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Heat & Thermodynamics

MODULE B. 4 • 2

ENTROPY, THROTTLING & MOLLIER DIAGRAM

Course Objectives

1. Gi yen a calculator and a set of S. I. steam tables, you
will be able to perform the following calculations:

a) Determination of final dryness fraction of steam
expanded isentropically.

b) Initial dryness fraction of steam prior to throttl­
ing.

2. Using
drawn,

a sketch of a
you will be able

Mollier diagram
to explain:

that you have

a) Why nozzle governing is used on peak loading tur­
bines, and

b) Why throttle governing is used on base loading tur­
bines.

Enabling Objectives

1. Illustrate a
steam turbine
has sketched.

series
on a

of processes associated with the
Mollier diagram, which the student

2. You will be able to explain how moisture separation and
reheating increase the enthalpy of the process system.

November 1981 - 1 -



Entropy

The
cause it
that has

125 - 8.4.2

conception of "Entropy·l presents a difficulty be­
does not represent anything tangible or anything

an immediate physical significance.

Entropy means I spread I and any increase of entropy, in­
creases the spread of energy, and as a result, lowers the
availability of that energy for doing useful work.

If we had two different quantities of liquid, both hav­
ing the same amount of heat but at different temperatures,
the liquid at the higher temperature would have less entropy
than the liquid at the lower temperature. Although the ener­
gy levels are the same, there is less energy available from
liquid at the lower temperature.

In any real process, the entropy increases. In a com-
pletely ideal process, entropy stays constant. The process
when entropy stays at the same value is called an ISENTROPIC
process and provides a useful base to compare the perfor­
mance of practical systems with the ideal performance.

We will not concern ourselves with entropy beyond a
simple state. You may recall in Module 8.5 'Steam Tables',
that the only columns we did not look at were those headed
"Specific Entropy".

When looking at the simple use of entropy, we can use
it in exactly the same way as we did enthalpy, ie,

entropy of saturated steam is Sg

entropy of saturated liquid is Sf

entropy of wet steam is Sf + qSfg'

Example

Saturated steam enters a low pressure turbine at 20QoC
and is exhausted at a pressure of 6 kPa{a). Determine the
dryness fraction of the steam leaving the low pressure tur­
bine if the expansion is ideal, ie, isentropic.

Before we look at any values, the whole question re­
volves around the fact that the value of entropy before the
steam expands is exactly the same as after the expansion.
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The steam prior to expansion is saturated at a tempera­
ture of 200°C. The entropy will be 8 g at 20DoC, which from
Table 1, is 6.4278 kJ/kgOC. (The units for entropy are the
same as those for specific heat capacity).

After expansion the steam will be 'wet I

know the value of 'q', the dryness fraction.
at 6 kPa(a). Using Table 2,

Sf = 0.5209 kJ/kg'C.

Sfg = 7.8104 kJ/kg'C.

and we don I .~.

The steam is

If the entropy is to be constant during the process,
the initial entropy is equal to the final entropy.

ie, Sg200 = Sf(0·06bar) + q Sfg(0·06 bar)

thus 6.4278 = 0.5209 + q x 7.8104

5.9069 = q x 7.8104

5.9069 75.6%.q = =7.8104

Do these examples and compare your answers at the end
of the module.

B.4.2.1

Saturated steam at 160°C is allowed to expand isentro­
pically until it is rejected to a condenser at pressure of 1
bar. Determine the dryness fraction of the steam at the
exhaust to the condenser.

B.4.2.2

Steam which is 4% wet at 15 bar is expanded, isentropic-
ally to 60°C. Determine the dryness fraction of the final
steam condition.

B.4.2.3

Saturated steam is expanded
where the dryness fraction is 87%.
ture of the initial steam.

- 3 -
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Throttling

This is a process where a compressible fluid expands
from one pressure to a lower pressure. This is the process
which occurs through the governor steam valves on the tur­
bine when the governor steam valves are not full open. The
smaller the percentage opening the greater the throttling
effect becomes.

