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Purpose of Flight Test Series

A new instrument, the Boeing Enhanced Mode Lidar, measures true air speed by detecting
the doppler shift of light scattered from single particles in air near the aircraft. The major
purpose of this test flight series was to determine the Enhanced Mode Lidar single particle
detection rate in cloud free air, especially in air with low particle concentration. At the time
of this test, the range of concentration of particles of sufficient size to be detected was
unknown. The performance of the enhanced mode lidar was also tested in droplet and ice
crystal clouds.

To achieve the goals of this project, three flights were conducted with the University of
Washington's Convair C-131A research aircraft. The flights were mostly in cloud free air
over the Pacific Ocean, near the Washington coast, and over rural Eastern Washington.
Flight altitudes extended up to about 13,500 ft (4100 m) and included clear air (particle
scattering coefficient below 10-6 m-1) and clouds with up to 150 cloud droplets per cm3
and up to 1.2 ice crystals per liter. The University of Washington flight numbers for these
tests were:
1593, on 4/14/93, 12:09 - 15:40

1594, on 4/20/93, 14:34 - 17:54
1595, on 4/30/93, 10:15 - 14:16

Description of Enhanced Mode Lidar

The enhanced mode lidar used in these flights included a ~100 mW, 1.06 um, CW laser.
Lenses of 1 and 2 meter focal-lengths were used to define the measurement range at
different times during the flights. A single objective lens was used for both the transmitter
and receiver. A 1/4 wave plate and polarization-dependent beam-splitter were used to
separate the transmitted and received optical signals. Coherent signal processing was used
to detect the Doppler frequency shift in the received signal. The detected coherent signal



was recorded on both a Boeing designed system, based on a high-speed digital
oscilloscope, and on a commercial signal processing system developed by TSI for laser

doppler velocimeter applications.

Aircraft Data Base

Aircraft instrument data is recorded on Exabyte format, 8§ mm video tape with most analog
data channels recorded at a 13 Hz rate, particle probe size data is recorded at a 1 Hz rate.
The data is recorded in a compressed format that is not directly readable. The Cloud and
Aerosol Research Group has developed a series of programs that can read these tapes and
present the data in either numerical or graphical format. The tapes are archived and can be
loaded onto a hard disk on request for access by ourselves or outside users. Because the
data is in a custom format and requires custom readout programs, neither a back up copy of
the data nor the readout programs is provided to outside users. Users can obtain access to
the data by creating outside accounts that can access our computer and data base and use the

readout programs.

Software is available to make the plots of aircraft flight tracks and strip charts included in
this report. In addition, software is available to make X - Y plots of the relationship of two
variables, numeric dumps of continuous data values versus time, plots of particle size
distributions and numerical dumps of particle size distributions. The numerical output can
be in a form compatible with spread sheets. In general, questions regarding the
instruments should be directed to Jack Russell and questions regarding software directed to
Hap Terry, both available at (206) 543-7684.

Particle size distributions from 0.1 to 20 um in diameter are measured on the aircraft using
two optical scattering instruments made by Particle Measuring Systems (PMS) of Boulder,
Colorado. In both of these instruments, single particles are illuminated as they pass
through the measurement volume and the light scattered during the passage of each
individual particle is directed onto a solid-state photodetector. The resulting current pulses
from the detector are classified into one of a series of amplitude bins corresponding to
specific particle sizes. These bins are calibrated in particle diameter by passing standard
diameter particles through the measurement particle detection volume. Tables 1 and 2 list
the bin channel edges in terms of particle diameter.



