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INTRODUCTION

Discuss the provision of steam services for process and power use.
e Steam Power Plant:
Use of tables and charts to analyse wet and dry saturated steam.
Circuit diagrams showing steam raising plant.
Process steam: enthalpy of evaporation, available energy.
Overall plant efficiencies for process.
Power steam: superheated steam, turbine efficiency, Rankine cycle, cooling towers.
Overall plant efficiency for power.
Efficiencies and improvements.
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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Purpose

Theory

Example

Challenge

Video

g 0 oeh

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

support the treatments
hyperlinks, which may be

Conveys new material to you in a straightforward fashion
in this section you are strongly advised to follow the gj
useful documents or applications on the web.

The examples/worked examples are presented in a order. Make
sure you follow them all through. If you are feeling con u might like to
treat an example as a question, in which go yourself. Many
of the examples given resemble assignme ill come your way, so

Questions should not be avoidet d to learn. Please do take the
time to tackle each of thegi
The order is important, Dwledge and confidence is built upon previous
knowledge and confiden Learner it is important that the answers to
questions are i

nowledge by undertaking the challenges. A challenge
and perform an exercise. An alternative challenge
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In a steam power plant, there are three basic types of components: turbines, pumps and heat exchangers
and with these different components comes a different characteristic change in the working properties of
the fluid. It is important to understand that the purpose of a turbine is to extract energy from the steam and
use that to do work, in most cases by rotating a shaft, leading to this work being converted to electrical
energy via the generator.

The work done by a turbine, under steady flow conditions, is actually equivalent to the decrease in enthalpy
of the steam and can be expressed in the following way:

Werurbine = Mass Flow Rate(Hy,, — Hpyt)

The purpose of a pump is to move the steam by doing work upon it, in this casg#e work done of the pump
is equivalent to the increase in enthalpy of the steam. As with the turbine, 100% efficient. The
key difference between this and a turbine, is that the turbine extracts he steam whilst the
pump increases the steam’s energy.

hot gases being used to evaporate feedwater and the conde i nsfer heat from the
working fluid to the surrounding environment.

1.1.3 Steam & Energies
Enthalpy of evaporation, sometimes known as enth Isation, heat of evaporation or (latent) heat

of vaporisation, is a term given to the amount must be added to a substance in order to turn
it from a liquid to a gas, it is dependent on th hich this transformation takes place and is
measured in J/kg. Some older units arestill used i es and in other countries, such as kcal/mol
or Btu/Ib.

The Carnot cycle is a principle which de aximum theoretical efficiency of a heat engine, i.e.
a thermodynamic system tr i work, which is based on the temperature of heat input and
the temperature of the heat g that the process as a whole is reversible. In reality this
is not the case, however a the fficiency, sometimes known as ideal efficiency, can be used
to show the un 6 it for a real-life system’s efficiency. Since the Carnot efficiency is

dependent on ye heat input (source) and the temperature of the heat rejected (sink), it

makes sense t

decrease the te heat sink. This idea has certain limits because the ultimate heat sink is the
Earth, whose tempergture 4 ed, whilst the heat source temperature is also somewhat limited based on
the fuel that is bein and the materials that the whole system is made from. Considering these

limitations, the highest possible Carnot efficiency is 73%.

Not all energy is available to be used usefully and some is rejected to the surrounding environment. Firstly,
if we can consider that the working fluid is water/steam then this immediately causes efficiency restrictions,
heat is added to this fluid at constant pressure and at below the maximum allowable material temperature,
which means that not all of the available energy is harnessed. The following entropy-temperature graph
shows the amounts of energy which are available, unavailable and additionally available:
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The actual energy available can be se 1-2-3-4 curve, whilst the available energy from
an ideal Carnot cycle can be seen as the 1-2-4 curve, with both operating between the exact
same temperatures. The Ca i ble to be used practically for a few different reasons, firstly,
it would require an enormo
the system and the ideal mixt Bint 1 would also pose insurmountable technical problems. A
Carnot steam cyc fmperature graph can be seen below:

CRITICAL P2
POINT

Figure 1.5: Carnot Cycle on Temperature-Entropy Diagram
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Now we state our known conditions:

At point 1, Pressure (p) =90 kPa and the working medium is fluid water which has come out of the condenser;
therefore, we know that we have a saturated liquid which, in turn, means that the quality or dryness ratio
(x) = 0. Now consult the steam tables or use a steam calculator to determine all of the other conditions at
this point (https://beta.spiraxsarco.com/resources-and-design-tools/steam-tables):

Inputs Pressure v
Cutput » 3ingle Value Table
Pressure a0 kPa (kih/m*) absolute r

Calculate
Saturation Temperature 856871
Specific Enthalpy of Water (h;) 4046556

Density of Water 8960.702
Specific Volume of Water (v)
Specific Entropy of Water ()
Specific Heat of Water (cp]
Dynamic Viscosity of Water

The key useful characteristics here are the spe
which we will subscript these with ‘1’ to signify t

s, = 1269.77 —K

he¥system: we know that the pressure (p) is 4 MPa. From point 1 to point
two on the graph is a straight upwards, meaning that there is no change in entropy, i.e. it is an isentropic
process. Therefore the working medium is still a fluid, meaning that the specific volume is
unchanged, (vi=vz), these can both be signified simply as the specific volume of the fluid (vs). At this point
we cannot use the steam tables to determine parameters because we do not know the quality, however we
can determine the work done of the pump if we so wish, by using the formula below:

Let us now co

_WPump = Vf(Pz - pl)

~Wpymp = 1.04 x 1073(4 x 10° — 90000) = 4066 k]_g
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It transpires that this is actually an incredibly useful value to determine because, in an isentropic process the
work done is equivalent to the change in enthalpy, and so:

In our case, we can say specifically that:

At point 3, there is no change in pressure, so ps3=p2=4 Mpa but rather we
380°C, where the medium has been changed from a saturated fluid to a

—W = Ah

_WPump =h,—hy
4066 = h, — 404686

J
= 408752 —
hy = 4087527

use the steam tables to look up the values of its characteristics.

Inputs
Cutput

Pressure

Superheat Temperature

Saturation Temperature
Degrees Superhsat

Specific Enthalpy of Water (h;)
Specific Enthalpy of Evaporation [hfg
Specific Enthalpy

Density of Steam

Speed of soun
Dynamic Viscosity of Steam
Isentropic Coefficient (k)

Compressibility Factor of Steam

We can see that the values are as follows:

Preszure and Su

3.16625E06
14.1441
0.0707007
279689
327281
6689 54
174506
240638
603.099
2.34940E-05
1.25360
0.938171

m
1.73 = 007 —
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