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Preventive maintenance

(Off-Line Cleaning)
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Preventive maintenance



1.6

16.1
2
2
(Power)

(Watt) (Joule)

(Second) Sl
(Raw Energy)

(Plant)

(Electric Power Plant) (Power Plant)

(Stationary Power Plant)

(Movable Power Plant)

10-10,000



(Fossil Energy)

(Flowing Streams of Water Energy)

(Turbine)

(Ocean Tidal Energy and Wave Energy)

(Wind Energy)



(Solar Energy)

(Solar Radiation)

961-1191 2000-2500

(Solar cell)

(Terrestrial Heat Energy)

(Nuclear Energy)



162 (Power Plant System)

L (Steam Power Plant)
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2. (Gas Turbine Power Plant)
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5. (Diesel Power Plant)
6. (Electric Power System)
(Generator
Voltage)
(IR)
(P=1V Vv ) 69, 115, 230, 500
220
380 1.4

(Distribution System)
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1.4

1.6.3 (Gas Turbine Principles)

Combustion Engine

Combustion Engine 2
(External Combustion Engine)

(Internal Combustion Engine)
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(External Combustion Engine)

(Medium Fluid)

Working Fulid
Boiler (Steam Turbine)
(Internal Combustion Engine)
Working Fluid
(Exhaust)
- Compressor
- Combustion Chamber ( )
- Turbine
Turbine Blades Impulse Turbine
(Simple Gas Turbine Cycle)
Brayton cycle
Constant Pressure Cycle Turbine
(Exhaust)
Steady Flow Cycle
2.6 Brayton Cycle (Major Component ) Air Compressor,
Combustion Chamber ( Combustor) Turbine Air Compressor Turbine
Shaft Compressor
Combustor
Combustor Burner
Turbine
Turbine ( Exhaust Gas)
Open Cycle

PV TS Diagram



PV TS Diagram

- Stage 1-2 Air Compressor ;
(AT=T2-T1)

- Stage 2-3

- Stage 3-4 Turbine ;

(T3=Turbine Inlet Temp.)
- Stage 4-1 Exhaust Gas Turbine
(TA=Exhaust Gas Temp.)
Stage 3-4 Output
Air Compressor (Gas Turbine

Single Shaft)

Combustor )
FUEL Stage 1-2 compression

of airin COMPRESSOR

Stage 2-3 heatadded
WORK atconst, press, in

COMBUSTOR

Stage 3-4 expansion

through GAS TURBINE

Stage 4-1 exhaustto

1 Compressor

ATMOSPHERE
SINK

atmosphere

adiabatic compressions

Layout of a Gas Turbine Unit expansion

Fressug Temperature
P P 3
T Constant
Adiabatic Pressurg,,

Constani
Pr r

Entropy —® S

Volume ——» V

1.5 Brayton Cycle
As before,work done = heatadded Qa- heatrejected Qr, assuming
constant specific heat,as given in definition of the Air Standard cycle.



Assuming Constant Specific Heat and The Air Standard Cycle

Workdone = Heat Added (QA) - Heat Rejected (QR)
Heat Added QA= WCp(T3-T2)
Heat Rejected QR=WCp (T4-T1)

=WCp (T3-T2) - WCp (T4-T1)

* Themal Efficiency

Qa
WCp(T3-T2) - WCr (T4-m

Compressor Work
we =WCp(T2-T1)
Turbine Work

T =WCp(T3-T4)

Generator

WCP(T3-T2) *NET THERMAL EFFICIENCY
= 1-(T4-T1) — NET
(T3-T2) 0a
Pressure Loss  Cycle = Mass Flow
*THERMAL EFFICIENCY = 1-T4 -AIR Flow
T3 Compressor
Pressure Ratio (rp) = P2/P1 (VOL., FLOW)
THERMAL EFFICIENCY =1- 1 - AIR Density
rp(K-1)/K
K= , SENTROPIC PROCESS
Net Output AC. Generator Pump Output
Turbine AIR Compressor

NET= 1- ¢ ; L Work Turbine  Stage 3-4

c Work Compressor  Stage 1-2

c =203 ( 7) 60% Gas
Tubine Single Shaft AC. Generator

Turbine = 37.5 MW. Compressor 22.5 MW,

AC. Generator ~ Output 15 MW,

Gas Turbine Turbine Inlet

Temperture (T3 Diagram ) Pressure Ratio

P2IP1 ( Diagram)  Pressure Ratio Air Compressor
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Air Flow Pressure Ratio Axial Flow
Compressor 6:1 111 Gas Turbine Turbine Inlet
Temperture 850 1150 0C Net Thermal Efficiency
20-35 % Turbine Blades
Turbine Blades Technology Gas Turbine
Output Gas Turbine Mass Flow Compressor
(Density)

