73
T Np———




SIZE
(MU)

SIZE
(MU)

AFWL CIRRUS STUDY BY AF5L

FLIGHT E77-51 ON 29 0OCY 77 30 SZCOND AVERAGING

INTERVAL STARY ®*168564101*
PARTICLE SIZE BISTRIBUTIONS (NUMBER/M®*3-4M)
TYPET 3ULL-ROSE

SCATTER STIZE cLoun SIZE PRECIP
FROBE M) PRPOBE (MUY PROBF
8,20E+07 26 3.58E405 402 9.64E400
7.81E¢N7 '%4 3.20E+405 ror S.61E~-01

5.92E%07 67 3.68E405 1013 0.
4.86E¢07 83 2.38E+05 1320 0.
3.18E+07 118 2.58E+05 1625 D
2.46F¢07 128 ?2.88E405 1932 0.
1.78E+07 169 2.?23E405 2237 0.
1.36E¢07 169 1.37E405 2544 0.
1.09E¢07 139 8.22E¢04 28469 0.
6. 98E#N6 210 3.75E+04 3155 0e
“.91E¢06 230 2.87E40% 3462 LS
8.02E+06 ast 1.78E+ 04 3768 0.
5.69E+06 27s 7.17E+03 4073 0.
2.10E¢06 291 9.83E+03 4379 0.
4o1UE+DH 31? 1.76E+ 0% 4686 0
B.21E-0% 5.93E-03 1.11E-05
a2 74 197

INTERVAL START *16156831"
PARTICLE SIZE DISTRIBUTIONS (NUMBER/M*® 3-MM)
YYPEt BULL-ROSE

P (MB)
3r2.7

ALY (KM)
7.679

TEMP (C)
=301

DEWP (C)

TAS (M/S)
116.7

TOVALS
4.97E-03
70

P (MB)
372.8

ALY (KM)
7.676

TEMP (C)
-%0.3

DEWP (C)

TAS (M/S)
116.7

TOTALS
S.4L6E-03
81

SCATTER S1ZE cLoun SiZE PRECIP
FPOBE (M) PROSE (MU) PRORE
Le22E%07 ?6 1.11E¢05 k02 1.03Ee02
B.hULEFDT W 3.10E+05 707 S«61E-01

7.38E+07 67 2.23E4+05 1013 0o
e 11E+07 LL] B8.67E+04& 1323 0e
3.9F¢N7 198 1.12E405 1625 0.
2485E¢07 128 1.¥9E+05 1932 0.
2.69E¢07 149 1.67F+05 2237 0.
1.53Fen7 169 2.00E%05 2544 LY
1.76E¢07 189 1.245405 2849 O
7T.775+06 210 1.02E¢05 3155 Ne
B8.28F¢06 2130 TB1Fe 04 I66? De
6.21E+06 251 Le9TE DY 31768 0.
8.28E¢06 271 3.30E404 8073 0.
3.37E406 291 2«79E+ 04 L379 0.
»«09E+06 312 1.53E¢04 46 86 0.
1.04E-03 7T.71E-03 9.27€E~05
2? 90 178
43
g PR, e




SIZE
(MU)

SIZE
(MUY)

AFWL CIRRUS STUDY BY AF5L

FLIGHT E77-51 ON

29 oCv 7r7
INTERVAL STARY ®16155101*

30 SZCOND AVERAGING

FARTICLE STIZ7% DISTYRIBUVIONS (NUMBER/M®® 3-MM)
VYPEt 3ULL-ROSE

SCATTER
FROBZ

6« 32E407
T«66F+07
6« 24E®D7
LoB8%ESQ7
J.44EHQT
3.16E¢07
1.97€¢07
1.35E+07
9.58E¢06
Se.lLULE+DD
3.88E+06
6.73E¢N6
3.37E+06
2.59E¢06
2.59E+ 06

6.93E-086
20

SIZE
(M)

26
1 4
67
[ 1)
108
123
149
169
139
219
2%0
251
271

291
12

CLOUD
PROBE

3.69E+04
2.43E405
1.27E405
7.59E+08&
L.H61E¢0L
3.00E04
5.59E+04
9.31E¢04
1.17€E¢05
1.00E405
T.23€404
6. 00E+ 04
3.88E¢04
2.46E¢0%
1.53E¢04

6.11E-03
99

SIZE
(MU)

ko2

roz
1013
1320
1625
1932
2237
2544
2649
3155
3462
3768
4073
8379
4686

INTERVAL STARY ®*16855831*

PRECIP
PROBE

1.25€E402
1.12E¢00
0.
0.
0.
0.
0.

1.15E-0%
179

PARTICLE SIZE DISTRIBUTIONS (NUMBER/M®® 3-MM)
YYPE?! AULL-ROSE

SCATTZR
FPROBZ

7<04E*Q7
8.LTECNT
6+50E¢07
S5.TSFE+07
3.78E¢07
2.30E+07
1.94E+07
1.19E%07
1.,22E¢07
6.73E¢06
3.88E+06
4.97E+06
5.,18F+06
L.66ELNG
2.85E% 06

T.68E-04
21

SIZ2E
(M1))

312

CLovD
PROSE

1.47E+05
2.52€405
1.66E¢05
4.07E+0%
3.87E+04
3.28E404
1.72E¢0%
5.32E¢04
T.08E+04
8.46E* 0L
8.84E¢DG
S.61E¢ 06
3.73E+04
G.27E404
3.25E404

64272-03
107

44

SIZE
(MU)

402

rar
1013
1320
1625
1932
2237
2544
2849
3155
3462
3768
4073
4379
4686

PRECIP
PROBE

1.98€E%02
0.
0.
Oe
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1.,73E-04
176

P (MB)
373.2

ALY (KM)
7.669

TEMP (C)
-30.2

DEWP (C)

TAS (M/S)
116.6

TOTALS
3.70E-03
87

P (MB)
373.1

ALT (KM)
7.671

YEMP (O)
~30.3

DEWP (C)

YAS (M/S)
116.6

TOTALS
3.13E-03
91



-

LWC
MED D

AFWL CIRRUS STUDY BY AFGL

FLIGHT E77-51 ON 29 OCT 77 30 SECOND AVERAGING

INTERVAL STARY *16156101*
PARTICLE SIZF MISTRIBUTIONS (NUMBER/M®®3I-4M)
TYPEs BULL-ROSE

SCATTER SIZE cLoun SIZE PRECIP
PROBE (1)) PROBE (MUY PROBF
&.7TE®OT7 26 1.11E+405 402 3.28E40?2
8.76E407 L34 2.52E¢05 707 3.93E¢+00

8.42E+07 67 1.46E¢05 1013 0.
6¢81E¢07 LL] 1.27E+05 1320 0.
b 6LEFDT7 108 9.61E+ 04 1625 0.
3.29E¢ 07 128 2.60Ee¢04 1932 0.
2.56E¢07 149 L.LIECOL 2237 0.
1.61E+07 169 5.68E¢04 2544 0.
1.68E¢07 189 1.08E¢05 2649 0.
9.07E+06 210 1.08E+05 3155 LI
6. 4BE+DH 230 1.22E+405 3662 0.
4 +92E¢ 06 251 B8.94ECDL 3768 0.
S<LULUF*06 271 S«31E+04 4073 Ne
3.89E+06 291 S«09E+06& 4379 0.
2.85E¢06 312 2.49E* 0L 4686 0.
9.05E-04 O.IBE-US 3.06E-0%
19 105 180

INTERVAL START *16156131*
PARTICLE SIZE DISTRIBUVTIONS (NUMBER/M®® 3-MM)
TYPEt BULL-ROSE

SCATTIR - 44 cLouD SIZE PRECIP
FROBZ (M) PRO3E (MU) PROBE
1.94E¢07 26 3.32E405 402 3.72€E%02
1.02E+08 W7 2.23E¢05 ror 3.94E¢00

1.11€¢08 57 2.L1E¢ 05 1013 0.
9.69Ee 07 34 1.55E+405 1320 0.
7.75E¢07 118 7T.93E+04 1625 0.
Se26E¢07 128 6.83E¢04 1932 0.
3.03E+07 1649 8.61E+ 0% 2237 0.
2. 85E¢07 159 1.17E%05 2544 0.
2.15E+07 189 1.84E¢05 28469 0.
1.22E¢07 211 2.10E¢05 3155 0.
1. 06E+07 2%0 1.78E¢05 36462 0o
Se«TOE+ 06 251 1.16E+05 3768 0.
T .26E406 271 6¢18E¢ 04 4073 0.
8+ 55E+0N6 291 Lo 27E4 0L 4379 0.
8.03E+06 312 4.98E+0L 4686 0.
1.46E-N3 1,18E-0? J3.LLE-D&
21 101 179
45

P (MB)
373.3

ALT (KM)
7.667

TEMP (C)
“30.4

DEWP (C)

TAS (M/S)
116.6

TOTALS
L.LOE-D3
91

P (MB)
37%.6

ALT (KM)
7.666

TEMP (C)
-30.6

DEWP (C)

TAS (M/S)
116.5

TOTALS
7T.11E-03
90




S1ZE
(M)

SIZE
(M)

AFWL CIRRUS STUDY BY AF5L

FLIGHT E77-51 ON 29 OCT 77 30 SZCOND AVERAGING

INTERVAL START ®16t57101*
FARFICLE €SIZ¥ DISTRIBUTIONS (NUMBER/M*® 3-MM)
TYPEt 3ULL=-ROSE

SCATTER SIZE cLouD SIZE PRECIP
FROBE (MU) PROSE (MU) PROBE
8.22E¢07 26 3.,32£405 k02 4,08E402
8.58E+07 &7 1.94E+05 Ta7 7.88E%00

6.90E+N? 67 1.37E405 1013 0.
5.58E+07 88 9,51E+04 1320 0.
3.9uE+07 108 7.39E¢ 06 1625 Q.
3.09E+07 128 3.01E+ 064 1932 Oe
1.63c¢07 149 4,09E+04 2237 0.
1.58E¢07 169 6.LB8ECCL 2564 0.
1.40E+07 139 1.05€E¢05 2869 0.
7.00E¢06 210 9,73E¢04 3155 0.
6. T&E¢06 230 8.,86E¢04 3462 0.
S«4SE+06 751 6e39E4 0L 3768 0.
4.93Ee06 271 6.04E¢DL 4073 0.
&.41E+G6 291 3.78E+04 6379 0.
3.89E+¢06 %12 2.88E¢04L 4686 0.
8.6LE-0W 7,20c-03 3.95E-06
21 105 183

