[image: image1.png]vy

EESNEANOY

4@ Va;un,

-«

Nl Y F4um

1 bar 288K (D)
[S)
=3
=3
<
)
1-Za
=
Za
T4a
y
Y T4a » @ ® g9 Ek’
A
20
bar
8131
© > 10
g bar
g < Y
iC) 623K
=25
2
=
< y
=
en
=

mf

T9=413K



                         
CANDIDATE’S DECLARATION
I hereby declare that the work, which is being presented in the dissertation, entitled “Optimization of Combined Cycle Efficiency with Supplementary Heating” in the partial fulfillment of the requirement for the award of degree of Master of Engineering in Mechanical Engineering with specialization in Thermal Engineering, submitted in the department of Mechanical Engineering , Delhi College of Engineering, Delhi, is an authentic record of my own work carried under the supervision of Prof. B.B. Arora, Department of Mechanical  Engineering , Delhi College of Engineering ,Delhi (India). 
I have submitted the matter embodied in this dissertation for the award of any other Degree or Diploma.
Dated: 
Place
                                                                                                                      (Suresh Kumar)
This is to certify that the above statement made by the candidate is correct to the best of my knowledge and belief.
                                                                                                                 (Prof. B.B. Arora)
                                                                            Department of Mechanical Engineering
                                                                                               Delhi College of Engineering

       Delhi--110042

             India
Mechanical Engineering Department
Delhi College of Engineering                              
                                           ACKNOWLEDGEMENT   

 I express my profound gratitude and indebtedness and sincere thanks to Prof. B.B.Arora, Department of Mechanical Engineering, Delhi College of Engineering, Delhi for valuable consistent guidance and encouragement given to me throughout the progress of this project report.  
I would like to thank all my friends specially Sh. Rajiv Kumar, Department of Computer Science and Engineering, and Mr. Jitender Kumar for their constant moral support and inspiration throughout the preparation of this thesis.  
Finally, I am grateful to my beloved wife Mrs. Usha Gandhai who unmindful of my neglect off because of this project, provided peaceful atmosphere at home and gave me continuous moral support.
                                                                                                                      (Suresh Kumar)
                                                 LIST OF SYMBOLS
T1                                                     Ambient Temperature
 T2                                                    Compressor Exit Temperature   

T2a                                                   Actual Compressor Temperature

T3                                                     Exit Temperature of flue gases

T4                                                     Exit Temperature of Gas Turbine 

T4a                                                   Actual Temperature of Gas Turbine 

T9                                                     Stack Temperature

h1                                                     Enthalpy of High Pressure Turbine inlet

h2                                                     Enthalpy of High Pressure Turbine exit

h3                                                     Enthalpy of low Pressure Turbine inlet 

h4                                                     Enthalpy of low Pressure Turbine exit  
hf3                                                    Enthalpy of water at condenser pressure 

Za                                                     Part of flue gas bypassed through HRSG

Z                                                       Part of flue gas passed through Gas Turbine 

Tx                                                     Z*T4a+Za*T3

H.R.S.G.                                          Heat Recovery Steam Generator

WT                                                  Work output of Gas Turbine

WC                                                  Work input to Compressor 

L.C.V.                                              lower calorific value 
Cpa                                                  Specific heat of air

Cpg                                                  Specific heat of flue gases

ga                                                     Polytropic index

ec                                                     Compressor Efficiency

ef                                                      Turbine efficiency

                                                             ABSTRACT              
               As other commodities energy has become the most important part of human life. At present 80% of energy production in the world is from fossil fuels. Due to increased prices of fuel and their continue depletion and limited resources, it has become necessary to search for new areas and different methods to generate it scientists and engineers are developing new and better technologies. Among various energy converting devices steam and gas turbines are extensively used for converting thermal energy into mechanical work.  

                 In the beginning years of development of turbine technology water was the only working fluid therefore hydraulic power plant were the only means of energy generation, later steam turbine came to existence and is still main prime mover for energy generation. Due to inherent disadvantages use of gas turbine was practiced, it also has poor efficiency because about sixty percent of total heat generated in combustion chamber goes waste with exhausted flue gases. To use wasted thermal energy concept of combined cycle has been introduced. The significance of combined cycle power plant is that it utilizes the waste energy for generation of steam to run steam turbine. This leads to increased power output and efficiency.

                   Combined cycle power plants are gaining increasing acceptance as alternative to conventional or nuclear steam cycle due to high thermal efficiency as high as 60% utilizing natural gas as fuel.

