Thoughts on particle flux observations and relationship to deposition velocity and effective source functions
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The basic aerosol conservation equation:
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Where

z=height above surface

n=size dependent droplet number concentration

w’=vertical air motion fluctuation

Dp=size dependent molecular diffusion coeff

Vg=mean gravitational settling velocity

ws’= air-particle slip velocity 

Qn=size/height dependent source function

We move the area source term inside the integral and write it as a flux:
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Where
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We can then write a conserved flux variable that includes the source terms:
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When the concentration is near equilibrium, the term inside the derivative is independent of height.  Near the surface, this is a weak constraint providing z<<H (the depth of the boundary layer).  In this surface layer, the total ‘flux’ at z is essentially the same as at the top of the molecular diffusive sublayer.  We do not actually require equilibrium, only that the quantity z*Dn/Dt  is small compared to the individual terms in Fz.  

We begin with a flux is measured at some reference height z that is above a surface source that takes the form of a constant supply of droplets that appear at height h above the surface (this can be an ejection height or some effective height of spray blown off the tops of waves).  Since z is greater than h, Sn=0: thus, 
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This provides a differential equation for n(z)
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Transforming the variable to n’=n+Fz/Vg yields the standard solution relating the concentration at z to the concentration at the source height
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With a bit of algebra we write this as
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Where 
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A second condition is met for the region h>z>δ.  Here, z is below the source height so the basic balance equation is 
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The solution is the same as above, except
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where


Finally, we note that at heights below the source we can unambiguously apply the deposition velocity concept
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Where Vdδ is the deposition velocity appropriate for the top of the sublayer (assuming the concentration at the surface is zero).
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These terms are usually parameterized in the forms using the Schmidt and Stokes dimensionless numbers
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(1)

We use the flux-source relation to relate the source strength to measured quantities by first writing
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We need to relate nδ to nz, but we do it with the intermediate relationship for nh
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Again with some algebra and substituting Vd=Vg + Va yields
Eliminating nh yields a relationship between nδ and nz
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Substituting this into the source equation yields
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The usual tedious algebra gives an analytical expression relating S to the measured flux
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            (2)
where we have used fzδ= fzh*fhδ.  We can express the covariance term explicitly as
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(3)

We can examine this expression in two obvious limits: large particles and small particles.  For large particles, the fall velocity becomes large, the f terms become small and F becomes small because turbulent and fall velocity terms cancel.  This yields
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(4)
For small particles the f terms are near 1.0 and expand the exponentials.  For example,
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The result for the source function is
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(5)
Remember that Va = Vdδ – Vg.  
For particles on the order of 0.1 μm radius Va/κu* ≈0.002.  The molecular sublayer thickness for particles is parameterized as
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(6)
where Λ is about 5 and ν is the kinematic viscosity of air.  For U= 5 m/s, log(z/δ)=13.5.  Suppose that h corresponds to wave height and is on the order of 1 m, then log(h/δ)=11.  If h corresponds more to an injection height of 0.1 m, then log(h/δ)=9.  For weak ejection (e.g., film droplets) where h=0.01, then log(h/δ)=7.  For these three cases, we find
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where the first value corresponds to the 1 m source height, the second to the 0.1 m height,  and the third to the 0.01 source height.  

The source function computed here is the value at the height of the source, which we consider the most appropriate for parameterization.   For many model applications, the budget equations are applied at some height, z, where we wish to apply an effective source strength and an effective deposition velocity.  Using the equations given above, we can show that

[image: image13.wmf]h

dh

n

z

eff

d

eff

n

n

V

S

n

z

V

z

S

F

-

=

-

=

)

(

)

(

_

_


By eliminating nh and writing things in terms of Vdδ, we can solve for the effective source  value and the deposition velocity at height z:
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(7a)
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(7b)
This approach is analytically consistent with the droplet budget and flux equation and uses a representation of the deposition velocity that is correctly applied (i.e., below the source height).

  My interpretation of these results goes like this.  

To determine the surface source strength you must 
*measure F at some height z (presumably above the source)

*specify the surface removal (equation 1), sublayer thickness (equation 6), and the height h of the source

*apply equation 3 (or 4 for large particles and 5 for small particles)

A source function determined in this manner is applied in a model at height z using effect source and deposition properties from equation 7.  Notice that the deposition velocity (7b) does not depend on source height.  Thus, the appropriate deposition velocity is the same one as for pure deposition processes (i.e., elevated or advected source)
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