asas channel diameter

limits (jum)
ch FSSP-300
1 0.114 - 0.120 :
2 0.120 - 0.125 Size Range - 0.3 - 20.0 o
3 0.125 - 0.130
g 8;22 - g:ﬁ? Channel Size (miecrons)
6 0.141 - 0.146
7 0.146 - 0.151 1 0.30 - 0.35
8 0.151 - 0.157
9 0.157 - 0.162 2 0.35 - 0.40
10 0.162 - 0.167 3 0.40 - 0.45
11 0.167 = 0.173
12 0.173 - 0.178 ) 0.4 - 0.50
13 0.178 - 0.183
14 0.183 - 0.188 5 0.50 - 0.55
15 0.188 - 0.194 6 0.55 - 0.60
16 0.150 - 0.160
17 0.160 - 0.170 7 0.60 - 0.65
18 0.170 - 0.180
19 0.180 - 0.190 8 0.65 - 0.70
20 0.190 - 0.200 9 0.70 - 0.80
21 0.200 - 0.210
22 0.210 - 0.220 10 0.80 - 0.90
23 0.220 - 0.230
24 0.230 — 0.240 " 0.90 - 1.00
25 0.240 - 0.250 12 1.00 = 1.20
26 0.250 - 0.260
27 0.260 - 0.270 13 1.20 = 1.40
28 0.270 — 0.280
29 0.280 = 0.290 14 1.40 - 1.70
30 0.290 - 0.300 15 1.70 - 2.00
31 0.240 - 0.280
32 0.280 - 0.320 16 2.00 - 2.50
33 0.320- 0.360
34 0.360 - 0.400 17 2.50 - 3.00
35 0.400 - 0.440 18 3.00 - 3.50
36 0.440 - 0.480
37 0.480- 0.520 19 3.50 - U4.00
38 0.520- 0.560
39 0.560- 0.600 20 4.00 - 4.50
40 0.600- 0.640 21 4,50 - 5.00
41 0.640 - 0.680
42 0.680 - 0.720 22 5.00 - 6.00
43 0.720--0.760
44 0.760 = 0.800 23 6.00 - 7.00
45 0.800 - 0.840 24 7.00 - 8.00
46 0.600 - 0.760
47 0.760 = 0.920 25 8.00 - 9.00
48 0.920 - 1.080
49 1.080 - 1.240 26 9.00 - 10.00
50 1.240 = 1.400 27 10.00 - 12.00
51 1.400 - 1.560
52 1.560 - 1.720 28 12.00 - 14.00
53 1.720 - 1.880
c4 1.880 — 2.040 29 14.00 - 16.00
S5 2.040 - 2.200 _ 30 16.00 - 18.00
56 2.200 - 2.360
57 2.360 - 2.520 31 18.00 - 20.00
58 2.520 - 2.680
59 2.680 - 2.840
60 2.840 - 3.000

Table 1. Listing of channel edges for the ASAS and FSSP-300 particle spectrometers



Table 2. Fill times for the ASAS sample cylinder on flights 1593, 1594 and 1595.

£1t1593.nobag Thu Jan 6 10:06:24 1994 1

The times shown are when the switch was movad to FILL.
Each character following the time represents either time
spent in one of 5 states, or an event.

L]

FIILL

SAMPLE

STANDBY

EMPTY

BAD or missing data
EEA record

Aerosol record (LAS, Roycol,Royco2)
ASASP record

difbat record

mass monitor record
keyboard text

0]

SXoOreomoo -

One character is 1 second except for s (SANMPLE), it's
3 seconds and for b (BAD), it‘s 10 seconds. The event
markers don’t represent any time. A + at the

end of a line means that some characters dJdidn’t fit.

flt1593 no-bag samples

1 121307.2 fffffffffssssSSSSSSSSSSSSSSSSSSSSSSSSSSSi3SSSSSSSSSSs8ssSSssssseeeeeeecceceel o L L L Ll e +
ALM ALM E ALM ALM T ALM
2 121809.7 ffffffffssSSSSSSSSSSSSSSSSSSSSSSSSSS5535 355955555 8555555555585555S55Ss5eececeees
ALM ALM ALME ALM T ALM
3 122133.9 ffffffffsssSSSS8555555555SSSSS88885S555 5585555 SSSS5555SSS55555S5558S53555SS5SSSSSSSSSSSSSSSSSSSSSSSsssseecceeeeat
ALM ALME ' ALM ALM ALM ALM
4 122707.8 ffffffffsssSS85855555555S5555555SSSSS5HUSSSSSSSSSSSSSSSSSSSSSSSSS5S6S3555555S5588ssss88ssssseeef. ..o, +
ALM ALM T ALME ALM ALM T ALM
S 123913.0 ffffffffsssssssssssseceeecceereces
ALM
6 124011.3 ffffffffsS55SS958555555555555SS55588S8533usss8ss8sssssssseesf ... . . ... L ...
ALMALM ALME ALM
7 124305.9 ffffffffssSSSSSSSS555S5555555555555555:355SSSSS5568SSS@EECEECES . v v v v v it it e +
ALM ALM ALME ALM ALM
8 125619.4 fffffffffssssSsSSsssssssssssSSSSSSSSss5ereececeecepececececececeecceecearaaceeeeeeeeeest. . . . . i i i i i 3
ALM T ALME T ALM
9 130029.5 fffttfffffs55598555555555555S5SSSS85555:i555555555555558555555555555555555555585555555555555SS5SSS3SSS5SSSS3SSSSSSSSH
ALMT ALME ALM ALM ALM ALM
10 131031.6 ffffffffffsssS585955555555555S5SSSSS8SS i SSSSSSSSSSERBRERREREES . & & v v v i v e ettt et e e e e e e e e e +
ALM ALM ALME ALM ALM
11 131851.7 ffffffffffssSSSSSSS555555555SSS55SSSSSSS53:::SSSSSSSSSseceecceeaes
ALM ALM ALME ALM
12 132114.5 fffffffffsssssssssssssssssssssssssssseweceeeeeef . o0 L oL,
ALM ALME

