





bar (sal vapoun)
&

Baiier (7 = turbine 1
(Wain)

1 v
400 C

Combined gcle Power Plant.
Two vapour power cycles coupled in series.

Problem

A mercury cycle is superposed on the steam cycle operating between the boiler outlet condition at 40 bar, 400C and the
condenser temperature of 40C. The heat released by mercury condensing at 0.2 bar is used to impart the latent heat
of vaporisation to the water in the steam cycle. Mercury enters the mercury turbine as saturated vapour at 10 bar.
Compute: (a) kg of mercury circulated per kg of water, and (b). The efficiency of the combined cycle.
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Solution:

First apply the mercury and steam tables to get values of enthalpy and entropy.

Mercury cycle:
p-boilert: 10 bar

T-boiler1: 5155C

h-a: 363 Kifkg  Vapour state

=2 0.5167 Vapourstate enter TL  Entropy vertical on T-s diagram; x- axis the same entropy.

lguid state leaving TL  The system s turbine and what enters and leaves has the same entropy.
Change of state (vapour to liquid) so there is a drying factor x?

xb: b is at 0.2 bar gas-vapour state, leaving the mercury turbine, on leaving there is expansion,
5-b = sf(liquid) +xb(sg(vapour/gas)-s) ie
b-s

b-sg
osue? 00067 v xb 05418

ezbar ot
Noome = ases

oo aa
h-c. 38.35 ki/kg h-c is the enthalpy at 0.2 bar liquid state, exiting the condenser is all liquid.
P mercury: Pump il pressur 1 0.5 bar, outet pressure 1 40 b

The toal enthalpy is that which enters the pump and that increment entropy created by the pump working on the fluid

Enthalpy at h-c (liquid ph sf): 38.35
Enthalphy inc. by condenser pump

‘Specific vol saturated liquid: 7.74E-05
Pressure difference: 9 s bar

ffciency of pump (dea):

We assume no change in enlhalw since me chaﬂﬂe is so small at 0.075851

Steam cycle:
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hiis super heated steam at 400C.
h2 drop down to saturated steam.

There is a dry quality x involved, from 1 to 2. SATURATED STEAM - TEMPERATURE TABLE
6.769 kitkg S e F [
6.769 kifkg  In same turbine o on e | Gl

= sf +(c-s2)(sg-s) R -

0.5725 v w w w w m s %
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-s2:
Continuing 1 Saioulare h2? At 40C saturated steam temperature table.
7.5

ni-doc: 16
5g-40C: as4

he: [ 2108lkikg  hhereis part liuid and vapour

N3 at40c: 16750 kikg  h here s all quid, exiting the condense

147 1s coming outof o pump al liquid and ith possibl increase in enthalpy ffom the pump working on the flid.

Pressure differ = a0~
Efficiency of pump (meal)

Increase in enthalp
ha:

Shaate ol utaa s L0075 s sam rssro v 00738
oora

s Multiply by 103 to the specific volume of saturated liquid vi
arkg

e ane Tk SATURATED STEAM - PRESSURE TABLE
e table (o right fo 5 and 17 Sl b Eby G
ns: 1087 kitkg  tiauid sate entering bker i P Wie 't
he: 2601 kitkg  Vepourstate leaing baer | 5 R
sl e = W oE W ow w o
Recap. w0 " . s
hea 363 W [mt 1 o wm mw [ me om o
hb 270
hec 38.35
hd 3843
n 3213
n2 2108
n3 1675
he 17152
hs 1087
he 2001
a.
Set m = the mass of mercury (top) circulated per kg of steam (bottom).

From the energy balance of the heat exchanger (mercury-steam):

'm = (h6-h5)/(hb-hc)
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b).
Caluia the heat Q1 composed of the re path shoun n igure above 1 th rght
Q1 (ha - hd) + 1kg(h1 - h6) + 1kg(hs - h4)

kg Combustor Chamber highest source of heat eneray.
Kifkg ‘Turbine lowest source of heat energy reflected by enthalpy value.

Kikg Pump the 2nd highest of heat this because of the work if does reflected in heat
= Kirkg Total heat supplied from the system to condenser, this is the input.

n2 -h3)
Q2 mk.‘/kg Condenser expels heat to the environment in this case the output.
Efficiency h of the combined cycl ©Q2/Q1).
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Problem 5:

For a mercury-steam-sulphur dioxide cycle, the heat rejected in the mercury cycle is given to the steam cycle and

the heat rejected by the steam cycle is utlised in the SO2 (sulphur dioxide) cycle.

If the efficiencies of the mercury, steam, and SO2 cycles are 0.5, 0.4, and 0.25, i , find the overall efficiency
of the composite cycle.

Solution:

From the notes of the textbook Power Plant Engineering 4th edition, the efficiency for multiple series combined cycle
power plant is given as,
n=1-(1-n)(1-n2)(1-ns).

n = 0.50 mercury
N2 = 0.40 steam
Ns = 0.25 sulphur dioxide

n =
n = 77.5%

End of chapter 3 examples on combined cycle power generation.

[Textbook: Power Plant Engineering. 4th edition. PK Nag. TaTaMcGrawHill.

This figure merely shows that there

is steam-mercury-sulphur dioxide in

the system. It does not represent the
question in the example.

Purple arrows identiy these fluids or their|
locations in the system.
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Figure 2. Simplified scheme of a standard geothermal power plant equipped with AMIS® abatement system
Greening of Geothermal Power: An Innovative Technology for Abatement|
of Hydrogen Sulphide and Mercury Emission
Aldo Baldacci, Massimo Mannari and Franco Sansone
Enel GEM Geothermal Production, Via A. Pisano 120, 56122 Pisa, Ttaly
Proceadings World Geothermal Congress 2005
Antalya, Turkey, 24-29 April 2005




