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9 April 2009 Case Study

Observation: Ice accumulation on the
unprotected leading edge of the aircraft’s
wing show a color change from white to
brown.

Objective: Test the hypothesis that the
observation of brown ice build up on the
aircraft wings were the result of the
ingestion of a large concentration of
aerosols by the cloud and document the
differences in cloud properties between the
brown ice cloud and a typical cloud.
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Riyadh Sounding Comparisons
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9 April 2009 Flight
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Liquid water content equivalent (1 Hz data) at 18,000 ft
measured by 2-DC probe on a research flight in Saudi Arabia.
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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, f“:u fﬁ:u Start Tirme = 48292 :15 9(13:24:52.4609)  End Time = 48293, 55&1.1 24:53.6641) Delta Time = 1.20312 [s] TAS = 137.06 [m/s]
T T RS o ORI S I T e
Flight Date: 4 09700 Start Time = 48204 J“J"‘ 2:24:54, Lﬁ‘fa End Time = 48295.6602(13:24:55.6602) Delts Time = 1.57031 [5] TAS = 139.34 [m/5]

_I

light Dote:

ATHH

TELHE

Flight Date:

SINL

[T
!.- .-.::.

l,'LIn IHHHHHI LFRiLILLITTL

04 ,-'ﬁj _.-'ﬁj

HELE
i

Start Time = 48205.3984(13:24:55.3984) End Time = 48295.8594(13:24:55.8504) Delts Time = 0.450038 [s] TAS = 140.25 [m/s]
e 1 {1 g i L] LFFIIIBI.HI_!E HHLTRITL TR T E

Flight Dote: 04,/09,/08  Stort Time = 4B206.1602013:240:56.1602) End Time = -152:3&.?_&-5.4[1“:2-1:'::-1'1.5,:':'}&(}:: Leltg Time = Q.50 EH:.' E AS = 14025 [r‘","E]
!!!-i!‘-!!a!""!_L! AN int RN ST RIS IS (H]

HEIT

Flight Date: 04/ 0

IHI’!I&HILHII-E FVLTLTLALIL i TR TP

"'4;‘"'?#""'1

|[® |

fIPB T HIIHT I bR R

y—

T

Flight Date: 04/09/08  Start Time = 48296.4414(13:24:56.4414}  End Time = 48296.8164(13:24;:56.81684} Delta Time = 0.375000 [s] TAS 0.2
PR HLUTTE R RIRRF L LI LR T e A IR P L ] L. LIRS
quht Eate 04/08/09 Start Time = 4B297.1602(13:24:57.1602) End Time = 48208.0469(13:24:58.0463) Delta Time = D.BBET19 [ TAS = 140. 25

| DIMIFRILE IR ek TIPIIL HLH FH I"i |I~I|' HHIILI
Start Time = 48298.1328(13:24:58,1328) End Time = 48298 "l"fl’l}?ﬂ‘i |j |0il-l I[Flt-::L fi-ﬂpr—i L’l, iT i1¢.I|:5i | Tlﬁ."%l _|74£_2_E,i ri"lf. i |

tart Time = 482984805 f ‘5B 4808)Y End Time = 45299, 117?(1" 24:52.1172) Della Time = D.636719 |_ J TAS = 14170 [r '-..]

AN LII=| RIS S T I

Images from the 2-DC 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.
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Liquid water content at 1 Hz measured by a DMT Hot Wire
Probe on the 9 April 2009 research flight in Saudi Arabia.
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Time serial of cloud droplet concentration (1 Hz average) at 18,000 ft
measured by an FSSP on the 9 April 2009 Saudi Arabia flight.
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Time series of mean droplet diameter (1 Hz data) at 18,000 ft
measured by an FSSP on the 9 April 2009 Saudi Arabia flight.
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Only 1 Hz measurements with DMT Hot Wire liquid
water content above 1.0 g/m? are included.
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13:28 UTC on the 9 April 2009 flight in Saudi
Arabia. The green solid line denotes the one to
one line.
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Descent Profile 9 April 2009
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Conclusions

e The 'brown' ice cloud cell had very high
droplet concentrations (up to 1200 #/cm?)
and reduced average mean droplet
diameters compared to a normal cell.

® Cloud base CCN measurements in Saudi
Arabia are variable with some very high
concentrations.

® The increases in droplet concentration
was probably the result of increases in
cloud base CCN concentration which may
have resulted in the cell's death.
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