                     In this present thesis”  Optimization of combined cycle efficiency with supplementary  heating” Steam has been generated in two stages , one at 20 bar and 813K in high pressure turbine and in second stage at 10 bar and 623K in a low pressure turbine. The turbine inlet temperature is variable. Specific work output and thermal efficiency of combined cycle with variable supplementary heating has been calculated with different A/F ratios and pressure ratios. The pressure has been varied in the range of 4 to 20. A/F ratio has been varied in the range of 70 to 85. Supplementary heating range is taken from 0.0 to 0.5. The optimum point has been searched and its analysis has been done.
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Chapter 1
                                                         INTRODUCTION
                          Energy is the driving force of civilization. On account of ever increasing demand of electric power several new technologies have been developed during last few decades and turbines are one of the extensively used prime movers. In any type of turbine, either thermal, hydel or gas turbine, there are no reciprocating parts as in case of steam, diesel or petrol engines hence turbines offers best means to produce mechanical power. 
                        Hydroelectric power is still a major contributor to the world s energy resources. In twentieth century steam turbine were introduced and has become most important prime mover in the field electric power generation. In spite of successful development the steam turbine does have an inherent disadvantage of production of high temperature and high pressure steam makes the installation bulky and expensive steam generating equipment. Whether it is a conventional boiler furnace or a reactor and most important it employs inefficient indirect heating.

                       Later on gas turbine came to picture which uses chemical energy of air – fuel mixture to produce the mechanical energy. But the efficiency if gas turbine is low and a large amount of energy is wasted as exhausted high temperature flue gases, means have been developed to use energy of these flue gases to raise steam for steam turbine such an arrangement is called combined cycle power plant. This cycle gives enhanced power.

1 GAS TURBINE
             The gas turbine obtains its power by utilizing the chemical energy of burnt gases and air which is at high temperature and high pressure by expending through several rings of fixed and moving blades.
1. (A) OPEN CYCLE GAS TURBINE: In an open cycle gas turbine working fluid enters from atmosphere and exhaust to atmosphere.

It consists of a compressor, a combustion chamber, a turbine. Since compressor is coupled to turbine shaft it absorbs some of power developed by the turbine and hence lowers the efficiency
             Such an arrangement is suitable when turbine has to operate at fixed speed and fixed load condition such as in base load power generation. This arrangement has an advantage as due to high inertia of drag over speeding may be prevented at the loss of electrical load. However this type of arrangement is not suitable when flexibility of operation is required. A heat exchanger can be used to improve thermal efficiency but power output is somewhat reduced due to frictional losses.
        We can use cheaper fuels for gas turbine e.g. coal gas, producer gas, blast furnace and pulverized coal, natural gas, oil. It is less efficient than normal cycle because the heat inevitable less efficient in transferring the whole of energy input of merely a small part of it .However such a cycle would be useful if cheap and low cost fuel is available
.

1. b    CLOSED CYCLE GAS TURBINE

            In closed cycle gas turbine working fluid is confined within the plant and is not exhausted into atmosphere and is re-circulated. Significant feature of closed cycle gas turbine is that pressure is very high through out the cycle which results in reduced size of plant. Power output can be altered by changing the pressure level in the circuit. This type of control can be accommodate wide range of load condition without change in maximum cycle temperature and thus there is no much variation of overall efficiency
1.c COMBINED CYCLE : 

A considerable amount of heat energy goes as a waste with the exhaust of gas turbine. In a combined cycle this huge loss of energy in the gas turbine exhaust is significantly reduced by utilizing its heat in a ‘Bottoming Cycle”, here the high temperature exhaust gas transfer a large portion of its heat to raise the steam for steam turbine. Thus the power output and the thermal efficiency of the plant is increased. It is significant to not that development of combined cycle power plant open new avenues i.e. initially the gas turbine plant was used in aviation purposes or during peak load emergency but with the development of combined cycle power plant it I being used for base load power generation . Combined cycle power plant can be classified on the basis of the heat utilization of exhaust heat namely
1. Basic combined cycle power plant 

2. Supplementary heating combined cycle

in basic combined cycle power plant the bottoming cycle operates with the exhaust heat from the open cycle gas turbine and no additional fuel is added to it. Thus the link between two cycles i.e. the heat recovery steam generator is only a heat exchanger that couples the two cycles. Also the power generation in the bottoming steam cycle is usually small compared with conventional arrangement

1.d Supplementary heating: the capacity of unfired  HRSG depends on the temperature and mass flow rates of the gas turbine exhaust. The pinch point temperature determines the operating pressure of steam turbine plant.

