Scattering Calculations for Rain Drops Undergoing Asymmetric, Mixed Mode, Oscillations and their Impact on Polarimetric Radar Variables
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1. Introduction

Knowledge of drop shapes, oscillations, are of central importance for deriving retrieval algorithms for drop size distribution (DSD) parameters and rain rates as well as for attenuation-corrections for polarimetric radars.

Previous work has shown that drop collisions can give rise to mixed mode oscillations and that for hicsh collision rate scenarios. a sionificant % of drops can become ‘asymmetric’ at anv given instant (Thurai et al.. 2014).
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Here we present examples of scattering calculations for (a) simulated drop shapes and (b) reconstructed drop shapes from 2D video disdrometer (2DVD) measurements, with particular emphasis on asymmetric drop shapes.

2. Experimental Evidence: Huntsville, Alabama, 25 Dec 2009 3. Simulated Drop Shapes

(a) Mixed Mode Oscillations (b) (2,2) Mode and Calculations (c) Meshing and

2DVD measurements and Mixed Mode Oscillations

C-band ARMOR (HAH) Deskewability of 3 mm

1lisi babilit
drop images from 2DVD COTLISION probability

(K!‘ t ])1\" 1 - ] 1 v A_,\"'
i % (2,2) mode

S : 7 /.-a-____-_ -
(2,0) Mode // SO S
. ~ ,?---“--4.'; SPSEENS,
/ ' . // --___._-‘.,
4/ 4 \"\__ &

Log10[N(D), /mm/n?3]

2 L

—-0.6 -0.0 0.6 3. 1.8 2.4 3.0

. (2,1)Mode

e T -
- P ~ O
PN
-
. -

-
L4 » »
-
“ -
4 s 0

AN Se
-~ N 2 2
4 X 3 O
2 () A LN
L
© ) -~ S
", AN
-~ -
AT
L

UTC (25 Dec 2009)

X - 0
S T

v ? +

3 s
#*. *
W
1 0 0
(2,2) Mode S

Zh {(corr), dB Zdr (corr), dB Kdp, deq/km

| | : R
T e . Significant fraction of the s o - LN - ) )
mOderate—tO—large Sized drops Fraction of 3 mm drops with no symmetry axis & 3 mm collision rate (/sec) . \’ ,.,\\v(; o 3 J,.{.':;::'-E:?‘_‘“t\
PPI scans of (left) attenuation-corrected Z,, . , s B | g A AR 2 il AN 4
, , did not possess rotational 04F 5 : i ~ y \
(middle) attenuation-corrected Z, , and . . it ;‘ 3 g | 7 2 % U A . P
(right) Kdp» taken at (top to bottom) 0305, Symmetry when convection line 0.2 5 ag N 2 st 5ot oo }\ ZEM ASMJ];OCI ?}Zomlezs; . IR~ < W—— "W —
1 Wy : ) ). UNKNOWNS : urfjace integra udarions,

0340 and 0355 UTC. The 2DVD site i passed over the 2DVDs. i i { 3 Three fundamental modes ] | SEmomiooms 1\ e e |

) 5 0.0 N M ‘EFT'JH I - DDA 121106 dipoles -\q DDA:  Discrete Djpo]e Approxjmatjon Al f ........................ ....................... ............. i
marked with an asterisk sign along 52" azim 2 Teas b 6 _ o T =T
nd 15 km range | rn’m (t, e’ (I)) _ ro 4 ASIﬂ((Dt) Pn,m (e) COS(m(I)) o0 w0 @ 0 2o o 100 4 SIEMpde(2,2) ........ ............. _

Y 50 160 1s0
Z,. in the x-y plane for (2,2) mode; f = 3 GHz, & = §0 — j20;  [deg]
—_ . . . . —_ 0 dr y p ’ ) » & ] >
Th h be d ned d 1lisi : thin th : Ii 9 : Deq o 6mm’ oscillation amPhtUde = 10% Computed by the MOM-SIE on two models, MOM-VIE, .
ougnt to be due Lo sustained drop collisions occurring witnin tne convection iine causing and DDA code, with the first MOM-SIE solution being more Z,. in the x-y plane for (2,2) mode

. : : : : : : : : : : : and mixed mode; f = 3 GHz
a S1(c]ngﬁcant ﬁactwn to be undergomg mixed-mode oscillations at any given instant in time. than 1000 times faster than the DDA solution. J

4. 2DVD Based Shapes in Natural Rain: the shape measurements from the 2DVD for the abovementioned rain event in Huntsville are used. In order to reconstruct the shapes for drops which do not pOssess

symmetry axis, we first need to know the horizontal velocity vector for each of these drops.To this end, we output all known horizontal velocities (from both 2DVD cameras) for drops of the same size that do have

symmetry axis and for which the data processing algorithm can determine these velocities; this is then interpolated in time for the asymmetric drops. The velocity vectors so derived are then used for correcting the

measured contours in the x-z and the y-z planes for each individual drop, and the corrected contours are subsequently used to construct the corresponding 3D shapes.
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5. Ongoing Work: We will continue with our two-fold approach for deriving shapes of drops undergoing asymmetric, mixed-mode oscillations as given in sections (3) and (4), i.e. theoretically simulated shapes and

the reconstructed shapes from the 2DVD measurements in natural rain. Scattering calculations for such drops will also continue, using the efficient and accurate higher order method of moments in the surface integral

equation formulation (DjordjeviC and Notaros, 2004).
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