7]
0
]
w
0
n
n
n
5
7]

13 132321.0 ffffffffffsssssssssss35535S
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

132604.

133129.

133426.

134308.

134617.

140124.

140332.

141407.

141824.

142932.

143211.

144341.

144528.

145906.

150104.

150357.

150646.

152412.

152555.

152742.

153018.

153543.

3

ALM ALM ALME
ffEfEfffffs55555555595555S5555558858555553555000CREREERRRRRRCEST & o i v vt i v it e e e e e +
ALMALM ALME ALM
ftfffffffsSSSSSS555SS59855S8555555S5SSSSSSSSSSSSSSSSSSS8SSSS55502ceeens .,
ALMALM ALME T ALM
ffffffffffsS55555553555SS55S5855HHS88858585850000RRRRRRRERRERSET . L L L v v i et e e }
ALM ALM ALME ALM
fffffffffsSsSs3SS58555S59553585553S555555S555S3SS5S5SSSSS8SSSSSSS58535558S
ALM T ALME ALM ALM

2]

ALM T ALME ALM ALM
fffffffffssSS555555555555555555555Sss55553358cecccceececcaes
ALM ALMT ALME
ffffffffsSSS5555555555555S6SSS8858855588555500082ERRCRE . . o o i i it it e e e e e +
ALM ALMT ALME ALM AL
fEEfffffffsSSSSS55555555555S59558S5S555S55555555555555SS5SSSSS5553G5Ssssss5sss5sesf .
ALM ALM ALME T ALM ALM
ffffffffsssss555555555555555555S
ALM ALME AL
ffffffffussSSSS555S55555S5555555555555SSSSSseececeeeeacaceeaes
ALM T ALM E ALM T
ffffffffssSssSS5555555555555555858G555858850R2eReeReeeeeeeeOl . . & . L & L o i t
ALMALMT ALME ALM
ftffffffffssssssssssssssssssssssssssssseccececeas
ALM ALM T ALME
ffffffffsSSSS55555555SSS55S555555555555555555555555555555555SS555S55SSS555SS55555SS5555SS55555S55S55555SS5S5SSSSSSSH+
ALMALMT ALME ALM ALM ALM ALM
fffffffffffSSSSSSSSSSSSSS5S5S555555SSSSSSSSSeececcees
ALMT T ALME
FfffffffssSSSSSSSSS5555555555S55555SSS555555S555S558585@€€€2ef -0 v vt i i i e e
ALMTALM ALME ALM
fEffffffSSSSSSSSSSS3555555553555555555SSSSSsSsseeeeeeccast., ... ...
ALM ALM ALME ALM
fIfffffSSSSSSSSSSSSS85888855558S885SS555002eeel . L o L i ittt e e +
ALMALM ALME ALM
ffffffffssssssssssssssssssssssssssseceecencees
ALM ALME
ffffffffsssssss5s5SSS5555555555S5SS500eccecceaes
ALM ALME
fEffffff555555555555555555555555555555555552eeaaeeeceas2es
ALM ALME
L fffffs855555555555555S55595S55S55SSSS5SS5SSSS5SSSSSSSS3SSS
‘ALM ALME ALM
EfffffffsSSSSSSSSSSSS55S585S5553885SSS558S5S85SSSSSSS0C RS . . o L o i it ittt '
ALMALM ALME ALM ALM

Table 2. (Continued)



f1t1594.nobag Thu Jan 6 10:09:12 1594 1

The times shown are when the switch was moved to FILL.

