


Desuperheating

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 were 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:

o Is higher than saturation temperature.
o Contains more energy than saturated steam.
o 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.
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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:

o Wet steam within a turbine would result in water droplets and erosion of the turbine blades,
as well as increased friction.

o 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).

o For continuously running plants, superheated steam means there is no condensation in the
pipework, therefore, there is only a requirement for steam trapping during start-up.



The use of superheated steam has a number of disadvantages:

o 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

Enthalpy of evaporation 66%

Enthalpy of
superheat
9%

Enthalpy of water 25%
Fig. 15.1.2 Enthalpy in superheated steam

o 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 utilise superheated steam.

o Some processes (for example, distillation columns) perform less efficiently when supplied
with superheated steam.

o The higher temperatures of superheated steam may mean that higher rated, and hence more
expensive equipment is required.

o 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:

0 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.

o 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 15.1.3.

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. 15.1.3 A typical direct contact desuperheating station



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

Enthalpy into process = Enthalpy out of process
Mew hcw+rhs hszrhs hd +rﬁcwhd
Mg hs - Mg hg = Mgy hd - May hay

rhs(hs' hd) = r‘hcw(hd - hcw)

Mo = rhs(hs - hd)
« (hd - hcw)
o _ g (h - hy) .
Mew = (hy - ) Equation 15.1.1

Where:
M= Mass flowrate of cooling water (kg/h)
ms = Mass flowrate of superheated steam (kg/h)

hs = Enthalpy at superheat condition (kJ/kg)
ha = Enthalpy at desuperheated condition (kJ/kg)
ha = Enthalpy of cooling water at inlet connection (kJ/kg)

Example 15.1.1
Determine the required cooling water flowrate for the conditions in the following Table:

Pressure 10bara
Steam supply Temperature 300°C
Mass flowrate 10000 kg/h
Cooling water suppl Pressure 15 bara
g PRl Temperature 150°C
i . Pressure 10 bar a
Required steam conditions - S
Temperature Saturation temperature + 5°C




Solution:

The necessary information can be obtained or interpolated from hard copy steam tables; the
relevant extracts are shown in Table 15.1.1 and Table 15.1.2. Alternatively, the Spirax Sarco
online steam tables can be used.

Table 15.1.1 Extract from steam tables — Saturated water and steam

P Ts vg uf | ug hf | hfg | hg sf | sfg | sg
bar a °C m3/kg kd/kg kd/kg kd/kg K
9 175.4 | 0.2149 742 2581 743 2031 27174 2.094 4.529 6.623
10 179.9 [ 0.1944 762 2584 763 2015 2778 2.138 4.448 6.586
1" 184.1 | 0.1774 780 2586 781 2000 2781 2.179 4.375 6.554
12 188.0 | 0.1632 797 2588 798 1986 2784 2.216 4.307 6.523
Table 15.1.2 Extract from steam tables — Superheated steam
Pressure T
(temperature) °C 200 250 300 350 400 450 500 600
bar a

vg0.2149| v | 0.2305 | 0.2597 | 0.2874 | 0.3144 | 0.3410 | 0.3674 | 0.3937 | 0.4458
9 uy 2581 u 2628 | 2714 2796 2877 2959 3041 3126 | 3298
(175) hy2774 | h 2835 | 2948 3055 3160 3266 3372 3480 | 3699
§6.623 | s 6.753 | 6.980 | 7.176 | 7.352 | 7.515 | 7.667 7.811 | 8.077
vg0.1944 | v | 0.2061 | 0.2328 | 0.2582 | 0.2825 | 0.3065 | 0.3303 | 0.3540 | 0.4010
10 ug 2584 | u 2623 | 271 2794 2875 2957 3040 3124 | 3297
(180) hy2778 | h 2829 | 2944 3052 3158 3264 3370 3476 | 3698
§46.586 | s 6.695 | 6.926 | 7.124 | 7.301 7.464 | 7.617 7.761 | 8.028
vy 1317 v | 0.1324 | 0.1520 | 0.1697 | 0.1865 | 0.2029 | 0.2191 | 0.2351 | 0.2667
15 ug 2595 | u 2597 | 2697 2784 2868 2952 3035 3120 | 3294
(198) hg2792 | h 2796 | 2925 3039 3147 3526 3364 3473 | 3694
§46.445 | s 6.452 | 6.711 6.919 | 7.102 | 7.268 | 7.423 | 7.569 | 7.838

The information required to satisfy Equation 15.1.1 is therefore:

ms = Mass flowrate of superheated steam = 10000 kg/h

h, Enthalpy at superheat condition (From steam tables 300°C at 10 bar a) = 3 052 kJ/kg
ha = Enthalpy of the cooling liquid = 4.2 kJ/kg°C x 150°C =630 kJ/kg

Determining the enthalpy at the desuperheated condition, hq:
From steam tables, the saturation temperature (T) at 10 bar a is 180°C, therefore at the required
desuperheated condition, the temperature will be:

T, + 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, T; (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:

) _ 185°C - 180°C

hg = 2778 + ((2 829 kJ/kg - 2778 K/ kg X 55556 -1800(:)
_ 51x5

hq _2778+( 50 )

Therefore : hy = 2791kJ/kg



Finally, applying Equation 15.1.1:

ey, = Mo (s - ha) Equation 15.1.1
™ = Ty o) quation 15.1.

10000 x (3052 - 2791)
(2791 - 630)

1208kg/h

Maw =

Maw
Note that the desuperheated steam is supplied at a rate of:

10000 + 1208 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:

10000 My

11208 10000
8923 kg/h

m,




Questions

Which of the following are properties of superheated steam?
The specific enthalpy of superheated steam is greater than that of saturated steam
It has a greater specific volume than saturated steam

Itis at a higher temperature than saturated steam

O 000

All of the above

What is the main disadvantage of using superheated steam in heat
exchanger applications?

The superheated steam contains less heat than saturated steam
The coefficient of heat transfer is lower than that of saturated steam

Superheated steam has a high dryness fraction, typically unity

O 000

Superheated steam has a low Rankine efficiency

Using steam tables (Table 15.1.1 and Table 15.1.2) determine the additional amount
of energy contained in superheated steam at 9 bar a, with 74.6°C of superheat,
compared with saturated steam at the same pressure.

1%
6%
11%
24%

O 000

What is the primary function of a desuperheater?
To reduce the pressure of the steam
To increase the specific volume of the steam

To condense the steam into water so that it can be disposed of

O 000

To reduce the temperature of the steam

Determine, by interpolating from steam tables, the enthalpy of desuperheated steam
at 9 bar a, 8°C above saturation temperature (Ts + 8°C).

2795 ki/kg
2806 k) /kg
2810 k) /kg
2815

O 000

A boiler in a power station produces 108 kg /s of superheated steam. Given that
the steam downstream of the turbine is at 110 bar a and has a temperature
of 500°C, how much cooling water (at 200°C) would be required to desuperheat the
steam by 150°C?

5 kg/s

15 kg/s
25 kg/s
30 kg/s

O 000
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