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Abstract:

The aim of this research is to know the operating conditions and its
factors that affect thermal efficiency due to the low efficiency of thermal
stations and excessive consumption of fuel and its main objective is to
increase efficiency and thus reduce fuel consumption and selecting the
best factors affecting efficiency. This research explained the relationship
between the most important variables in efficiency This research
explained the importance of generating electricity and methods of
generation and focused on steam stations, parts and important
components

This research also included the studies conducted in this field. Readings
were taken from Khartoum north power station. Results were obtained
and the relationship between the variables was explained by charts and
figures with MATLAB software. | have recommended some important

recommendations which in turn can increase the efficiency of the course.
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CHAPTER ONE
Introduction
1-1Introduction:

Power station running costs can be grouped into three categories
(fuel materials good services, salaries and wages) less than half the heat
in the fuel is converted to electricity and the loss to the condenser
accounts for more heat than does the electrical output. There are some
engineers whose full time job it is to monitor the performance of the
plant, to make recommendations for improvements and to keep the
station management fully aware of undesirable trends. Each month,
station returns are submitted to regional headquarters detailing the
efficiency achieved and the magnitude of the losses sustained. Carnot
(1796-1832) developed profound abstract ideas about thermodynamics .in
particular he conceived the idea of a perfectly insulated frictionless heat
engine. All of its heat is received at an upper temperature and reject at a
constant temperature. The compression and expansion of the steam is
isentropic and the heat acceptance and rejection is isothermal. The
Rankine cycle is very useful as a means of determining the ultimate
performance of plant working between particular heat input and rejection
temperatures. However, the theoretical cycle upon which actual steam
plant is based is that devised by Rankine in Rankine the condensation of
steam is continued to completion rather than the impractical partial
condensation assumed in the Carnot cycle. Each modification to the basic
cycle has result in improvement efficiency. The best Rankine cycle
efficiency is lower than Carnot cycle. the improvement on Rankine cycle
in by reheating and feed heating by increasing the temperature inlet to the
turbine. [1]



The Rankin steam power cycle is one of the most important cyclic
processes used in industry. The efficiency of electrical power generation
has been increased in the last few years due to process optimization.
Nowadays a total efficiency of approx. 38%. For this reason, the steam
power cycle plays an important role in engineering education. The
objective of this research is to show the operation variables effect on
efficiency into manual calculation of Steam Power Plant Cycle efficiency
and to optimize to get the biggest possible Efficiency, making changes in

the feed variables of the cycle. [1]
1-2 Problem Statement:

The stations suffer from low efficiency and plenty of many
operation variable effect on thermal efficiency which is difficult to select
the best??All station concentrate on the overall efficiency. the effect of
any parameter in efficiency not cleared it cleared after any period until
occurring steady state it took time it different from variable to variable.
this research involves all the parameter and its relation with efficiency

and any parameter effect alone on thermal efficiency.
1-3 Objectives:

e The effect of variation of operation parameters on efficiency.

e select the best parameter to get high efficiency.

e determine the efficiency and performance of Steam power plant.
1-4 Methodology:

e Study the theoretical side of the Steam cycle power plants.

e Review literature to explore different calculation methods and

compare/evaluate these methods

3



o Select variables affecting efficiency.
e Collect design and actual operation data.

e Choose the equations to be used in the calculation of thermal
efficiency, enter all data and obtain desired results by analytical

methods.
1-5 Expected result:

e Determine the values of operation variables and parameters to

achieve optimum efficiency.
e Recommended actions to maximize efficiency.

e 1-6 Times

Introduction From Nov 2016 to dec2016

Theoretical framework andliterature review From Oct 2016 to dec2016

Description of methodAnalytical method From |Oct 2016 to Jan 2017
Calculations and result discuss From Dec 2016 to Jan 2017
Conclusions recommendation April 2017

1-7 Field of study:

The field of study in Khartoum North Power Station in unit 1 steam

turbine
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CHAPTER TWO
Theoretical framework and Literature Review

2-1Theoretical framework
2-1-1Concept of power plant

A power plant is assembly of systems or subsystems to generate
electricity, i.e., power with economy and requirements. The power plant
itself must be useful economically and environmental friendly to the
society. While the stress is on energy efficient system regards
conventional power systems viz., toincrease the system conversion
efficiency. A power plant may be defined as a machine or assembly of
equipment that generates and delivers a flow of mechanical or electrical
energy. The main equipment for the generation of electric power is
generator. When coupling it to a prime mover runs the generator, the
electricity is generated. The type of prime move determines, the type of

power plants. The major power plants, which are: -

1. Steam power plant

2. Diesel power plant

3. Gas turbine power plant

4. Nuclear power plant

5. Hydroelectric power plant
The Steam Power Plant, Diesel Power Plant, Gas Turbine Power Plant
and Nuclear Power Plantsare called THERMAL POWER PLANT,
because these convert heat into electric energy. [3]

2-1-2 Steam power plant:

A steam power plant continuously converts the energy stored in
fuel (coal, oil, natural gas) into shaft work and ultimately into electricity.
The working fluid is water which is some times in the liquid phase and

