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Thermal Power Plant

Components of a Simple Vapour Power Plant
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Fossil-fuelled vapour power plant
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Thermal Power Plant
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Pressurized-water reactor nuclear vapour power plant
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Thermal Power Plant
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Concentrating solar thermal vapour power plant
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Thermal Power Plant

Rankine Cycle for Thermal Power Plant
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1 — 2 : Isentropic (constant entropy) compression (in a pump)

2 — 3 : Constant pressure (isobaric) heat addition (in a boiler)

3 — 4 : Isentropic expansion (in a turbine)

4 — 1 : Constant pressure heat rejection (in a condenser) @
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Thermal Power Plant

First-Law of Thermodynamics:

Boiler wr
. © @_' q + hin = w + hoyt ‘*
> h is enthalpy of working fluid.

Turbine: g =0, w=wr =h3 — hy

Pump: ¢=0, w=—wp = wpy=hy— hy

Boiler: w =0, g =qy =h3 — h»

— Pump © ondenser: w=0, g=—q. > q. =hs — Iy
® hy is in sub-cooled (compressed) state & difficult to estimate.

= wp=hy—hy~0as hy ~ h

= Wnet = WT — Wp

= Gin=qH =h3—h

ici — Wpet _ (h3—ha)—(ha—h1) _, h3a—hs
= Thermal efficiency, N = st = i s
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Thermal Power Plant

Flows in a 660 MW Power Station Steam Turbine System

flue gases: 3200 ¢ '
ft

steam: 1800 ¢ H'
25 MPa, 560 °C

Thermal Power Plant
600 GJ H'

L\ 5900 GJ H'

— to generator
2380 GJ h'

LP [ —» to generator turbines
u : : 6500 GJ '
turbines i condenser
coal: 200 t H' . 1 electricity from Q) pump cooling water:
air: 3000 t k' water: 1800 th' sl?ig‘a' 1800 ¢H generator: » 3520 GJ K
25 MPa, 45 °C 50 GJ ! pump
I condenser ‘m_(‘j
<
pump <{}> 33°C =
i S 1 cooling water:
water: 1800 rch \,:| 56000 th' electricity from
{ <« ) 118 °C (b) §§né|ja;olr:
T1282
T,!G'f(a) pump: 1
{D 1 GJ hr™' =0.278 MW @
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Thermal Power Plant

1202 S

A super-critical Rankine cycle

© Dr. Md. Zahurul Haq (BUET)

® Some modern power plants operate at
super-critical pressure
(P ~ 30 MPa > P¢ = 22.06 MPa) and
have Ny, ~ 40% for fossil-fuel plants and
Nen ~ 34% for nuclear power plants.

e Lower g, of nuclear power plants are
due to lower maximum temperatures
used due to safety reasons.
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Combined Cycle Power Plant

Gas Turbine Cycle

630°C
1140°C

--~\‘"“-‘
= (C
— 240 MW

T1340
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Combined Cycle

Power Plant

Rankine Cycle

T®—
“pma s

540°C
= (C
' — 240 MW
140 MW
140 MW T1342
T1341 HRSG = Heat Recovery Steam Generator
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Combined Cycle Power Plant

Combined Gas Turbine + Rankine Cycle




Combined Cycle Power Plant

flue

gases feed water condenser low pressure
pump (ﬁ vapour: 22°C
) heat S JUUL -
combustion recovel L\ 1 ’_)
chamber 4
esr:eefan:or river water
natural &
oo high pressure
__steam: 540°C
exhaust s
compressed combustion 'gases: 630°C
air gases;
generator

==~

expander turbine

[ compressor clutch steam turbine

£ gas turbine electrical

output to grid

® Power produced by the GT = 240 MW
® Power produced by the ST = 140 MW (using the hot exhaust)
® Net output power = 380 MW

RPCL power plant, Mymensingh: 4 GT produce 140 MW and 2 ST
produce additional 70 MW using the hot exhaust from GT. @
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Boiler/Steam Generator

Boiler

A steam generator or boiler is a closed vessel in which steam is produced
from water by the application of heat.

