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o . Warm rain initiation problem” — formation of rainin
clouds without ice crystals— how isit possible?

e |sturbulence responsible for higher aggregation rate?

e Lack of high resolution measurements of cloud droplets
turbulence interactions.

«The am — measurement of the velocity fields down to
Kolmogorov scale for the laboratory model of acloud






























Mixing of cloud and clear air

Transport mechanisms of water
across the interface:
-molecular diffusion (vapour),
-gravitational sedimentation of
droplets

At the interface:
-evaporation of droplets,
-evaporative cooling,
-negative buoyancy

| Cloudy, saturated
air (blue)

Clear, unsaturated
air (white)

Evaporating

. — droplets

Processes possibly important for:
-droplet collisions,
-evolution of droplet spectra
-warm rain formation



Experimental setup
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Particle Image Velocimetry
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Particle Image Velocimetry - deformations
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Long sequence PIV (1000x5ms)
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Stereo PIV - experiment

Evauation using VidPIV and Optical Flow (Opflow)



Stereo PIV — velocity field

VidPIV ILA




Stereo PIV — comparison of VidPIV and Opflow

Comparizon of mean Uycumpunent measured with [LA and Opflow
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Statistics of fluctuations for 1000 samples

--- horizontal component of velocity fluctuations
- = vertical component of velocity fluctuations

frequency
o

0.1 0 0.1

0.2 0.3
U, w'[m/s]
Standard deviation Kewness Kurtosis
[crVs]
Horizontal component of velocity 54 -0.01 3.2
Vertical component of velocity 8.0 -0.2 3.1




Second order longitudinal structure function




Energy dissipation rate calculated from PIV

2.2
2011 -
C.01 I —]
l.""\l._l ~ [.”:Ig - _'_,_,_:—'—'_'_'_'_‘_\_'_'_'_'_
N___U_'.: 4 ] I L I 1
= an 3R £0 4k EN R 511 F n 7h
L -
© ooi2F e
c 1mir Hf""f/;
D __,_,_FF”
= C.01p —
5 —
7 2008 — — | |
n 30 35 £0 45 E0 55 60 5 70 [is
T3
e T
2 ozt ~
O o
1011 o _—
5 — —
]
J.009 ‘f I I 1 I 1 1 I
30 35 40 45 ED 55 B0 3E 70 75

relative humidity [%]

Starting from different initia humidity



Kolmogorov length calculated from PIV
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Conclusions

 Our study demonstrates the possibility of using Particle
Image Velocimetry for quantitative analysis of cloud
droplets motion inside the cloud chamber

«Statistical analysis of the retrieved velocity field confirms
suggestion of earlier numerical smulations, that small scales
anisotropy of the turbulence takes place in regions of
entrainment and mixing of cloud filaments with clean arr.

«Structure of turbulence in small scales seemsto be sengtive
to humidity — evaporation efficiency.



