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physics
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Characteristics of the cloud microphysics:

The size range of particles is: 10° mm — 10 mm

Interaction with cloud-scale dynamics of 100 m — 1 km



Characteristics of the cloud microphysics:

Extreme variability of the shape of ice particles:

Rimed ice crystal

e Ay !

il %’& Vi ;1 . ?

Y e i
¢ 5

L

) Plates A Columns 0 Plates i Columns and Plates
0.3 N &5
R /A S
LN\ =
SN oS
- W
ME Negdles Dendrites
@ 0.2 ‘ Sectored __ .
- Dendrites plates 5=/~ Water saturation
9 ¢ Holl A=A
b= ST, ollow T
= S columns \"'_’\_/
5 TN /—* —
g & =
@ T L@
G 0.1 piages | =Y Thin
] = = plates
wv & f =\
\1,,‘/ J, \,‘“:
Solid \=0/
/ plates Plates
‘ Solid
/ prisms
0~ T T T T T T T CO
0 -5 -10 -5 -20 -25 -30 =35
f T T T T T T FO
32 20 10 0 -10 -20 -30

Temperature




4,70

—— CLEAN
FRESH POLLUTED
— AGED POLLUTED

(1)o % Nov 196705 50-0602
(2)e 20ct 19670913-09 24
(3)x 27 July 1967 2345-2347

FIG. 10.1. Examples of measured distributions in rain. Indicated

for cach curve are the duration of the tion, the total number of drops

counted, and the average rainfall rate. Distributions 1 and 2 were recorded

during nearly constant rain; distribution 3 was recorded during a thunder-
storm. (From Joss et al., 1968.)
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Characteristics of the cloud microphysics:

The shape and the size impact:
(i) terminal velocity;
(i1) diffusional growth rate;
(ii1) frequency of collisions;

Bulk microphysics Bin microphysics
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Advantages versus disadvantages of the bin microphysics

There is no any arbitrary assumption about the size distributions

Accurate simulation of precipitation formation and microphysics -
cloud interaction.

The number of variables is about 50 times larger than in the bulk schemes

Rather complex computer code



Equations describes the collision - coalescence of the water drops:
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Collision-coalescence
D(large): 2.5 mm
D(small): 0.5 mm

ecc.: 0.1
time: -246 msec
Phase: Phase |

Wind tunnel lab - IPA Uni Mainz



The bin scheme as a research tool

(i) Evolution and propagation of the squall lines”
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*The results have been published in the Month. Weath. Rev. in 2017.
See also presentation by N. Sarkadi in the next session: Mikrofizikai folyamatok zivatarokban, zivatarlancokban



(i1) Cloud — radiation interaction™
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The propagation of radiation (both short wave and longwave)
IS Impacted by the size distributions

More reliable results by bin scheme

The results were published in Atmos. Res. in 2015.
See also presentation by E. Labd in the next session: A hosszithulldmu sugarzas stratocumulus felhdben torténd terjedésének numerikus modellezése



(111) Evaluation of the efficiency of weather modification

Small effect with large noise

|

Non conclusive result by statistical analysis
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Numerical experiments with a ,,s0lid” model



Results of numerical experiments”
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Efficiency depends on the cloud top temperature

More precipitation on the windward side, reduced precipitation on
the leeward side

The amount of the accumulated precipitation can be reduced
In the case of convective clouds.

“The results have been published in J. Appl. Met and Clim. in 2017



F. il : i
- (iv) Numerical simulation of aerosol processing in clouds
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Simulation of cloud physics (warm cloud) +
. absorption/desorption of gases by water drops

. chemical reactions occur in water drops




Results

The concentration of the compounds depends on size of the drops

Example for polluted airmass
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c)

Z[m]

Significant amount of sulfate is produced by cloud chemistry

CN100-POL (t = 3h) % d) CN540-POL (t = 3h)
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The aqueous chemistry impacts the aerosol size distribution.

Alteration of the surface precipitation?



(v) Other ongoing research projects

Physics and chemistry of the fog

Problem to solve:
Fast temporal and spatial fluctuation of the water drop mixing ratio:
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(v) Other ongoing research projects (cont.)
Precipitation enhancement in semiarid regions

Problem to solve:
Numerical simulation of hygroscopic seeding.
Can the injection of giant aerosol particles promote the formation
precipitation formation?




Thank you for your

attention !