Supplementary heating is often employed to increase output of steam turbine power plant. More air is required for burning additional quantity of fuel during supplementary heating. This is obtained by employing higher A/F ratio in the combustion chamber of the gas turbine power plant. Thus the exhaust gases have ample air to support combustion of additional quantity of fuel in the HRSG. Combustion of additional fuel takes place in the gas turbine exhaust gases before they enter unfired section of HRSG.
Supplementary heating is also advantageous if the gas turbine plant has to operate at the reduced load. Supplementary heating of required quantity of fuel can compensate for the reduced heat input to HRSG and thus maintained its full load operation without any disturbance. 

                                                       Chapter 2

                                                   Combined Cycle

In this given analysis of combined cycle the various parameters such as A/F ratio, pressure ratio, supplementary heating has been varied to determine the optimum values of efficiency and specific work output. The scheme employed for present study is as follows.

2a. without/with supplementary heating 

A. without supplementary heating

B. with supplementary heating

To analyze the present study method employed is as follows:

Worknet1 and efficiency1 at different A/F ratio and pressure ratio has been determined without supplementary heating.

For the present analysis an open cycle gas turbine has been considered. Air is taken at ambient conditions of 1 bar and 288K. Ambient air is compressed to pressure p2 and temperature t2a. This air is passed through combustion chamber. Conditions are maintained such that p2=p3. 1 kg of fuel (naphthalene) is burnt in combustion chamber; resulting flue gases are at condition p3, t3. A part of flue gases at p3, t3 is by passed to HRSG and other part is expended in the gas turbine up to ambient pressure and temperature t4a. The temperature t2, t2a, t3, t4a and pressure p2, p3, p4 are variables and their values would be different for different A/F ratio.
The gas turbine exhaust flue gases goes to HRSG and generate the steam. Steam is generated in two stages one at 20 bar and 813Kin a high pressure turbine and second at 10 bar and 623K in a low pressure turbine. Work1, Work2, Work3, Work4 and efficiencies for different turbine units are calculated. Analysis of combined cycle is done for total work and efficiency.

                                                                   Chapter 3
                                             COMBINE CYCLE ANALYSIS

Specific work output and thermal efficiency depends on a large number of parameters, so all the parameters can not be considered because it would be a tedious work.
Hence some assumptions ha s been made for the analysis of combined cycle.

1. The ambient conditions assumed are 1bar and 288K.

2. Kinetic and potential energies of working fluid considered between inlet and outlet of each component is negligible

3. Pressure loss at inlet ducting, combustion chamber, exhaust ducting are considered negligible.

4. Maximum permissible temperature of gas turbine is 1400.

5. The isentropic efficiency for compressor and turbine is 85%. 
6. fuel used is naphthalene with lvc = 44963.5

7. Mass of fuel burnt in combustion chamber is one kg.

8. the specific heat of flue gases is taken  cpg=1.148
9. the supplementary heating bypass ratio za=0 to 0.5

10.  only energy of exhaust and bypass fuel gas is used to generate the steam
11. temperature of stack is 413K

12. steam is generated at 20bar  813K and 10bar 623K

13. condenser pressure is 0.07ba
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COMBINED CYCLE ANALYSIS
A) without reheat and without supplementary heating

WT=(ma+mf)*cpg*(T3-T4a)

WC= ma*cpa*(T2a-T1)

Work1= WT-WC

Work net = Work1/ (ma+mf)

Efficiency1= Work1/(mf*lcv)

For high pressure turbine working at 20bar 813K

Mw= (ma+mf)*cpg*(T4a-T9)/(h1-hf3)

 If ( T4a>813&T3<1400)

Work2=mw(h1-h2)

Worknet2=Work2/ (ma+mf)

Efficiency2=Work2/(mf*lcv)

For low pressure turbine working at 10bar623K

Mw1= (ma+mf)*cpg*(T4a-T9)/(h3-hf3)

 If ( 623<T4a>813&T3<1400)

Work3=mw1(h3-h4)

Worknet3=Work3/ (ma+mf)

Efficiency3=Work3/(mf*lcv)

