2-Dimensional Probe Aircraft Measurements
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Size Range Classification of Cloud Probes

Measurement Size Range

1um 10 um 100 um 1 mm 10 mm
CDP (2.0-50.0 um)

FCDP (2.0-50.0 um)
CAPS/CAS (0.5-50.0 um)
CAPS/CIP (25 um to 1.55 mm)
CPI (2.3 um to 1 mm)
PHIPS (3 um to 2 mm)
2DS (10/50 um to 1.280/6.400 mm)
(2) HVPS-3 (150 um to 19.2 mm)
King (wire) (LWC for 5 to 200 um)
WCM (wire) (LWC for 5 to 200 um)
(2) Rosemount Ice Detector (RICE) (SLW)

Measurement Method

Qot-wire Pro@




Two Dimensional Cloud (2D-C) Probe Optics
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Image Array Elements

* The zeros (0) Denote Extinction of
a photodiode by 50 %.

* The ones (1) Represent less than
50 % extinction.

* At 100 m s*and 25 um resolution
along flight path, there are 4
million image slices per second.
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32 00111111111111111111111100

31 10111111111111111111111110

30 00111111111111111111111100

29 10111111111111111111111110

28 00111111111111111111111100

27 10111111111111111111111110

26 00111111111110111111111100

25 00111111111100011111111110

24 00111111111000001111111100

23 00111111110000000111111100

22 00111111100000000011111100

21 00111111000000000001111100

20 00111110000000000000111100

19 00111100000000000000011100

18 00111000000000000000011100

17 00110000000000000000001100

16 00100000000000000000000100

15 00000000000000000000000100

14 00000000000000000000000100

13 10100000000000000000001100

12 10110000000000000000011110

11 00111000000000000000111110

10 00111100000000000001111100

09 10111110000000000011111110

08 00111111000000000111111100

07 00111111100000001111111100

06 00111111110000011111111110

05 10111111111000111111111110

04 00111111111101111111111100

03 10111111111111111111111110

02 00111111111111111111111100

01 10111111111111111111111100



Effective Width of the Array
* All-in (Entire-in Particle) Method A
* Center-in (Most of Particle) Method

* Reconstructed Method !
A

Width
Width
Width




All-in (Entire-in) Processing
w(cm)=[RS*(N—1)—(D)]*10*
w(cm)=[RS*(N—1)—(I*RS)]*10"*

w - Effective Width of the Array
D - Diameter of Sphere (um)
N - Number of Array Elements

RS - Probe Resolution (um)
I - Number of Diodes Shadowed

w(cm)=RS[31-1]*10"" N - 32 for 2-DC



Center-in Processing

w(cm)=[RS*N]*10*

w - Effective Width of the Array
N - Number of Array Elements
RS - Probe Resolution

w(cm)=RS*32%10*

N - 32 for 2-DC



Reconstructed '
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2-DC Spinning Disk
Flight Date: 1216711 Start Time = 75731.2188{21:02:11.2188)  End Time = 75731.2266021:02:11.22668) Delta Tims = 0.007B1250 [a] Tas = 27.986 [m/s]

jiicoEm -0 -oul -otoll -0l -0l -0l

Flight Dater 12/16,/11  Start Time = 75731, 2734{21:02:11.2734)  End Time = 75731.2734(21:02:11,2734)  Delta Time = 200200 [5] TAZ = 27.539 [m,/s]

o[ @R+ -OE -9l 0N - O8N 0N o8 -0f

Flight Date: 12/16/11  Start Time = 75731.3203(21:02:11.3203) End Time = 75731.3281(21:02:11.3281) Delta Time = 0.00761250 [a] Tas = 27.67 [m/=]

B -om - -ou -0 -op ol i-omd O -

Flight Date: 121811 Start Time = 75731.37500{21:02:11.3750)  End Time = 75731,3828(21:02:11,3328) Delta Time = Q00781250 [¢] TAS = 27.78 [m/%]
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IVIay 12, 2010 Ground Test with Spinning Disk on 2DC Probe
| oD ';"'"'"'j-v-n-ch.-mumb-ln-i-b.nu.bw.
mm.-mu.m Do) H-ulo.-lIII-|IoD-IH-i-.-IH-b.|
oD -+ i »u-m.-w.n-wu
-I.-IIHDD-H-HOD | bl'llI-IH- b.-HIHIoII.I

Image Problem  Good Images




t Date: 12/18/11 Stort Time = 75731.3203(21:02:11.3203)| End Time = 75731.3281(21:02:11.3281) Delta = 0.00761250 [s] TAS = 27.67 [m/!

