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Abstract During sampling by airborne optical array probes, cloud particles (droplets or ice crystals) will shatter before
entering into the sampling area, either by mechanical impaction with the instrument arms or by interaction with
turbulence and wind shear generated by the probe housing. The shattering efficiency depends on the habit, size, and
density of particles, as well as the probe inlet design, and airspeed. The phenomenon of cloud particle shattering during
airborne sampling is presented in this paper. The data analyzed were from the flights of the Shanxi Y-12 research plane in
the Taiyuan area from July to September 2008. It is shown that the distribution characteristics of inter-arrival times of
particles can be bimodal: the long-term mode reflects the true structure of cloud particles distributed in space, and the
short-term mode is the result of cloud particle shattering. An inter-arrival time threshold is proposed as a criterion for
particle shattering identification. For the data analyzed in this study, the value was 2X 10> s and 10 s for Cloud Imaging
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Probe (CIP) and Precipitation Imaging Probe (PIP), respectively. These values might also serve as reference thresholds for

data from other Y-12 research plane flights.

Keywords Airborne observation, Optical array probe, Particle shattering
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Fig. 1 Particle interarrival times and the frequency distribution from flight 20080705: (a, c) Data from CIP; (b, d) data from PIP. The times, as shown in Fig.

1, are Beijing time (BJT)
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x1 mHRTRAREE RS HEEEST (CIP)
Table 1 Peak value statistics for the particle interarrival
times' frequency distribution (CIP)

H 3] JEs A Fh¥s AR/ KCRIR(E/s

20080705  09:20:31~09:53:55 2004 2X107° 5%107"
20080705  09:40:11~09:47:16 425 2X107° 1x10°
20080714 09:25:20~09:28:24 184 — 6x107"
20080714  10:00:00~10:30:18 1818 1X10°  2x107°
20080717  10:54:08~11:20:25 1577 I1X10°  2x107°
20080717  11:40:00~11:51:31 691 1X107° 1X107°
20080717  14:35:41~14:47:17 696 — 9x10™*
20080717  15:30:00~15:53:53 1433 — 9x10™

F2 TRCFEIAREERS HRIEESIT (PIP)
Table 2 Peak value statistics for the particle interarrival

times' frequency distribution (PIP)

H i JETT i) Flus  Jibigfl/s  KAig(l/s
20080705  09:20:31~09:53:55 2004 — 7X1072
20080705  09:40:11~09:47:16 425 9Xx10°° 1X1072
20080714 09:25:20~09:36:30 643 — 1X107
20080714 10:00:00~10:32:31 1951 — 5X107°
20080717  14:35:41~14:47:43 722 — 3%107°
20080717  15:15:00~15:25:19 619 — 2x107°
20080717  16:15:00~16:16:21 1636 — 4x107
20080813  14:10:17~14:46:43 2186 — 6x107"
20080813 14:50:00~14:52:36 156 — 5%107"
20080813 15:10:00~15:32:53 1373 — 1x10°
20080814  12:01:57~12:09:67 460 — 2% 10°
20080816  12:36:44~13:30:09 3196 — 8x10°
20080816 19:17:50~19:24:50 420 1X107* 2x107"
20080829  14:53:11~14:56:47 216 — 7X107*
20080829  14:58:00~14:59:26 86 — 4x107
20080829  15:10:00~15:10:38 38 — 1X107*
20080829  15:30:00~16:09:33 2373 2X107° 9x107™"
20080830  11:34:07~11:40:00 413 1X107° 1X1072
20080830  11:40:00~11:43:12 192 8x107° 3%107°
20080830  11:45:00~11:46:38 98 8x107° 2x107°
20080909  10:37:31~11:25:07 2856 — 6x107
20080909  11:50:00~11:53:36 216 — 7X107*
20080909  12:05:00~12:08:38 211 — 8x107°
20080909  15:47:00~16:06:35 1175 — 4%107
20080909  16:20:00~16:23:45 225 — 8x107*
20080909  16:40:00~16:41:31 91 — 5X107*
20080909  17:00:00~17:06:39 219 — 2X1072
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Fig. 2 Examples of particle shattering during probe measurement, outlined by the rectangles: (a, b) Ice crystal shattering; (c, d) graupel shattering; (e, f)