When throttling takes place, the enthalpy of the fluid
remains constant, ie, the enthalpy before the partially clos­
ed governor steam valve is equal to the enthalpy after the
valve. This is true because the process occurs at high speed
and there is no time for heat to pass through the containment
walls. Secondly, there is no reduction of enthalpy due to
work because there is no work done.

A significant change occurs with steam that is wet when
throttled to a lower pressure.

- 4 -
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A look at the temperature enthalpy diagram will help
illustrate the condition.

Temperature,

°c

P2/'- "- -JrIB

/

Entholpy. J/kg
Fig. 4.2.1

Suppose at point A we have stearn which has a small mois­
ture content and exists at pressure Plo If we throttle the
steam to a lower pressure P2f the enthalpy will remain con­
stant and condition of the steam will be at point B.

The saturation line for the steam is not vertical and we
can see that as the pressure falls, during the throttling
process, the steam becomes dryer until it becomes saturated
at point I C I and then becomes superheated steam at point B.
Donlt forget the enthalpy has not changed.

Why is this event of any significance? During perform­
ance tests and commissioning of steam turbines using wet
steam, it is essential to check the stearn quality against
design value to ensure that the turbine does not suffer
severe erosion damage because of excessive levels o·f mois­
ture.

You know that you have wet steam and you know the tem­
perature and pressure. Is it any problem determining the
dryness fraction of this steam? Sure there is! Knowing only
the temperature and pressure you could have anything from
saturated liquid through to saturated vapour. The missing
factor is the value of enthalpy and with the given informa­
tion, pinpointing this quantity is impossible.
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However - if we could throttle the wet steam to a lower
pressure and produce superheated steam, then knowing the
pressure and temperature at this point would allow us to look
up the enthalpy in Table 3 of the steam tables. Once we have
found the enthalpy, which remains constant, we can determine
the dryness fraction of the wet steam.

Here's an example - wet stearn is throttled from a pres­
sure of 40 bar to a pressure of 0.1 bar when the temperature
is IOOcC. Determine the dryness fraction of the initial wet
steam.

Using Table 3, at IOQce and a pressure of 0.1 bar, the
enthalpy of the superheated steam is 2688 kJ/kg.

We know
h = hf + qhfg

tha t the enthalpy
we can find l q I.

was constant and by using

Using Table 2, at 40 bar hf = 1087.4 kJ/kg, and

hfg = 1712.9 kJ/kg.

The enthalpy of the steam is 2688 kJ/kg.

Thus 2688 = 1087.4 + q x 1712.9

1600.6 = q x 1712.9 kJ/kg

1600.6q = 1712.9

= 93.4%.

Do these problems and check your answers at the end of
the module.

8.4.2.4

Wet steam at 154°C is throttled to atmosphere at 1 bar
and the temperature is measured to be l25°C. Determine the
dryness fraction of the wet steam.

8.4.2.5

Initially wet steam at 15 bar is throttled to produce
steam at 75°C and a pressure of 5 kPa(a). Determine t11e dry­
ness fraction of the wet steam.
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Mallier Diagram

This chart may be thought of as a graph of steam table
values, with some other information added. Although there
are many calculations that may be effectively performed
using the diagram, we shall not be concentrating on this use
of the diagram.

The temperature enthalpy diagram is limited in what it
can show is happening in a process and this is the major
benefit of looking at a Mallier diagram. We are going to
use the diagram to describe the process and use the steam
tables to make any calculations that are necessary.

Let I 5 examine the information which is presented on the
diagram.

Axes

The diagram is a plot of enthalpy against entropy and
for most purposes we can ignore the entropy values.
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The saturation line lies between wet steam and super-
heated steam regions as shown. Anything below the line is
wet steam and anything above the line is superheated steam.

Constant Moisture Lines

These lines run somewhat parallel to the saturation
line in the wet steam region. The moisture content increas­
es as the constant moisture lines become further away from
the saturation line.
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Fig. 4.2.3

Constant Superheat Lines

These lines follow a similar shape to the ~,aturation

line but are in the superheat region. The first line repre­
sents a condition which is 50°C above the saturation temper­
ature at that pressure.

