Köhler Curves

by

Swarn Gill

California University of PA

Please read the section titled “Nucleation of liquid water in water vapor” on pages 84-89 in A Short Course in Cloud Physics by Rogers and Yau.

From the reading you will note that the Kohler equation which calculates the equilibrium saturation ratio (S) is given by:
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( - surface tension
(l - water density
Rv – Gas constant for water vapor

T – air temperature
i – van’t hoff factor
ms – mass of solute

Mv – molar mass of water (H2O)

Ms – Molar mass of solute

Assume ( = 7.5 x 10-2 N/m,  i = 2, Rv = 482 J kg-1K-1, and (l = 1000 kg m-3.  Assume CCN is composed of sodium chloride (NaCl).  Where MNa = 22.99 g mol-1, MCl = 35.45 g mol-1, MH = 1.01 g mol-1, and MO= 16 g mol-1.

1.  Plot the Kohler curve for a solute mass of 10-16 g at a temperature of 5 (C. Your radius range should be between 0.01 (m, and 10 (m and your saturation ratio range should be between 0.98 and 1.02.  The radius should be on the x-axis and should be a logarithmic axis.  Please answer the following questions.

(a) Locate and indicate the critical radius and saturation ratio.  Draw a vertical line from the bottom of your graph to the critical radius and a horizontal line from the y-axis to the critical saturation ratio.  Mark the area bounded by lines you just drew and the bottom and left edge of your graph as A.  

(b) Show on the graph what would happen to a droplet in area A if it had a radius and saturation ratio that put it to the left of the curve?  What if the droplet had a radius and saturation ratio that was to the right of the curve?

(c) What if a droplet was at the critical radius and saturation ratio and the humidity were to slightly increase?

2.  On a new graph plot the Kohler curve for a solute mass of 10-17 g, 10-16 g, and 10-15 g and a temperature of 5 (C to create a plot with a family of Kohler curves.  Your x-axis should have a radius range of 0.01-10(m and your y-axis should have a saturation ratio range of 0.98-1.015.

How does the critical radius and critical saturation ratio change with increasing solute mass?  Why?  

3.  On a new graph plot the Kohler curve for a solute mass of 10-16 g and temperatures of 15 (C, -5 (C, and -15 (C to create a plot with a family of Kohler curves.  Your x-axis should have a radius range of 0.1-10 (m and your y-axis should have a saturation ratio range of 1-1.005.

(a) How does a decrease in temperature affect critical radius and critical saturation ratio?

(b) Do your results indicate any advantage to nucleation at warmer or colder temperatures?  Please explain. (Hint:  Think about how nucleation might take place in a rising parcel and what might happen to the humidity after nucleation takes place).

4.  Based on your results from question 2 and 3, which factor, temperature or solute mass, has a greater impact on the nucleation process?

5.  Using your calculus skills derive the equations for the critical saturation ratio and the critical radius. (hint: the critical point on the Kohler curve represents a maximum value).  The equations you should end up with are as follows:
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Where r* is the critical radius and S* is the critical saturation ratio.
Reminders

· Please make sure all graphs are appropriately labeled. This includes:

· title

· axes labeled with appropriate units indicated

· appropriate grid lines

· appropriate major and minor tick marks

· appropriate format for number axes labels

· appropriately labeled legend

· Excel can be cumbersome.  There are many websites that offer help, as well as of course the annoying paperclip that comes up for help in Excel.  If those options do not work ask a classmate or myself.

· In addition to completing the assignment by answering questions and showing the appropriate graphs, I would also like you to e-mail me your Excel (or whatever other program you choose to use) spreadsheet.  Make sure all the columns are labeled, so that if you do make a mistake I can better see where you went wrong.

· Watch your units.  It is easier in your spread sheet to use microns, but that means all your units in your formulas have to be adjusted so that they are in microns as well.  (i.e. the coefficient ‘a’ must be in (m and ‘b’ must be in (m3)
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