6



sometimes in the vapor phase during its cycle of operation. Figure
illustrates a fossil fueled power plant as a bulk energy converter from fuel
to electricity using water as working medium. energy released by the
burning of fuel is transferred to water in the boiler (to generate steam at a
high pressure and temperature, which then expands in the turbine (T) to a
low pressure to produce shaft work. The steam leaving the turbine is
condensed into water in condenser where cooling water from a river or
sea circulates carrying a way the heat released during a condensation. the
water condensate is then fed back to the boiler by pump(P), and the cycle
goes on repeating itself. The working substance, water, thus follows

along the B T C P path of the cycle interacting externally as shown

[2]

Motor
Exhaust flue gas
T Wp
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Furnace o % ‘@,ﬁ\ ) River
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Generator |

Electricity{MW)

Figure 2.1 Steam power plant — bulk energy converter from fuel to

electricity
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Figure 2.2 Steam power plant components
2-1-3 Analysis of Regenerative Cycle (feed heating)

The process of extracting steam from the turbine at certain
points during its expansion and using this steam for heating for
feed water is known as Regeneration or Bleeding of steam. The
arrangement of bleeding the steam at two stages is shown in Fig
below. [3]

H Turbine H Condenser
Tl ’g 4 I:I
ul BN Pl || °
Boiler M= m
2 3
t1}| t2 t3
r_ "
- L| [
—

Figure 2.3 Regenerative Cycle (feed heating)



2-2 Theory and description of plant (Overview of KNPS):

The Khartoum North Power Station of Sudan is located at
northeast of North Khartoum Industrial Area in Khartoum suburb to
provide power for national public, industrial and civil use. Phase |
consists of one set of 33MW steam turbine generator unit to energize the
existing BLUE NILE power system via 110KV transmission line. Phase
Il consists of 2 expanded 66MW steam turbine generator units to energize
via another 110KV transmission line. This project is the expanded phase
[l including two sets of 100MW steam turbine generator units and two
sets of 420T oil-fired boilers, therefore, the installed gross capacity of the
plant is

386MW (2x33MW+2x60MW+2x100MW) .

2-3 effect of variation of operation parameter on efficiency
2-3-1 Steam condition on thermal condition on thermal efficiency of
steam power plant:

The variation of Rankine efficiency with the inlet steam pressure at
a constant steam temperature 470 °C and three condenser pressure is
shown in figure below .it is seen that for inlet steam pressure above
100bar, there is a continuing but degreasing rate of improvement of cycle
efficiency the increase in steam pressure is limited by consideration of
mechanical stresses and the ensuing higher cost of equipment. The figure
also demonstrates that there is a considerable improvement in cycle

efficiency with decrease of condenser pressure. [2]
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Figure 2.4 : Effect of inlet steam pressure(P;) and condenser pressure on
Rankine efficiency with constant inlet steam temperature of 470°C

2-3-2 Effect of superheat:

The effect of increasing the initial temperature at constant pressure
on cycle efficiency is shown in figure. when the initial state changes from
1to 1 ,Tm betweenl and 1 is higher than Ty between 4 and 1. Son the
increase in the superheat at constant pressure increase the mean
temperature of heat addition and hence, the cycle efficiency. Moreover,
with increase in superheat, the expansion line of steam in the turbine
shifts to the right, as a result of which the quality of steam at turbine
exhaust increase and performance of the turbine improves, as explained
later. if hot flue gas is the primary fluid or heat source for steam
generation in the power cycle the use of super heat also reduces the

thermal irreversibility. [2]

T

B

I
s

Figure 2.5: Effect of superheat on the mean temperature of heat addition
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Figure 2.6: Effect of superheat

An increase in inlet steam temperature, i.e. an increase in superheat at
constant inlet steam pressure and condenser pressure gives a steady
improvement in cycle efficiency and lowers the heat rate due to the
increase in T.;.Raising the inlet steam temperature also reduces the
wetness of the steam in the later stages of the turbine and improves the
turbine internal efficiency. [2]

2-3-3 Reheat effect :

The net output of the plant increases with reheat. weather the cycle
efficiency improves with reheat. [2]

2-3-4 Feed water Heaters:

Feed water heater are of two types, viz, open heaters and closed
heaters. in an open or contact type heater, the extracted steam is allowed
to mix with feed water and both leave heater at common temperature
figure below no (A). in aclosed heater, the fluids are kept separate and are
not allowed to mix together. Closed heater are shell and tube heat
exchanger where the feed water flows through the tubes and the extracted
steam condenses outside the tubes in the shell. The heat released by
condensation is transferred through the walls of tubes. the condensate
(saturated water at the steam extraction pressure), sometimes called
heater drip, then passes through a trap into the next lower pressure
heater.This, to some extent, reduces the steam required by that heater.

11



The trap passes only liquid and no vapor. the drip from the lowest
pressure heater could similarly be trapped to the condenser, but this
would be throwing away energy to the condenser cooling water. to avoid
this, waste, adrip pump feeds the drip directly into the feed water stream.

[2]

lkg Pt

d Boiler

Figure 2.7: Regenerative feed water heating with two closed heaters
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Figure 2.8 : Efficieency gain (An) succcessively diminishes with the
increse in number of heaters
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2-4 Literature Review:

Prateek Bhardwaj was studied Kota thermal power plant and
was used and got high benefit from waste heat in condenser during
phase change by nano material because it improved heat transfer
the energy was obtained from condenser waste heat by using
thermoelectric generator the efficiency increased about 3.3% from
37% to 40.32% the load increased to 228.86 MW from 210 MW.