T1286
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Boiler/Steam Generator

Purpose of Steam Generation

e Power Generation: mechanical or electric power is produced by
expanding the steam to low pressure in the turbine.

e Industrial Processes: in textile, sugar and chemical industries etc.

e Heating: for heating residential and commercial buildings, supply of
hot water etc.

O
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Boiler/Steam Generator

Boiler Classifications: Water Tube & Fire Tube

Hot Gasses Out Steam Out Hot Gasses Out

Water tube boiler Fire tube boiler

@ Water Tube Boiler: water is inside the tubes and hot gases surround
the tubes.

® Fire Tube Boiler: hot gases are inside the tube and water surroun@

the tubes.
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Boiler/Steam Generator

Boiler Capacity & Performance Parameters

Boiler Efficiency:

Heat absorbed by feed water _ my, (hs — hy)
Energy released by fuel = mf HV

Equivalent Evaporation: Evaporation which would be obtained if

feed water were supplied at 100°C and converted into dry saturated

steam at 100°C at standard atmospheric pressure.

Nboiler =

My (hs — hw)
W, = ———> =
L
Boiler HP:
Boiler HP — equivalent evaporation per hr

15.653

® | = Latent heat of evaporation of water at 100°C ( 2256 kJ/kg)
® m, = actually generated steam (kg/hr), ms = fuel consumption rate (kg/hr)

@© Dr.

® hs = enthalpy of dry/saturated steam, h,, = enthalpy of feed water (kJ/kg) @

HV = Heating value of fuel (kJ/kg)
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Boiler/Steam Generator  Fire Tube Boiler

Fire Tube Boiler

Combustion

i % Gases

Water In —%

Tube Sheet

Hot Gas Chamber

Burner = Baffle
@ Hot Gas Chamber
Natural Gas [ ]

r1129 (Heated Tubes Submerged in Water)

In fire tube boiler, the hot gases passes inside the tubes and boiler feed water |
the shell side is converted into steam. @
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© Dr.

Boiler/Steam Generator  Fire Tube Boiler

Steam
dome Saturated
Safety steam outlet
valve Exhaust
Large gasses
flues
Superheater
Small header
flues Superheater
Fuel elements
Fire
Grate
Superheated
steam

Fire tube boilers are generally used for relatively small steam capacities
and low to medium steam pressure.

Fire tube boilers are competitive for steam generation rated up to
12,000 Kg/hr and pressures up to 10 atm.

It may cause serious accident, if leakage of a large amount of hot

water and steam occurs. @
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Boiler/Steam Generator  Fire Tube Boiler

Fire Tube Boiler: Cochran Boiler

Hot flue gases ==
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Anti priming
= T
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T1287 I m ]‘\Grale
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Superheater
exit pipe

Boiler/Steam Generator  Fire Tube Boiler

Fire Tube Boiler: Locomotive Boiler

Hot flue gases —
Water -
Steam -

Superheated steam -

Boiler/Steam Generator ~ Water Tube Boiler

Water Tube Boiler

® |n a water tube boiler, water is heated
inside the tubes and the hot gases
surround the tubes.

Bailer or
stearn drurn

® Larger heating surface can be achieved

7 -«— Feedwater .
by using more numbers of tubes.

® Due to convectional flow, movement of
water is much faster than that of fire

i R tube boiler, hence rate of heat transfer
o
& is high which results into higher
efficiency.
Lower o1 mud dium ® Very high pressure in order of 140 atm
can be obtained smoothly. @
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Boiler/Steam Generator ~ Water Tube Boiler Boiler/Steam Generator ~ Water Tube Boiler
Water Tube Boiler: Babcock & Wilcox Boiler
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Boiler/Steam Generator ~ Water Tube Boiler

Fire Tube vs. Water Tube Boiler

Mention the characteristics of both types.
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Boiler/Steam Generator  Boiler Components

Boiler Components

@ Boiler Mountings: primarily intended for the safety of the boiler and
for complete control of the steam generation process.
® Two safety valves (pressure relief valves)
Two water level indicators (water gauges)
Two pressure gauge
Fusible plug
Steam stop valve
Blow-down valve ...