B -om -oun -oum 0D 0 .unu-..n-uob.n-bl
Flight Date: 12/16/11  Start Time = 75731,3750(21:02:11 3?50} End Time = 75731, 33251.'21 02 13828‘,! “Dette-Time = 0.00781250 [s] TAS = 27.76 [m/

a0l -0 -0l i-hll-lo..H-i-T..le..H-bbl.
End Time = 75731.2734(2

731.3281(2

Flight Date: 12/16/11  Start Time = 75731.2734{21:02:11,2734)| End Time = 75731.2734(41:02:11.2734) Delta Time = 0.00000 [s] TAS = 27.59 [
YO v oD om0 Lbb.u-bb.u-bnb.n-nn.bl

Additional Bits Set
End Timae = 7
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Images from 2-DC Probe

txt (8)

T 201108723 .- u"".:;_;

(<his) Position (Mb)

— E———- Dur (ms) Max (ms) 0
417 OM | 2 1 4 :
88 OFF




Images from 2-DC Probe
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Crystal Shapes

http://www.its.caltech.edu/~atomic/snowcrystals/class/class.htm
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http://www.its.caltech.edu/~atomic/snowcrystals/class/class.htm

2-DC Probe: Spheres
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2-DC Probe: Dendrites
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Images from 2-DC Probe

Mew File | Previous | Mext | Play Forward | Flay Backward | Stop | Frint | Quit |

Flight Date: 0B/10/07  Start Time = 55450,1835(15:24: 10 1838} End Time = 55450,4141(15:24:10,4141) Delta Time = 0,230489 [s] TAS = 130,34 [ms]

(L ™ LR P g L s ™5 | T FAL Pl PR M b

Flight Date; 03/10/07 Start Tlme = 0h450,3164(15;24; 10 3154} End Time = 55450,6094(15:24:10,6094) Delta Time = 0,292969 [=] TAS = 130,35 [m/s]

ILHHM'ILIH NI RS I . I SaiRiN Y

Flight Dates 08?10!0? Start Time = 55450 4883(15 24 10 4883)  End Time = 55450,6875(15:24:10, 58?5} Delta Time = 0,199219 [=] TAS = 130,37 [mss]

NIRRT NINEE "5 N Wt INTRE-. 201 SRR PR

Flight Dates 08?10!0? Start Tlme = 55451 1094015524511, 1094} End Tlme = 0h401, 4570(15: 24111, 45?0} Delta Tlme = 0,347686 [=] TAS = 130,38 [m/=]
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Mew File I Prewvious I Mext I Play Forward I Play Backward I Stop I Print I (uit I

Flight Date: 08/10/07 Start Time = 57784,4297(16:03:4,4297) End Time = 57784,7500016:03:4,7500) Delta Time = 0,320312 [S] THS = 138,60 [mAs]

R LT LT L LR LU L R T LT T LT ]

Flight Date: 05/10/07  Start Tlme = 5??85 1055(15 0315, 1055) End Time = 5??85 2120016:03:5,3125)  Telta Time = 0, 20?031 [s] THS = 138.93 [m/s]

RSRERAIRA IR R iR m R A S AN 21NN NN HHHIHIIIIIIII’II.FIIIHLH- a3

Fllght Date 08?10?0? Start Time = 57785, 2422(15 0335 2422} End Tlme = 5??85 5938(16;03:5,5938) Delta Time = 0,351562 [=] THS = 140,28 [mz]

et g et LT i gt b I®iLTEEE o bl LTI r Ll
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Fllght Date Gﬁflﬂfﬂ? Start Time = 57785, 4414(15 031 5 4414} End Time = 5??85 ?422(15 03:0,7422) Delta Time = 0,300781 [=] TAS = 140,27 [mis]
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Droplet Effectlve Radlus
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Flight Date: 04,/02/03  Start Time
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Sampling between cloud base and cloud top during time interval 49,100 to 50,800 sfm on 2 Aprll 2008. Left
panel shows all observations, while right panel only includes FSSP concentrations at STP greater than 100
#/cms3. The blue line is the approximate rate of increase of effective droplet radius with height.