(Ambient Temp.) Gas Turbine

Output Gas Tuebine” AC. Generator MW ISO
Condition ISO Condition International Standard Organization Ambient

Temp. 59 F (15 C) , Pressure 14.7 Psia 60% Relative Humanity Gas Turbine GE
MS. 5001 Output 25,280 KW . ISO Condition Ambient Temp. 38° C
22,000 KW

Net Thermal Efficiency = Net Turbine Output (Kcal)
Heat Input (Kcal)

Gas Turbine Heat Rate Heat
Rate BTU/Kw.hr
KcallKw.hr Distillate Oil , Natural Gas
(Heating Value) Gas Turbine GE (General
Electric CO.) MS 5001 (PG 5361) Natural Gas Output 25,280 KW . (I1S0O) Heat

Rate 3100 Kcal/Kw.hr Distillate Qil Output 24,800 KW .(ISO) Heat Rate 3140
KcallKw.hr
Heat Rate NET Thermal Efficiency
Efficiency = (1/Heat Rate) x 100 (%)
860 x 100

Heat Rate (Kcal/Kw.hr)

3413 x 100
Heat Rate (BTU/Kw.hr)
(1 Kw.hr=3413 BTU =860 Kcal)



MS 5001
Efficiency = 860 x 100
3100
= 2174 %
Note ; SI Unit
Efficiency = 3599 x 100

Heat Rate (KJ/Kwh)

(1 kwh = 3599 kJ)

Heat Rate = 3100 Kcal/Kw.hr

(Application ofthe gas turbine)

Gas Turbine
1940
I MW
1.6

— Aircraft Type Two-shaft

(Jet)

Heavy Duty Type Single-shaft

Two-shaft

1.6

Gas Turbine

Power Generation

Mechanical Drive

Power Generation

Mechanical Drive

Natural Gas

(Aircraft Engine)
1960

Simple Cycle

Simple Cycle

Regenaration
Cycle

Combined Cycle

Simple Cycle
Regenaration

Cycle

14



Gas Turbine (Air Craft)
(Thrust Force) Gas
Turbine Heavy Duty Type
Gas Turbine Heavy Duty 2 Single-shaft Two-
shaft
- Peak Load Operation (Peak Load
Demand) Gas Turbine
Start-Up Shutdown Gas Turbine
- Standby (Emergency) Operation
Start-up
( Black Out) Gas Turbine
Black Start Operation 600-1000 MW Gas Turbine 20 MW,
Standby Gas Turbine Start
Diesel (Starting Means) Gas Turhine Diesel
Battery Start Electric Motor Gas Turbine
Standby Emergency Diesel
Generator Electric Motor Start-up Gas Turbine
Start-up
- Combined Cycle Operation Gas Turbine
(Steam Cycle) (Gas-Steam
Combined Cycle Power Plant) . Exhaust Gas Gas Turbine
(Mass Gas Flow) Boiler ( aste Heat Boiler)
(Steam Turbine)
AC. Genarators Gas Turbine
Steam Turbine Gas Turbine
40-50%

(Conventional Thermal Plant)

33-43%
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Boiler 2
Exhaust Gas Gas Turbine Boiler
fired Waste Heat Boiler Auxiliary Burners Duct
Burners Exhaust Duct Gas Turbine Boiler
Boiler Duct Burner
Oxygen Exhaust Gas Gas Turbine Oxygen
15-17%* Boiler Supplementary Fired Heat Boiler (Oxygen
21% )(* Percent )
Gas Turbine
Exhaust Gas Bypass Stack
Waste Heat Boiler Waste Heat Boiler Steam Turbine
Gas Turbine
(Conventional Thermal Plant) Gas Turbine
Open Cycle Operation Gas Turbine Open Cycle Full Load
60 MW, 12 Combined Cycle Load 360
MW, Cold Start-up 4.5 , Load 360 MW . = (Gas Turbine Load 4

4x60 = 240 MW .) + (Steam Turbine Load 120 MW .)