Each character tollowing the time 1=presents either time
spent 1n one of 5 states, or an event.

£

9]

SXoro oo o

One
3 seconds and for b (BAD), it‘s 10 s=conds. The event
markers don’'t represent any time. A + at the

end of a line means that some chairacters didn't fit.

£lt1594

144304.

144808.

145123.

145843.

150454.

151630.

152106.

152709 .

152924.

153503.

153942.

154137.

FILL

SAMPLE

STANDBY

EMPTY

BAD or missing data
EEA record

Aerosol record (LAS, Roycol,Royco2)
ASASP record

difbat record

mass monitor record
keyboard text

character is 1 second except fur s (SAMPLE), it's

no-bag samples

fEfEfffffSSS5555585SS5S55555555: 55555S555555555555555 5030580058353 555555555S555555S555555555566e5.
ALM E ALMT T ALM T ALM T ALM
L ffffsSSS5S5SSS555555555555555555S55SSSSSS55355SSS5S5S58S50eescaacacaces
ALM ALM ALME ALM

fEfffffSSS5555555555553585355S5585355555555555555555S55555555S55 395355555555 555555555SS5S55558SS5SSSS8SSSSSSSSSSSSSS

ALM ALME T ALM ALM ALM ALM
i fffffs55555555555555555555555555555555555555555555555555S55 3555555555 555555555S5SSS55S5553SS5535535SS8835S38554

ALM ALM ALME ALM ALM : ALM ALM

ffffffffSsSSS555555559555555555585SSS888888858SSS00EACEE22OS . . o 1 o\t it i e e e t

ALMALM ALME T ALM ALM
ffLfffffSSSSSSS5SS5S5555556S555555SSSS555555SS888888808SSSEEES 238 1 0 v v v et e e e e e t

ALMALM ALlLM LM ALM
Ll fEfSSS55555385555S5S3 4535854538505 558555855558855888388S08S5mS8SC228 0 & 1 0 i et e e e +
ALMALM E ALM ALM ALM ALM

(S5 5SSS 38585553585 5S358 5 uSEEE3SSEI333335SS

ALM ALME ALM
5555858530558 5550833 LIS 5555555555UNSSS3SSUiSSSE3sHHE 385535335555 55SS80c0es

ALM E ALM ALM ALM

FEfEEffs5535555555555535353335053520000000000RR RRRRRERRRRRREERR & o o o v it e e e 1

ALM ALME ALM
fEE L fffs555555555355555335555Sssssssss55seeeeet. ..

ALM ALM ALME
ffffffffssssssssssssssssssssssssssseseees
ALMALMT ALME

Table 2. (Continued)



f1t1594.nobag Thu Jan 6 10:09:12 1994 2

13 154313.5 ffffffffsS5SSS89SS5SS5SS5S58555555555555500as

ALM ALME
14 154507.7 EEfffsSSS5S58ss55S55SS85S88SSSSSSSSSESSSSSeOS. ..o o v
ALMALM ALME T ALM ALM
15 154833.8 ffffffffSSSSSSSSSSTSSSS555SS5558555555S55Sseees
ALM LME
16 155033.8 fEEEfffsSSs55555S5555555S55888588800000e@eSES .. .. Lo u L L L +
ALM ALM ALME ALM
17 155718.6 fEffffffSS55555555555555555555S5555555555SSSS5SS5556es
ALM ALME T ALM
18 155940.8 fEfffffffsSS5555555555555S55555555SSSSeencccmns.
ALM ALME
19 160125.9 fffffffffsssssssssssssssssssssssssssssssssssssssssssssssf.fseeeef ............................................... 4
ALM ALME ALM ALM
20 160626.8 ffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssﬂsssses
ALM ALMET ALM ALM
21 160938.90 fffEfffffssssssssssssssss*sssssssssssssssssssssssssssseeeeesf ................................................... +
LM T ALME ALM ALM
22 161449.8 fffffffffssssssssssssssssssssssssssssssssssssssssssssssses
ALM T ALME ALM
23 161723.0 fffffffffsssssssssssssssssssssssssssssssssssssssssssseeef ....................................................... '
LM T ALME ALM ALM
24 162530.5 fEftffffSSSSSSSSS555555555555555555555S5SSssSsseees
ALMALMT ALME
25 162741.7 fffEffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssf ............................................ +
ALM TALM ALME ALM ALM
26 163700.4 ffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssef ......................................... +
ALM ALME ALM ALMT
27 164518.4 ffffffffssssssssssssssssssssssssssssssssssssssssssssssssss
ALM ALM ALME ALM
28 164824.5 fffffffffssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees
ALM ALME ALM T ALMT ALM
29 165302.8 ffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
ALM ALM ALME ALM ALM ALM
30 165700.5 fffffffsssssssssssssssssssssssssssssssssssssssssssssssssssef .................................................... '
ALM ALME ALM ALM
31 170259.9 fffffffss5555555555555555555555555555SS
ALM ALME
32 170620.3 fffffffffffssssssssssssssssssssssssssssssssssssssssssssSSSSSSSSS$ssssssssssssssssss
ALM ALME ALM ALM
33 171009.9 ffffffffsSSS555S5SSS5S5S5SSS080SusSeesassaes
ALM ALM ALME
34 171143.1 ffffffffssssssssssssssssssﬁsssssssssssssssssssssssssssssssssssssssssssssseesf ................................... 4
ALM ALME ALM ALM ALM
35 171625.0 fEffffffsSSSSSS5555555555555555555555555555SS5c0eeeecccenaes
ALM ALM ALME ALM
36 171918.6 ffffffffsSSss5555555555555555555555555SSSSSSSSSSS5SSSSS56
ALM ALME ALM

