Unit 3:  Air Pollution Measurement
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Air Pollution

Unit 8:  Air Pollution - Particulate Matter II


the bags. The gas passes through the solid cake and the bag material, leaving more solids behind as part of the cake. The clean 

gas collects in the space outside the bags and can be ducted out for further processing or to the stack. The whole sheet metal structure of the filter assembly is approximately the size and shape of a house, and hence the name bag house for such a filter.

We need some arrangement to remove solid particles that form the cake on the filter cloth. Generally, this is done by taking the bag house away from the gas flow and carrying out cleaning as a separate operation. With no gas flow in place, the bags are shaken to loosen the solid cake formed on the inside walls of the bags. We can also employ a small rate of gas in the reverse direction to dislodge the material of the cake. The cake material, then, falls into the hopper at the bottom of the bag house and is used or disposed as appropriate. 

As we cannot filter the gas when the bags are being cleaned, we may have to use several bag houses in parallel.  For a major continuous source of gas (e.g., from a thermal power station), we may typically require five bag houses with four in operation and one in a cleaning mode. Two hours of filtering and about 12 minutes of cleaning may be adequate for each bag house.

Pulse-jet filter 

In the pulsejet filter/bag house, the flow during filtration is inwards through the bags that are open at the top. Therefore, the cake is formed on the outer surface of the bags. Internal wire cages support the bags and prevent the bags from collapse. The bags are cleaned by intermittent jets of compressed air that flows in through a ring that travels all along the length of the bag. The cake is blown off and is collected into hoppers.

The usual diameter of the bags is between 15 and 30 cm, and the length to diameter ratio does not exceed 20. Table 8.2 below shows some typical recommended values of gas flow rate to filter area ratios: 

Table 8.2 

Recommended Values of Gas Flow Rate to 

Filter Area, m3/s-m2

	Application
	Shaker type filter
	Pulse-jet type filter

	Fly ash

Coal

Cement

Rock dust

Fertilizer

Saw dust
	0.0125

0.0125

0.01

0.015

0.015

0.0175
	0.025

0.04

0.04

0.045

0.04

0.06


Note that Table 8.2 can be used to determine the area required for a bag filter for a given application.


 

8.3
WET COLLECTION METHODS

Wet collection makes use of water in the form of droplets or a liquid film to separate particles from gases. In other words, when particles in the gas are brought in contact with liquid drops (usually water), the particles combine with the drops, leaving the gas free from the particles. The attachment of the particles with the drops of water is by the mechanism of impaction, interception, and diffusion that we discussed in Section 8.1. Therefore, if we have to determine the efficiency of separation of liquid scrubbers, we should first calculate the target efficiency for the particles and then the average efficiency of separation of the scrubber. 

In Subsections 8.3.1 to 8.3.2, we will present the average efficiency for cross-flow and counter-current gravity scrubbers, respectively, without going into detailed derivations, and then generalize the approach for other scrubbers/wet collectors in Subsections 8.3.3 and 8.3.4.

8.3.1
Cross-flow gravity scrubber      

In a cross-flow gravity scrubber, the flow of the gas containing particles is in the horizontal direction. The liquid, on the other hand, is sprayed downwards through spray nozzles as shown in Fig.8.2 below: 

Figure 8.2 

Cross-Flow Gravity Scrubber
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If we know the size of the opening of the spray nozzle, we can determine the average size of drops in the liquid spray. If the size of the droplet in the liquid spray is D and the target efficiency of separation of the particle (T, then the average efficiency of separation of a particle is given by:

Fraction Efficiency = 1 – exp (-NT) 


Equation 8.3               

Where 

NT = 
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QL = Flow rate of water, m3/s



hT = Height of the scrubber, m



(T = Target efficiency



Q​L = Flow rate of gas, m3/s



D = Diameter of the drop, m

8.3.2
Counter-current flow gravity scrubber

In a counter-current scrubber, the gas containing the particles flows upwards, counter-current to the spray of the liquid, which is downwards. The size of the drops should be about 550 microns and more in order that they are not carried up by upward flowing gas stream. The expression for separation efficiency can be derived and the value of NT in Equation 8.3 is given by:

NT = 
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Where ut = terminal velocity of particle to be separated m/s, and

V = relative velocity between the droplet and the gas, m/s.

8.3.3
Venturi scrubber

The venturi scrubber is a co-current flow unit so far as the flows of both liquid and gas are concerned. The principle of venturi scrubbers is to accelerate gas flow at the throat to a high velocity of 50 to 180 m/s by using a converging section. At the throat, we also inject liquid (water) at right angles to the flow of the gas. As a result, the liquid is shattered into very small droplets. These droplets along with the gas now flow through a divergent section where some of the head or pressure lost earlier, in the converging section and the throat, is recovered. 

The co-current venturi scrubber has normally a rectangular cross-section, chosen for ease of fabrication and is generally followed immediately by a cyclone separator that separates the liquid droplets on which the particles are attached. The size of the droplets formed in the venturi scrubbers is very small, and therefore, the efficiency of separation is high. However, note that  the energy consumption in the venturi scrubbers will also be high. Despite the high-energy consumption and the need for treatment of the wastewater produced after the scrubbing of particles and the toxic pollutants in the gas, venturi scrubbers find wide applications. They are also specifically useful when:

· the space available for incorporating pollution control equipment is very limited, e.g., in retrofit installations;

· corrosive, sticky (tarry) and sometimes explosive solids are present in gases;

· initial capital cost for electrostatic precipitators is not available.

The expression of NT (for use in Equation 8.3) is available for venturi scrubbers. It is a semi-empirical expression in terms of pressure loss and the diameter of the droplets that have to be separately estimated.

8.3.4
Plate type scrubbers

Plate type scrubbers are like absorption columns in process industry. They contain a number of trays with bubble caps, valves, impingement plates or simple orifices drilled in them. Liquid (normally, water) flows down from plate to plate via downcomers, while the gas containing particles flows through the gas-liquid dispersion obtained on each tray. There is an intimate contact between the liquid and the gas whereby fine particles (less than 0.3 micron) get transferred from the gas phase to the liquid by diffusion. When very fine particles are present in the gases in small concentration, plate type scrubbers are very useful. Other mass transfer equipment offering low pressure loss but equally useful for micro-fine particles separation from gases include:

· Spray towers.

· Packed towers.

· Floating bed scrubbers.

· Cyclonic scrubbers.

For the plate type scrubbers and other scrubbers listed above, the separation efficiency can be determined from the generalised 



















































































































(LEARNING ACTIVITY 8.3





The cake formed on a filter cloth is 5 mm thick and has a void fraction of 0.4. What would be the amount of solids in kg contained on 1 m2 of cloth surface if the density of solids is 2500 kg/m3?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with your tutor.
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