9 April 2009 Flight

Liquid water
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9 April 2009 Flight

Flight Date: 04/08/08  Start Time = 45”2&-1_,.,!’ 3:00:26.4531) End Time = 46826.4766(13:00:26.4766) Delta Time = 0.0234375 [s] TAS = 143.69 [
|=II!~I'H| L L™ g e [ TLLT I WL AL II'I

Flight Dote: 04/09/09  Start Time = 46827.0508(13:00:27.0508) End Time = 46827.0859(13:00:27.0853) Delte Time = 0.0351562 [5] TAS = 143

P I e S T TR TR R ™R T UFLIF T 1T ™

Flight Date: 04/08/08 Start Time = 45827.1484(13:00:27.1484) : = 46827.1875(13:00:27.1875) Delte Time = 0.0390625 [s] TAS = 143.55 [m/s]
| =L ILLFERET H‘HFL, Ligf'ii HIHHHH f"LRHgI
Flight Dote: 04,/09,/09 thI11 = 46827.2500(13:00:27.2500) End Time = 46827.2812(13:00:27.2812) Delte Time = 0.0312500 [s] TAS = 143.68 [m/s]
NP T T AT L ™10 bl b (FTTFTTL IR F T bt
Flight Dote; 04,/00,/09 Start Time = 46827.3516(13:00:27,3516)  End Time = 46827 375001 3:00:27.3750) Delta Time = 0.02343 —:[] TAS = 143,77 [m/5]
LTI L T bR FTLLLIFT L T Tl T M el [ LLIL™IA
Flight Date: 04,/08/08 Start Time = 45827.4492(13:00:27.4492) End Time = 46827.4805(13:00:27.4805) Delta Time = 0.0312500 [s] TAS = 1 [m/=]
|i—L|WiH.I'H @ T LI ELILIL T T HI lI'LHI
Flight Date: 04,/09,/C ,.,':IrtTrnc—4E5‘BJE‘”’*k31“¢-ﬁﬂ,3Ua 'n:ITrne-4|’“U£“J dlrﬂjjmrﬁl Leltz Time = 0.0 5?143?%[5 TAS = 143.77 [m/=]
PR ™ T L FTFT bR T e b nru_[_r MLLFE ™ =]
Flight Date: 04,/08/00 St = 4BB2B.1523(13:00:28.1523)  End Time = 46828.1875(13:00:28.1 F!'-‘ Delte Time = 0.0351562 [s] TAS = 143.65 [m/s]
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Images from the 2-DC between 13:00:26.45 and 13:00:28.19 (less than 2 seconds
total) which correspond to the maximum liquid water content equivalent (1 Hz data)
measured by 2-DC probe between on 9 April 2009 research flight in Saudi Arabia.



