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The power

• The efficiency of conventional fossil-fuel steam-power 

plants rarely exceeds 35%. However, efficiencies greater 

than 50% can be realized in combined-cycle plants with dual 

power generation:

– from advanced-technology turbines.

– from steam-power cycles operating on heat recovered from hot 

turbine exhaust gases.

• In a conventional power plant the molecular energy of fuel is 

released by a combustion process. Part of the heat of 

combustion is converted into mechanical energy.



The steam power plant

• The Carnot-engine:

– operates reversibly and consists of two isothermal steps 

connected by two adiabatic steps.

– The work produced:

– the thermal efficiency: 

• The thermal efficiency of the Carnot cycle, as a 

reversible cycle, could be serve as a standard of 

comparison for actual steam power plants.
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Simple Steam Power Plant



Carnot Cycle



Carnot Cycle on T S Diagram



The Rankine cycle

• An alternative model cycle taken as the standard, 

at least for fossil-fuel-burning power plant.



Fig 8.3

1 → 2: A constant pressure heating process in a boiler.

2 → 3: Reversible, adiabatic (isentropic) expansion of vapor in a turbine to 

the pressure of the condenser.

3 → 4: A constant-pressure, constant-temperature process in a condenser to 

produce saturated liquid at point 4.

4 → 1: Reversible, adiabatic (isentropic) pumping of saturated liquid to the 

pressure of the boiler, producing compressed (subcooled) liquid.



Simple Practical Power Cycle

(Siklus Pembangkit Tenaga Uap)



Steam generated in a power plant at a pressure of 8600 kPa and a temperature of

500°C is fed to a turbine. Exhaust from the turbine enters a condenser at 10 kPa,

where it is condensed to saturated liquid, which is then pumped to the boiler.

(1)What is the thermal efficiency of a Rankine cycle operating at these conditions?

(2)What is the thermal efficiency of a practical cycle operating at these conditions

if the turbine efficiency and pump efficiency are both 0.75?

(3)If the rating of the power cycle of part (2) is 80000kW, what is the steam rate

and what are the heat-transfer rates in the boiler and condenser?

The turbine (2 → 3) : ( )
kg

kJ
HisentropicW Ss 2.1274)( −==

kg

kJ
H 4.21773 =

The enthalpy of saturated liquid at 10 kPa:
kg

kJ
H 8.1914 =

The condenser (3 → 4):
kg

kJ
HHQ 6.192534 −=−=

The pump (4 → 1): ( )
kg

kJ
HisentropicW Ss 7.8)( ==

kg

kJ
H 5.2001 =

(1) The enthalpy of superheated steam at 8600 kPa and 500 °C:
kg

kJ
H 6.33912 =

The boiler (1 → 2):
kg

kJ
HHQ 1.319112 =−=

3966.0
1.3191

7.82.1274
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(2) With a turbine efficiency of 0.75: ( )
kg

kJ
HturbineW Ss 6.955)( −==

kg

kJ
HHH 0.243623 =+=

The condenser (3 → 4):
kg

kJ
HHQ 2.224434 −=−=

The pump (4 → 1): ( )
kg

kJ
HpumpWs 6.11)( ==

The net work of the cycle is:
kg

kJ
netWs 0.9446.116.955)( −=+−=

kg

kJ
HHH 4.20341 =+=

The boiler (1 → 2):
kg

kJ
HHQ 2.318812 =−= 2961.0

2.3188

0.944
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The enthalpy of saturated liquid at 10 kPa: kg

kJ
H 8.1914 =

power rating of 80000kW

)()( netWmnetW ss
 =(3)

s

kg
m 75.84

0.944

80000
=

−

−
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s

kJ
boilerQmboilerQ 270200)()( == 

s

kJ
condenserQmcondenserQ 190200)()( −== 



The regenerative cycle

• |Qboiler| to decrease: high boiler pressures and temperatures

– in practice, seldom operate at pressure much above 10,000 kPa or 

temperature much above 600°C.

• |Qcondenser| to decrease: low condenser pressures and 

temperatures

– in fact, the condensation temperature must be higher than the 

temperature of cooling medium and the condensation pressure as 

low as practical.