[5]
Heat input

Hot junction

P-type N-type

Cold junction

'ﬁL@J%\

¥ “a
Power output

Heat ejection

Figure 2.9: Thermoelectric generator structure.

Darshan H Bhalodiawas used first law of thermodynamics and identified
losses and made maximization performance of 25MW plant at Sauken
Ltd overall efficiency was calculated and boiler efficiency was calculated
by indirect method by losses way it was 79.4 % and losses 20.6 %. the
turbine efficiency was calculated it was 33.57% and generator efficiency
(98%).The power plant overall efficiency was 26.2%. [6]

H.Hussain was worked in Kuwait power plant (Rankine cycle) analyzed
and enhanced the efficiency it was resulted inlet temperature and pressure
more active on turbine affected in work power and thermal efficiency the
peak efficiency occurred at reheating inlet pressure between 10% and 20
% the thermal efficiency increased from 42.7 % to 44% and the load

13



decreased boiler energy consumption from 2,731 kJ/kg to about 2,414.5
kJ/kg. [7]

Amir Vosough was presented the effect of condenser pressure

effect in performance and thermal efficiency and found energy loss to
environment about 2126 KW exergy destruction was found 86.27%,
condenser and stack gas 13.73% efficiency was calculated 38.39% exergy
efficiency was calculated 45.85%. It was showed that condenser pressure
an important parameter effect on power plant thermal efficiency and
output power. It was found that about 60.86 % of an input energy lost to
environment the exergy lost in boiler was 86.271% of the fuel exergy
input. Exergy destroyed at condenser was 13.22%. Exergy efficiency was
found 38.39%.[8]
Anjali T H was used energy and exergy analysis the first law and second
law of thermodynamics and identified magnitude and location of losses
and tried to maximized the performance of 15 MW and was evaluated the
boiler and turbine and condenser efficiencies the comparison between
first law and second law were made.It was discovered that improvement
of efficiency by proper maintenance and it was discovered the factors
affected on thermal efficiency such as fuel used for combustion, type of
boiler varying load power plant. [9]

Table 2.1: efficiencies and second low

Component | @;(%) | @;;(%) | Energy loss kW | Exergy loss kW

Boiler 80 58.19 |15826.41 19688.057

Turbine 21 82 48546.82 2775

condenser 82 32 3034.15 894.64

14




Adeyinka O Adeoye used second law mass, energy balance and using
exergy efficiency of 75 MW power plant experimental dataand calculated
overall efficiency during condenser pressure it was showed that increase
environment temperature increased thermal exergy efficiency and
deceased the condenser pressure increased and decreased the efficiency
and increased heat rejection of condenser. it was discovered the
increasing the reference environment temperature increased efficiency
and increased power output to reduce the loss of heat loss and energy
consumption. [10]

Alpesh V Mehtam was used first law analysis and used it to calculate
efficiency for Gandhinagar coal fired unit 4 (210 MW) Thermal Power
Station (GTPS). boiler efficiency was calculated by indirect method and
estimated losses in boiler. Efficiency analysis was used to calculate
overall thermal efficiency boiler efficiency was 86.84 % losses 13.16%
the highest heat losses 5.29% occurs due to the exhaust gas. steam turbine
efficiency 43.5% and generator efficiency 98%the overall efficiency
was37.01%. [11]

Muhib Ali Rajber studied the impact of operating parameters on
performance were studied net power output, energy efficiency and exergy
efficiency are considered as performance parameters of the plant whereas,
condenser pressure, main steam pressure and main steam temperature are
nominated as operating parameters the output power was 186.5 MW
energy efficiency was 31.37% exergy efficiency was 30.41%. it was
found condenser was contributed major share in total energy 1oss(68.7%)
followed by boiler was (21.8%). The major exergy destructing was found
in boiler 350MW(82.11%), turbine 43.1 MW (10.12%) condenser 12
MW (5.74%). It was found the increasing in main steam pressure and
temperature and decrease condenser pressure was improved the

efficiency. [12]

15



Ch.Kiran Kumar studied Kothagudem 500 MW thermal power station
was studied coal flow , air gas flow , excess air , oxygen in flue gas , heat
transfer , auxiliary power consumption the overall performance
evaluation overall efficiency , boiler efficiency , boiler feed water
efficiency , pump efficiency air compressor efficiency, evaporation losses
and blow down losses of cooling tower etc. it was found serval factors
affecting in boiler efficiency ( fuel on boiler dry and wet flue gas loss
combustion characteristics, the start-up and the shut-down losses, the
radiation losses and the heat losses due to hydrogen in fuel, moisture in
fuel, carbon monoxide in fuel are explained . it was found boiler loss The
boiler losses were (Dry flue gas loss, due to moisture present in fuel, due
to hydrogen present in fuel, due to moisture present in air, Un burnt
carbon loss, Total Un account loss). the boiler loss reduced when caloric
value of coal was high and flue gas outlet between 140 to 150 °C excess

air 3.5% of oxygen excess. [13]
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CHAPTER THREE

Methodology

3-1 Methodology:

| calculated data from khartoum north power station and analysed by
MATLAB programme to get all resultsbecause this programme is used
for important project and it has high acuuracy in ressults | calculated
boiler efficiency turbine efficiency and subsystem like auxilary steam
change in vacuum and change in aux power consumption and other
calculation for any operation paramter change with thermal efficiency
Imade flow chart for these steps calculations. I made relation between
these parameter with thermal efficiency with MATLAB figures to know

any parameter change wuth efficiency . I discussed all results.
3-2 Flow charts:

It represent all or important equation that used in claculation for
efficiency in MATLAB code. It has all equation and procedure.