Table 2. (Continued)
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37 173224.5 ffffffffffssSsSsSSSS5555555555555555555555555555SSSSSSSS58eccees

38

39

40

41

42

173647.

174115.

174403.

174759.

3

ALM ALM ALME ALM
173456.6 fffffffffss555SSS5SSS55555Ss8s85558855cecceccaceneces
ALM ALME
fffffffffssssssssssssssssssssssssssssssSsssssssssssssssssssssssssssssssssssssssssssssssssseeeeest .......
ALMALM ALME ALM ALM ALM
fffffffSSS5555SSSS5S5535555555555SSSSSSSSSSSSSSsSececcns
ALM ALME ALM
ffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssf
ALM ALM ALME ALM ALM ALM
ffffffffssssssssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee_eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee+
ALM ALME ALM

Table 2. (Continued)
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10

11

12

The times shown are when the switch was moved to FILL.
Each character following the time represents either time
spent in one of 5 states, or an event.

£

0]

SX0oOromo o

FILL

SAMPLE

STANDBY

EMPTY

BAD or missing data
EEA record

Aerosol record (LAS, Roycol,Royco2)
ASASP record

difbat record

mass monitor record
keyboard text

One character is 1 second except for s (SAMPLE}, it's
3 seconds and for b (BAD), it’s 10 seconds. The event
markers don’'t represent any time. A + at the

end of a line means that some characters didn’'t fit.

£1t15965

101818.

102510.

102808.

103229.

103825.

104226.

104407.

104950.

105143.

105411.

110317.

110905.

no-bag samples

fffffffffssssssssssssssssssss‘sssssssssssssssssssssssSssssssssssssssssssssssssssssssssssssssssssssssssssssssssss+
ALM E ALM ALM ALM ALM ALM
fffffffffffffsssssssssssssssssssssssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeees
ALM ALM E ALM T
ffffffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssfsssssssssssee ...........................
LM ALM ALMET ALM T ALM T
ffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssee ............................. +
ALM EALM ALM T ALM ALM
B fffs5555555555555555555588888800000000Re00 .t u it +
ALM EALM T ALM
ffffffffffffsssssssssssssssssssssssssseeeccecececces
ALM ALM EALM
ffffffffffffssssssssssssssssss55ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseee+
ALMT EALM ALM ALM ALM ALM
fEffffffsSSSSS5555555555555553S55555555ccecaeccces
ALMALM ALME
i ffls5555555555555555S55555588858355580@8e0aeeS . . v\
ALMALM ALME ALM
fffffffffssssssssssssssssssssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee+
ALM ALME ALM T ALM
ffffffffssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss+
ALMALM ALME ALM ALM ALM T ALM
tfffffffsssssssssssssssssssssssssseececccees
ALM ALME

Table 2. (Continued)
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13 111042.0 fffffffffffffsssssssssssssssssssssssssssssssssssssssssssssssseeees

14 111324.9

15

16

17

18

19

20

21

23

24

25

26

27

28

29

30

31

32

33

34

35

36

111541.