Co-Generation Operation Gas Turbine
Exhaust Gas Gas Turbine Waste Heat Boiler
Unfired Supplementary Fired

Co-Generation
(Process) \
Gas Turbine Auxiliary Burner 70-80%
(Petrochemical) Gas Turbine
(By Product)
Single Shaft Two Shaft



Single Shaft (Simple Cycle)

i

Compressor Turbine Turbine
Compressor AC. Generator
(Load) Compressor AC. Generator
(Frequency) 60 %
Turbine
Exhaust Gas Temp.
Output Gas Turbine
Combustor Compressor
Exhaust Gas Output
Inlet Guide Vane
Exhaust Gas Temp-
Output Load (Partial Load Efficiency)
Exhaust Gas Waste Heat Boiler Steam Temp.
Gas Turbine Output
Gas Turbine single Shaft
3000 RPM. 50 Hz 3600 RPM. 60 Hz Gas
Turbine 5100 RPM. Reducing Gear (Load Gear)
3000 RPM. (Coupling) Ac. Generator Gas Turbine (GE.)
MS 5001
Two Shaft (Open Cycle)
Gas Turbine Dual. Shaft
Shaft Compressor Shaft Ac. Generator Compressor
Turbine HP. Turbine (High Pressure Turbine) Combustor
Exhaust Gas HP. Turbine Turbine LP

Turbine (Low Pressure Turbine)

Power Turbine

Ac. Generator

HP. Turbine LP. Turbine Inlet Vane (Nozzle)
Power turbine HP. Turbine 5000-6000 RPM.
Compressor HP. Turbine Shaft Combustor
Gas Generator Hot Gas LP. Turbine Gas

Turbine GE.

Gas Generator Power Turbine



Casing Single Shaft
Air Craft Engine Gas generator 1 Power Turbine
Gas Generator Gas 1 4 Power Turhine
Gas Turbine AVON ,OLYMPUS ROLLS-ROYCE LIMITED
GENERAL ELECTRIC Ms 5002 1ms 7002
Two-Shaft Gas Turbine Ac. Generator Speed Power
Turbine Gas Generator
Output Power Turbine Power Compressor, Pump
Inlet Vane (Nozzle) Hp. Turbine Power Turbine Gas
Generator Mass flow Hp. Turbine
Output Single shaft
Turbine Inlet Temp. 10 % , output
25 % 60 %

(Basic Operation)

Gas Turbine (Start-UP) Manual Autom atic
Mode / Remote Control Start-UP
Compressor Starting Means Diesel Engine. Electric
Motor Frequency Converter (FC.) Compressor
(Firing) = Combustor Compressor 20-259%
Ignitor Burner Combustion
Chamber Turbine Torque Compressor
Torque Starting Means Turbine
60 % Torque Gas Turbine
( Sustaining Speed)
Gas Turbine
Firing Gas Turbine (Acceleration)
(Rated Speed) Starting Means Gas Turbine
60 % ( 70 % Rated Speed)
Rated Speed Gas Turbine Rated Speed

Close  Generator circuit Breaker

(Synchronizing)



Start-UP Gas
Turbine ( Compressor) Start-UP controller
Speed Control, Load Control Temperature Control (
Governor control) Gas Turbine
11

1 1
2 2.
3 3
4.



164,
Fossil Fuel ( Nuclear
Steam Turbine (Gennerator)
40 %
Steam  Turbine
Steam Turbine
Steam Turbine 40-42%
Gas Turbine Base Load
Peak Load Emergency Service
1939 30 Gas Turbine
35 %
Gas Turbine Steam Turbine

( Combined Cycle Power Plant )
50%
1.7 Flow Diagram
( Exhaust Gas) Gas Turbine

Steam Turbine

(Heat Recovery Boiler),Steam Turbine Generator

20

Reactor )

Reheat



* 10 fmenTuj!, 2ot

1.7 Flow Diagram

1.Compressor 4.Steam turbine
2.Gas turbine 5. Condenser
3.Steam generator 6. Fuel supply

Steam Turbine

Gas Turbine

18 Gas Turbine

}H11

50 - 60 %
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18 01=25%,P1= 100 MW Exhaust Gas Temp. = 510°c , Stack Temp
=19 c, T|g= 87%, T|t = 35%, T)@= 99%, Cm= 1.180 KJ/kgk Mass Flow =
487 Kgls.

P.  Tc
() Q= 1000025 = 400 MW
2) p2 = 3 1 GXxmxcpgx (Tg-T)
= 0.87 X 0.35 X 0.99 X 487 X 1.180 X (510 - 190)
= 5543 MW
(3) ¢ = (p+p2)/Q = (100+5543)/400 = 38.9 %

(Thermodynamics Principles of The Combined Cycle Plant)

(0)
(Heat

Source) (Heat Sink)

T

21

ENTROPY

19 ' (Carnot Cycle)
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19 1-2-3-4 1-2-3-4
c= (T2-T,)/ T2 (1)
| ;= (Tw-Tk)/ Tw
Tlc = Camot Efficiency
Tw = Temperature of Energy Supplied
Tk = Temperature of Environment
15- 16
Ges Turbine
( Brayton Cycle) 1320 K ( 1047 °c )
Steam Turbine (Rankine Cycle
800K (527°c) 210
gf g% Q+ 800K
| ; > 800K| - N
AN | Q
620K \\\\ — \

___ENTROPY.

JUA 110 TEMPERATURE / ENTROPY DIAGRAM
A, GO IUTIE
B: STEAM TURBINE WITHOUT REHEAT.