INTEOVAL START *16t57¢731*
PARTICLE SI7EZ DJISTRIBUTIONS (NUMBER/M®®3-MY)
TYPE® 3ULL-ROSE

SCATVE=X S14E cLOuD SI1ZE PRECIP
FRO8Z (M) PRO3E (MU) PROBE
1.07E¢N8 26 1.85E¢05 402 3.37E+02
B.56E¢NT L34 2.14E+05 o7 9.57E«00

6e93EL07 524 1.,46E+05 1013 0.
S.16F¢ 07 i3 1.09E¢05 1320 0.
Y. 28EeN7 118 4.255¢04 1625 O
3.35E+07 128 &.93E+04 1932 0.
1.97E«07 143 6.73E* 04 2237 0.
1.79€¢07 163 1.02E#05 2544 0.
1.12€6¢07 189 1.29€+05 2849 0.
9. X6ECNH 2110 1.14E*0S 3155 O
7.27E+06 239 9.90E#0 L 3662 Ne
L 15E¢06 251 he52E4 0L 3768 0.
3.89E+06 27 Seb7E40L Lo7s LD
3.37E005 231 2.80E¢006 L379 0.
4« 93E%06 312 2.69E404 4686 0.
8.65E~004 7.56E-03 3.41E-0%
20 101 166

46

P (MB)
373.5

ALT (KM)
7.663

TEMP (C)
-30.9

DEWP (C)

TAS (M/S)
116 &

TOTALS
3.97E~03
90

P (MB)
373.6

ALY (KM)
T.662

TEMP (C)
-31.1

NEWP (C)

TAS (M/S)
116. 6

ToraLs
Leb3E-D3
88




AFWL CIRRUS STUDY BY AF5L

FLIGHY E77-51 ON 29 OCY 77 30 SZCOND AVERAGING

INTERVAL START ®16t58101%
PARTICLE SIZE NISTRIBUTIONS (NUMBER/M®*3-4M)
TYPE® BULL=-ROSE

SI1ZE SCATVTER SIZE CcLouD SIZE PRECIP
(MU) PRO3E (MU) PROSE (MU) PROBE
2 1.63E403 26 2.59E¢05 402 3.65E+02
L) 9.52E¢ 07 L 34 2.L3E+05 rvorz T.32E+00
6 7.19Ee07 67 2.10E¢05 1013 0.
8 6.25E¢07 39 1.06E+05 1320 0.
10 S.81E+07 108 S.17E+04 1625 0.
12 2.91E+07 123 7T.12E¢04 1932 0.
16 2.08E¢07 189 9.48E¢0S 2237 0.
16 1.79€¢07 159 1.24E*05 2564 0.
18 1.22E¢07 139 1.38E¢05 2869 0.
20 6.75E¢05 219 1.05E¢05 3155 0.
22 7.53E¢06 230 Te9UE+0S 3662 0.
24 T7T.27E¢06 251 S.73E¢0& 3768 Oe
26 L.41E¢ 00 271 3.45E¢04 4073 0.
28 he23E406 291 4.28E+06 4379 0.
30 3.89E+06 312 2.T0E+ 04 4686 0o
LWC 9.U1E-Nk 7.31E-03 3.5LE-00
MED N 22 97 183

INVEJVAL STARY *168581831*
FARTICLE SIZE PMISTRIBUTIONS (NUMBER/M®® 3-MM)
YTYPE! BULL-ROSE

SIZE SCATTZR SEZE cLoun SIZE PRECIP
(MU) FROBZ (M) PRC3E (MU) PROBE
2 1.21E¢08 26 2.95E+05 402 8.75E¢01
L 7.62E¢07 L34 4.86Z405 707 1.69E+00
6 6469E+07 67 4L.,28E+ 05 1013 0.
8 5.9hE¢07 a3 2.50E+05 1320 0.
10 3.84E¢N7 108 3.25E4+05 1625 0.
12 2.57E+G7 128 3.28E4+05 1932 0.
14 1.71E¢07 169 2.45E+05 2237 0.
1b 1.63F¢07 169 1.36E¢05 2544 0.
18 1.37E+07 183 9.58E¢04 2869 0.
20 T.52E406 210 5.86E+04 3155 0.
22 SeT0E 06 230 5.29E¢04 3662 Ce
26 6.27E406 251 2.56E404 3768 0.
26 7.00E+06 271 1.73E+04 4073 0.
28 6. 74F¢N6 291 1.15E+ 04 L4379 0.
30 5.70E%06 3z 1.15E+04 4686 0.
LWC 1.00E-03 7.20E-03 8.46E~05
MED D 23 75 183
47

P (MB)
373.5

ALT (KM)
7.663

TEMP (C)
-31.2

DEWP (C)

TAS (M/S)
116. 4

TOTALS
4.78E-03
85

P (MB)
373.2

ALT (KM)
7.669

TEMP (C)
-30.9

DEWP (C)

TAS (M/S)
116.5

TOTALS
6. 06E-03
71




SIZE
(M)

FLIGHT

SCATTEK
FROBZ

1.96E¢08
S.07E¢07
L. 04E*D7
3.00E¢07
1.89E+07
1.76E#07
1.22c¢07
1.29E¢07
1.01E¢07
6.47E*0B
SeULLE*DE
3.62E¢06
3.37E¢06
2.85E¢06
2.33E406

5.95E-0%&
21

SCATTER
FRO3Z

2.62F¢08
3.52E¢07
2.T2E4O7
2.28E+07
1.94E+07
1.84E407
1.22E+07
1.04E+07
8.80E+06
6.+ 21E¢06
4.40E* 06
6. LTE+OB
6«73EH06
3.36F¢N6
3.67E%06

7.08E~-0%
23

AFWL CIRRUS

E?7-51 ON
INTZRVAL START ®161591801"
PARTICLE SI7€ NISTYRIBUTIONS

SIZE
(M)

26

67

67

83
108
123
149
1693
139
210
230
254
274
291
312

INTEQVAL STAPT *16159131*
PARTICLE SI7E NISVRIBUTIONS

SI7€
(M)

26

&7

%4

89
108
128
163
169
189
210
2%
251
2’
291
312

29 oCv 77

STUDY BY AFSL

30 SICOND AVE'AGING

(NUMBER/M®* I-4M)

TYPEt 3ULL-ROSE
cLouD SIZE
PROSE (MU)

8.,115¢05 402
5.05€405 raz
4.92E+05 1013
3.C1E+05 1320
1.77E+05 1625
1.09F+05 1932
4.192¢04 2237
4.52E404 2564
2.30E+ 04 2669
1.77E+04 3155
1.26E+04 3462
5.10E+03 3768
4b.31E¢03 4073
3.28E403 4379
SeTULE#OT 4686
3.045-03

652

PRECIP
PROAF

1.45E401
Oe
0.
0.
0.
0.
0.
0.
0.
0.
L
0«
N
0.
0.

1.27€-05
176

(NUMBER/M*® 3=-MM)

TYPEt S3ULL~ROSE
cLOouD SIZE
PPO3E (MU)

8.85E405 402
6.01E+CS rov
3.72E4+05 1013
2.22E+05 1320
1.07E+05 1625
6.83E+046 1932
3. 01E+ 04 2237
2.22E%04 25464
1.72E+04 2869
1.064E¢04 3155
8.0LE+DN3 3662
6.38E403 3768
1.643E¢03 4073
0. 4379
1.91E+03 4586
2.08E-03

56

48

PRECIP
PROBE

8.57E+00
Oe
0.
0.
0.
0.
0'
0.
0.
0.
"o
0.
0.
0.
0.

7.50E~06
176

P (MB)
372. ’

ALT (KM)
T.678

TEMP (C)
-30.5

DEWP (C)

TAS (M/S)
116.6

TOTALS
2.67E-03

P (M3)
372.7

ALT (KM)
7.679

TEMP (O)
-30.0

DEWP (C)

TAS (M/9S)

116.7

YOTALS
1.92E-03
54




POv PR

SLZE
(M)

ATWL CIRRUS STUDY BY AF5L

FLIGHY E77~-51 ON

TYPE® 3ULL-ROSE

SCATTER SETZ cLouD SIZE

FRORZ (M) PRO3E M)
1.47€4+138 26 heH3Z405 402
8.15FeN7 47 Lo.0O7E+05 roz
5.51E+07 67 5.87c405 1013
4, 766407 33 3.672¢05 1320
S.60E+07 108 L,11E405 1625
2.FK7E407 123 2.80E%05 1932
1.50E407 1649 1.78E+DS 2237
1.50e407 169 9.04E+DL 2544
1.E6E407 183 L.BBE+DG 26469
B8.54E¢N5 211 2.T1E404 3155
8.60E¢06 230 2.8TE+0L 362
He21E4 06 251 1.405¢04 3768
3.36F¢06 271 1.43E04 4073
7.76E¢06 231 He56E¢03 4379
S« 17E4¢06 312 7.65£403 4686
9.85E-06 S.80c~-07%

22 58

INYEJVAL START ®=17:00¢831*

PARTICLE SI7Z DISTRIBUTIONS (NUMBER/M*® 3-4M)

YYPE! BULL=-ROSF

SCATTER SEZE cLOuUD SIZE
FRO3E (M1)) PROAE (M)
1.656¢08 2% 5.89€E405 402
7.S2E¢07 L34 3.,00E+05 To7
5.71E407 657 3.,09E405 1013
4,55+ 07 83 2.55E+05 1320
3.08E¢07 108 2,782405 1625
2ebBee07 128 2.992¢05 1932
2.12E407 1643 1.92E¢05 2237
1.53Fen7 169 1.10F%05 2544
1.F8E¢07 189 8.32E+04 2849
7e2LE®NGH 210 5.21F¢ 04 3155
64 UBFFOH 2130 3.21E¢04 3462
5.69E¢06 251 1.776¢04 3768
6+ LKEX 06 eTs T.17E403 4073
4.65E¢ 05 "9l 1.31E¢04 4379
4.E6E5END 312 3.82E¢02 4b 86
9,23E-0k SehUE~D3
g2e 73
49

29 OCY 77 30 SZCOND AVFRAGING
INT=RVAL START *17:00s01*
PARTICLE ST7C NTSYRIBUTIONS (NUMBER/M** 3-MM)

PRECIP
PROAE P (M8)
372.5
6.16E401
1.63€400 ALT (XM)
0. 7,687
0’
0. TEMP (C)
n. -30.4 *
0.
0. DEWP (C)
U.
0 1
Ne TAS (M/S) 1
0. 116.7
nl
0. ]
0.
TOTALS
5.19E-15 5.05E-03
186 65
B
PRECTP
PRO3E P (MB)
372.2
1.29€Ee02
LoW9ESOQD ALY (KM)
0. 7.688
0.
0. TEMP (C)
0. -30.2
0.
0e NEWP (C)
0,
0.
Ne TAS (M/5)
0. 116.8
q.
0.
0
TOTALS
1.34E=06 5,06E-03
188 70

..