- 8 -



125 - 8.4.2

1/

i I

"-'I I

w
II

II
II.

,{

I

, ,
r Ittl VI1ifiJ rn7

Ti'l/lAl,
11

l11H ~.

•

III1K

II"

kJ/kg

En!ropy. kJ/kg eC
Fig. 4.2.4

~ines of Constant Pressure

These lines run feam the bottom left of the diagram to­
wards the top right hand corner.
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Lines of Constant Temperature
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In the wet steam region the lines of constant tempera­
ture and constant pressure are parallel. This is because
all the time the water is at saturation conditions, ie, sat­
urated liquid through to saturated vapour, the temperature
remains constant. Above the saturation line the constant tem­
perature line moves over to the right as shown below.

L.-17
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Entholpy,\c---l-H4-41WIF
kJ/kg :;~;~

Entropy. kJ/kg °c
F;g.4.2.6

do
the

Before we look at how
the following exercise
back of the module.

we
and

can use
compare

this
with

array of 1 ines,
the diagram at

8.4.2.6

the
Using

module,
the Mollier
as a guide,

diagram, given at the
sketch the following:

beginning of

al Draw and label the axes required for the Mollier
diagram.

bl Draw the saturation line.
cl Draw a single constant moisture line.
d) Draw a single constant superheat line.
e ) Draw a single constant pressure line.
f) Draw a single constant temperature line.
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We must examine a few processes to see how they are dis­
played on the Mollier diagram.

Suppose we consider a typical steam turbine in a nuc­
lear station and plot the various points. You remember when
we looked at "entropy" we said that in the real world the
entropy always increases. If you watch the progress on the
Mellier diagram you will see this is true.

Expansion of Steam in the hp Turbine

If we look at the initial steam condition entering the
high pressure turbine where the steam is saturated and at
250°C we have the starting point for the process.

The steam is saturated so the point must lie on the
saturation line. If you examine the lines of constant tem­
perature you will find that the intervals are every 20°C.
Consequently 250°C will lie between the lines representing
240°C and 26D Q C.
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F;g.4.2.7
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The initial operating point is where the 250°C tempera­
ture line intersects the saturation line. If you look at the
pressure line that passes through I A I you will see that the
saturation pressure is 40 bar. On the enthalpy axis, the
enthalpy of the steam is represented by HAo

The steam is expanded to a lower pressure in the high
pressure turbine, down to a pressure of 10 bar. The moisture
of the steam leaving the high pressure turbine is 10%. This
makes the plotting of the second point very easy. If we fol­
low the constant pressure line for 10 bar up until it inter­
sects with the 10% constanl moistul':"€ line, th is is the oper­
ating condition at the turbine exhaust.
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The temperature at 'B' is the saturation temperature for
a pressure of 10 bar which from the diagram is ISO°C. You
will notice that point B is further to the right of the dia­
gram than point B' because entropy has increased due to surf­
ace and fluid friction. In the ideal case the entropy would
remain constant and instead of expanding to point B the steam
would have expanded to point B l

•

The maximum amount of work available from the turbine
would be the enthalpy difference between points A and B', ie,
HA - HS I. In practice the work available waR less than
the ideal and only equal to the enthalpy difference HA ­
HB·
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From the information that we used, you can see that we
could calculate the enthalpy drop either by using tables, 8.-=

we have already seen, or by using the scales on the Mollier:
diagram.

Moisture Separation

This part of the process can be a stumbling block if we
are not careful. There are several things happening at once,
some real and some apparent.

Ignoring the pressure drop through the moisture separat­
or, we can show moisture separation as taking place at con­
stant pressure. Before we get into detailed discussion, take
a look at the separation process on the Mollier diagram.
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The pressure remains constant and the process proceeds
from condition B where the steam is 10% wet to condition C
where the steam is saturated.