droplet shattering
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Mgt 4. RPEATRHSBEX N Py il Py
PR FE7- 53 ) A A NI ) B R - i R b AT 1T IE
W ek 7 SR 183 (CIP: 25 um; PIP: 100 pm)
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F LS, FRC e % ”(Korolev and Isaac, 2005) .
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Table 3 Parameter statistics on particle shattering (CIP)

=] JEHCNTTa] P, P, Dy L L, Lp/L
20080705 09:20:31~09:53:55 721 98 2~40 8671 3720 42.9%
20080705 09:40:11~09:47:16 283 86 2~19 4772 622 13%
20080714 09:25:20~09:28:24 406612 390979 2~43 467180 24277 52%
20080714 10:00:00~10:30:18 130952 124526 2~37 270016 14424 53%
20080717 10:54:08~11:20:25 154296 141603 2~51 300731 42403 14.1%
20080717 11:40:00~11:51:31 34155 15138 2~54 139461 51654 37%

20080717 14:35:41~14:47:17 112940 104549 2~47 242105 34229 14.1%
20080717 15:30:00~15:53:53 270134 258987 2~21 634115 28264 4.5%

x4 RTHEARSHRITER (PIP)
Table 4 Parameter statistics on particle shattering (PIP)

H 1 JEsm i Py Py Dy L L, Lp/L
20080705 09:20:31~09:53:55 2485 1717 2~19 30478 2802 9.2%
20080714 09:25:20~09:36:03 25134 21935 2~16 267802 18254 6.8%
20080714 10:00:00~10:32:31 142814 119111 2~17 519863 81653 15.7%
20080717 14:35:41~14:47:43 110531 83349 2~18 422226 73527 17.4%
20080717 15:15:00~15:25:29 105370 90870 2~21 349220 47035 13.5%
20080717 16:15:00~16:16:21 207533 178326 2~13 592523 87113 14.7%
20080813 14:10:17~14:46:43 10651 7479 2~21 103609 15838 15.3%
20080813 14:50:00~14:52:36 146644 76512 2~30 953279 208215 21.8%
20080813 15:10:00~15:32:53 19686 18671 2~8 45936 2600 5.7%
20080814 12:01:57~12:09:37 91303 65904 2~56 517226 93772 18.1%
20080816 12:37:44~13:30:09 7821 6458 2~14 57060 4503 7.9%
20080816 19:17:50~19:53:09 157 90 2~13 3307 234 7.1%
20080829 14:53:11~14:56:47 24590 19650 2~19 94409 15267 162%
20080829 14:58:00~14:59:26 56534 43518 2~17 389320 62406 16%
20080829 15:10:00~15:10:38 160232 100576 2~23 724947 211903 29.2%
20080829 15:30:00~16:09:33 3732 2808 2~18 42608 3714 8.7%
20080830 11:34:07~11:40:00 6145 5382 2~11 13150 1163 8.8%
20080830 11:40:00~11:43:12 45882 24363 2~29 241545 88724 36.7%
20080830 11:45:00~12:46:38 275183 161696 2~60 799783 243513 30.4%
20080909 10:37:31~11:25:07 76648 65648 2~22 262653 31719 12.1%
20080909 11:50:00~11:53:36 166300 128769 2~19 518475 105377 20.3%
20080909 12:05:00~12:08:38 107568 87503 2~27 544068 81595 15%
20080909 15:47:00~16:06:35 10225 6699 2~30 163047 4774 2.9%
20080909 16:20:00~16:23:45 67863 52978 2~18 452850 56889 12.6%
20080909 16:40:00~16:41:31 79395 60855 2~17 491014 70848 14.4%
20080909 17:00:00~17:06:39 9662 8515 2~13 112495 3858 3.4%
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