Superheat Steam Temperature Control

High turbine efficiency over a wide load range depends a great deal on having a constant steam temperature over that load range. Therefore, it is necessary to design a boiler that can provide this con​stant steam temperature over the load range, which can be 50 percent of full load or more. For plants that use a reheat cycle, it is also neces​sary that the boiler provides reheat steam temperatures that are also constant over the control range. There are three basic methods to obtain constant steam temperature:

1. Attemperation

2. Flue gas bypass (or flue gas proportioning)

3. Flue gas recirculation

1. Attemperation

This is the method used predominantly to control steam temperatures. The basic theory of control by attemperation is that if a superheater is made large enough to give the desired steam temperature at low loads, it will give a steam temperature at high loads that is higher than that desired if there is no method of control. However, if some means of reducing this temperature at high loads is used, a constant steam temperature over the range from low to full load may be obtained. This is the function of attemperation, to reduce the steam temperature at high loads in order that a constant steam tempera​ture to the turbine or to some process results. There are two types of attemperators: 
(1) drum-type and 
(2) spray-type.
Drum-type designs are sometimes used on some industrial boiler applications of two-drum boiler designs, whereas spray-type designs generally are used on all units that require attemperation.

Drum-type attemperator. This type uses tubes through which the steam flows, and these tubes are located in a drum (usually the lower drum) and surrounded by water at a lower temperature than the steam. Heat is transferred from the steam to the water in the drum, and the temperature of the steam is thus reduced.

Spray-type attemperator. This type uses the principle that if water is sprayed into steam, the water will evaporate, forming steam, with the temperature of the final mixture lower than the initial steam temper​ature. However, if solids or impurities are present in the spray water, they are then entrained in the final steam mixture, which is not acceptable. Therefore, this method of attemperation is usually limited to those situations where pure water is available.

Either of the preceding methods of attemperation is used at an intermediate point in the flow of steam through the superheater or after the superheater. Unless the boiler operates at low superheat tempera​tures, an attemperator located after the superheater is not desirable because the highest metal temperatures possible would exist, and this would require higher alloys for the superheater tubes and thus higher costs.

For the superheater design where the attemperator is located at some intermediate point, the section of the superheater ahead of the attem​perator is called the primary superheater, whereas the section located after the attemperator is called the secondary superheater. Refer to Fig. 2.39 for a typical illustration of this arrangement.
2. Flue gas bypass

The control of the superheat steam temperature by means of flue gas bypass is relatively simple. Consider a superheater over which a cer​tain quantity of flue gas is flowing and from which steam leaves at a certain temperature. If the steam flow through the superheater, the flue gas temperature, and the steam temperature entering the super​heater are constant, and if the flue gas quantity flowing over the superheater is decreased, the heat transferred from the flue gas to the superheater is decreased, with a consequent decrease in the steam temperature leaving the superheater.

The variation in flue gas quantities that flow over the superheater is controlled by dampers. The flue gas that is bypassed around the superheater usually passes over the economizer, boiler, or air heater surface so that its heat content is reduced.

This method of control has two disadvantages:

1. Slow reaction speed

2. Possible fouling, warping, and sticking of dampers
The use of flue gas bypass systems generally is combined with a spray-type attemperator to provide an optimal design for steam temperature control. These systems are also generally found on large utility-type boilers in modern boiler designs.
3. Flue gas recirculation

Superheat temperature control by attemperation involves the concept that the superheater must be large enough so that at the lowest control load the desired superheat temperature would be obtained. This there​fore requires attemperation at high loads.

Superheat temperature control by flue gas bypass involves the fact that superheater absorption at a given load is controlled by varying the flue gas over the superheater. Flue gas recirculation is a system where the heat available to the superheater is regulated by controlling the heat absorption of the furnace. If the heat absorption requirement of the superheater increases, furnace absorption is caused to decrease, which increases the heat available to the superheater. If the heat absorption requirement of the superheater decreases, furnace absorp​tion is caused to increase, which decreases the heat available to the superheater.

This control of furnace heat absorption is obtained by recirculating flue gas to the furnace, with the flue gas normally recirculated from a point after the economizer and prior to the air heater. Furnace heat absorption is primarily a function of the flue gas temperature throughout the furnace, because heat is mainly transferred by radia​tion. Therefore, by the introduction of flue gas recirculation into the furnace, this reduces furnace absorption by changing the flue gas temperature in the furnace. 