( Start >

A
Input steam flow, feed water steam enthalpy boiler
efficiency calorific value fuel information H, n moist

A

Calculate net calorific value, heat input to boiler

\ 4

Calculate boiler thermal efficiency

y

Input leakage amount steam loss, time and steam feed water enthalpy /

Calculate all lost heat

18



!

Calculate leakage efficiency

/ Input heat lost by radiation from steam and feed water /

Calculate heat loss by radiation

A

Calculate radiation efficiency

/ Input design output heat rate at full load and 15 % MCR

A 4

Calculate incremental heat, fixed heat

!

Calculate heat rate

A

Calculate turbine efficiency

Calculate turbine efficiency

/ Input transformer efficiency /

Calculate overall efficiency

A 4

Output boiler, leakage, radiation e turbine generator transformer efficiency

A 4

< stop >

19



start

Input generated load, sent out load time generating cooling water temperatures, vacuum
heat input to unit gross CV at high, output from generator transformer at high load

A

Calculate average sent out generated load fixed heat incremental heat,
target heat rate, target thermal efficiency

y

Input design LMTD design actual heat rejected CW flow design, actual design,
actual mean temperature

A

Calculate actual LMTD

A

Calculate saturated temperate

A

/ Input vacuum from saturated temperature /

y

Calculate target thermal efficiency corrected to CW condition

i

/ Input design vacuum from manufactures /

v

/ Input load /

v

Calculate thermal efficiency due to change load

v

Calculate new LMTD to actual CW flows

A

/ Input heat used for synchronizing and off load /

‘

Calculate heat for generation with no of start and off load

A

Calculate the efficiency with heat consumed

20



/ Input main steam temperature and correction /

v

Calculate efficiency due to main steam temperature

!

/ Input the fraction when heater out of service /

v

Calculate the efficiency due to feed heater in service

A
/ Input auxiliary power for service and aux power when off load /

|

Calculate target aux power and real aux power

v

Calculate the efficiency with theses auxiliaries power

21



3-3Efficiencies in steam power plant

A steam power plant is a bulk energy converter from fuel to

electricity ffigure below the overall efficiency of a power plant is defined

as :-
Exhaust M
gas ;
! %0
Fumace _ C?( c o Sink
(source) o, Ef T@ 02
T T . Brake output
Fuel Air
G
Power {.:unsumad =—  Gross power (MWe)
uxiliarics Net power (MWe)
[2]
Figure 3.1 :A Power plant converts energy in fuel to electricity
powr availiable at generator terminals
Noverall = e of energy releaased by the combustion of fuel
MW x 103 31)
h— Wf X CV " san [l

Where wy is, the fuel burning rate and CV is caloric value of fuel
The boiler (steam generator) efficiency is defend by

rate of energy absorption by water to form steam  ms(h; —h,)

Mboiler = 2t of energy released by the combustion of fuel ~~ mex C.V " (3:2)
Where m; is the steam generation rate
the mechanical efficiency of turbine will be

brake out put of the turbine  brake out put
Meurbine(mech) = el output of the turbine  Ws (h1 —h2) &7 (33)
Noverall = TMNboiler X ncycle X Mturbine (mech) X ngenerator ECRILLI LR (3-4)

Therefor There is certain auxiliary equipment in the power plant like FD fan BFP CW
P/P and so on which is driven by electricity taken from the generated power of the

plant or grid. the net power transmitted from the generator will be the gross power

22



producedminus the power consumed bythe internal auxiliaries of the plant. the

efficiency of auxiliaries nauxIS given by

__net power transmitted by the generator 2
= gross power produced by the plant """ (3.5)

naux

There for the overall efficiency of plant is product of live component efficiencies as
given by

Noverall = Nboiler X ncycle X Nturbine (mech) X ngenerator X Naux - (3-6)

heat output from boiler = main steam flow (main steam enthalpy — feed water enthalpy) ... (3.7)

heat output from boiler

heat input to boiler = e (3.8)

boiler thermal efficiency =~

heat input to boiler

oil flow to boiler = ....(3.9)

gross calorific value of fuel * ™~

net calorific value of fuel
= gross calofific value of fuel — oil flow to boiler

* 1000(number of hydrogen mole * hydrogen content

+ moisture content ) ... ... .. vev v e e e e 2 (3.10)
heat input to boiler (nett CV) = heat input to boiler (gross CV) x - ey 3.11
eat input to boiler (ne = heat input to boiler (gross grossCV (3.11)
) o heat output from boiler
net boiler efficiency = - —— ... (3.12)
net heat input to boiler
) total leak total leak
heat in leakages = — X water enthalpy + — X steam enthalpy ... .... (3.13)
heat in makeup water to replace in leakages
= leak amount X enthalpy of water from reserve tank ... ... ... (3.14)
net heat carried away in leakage
= heat loss in leakages
— heat in makeup water which replace leakage ... ... ... ... ... ... ..... (3.15)

amount of soot blowing

t df t blowing = v e e e e (3016
SHeamm Usea o SO0t BIOWINE = “ime for soot blowing ( )
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heat for soot blowing
= steam for sootblowing (enthalpy of steam for sootblowing