— — l




SIZE
(M)

SI17E
(M)

AFWL

FLIGHY £E77-51 ON

PARTICLE

SCATVTER
FROBZ

1.276¢08
1.14F¢08
1.01E¢n3
7.52c407
5.97E¢07
3.98E¢07
2.71E+07
2.GBELNT
2.43Ee07
1.16E407
9,82E% 35
B.0?2E+06
1.14F407
B.C01E+05
B.27E4¢N6K

1.49€-13
22

PARTICLC

SCATYTER
PRO3Z

L.91EsN7
1.308+08
1.36E4¢08
1.06E+08
7 +29E407
S.hhECD7
b, 21E407
3.856%07
J.uLEYDT?
1.68E¢0?7
1.81F¢07
1.11E¢07
1.275¢07
1.27Fen?
B.5%+16

2.064E-N%
44

STTE
(M)

25

87

67

33
108
123
149
1693
139
219
230
251
ZTL
291
312

INTZRVAL START ®17801831*
SIZZ DISYRIBUTIONS
TYPER

SIE
(M)

£
R4
(34
EL]
108
123
149
169
139
210
2130
251
(A -
291
312

" IRPUS

29 OCY 77

TNTZVAL STARY *17801101*
SI1Z¥ DISTRIBUTICNS
TYPER

STUNY BY AF5L

30 S:

3ULL -ROSE
cLOuD SI7E
PROBE (M)
2+95E405 602
4L.55€405 roaz
3.,7%2405 1013
2.64UESDS 1320
2.96E405 1625
3.43E405 1932
3,20£405 2237
2.2HE405 2544
1. 4LESDS 2ok9
1.?25c405 3155
beHSELONL 3662
J.LLE+OL 3768
2.58F¢04 +077%
1.64E+0L %379
2.10E404 4686
9.56E-03
80

3ULL-ROSE
cLouD SIZE
PRPO3E (M)
3.%1F+05 40?2
3.97E405 ror
5.002405 1013
3.03E405 1320
2.63E405 1625
3.22E405 1932
3.54LE¢05 2237
2.91E%05 2544
2.23E405 2849
1.70E+05 315%
1.16E405 3662
SeTULESDSL 3768
b,01E 0L 4073
2.46F404 8379
3.06E+04 4686
1.,?25E~02
8%

50

PRECIF
PROBE

(NUMBER/M®® 3-1M)

2.34E40?
6.17F400
5.89%-01

0.
n.
N
0.
0.
0.
Ne
0.
0‘
n.
0.
q'

2 42E-0k

PRECIP
PROBE

1568

(NUMBER/M** 3-1M)

3.176%02
1.18€+01

0.
Oe
0e
0.
0.
L
0.
0.
0.
De
LB
0.
0.

T33E~06

189

COND AVERAGING

P (MB)
372.1

ALT (M)
7.690

TEMP (C)
=303

DEWP (C)

TAS (M/5)
116.8

TOTALS
7.91€-02
76

P (MB)
372.0

ALY (KM)
7.591

TEMP (C)
-30.3

DEWP (C)

TAS (M/S)
116.8

TOTALS
9.92E-02
79

=d



SIZE
(MU)

SIZE
(M)

e FEN

LWC
MED D

AFWL ZIRKUS STUNY BY AF5L

FLIGHT E77-514 N 29 OCT 77 20 SZCUND AVERAGING

INTZVAL START *17t92t01*
PARTICLE <IZF DISYRIBUVIONS (NUMBER/M®**®3-44)
YYPE® BULL-ROSE

SCATTER SI72= cLoud SIZE FRECIP
FROBE (M) PROBE (MU) PRORPF P (MB)
372.0
1. 00E+08 26 2.95£¢405 402 LabdE+Dn?
1.12F+08 L 2.81E¢05 707 3.03E¢01 ALT (KM)
1.01E+08 6” 1.82E+05 1813 5.89€E-01 7.691
8.43E+07 83 9.75€4+04 1320 0e
6. 03E¢07 103 B.10E¢04 1625 0e TEMP (C)
L.bHERDT 123 5.73E404 1932 0. =305
3.26E+07 169 5.16E400 2237 0.
2.&8E+07 163 1.32c405 25 i Ne DEWP (C)
2.17EeN7 139 1.7TE*0S 2649 0.
1.01E¢07 219 1.54E4+05 3155 7
7.76E+06 2139 1.39z+05 3462 0. TAS (M/S)
T.S50E+06 251 7T.65E+04 3768 0. 116.7
6.72E%¢05 27 6.74F %04 “n73 N
B.54E40H 291 2.29E%04 4379 0.
S«17E#N6 312 Le21E+04 4686 O
TOTALS
1.31E-03 9.,53E-03 5.45E-004 6.11E-03
21 100 202 90
INTERVAL SVARY ®17:02t31*
PARTICLE SIZE DISYRIBUTIONS (NUMBER/M®®3-4M)
YYPE® 3ULL-ROSE
SCATTER $1ZE cLOuUD SIZc PReCIP
FROBE (M1)) PRO3E (MU) PROAJE P (M8B)
371.6
8.77E4N7 26 1.84F¢05 402 9.93F+02
1.356¢08 ur 3.10E405 To7 9.15E+01 ALT (KM)
1.2%E¢08 14 2.00£405 1013 2.36E400 7.694
1.01E¢08 83 1.33E405 1320 Ne
7.E66E¢07 118 F.92E404 1625 0. TEMP (C)
L.6ERELQT 128 Lo77c+0b 19382 De =306
J.LUEMOT7 163 3.33E+04 2237 0.
2. 65E4N7 169 b.BELESDYL 25 bl 0. DEWP (C)
24b4FCNT 189 1.06E405 2849 Ne
1.01E%07 210 1.04E+0S 3459 0.
1.27E007 230 1.11€405 3462 Ne TAS (M/S)
7T.50E406 251 1.03E+05 3768 0. 116.7
9.83E+N6 27k 9. 0LESOL 4073 0.
8.79F¢ 06k 2N S.7uLE®DL 4379 0.
9. 31E¢ 06 e S.3I5E+04 LEAR6K 0
ToTALS
1.65E-N3 9.90£~-03 1.34E-03 SeULOE-D2
21 110 212 95
51
. R




SIZE
(M)

MED D

S1ZE
(MU)

FLIGHT E7T-51

PARTICLE

SCAYTEw
FROSZ

1.32F+08
1.18E+08
9.33E407
T.50E+07
6. 0BE+D7
LeWSESODT
2.84FE%07
2.09E407
2+.38BE%07
S« 57E405
B.01E¢0NH
3.10E%06
5 +95E¢ 06
4b.91E4N5
L.ESESDNS

1.106-03
13

FARTICLE

SCATTER
FROBE

1426408
1.06E+03
Ba?24E6N7
HehlESOT
5+19E¢07
3.16Fen7
?+CLESDT
1.78E407
1.83E¢07
9.B1E+0H
B4.52E¢05
9.30E406
5.94E006
S+17E+06
HeBESNG

1.17E~03
22

AW

ON

T IRRUS

29 QLT 77
INTERVAL START
SI7€ DISTRIBUTIUNS

STUNY 3Y AFsL

n
U

TYPEt SULL-ROSE
S1TE cLoun SIZc
(M) ®PRO3E (M)
25 2.58FE¢05 402
L7 1.7E+05 707
657 1.32E405 1013
89 1.14E05 1320
188 L L2E+04 1625
123 2.59E4 04 1932
149 1.93E404 2237
169 1.15F%04 2544
133 2.20E¢00 2849
210 JobuESOG 3155
239 b.13F¢ 04 I462
251 B,03E604 3758
274 HelbE# QL Lor3
291 bo26HE+ DL 4379
312 L,?20EesNL 4586
5.91£-03
116
INTZRVAL START €17103131°*
SI2F NISTRIBUTIONS
TYPES BULL~-ROSE
SI7¢ CLOUD SIZE
(MY PROJE (MU)
26 1.10£405 402
L4 1.06F+05 707
57 F.5454 04 1013
33 9. LT7ELDL 1320
103 6.2524006 1625
129 T.41Fe00 1932
163 1.18E404 2237
153 7.965403 25 bl
139 1.43F404 2049
219 G.?T7Z404 3155
2%0 SeNLECDL 3662
251 heR2E+ DL 37568
il ! boT0F® 04 4073
291 bols254 04 w379
542 5735404 L6 B6
5.86E-073
119
52

PRECIP
PRO3ZE

1.70F¢03
1.13E402
2.36E+01
0.
0.
D.
0.
0.
U'
0.
N
0.
nl
0.
0

2.07E-07%
201

(NUMBER/M®® 3=-uM)

PREGCTF
PROJF

1.595403
1.h5F¢02
S.88E400
0.
Ne
0
0.
0.
0
Ne
0
0.
0
0
e

2v YSE=0 %
o 4

SCOND AVERAGING
=17:07%t01*
(NUMBZX/M*® 3-4M)

P (M8)
371.5

ALT (KM)
7.701

TEMP (C)
-30.6

NEWP (C)

TAS (M/S)
116.8

YOTALS
3.62E-03
131

P (MB)
370.9

ALT (KM)
7.713

TEMF (C)
‘30.5

DEWP (C)

