Desuperheating/ Attemperation 

Superheated steam is steam that is at a temperature higher than the saturation temperature for the steam pressure. For example, steam at a pressure of 3 bar g has a saturation temperature of 143.762°C. If further heat was to be added to this steam and the pressure remained at 3 bar g, it would become superheated. This extra heat results in steam which:

· Is higher than saturation temperature.

· Contains more energy than saturated steam.

· Has a greater specific volume than saturated steam.

The relationships between these three properties are well documented and can be found in most texts relating to the thermodynamic properties of steam. 

	

	Fig. 15.1.1 Steam saturation diagram


Superheated steam is principally used in power generation plants as the driving force for turbines. A review of the Rankine gas cycle will demonstrate that, for driving turbines, superheated steam is more thermally efficient than saturated steam. 

Superheating the steam has further important advantages:
· Wet steam within a turbine would result in water droplets and erosion of the turbine blades, as well as increased friction.
· Higher pipeline velocities (up to 100 m / s) can be used. This means that smaller distribution pipelines can be used (provided that the pressure drop is not excessive).
· For continuously running plants, superheated steam means there is no condensation in the pipe work, therefore, there is only a requirement for steam trapping during start-up.
The use of superheated steam has a number of disadvantages:
· Although superheated steam contains a large amount of heat energy, this energy is in three forms; enthalpy of water, enthalpy of evaporation (latent heat) and enthalpy of superheat. The bulk of the energy is in the enthalpy of evaporation, and the energy in the superheat represents a smaller proportion.

For example, take superheated steam at 10 bar a and 300°C, then:
Enthalpy of water = 763 kJ / kg
Enthalpy of evaporation = 2 015 kJ / kg
Enthalpy of superheat = 274 kJ / kg
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	Fig. 15.1.2 Enthalpy in superheated steam


· The coefficient of heat transfer when using superheated steam as the heating medium is variable, low and difficult to quantify accurately. This makes accurate sizing and control of heat transfer equipment difficult, and will also result in a larger and more expensive heat exchanger.

Once the superheated steam is cooled to saturation temperature, the heat transfer coefficient increases dramatically, and the temperature at which the steam condenses back into water is constant. This greatly assists accurate sizing and control of heat transfer equipment. 

The presence of high heat transfer coefficients associated with saturated steam leads to smaller and cheaper heat exchangers than those which utilize superheated steam.
· Some processes (for example, distillation columns) perform less efficiently when supplied with superheated steam.
· The higher temperatures of superheated steam may mean that higher rated, and hence more expensive equipment is required.
· The higher temperature of superheated steam may damage sensitive equipment.
These disadvantages mean that superheated steam is generally undesirable for thermal process applications. However, sites exist where superheated steam is raised for power generation, and it makes economic sense to desuperheat some of this steam from some point in the power generation cycle, and then use it for process applications. (More information on superheated steam can be found in Module 2.3).

Sites also exist where large quantities of waste are used as fuel for the boiler. If the quantity of waste is sufficiently large, then superheated steam may be produced for power generation. Examples of this type of plant can be found in the papermaking and sugar refining industries.

In plants that have superheated steam available for process use, it makes sense to distribute the superheated steam to remote points in the plant, as this will ensure that the steam remains dry. This becomes significant if there are long lengths of pipe separating the point of generation and the point of use.
Basic steam desuperheating
Desuperheating is the process by which superheated steam is restored to its saturated state, or the superheat temperature is reduced.

Most desuperheaters used to restore the saturated state produce discharge temperatures approaching saturation (typically to within 3°C of the saturation temperature as a minimum). 

Designs for discharge temperatures in excess of 3°C above saturation are also possible and often used.

There are basically two broad types of desuperheater:
Indirect contact type – 
The medium used to cool the superheated steam does not come into direct contact with it. A cooler liquid or gas may be employed as the cooling medium, for example, the surrounding air. Examples of this type of desuperheater are shell and tube heat exchangers. Here the superheated steam is supplied to one side of the heat exchanger and a cooler medium is supplied to the other side. As the superheated steam passes through the heat exchanger, heat is lost from the steam, and gained by the cooling medium. 