Looking across at the enthalpy scale
the enthalpy has risen from HB to He.
ously have added some heat - Not true!!
some heat.

- 13 -
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B.4.2.7

If this is so, how is
cess steam appears to have
the end of the module.

Reheat

it that the
increased?

en thalpy of the pro­
Check your answer at

Again for purposes of illustration assume that there is
no pressure drop through the reheater. Heating is taking
place at constant pressure, so the process will continue to
follow the constant pressure line.
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Fig. 4.2.10

II

o.

Before we leave point I C I we did not mention that the
temperature did not change throughout the moisture separa­
tion process and is of course the saturation temperatl1!:'t? cor­
responding to pressure of 10 bar and t s = I80°C.

The addition of beat from the reheater is qr>lng to
raise the temperature above the saturation tempet-ature and
produce superheated steam. For ease of illustration assume
that the reheater adds 50°C of superheat. The opcoorating
point '0' occurs where the constant pressure line intersects
the constant superheat line of 50 0 (. 'fh(; tempera i - ll:'(': of the
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steam is now
the steam is
the reheater.

B.4.2.8

180 +
HD -

50
He

= 230°C.
which is

The change in enthalpy
equal to the heat lost

of
by

How does reheating increase the enthalpy of the process
steam?

* * * * *

Expansion in the Low Pressure Turbine

The expansion of the steam in the low pressure turbine
is the same in principle to the expansion in the high pres­
sure turbine, the only difference being that the steam is
initially superheated.

The steam will expand to condenser pressure, say
5 kPa(a) and the condition will be 10% moisture. If we plot
this point on the diagram, this represents the end of the
steam process before condensation occurs.
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If the expans ion in the low pressul-e turbine had been
ideal, ie, had there been no friction, then entropy would
have been constant and the available work from the low pres­
sure turbine would have been equal to HD - HE'·

Using the Mallier diagram to illustrate the complete
process, we can see the trends in changes of enthalpy, mois­
ture, etc. and when used 1n conjunction with tl'lC steam
tables it provides a good graphical aid to he1r' solve the
problem.
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Fig. 4.2.12

Do these problems and check your answers at the end of
the module.

B.4.2.9

Sketch your own Mollier diagram to illustrate the fol­
lowing series of processes: A high pressure turbine uses
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saturated steam at 240°C and exhaust the 10% wet steam to a
moisture separator at 160°C. The separator produces 2% wet
steam and is followed by a reheater which produces 40°C of
superheat. The superheated stearn expands in a low pressure
turbine to 10% moisture at 35°C.

8.4.2.10

Explain how your sketch would
the condensation process in the
question B.4.2.9.

B.4.2.11

change if
condenser

you had to
associated

show
with

The mass f lowra te of
bine, in question B.4.2.9
flow into the reheater.

Throttling

steam into the
is 900 kg/so

high pressure
Determine the

tur­
mass

We have already looked at
values from the steam tables.
shown on the Mallier diagram.

this process using enthalpy
The process may be clearly

Remember that throttling is
cess, so on the Mollier diagram
horizontal line.

a constant enthalpy
this is represented

pro­
by a

An example will illustrate the process. Steam at 40 bar
with 3% moisture is throttled to 2 bar. Determine the final
temperature of the steam and the degree of superheat.

Before we look at the diagram, we know that by throttl­
ing wet steam to a low enough pressure we can produce not
only saturated steam, but superheated steam.
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As the steam is throttled from point A, to the lower
pressure at point B f the quality changes from wet steam tc
superheated steam at a temperature of 140°C which, from thE'
diagram, is roughly 2QoC above the saturation temperature anc
therefore there are 20 Q C of superheat.

This looks like a convenient way of producing superheat­
ed steam and perhaps we should use this technique to produce
superheated steam entering the high pressure turbine.' It can
be done thermodynamically without any difficulty.

Suppose we take the saturated steam at 250°C, which is
the normal condition of steam entering the high pressure tur­
bine, and produce superheated steam by throttling it to 1 bar
prior to entry to the turbine. All the time the heat content
remains constant.
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This process produces steam which is well superheated
with a temperature around 65(>C above the saturation tempera­
ture so no problems of excessive moisture.