— enthaply of makeup water) ... ... .. v ves cev vev v et e e o (3.17)

heat used for atomizing
= amount of steam for atomizing (enthalpy of steam for atomizing
— enthalpy of make up water ) ... ... . cee ev ves ev eee e .. (3.18)
total heat lost in leakage section
= net heat carried away in leakages + heat for soot blowing
+ heat used for atomizing ... ... ... vev v e v e v w10 (3.19)
heat passed to steam pipe work
= heat output from pipework — heat lost by leakage ... (3.20)

thermal efficiency at leakage section

heat passed to steam pipe work

v (3221
heat output from boiler ( )
total heat lost by radiation
= heat lost for main steam by radiation
+ heat lost for feed water by radiation ... ... ... coo ces cer v een ... (3.22)

heat passed to turbine = heat passed into pipework — heat lost by radiation ... (3.23)

Heat passed to turbine

efficiency in radiation section = - (3.24)

heat passed into pipe work ™" """
design heat input
= design output x design turbine heat rate (at thatload).. (3.25)

design heat input = incremental heat X load + fixed heat ... .... .... (3.26)
design heat input = m X load + C ... ..... (3.27)
) heat passed to turbine — ¢
output from turbine = — cer e e e e (3.28)
fixed heat
heat rate = — + incremental heat ... ... ... .. .. ... ... (3.29)
out from turbine
turbine effici _ 50600 3.30
urbine efficiency = ;oo o re ...(3.30)

output from generator = 0.94 X output from turbine ... ... (3.31)
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output from generator

generator efficiency = ...(3.32)

output from turbine
output from unit = out from generator X transformer efficiency ... ....(3.33)

unit efficiency = boiler efficiency X leakage efficiency X raditiation efficiency
X turbine efficiency X generator efficiency

X transformer efficiency ... ... .. oo e e et e e e . (3.34)
overall = boiler X leakage X radiation X turbine X workpower X transformer(3-35)
CW temperature rise = CW2 — CW1 .....(3.36)

unit generated

average generated load = e (3.37)

time

unit sent out

average sent out load = e w20 (3.38)

time

output from transformer

th 1 effici V)y=————-—— ... ... 3.39
ermal efficiency (gross CV) heat input to unit gross (CV) (339)
heat rate ( cV) = 3600 3.40
cat rate Aeross MV = thermal efficiency (gross CV) -(3:40)
th | effici ( V) = output from transformer .
erma ericlency (gross " heat input to unit (gross CV) - (3.41)
heat rate ( CV) = 3600 3.42
eat rate Lgross ~ thermal efficiency (gross CV) - (342)
fixed heat )
taarget heat rate = ———————— + inremental heat ... .... (3.43)
sent out load

3600
target heat rate

target thermal efficiency = ...(3.44)

heat to condenser

= output kw (heat rate — ) + 3600 X feed pump power X Bgpp(3.45)

actual heat rejected

actual coolig water flow = ..(3.46)

temp rise X specific heat (p =¢) =
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heat19

cwl + cw2
actual mean temp = ———— ... ... (3.48)

design mean temp \]design CW flow

4
= i X
new LMTD = design LMTD \] actual CW flow

actual mean temp

actual heat rejected

Jesign heat rejected T (3.49)
fixed heat
heat rate = “Toad + incremental heat ... ... (3.50)

CW Tise = design heat rejected 351
15€ = How x specific heat ™ (3:51)

Imtd3 = TeewT e e (3.52)
ts—cw4
heat2t — sentl X 3600 353
eat25 = 10% < offld e (3.53)
(20 — sentl X 3600 354
¢ 103 x heat26 - (334)
[23 = effl4 x (1 10552) 3.55
e =e 100 ....(3.55)

1
eff24 = 60.28 (— - 0.0683) ... (3.56)
cont2

95 — eff24)
eff25 = effl4 X ——— ... (3.57)
95
95 —loss3)

eff26 = eff14 x (—g ... (3.58)

5

aux1 = genl x 0.069 ... ... (3.59)
aux4 = aux1 + aux2 + aux3 ....(3.60)
aux5 = genl — sentl .... (3.61)

difference in aux power = actual power — target power .....(3.62)
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aux6 = aux5 — aux4 ... ... (3.63)

heat27 — aux6 X 3600 3.64
ea —m( )

eff14 x sentl x 3600 x 100

eff27 = 100 x sentl x 3600 + eff14 X heat27 x 1000 e (3:69)
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Results



4-1 readings:

Table 4.1 Parameter Reading from plant

Name of value |1 2 3 4 5 6

ms (kg/sec) 37.219 33.89 34.17 40 33.61 32
h1 (kJ/kg) 3377 3423.1 3457 3200 3440 3300
h2 (kJ/kg) 856 653.79 653.79 844 653.79 874
leakl (kg/sec) 0.2 0.4 0.5 0.6 0.8 0.7
h3 (KJ/kg) 600 700 700 650 500 900
h4 (KJ/kg) 1200 1100 1200 1300 1400 1300
m1 (kg) 7400 2000 5000 3000 9000 7000
Timel (sec) 8*60*60 2*60*60 3*60*60 7*60 21*60 7*60
h7 ki/kg 2780 2600 2700 2800 2900 2800
m3 kg/sec 0.2 0.3 0.4 0.5 0.6 0.7
m kJ/kw hr 9875 9875 9875 9875 9875 9875
c Gl/hr. 30.03*10° 30.03*10° | 30.03*10° | 30.03*10° | 30.03*10° | 30.03*10°
Vacuum