111741.

112050.

112327.

112913.

113137.

113345.

113718.

113905.

114142.

114402.

114907.

115118.

115325.

115551.

115726.

115830.

120121.

120254.

121205.

121547.

121736.

ALM ALME ALM
fffffffffsssssssssSssssssssssssssssssssSecceccccceeees
ALM ALME
ffffffffssssssssssssssssssssssssssssssss
ALM ALME
fffffffffsssssssssssssssssssssssssssssssssssssssssssssssssssssssssseeees
ALM ALM ALME ALM ALM
fffEfffffssssssssssssssssssssssssssssssssssssssssssssssseeees
ALM ALME ALM
ffffffffssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssef ...................................... +
ALM T ALME ALM ALM ALM
ffffffffssssssssssssssssssssssssssssssssssssssssssseeeeeees
ALM ALM ALME ALM
ffffffffsssssssssssssssssssssssssssssssssssseeeeeeeeeees
ALM ALME
B ffffSSSS5555555555555S55555588SSSSS8SSSSSS@REEEOS. ..o o .\t ittt 4
ALM ALM ALME ALM ALM
ffffffffssssssssssssssssssssssssssssseecceccees
ALM ALME
ffffffffsssssssssssssssssssssssssssssssssssssssssssssseeeeeeees
ALMALM ALME ALM
ffffffffssssssssssssssssssssssssssssssssssssssseeeeeeeesf..
ALM ALME ALM
ffffffffssssssssssssssssssssssssssssssssssssssseeeeeeeeesf ...................................................... +
ALM ALME ALM ALM
fffffffffsssssssssssssssssssssssssssssssssssssseeeceees
TALM ALME
ffffffffSSSS555955555555555555955SSSsSsSSSSSSeecees
ALM ALMT ALME
Efffffffsss5S555S555555555555555S555S555555SSS5SSSseececes
ALM ALM ALME ALM
ffffffffsssssssssssssssssssssssssseeececeecees
ALM ALME
fffffffffsssssssssssssseecceccececes
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The two PMS instruments, the ASAS and the FSSP-300, differ greatly in their modes of
sampling ambient particles. The ASAS samples air from a cylindrically shaped sample
reservoir that is filled in about 10 seconds at discrete times. This reservoir is filled,
sampled and then emptied under control of an operator. Table 3 lists the fill times and the
durations of fill, sample and empty intervals. Aerosol from this sampling cylinder is at
substantially lower relative humidity than ambient air because of ram-heating of the air.
Hydrated particles will lose associated water and shrink in diameter. The FSSP-300 is a
probe mounted under one wing of the aircraft; it samples particles in the air at ambient

temperature and relative humidity.

Standard Aircraft Instrumentation

Standard measurements aboard the Convair C-131A are as follows.

Aircraft Position

Aircraft Altitude
Aircraft Heading
True air speed

Turbulence
Static Temperature

Ice Particle Number
per liter of air

Liquid Water, gm cm-3

Drop Rate Number
per cubic cm of air

Relative Humidity

Nephelometer

Calculated from Global Positioning Satellite or Omega
instruments. The aircraft position versus time can be used to
produce an aircraft flight track.

Determined from Pressure or from the radar altimeter.
From Omega or from a magnetic compass.
Calculated from pitot tube pressure.

A measure of the energy dissipation rate. Determined from the
RMS air speed fluctuations

Determined from a reverse air-flow Rosemont temperature
transducer.

Determined from single particle depolarized light
scattering of 0.63 pm laser light. Data is the concentration of ice
particles larger than ~50 pum.

Determined from the loss of thermal energy from a heated wire
exposed to impaction by cloud droplets.

Determined from an in situ particle sizing probe, the
FSSP300. Data is the concentration of particles larger than 3

Hm in diameter as number per cm3.

Determined from the ~3 um optical absorption in a water vapor
band. Data is constrained to values not greater than 100%.

Measured value of particle scattering extinction at 0.53 pum.
Periodic manually implemented zero checks detect zero drift in
the instrument.



Particle Size

Forward Video

Data in this report

Particle concentration as a function of size was measured using
in situ probes on the wing covering the particle diameter range,
0.3 - 3000 pm. Particles larger than ~100 um are recorded as
shadow-graph images. Particle concentration in the size range
0.01 - 3 um diameter was also measured from bag samplies
collected in a 5 - 10 second interval at times selected by the
science crew.

