
Problems 
 
9.1.  An ice crystal in the form of a thin hexagonal plate grows by diffusion in an 

environment saturated with respect to water at a temperature of –4oC and a 
pressure of 80 kPa. Determine the time required for it to grow to a diameter of l 
mm, starting from a mass of 10-8 g. Take the capacity to be that of the 
circumscribing disk. Assume that the mass and the diameter of the plate are 
related by m = 1.9×10-2 D3, with mass in g and D in cm. Neglect ventilation 
effects. If diameter and fall speed are related by u = xD, where x = 520 s-l, 
determine the distance the crystal falls during the growth to l mm diameter. 

 



 

 
 



9.2.  An experiment in freezing nucleation consists of creating a large number of 
equal-sized droplets from a sample of bulk water and chilling them as a group to 
subfreezing temperature. As the temperature is steadily lowered, droplets will begin to 
freeze: those freezing first contain freezing nuclei active at relatively warm 
temperatures. With continued chilling, all the droplets will eventually freeze. The 
experiment is repeated for droplets with a different size, and the temperatures noted 
where freezing occurs. 

For a given droplet size, the median freezing temperature Tm is defined as the 
temperature at which half the droplets are frozen. This temperature increases 
with droplet size, because the probability that a droplet contains a freezing 
nucleus increases with droplet size. 

Assume that the number n of freezing nuclei per unit volume of water, which 
are active at temperatures warmer than or equal to T, increases with the degree of 
supercooling according to  

                       n(T) = exp [λ(T0 – T)], 
where λ and T0 are constants. Solve for Tm as a function of T0, λ, and droplet 
diameter. Use the fact that exp [-n(T)v] is the probability that a droplet of volume 
v contains no freezing nucleus active at temperature T or warmer. 

      A set of experimental data shows that Tm increases linearly with the logarithm 
of droplet diameter, consistent with this freezing model. It shows further that Tm 

= –31oC for a diameter of 102 μm and Tm = –17 oC for a diameter of 104 μm. 
Using this information, solve for λ and T0. 



 

 



9.3.   The equations that have been given for the diffusional growth of a water 
droplet or an ice crystal account for heat transfer between the particle and its 
environment by radiation. For a growing droplet, compare the rates of heat loss 
by conduction and by radiation, assuming that the droplet and ambient air may 
be approximated as black body radiators. Show that neglecting radiative heat 
transfer is a reasonable approximation, and generally a better approximation for 
droplets than for ice crystals. 
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