Name 1 2 3 4 5 6
cwi °C 29.4 30 31 29 31 28
cw2 °C 35.5 39 40 34 40 36
Vacl  mbar 111 180 170 100 180 120
C 52.912 x 10° | 52414 51470 25929 23206 -50686
M 11213 11000 11000 16000 16000 11000
Vac2 mbar 102 165 177.3 102 177.3 123
Vac3 mbar 60.5 56.3 56.3 62 56.3 65.2
Part load Operation

out9 MW 30 20 19 25 19 28
Vac6 127 165 177.3 102 177.3 123
Vac7 67 56.3 56.3 62 56.3 65.2
Off load And startup

Heat2l GlJs 70 80 90 80 60 50
Heat22 Gls 140 150 170 150 100 90
Heat23 Gls 230 200 250 300 300 180
Main Steam Temp

T6 °C | 469.1 | 500 | 490 485 498 490
Feed Heater

Loss1 0.012 0.012 0.012 0.012 0.012 0.012
Time6 hrs. 18 1 12 10 0 27
flue gas

Contl 2.4 2.4 2 1.9 15 3
T8°C 162 155 155 160 154 157
T9 °C 41 36 38 35 34 31
Aux power

Aux2 MWhrs 17 20 25 30 15 25
aux3 MWhrs 17 10 20 15 15 10
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4-2 Results Figures:

boiler efficiency with overall efficiency
0.3

015 4

overall efficiency

01F 1

0.05 L L L L L L L
0.948 0.95 0952 0.954 0956 0.958 0.96 0.962 0.964

boiler efficiency

Figure 4.1: the relation between boiler efficiency and overall efficiency

When the boiler efficiency in increasing in overall efficiency increasing

include in main steam and feed water enthalpy

leakages efficiency with overall efficiency
0.3

025 =]

averall efficiency

L . . L L L
0.4 0.5 0.6 0.7 0.8 [R=] 1
leakage efficiency

Figure 4.2:the relation between leakage efficiency and overall efficiency

When the leakage efficiency in increasing in overall efficiency include

decreasing on all leakages of steam and feed water
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Figure 4.3: Radiation efficiency with overall efficiency

When radiation efficiency increased the overall efficiency increased by

minimizing the radiation loss in feed water and steam

the relation between turbine efficiency and overall efficiency

0.25 -

o
N
T

overall efficiency

o
2
o

0.1

' L ' s ' ' s s
0.28 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35
turbine efficiency

Figure 4.4: the relation between turbine efficiency and overall efficiency

When turbine efficiency increased it make increasing in overall efficiency

by got high benefits in expanding of steam in turbine
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Heat rate effect in turbine efficiency
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Figure 4.5: turbine efficiency

It must decrease the heat rate to increase turbine efficiency

realtion between actual vacuum and actual efficiency
40

aot -

actual efficiency %

5t 7 i S

ol 4

15 1 1 1 1 1 1 1
100 110 120 130 140 150 160 170 180
real vacuum mbar

Figure 4.6: the relation between thermal efficiency with real vacuum

The vacuum it decreases the efficiency is the major reason to loss
efficiency it raised in this figure due to approximate reading or high value

for target efficiency
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realtion between Theoretical vacuurn and Theoretical efficiency
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Figure 4.7: the relation between theoretical vacuum and theoretical

efficiency

The vacuum it decreases the efficiency is the major reason to loss
efficiency it raised in this figure due to approximate reading or high value

for target efficiency is same as real vacuum

realtion between generated load and efficiency
T T T

a
o

efficiency %
[ [ w ) [¥1] Q) o)
o (=) o N = [a3] [}

N
=
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2r

20 I 1 1 | |
18 20 22 24 26 28 30
generated load MW

Figure 4.8: the relation between efficiency and load

The optimum load is 28 MW to get high efficiency load increase the
efficiency but in this approximate value change different or may be target
efficiency

33



actual total aux power on efficiency
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actual aux power MWhrs

Figure 4.9: the relation between actual auxiliary power and efficiency

The auxiliary power decreases the efficiency because take from generated
load from unit output it must minimize that value

Target total aux power on efficiency
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target aux power MyWhrs

Figure 4.10 : the relation between target auxiliary power and efficiency

The target auxiliary power is same as real auxiliary power it increases in

figure because approximate reading or target efficiency
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main steam temperature

Figure 4.11: the relation between main steam temperature and efficiency
The optimum value of main steam 490 to get high efficiency
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Figure 4.12: the relation between heat for startup and efficiency

Heat used for startup affect in fuel consumption and aux consumption it
also decrease the efficiency

relation between heat on off load
40 T T
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Figure 4.13 the relation between heat used on off load and efficiency

this heat also decreases the efficiency it has no different with heat for
start up
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effect of heater in efficiency
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Figure 4.14: the relation between fraction of time for heater in service and
efficiency

The heater decreases the fuel consumption it is the major cause to loss
efficiency
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CHAPTER FIVE
Conclusions, Recommendations

5-1 Conclusion:

In this research some reading is estimated because no data or some
parameter is constant at that duration it happens some result not

acceptable or desired.