TAS (M/5)
116.9

TOTALS
3.94E-03
142




—
AFWl CIRRUS STUNY RBY AF5SL
FLIGHF E77-51 ON 29 OCTY 77 30 52COND AYERAGING
INYEIVAL START *171061t01"
PARTICLE SIZT DISTRIBUTIONS (NUMBER/M®® 3-1M)
TYPE® BULL=-ROSE
SIZE SCATTZR SI?E CLOUD SIZE PRECIP
(M) PRO3E (M) PROBE (MU) PROBE P (MB)
371.0
2 1. 31E¢08 25 2.21£405 k02 1.11E4+03
4 1.12F¢08 N7 2.42E405 rov7 1.18F+02 ALT (KM)
6 8.08Fen7 67 1.50E+05 1013 L,71E+00 7,711
8 heB2FE407 L L] 1.03E+05 1320 0.
10 L,98E807 113 S5.7TNEs 04 1625 Ne TEMP (C)
12 3.60FeN7 129 3.27E404 1932 Ne -30.4
16 2.T1E®O7 1693 2.90E+04& 2237 0.
16 2+.12€E¢07 159 3.26E4004 2544 (i 9 DEWP (C)
18 2.35E¢07 139 HFa11E4004 2049 0.
20 1.21E+07 210 F.0RE¢ DL 3155 Ne
22 1.21E+07 213) b W2E4QL 3662 IS TAS (M/5S)
24 he71E¢0H 251 B.15E¢04 3768 0o 1169
26 b«71E¢06 271 5,30FeN4 4073 Ne
28 B.78E%0H 21 L.2hEe0L 8379 0.
30 S.42F¢ N5 L & J.LGESDY 4Hhabh 0
TOYALS
LWC 1.31E-Nn3 6. 76E=-D3 1.50E-03 4L,35€E~03
MED D 21 110 219 98
INYZVAL STYART ®*1710%131"
FARTICLE ©I7% NISYRIBUTIONS (NUMBER/M®® 3-MM)
TYpEt BULL-ROSE
SI1ZE SCATYIZX S17¢€ cLouD S L€ PRECIP
(M1)) FPO8T (M PPOBE (MU) PROBE Fo(MR)
371.3
? 1.32Fe08 25 2.57€E+05 40?2 5.4EeN?2
ls B.73Es07 L %4 5.81E¢086 707 FelhF401 ALY (KM)
[ feSRESNT 657 1.18E+05 10173 2.35FE400 7.705
8 be 708007 83 9.7 400 1320 Ne
10 3.4KFN7 118 L,NLE+DN 1625 0. YEMP (C)
12 2.87E407 129 L,90C+0% 1932 0. -30.1
14 2.19E+07 143 SelLESNG 2237 0.
16 1.91E¢n7 169 B.81E8DL 2544 0. DEWP (C)
18 1.8BE+07 189 L,96E* 0L 2849 0.
20 1.27E¢07 210 H.BTESOL 3155 0.
22 b T1Ev 0K 2130 be 15FE¢ 04 3467 Ne TAS (M/S)
24 1.01c+07 %1 3. 05E4 08 3768 0. 116.9
26 b4 005405 271 2.002¢04 k073 Ne
28 7.43E4 06 291 1.6LE4+04 4379 0«
30 5+16F+ 06 312 1.91E+04 LK A6 0.
ToTaL®S
LHWC 1.19€E-03 4b,13E~-03 B.03E-08 3.256=03
MED D 23 98 22?2 91
53

R




SIZE
(MU)

SI7E
(MU)

= A V)

190

146
16
18

22
24
26
28
30

LWC
MED D

AFWL CIRRUS STUNY BY AF5L
FLIGHT ET77-51 ON 29 QGY¥ T7
INTERVAL STARY *17805801*
PARTICLE SIZZ "ISTRIBUTIONS
VTYPEt BULL-ROSE

SCAYTER ST ZE cLOUD ST ZE

FRO3Z (M) PROBE (MU)
1.24E#NB 26 1.10E405 407
9.68E+07 47 B.71E404 rav
6356407 67 9.52E+ 04 1013
Lk.52E¢ 07 83 7.03E+04 1320
3.43E407 118 5.70E¢ 04 1625
3.28E¢07 128 5.8hE¢04 1932
2.74E+07 149 6.hS5E+0G 2237
1.73E+07 169 be36F4+04 2544
2.LOE+DT7 189 L,B87E404 2849
1.24E¢07 210 Se?21E¢ 04 3155
1. 03E+07 230 4.92Ee¢0L 3462
8.,78E496 251 2.,29E+ 06 3768
8,00E+06 271 8.,59Z¢03 4073
9.81E¢06 b 1.6LE+0L 4379
6.71F#06 312 1.72E+04 4686
1.35E-03 3.72E-03

23 36

INTERVAL START ¥17105831*
PARTICLE SIZE DISTRIBUTIONS
YYPE?

SCATTER SEZE
FROBE (MUY
1.33E+08 25
1.12E+08 W7
7.69E¢07 67
8.00E+07 83
6.14EC07 108
S.4?Ee07 128
3.38Ee07 169
2. THEHO7 169
3.15E¢07 189
2.27E407 219
1.86E¢07 2%0
1.52E407 €53
1.73E¢07 271
1.57E¢07 291
1.57€E+07 312
2.38E-03
26

30 SZCOND AVFRAGING

BULL~ROSE
cLouD S1ZE
PRORBE MU)

1.84E¢05 402
2.90E+05 rov
2.95E+05 1013
1.38E+05 1320
1.89E+05 1625
1.40E+05 1932
1.38c+05 2237
8,66E+04 25Lb
8.49E¢0L 2669
6.,56C4006 3155
65, 75E404 3462
3.82F+0% 3768
1.72FE%04 4073
1.47E+04 8379
1.91E¢04 4686
5.932-03

88

{NUMBER/M®** 3-MM)

PRECIP
PROBE

S5.42E¢02
5.88E401
1.18£¢09
6.19E-01
0‘
C.

(NUMBER/M** 3-4M)

PRECIP
PROBF

9.15E402
9.80FE¢01
5.29E400
6.19E-01
0.
Oe

0.

1.36E-03
223

P (MB)
372.6

ALT (KM)
7.681

TEMP (C)
=29.3

NEWP (C)

TAS (M/S)
116.9

TOVALS
3.19€-03
-

P (M3)
3r2.9

ALT (KM)
T.676

TEMP (C)
-28.9

DEWP (C)

TAS (M/S)
117.0

TOTALS
5.58E-03
86



SEZE
(M)

SIZE
(M)

AFWL CIRRUS STUDY BY AF5L

FLIGHY E77-51 ON 29 0CT 77 30 SZCOND AVER
INTERVAL START *17t06101*
PARTICLE SIZE DISTRIBUTIONS (NUMBER/M®* 3-MM)
TYYPEt SULL-ROSE
SCAVYER SI7E cLoup SI7E PRECIP
FROBZ (MUY PROBE (MU) PROBE
1.51E¢08 26 4. 04LE+DS &02 1.37E403
1.19€E#08 &7 2.90E+05 roez 1.33E¢02
9.08E+07 67 2.90E+05 1013 3.53E+010
1.01E+08 8% 1.97E405 1320 0.
8413E+07 108 1.91E+05 1625 0.
6e22E¢N07 128 2.03E+05 1932 Oe
Selk2E+07 169 1.85E405 2237 0.
4.59E+07 169 1.F0E*0S 25 44 0.
L.75E¢+07 1893 1. X1E+05 2049 0.
2.%0E407 211 1.64E«05 3155 Ne
1.96E+07 230 1.10E+05 3462 0.
1.88E+07 251 S«.60E+04 3768 0.
1.83F¢07 27L 3.72E¢04 4073 0.
1.78E+07 291 3.92E¢04 8379 0.
2.30E¢07 312 2.67E40L 4686 0.
3.01E-03 9,2u4c~-03 1.88€-03
24 933 2146
INYERVAL START *173106831*
PARTICLE SIZE MISTRIBUTIONS (NUMBER/M*® 3-MM)
TYPEt ARULL-ROSE
SCATTER SIZE CcLOuUD SIZE PRECIP
FROBZ (M) PRO3E (MU) PROBE
1.25F¢08 26 2.94F 05 402 9.85F+02
1.35€+08 L 14 3.382405 ror 8.73E401
1.08E+08 67 3.95£¢05 1013 5.88E-01
8.85E+07 39 2.59E+05 1320 0.
64 37E¢07 108 2.35E+05 1625 0.
5.55E¢07 123 1.80E¢05 1932 O
4,28E+07 149 1.33F+05 2237 0.
3.10E407 169 1.20E405 2544 0.
3.82E+07 189 T.3LE+Q4 2849 0.
2.17€¢07 210 T.18E+04 3155 0.
1.78E¢07 231 6.64E+D4L 3462 0.
1.4LE*OQ7 251 S.60E+04 3768 0.
1.60E+07 il | LobGEe0l 4073 0.
1.706¢07 291 2.29E¢ 04 4379 0.
1.83E+07 v 1.53E+04 4686 0.
2.53E-03 T.36E-03 1.29€-03
24 90 209
55

AGING

P (MB)
372.9

ALT (KM)
T.674

TEMP (C)
-28.8

DEWP (C)

TAS (M/S)
117.0

TOTALS
8.05E-03
87

P (MB)
372.8

VALY (KM)
7.677

TEMP (C)
-28.8

DEWP (C)

TAS (M/S)
117.0

TOTALS
6.12E-03
81




STZE
(MUY)

SIZE
(MU)

AFWL CIRFUS STUNY BY AFSL

FLIGHY ET7-%1 ON 29 OCT 77
INYERVAL STARTY ®171t071t01*
FAKTICLE SIZS DISYRIBUTIONS (NUMBER/M*®3-44)
VYPEt 3JLL-ROSE

SCATTZIK SI7E cLoub SEZE PRECIP
FROBZ (M) PRO3E (MU) PROBE
1.58F¢0N8 %6 5.88E¢05 402 2.49E 402
1.31E+08 14 k.83E+0S 707 1.60E+01
1.05E+08 67 b.35E405 1013 5.88t-01

8.15F+07 883 2.97E%05 1320 0e
6+ 68E+07 108 2.2GE+05 1625 0.
S.03E+07 128 1.96E405 1932 0.
h.23E¢07 143 1.39E¢05 2237 0.
To43E€NT7 169 1.27c405 2546 0.
3696407 189 8.49E¢04 2849 0.
2.04E+07 210 T.39E404 3155 0.
1.75E¢07 238 S«38E+04 3462 0e
1.4TE+OQTY 251 h.4SE+ D& 3768 0.
2.19E+07 271 3.00E+04 4073 0.
1.60E+07 ?91 2.13FE¢0% ©379 0.
1.75c£407 312 1.91E+04 4686 0.
2.58E-03 Ve23E~03 2.93F-0%
24 85 199

INTERVAL START *17107:131*
PARVICLF SIZFE DISTRIRUTIONS (NUMBER/M®® 3~9M)
TYPE® BULL=-ROSE

SCATTER SETE cLouD SIZE PRECIP
FROBE (M) PROBF (MU) PROBE
1.45E+08 26 1.84LE+0S 402 2.51E402
1.06E+08 L, 24 1.93E+05 707 3.30E¢01
6. 87F¢n7 67 1.41E¢05 1013 1.18£+00

Se55E+UT 83 T.S57E«QL 1320 0.
Go34E4QT 108 S«33E404 1625 0.
3.82E¢07 129 ba?2E404 1932 0.
3.12E¢07 149 6.BH6E¢0L 2237 0.
2.12E%07 169 S.04E®OL 2544 LU
24356407 189 6.20E¢04 28&9 0.
1.€0E¢07 210 S.83E¢04 3155 0.
1.36E407 230 L.SBE+DL 362 0.
1.39E¢07 251 2.93E% 04 3768 0.
8.78k%05 271 1.57E¢0¢ 4073 0.
1.32E+07 231 9.82E+403 8379 0.
1.37E¢07 3ie S5¢73E¢03 4686 0.
1.83E-03 3.56E-03 3.94E-04
2. 92 229
56