The image from a color video camera, looking forward through
the aircraft windshield, is recorded on VHS tape during the
flight.

The remainder of this report contains descriptions of each of the three flights. For each of

the flights, the following are
flight and for each 1/2 hour,
variables at 1/2 hour per page.

presented: a weather summary, a flight track for the entire
and a strip chart of the aircraft flight and meteorological



Flight 1593 on 14 April 1993

Flight Description

The flight began at Paine Field and headed WSW to the Pacific Coast. The major portion
of this flight was conducted in a race-track pattern extending from about Aberdeen at the
south to La Push at the north and about 30 miles off-shore. Segments were flown at
altitudes from 300 to 9,000 feet. Most of the flight was in clear air with in-cloud intervals
in the time period 1420 - 1525 during which both droplets and ice crystals were detected.
The peak concentrations were ~6 drops per cm3 and ~0.3 ice crystals per liter. Particle
scattering extinction @ 530 nm was about 1.5 x 10-5 m-! at 500 feet and decreased to about
0.3 x 10-5 m-! at 8000, 0.1 x 10-5 m-! at 9000 feet, and increasing to 0.3 x 10-5 m"! at

10,000 feet.

Weather

A large low-pressure center slowly approached the coast, pushing a cold front and
spreading high and middle clouds in advance over the flight region. Offshore flow at mid-
day at the coast became onshore flow as the coastal sea-breeze circulation temporarily
dominated the synoptic gradients. A sharp upper-level ridge lay just west of the Pacific
Coast at 0500 PDT and by 1700 PDT had passed inland as southwesterly flow developed

aloft during the day.



GPS track of flight 1593, 94/14/93 12:09:00 - 15:40:00



GPS track of flight 1593, ©24/14/93 12:09:00 - 12:39:00



GPS track of flight 1593, 94/14/93 12:39:00 - 13:09:00




GPS track of flight 1593, 84/14/93 13:09:00 - 13:39:00



GPS track of flight 1593, 04/14/93 13:39:00 - 14:09:00
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GPS track of flight 1593, 04/14/93 14:09:00 - 14:39:00
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GPS track of flight 1593, 04/14/93 14:39:00 - 15:09:00
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GPS track of flight 1593, 04/14/93 15:09:00 - 15:39:00
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Flight-Level Data for UW Flight 1593, 04/14/93 from 1310—1330 hours
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Flight-Level Data for UW Flight 1593, 04/14/93 from 1440-1500 hours

19



@4/14/93 FLT1593 7

7
S~338 pressr_alt (km)

z2—ge - -
1508 - =
1200 - -
2600 - _

23200 ... " " s ; s s s L " s L " s
i26.0 — —
182.9 - -~

tas (m/s)

" + n " . " . i
turbulence (cm™(2/3)/s}

.3 -

+.9 - -

2.7 - - h/{\/
5.0 ~ -

tstat (deg CI

4.8 - -
.9 - _
2.0 -
-3.0

. I s A N N N s " N
- oipcl (#/1)

92l = " lwc_king (gm/m"3)
2202 -

2160 - -

9120 - -

2280 - -

0948 m— -
-.A‘M_'J.'ﬂ —1' L N

= _ _drop_rate (#/cm”3)
4.2 - -

3.0 - -

2.8 — —

1.0 - -

AL . Aad, LA oA M A A A e 1 add s . " Y VO IA.. s Lo Mo An A A A nAoa
+88-3 - rel_humid (%)

| . s L R . s . R |

151000 152000 153000

Flight-Level Data for UW Fiight 1593, 04/14/93 from 1510-1530 hours
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Flight 1594 on 20 April 1993

Flight Description

The flight began at Paine Field and headed ESE into Eastern Washington, crossing the
Cascades at 8,000 feet. A race-track pattern was flown NE of Wenatchee, with the long
axis of the pattern turned slightly clockwise from E-W. Flight segments were flown at
various elevations from 2,500 feet to 12,000 feet. Droplet clouds were found during the
time interval 1704 - 1720 at concentrations up to ~150 per cm3; ice crystals were found
during the time interval 1704 - 1735 at concentrations up to ~0.1 per liter. East of the
Cascades at 8,000 feet above sea level, the particle scattering coefficient @ 530 nm was
about 3 x 10-3 m-!, increased to 1.5 x 10-3 m-! in the layer from 2,500 to 6,000 feet above

sea level.

