Hi Adam, Hi Jeff, and others,

before I comment on Jeff's email, I have a question to you all, because I 'm a bit confused with what to do now.
Does this discussion we are having at the moment mean, that we all make the data analysis only with this simplified approach, or do we still also provide the values determined with calibration analysis by Low? I'm asking because I thought, that Jeff is using the Tang & Munkelwitz parameterization and this is the reason why we provide both the values with T&M and with Low.

My conclusions to Jeff's mail are the following:

1. I agree with the temperature issue: we should use the value according to the temperature which was really in everybody's instrument. So, 18°C for the Wyoming CCNC and 22°C for the DMT CCNC is fine, I guess. 

2. I have a few comments on the parameters included in the Kohler equation: (I copied Jeffs suggestions and wrote my changes in red)

Ammonium Sulfate:

Equations15.28 and 15.34 (Seinfeld and Pandis, 1998), plus the following properties:

Temperature = 273.15 + 18= 291.15 K (WY and COP)

Temperature = 273.15 + 22 = 295.15 K (DMT)

Density of solvent = 998.2 kg/m^3

Molecular weight of solute = 0.1321 kg/mol

Number of mole of solute ions produced from dissolution of one mole of solute = 2.2

Solute density = 1769 kg/m^3

Molecular weight of solvent = 0.01801 kg/mol

 

Levoglucosan (but this is only for further analysis of the cases with levoglucosan particles; before, it should be used the normal calibration with ammonium sulfate to determine S50)
Equations15.28 and 15.34 (Seinfeld and Pandis, 1998), plus the following properties:

Temperature = 273.15 + 18 = 291.15 K (WY and COP)

Temperature = 273.15 + 22 = 295.15 K (DMT)

Density of solvent = 998.2 kg/m^3

Molecular weight of solute = 0.162 kg/mol (Svenningsson et al. 2005)
Number of mole of solute ions produced from dissolution of one mole of solute = 1.0

Solute density = 1600 kg/m^3 (Svenningsson et al. 2005)
Molecular weight of solvent = 0.01801 kg/mol

I hope, you agree with that.

Adam, if you have more questions on the Kohler theory, I can support you of course. I could also give you some of my Matlab codes.

Best regards,
Diana


Jefferson R. Snider schrieb: 

Hi Diana and everyone else:
 

About your adjustment #1:
 

Yes, I agree with your suggestion, but what temperature to use?   In our chamber the 
activation is occurring at a temperature which is (at most) 4 degree C colder than
ambient.    The DMT is just the opposite, activation is occuring warmer than ambient.
 

Should we account for this with a conditional (and representative) temperature
for all LEXNO experiments?
 

T =  ? oC (LACIS)
T = 18 oC  (Wyoming chambers)
T = 22 oC  (DMT and LACIS)
 

About adjustment #2:
 

Somthing like the follwing is good with me:
 

number of mole of solute ions produced from dissolution of one mole of solute = 2.2

 

In that case the Sc(Dd) transformation is as follows:

 

Ammonium Sulfate:

Equations15.28 and 15.34 (Seinfeld and Pandis, 1998), plus the following properties:

Temperature = 273.15 + 18= 291.15 K (WY and COP)

Temperature = 273.15 + 22 = 295.15 K (DMT)

Density of solute = 998.2 kg/m^3

Molecular weight of solute = 0.1321 kg/mol

Number of mole of solute ions produced from dissolution of one mole of solute = 2.2

Solute density = 1769 kg/m^3

Molecular weight of solvent = 0.01801 kg/mol

 

Leviglocosan:

Equations15.28 and 15.34 (Seinfeld and Pandis, 1998), plus the following properties:

Temperature = 273.15 + 18 = 291.15 K (WY and COP)

Temperature = 273.15 + 22 = 295.15 K (DMT)

Density of solute = 998.2 kg/m^3

Molecular weight of solute = 0.1321 kg/mol

Number of mole of solute ions produced from dissolution of one mole of solute = 1.0

Solute density = 1769 kg/m^3

Molecular weight of solvent = 0.01801 kg/mol

 

Are we happy with that?

 

Jeff

 

 



From: Diana Rose [mailto:rose@mpch-mainz.mpg.de]
Sent: Fri 10/27/2006 2:46 AM
To: Jefferson R. Snider
Cc: gfrank@mpch-mainz.mpg.de; dusek@mpch-mainz.mpg.de; adamk@kiku.dk; mbilde@kiku.dk; wex@tropos.de; poeschl@mpch-mainz.mpg.de; straddi@tropos.de
Subject: Re: Koehler model harmony
Hi Jeff and others,

I also agree with your suggestion of keeping the approach simple, but maybe we can even improve it with the following 2 considerations/adjustments: 

1. A minor issue, the temperature: In the DMT CCNC the particle flow is heated up, so that I always measure at a few degrees above the room temperature (in the Lexno case I had 22.5°C in the counter). I don't exactly remember how the Wyoming type CCNC works, but maybe the chamber is also heated and the activation actually occurs at a bit higher temperature than 20°C. If so, I would suggest to set the temperature included in the Kohler equation a bit higher than 20°C, just to minimize the error. And Heike, what was the temperature in Lacis? Probably it changes very much with supersaturation?

