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i Many current climate models assume a homogeneous and U An antenna will be included to send g + orow | U A literature review shows the range - Particle Diameters
uncorrelatedspatialdistribution of the particleswithin clouds the user data during the flight. 5 | of potential particle sizes to be clos —5)
0 In situ measurements point toward smallscale (mm to m) U The inflight data transfer system will £ to the current 14 m resolution )
correlations between particles due to droplet inertia and Include a softwarealefined radio and 3 (7 m per pixel) performance of thez,
turbulence and adjusting climate models to account for the antenna on the instrument and a - . | HCPI. : h
Inhomogeneityof cloudswould increasethe accuracyof climate ground station node to receive signals. T a w e @ w 0 Marine clouds have a majority of ~ , |HCPiresoluton™ = S _
predictions U Distance will determine the data rate. Data rate vs. Transmission mass in particles larger than curren | s e
i Many current particlecounting measurementsare plagued by U Single hologram size: 20 MB. distance for Aeronix antenna resolution. L . ==t

VWater Min VWater max lce Min Ice r1a:-'.

artifactsdueto shattering U Continental clouds have greater mass fraction in smaller particles.

Software defined radio (left)

U This work presents the development of a UAVmountable GHz Antenna (right) U Requires about000 particles per hologram for statistically
holographiccloudparticleimager(HCPIljhat measuresdoth the 3D [— significant pair correlation function.
spatial distribution and size distribution of cloud particlesin the U Current minimum concentration: 50 cn3

10 m to severalmillimeter sizerangein a samplevolumeof about
20 cm?, which enablesthe calculation of the pair correlation
functionandthe recognitionof shattering

Ma ﬂiﬁCatiOn mOdU|e U 2 magnification would require .>4OO chWhich is found in polluted

areas.

U Atelecentric lens can be used to to magnify the sample volume.
U Magnification, M, reduces sample volume by.M

DeSi N f()r Manned TeSt F|| ht U The multiple element telecentric lens reduces aberrations. Palr COrrelathrFUﬂCthn

Element Zorresponds o ny
to 14 um per line pair. S 3AI BITA Gl A
(right) After 2x Lens | () ()

U Power: 3.25 A at 110 VAC.
U Weight: Check with HPD.
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U Two twisted pairs for Ethernet. ot telecentric lens u —() PRI o
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Element? corresponds . : T .
t0 7 pm per Ilnepglr U —© 11: Poisson, >0 Patchy, 2D randomsystem, left) geometry, right)

<0 Uniform. radial distributionfunction (g(r)=1+)

Monte Carlo Slmulatlon

o Future Work
£ 1 I U Testing on piloted [T SRR = ——c
S 140 - aircraft. sy | ] [ IR
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Above: Machined parts to be "q—) | | for mou ntmg on gl
assembled for manned test flight = 100 - 8 TigerShark UAV. = ——== s — .
Left top: General system concept = Date  3/15/2012 ' (1 Goal' 6 ka total R — —
Left center: Whole instrument model £ i Time . 900 AM = { g ' Sveirslsnraoci?ofz:gr\?\jtl\/lv}mh TigerShark UAV (from PNNL)
Left bottom: Optical path % 80 — —— 143 { g mount ( )
— 1 Zenith 45° " I
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e
Lightwelghtin s e 0w : _ o
_ g —— g g 2 a Diameter  12um 449 | U UAVmounted cloud instruments enable greater sampling statistics
To get from an instrument weighing about 13 kg to the target of 6 kg, c | HeEElLE J_ (every cloud is different).
several changes must be made to reduce weight and volume. [P R S R Y 0 The longterm promise of UAVs is reduced cost of operations.
.. : : @ : homogeneous - - ' 1t
i Reduce structural stiffness assuming o 1 . more uniform i more clustering U Tlhe HCI;I Inotfonl_y dprowdesddattz_:l foL radlelalt_lv_e t;ans:‘er models, lziut
- O —— T T T T T T T T T T T also models of raindrop production by collision/coalescence an
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turbulent mixing at cloud edges.

U Transfer all electronics to a single PC
Including camera CCD.

U Reduce size/thickness of canister.

U High Precision Devices (HPD) estima
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U Monte Carlo simulation of the top of atmosphere shortwave flux for Refe rences

- : : : : : 1.J. P. Fugal, R. A. Shaw, E. W. Saw andardeéyev'Airborne digital holographic systefor cloudparticle measurements,"
clouds with various spatial distributions. Applied Optics/ol. 43, no. 32, pp. 5985995, 2004

2.M. J.Beals J. P. Fugal, R. A. Shaw, J. Lu, S. M. Spuler and J. L. Stith, "Hologaesghreaments oinhomogeneous cloud

that these ChangeS can get the Right: Estimated size for UAV This material is based upon work supported _ mixing at the centimeter scaleScienceyol. 350, no. 6256, pi&7-90, 2015
. . by the U.S. D t tof E , Offi U.S. DEPARTMENT OF i z
instrument mass down to 6 kg compatible system, Left: Current S>(/:ienece, Officeepzlrig?ggicgl ar?c?rgy Ice ( Offlce Of 3.E. M. Wilcox, G. Roberts, andRamanathan Il nfluence of aerosols on the short

Instrument for manned test flight Environmental Researgirogram under
Award NumbeDESCG0015082.

" Pacific oceanic cloudkesults from the Cloud Indirect Forcing Experinfe@ | FveIX33B, nd. June 2004, pp-&, 2006
A S C| e n C e 4. Kostinski A.B. and Jameson, A.R., 2000. On the spatial distribution of cloud padmiesal of the atmospheric
sciences57(7), pp.901915.