Weather

This day was virtually identical to 14 April except that the sharp, upper-level ridge moved
from the coast to Idaho during the day. A shield of high and middle clouds spread over
Eastern Washington during the daylight hours, while cool, dry, easterly flow, circulating
out of a large, high-pressure region centered in Montana, dominated flow in the boundary

layer.
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GPS track of flight 1594, 84/20/93 14:34:00 - 17:54.:00
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Flight-Level Data for UW Fiight 1594, 04/20/93 from 1540—-1600 hours
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Flight-Level Data for UW Flight 1594, 04/20/93 from 1740-1800 hours
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Flight 1595 on 30 April 1993

Flight Description

The flight began at Paine Field and headed SW. An orbit was conducted near Shelton,
Washington, and then the flight continued WSW, passing over the Pacific Coast near
Aberdeen and then turning south. The flight continued south to approximately Willapa Bay
and then turned north. The remainder of the flight was a race-track pattern over fhc Pacific
Ocean, within 5 miles or less of the coast between Willapa Bay on the south and Queets on
the North. Flight segments were conducted at elevations of 5,000 - 13,000 feet. Droplet
clouds at about 5,000 feet were detected during the time interval 1020 - 1100 and ice
crystals between 1027 - 1036. The peak concentrations were ~120 drops per cm3 and ~1.2
ice crystals per liter. The particle scattering extinction @ 530 nm was about 2 x 10-5 m-!

between 2,000 and 5,000 feet and increased to about 5 x 10-5 m-! at 8,000 feet.

Weather

A surface, high-pressure ridge extended to the coast from the southwest of Washington.
Light (5-10 kt) onshore winds prevailed during the day. Aloft, a moderate amplitude short-
wave ridge embedded in the 500 mb jet stream moved to the coast by 1700. Widely
scattered, small (<1 km thick) cumulus clouds were present in the boundary layer with

high, scattered to thin, broken cirriform clouds above.
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GPS track of flight 1595, 04/38/93 10:15:00 - 14:16:00
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GPS track of flight 1595, 04/38/93 10:15:00 - 10:45:00
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GPS track of flight 1595, @4/30/93 11:15:00 - 11:45:00
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GPS track of flight 1595, 04/38/93 11:45:00 - 12:15:00
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GPS track of flight 1595, 04/38/93 12:15:00 - 12:45:00
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GPS track of flight 1595, @4/30/93 12:45:00 - 13:15:00
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Flight-Level Data for UW Flight 1595, 04/30/93 from 1020-1040 hours

47



1 200 - - @4/38/93 FLT1595 P
pressr_ait {km)

Z 220 - - -
.00 - - -

2.700 - - -
l " " " i " 1 " i " . . "

TCTY = = L
tas (m/s)
23.2 - - -

57.9 - - -
91 .9 - - -
5. =
9.9 - - -
" l N " N N N i | a " n i N i I i .
358. - - truehdgomg (deg)
280. - - -
21@. - - -
149, - -
78. - - -
2. N b R s . " " bl N . L . . . b .
turbulence (cm™(2/3)/s)

1 R : 0 . ]
3.0 - - tstat [deg C)

-3.8 - - -

-6.8 - - _

-9.8 - - -

-12.8, . —1 . N : . . . . . b U . . R iy . ; s AU R PR
oipcl (#/1)

bl i i s N . i N bl
lwe_king (gm/m”~3)

;,um i | Mﬁ

drop_rate (#/cm”3)

. R Aal “‘k . J.“ U N 1 . . ] . . .
99— rel_hugi (%)
v
792 - - -
i n | . . N : . N n N "

39.8 -

| RS 1

TWM o
-4
~ b o,

Al oy

2.4 T = = e =
2.20E-4 - - -

2.88E+2 - - -
| | . L N N 1

105000 110000 | 111000

Flight-Level Data for UW Flight 1595, 04/30/93 from 1050-1110 hours
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Flight-Level Data for UW Flight 1595, 04/30/93 from 1120-1140 hours
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Flight-Level Data for UW Flight 1595, 04/30/93 from 1220-1240 hours
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Flight-Level Data for UW Flight 1595, 04/30/93 from 1250—-1310 hours
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Flight-Level Data for UW Flight 1595, 04/30/93 from 1320-1340 hours
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