8.4.2.12

Why don I t we take advan tage of th is process? There is
no loss of enthalpy and we have steam which is well super­
heated - how can we go wrong! Analyse th is s1 tuation and in
a few lines write down why you think we do not use this as a
solution to the moisture problems in our turbines. Check
your answer at the end of the module.

Throttling increases the entropy of the process and we
cannot get as much work out of the steam. This factor be­
comes of major consideration when we consider the control of
governor steam valves. Suppose we have a turbine with four
governor steam valves. If they all open at the same time,
then all four valves will be throttling the steam until the
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valves are all fully opened when no throttling occurs. This
method of control is called "throttle governing" and it pro­
duces a loss of efficiency if operating at any load other
than full load. If the governor steam valves open one after
the other, in principle, there is no more than one valve
throttling the steam. This method of control is called "noz­
zle governing".

B.4.2.13

Using a Mollier diagram, explain why nozzle governing is
used for control purposes in peak loading units and why
throttle governing is used for control purposes in base load­
ing units. Check your answer at the end of the module.

* * * * *

We have looked briefly at entropy and performed simple
calculations. We have looked at the throttling process, both
with steam tables and with the Mollier diagram. We have
examined the use of the Mollier diagram as an aid to describ­
ing the turbine process which is difficult to achieve using
the temperature/enthalpy diagram.

If you are confident that you can meet the objectives
and are ready to take the criterion test, ask the Course/
Shift Manager for the test.

After you have written the test, ask for the self evalu­
ation sheet and compare your answers with those on the evalu­
ation sheet.

Finally, discuss your criterion test with the Course/
Shift Manager and if you are both satisfied with the results,
have the Manager sign the progress summary sheet. If you
identify areas that need reinforcing, return to the course
material and retake the test when you feel that you are com­
petent.

When you have successfully completed this module you may
proceed to Module 8.4.1.
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Answers

MODULE 8.4.2

ENTROPY, THROTTLING & MOLLIER DIAGRAM

8.4.2.1

The whole process takes place at constant entropy I ie,
the initial entropy is equal to the final entropy.

The initial condition is saturated steam at 160°C. From
Table 1, 59 at 160°C = 6.7475 kJ/kgOC.

The final condition is wet steam at 1 bar, the dryness
fraction is unknown.

At 1 bar
and

= 1.3027
6.0571

kJjkgOC
kJjkgOC.

Sl bar = Sf = qSfg

= 1.3027 + q x 6.0571 kJjkgOC.

Equating the initial and final conditions,

8 g 160 = 81 bar"

Substituting 6.7475 = 1.3027 + q x 6.0571 kJ/kgOC

5.4448 = q x 6.0571

hence q 5.4448= 6.0571 = 89.9%.

Again we know that the entropy remains constant through­
out the process and that the initial and final entropies are
equal.

The initial condition is
using Table 2 we can determine

4%
the

wet steam at
entropy using

15 bar and

S = Sf + qSfg'

Sf at 15 bar = 2.3145 kJjkgOC.

Sfg at 15 bar = 4.1261 kJjkgOC.
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S = 2.3145 + 0.96 x 4.1261 kJ/kg'C

= 2.3145 + 3.9611

= 6.2756 kJ/kg'C.

The final condition will be wetter steam than 4% at
60()C.

Sf at 60'C = 0.8310 kJ/kg'C.

Bfg at 60'C = 7.0798 kJ/kg'C.

Equating initial and final conditions we get:

6.2756 = 0.8310 + q x 7.0798 kJ/kg'C

5.4446 = q x 7.0798
.

• • q = 76.9%.

'1.4.2.3

Again we know that the entropy
and we can determine the value of
condition using S = Sf + qSfgo

is constant throughout
entropy at the final

Using Table 1, at 36'C Sf = 0.5184 kJ/kg'C

and Sfg = 7.8164 kJ/kg'C.