The overall efficiency increased with boiler efficiency, turbine
efficiency decrease loss and leakages and The amount of heat lost by
radiation it named leakage efficiency radiation efficiency and Take
advantage of all the energy enter turbine and improve turbine efficiency
to increase overall efficiency the value of heat rate Inversely proportional
to turbine efficiency. The increase of heat loss by leakage in water and
steam decrease leakage efficiency and heat loss by radiation decrease
radiation efficiency

| saw the value of real vacuum decrease the unit thermal
efficiency this reading took from local gauge I saw in value 100 m bar the
efficiency 20.4%this is lowest value. there are more factors effect on this
value may be effort in reading in gauge or other. in 120 m bar the
efficiency 38.95% this return to change load 28 MW may consider this
value is optimum for operation variables and consider Best operating
conditions. in theoretical value was calculated from steam tables | saw
Reverse relationshipbetween theoretical vacuum and efficiency except in
123 m bar | considered optimum status.

The load was the most influential factors on efficiency when the
load increase the efficiency increase | saw in high efficiency at load
28MW

When the increase load it happened increase on real power

consumption this would to decrease efficiency when the load is constant
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the relationship became Reverse when the power consumption increases
the efficiency decrease this like target auxiliary power consumption .In
main steam pressure in value 490°C this is optimum degree to get high
efficiency with load 28MW .In heat for startup in general when increases
it decreases the efficiency in status 50 GJs it is optimum and the heat with
no of start when decreases it increase the efficiency but in status the last
one it is odd because the efficiency is high. The feed water heaters it
minimizes the fuel consumption, improve boiler efficiency and overall
efficiency | found when feed heater in service increase efficiency the
change in this value because change in target thermal efficiency and
change and calculation the times and hours get high difference.

5-2 Recommendation:

e It must to get high benefit from heat energy exit from boiler until
converted to electrical energy to get optimum efficiency. Improve
combustion efficiency and Reduce Fuel exchange and reduce
steam and water losses from cycle and losses from radiation by
make Good Installationfor lagging and cladding to reduce losses by
radiation. Detraction the heat rate to raise the turbine efficiency and
overall efficiency.

e In real vacuum | found the best choice value for real vacuum Must
work on stability of this value of vacuum and best choice operation
Factors like cooling water temperature inlet, ejector work high
performance by make setup it is temperature, tapproagge system to
clean condenser tubefrom time to time and make cooling tower
clean to get optimum value of vacuum.

e In theoretical vacuum it must to reduce exhaust temperature
because this value meets theoretical value of vacuum from steam
table by of the impact of steam expansion in turbine and complete

vanes
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o Make best choice of load to get high efficiency in this is 28 MW
In actual auxiliary power it Must be exploited auxiliary power Optimize
Exploit like Not running equipment is not required in this time or runs too
much or by high current and high power Without benefiting from it like
equipment that variable speed (boiler feed water pump, forced draught
fan) and chiller and power consumption for services and others

e In main steam temperature in this research the decrease of this
values increase efficiency (this value is different because the target
value is different from reading to reading but always the increase
the temp increase efficiency.

e In the heat used before starting and heat in the in the unit in off
load must decrees this value Take care to subscribe to the machines
as soon as possible.

e In feed water heater must prepared heaters and put it service as

long as possible.
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B: Heat rejected to condenser at design condition
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D: Exhaust pressure correction curves based on 30 MW and 22.5 MW

constant output
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ms=input ('input main steam flow = ")

hl=input ('input main steam enthalpy = ')

t2=input ('input feed water inlet temperature = ")

h2=input ('input feed water enthalpy = ')

heatl=ms* (hl-h2)

effl=input ('input boiler thermal efficiency');

heat2=heatl/effl

CVl=input ('please insert gross CV of oil')

mf=heat2/CV1

moist=input ('please insert the content of moist in fuel instead of
percentage from oil analysis ='")

H2=input ('please insert the content of H2 in fuel instead of
percentage from oil analysis ='")

n=input ('please insert number of mole of H2'")
CV2=CV1-(mf*1000) * (n*H24+moist)

heat3=heat2*CVv2/CV1

eff2=heatl/heat3

leakl=input ('the miscillaneous leakages and valve spindle,drains and
steam traps estmated = ')

h3=input ('enthalpy of the leak of water= ')

h4=input ('enthalpy of the leak of steam = ')
heat4=leakl/2*h3+leakl/2*h4

h5=input ('enthalpy of makeup from reserve feed tank = ')
heat5=leakl*hb

heat6=heat4-heat5

ml=input ('estimte the amount of steam for sootblowing in g = ')
timel=input ('the time of sootblowing in sec = ')

m2=ml/timel

t3=input ('insert air heater gas outlet temperature = ')
pl=input ('insert partial pressure or furnace pressure = ')
h7=input ('insert enthalpy of steam for sootblowing = ')

h8=input ('insert enthalpy of makeup water = ')
heat7=m2* (h7-h8)

m3=input ('insert the amount of steam to atomizing= ' )
heat8=m3* (h7-h8)

heat9=heat6+heat7+heat8

heatlO0=heatl-heat9

eff3=heatl0/heatl

heatll=input ('input heat lost from main steam by radiation = ")
heatl2=input ('input heat lost from feed system by radiation = ")
heatl3=heatll+heatl?2

heatl4=heatlO0-heatl3

effd=heatl4/heatl0

outl=input ('design out put = ")

hrl=input ('design heat rate at design power = ')
out2=input ('design out put at 50 % MCR = ")

hr2=input ('design heat rate at 50 % MCR = ")

a=[outl 1;out?2 1]

b=[outl*hrl;out2*hr2]

x=a\b

m=input ('input incremental heat = ")

c=input ('input fixed heat = ")
out3=(heatl4*60*60-c) /m

hr=(c/out3) +m

eff5=3600/hr

out4=0.94*out3

effé=outd/out3

eff7=0.993

outS=outd*eff’

eff8=eff2*effl3*effd*effS5*effo*eff’