Total work and efficiency of  plant

Work4= Worknet1+Worknet2+worknet3

Effciency4= Effciency1 +Effciency2+ Effciency3
b) Without reheat with supplementary heating
Gas turbine work and efficiency

WT=z*(ma+mf)*cpg*(T3-T4a)                            where z=1-za

WC= ma*cpa*(T2a-T1)

Work1= WT-WC

Work net = Work1/ (ma+mf)

Efficiency1= Work1/(mf*lcv)

For high pressure turbine working at 20bar 813K

Mw= (za*(ma+mf)*cpg*T3+z*(ma+mf)*cpg*T4a-(ma+mf)*cpg*T9)/(h1-hf3)

 If ( T4a>813&T3<1400)

Work2=mw(h1-h2)

Worknet2=Work2/ (ma+mf)

Efficiency2=Work2/(mf*lcv)

For low pressure turbine working at 10bar623K

Mw1=(za* (ma+mf)*cpgT3+z*(ma+mf)*cpg*T4a-(ma+mf)*cpg*T9)/(h3-hf3)

 If ( 623<T4a>813&T3<1400)

Work3=mw1(h3-h4)

Worknet3=Work3/ (ma+mf)

Efficiency3=Work3/(mf*lcv)
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/+Mass of steam generated at various pressure ratio and air fuel
without reheat with supplementary heating when steam is generated

bar 623k and 20 bar 813k*/

#include<iostrean.h>
#include<stdio.h>
#include<math.h>
#include<conio.h>
#include<process.h>

void main()

{

clrser();

float t9,h1,h3,hf3,tx;

double t1=288,pl=1,cpa=1.005,ec=0.85;
double et=0.85,9a=0.2857,a_£;
double pd=pl,cpg=1.148;
double ma, 1cv=43963.5;
double p2,p3,t2,t2a,t3,t4, t4a, e, mi, mwl, z, za;
13;

h1=3566.26;

h£3=164.399;

h3-3158.5;

z=1-za;

clrser();
me=1;

a_g=75;

elrscr();

printf ("\n3£",a_f);
printf("/n");

for (p2=4;p2<=20; p2=p2+2)

[

cout<<"\n Pressure Ratio:"<<p2
Cout<<M\n za"<<"\t £x"<<™\t mw<<"\t mul";
for (za=0.0;za<=0.5;za=za+0.1)

(
2
float pp
ma=1.0%a_£;

£2=t1* (pow(ppl, ga)) ;
p3-p2;

t2a=((t2-t1) /ec)+t1;

£3=( (mf*lcv) + (ma*cpa*t2a) ) / ( (mf+ma) *cpg) ;
£loat pp2=p3/pd;

t4=t3/(pow(pp2,9a));

tda=t3-(et* (£3-td));

1f(£3<1400)

{

tdarz+t3*za);
1£(tx>813863<1400)
{

mw=( (za* (nf+ma) *cpg*t3) + ( (2) * ( (mE+ma) *cpg*tda) )~

( (ma+mf) *cpg*t9) ) / (h1-h£3) ;
i
else mw=0;
if(tx<813)

zatio
at 10
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/+Mass of steam generated at various pressure ratio and air fuel ratio

without reheat with supplementary heating when steam is generated
bar 623k and 20 bar 813k*/

#include<iostrean.h>
#include<stdio.h>
#include<math.h>
#include<conio.h>
#include<process.h>

void main()
{
clrscr();
float t9,hl,h3,hf3, tx;
double t1=288,p1=1,cpa=1.005, ec=
double et=0.85,9a=0.2857,a_f;
double pd=pl,cpg=1.148;
double ma, Lcv=43963.5;
double p2,p3,t2,t2a,t3,t4,tda, mf, mw,mwl, z, za;
£9=413;
h1=3566.26;
hf3=164.399;
h3=3158.5;

-za;
clrscr():
mE=1;
a_£=70;
clrscr();
printf("\nt£",a_f);
printf("/n");
for (p2=4;p2:
{
cout<<™\n Pressure Ratio:"<<p2;
cout<<"\n za"<<"\t tx"<<"\t mw"<<"\t mwl";
for (za=0.0;2a<=0.5;za=za+0.1)
(
2=1-za;
£loat ppl=p2/pl;
ma=1.0%a_t;
t2=t1*(pow(ppl,ga));
p3=p2;
t2a=((t2-tl)/ec)+tl;
t3=((mf*lcv) + (ma*cpa*t2a)) / ((mf+ma) *cpg) i
float pp2=p3/pd;
t4=t3/ (pow (pp2,ga));
tda=t3-(et*(t3-t4));
if(£3<1400)
(
tx=(tda*z+t3vza);