30 SZCOND AVERAGING

P (M8)
372.8

ALT (KM)
T.677

TEMP (C)
~28.8

DEWP (C)

TAS (M/S)
117.0

VOTALS
S5«35€-03
43

P (MB)
373.1

ALT (KM)
7.671

YEMP (C)
~-28.9

DEWP (C)

TAS (M/S)
117.0

YOTALS
2+88E-03
87



SIZE
(MU)

SIZE
(MU)

AFWL CIRRUS STUDY BY AF5SL

FLIGHY E77-51 ON 29 OCT 77

30 SZCOND AVERAGING

INTERQVAL START *17¢081t01*

PARTICLE SI7E DISTRIBUTIONS (NUMBER/MN®*® 3-4M)
YYPES SULL-ROSE

SCATVER
FROB=

1.00E+08
1.27E+08
1.12€E%08
7.L5E¢07
SeTUE+DT7
L.&7E0 07
3.91E¢07
2. TUE+O7
2.79E+07
1.35E¢07
1.27E+07
1.16E¢07
7.50E¢00
b LTES DD
9.31E¢06

1.59E-03
21

SCATTER
FROBE

1.05€E+08
1.48E+08
1.31E¢08
1.07E+08
T.01E¢07
5.98E¢N7Y
3.80E¢07
3.73E+07
3.70E¢07
1.91E+07
1.40E407
1.11E¢07
1.40E+07
1.47E+ 07
1.04E¢07

2.14E-03
2?

SI?E cLoOuD
MU) PROBE

26 3.32E405
&7 2.62E+05
67 1.73E+05
33 1.16E¢05
118 LohOE®OL
128 2.59E¢04
1%9 3.97E¢04
169 3.90E+04
189 6. 02E¢0&
210 G LTES DL
230 8.725406
2?51 6.76E+04L
271 T«17E%04
291 4.26E+04
2 3.06E+ 08

he91E~-D3
110

SIZE
(MU)

402

rToz
1013
1320
1625
1932
2237
2544
2069
3155
3462
3768
4073
4379
4686

INTERVAL START ®171t081831*
PARTICLE SIZE DISTRIBUTIONS

YYPEt BULL-ROSE

SIZE cLouD
(M) PROSE

26 2.21E405
&7 2.52E405
Y4 2.05E+405
88 1.35E¢05
108 1.07E+05
128 6. 01E+04
149 Le62E+ (&
169 S5.73E+0¢4
189 1.00E+05
210 1.01E405
2%n 8.95E+0¢4
251 8.03E+06
271 7.03E«08%
291 SeWL1E® O
12 4.59E+ 04

8.69F-03
109

57

SIZE
(MU)

402
r07
1013
1320
1625
1932
2237
25 Lk
2849
3155
3462
3768
Lor3
4379
4686

PRECIP
PROBF

1.30E+03
2.43Fe02
1.53€+01
2.48E4+00
0.
0.
DI
0.
0-
0.
0.
0‘
n’
0.
0.

2459E-03
261

(NUMBER/M®® 3-MM)

PRECIP
PROBE

2.11F+0%
b 24E402
S3.72LE401
2.48E+0N
n.
0.
0.
LY
0.
0.
D.
0.
0.
0.
UI

LoeLOE-DS
266

P (MB)
373.7

ALT (KM)
7.661

TEMP (C)
-29.4

DEWP (C)

YAS (M/S)
116.7

TOVALS
S.46E-03
104

P (M8)
373.8

ALT (KM)
7.658

YEMP (C)
-?29.6

DEWP (C)

TAS (M/S)
116.7

TOTALS
8.23E-03
130

———




SIZE
(M)

AFWL CIRRUS STUDY 3Y AF5L

FLIGHY E77~51 ON 29 QCY 77 30 SZCOND AVERAGING

INTFRVAL START *1713091301*
FARTICLE SIZE NISYRIBUTIONS (NUMBER/M*® 3-MM)
TYPEY RULL-ROSE

SCATTER ST?E cLoun SIZE PRECIP
FRORZ (M) PROBE (MU) PROBE
9. TEHNT7 ) 3.68E¢05 402 3.23€E+03
1.46E+08 14 2.42E405 o7z 6e32E402
1.42E¢08 67 2.X7E405 1013 T.95E4+01
1.23E+08 83 1.33E+05 1320 2.43E+0N

8 L1EHD7 108 8.8LESDL 1625 Do
6.29E407 128 3.96E¢04 1932 0.
5.56E+07 1493 2.58E+04 2237 0.
3.83E+07 159 2.4B8E¢04 2544 0.
3.60E¢07 133 2.10E404 2869 0.
2.17E+07 210 3.86E¢04 3155 0.
1.7E+07 238 7.35E+ 04 3662 0.
1.€0E407 251 S.LBE+0& 3768 0.
1.63E+07 271 6.1TE+O0L 4073 0.
1.€36e07 291 5.08E¢ 0% 4373 G.
8.80E+16 x12 4e78E®NG 46 86 0.
2.26E-03 6+66E-03 heWBE-03
22 116 261

INTZRVAL START *17809t31*
PARFICLE SIZ2F DISTYRIBUVIONS (NUMBER/M®* 3I-MM)
YYPEt 3ULL=-ROSE

SCATTER SI7E cLouD ST ZE PRECIP
FROBE M PROBE (MU) PROBF
1.22E+08 26 7.372404 402 2.70E+03
1.22€E¢08 ur 2.13E+05 rToz 3.93E+02
1.082¢08 AT 1.05E¢05 1013 1.59E¢01

7.964E¢07 83 9.LB8E+0L 1320 0.
6.11E¢07 108 Se71E¢04 1625 0.
bo74ESNT7 128 3.14F¢04 1932 0.
3.47E¢07 149 6.u5c403 2237 0.
3.?9E+Q7 163 T.97E+03 25404 0.
3. 036407 133 9.56F+03 28 49 Oe
1.40c¢07 210 2.4LOE+ 04 3155 0.
1.37c¢07 230 2.98E¢04 3462 0.
1. 09E+07 251 3.32E¢04 3768 0.
1.27€E¢07 271 4e30E®DG Lo7s O
1.08E407 291 3.465¢04 b379 0.
7.50E+06 2 LeOTZ404 4686 0.
1.76E-03 L.56E~03 LoWw6E-0T
22 121 235
58

P (MB)
3r3.7

ALT (KM)
7.661

TEMP (C)
-29.6

DEWP (C)

TAS (M/S)
116.7

YOTALS
8.80E-03
207

P (MB)
373.9

ALY (KM)
7.655

TEMP (C)
~29.5

OEWP (C)

TAS (M/S)
116.7

TOTALS
S.6LE=-03
202



ATWL CIRRUS STUDY BY AF3L
FLIGHT £77-51 ON 29 OCT 77 30 SICOND AVERAGING
INTERVAL START *17810801%
PARTICLE SIZF TISTRIBUTIONS (NUMBER/M®*3-4M)
YYPE! 3ULL-ROSE
SIZE  SCATTER SI7E cLOUD SIZE  PRECIP
(MUY FROBE MU PROBE (MU) PROSE P (MB)
3781
2 1.07E¢08 26 2.95E405 402 1.77E¢03
4  1.23E+08 47  2.04E¢05 707 2.63E%02 ALT (KM)
6 1.16F+08 67  1.77E¢05 1013  1.30E+01 7.65%
8 B.uKESO7 88  7.59E404 1320 1.24E+00
10  7.12E+07 108  5,71Ee04 1625 0, TEMP (C)
12  S5.38Ee07 128  3.69E¢04 1932 0. -29.5
14 4, 32E¢07 189  2.58E+04 2237 0.
16 3.29E+07 169  3.54E+04 2544 0, NEWP (C)
18  3.S7E+07 189  3.83Ee¢ 04 2649 0.
20 1.99E+07 210 7.72Ee08 3155 0,
22  1,.81Ee07 230  6.89E404 3462 0, TAS (M/S)
26 1,01E+07 251  S5.61E¢04 3768 0. 116.7
26 1.42E%07 271 5.02Fs04 4073 0.
28 1.42Ee07 291 5.90E+06& %379 0.
30 T.75E4N6 112 4.59E¢ 04 4686 0,
TOTALS
LWC 2.06E-03 5o 81E-03 3.026-03 5.56E-03
MED D 22 115 239 130
INYERVAL STAPT *17810131°%
PARTICLE SIZS NISYRIBUTIONS (NUMBEX/M®® 3-MM)
TYPE! 3JLL-ROSE
SIZE SCATTER SIZE cLOUD SIZE PRECIP
(MU) PROB (M1 PROIE (MU) PROAE P (MB)
374.0
2 1.20F%08 26  ?2.95Ee05 402 1.55E%03
4 1.48E¢08 47  2.43E¢05 707  1.94E+02 ALT (KM)
6 1.365E408 67  2.14E+05 1013 1.42E401 7.654
8 1.03E+08 88  1.49Fe0S 1320 2.48E+00
10  7.S51E+0°7 198 7.56E¢ 04 1625 0. TEMP (C)
12 5.62E407 178 4.51E+0& 1932 0. -29.8
14 4 ,B4E+OT7 149  2.695404 2237 0.
16 G.01Ee07 169 5.14Fe04 2544 N, DEWP (C)
18 3.T4E¢07 189  7.56E¢04 2849 0.
20 2.17Ee07 210 1.,10E¢05 3155 0,
22 1.61E407 230 1.07Fe0S 3462 0. TAS (M/S)
24 1.40E¢07 751  9,95E¢06 3768 0. 11646
26 1.32€e07 271 6.75E406 4073 0.
28 1.11F+07 291  4.10E+ 0k 4379 0.
30 1.09E¢07 312 3.25E404 4686 0.
TOTALS
LWC 2.16E-03 8.20E-03 2.56E-03 6.32E-03
MED D 22 107 235 181
59




SIZE

AFWL CIRRUS STUDY BY AF5L

FLIGHT ET7-51 ON 29 oCT 77 30 SZCOND AVERAGING

INTERVAL STARY *17t11101*
PARTICLE SIZF MISYRIBUTIONS (NUMBER/M®® 3-9M)
YYPEt 3ULL=-ROSE

SCATTZIR SIZE cLoun SIZE PRECIP
PROBE MUy PROSE (MU) PROBE
1.76E¢08 26 2,21E¢05 402 3.65E402
1.19F+08 .7 1.07E+05 707 2.81E+02
9.48E%07 67 9.11E+04 1013 2.48E+01
T.17E407 38 B.L1E*DY 1320 2.68E400
S.23E¢07 108 boeL3IEXOL 1625 6.55E=-01