The temperature of the desuperheated steam could be controlled by either the inlet superheated steam pressure or the flowrate of the cooling water. Control of the superheated steam flow for this purpose is not normally practical and most systems adjust the flow of the cooling medium. 

Water cooled attemperator (internal)
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Shut off valves have to be fitted to the attemperator as in the event of tube leakage the boiler will empty in to the attemperator as it is at a slightly higher pressure due to frictional losses in the superheater.

Direct contact type – 
The medium used to cool the superheated steam comes into direct contact with it. In most cases, the cooling medium is the same fluid as the vapour to be desuperheated, but in the liquid state. For example, in the case of steam desuperheaters, water is used. A typical direct contact desuperheating station is shown in Figure 1.3.

When the desuperheater is operational, a measured amount of water is added to the superheated steam via a mixing arrangement within the desuperheater. As it enters the desuperheater, the cooling water evaporates by absorbing heat from the superheated steam. Consequently, the temperature of the steam is reduced.

Control of the amount of water to be added is usually achieved by measuring the temperature of the steam downstream of the desuperheater. The set temperature of the desuperheated steam would typically be 3°C above that at saturation. Therefore, in such arrangements the inlet pressure of the superheated steam should be kept constant.
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	Fig. 1.3 A typical direct contact desuperheating station
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 Mechanical Dump Desuperheater 
The Type 6905 Mechanical Atomizing Dump Desuperheater is designed to be an emergency desuperheater, which protects main turbine condensers or similar types of equipment when steam dumps occur. The operating principle is that high-pressure water liquid is sent through radially located nozzles on a pipe carrying the gas to be cooled. The water is atomized and evaporated in the gas stream thus cooling the steam in amounts equal to the enthalpy change plus the vaporization value of the cooling medium. 
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Surface Absorption Desuperheater 
The Type 6910 Surface Absorption Desuperheater is a unique unit in a compact design that allows for infinite turndown (large flow rate variation) and saturated characteristics on the discharge. The operating principle is that water is injected into the desuperheater onto a baffle plate that distributes water across the reaction rings. The reaction rings provide a large surface area over which the hot vapour is forced to pass. The hot gas is then cooled by absorption of the water when contacting the reaction rings. The saturated vapour flows out of the desuperheater outlet and excess water drains through the bottom and is removed through a trap. The reaction rings in the Type 6910 unit extend the cooling water surface, a feature not available in other units.

6940M, 6940 & 6950 Venturi Desuperheater 
Type 6940M, 6940 and 6950 are Venturi Desuperheaters. Water [image: image19.png]


entering the desuperheater is preheated in the circulatory chamber around the water diffuser tube and is introduced in many small jets to assist final atomization by the steam flow through the center of the throat. When leaving the throat, the mixture of steam and water enters the venturi section for turbulent mixing prior to entering the main steam line in a fog-like condition without contacting the sidewalls. This provides maximum desuperheating effectiveness and a minimum of wear in the discharge piping. The Type 6940M Desuperheater is a miniature version of the Type 6940. It was developed to handle small quantity steam applications found in heating, air conditioning and process industries.
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6952 & 6953 Attemperator Desuperheater
The Type 6952 and 6953 are Attemperator Desuperheaters. Water entering the desuperheater is preheated in the circulatory chamber around the water diffuser tube and is introduced in many small jets to assist final atomization by the steam flow through the center of the throat. When leaving the throat, the mixture of steam and water enters the venturi section for turbulent mixing prior to entering the main steam line in a fog-like condition without contacting the sidewalls which provides maximum desuperheating effectiveness and a minimum of water in the discharge piping.

Atomizing Desuperheater
This type of desuperheaters are ejector-type steam Atomizing Desuperheaters which require a relatively small amount of high pressure steam, which draws the cooling liquid into the atomizing head, so [image: image21.png]


producing a fog which is discharged into the main steam line. Due to the fine atomization of the liquid this allows intimate mixing and cooling of the steam. This type of unit can generally offer a higher turndown and is not subject to the same velocity constraints as with the venturi type units, therefore this type of unit will be more economical especially when larger pipe sizes are required. Turndown in excess of 50:1 can be achieved in many conditions.
Desuperheating calculations 

The amount of water added must be sufficient to cool the steam to the desired temperature; too little water and the steam will not have been cooled enough, too much and wet saturated steam will be produced which will require drying through a separator.