Lif (tx>8136&t3<1400)

(

mw=( (za* (mf+ma) *cpg*t3) +((z) * ( (mf+ma) *cpg*tda)) -

((ma+mf) *cpg*t9)) / (h1-h£3);

)

else mu=0;

i€ (£x<813)

0;p2=p2+2)

at 10




[image: image60.png]1£(623<tx&6£3<1400)

(za* (mf+ma) *cpg*t3) + ( (2) * ((mf+ma) *cpg*tda)) - ( (ma+mf) *cpg*t9) )/ (h3~
hf3);
)

}

else mwl=0;
cout<<"\n"<<za;
cout.precision(2) ;
cout . width (8) ;
cout.set £ (ios: : showpoint) ;
cout.setf (ios::dec) ;
cout<<tx;
cout .precision(2) ;
cout . width (8);
cout . setf (io
cout .setf (ios::
cout<<mw;
cout.precision(2) ;
cout . width (8);
cout . setf (io
cout . setf (io:
cout<<mwl;
/*printf ("\tI3£", tx);
Printf ("\t\ts3£",mw);
printf("\t\te3f",mwl); */

)

else
printf("\n");
//geteh();

}
}
geteh();
)
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623K.

AIR FUEL RATIO=70

Pressure Ratio: 4

za i mw mwl
0.00 671.53 0.00 7.04
0.10 697.38 0.00 72
0.20 723.23 0.00 8.45
0.30 749.09 0.00 915
0.40 774.94 0.00 9.85
0.50 880.80 0.00 10.56

Pressure Ratio: 6.00

za tx mw mwl

0.00 648.53 0.00 6.41

0.10 682.02 0.00 752

0.20 b5t 0.00 8.24

0.30 749.00 0.00 9.15

0.40 782.49 0.00 10.06

0.50 815.98 9.66 0.00

Pressure Ratio:8.00

za tx mw mwl
0.00 634.88 0.00 6.04
0.10 673.91 0.00 710

0.20 712.95 0.00 8.17

0.30 751.99 0.00 9.23

0.40 791.02 0.00  10.29

0.50 830.06 9.99 0.00
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[image: image63.png]Pressure Ratio:16.00

za tx mw mwl
0.00 610.51 0.00 0.00

0.10 663.58 0.00 6.82
0-20 - 716-65 0.00 8.27
0.30 769.73 0.00 9.71
0.40 822.80 9.82 0.00
0.50 875.88 11.09 0.00
Pressure Ratio:18.00

za tx mw mwl
0.00 607.51 0.00 0.00

0.10 663.09 0.00 6.81
0.20 718.68 0.00 8.32
0.30 774.26 0.00 9.83
0.40 829.84 9.99 0.00
0.50 885.43 11.32 0.00
Pressure Ratio:20.00

za tx mw mwl
0.00 605.10 0.00 0.00
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0.20 720.83 0.00 8.38
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[image: image64.png]/* program to caleulate specific work output and efficiency for
combined cycle at various pressure ratio and air fuel ratio without
reheat with supplementary heating when steam is generated at 10 bar
623k and 20 bar 813 k*/

#include<iostream.h>
#include<stdio.h>
#include<math.h>
#include<conio.h>
#include<process.h>
#include<iomanip.h>

void main()
clrser();

float t9,h1,h2,h3, he3, hd, tx;
double t1=288,pl=1, cpa=1.005, ec=
double et=0.85,ga=0.2857,a_£;
double p4-pl, cpg=1.148;

double ma, 1cv=43963.5;

double

P2,p3, t2,t2a,£3, t4, t4a,mE, mw, mul, 2, za, workl, work2, work3, workd, workn
etl,worknet2;

double efficiencyl,efficiency? efficiency3,efficiencyd, worknet3;
£9-413;

h1-3566.26;

h£3=164.399;

h2-2445.145;

h3=3158.5;

ha=2250;

2=1-za;

clrscr();

.85;

clrser();
Printf("\n$f",a £);
printf("/n");

£or (p2=4;p2<=20;p2-p2+2)

