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HSRL-Radar particle size measurement

For droplets which are small compared to the radar wavelength
but large compared to the lidar wavelength:

Radar scattering cross section = B4, ~ <V?> ~ <D®> ------- Rayleigh scattering
Lidar extinction cross section = B, ~<A> ~<D%> ------ Geometric optics
Where:

<V?> = average volume squared of the particles
<A> = average projected area of the particles

We can define:

-Dleff — (Aradafr’) . ( 3'6radar )%
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Where:
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= radar wavelength
= dielectric constant of water
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Assuming a gamma distribution of particle diameters:

N =a [ D* exp(—2 - (5-)7) - dD
Where:

N = number of particles
D = particlle Diameter
D,,= mode diameter

The effective diameter prime can be written as:
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Solving for the mode diameter, D
p(a_+3)
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The radar weighted fall velocity, <V >

[ Vf.pa+ﬂ.emp(_%.i”‘f’).dﬂ

_ Dm
< Vrf >= J"Dcx—{—ﬁ_emp(_%._ﬂi )-dD
And the mass weighted fall velocity, <V_ >
[V D*T3.exp(— =~ %T)-df}
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Where the fall velocity, V; , is computed from:

Vi = —15(2[(14C1X3)
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Khovostyanov and Curry, JAS May 2005, Vol 62

And the Beard Number, X expressed in terms of particle area, volume and
density along with the acceleration of gravity, air density, particle diameter
and the dynamic viscosity:

X - 2-volume- ppcart':.cﬁe Pair-g- DE
area- T}‘
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N(D) = D%exp(-(D/D,,)*)
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Extinction derived from backscatter cross section
using assumed value of backscatter phase function

B =By * 4n /P(180) P180/4w
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Extinction is derived from the slope of the molecular return
Multiple scattering reduces apparent extinction

i

Altitude

;I'otal molecular return

Single scatter

Molecular return

Diffraction peak 6 = A/D ~ 0.5 micron/500 micron =1 mr



Extinction derived from p(180)/4p vs direct extinction measurment

P(180)/4m =0.03

Ext



Lidar ratio = 4rt/P(180)

P(180)/4n =0.2
0.5 mm at 532 nm

































Diameter
A =532nm

17 0.036 0.078 0.170 0.366 0.788 1.70 mm
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AVERAGE SIZE PARAMETER (18041

Backscatter phase function for water drops averaged over size
parameter intervals of 0.14. (Shipley 1978)
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