3.24E407 128 3.55E+04 1932 0.
3.44LECO7 169 2.0LE¢04 2237 0.
2.48E¢ 07 169 2.84LE* 04 2544 0.
2..&9Ee 07 189 bk.31E%04 2649 0.
1.01E+07 210 T21E404 3155 0.
1.11E¢07 230 6.89E+04L 3462 0.
T.77E406 251 5« 36E+ 04 3768 0.
8.03E¢06 271 Le74ECDL 4073 0.
8.03E+06 291 5.09E+0%& 4379 0.
7.51E¢06 312 3.25E¢04 4686 De
1.41E-03 5.97E-03 2.65E-03
22 113 291

INTERVAL START ®17811131*
FARTICLE SIZS DISTRIBUTIONS (NUMBER/M®® 3-MM)
VYPEt 3ULL-ROSE

SCATTER SIZE cLouo SIZE PRECIP
“PROBZ (M) PRO3E (MU) PROBE
1.81E¢08 26 3.69E¢ 04 402 3.24E¢03
9.7uE+07 Ly 1.17€+05 707 8.17E+02
6.58E¢07 67 1.05E+05 1013 J.42E401
LoWBEXDT7 88 Se43E+ (& 1320 4.97E+00
LoWBE+Q7 108 3.51E¢04 1625 0.
3.14E¢07 128 1.50E¢06 1932 0.
2.T5E+07 149 1.51E¢ 064 2237 0.
2.20€E¢07 169 1.77E+03 2544 )
1.84E007 189 T.66E¢03 28469 0.
1.08E¢07 219 1.05E+03 3155 0.
1.06E+07 230 8.05E+03 3462 L
64 22E+ 06 251 3.83E+03 3768 0.
7.00E¢06 271 Le31E403 4073 0.
6.22E406 291 &.93E+03 4379 0.
9.07E+05 %12 5.75E¢03 4686 0.
1.26E-03 9.46E~0L 7«37E-03
22 98 272
60

P (MB)
374.1

ALT (KM)
7.653

TEMP (C)
-29.8

DENP (C)

TAS (M/S)
116.6

TOTALS
4.98E-03
136

P (MB)
3746

ALY (KM)
7.646

YEMP (CO)
-29.9

DEWP (C)

TAS (M/S)
116.5

TOTALS
7.91€-03
263




SIZE
(MU)

SIZE
(MU)

AFWL

FLIGHY E77-51 ON

29 ocvy 77
INTEVAL START *17812101"°

CIRRUS STUDY BY AFSL

30 SZCOND AVERAGING

PARTICLE SI7?7F DTISYRIBUYIONS (NUMBER/M®® 3-MM)

SCAVYZIR
FROB:Z

1.31E+08
1.41E+D8
1.14FE+08
9.23E+07
he 97ESNT
S«16E® 07
LeSLEHNT
3.08E007
J.45E007
1.56E¢07
1.17€E¢07
1.53E+07
1.06E¢07
1.06E+07
9.33E¢06

1.91€-03
22

SCATVTER
FROSE

2+54E% 08
7T.83¢07
Se16E+07
3.91F+07
3.66E¢07
2439E¢07
2+59E4+07
1.76F¢07
1.40E¢07
8.0LE®NG
7.26E¢06
5.19E¢06
FeU4BESDH
LeWlErDNH
3.37E+0b6

8.9hE=-D0L
21

TYPEt BULL-ROSE
SI’E cLouD SIZE PRECIP
(M) PRORE (MU) PROBF P (MB)
374.6
26 4.80E¢05 k02 3.89E+03
L 2.72F+ 05 roz 3.31E402 ALT (KM)
67 1.?B8E+05 1013 1.,18E+01 T.6L2
a3 1.09E+05% 1320 0.
103 7.38E+04 1625 0. TEMP (C)
123 b.10E+04 1932 Ne -?29.9
169 2.05E¢04 2237 0.
163 1.51FE404 2544 Ne DEWP (C)
139 1.15€¢ 04 2849 0.
210 1.46E+ 064 3185 0.
2139 3.68E¢064 34662 0. TAS (M/S)
251 Lo THWES DY 3768 0. 116.5
27 5.89E¢ 04 4073 0.
291 6.90E+06 8379 0.
312 3.6LES0G LhBh Ne
TOTALS
S.FBE-03 Se1ULE-NY E.h1E-03
120 210 181
INTERVAL START ®17t112131*
FARTICLE €I7€ DISTRIBUTIONS (NUMBER/M*® 3-MM)
TYPEL 3ULL=-ROSE
128 cLOouD S1 ZE PRECIP
(M) PRORBE (HU) PROBE P (MB)
376.7
26 3.69E¢ 04 402 7<84E40?
&7 S.B3E¢08 Tor Se23E¢01 ALY (KM)
57 T«7SEe 04 1013 0. T.66L0
33 3.53F¢ 00 1320 0.
198 1,485+ 04 1625 N YEMP (D)
128 1.78c404 1932 Ne -29.9
163 1.L0E+ NG 2237 0.
169 1.69E %04 2544 Ne DEWP (C)
133 1.732404 2849 0.
210 3.14E4006 3155 0
210 2.88E% 04 Inh?2 Ne TAS (M/5)
7?51 3.96E+06 3768 0. 116.5
o L LBESODL 4073 LY
291 h.110408 4379 0.
312 3.07E+04 46 85 Ne
YOTALS
4L.1BE~-03 J.36E-004 1.39€E-03
119 200 103
61

l‘




SIZE
(MU)

LWC
MED N

SIZE
(MU)

AFWL CIRRUS STUDY BY AF5L

FLIGHT E77-51 ON

SCATVER SI7E
FROBE (MUY
boWL3ECDB 25
3. 03E+07 &7
1.56E£¢07 657
1.76E407 88
8.62E406 108
4.G3E006 128
fe 22E406 169
SebWLE* D6 169
4.67E¢05 189
2.59E406 210
2.07E+06 230
2.07E+ 06 251
2.33F¢06 271
1.30E¢06 291
2.07E¢06 312
3.13c-~0%
23

INTERVAL STARY *17813831°*

29 0CT 77
INTERVAL START *17:13:01*
PARFICLE SIZF NDISYRIBUTIONS

30 SZCOND AVERAGING

TYPEt 3ULL-ROSE

cLouD
PROBE

0.

2.91E¢ 04
9.12E+03
1.36E404
3.69E¢03
4.10E403
1.08E403
8.88E¢02
9.59E#+02
3.14E+03
2.30E+03
'O

8.63E403
3.29€403
5.75E¢03

5.10c~-04
122

SIZE
(HU)

L0?2
roz
1013
1320
1625
1932
2237
25 4t
2069
3155
3662
3768
4073
K379
4686

(NUMBER /M®*® 3-MN)

PRECIP
PROBE

bo2UL4E+02
L.T2F4+01
0.

5.97E~-0%
216

PARTICLE <IZE NDISTRIBUTIONS (NUMBER/M®® 3-MM)
TYPEt BULL-ROSE

SCATYER S12¢

PROBE (M)
«.02E408 26
3.76E407 .
24 80E407 34
1.97E+07 83
14 53E407 108
1.643E607 128
1.06E407 149
6. 7UESD6 169
7.526406 189
4, ETES 06 219
2<33F 06 2130
2.85E406 251
2.85E806 271
2.85E+06 291
1.B1E406 312
4. 46E=0%

22

CLOuUD
PROBE

3.69E¢ 04
2.91E+04
5.01E¢ 04
1.63E+04
3.69E+403
S.47E+03
2.15E¢03
0.
0.
2.09E+03
0.
2.56E403
0.
n.
1.92E+03

2.19E-04
72

62

SI1Z2E
(MU)

402

ror
1013
1320
1625
1982
2237
2544
2869
3155
3462
3768
4073
€379
4686

PRECIP
PROBE

9.64E+D2
2.,2TE402
3.54E400
6e21E-01

2.00E-03
262

P (MB)
374.8

ALT (KM)
T.640

TEMP (O)
-29.9

OEWP (C)

TAS (M/S)
116.5

TOTALS
7.21E-0%&
19¢

P (MB)
374.5

ALY (KM)
7.644

YEMP (C)
=30.0

DEWP (C)

TAS (M/S)
11645

TOVALS
2.13E-03
254




.
1
4
AFWL CIRPUS STUDY BY AF5L
FLIGHT EF7-51 ON 29 OCY 77 30 SICOND AVERAGING
INTEVAL START ®17t141t01*
PARTICLE SI7F MISTRIBUTIONS (NUMBER/M®® 3-9M)
TYPEt BULL=-ROSE
SIZE  SCATYER SI7E cLOUD SIZE  PRECIP
(MU) FROB? (MUY PROSE (MU) PROBE P (MB)
374.3
2  2.53E+08 26 1.11E¢05 402 2.33E403
L 7.54Ee07 ur 1.17E405 707 1.78Fe0% ALT (KM)
6 6.27FN7 67 B.20E+04 1013  1.08E402 7.6L9
8  4,98E+07 83 be61E¢0 L 1320 1.80E+01
10 3.94Es07 103 2.TTE+ 04 1625 1,31E+¢09 TEMP (C)
12 2.88E¢07 129 2.60E404 1932 2.08E¢00 -30.0
14 2.28E+07 143 1.79€404 2237  1.8E400
16 1.92E+07 159 1.33E404 2544 0, DEWP (C) 1
18 1.89E07 189 3.83E403 2849 0.
20 9.59E+056 210 1. 064E¢03 3155 0
22  6.22E406 230 §.60E+03 3862 0. TAS (M/S)
26  B8.55E+06 251 0. 3768 0. 116.5 1
26 5.18E+06 271 1.44E+03 4073 0.
28 5,70E¢06 291 3,28E403 %379 0,
30 5.96E406 312 0. 4686 0,
TOTALS L
LMWC 1.07E-03 6.30E~04 1.31€-02 1.376-02
MED N 22 %4 316 310
|
INTEIVAL START ®17814131° |
PARTICLE ©IZS NISTRIBUTIONS (NUMBEI/M*® 3-MM) 1
TYPEt 3ULL=-ROSE ‘
SIZE  SCATYZR SIZF cLoun SIZE PRECIP 1
(MUY FROBZ (MU) PRO3E (MU) PROBE P (MB)
374.2
2  3.04E¢08 26 3.69F+04 402 2.69E¢03
&  6.,17E+07 (%4 BJ7&E+DG 707 H.49E02 ALT (KM)
6 S5.13E¢07 57 5.92E404 1013 1,89E+01 7.650
8 &.54Ee07 33 3.53E¢04 1320 3.11E+00
10 3.39E+07 1958 2.L0E+ 0% 1625 0. TEMP (C)
12 2.70Ee07 128 9,57E+03 1932 0. -30.0
16 2,05E¢07 1%3 1.08E+04 2237 0.
16 1.68E¢N7 169 2.66F403 2544 D, DEWP (C)
18 1.63E407 189 2.87E+03 2889 0.
20  1.19Ee07 210 3.14E+03 3155 0,
22  heTWFe06 230 0. 3462 0. TAS (M/S)
24 T.?6E+06 251 1,28E403 3768 0. 116.5
26 & ,66E+06 271 0. 4073 0.
28  S5.70E+06 291 9.85E+03 4379 0.
30 6.74E+06 312 9,58E+03 4686 0,
TOTALS
LWC 1.05E-03 8.17E-04 5.81E-01% 6.13€-03
MED D 22 126 267 260
63
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AFWL CIRRUS SYUNY 3Y AFL