• Water from the condenser, rather than being pumped 

directly back to the boiler, is first heated by steam 

extracted from the turbine.
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Fig 8.5



Determine the thermal efficiency of the power plant shown in Fig. 8.5, assuming 

turbine and pump efficiencies of 0.75. If its power rating is 80000 kW, what is the 

steam rate from the boiler and what are the heat-transfer rates in the boiler and 

condenser?

Basis of 1 kg of steam entering the turbine from the boiler. Because steam is 

extracted at the end of each section, the flow rate in the turbine decreases from one 

section to the next one. The amount of steam extracted from the first four sections 

are determined by energy balances:

).()1( TconstPTVH −= 

For saturated liquid water at 226 °C, the steam tables:

kPaPsat 2.2598=
kg

kJ
H 5.971=

kg

cm
V

3

1201=
K

1
10582.1 3−=

The fourth increment: ( )
kg

kJ
H 5.1

10

)2.25988600(
)15.499)(10528.1(11201

6

3 =
−

−= −

kg

kJ
HliqsatHH 0.973.).( =+=

Similarly, T (°C) 226 181 136 91 46

H (kJ/kg) 973.0 771.3 577.4 387.5 200.0



Section 1

Fig 8.6

Assuming isentropic expansion of steam in section 1 of the turbine to 2900 kPa:

( )
kg

kJ
H S 5.320−=

Before entering the turbine: superheated steam at 8600 kPa, t = 500°C

( )
kg

kJ
HH S 4.240−== 

The enthalpy of steam leaving section 1:

Energy balance on the feedwater heater: 0)( = cvHm

0)3.7710.973)(1()2.31515.999( =−+−m

based on 1 kg of steam entering the turbine

kgm 09374.0=

kJWs 4.240)1(sec −=

𝐻2 = ∆𝐻 + 𝐻1 = 3391.6 − 240.4 = 3151.2
𝑘𝐽

𝑘𝑔



Section 2

Fig 8.7



Assuming isentropic expansion of steam in section 2 of the turbine to 1150 kPa. 

The enthalpy of steam leaving section 2:

Before entering the section 2, m = 0.90626 kg, H = 3151.2 kJ/kg

( )
kg

kJ
HHHHH s 8.2987223 =+=+= 

Energy balance on the feedwater heater: 0)( = cvHm

kgm 07971.0=

kg

kJ
HWs 08.14890626.0)2(sec −==

Section 2

Fig 8.7



Section H at section 

exit

Ws for 

section

T at section 

exit

State m of steam 

extracted

1 3151.2 -240.40 363.65 Superheated 

vapour

0.09374

2 2987.8 -148.08 272.48 Superheated 

vapour

0.07928

3 2827.4 -132.65 183.84 Superheated 

vapour

0.06993

4 2651.3 -133.32 96.00 Wet vapour, x = 

0.9919

0.06257

5 2435.9 -149.59 45.83 Wet vapour, x = 

0.9378

kJWs 0.804−= kJm 3055.0=

The net work of the cycle on the basis of 1 kg of steam generated in the boiler:

kJpumpworknetWs 4.7926.110.804)(0.804)( −=+−=+−=



kJHboilerQ 6.24180.9736.3391)( =−==

3276.0
6.2418

4.792
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power rating of 80000kW

)()( netWmnetW ss
 =

s

kg
m 96.100

4.792

80000
=

−

−
=

s

kJ
boilerQmboilerQ 244200)()( == 

s

kJ
netWboilerQcondenserQ s 164200)()()( −=−−= 

The efficiency is greatly improved

The heat transfer rates in the boiler and condenser are appreciably less.



Internal-combustion engines

• Steam power plant (external combustion engine)

– steam is an inert medium to which heat is transferred from 

a burning fuel or from a nuclear reactor

• Steam absorbs heat at a high temperature in the boiler.

• Steam rejects heat at a relatively low temperature in the condenser.

• Internal combustion engine:

– No working medium

• a fuel is burned within the engine and the combustion products 

serve as the working medium.

• High temperatures are internal and do not involve heat-transfer 

surfaces.

• Air as the working fluid



The Otto Engine
The most common internal-combustion engine, because of it used in automobiles.