Thus S = 0.5184 + 0.87 x 7.8164

= 0.5184 + 6.8003 kJ/kg'C

= 7.3187 kJ/kg'C.

We know that the entropy is constant so this value of
7.31~7 kJ/kgOC is also the initial value.

If we look at S , because we are told that the initial
steam condition is sa~urated, in Table 1, we will be able to
find the value of t s which most nearly has a corresponding
value of 8 g = 7.3187 kJ/kgOC.

The nearest value is 8 g = 7.3196 kJ/kgOC at t s = 103°C.
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B.4.2.4

The final condition of the superheated steam allows us
to pinpoint the enthalpy. Using Table 3, 125°C is halfway
between the quoted values, so at a pressure of 1 bar and a
temperature of 125°C, h is

2776 + 2676
2

= 2726 kJ/kg.

This enthalpy remains constant.

Using Table 1 we can find the values of hf and hfg at
154°C which are 649.4 kJjkg and 2100.6 kJ/kg respectively.

Using h = hf + qhfg we get

2726 = 649.4 + q 2100.6 kJ/kg

2076.6 = q x 2100.6

2076.6q = 2100.6

= 98.9%.

B.4.2.5

Again the final condition is the key to the solution.
Using Table 3, 75°C is in between the stated values. At a
pressure of 5 kPa(a) and a temperature of 75°C,

2594h = + 2688
2 = ~oll kJ/kg.

This
determined
a pressure
tively.

enthalpy remains constant and allows Iql to be
using h = h f + 411£go Using Table 2, tl E and hfg at
of 15 bar are 844.7 kJ/kg and 1945.2 kJ/kg respec-

Using h = h f + qhfg we get

2641 = 844.7 x q x 1945.2 kJ/kg

1796.3 = q x 1945.2

1796.3
q = 1945.2

= 92.3%.
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B.4.2.6
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The answer is fairly sirnI)le. The lIlJ;lntity of "steam" at
B is not the quantity of steam at C'. SlJ[JpoSe we 11dve :1.0 kg
of steam at point B that is 10% wet. This is r0aJ]V th0 same
as saying we have 9 ka of sat:IJrated steam dl,rl 1 kq (If satur­
ated water. Letls put SOllie ti(Jures in to make thl~; point.
Let hg = 2700 kJjkg an(l ll[ = 70r) k.l/kg.



125 - B.4.2

Then the average enthalpy of this mixture is

(9 kg x 2700 kJ/kgl + (1 kg x 700 kJ/kgl
10 kg

24300 + 700= 10

= 2500 kJ/kg.

When we pass the wet steam through the moisture separat­
or we removed the 1 kg of saturated liquid, ie, the low grade
water and now the enthalpy of the working fluid which is
saturated steam, is 2700 kJ/kg, an increase of 200 kJ/kg.
BUT the overall quantity of steam has now been reduced by
10%. This is the pitfall when negotiating this part of the
process. You must make sure that you change the flowrate
after the moisture separation to account for the mass of
liquid removed. If the steam leaving the moisture separator
is saturated and the steam was x% wet, then the reduction in
steam flow as a result of moisture separation is also x%.

B.4.2.8

Reheating increases the enthalpy of the process steam by
means of a transfer of heat from main steam that is taken
from the balance header. This main steam loses heat (in the
reheater) to the process steam, increasing the temperature
and thus the enthalpy of the process steam. Typically steam
at balance header is 250°C and heats the process steam flow­
ing through the reheater, from 175°C to 235°C.
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B.4.2.9

'Itf .r

'A f

Enlhalpy. .
kJfkg I

I~

1"- "-1:71

II I ~

~ I=i
II r--.

2';::.71 ·1/ Ii
v .

'00
If

....

Iflff IX t\ V 1'- !lit'-. / 1-. I / >

'I

IX
II'

II

Iv

•
II

IIV II f... I
I'> I 0

.,"I)'

'" 1'><
r'-.

