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OVERVIEW
In Unit 7, we considered the working and specifications of gravity settling chambers, cyclone separators and electrostatic precipitators. All these three devices, we implied, work by driving the particles from air or gas to a solid wall where they form agglomerates that can be collected and removed. We also pointed out that they have also similar design equations.

In the present Unit (i.e., Unit 8), we take this discussion on particulate matter further by considering gaseous particles. We will begin the Unit by discussing the process involved in aerodynamic separation of particles and calculating the target efficiency and therefore the average efficiency of filters and liquid scrubbers. We will then describe fibre and fabric filters.  We will also discuss some wet collection methods (cross-flow gravity scrubber, counter-current flow gravity scrubber, venturi scrubber and plate type scrubber). We will close the Unit by comparing different separation devices and by listing some important features for the selection of suitable separation devices. 

LEARNING OBJECTIVES

After completing the Unit, you should be able to:

· explain the process involved in aerodynamic separation of particles;

· discuss fibre and fabric filters and the wet collection methods;

· determine the  efficiency of different devices for air pollution control for particulate matter;

· compare the performance of different separation devices for particulate matter and make an appropriate choice of separation devices for air pollution control due to particulates.


8.1
AERODYNAMIC SEPARATION OF

PARTICLES

When a gas, containing particles, approaches a target such as a single fibre or a water droplet, the particles get separated from the gas. The particles get separated because they deviate from the path of gas flow (i.e., gas-streamlines), when the gas approaches an obstruction. And, the particles deviate from the path of gas flow due to aerodynamic forces. The following mechanisms are involved in this mode of separation, known as aerodynamic separation: 

· Impaction: This refers to a situation when the size of particle is much smaller than the body on which it impacts (e.g., fibre or a water droplet).

· Interception: This refers to a situation when the particle size is comparable to the size of the impacting body.

· Diffusion: This refers to a situation when the size of the particle is extremely small (i.e., much less than 1 micron), the particles diffuse like gas molecules such as SO2. (Note that diffusion takes place from a region of higher concentration to a region of lower concentration, and leads to what we commonly refer to as mass transfer.  

When the size of particles in the gas is 0.1 micron and above, the effect of diffusion is negligible. Under these conditions, impaction and interception are the major mechanisms of separation of particles. A combination of impaction and interception is called inertial separation mechanism. We can find the efficiency of individual fibres or droplets (called the target efficiency) by making use of a plot, as shown in Figure 8.1: 

Figure 8.1 

 Target Efficiency vs. Separation Number
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Note that in Figure 8.1, the target efficiency has been plotted as a function of a separation number, which can also be written as follows:
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Equation 8.1                                     

where
ut = terminal velocity of the particle, m/s,

D = the diameter of the target (fibre or droplet), m

V = relative velocity between the target and the gas, m/s   and g is the acceleration due to gravity, m/s2.

When the particle size is less than or about 0.1 micron, we can include the effect of diffusion into the calculation of target efficiency, (T, by using appropriate equations or plots. In any case, we should be able to calculate the target efficiency for a given application.  Let us consider an example.

Suppose that in a wet scrubber, a gas containing 5-micron particles of density 2500 kg/m3 is scrubbed by water. Suppose also that you have the following data:

Average diameter of droplet = 500 (
Relative velocity between drop and gas = 0.5 m/s

Viscosity of gas = 2 x 10-5 N-s/m2
Based on this data, let us calculate the target efficiency. 

As the particle size is large, i.e., 5 microns, we can use Figure 8.1 to calculate the target efficiency.
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= 0.174

From Figure 8.1, for spheres target efficiency corresponding to the separation number of 0.174 is 0.14.


 

8.2
 AIR FILTERS

Air filters are very efficient units for the separation of fine particles. Indeed, their efficiency of separation is almost 100%, if they are properly designed and operated. If we have to make the stringent requirements of legislation with respect to particulate emissions, then, more often than not, we will have to make use of these devices. 



















































































































(LEARNING ACTIVITY 8.1





Determine the target efficiency for single fibres, if the separation number is 0.3.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with your tutor.
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