1st stroke: 0 → 1: At essentially constant pressure, a piston moving outward 

draws a fuel/air mixture into a cylinder.

2nd stroke: 1 → 2 → 3: all valves are closed, the fuel/air mixture is compressed, 

approximately adiabatically along 1 → 2; the mixture is then ignited, and 

combustion occurs so rapidly that the volume remains nearly constant while the 

pressure rises along 2 → 3.

3rd stroke: 3 → 4 → 1: the work is produced. Approximately adiabatically 

expand 3 → 4; the exhaust valves opens and the pressure falls rapidly at nearly 

constant volume along 4 → 1.

4th stroke: 1 → 0: the piston pushes the remaining combustion gases from the 

cylinder.

The compression ratio:
D

C

V

V

volumeendthe

volumebeginningthe
r =

The efficiency of engine (i.e., the work produced per unit quantity of fuel)

The air-standard Otto cycle: two adiabatic and two constant-volume steps, which 

comprise a heat-engine cycle for which air is the working fluid.





The Otto Engine

Fig 8.8 Fig 8.9
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Fig 8.9, the thermal efficiency

Ideal gas
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The diesel engine

• Differs from the Otto engine: the temperature at 
the end of compression is sufficiently high that 
combustion is initiated spontaneously.

– Higher compression ratio → the compression step to a 
higher pressure → higher temperature results.

– The fuel is injected at the end of the compression step

– The fuel is added slowly enough → the combustion 
process occurs at approximately constant pressure.

• At the same compression ratio:

• However, the diesel engine operates at higher 
compression ratios and consequently at higher 
efficiencies.

dieselOtto  



Fig 8.10

the heat quantities absorbed in step DA: )( DAPDA TTCQ −=

the heat rejected in step BC: )( BCVBC TTCQ −=

the thermal efficiency:
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Reversible, adiabatic expansion (step AB): 11 −− = 
BBAA VTVT

Reversible, adiabatic compression (step CD):
11 −− = 

CCDD VTVT

On the basis of 1 mol of air (ideal gas),

The compression ratio: DC CVr / The expansion ratio: ABe CVr /



The gas-turbine engine

• The Otto and diesel engines use the high energy of high-
temperature, high-pressure gases acting on the piston 
within a cylinder. However, turbines are more efficient 
than reciprocating engines.

• The advantages of internal combustion are combined with 
those of the turbine.

• The air is compressed to several bars and enters the 
combustion chamber.

• The higher the temperature of the combustion gases 
entering the turbine, the higher the efficiency of the unit.

• The centrifugal compressor operates on the same shaft as 
the turbine, and part of the work of the turbine serves to 
drive the compressor.



The Brayton cycle: AB → reversible adiabatic compression. BC →heat QBC is 

added. CD → isentropic expansion. DA → constant-pressure cooling.



Based on 1 mol of air, the thermal efficiency:
BC

ABCD

BC Q
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The work done as the air passes through the compressor:

)( ABPABAB TTCHHW −=−=

The heat addition:

)( BCPBC TTCQ −=

Isentropic expansion in the turbine:

)(|| DCPCD TTCW −=
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Isentropic expansion:
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A gas-turbine engine with a compression ratio PB/PA = 6 operates with air entering the 

compressor at 25°C. If the maximum permissible temperature in the turbine is 760°C, 

determine: (1) the efficiency η of the ideal cycle for these conditions if γ = 1.4. (2) the 

thermal efficiency of an air cycle for the given conditions if the compressor and 

turbine operate adiabatically but irreversibly with efficiencies ηc = 0.83 and ηt = 0.86.

(1) 4.0
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(2) The temperature after irreversible compression in the compressor TB is higher 

than the temperature after isentropic compression T’B and the temperature after 

irreversible expansion in the turbine TD is higher than the temperature after 

isentropic expansion T’D.
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Jet engines; rocket engines
• The power is available as kinetic energy in the jet of exhaust gases 

leaving the nozzle.

• Jet engines: a compression device + a combustion chamber + a 

nozzle

• Rocket engines: differ from a jet engine in that the oxidizing agent is 

carried with the engine.

Entering 

Air

Diffuser
Fuel

Nozzle

Combustion 

chamber

Exhaust 

gases