® Boiler Accessories: components installed to increase the efficiency
and help proper working of the boiler unit.
® Air pre-heater
® Economiser
Super-heater

[ ]
® Feed pump
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Safety Valve

—Weight carrier

— Gun metal vahe
— Gun metal vahe seat

—Cast iran weights

= Cover plate
igcharge pipe

Cast iron pipe

Botton flange

Safety valves are used to relieve steam pressure if the pressure exceeds a pre-set

value.
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Water Level Indicator

Hollow gun metal casting

Guard glass Cover
e

Gauge glass tube

Screew
caps

Water gauges are used to ascertain the water level of the boiler.
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Pressure Gauge

T
Bourden
pressure gauge

e Steam pressure is indicated by a
pointer which rotates over a
circular graduated dial.

® |ndicated pressure is known as

gauge pressure which is
measured above the atmospheric
pressure.

Siphon tube
fitting
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T1292
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Fusible Plug

Flue gases =
Gun metal body
Gun metal plug ===
Solld copper plug wes
Fusible metal —

Hexagonal flange

Crown plate of
race

Fire
door

T1293 (a) (b)

Fusible plug is used to protect the boiler against the damage due to overheating

for low water level.
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Steam Stop Valve

T1295 (a) ®)

Steam stop valve or junction valve is used to regulate the steam flow rate from

the boiler.
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Boiler/Steam Generator  Boiler Components

Boiler Mountings: Blow-down Valve

T1471

Blow down valves have two functions:

® |t may empty the boiler when needed for cleaning, inspection and
repair.
® |t may discharge a portion of the water to blow out mud, scale or
sediment periodically.
© Dr. Md. Zahurul Haq (BUET)
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Boiler/Steam Generator  Boiler Components

Boiler Accessories

e Air-Preheater: air supplied to the boiler is heated using the hot flue
gases in the chimney.

® Some waste heat is recovered, so system efficiency improves.
® Better combustion and low-grade fuels can be burnt.

e Economiser: feed-water is heated using the hot flue gases.

® Recovers energy leaving with flue gases, so system efficiency improves.
® Hot feed water is supplied to the boiler drum, so thermal shock is
minimized.

e Super-heater: steam is superheated to increase system efficiency.

O
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Boiler/Steam Generator  Boiler Components

< HP Steam|.g@.
out |

Economizer Blower

Superheater QD

Air preheater

Air

S IN

Burner

T1296
Typical steam and gas circuit showing the locations of some boiler accessorie@
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Steam Turbines

Impulse & Reaction Turbines

Steam from the boiler expands to very low pressure in the turbine and the
thermal energy is converted into mechanical power.
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Steam Turbines

@ Impulse Turbine: In an impulse turbine, thermal energy of
superheated steam is converted to very high speed steam jet in the
fixed set of nozzles. High speed steam jets are directed to a set of
moving blades to transfer the momentum.

® Reaction Turbine: A reaction turbine consists of rows of fixed
(stator) and moving (rotor) blades. The blades are shaped to form a
converging nozzle. Within the converging blades the steam pressure,
density and temperature decline while converting its enthalpy to

I T T T

Rotor  Stator ~ Rotor  Stator Rotor  Stator ~ Rotor  Stator

—
—
Steam
—
—

Staging at: (?a ) impulse turbine (b) reaction turbine
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kinetic energy.

Nozzle

/

T1472 Steam

Steam Generator & Turbines




Turbine shaft

Turbine wheel

T1470
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Steam Turbines

Steam inlet

Impulse turbine

Steam Generator & Turbines

Steam

/ outlet
7
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Steam Turbines

Turbine Staging

e |f superheated steam is expanded in the single-stage-turbine,
conversion of huge thermal energy results in a very high steam velocity.

® The high velocity steam will impinge the turbine blades and the
turbines should have very high rotational speed.

® |n practice, steam is expanded in several stages to keep a reasonable
steam velocity to achieve overall thermal and economic efficiency.

o

shaft

fixed blades moving )
(guide vanes) blades @
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T1351
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Steam Turbines

Steam Generator & Turbines
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