Gl: MATLAB code programme no (1)



genl=input (' input unit generated during period = ")

sentl=input ('input sent out during period = ")

time2=input ('input time generating = ')

cwl=input ('input CW inlet temperture = ")

cw2=input ('input CW outlet temperture = ")

cw=cw2-cwl

vacl=input ('input the cndenser vaccum pressure from local gauge = ')
gen2=genl/time2

sent2=sentl/time2

heatlb=input ('heat input to unit gross CV at high load = ")
out6=input ('the output from generator transformer at high load
)

eff8=out6/heatlh

hr3=3600/eff8

heatl6=input ('heat input to unit gross CV at 15% load at MCR = ")
out7=input ('the output from generator transformer at 15% MCR load ="')
eff9=out7/heatl6

hr4=3600/eff9

a=[outo6 1l;out7 1]

b=[out6*hr3;out7*hr4]

x=a\b

c=input ('input fixed heat in mega = ")

m=input ('input incremental heat in mega = ")

hr5=c/sent2+m

eff10=3600/hr5

out8=input ('input nett generated output')

hr6=input ('turbine heat rate = ")

effll=input ('generator efficicy at 0.8 P.F = ")

effl2=input ('input turbine mechanical efficiency = ")
powerl=input ('feed pump power = ")

effl3=input ('input motor efficiency = ")

heatl7=out8* (hr6-(3600/ (effll*effl2)))+3600*powerl*effl3
heatl1l8=heatl17/3600

heatl9=input ('input atual heat rejected to condenser at gen load =
")

m4=heatl9/ (cw*4.187);

m5=1921;

meanl=(cwl+cw2)/2;

mean2=30.53;

Imtdl=16.63;

Imtd2=1Imtdl* (mean2/meanl)”~ (1/4)* (m5/m4)”~(1/2)* (heatl9/heatl8)

y=exp (cw/1lmtd2)

t3=(y*cw2-cwl) / (y-1)

vac2=input ('insert condenser vacuum coreesponding to ts t3 from steam
table = ")

vac3=input ('vacuum from graph at gen load ')

vac4=vac2-vac3

vrl=input ('vacuum correction from manufactures = ")

effld=effl0*vrl

vacS5=vacl-vac3

vr2=input ('vacuum correction from manufactures = ")

efflb=effl0*vr2

efflé=effld-effl5

out9=input ('input initial load in MW = ")

hr7=c/out9+m

eff17=3600/hr7

cw3=heatl8/ (m4*4.187)

heat20=input ('input heat rate at load out9 now load = ")
Imtd3=1mtdl* (mean2/ (cwl+cw3/2))"(1/4)* (m5/md) "~ (1/2)* (heat20/heatl8)
cwid=cwl+cw3



y2=exp (cw3/1lmtd3)

td=(y2*cwi-cwl) / (y2-1)

vac6=input ('input vacuum at ts=t4 = ")
vac7=input ('input condenser vacuum from graph ')
vac8=vac6-vac’7

vr3=input ('input correction value ")
effl8=effl7*vr3

effl9=effl8-effl4

heat2l=input ('heat for start of hot type')
heat22=input ('heat for start of warm type')
heat23=input ('heat for start of cold type')
time3=input ('time used for hot tupe')

timed4=input ('time used for warm tupe')
timebS=input ('time used for cold tupe')
heat24=time3*heat2l+timed*heat22+time5*heat23
heat25=(sent1*3600)/ (1000*effl14)
heat26=heat24+heat25
eff20=(sent1*3600)/(1000*heat26)
eff2l=effld-eff20

t5=482.6

t6=input ('input actual steam temp')

t7=t6-t5

vr4=input ('correction factor of steam temp')
eff22=effld*(1-vr4)

loss1=0.012

time6=input ('the time when heater out of service')
time7=time6/time2

loss2=time7*lossl

eff23=effld*(1-1loss?2)

contl=input ('input % 02 at air heater gas outlet')
t8=input ('air heater gas outlet temperature =')
t9=input ('air heater gas air inlet temperature = ")
cont2=(21-contl)/21*16.1

eff24=60.28* (1/cont2-0.0683)

eff25=effl14* (95-eff24) /95

1oss3=0.0374* ((£t8-t9)-110)
eff26=effl14*(95-10ss3) /95

auxl=genl*0.069

aux2=input ('input general services aux power =")
aux3=input ('off load auxpower consumption')
auxd=auxl+aux2+aux3

aux5=genl-sentl

auxb6=auxb-aux4

heat27=(aux6*3600)/ (1000*effl4)
eff27=(effld*sentl1*3600*100)/(100*sentl*3600+effld*heat27*1000)
eff28=eff27-effl4

G2: MATLAB code programme no (1)