FLIGHT E77-51 ON 29 OCT 77 30 STCOND AVERAGING
INTERVAL START *17115101*
PARTICLE SI7S DTSTRIBUTIONS (NUM3ER/M®® 3-MM)
YYPEt 3ULL-ROSE

SIZE SCATTZR SI7¢ cLOUD SIZE  PRECIP
(MU) FRO3: (M) PROBE (MU) PROBE P (M3)
3764.1
2 6.00E¢08 26 n. 40?2 5.50€%02 (
4 3.326407 (%4 3.BBE+ 04 707 3.03€E+01 ALY (KM)
6 1.87E407 (34 1825404 1013 5,90€-01 7.652
8 1.%8E¢07 83 1.90E+04 1320 0.
10 1.L5E607 193 5.,53£403 1625 0. TEMP (C)
12 1.096+07 128 4 10E¢03 1932 0. -29.9 |
16 8.03E+06 1493 2.15F+03 2237 0 )
16 5.96E+0b 159 8.B7E¢(02 25 4k Ne DEWPE (C) 1
18 7 .25E406 183 0. 28643 0.
20 2. 856+ 05 210 2.09E4+0D3 3155 0.
22  2.0TE+06 230 1.15F+03 3402 0. TAS (M/S) i
24 W.&0F¢06 251 3.83E¢063 3768 e 116.6 |
26 2.336406 271 1.L4WE®D3 4073 0. {
28 2.33E406 291 0. ©379 0.
30 1.81F+ 06 112 7.66E403 4686 D,
TOTALS i
LWC 4,06E=-0% L,14E-04 he3WE=-DL 7.58E-04
MED D 23 132 197 180 1
|
{
INTEJVAL START ®17115131%
PARTIGLE SIZF NISTRIBUTIONS (NUMBEX/M®*3-MM)
TYPEt 3ULL=-ROSE
SIZE  SCATTER SI7% CLOUD SI?E PRECIP
(MU) FROBE TMY) PROBE (MU) PROBE P (MB)
373.7 1
2  9.4bE+DB 26 0. 402 0.
4  2.33E+05 (%4 0. 707 0. ALT (KM)
6 2.85E%06 657 0. 1013 0. 7.659 }
8 2.33E+06 LT} 0. 1320 0 |
10 1.04E¢05 108 0. 1625 0. TEMP (C) ‘
12 1.29F+06 128 0. 1932 0. -30.1
16 1.0%E+06 149 0. 2237 0.
16  1.30E+06 169 0. 2544 0. DEWP (C)
18 1.55F806 189 0. 2049 0.
20 7776405 210 0. 3155 0. ‘
22 5.18E+05 230 0. 3462 0. TAS (M/S)
24  2.59E+05 251 . 3768 0. 116.6
26  7.77F¢05 271 0. 4073 0.
28  2.59F¢G5 291 0. 4379 0.
30 2.59E¢05 312 0. 4686 0.
TOTALS
LWC 7.50£-05 n. 0. 0.
MED N 20 0 0 0

64




SIZE
(M)

LWG
MED D

SEZE
(MU)

AFWL

FLIGHT E77-51 ON

29 OCY 77
INTERVAL START *171t16101*

TIRRUS STUDY 8Y AFSL

30

PARTICLE SIZF DISYRIBUTIONS (NUMBER/M®® 3I-9M)

SCATTER
FRORZ

8.2hE%08
L.41E+ 0K
1.82E+06
24336406
3.11E+06
1.30F%06
1.08E+06
1.56E£+06
u.

7.78E¢05
0.

T.78E¢05
1.04F4+06
2+59E+CS
7.78E¢05

8.90E-05
a5

PARTICLE

SCATYZP
PROBE

1.1%¢09
L,ETE+DH
2+33E406
5.19E#05
2+B5E¢N6
5.19E¢05
2.59E¢05
1.30F¢N5
1.0E+06
0.

2.59E¢05
2.59E+05
0.

o.

?2.59E¢05

4.11E-05
15

TYPEt BULL-ROSE
SI’E cLouD SIZ2E
(ML) PR OBE (MU)
26 3.69E404 w02
(%4 Ne raz
57 0. 1013
a8 0. 1320
108 9.23E¢03 1625
129 1.37E¢03 1932
149 L,31E+03 2237
169 0. 2544
139 0. 2849
2110 0. 315%
230 0. 3462
251 n. 3768
271 Ne 40773
291 Ge 4379
312 n. 4hB8H
4.53£-05
61

INTEIVAL START ®*171161831*
SIZS DISVYRIBUYIONS

YYPEt BULL-ROSE

S1ZE
(M)

2%
.7
67
39

108

128

1%9

169

189

210

730

751

271

291

312

cLoun
PROSE

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.

65

- 4
(M)

402
7a7
1013
1320
1625
1932
2237
25 44
2869
3155
3462
3768
4073
4379
4686

PRECIP
PROBE

S.37E-01
De
0.
0.
De
0.
0.
0.

(NUMBER/M®*® 3~-MM)

PRECIP
PROBE

SZCOND AVERAGING

P (MB)
376.2

ALT (KM)
7.650

TEMP (C)
-30.4

DEWP (C)

TAS (M/S)
116. 6

TOTALS
4.58E-05
61

P (MB)
37&.3

ALT (KM)
T.649

TEMP (C)
=30.5

DEWP (C)

TAS (M/S)
116. 6

TOTALS
0.
‘0




Appendix B

Data for Lona-Period Averages

PMS 1-D printouts of average cirrus data for varying time intervals are given
in this appendix. The periods selected were primarily determined after reference
to the plotted data in Figure 15¢ which is believed to be in general agreement with
visibility conditions in the aircraft., Specifically, the higher peaks of the precipita-
tion probe LLWC curve represent times when visibility from the aircraft was reduced
most,

Peaks in the precipitation probe LWC plot are represented in the first three 1-D

averages for the following:

Averaging Period Beginning At Page
240 sec 1654:01 68
300 sec 1701:01 68
420 sec 1707:01 69

l.ower values of precipitation LWC during the flight are found in the following

intervals:

180 sec 1657:01 69
120 sec 1706:01 (0
60 sec 1712:01 70

Two printouts of longer term averages which include both high and low LWC

values are:

1080 sec 1653:01 i1
720 sec 1702:01 71
67
- -
%




THT ¢
g:qu IS HF’,T QUAT ITY 3 ¥
Y FUENT oo A PRACTIC 2Dy

¥ FURN 55 IO ppg WI1cAzL
T ——

AFWL CIPUS STUNY BY AFSL
FLIGHYT £Z77-51 ON 29 OCV 77 260 SZCONN AVERAGING

THTEAIVAL STAPY *t6tSut01*
FARTICLE SIZF NISTYRIBUYIONS (NUMPRER//M®® 3-MM)
TYPEST BULL-ROSE

— ST ——SCRTIER— N1 78— -CCoub SIIt— PRECIP : ==
(MUY PROBZ (M PROAE (M) PROAE P (MB)
373.2?
2 Helh2E007 26 2.03E405 400 2.36E402
% 8.59F¥n7 37 2.52F*05 706 T.465E%00 ALY (KM)
3 T.42E807 67 1.922405 1011 Oe 7.669
—— 10— — AP - 1;16E¢85 -—1316- 8% - S niat —
10 4,37Fv07 113 G.33F%04 1622 N. TEMP ()
) v 3. 22607 124 B.21F¢ 04 1927 0. -308.5
14 2.20E%07 143 Be795404 22133 De
16 1. 65FYD7 159 1.03F+85 2534 s FROSYPOINY
18 1.42E407 139 1,16E405 2843 0
———p e Ot gy — N 187505 3149 L
22 He51F+ 06 230 F.LHEE40L 3654 0s YAS (M/S)
>4 5. 76E%05 759 B.4IES DY 37.0 N 116.6
26 5.50F¢06 271 Le3aE404 4065 n.
?8 5, 26F* N6 731 2,315¢04 6370 n.
30 L, T7EENS 7119 ?2.5954 0L w576 0
—_—— - ~— FOTALS
LWC 9,27E-0k 7.55-03 2.20E-04 8. 65E~-03
HED D ?t 49 180 LT3
AFWHL CIRIUS STUNY 3Y AFGL
FLIGAT S77-51 ON 23 D227 77 300 3COND AVERAGING
INTTJ4L STAT *17:01101°
FAITICLE SI7Z NIST<IoJITIUNS (NU{3IZ/M** 3-M4)
P T T fySCT BULL-<USE
Silc SCATTLR B CLOUD SIZc PrZCLiP
(M) FrJ2Z (¥ PIUIE (11 ¥ J4E Fo(43)
3742
& 1.1 #33 >3 2e?.540 + 90 Bea2 #N2
iy Ledezt, 3 = &P 2 hiZ+lS 7.6 755 +.1 ALT (KM)
6 Ge25.417 57 2.14405 1J11 2.53.400 7.695
8 T8 z¢J7 ar 1.-0UE4DC 1315 1e2F=01
1y S5¢62-%77 113 1:.17:405 1622 » TEMP (0)
12 Weldl=h il 123 1.12:405 1427 0 -30.2
10 3.0624 7 14 1.0 Z+05 2233 0.
16 2.643:%.7 169 Geba-+lb 2534 | FROSTPUINT
) 2eb7Z¢ T 1.0 302324006 2543 G
2l LoV T 239 3.105404 314 0
2 ¢ 141 3E %07 231 7¢50:40 3u 54 J e TAS (M/5)
2k 0e7 51406 c7) SedlitiLle 37610 e 116.4
26 4¢25.+06 271 be?5-.404 4N K”s 0.
T 20  0esBEF06 P01 2.99Z+0. +370 s
30 7545405 311 3.37240 4 wh 76 .