9 April 2009 Flight

Flight Date: 04/09/08 St ime=429246 9(13:24:52.4609)  End Time = 48293.6 5411 :24:53.6641) Delte Time = 1.20312 = 137.06 [m/s]
IiI]FI'HIIf i JLFHI LTI HHI'LI' LEPWILH HE IFHHHI'II'HII,I
quhr Cate: 4; J;J Start Time _4R594J‘<Jﬂk 3:24:54.0898) End Time = 48205.6602(13 S.6802) Delto __ ?21 [8] Tas = 139.34 [m/s]
TR E I HTTTR I b o LILLITET LR IR B ITHUT TR bR LR b LR
Flight Date: 04/08/08  Start Time = 482085.3984(13:24:55.3984) End Time = 482958594(13:24:55.8534) Delta Time = 0460938 [s] TAS = 140.25 [m/s]
N AN A A TS S IR T g=.||ﬁm T T -
-I-I-;I'-ut -Lu:-fe 04,/09/08 Start Time = 4B296.1602(13:24:56.1602) End Time = 48296.6680(13:24:56 u-:u -L‘-etc- ime = D.507B12 [s] TAS = 140 -[-r"_fs]-
A AN R A R I A A IR S IR A TR IS IS T
Flight Date: 04,/08/08 Start Time = 482096.4414(13:24;56,4414) End Time = 48296.8164(13:24:56.8164) Delte Time = 0.375000 [ T-f-. = 140.24 [m/s]
1L} IHIII [T RIEFIFLLILL L iL.FI"II-iHHI’!l Fil i!‘L. iHIII T
-Fl.qht[:ate 04,/09/08 Start Time = 48297.1602(13:24:57.1602) End Time = 48298.0469(13:24:58.04653) Delto --. = 0.BBE713 [s] TAS = 140.25 [m/s
af IHILII‘]I LILITRILE IR I™ T T e TP IT LTIl R IHI"I |I~II' iI-IILI
Flight Date: 04,/08,/08  Stort Time = 4B298.1328(13:24:58,1328) End Time = 48298.7695(13:24,58.7685) Delte Time = 0.636719 [s] TAS = 140.26 [m/s
I”ILIHIHI’IIaHILIHI-HII .IiL]IIL I2NglY [IFIIIIIILI[IIIIIFIIIIF"HHI

Flight Date: 04/09/08  Start Time = 48208.4805(13:24:58.4805 e = 48299.1172(13:24:59.1172) Delta Time = D.636719 [s] TAS = 141

LI TEIM™ ilF Rl LiI=IiI iIHLIIFHLHlHHILMDIPHHHIIIWLII'

2-DC Iimages between 13:24:52.46 and 13:24.59 (9 seconds total) which
correspond to the low liquid water content equivalent (1 Hz data) measured by
2-DC probe on 9 April 2009 research flight in Saudi Arabia.



Conclusions

It IS Important to
conduct performance
test on the 2DC using a
spinning disk.

It IS Important to clean
the 2DC optics.




Conclusions
Liquid Droplets are round, ice IS not.

Flight Date: 08/24 /08  Start Time = 31749.0684{08:4%:9,0684)  End Tirme = 31740.2227(08:49:9.2257) Delta Time = 0154297 [=] T8s = 11219 [m/=]

FEEFEERHITEE FERF———FEERRREERETE

Flighk Date: DB/24,08  Start Time = 317491719084 %:9,171%)  End Time = 31749.2B32(08:49:9,2832) Delta Time = 9111328 [s] TaS = 11222 [m/s]
Flight Date: 08/24/08 Start Time = 31749.2885{(00:48:9.2685) End Time = 31749.7695(08:49:3.7885) Dalta Tima = 0.500000 [=] Tas = 112.21 [m/=]

Flight Date: OB/24,08  Start Time = 31750.0508(08:4%:10.0508)  End Time = 31752, 2550(08:49:12,2556)  Dalta Time = 2,20508 [¢] Ta% = 11279 [m/s]

iiliggiiiiiis —FFtE = F——Frtbb—=F—HIH T

Flight Date: 06/44,/08 Start Time = 31758.1602(08:45:18.1602)  End Time = 31758,1660(08:49:18,1660) Delta Time = 0.00585938 [a] TaS = 115.50 [m/a]

Flight Date: 06/24,/08 Start Time = J1758.2598{08:149:18.2558) En } Delta Time = 1.21875 [s] TAZ = 113.55 [m/=]

Flight Date: 08/24/06 Start Time = 31759.3954{08:4%:19.3954) End Time = 31759 7344(06:49:19.7344) Delta Time = 0.335832 [a] T45 = 112.20 [m/3]

HHIIIIIIIIIHIHIHIIIIIIIIIIIIIIIII [} | —s

Flight Date: 08/24/08  Start Time = 31760.0858(05:4%:20.0358)  End Time = 3178061 13(0B:49:20,6113) Delta Time = 0521484 [s] TAS = 215.00 [m/s]

HEEEREHS
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- Any Question
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