2 Combined Cycle
TS Diagram 111

1000

5007

-273

A TEMPERATURE (T)

C
v v
B (&

« STEAM CYCLE i

AMBIENT AIR TEMPERATURE

»

ENTROPY (S )

>

TEMPERATURE

288K

Q- 288K

ENTROPY

11 TEMPERATURE / ENYROPY DIAGRAM
COVBINED CYCLE POWER PLANT

2
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12 Combined Cycle Power Plant
Carnot Efficiency 63 - 68 %

Steam Power  Steam Power  Combined -
Gas Turbine  Plant with Plant without ~ Cycle

Reheat Reheat Power Plant
Average temperature of
the heat supplied, in K 950 - 1000 640 - 700 550 - 630 950 - 1000
(in °F) (1250-1340)  (690-800)  (530-630) (1250 - 1340)
Average temperature of 500 - 550 320 - 350 320-350 320-350
exhaust heat,inK (inF) (440-530)  (115-170)  (115-170)  (115-170)
Camot efficiency ,in % 42-47 45-54 37-50 63-68

Thermal Efficiency Combined Cycle Plant

+

) BT BT (2)
Q gt 1" Q |SF

Heat Recovery Boiler Unfired QF = 0

+
.- PGT ~ PST _(3)

CGT

Gas Turbine Process

T (4)

CGT
Steam Turrbine Process

Vst o (5)

Q sf+ Q exh



QEXH — QGT

5

AN =QVH

2

(1"~ GT (6)

2Ja - ) (7)

Tk = Thermal Efficiency ~ Combined Cycle Plant

PG =Pover Quiput
PST =Power Qutput

Ges Turbine
Steam Turbine

Qot = Heat Fow Input Gas Turbine
Qsf = Heat Flow Supplementary Fring
Qo =Exhaust Heat Flow From Ges Turbine

Tt =Themal Efficiency  Gas Turbine
Tlst  =Themal Efficiency  Steam Turbine
System Layouts Configuration
Gas
Turbine, Steam Turbine Heat Recovery Boiler 1 TRAIN
Block 4
- 1 GT. + 1HRB. + 1ST
- 2 GT. +2HRB. + 1ST
- 3 GT. +3HRB. + 1ST
- 4 GT. +4HRB. + 18T

2 GT. + 2 HRB. + 1 ST

Generator Transformer Steam Turbine Gas Turbine



T DEAERATOR
/ \ FWT
I ECONOMIZER r—?\_
LP HRSG EVAPORATOR _/
DRUM
| SUPERHEAT L LP STEAM &
r L
<
| ECONOMIZER l_’j\__
o{
HP HRSG EVAPORATOR ~ \\I/
—© DRUM
l SUPERHEAT HP STEAM
¢ = CONDENSER
FUEL /
GEN.
AIR
GEN. STEAM TURBINE
GAS TURBINE
112 ITRAIN = 1 GT. + 1 HRB. + 1 ST.
N
%} STEAM TURBINE
0
§ S
T DEAERATOR
Z TURBINE CONDENSER
HEAT RECOVERY %Z
STEAM GENERATOR

-4
= TURBINE

J

HEAT RECOVERY

STEAM GENERATOR

113

1 TRAIN = 2GT.+ 2HRB+1ST

WATER
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5 TURBINE
HEAT RECOVERY
STEAM GENERATOR
STEAM TURBINE
1
<0
DEAERATOR
CONDENSER
‘:’2‘ TURBINE
HEAT RECOVERY
STEAM GENERATOR
< TURBINE HEAT RECOVERY
STEAM GENERATOR
114 1TRAIN = 3GT.+3HRB + 1ST
Sesm

Combustion Chamber

O

. /
Gas Turbine

\

Qutput Electricity

Generator
Air inlet

Output Electricity O
Gas Turbine

Steam
Air inlet
O = so
m Steam Condenser
Air inlet
O HRSG
hot gas Condensate
Y| pump

—
Gas Turbine Boiler @

\

Air inlet

qUfi 115 Tsa Al mdsnawdousauuuy | TRAIN = 4 GT. + 4 HRB. + 1 ST.



1.65.
- Energy LAG™ LAG
L =Loss
A =Allowance
G =GAP
LAG
1
2
3
4

© oo N o o

Load

29



(Maximum Continuous Rating, MCR)

50 %
2%
4%
@)
2529
10%
(Payback Period)
()
(Specification)
(Waste heat)

Thomas E. Smith (6)

30
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