{
cout<<"\n Pressure Ratio:"<<p2;
COut<<"\n za"<<"\t tx"<<"\t wnl"<<"\t wn2"<<"\t wn3"<<"\twnd"<<"
Sf1"<<"\t ef27<<"\t ef3"<<M\t ef4";
for (za=0.0;2a<=0.5;za=za+0.1)
(
2=1-za;
£loat ppl=p2/pl;
ma=1.0%a_f;
1* (pow(ppl,ga));
2;
(£2-t1) /ec) +£1;
£3=((mf*1cv) + (ma*cpa*t2a) ) / ( (mf+ma) *cpg) ;
float pp2=p3/pd;
t4=t3/ (pow (pp2,ga)) ;
tda=t3-(et*(t3-t4));

if(£3<1400)





[image: image65.png]workl=( (1-za) * (ma+mf) *cpg* (£3-t4a) ) - ( (ma*cpa) * (t2a-t1)) ;
worknetl-workl/ (ma+mf) ;
efficiencyl=workl/ (m*lcv) ;
tx=(tda*z+tdvza);
Lf (tx>81364t3<1400)
[
(za* (mf+ma) *opg*t3) + ((2) * ((mf+ma) *cpg*tda)) -
((ma+me) *cpg*t9) ) / (h1-h£3) ;
workz=mw* (h1-h2) ;
worknet2=work2/ (mf+ma) ;
efficiency2=work2/ (m£*lev) ;

efficiency2=0;
}
i (£x<813)
(
4£(623<tx86£3<1400)
«
mwl=( (za* (mf+ma) *cpg*t3) +((z) *  (mE+na) *cpg*tda) )~
((ma+mf) *cpg*t9) ) / (h3-h£3);
work3=mwl* (h3-hd);
worknet: ork3/ (mf+ma) ;
efficiency3=work3/ (mf*lcv);
)
)
else
«
worknet3=0;
efficiency3=0;
}
work4=worknet1+worknet2+worknet3;
efficiencyi=efficiencyl+efficiency2+efficiency3;
cout<<endl;
cout .precision (2) ;
cout.width(4);
cout.setf (ios::showpoint) ;

cout.setf (ios::dec);
cout<<za;
cout.precision(2) ;
cout.width(8) ;

cout.setf (ios: : showpoint) ;
cout.setf (ios::dec) ;
cout<<tx;
cout.precision(2) ;
cout.width (8) ;
cout<<worknet1;
cout.precision(2) ;
cout.width(8) ;
cout<<worknet2;

cout .precision(2) ;
cout.width (8) ;
cout<<worknet3;
cout.precision(2) ;
cout .width (8) ;





[image: image66.png]cout<<workd;
cout .precision(3) ;
cout.width(8) ;
cout<<efficiencyl;

cout .precision(3);

cout .width (8);
cout<<efficiency?;
cout.precision(3);

cout .width (8);
cout<<etficiency3;
cout.precision(3);

cout.width (8);
cout<<efficiencyd;/*

Printf ("\ts.3£", worknet1);
Printf ("\t$.3£", worknet2) ;
Printf ("\ts.3f", worknet3);
Printf ("\ts.3€", workd) ;
printf("\t$.3f", efficiencyl);
Printf ("\ts.3f", efficiency2);
Printf("\ts.3f", efficiency3);
Printf("\t$.3£", efficiencyd);*/
)

else

printf("\n");

//geteh();

)

)

getch();

)




[image: image67.png]3.8 Data for worknetl, worknet2, worknet3, workd and effiencyl effiency?
Effiency3, effiencyd at A/F=70.
When steam is generated at 20bar 813K and 10bar 623K.

pressure Ratio:4

za wnl wn2 wn3
0.00 133.66  0.00 90.05
0.10  103.98  0.00 99.06
0.20  74.30 0.00 108.07
0.30  44.61 0.00 117.07
0.40 14.93  0.00 126.08
0.50 0.00  0.00 135.08
Pressure Ratio:6.000

za wnl wn2 wn3
0.00 160.06  0.00 82.04
0.10 121.61  0.00 93.71
0.20 83.16 0.00 105.38
0.30 44.71 0.00 117.04
0.40 6.27 0.00 128.71
0.50 0.00  152.46  0.00
Pressure Ratio:8.000

za wnl wn2  wn3
0500 = 1175373 05005 7729
0.10  130.91  0.00 90.89
0.20 86.10  0.00 104.48
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0.50 0.00 157.79  0.00
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[image: image68.png]Pressure Ratio:10.000

