Particles HW 3 – Particle physical behavior

Due Wednesday, September 28, 2005

Readings:  Rhodes, Ch. 1,2,3 (same as last HW)

Recommended additional reading: Riest Chapters 3,4 and 5 (they are short chapters)

1. Problem adapted from 1.1, Smoke Dust and Haze by Friedlander, 2nd Ed, 2000.

Consider particles composed of silica.  A) prepare a graph showing the ratio of molecules at the surface of the particle to the total number of molecules in the particle for particle sizes ranging from 1 to 100 nm.  B) prepare a graph of the surface area per unit mass for particle sizes ranging from 1 to 100 nm.  Show your calculations, listing all of your assumptions.   Assume a density of 2.0 g/m=cm3 for silica.  

2. [image: image1.wmf]Show that for the free molecular regime, the thermophoretic force on a particle (given below) is independent of pressure.  Hint – consider the relationship between gas pressure p and gas mean free path .  

3. In the design of particle collection devices, calculations may be simplified if the assumption of zero net force on the particle is valid.  Imagine you are designing an electrostatic collection device consisting of two flat plates separated by a distance of 1 cm similar to the example in class.  If the voltage applied to each plate is the same (-1000 volts applied to one side, + 1000 applied to the other), give quantitative justification that the assumption of no net force is valid for the two particle sizes 0.01 and 1 microns.  Hint:  remember the definition of relaxation time and assume equilibrium is reached in ~ 7  Note the correct expression for relaxation time, valid for continuum through free molecular regime :     pdp2C/18 
4. Design a device that would sample air and use gravitational settling to separate and collect suspended microbes of size ranging from 1 to 5 microns for more specific genetic analyses.  Assume that your device must be capable of collecting 1-5 micron diameter bacterial cells (also assume unit density), while removing larger particles prior to collecting the 1-5 micron particles, and while leaving smaller particles (viruses, etc..) in the air stream for downstream analysis.  The organisms must be sampled alive, so impaction, which may destroy their structure, is not an option.  Provide a sketch of your design, as well as rough estimates of flow rates and dimensions.  Do not worry about how to achieve the flow rates, or about manufacturing challenges (we will assume we can get a hold of any pump we need, and that we can make any shape we want, of any material).  Show back of the envelope-type estimations to demonstrate the feasibility of your design.  If you wish, you may make a simplifying assumption in your design that the velocity is everywhere uniform (i.e., no parabolic velocity profiles, but rather, a flat laminar velocity profile).

5. Flu season is on the horizon and flu can be transmitted from person to person via sneeze droplets.  Do some research on the size range of the droplets, and make some statement as to what types of particle mass transport dominate the behavior of these droplets.  Convection, diffusion, gravitational settling etc…   If you use references (including web sites) to obtain information, give the references and web pages.   
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