TOTALS
wiZ - E+505%)3 7.342=03 Le13F=07% 5.30E-073
1:) 0 2? 19 211 88
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THISPAGEISHEJTQUHJTY

el Taks ARY.E
PRACTICADLEL

FROM COPY FURNISHED LU DDC e

AFWHL CIRRUS STUDY BY AS5L

FLIGHT E77-51 ON 29 JCT 77

INTZRVAL - START 217407 401"

PAR[ICLE SIZE DISTRIBUTIONS (NUMBER/M®®3-MM)
TYPES BULL-ROSE

(MU) PROB_ (MY PROBE (GUVD] PROBE
2 1.81E005 26 2.,27E405 400 1.68E+03
Al 110347 1.O4Ee05 706 2.83E402
6 9.21Ev07 67 1.54E¢05 1011 1.63E+01
e~ 10— RT3, QLesfb— 1316 — L. 38E400
10 S5.40E+07 103 6.33E¢04 1622 4.69E-02
12— v B8E+R7 1728 by 272404 1927 0.
164 3.45E007 143 3.23c404 2233 0.
16 2w 668+ 07 163 3+23E4+ 04 253s 1
18 2.60E¢07 183 3.81E¢06 2843 Ne
2wl E O —— 28— Lv B LES B - - 3L+LF—- By —— -
ee 1.20€E¢ 07 230 S.01E+04 3654 0.
—P 1+01F+07 750 435404 3760 0.
26 1.06c¢.7 2ri bo11E404 4065 0.
28 G« 63E+085 291 3e45E+ 04 370 0.
30 d«.50E¢N5 311 2.79E+04 4676 0.
LWC 1.62E-03 b.98E-03 3e Okc 03
—HED-B Lo = 249
AFWL IQRUS SYUHY 3Y AF:L

FLIGHT E77-%51 0N 23 oCT 77
INTZVAL STARTY *16157101*
PARTIGC_E SIZ= MISTR/ISYTYIONS (NUMBER/M*® 3=-MM)
————— e — e - ~FYOE - AYLL ~ROSF

SIZE — SGATFIR SE7= 5LOUD SI7E - 2RECIP
(M1) FROAZ (M) P203E (41) PROAE
2 1.55E¢08 75 4.626405 400  2.04F402
SRR Y Ut SRS . 706 - 4yW25400
6 5.T4EENT A% 2.982405 1011 O
& s TLEO7 37  1,61F405 13460
10  3.2BE+07 110 1,302405 1622 0.
12 P y5BELOT 123 - 44,10E405 1927 04
14 1.64F+07 140 A705%04 22133 L1 1
e fy SRS NE o — 15T By D HE S Pl - <25 3G - O
18 L A7ENT 133 B8.432404 2843 0.
2§ 7226406 239 . by73E4+04 3149 0.
22  6.18F¢06 230 5,592404 3454 0.
A4y 54536+ 3k 259 - -3,57E404 3760 0.
26 54058406 271  P.E8S404 4065 N,
Ay U A BE e 2Ohe 2N BE Rl - 4370 B
30  4.06EM06 M1 1.635404 4676 D,
LWC 8.30F-04 5.70E=-03 1.976-06
HED O 22 91 183

69

420 SECOND AVERAGING

P (MB)
3740

ALT (KM)
7.654
TEMP (C)

=-29.6

FROSTROINT

TAS (M/S)
116.6

TOTALS
S5.15€-03
151

180 SZCOND AVERAGING

P (MB)
373.2

ALT (KM)
7.669

TEMP (C)
-3048

FROSTPOINT

TAS (M/S)
116.5

TOTALS
3.98E-03
86




e

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNLSHED TODDC __—

AF4L CIRRUS STUNY BY AFSL

FLIGHT =77-51 ON 29 0CT 77 120 SZL0OND AVERAGING
IMTEYAL START *17t06t01°
PARTICLE SIZE JISYRISUTIONS (NUMBER/M*® 3=-1M)
FYPESL-BULL ~ROSE

S E———S AT - ST Z=- -S04 SitE PREGIP
(mt)) FROUBZ (M) PRO3E (M) PROBE P (M8B)
372.3
2 1.45E¢038 25 3.685405 +00 TelSE+02
& 1236+ 08 a7 3527=+05 746 6 70E+01 ALY (KM)
6 9,30E+07 57 3.16E405 1011 1.47E400 7.675
——————B 45—~ —PelcF+05 - 4310 - D, : =
10 6+ 3BECDT 108 1.,76£¢405 1622 (U TEMP (C)
42— 5 45E+ 07 123 45555405 1927 B 2648
14 4,26EPDT7 143 1.32E¢05 2233 0.
16 C P a-ading 169 ti15c+85 2538 L FROSTPOINY
18 3.65+07 133 B.74E¢ 04 2343 0.
——P P Bt 8 — — 2 8P — —Fx TR+ O~ - 3149 g
22 1«71E¢07 220 6,915+ 04 3654 0. TAS (M/S)
26 1:55c+47 250 &655+04 3760 O 11780
26 1.63E+07 Zry 3.19E¢ 04 4065 0.
26 1:60F+H7 291 2+33E+06 “370 O
34a 1,81F¢07 311 1.67E4084 4676 Ce
e SRR AR e ~ - TOVALS
LWS 2.49E-03 6.b1F~-03 9.50E~04 5.57€-03
“4£0- B —p 9 c1e 82
AFWL GIRAUS STUNY 3% AFSGL
e FLIGHFE7 754N - 23 ROFEF -6 STCOND- AVERAGING -
INTZRVAL START *17t12t01*
=———— PARFLICLE ST75 NISTRIAHFIONS (NUMAER/M®® 3-HY4)
YYPES 3ULL-ROSE
SIZE SCATTZ SZE cLOUD ST Z2E PRECIP
—H ) REBE— =PRI —— Y ——PROBE———— —P—(ME—
37u.7
—— 49426 ——2559E¢ 05— &80 2.34F+0 3
4 1.10E¢08 34 1.65c+(5 786 1.92E+02 ALT (KM)
ey Tt e A - 1011 5:9PE+29 7641
8 6.57F¢07 ST 7.21FE+004 1316 0.
ST I 19— — S — R ——————FEMP— e —
12 J.77E407 1239 2495c+0b tS27 0. =299
3 eSOt T 2 ——————————————
16 2.42F%07 169 1.60E404 2538 0e FROSTPOINT
e e e W PR e N e RV BTNy O e
20 1.18F¢qG7 219 2202404 3149 0.
e ey e WO P e PR e P B VO SN S YR SN I
24 1.,02E¢07 250 Lo1hZ¢0L 3760 De 11645
Y OTIOENUsT T vy ey —
28 T.52E¢ N6 231 5.51E+04 4370 0.
—— O e 3 Nty
TOTALS
N T N Wy —— voor < - O
MED 0O 2? 120 2na 166
70




THIS PAGE IS BEST QUALITY TRACTICABLE
FROM COr'Y FURNISHED TO DDC e

AFML CIRPUS STUDY 3Y AFGL

FLIGHT E77-51 ON 23 OCT 77 1080 SICOND AVFRAGING
INTERVAL STYARY *16153101*
FARTTCLE SI?= NTISTRIBUTIONS (NUMIEL/M® ¥ 3-HM)
TYPF1 BULL=-ROSE

SIZE SCATTZ R S17€ CLOUD SI ZE PRECTP
(M) FRO3- (M) PRO3E (M) PRO3F P (MB)
373.0
2 1.14F¢08 25 3.00E+05 400 7.40F402
4 1.026¢78 w7 2.815405 706 5.950+401 ALT (KM)
3 Bo45SEENT 57 2.49:5405 1011 G4ol43c4+0 7.673
8 6.59Fe07 37 1.57F405 1316 T 45F-01
10 S.06E+0T7 173 1.317405 1622 0 TEMP (C)
12  3.86F¢07 123 1.165405 1927 N -30,0
14 2.89F¢07 163 1.00E405 2233 0.
16 24326407 179 9, 08E4 08 25138 0. FROSTPOINT
18  2.26E407 183 Be50C40L 2843 0.
20 1.22F¢07 203 7.94E+04 3149 0.
22 1.04E%07 230 6.,975+04 3454 0. TAS (M/S)
24 B 705¢.6 250 5.165¢04 3760 0s 116.7
26 8.8hFH0H 271 3.815404 40ARS 0.
28 8.37E¢05 291 2.BBE+ 0L 4370 ne
30 7450405 311 2.5RS4+04 4676 0.
TOTALS
LWC 1.426-03 6.756-03 1.14F=-073 5.156-03
MED D 22 97 227 87
AFW. SIRRUS STUDY 3Y AFGL
e ek A T GHT G mG 1IN 28 QCT 7E 72055 CONDAVERAGING -~ o
INTEUAL START *17102101%
FARTIGLE SI2F DISTRIAUTIONS (NUMBERI/M®¥3-yM)
TYPEt 3ULL=-ROSE
SIZE SCATTEx S17¢ cLOUN SI7c  PRECIP
(MY~ FRORE—— UM PRYFE M) — RROBE R _(MB)-
33,2
2 1¢586+06- 26 ?.295405 400  1.41540%
4 1.12E¢08 ur 2.N4E+DS 706 2.056402 ALT (KM)
5 9. 0bE+07 B7 14716405 1011 9,82:400 7.670
8 74296407 ar 1.12E4065 1316 8.55E-01

A B B.BSEMGT . 108 B 02EADL 1622 2, Fhim02 — _TEMP LC).
12 G4.236¢07 128 5.34F 404 1927 0. -29.7
14 34396407 143 L4 RRE4OL 2233—-0
16 2.64ENT7 163 5.012404 2538 0. FROSTPOINT
18  2.66E807 133 5e39E+0h 2843 0.

20 1.43E607 209 HelDE40L 3149 0.

k@ AT 230 6, (2640 BUSh— B TAS AMLS) —
24 1.01E¢07 259 5.09E404 3760 0. 116.7
26 1+04E887 P71 L 2uFAQL 4065 B -

L an 9.95E¢u6h 231" 3.35Z404 4370 0.

30 9.12E406 31l 2,00F404 4676 D¢ .
TOTALS
L TT-SRRR Y 17N/ SR J70-PA) I, SR 1 - & SE— . T PN &
MEN N 22 107 237 102
71