Using Equation 1.1, which is based on the conservation of energy, the cooling liquid requirement can be easily and quickly determined:
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	Equation 1.1


Where:
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cw = Mass flowrate of cooling water (kg / h)
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s = Mass flowrate of superheated steam (kg / h)
hs= Enthalpy at superheat condition (kJ / kg)
hd = Enthalpy at desuperheated condition (kJ / kg)
hcw = Enthalpy of cooling water at inlet connection (kJ / kg)

Example 1.1
Determine the required cooling water flowrate for the conditions in the following Table:
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Solution:
The necessary information can be obtained or interpolated from hard copy steam tables; the relevant extracts are shown in Table 1.1 and Table 1.2. 
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	Table 1.1 Extract from steam tables – Saturated water and steam


	[image: image11.png]Pressure
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bara

02149 | v | 0.2305 | 0.2597 | 0.2874 | 0.3144 | 0.3410 | 0.3674 | 0.3937 | 0.4458

9 u 2581 | u | 2628 | 2714 | 279 | 2877 | 2959| 3041| 3126 3298

(175) [hy2774 | h | 2835 | 2948 | 3055 | 3160 | 3266 | 3372 | 3480 | 3699

5,6623 | s | 6753 | 6980 | 7.176 | 7.352 | 7515 | 7.667| 7.811| 8077

v,0.1944 | v | 0.2061 | 0.2328 | 0.2582 | 0.2825 | 0.3065 | 0.3303 | 0.3540 | 0.4010

10 [u,2584 |u | 2623| 2711 | 2794 | 2875| 2957 3040| 3124| 3297

(180) [h,2778 | h | 2829 2944 | 3052 3158 | 3264 | 3370| 3476| 3698

5,656 | s | 6695| 6926 | 7.124 | 7.301 | 7.464 | 7617 | 7.761| 8.028

v, 1317 | v | 0.1324 | 0.1520 | 0.1697 | 0.1865 | 0.2029 | 0.2191 | 0.2351 | 0.2667

15 [u,2595 |u | 2597 | 2697 | 2784 | 2868 | 2952 3035| 3120 | 3294

(198) [h,2792 | h | 2796 | 2925 | 3039 | 3147 | 3526 3364 | 3473| 369%

5,6.445 | s | 6452 6711| 6919 | 7.102| 7.268| 7.423| 1.569 | 7.838






	Table 1.2 Extract from steam tables – Superheated steam


The information required to satisfy Equation 15.1.1 is therefore:
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s = Mass flowrate of superheated steam = 10 000 kg / h

hs = Enthalpy at superheat condition (From steam tables 300°C at 10 bar a) = 3 052 kJ / kg

hcw = Enthalpy of the cooling liquid = 4.2 kJ / kg°C x 150°C =630 kJ / kg

Determining the enthalpy at the desuperheated condition, hd:
From steam tables, the saturation temperature (Ts) at 10 bar a is 180°C, therefore at the required desuperheated condition, the temperature will be:
Ts + 5°C = 185°C
Interpolating between the enthalpy of steam at 10 bar a and its saturation temperature, and at 10 bar a and 200°C:

Enthalpy at 10 bar a, Ts (saturated steam tables) = 2 778 kJ / kg

Enthalpy at 10 bar a, 200°C (superheated steam tables) = 2 829 kJ/kg

Interpolating for enthalpy at 10 bar a and 185°C:
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Finally, applying Equation 1.1:
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	Equation 1.1
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Note that the desuperheated steam is supplied at a rate of:
10 000 + 1 208 kg / h = 11 208 kg / h
Had the requirement been for 10 000 kg / h of the desuperheated steam, the initial superheated steam flowrate can be determined using a simple proportional method:
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