2. You suggested to take the number of mole of solute ions produced from dissolution of one mole of solute = nu = 3. But this approximation leads to a Scrit which is quite far from the measurement parameterization values (up to 20%). I think that nu=2.2 or something similar is a much better approximation (only ~5% deviation), and if I remember correctly Heike also said something like that during Lexno.

What do you think of it?
Regards,
Diana

Jefferson R. Snider schrieb: 

Hi all,

 

I want to propose a solution to the "Koehler model problem" for the analysis of CCN

measurements from LEXNO.

 

First the problem:  

 

Diana, Adam and I operated CCN instruments during LEXNO and collected data which can be used

to derive a 50% activation supersaturation.   After considerable discussion we have 

agreed on a key aspect of the analysis (data fitting), but we have not yet agreed on

how to transform between dry size and critical supersaturation.  

 

(Note: LACIS was also used to derive a 50% activation supersaturation during LEXNO)

 

The Dd(Sc) transformation is necessary since supersaturation reported by the 

instrument manufacturer is commonly biased relative to what we get when challenging the instrument 

with particles of known size and composition (e.g., ammonium sulfate test aerosol prepared in a DMA).   

 

For LEXNO we want to report and compare 50% activation supersaturations for two types of experiments:

A) for aerosols of know size and composition (ammonium sulfate and levoglucosan), and B) for aerosols 

containing particles that are morphologically complex but having relatively simple compositions 

(mixes of soot/AS and soot/LG).    

 

Hence the Dd(Sc) transformation is used three times, first to calibrate the instrument 

(this was done in our home laboratories), second to transform from a measured 50% supersaturation back to Dd (the "A" experiments), and third to transform to a solute mass (the "B" experiments).

 

Complicating this are modeling studies which point lack of consensus on the Dd(Sc) relationship for ammonium sulfate.   Here are

a few of the relevant references:

 

Chýlek, P. and Wong, J. G. D., Erroneous use of the modified Köhler equation in cloud an aerosol physics applications, J. Atmos. Sci., 55, 1473–1477, 1998
Young, K., and A.J.Warren, A reexamination of the derivation of the equilibrium supersaturation curve for soluble particles, J. Atmos. Sci., 49, 1138-1143, 1992
Low, R.D.H., A generalized equation for the solution effect in droplet growth, J. Atmos. Sci., 26, 608-611, 1969
Mita, A., A reexamination of the formula expressing the equilibrium water vapor pressure over an aqueous solution droplet, J.Met.Soc.Japan, 57, 79-83, 1979
Snider, J.R., Guibert, S., Brenguier, J.-L., and Putaud, J.-P.: Aerosol activation in marine stratocumulus clouds: Part – II Köhler and parcel theory closure studies, J. Geophy. Res., 108, 8629, doi:10.1029/2002JD002692, 2003
Fitzgerald, J.W., Dependence of the supersaturation spectrum of CCN on aerosol size distribution and composition, J. Atmos. Sci., 30, 628-634, 1973 
 

I have attached a summary of five Koehler model predictions:

1) Adam

2) Diana

3) Heike

4) Jeff

5) Seinfeld and Pandis (1998, Equations 15.28 and 15.34)

 

Following Chýlek and Wong (1998), we argued that our model (Snider et al., 2003) is correct

because it incorporates the non-ideal solution effects directly via the electrodynamic balance work

of Tang and coworkers.    But this discussion is not the true issue for LEXNO.

 

Rather, for LEXNO we need an easy, and transparent, way to transform from Dd to Sc and vice versa.    

 

For this I am proposing the Equations15.28 and 15.34 (Seinfeld and Pandis, 1998), plus the following properties:

Temperature = 293.15 K

Density of solute = 998.2 kg/m^3

Molecular weight of solute = 0.1321 kg/mol

Number of mole of solute ions produced from dissolution of one mole of solute = 3.000

Solute density = 1769 kg/m^3

Molecular weight of solvent = 0.01801 kg/mol

 

As I discuss above, this transformation may not be the correct one but we use

it because it is simple and easy to reference. If you agree on this pragmatic approach we can also define a transformation

for the levoglucosan experiments; I assume that this will have: 

Number of mole of solute ions produced from dissolution of one mole of solute  = 1.000.

 

Let me know what you think.

 

Regards,

 

Jeff Snider