E'W
l- i'

Enl,opy, kJfkg°c
Fig. 4.2.16

. ,

Process A - B

Initial condition is saturated steam at 240°C. Expan­
sion in the high pressure turbine, allowing for frictional
effects, takes the process to the right of point B I at a
moisture level of 10%.
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Process B - C

The moisture separator, assuming no pressure drop,
removes moisture from 10% to 2%. The temperature remains
constant at the saturation temperature of 160°C.

Process C - D

Again assuming no pressure loss in the reheater, the
enthalpy of the steam is increased at constant pressure,
initially up to the saturated steam condition, after which
further addition of heat raises the temperature from 160°C to
ZODoC.

Process D - E

The superheated stea.m expands in the low pressure tur­
bine and allowing for friction takes the process to the right
of point E' where the final temperature is 35°C and the mois­
ture level is 10%.

B.4.2.10

If the condensation process was illustrated on the
Mellier diagram this would take place at constant pressure
and temperature while the latent heat was being removed. The
process would move down the constant pr.essure/temperature
line to some point off the diagram when the moisture would be
100%, ie, at the saturated liquid line.

- 28 -



125 - B.4.2

IA'/I
'/

I nflV KI,
II
I,

1-+++++-IcjjfJY
HiIIV I

1',11

'I

••

1/

1

1/ •,
•

II

1/7
I,;;r--

1

II

1

1":1/17 >. 'y.f y..
hJ /'-,11 "- ~ht

OJ Iii'" I'.
1 • :1 ~ ,i F::: ~.

1
1

iliTTI/f/i
f7'If~

I If.

, II,

Enthalpy. •
kJ/kg

fI

il

o
En'<opy. kJ/kg C

Fig. 4.2.1 7

B.4.2.11

The change in mass flow occurs in the moisture separator
where the dryness fraction is increased from 90% to 98% by
removing the moisture droplets. Consequently 8% of the work­
ing fluid has been removed and the flow into the reheater

= 0.92 x 900

= 828 kg/5.
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B.4.2.12
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The enthalpy at points A dnd B is the same. The amount
of work that is available depends upon the change of enthal­
py. In practice we expand the steam i(l the turbine to a
temperature which is dictated by the ccnling water supply.
Assume that the turbine exhaust is at 35"C. The enthalpy
drop from the ini t ia 1 cond it ion to the cons tant temperature
line will indicate the wor"k available.
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If we consider the process from point A, the enthalpy
drop is HA - HA'. Similarly, if we consider the enthalpy
drop at point B, the value is HB - HB I. You can see that
although the enthalpy is the same, the work available is
decreased as a result of the throttling process increasing
the unavailable part of the enthalpy. If the enthalpy HS ­
HB' was only 50% of HA HA', then the steam flowrate
would have to be doubled to achieve the same power output
using the throttling technique. In practice the low pressure
turbines are large enough without increasing the size to
accommodate a larger steam flow, which incidentally would
result in a less efficient cycle.
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B.4.2.13
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Peak loading units should have the capability of operat­
ing at varying power levels. Suppose we have a un i.t operat­
ing at 25% power and the unit has four governor steam
valves. If the unit is throttle governing, all four governor
steam valves will be 25% open and consequently each will be
throttling steam. This process is shown from POillts t to A.
The enthalpy available for work is hl\ hB' If the unit
is nozzle governing, three governor steam valves will he shut
and one will be completely open. There will be no ttlrottl­
ing. The enthalpy available for work is he h r;. Thus
for the same steam flow, there is much more work dvailable
using nozzle governing steam control (this is tl._-uc (or all
power levels up to lOOt). Thus a peak loading llnit. tllat is
capable of operating at differellt loads will t1(' rlozzle
governed.
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Base loading units run ideally at 100% power for long
periods. At 100% power levels neither throttle governed nor
nozzle governed units will throttle steam. Thus each will
behave the same the choice of which type of control is
determined by economics. Throttle governing control is less
costly, so it is used for base loading units.

J. Irwin-Childs
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