za wnl wn2
0.00 186.21  0.00
0.10 136.3¢  0.00
0.20 86.48  0.00
0.40 0.00  0.00
0.50 0.00 162.66
Pressure Ratio:12.000
2a wnl wn2
0.00 193.72  0.00
0.10  139.64  0.00
0.20 85.56  0.00
0.30 31.48  0.00
0.40 0.00  0.00
0.50 0.00  0.00
Pressure Ratio:14.000
2a wnl wn2
0.00  199.35  0.00
010 - 141.63 . -.0+00
0.20 83.92  0.00
0.30 26.20  0.00
0.40 0.00 152.25
0.50 0.00 171.27
Pressure Ratio:16.000
za wnl wn2
DY00L: - 203471 5000
03105 142.78 ¢ 0-00
0.20 81.85  0.00
0.30 20.92  0.00
0.40 0.00 155.04
0.50 0.00 175.12
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[image: image69.png]Pressure Ratio:18.000
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za wnl
0.00  209.91
0.10  143.48
0.20 77.05
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0.50 0.00
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[image: image70.png]1f(623<tx&&t3<1400)
{
mwl=( (za* (mf+ma) *cpg*t3) + ((z) * ( (mf+ma) *cpg*tda) ) -  (ma+mf) *cpg*t9)) / (h3-
he3);

)

else mwl=0;
cout<<\n"<<za;
cout .precision (2
cout . width(8);
cout.setf (ios
cout .setf (ios
cout<<tx;
cout .precision(2) ;
cout . width (8)
cout . setf (ios
cout . setf (ios
cout <<mw;
cout .precision(2) ;
cout.width(8);
cout.setf (ios

showpoint) ;
ec) ;

howpoint) ;
ec) ;

howpoint) ;

cout.setf(ios::dec);
cout<<mul;

/*printf("\t$3E", tx);
printf ("\t\t83£",mu);

Printf("\t\ts3f",mil); */

)

else
printf("\n");
//geteh () ;

)

}

getch();

}




[image: image71.png]2.4 Data of mass of steam generated with supplementary heating when
steam is generated at 20bar 813K and 10bar 623K.

A/F=75

Pressure Ratio:d
za. o otx mw mwl

0 646.17 0.00 6.79
0.10 671.05 0.00 7252
0.20 695.93 0.00 8.24
0.30 720.80 0.00 8.97
0.40 745.68 0.00 9.69
0.50 770.56 0.00 10.42

Pressure Ratio:6.00
za  tx mw mwl

0.00 625.40 0.00 6.19
0.10 657.70 0.00 7
0.20 690.00 0.00 8.07
0-30° 72229 0.00 9.01
0.40 754.59 0.00 9.95
0.50 786.89 0.00  10.90
Pressure Ratio:8.00
za i mw mwl
0.00 613.19 0.00 10.93
0.10 650.89 0.00 6.93
0.20 688.59 0.00 8.03

0.30 726.29 0.00 9.13




[image: image72.png]0.40 763.99 0.00 10.23
0.50 801.70 0.00°  11.33

Pressure Ratio:10.00
Za: tx mw mwl

0.00 605.09 0.00 11.33
0.10 647.09 0.00 6.82
0.20 689.10 0.00 8.05
0.30 731.10 0.00 9.27
0.40 773.10 0.00 10.49
015507 “B15.10° 1031 0.00

Pressure Ratio:12.00
za tx mw mwl

0.00 599.35 0.00 0.00
0.10 644.94 0.00 6.76
0.20 690.54 0.00 8.09
0.30 736.14 0.00 9.42
0.4 781.74 0.00 00 e
0.50 827.34 10.63 0.00
Pressure Ratio:14.00
za - tx mw. mwl
0.00 595.08 0.00 0.00
0.10 643.79 0.00 6.73
0.20 692.49 0.00 8.14

0.30 741.20 0.00 9.56




[image: image73.png]0.40 789.90 0.00 10.98

0.50 838.61 10.92 0.00

Pressure Ratio:16.00

za 2 mw mwl

0.00 591.83 0.00 0.00

0.10 643.28 0.00 6.71

0.20 694.73 0.00 8:2%

0.30 746.18 0.00 9.71

0.40 797.63 0.00 11.21

0.50 849.08 11.18 0.00

Pressure Ratio:18.00

28 tx mw mwl

0.00 589.29 0.00 0.00

0.10 643.20 0.00 6.71

0.20 697.12 0.00 8.28

0.30 751.03 0.00 9.65

0.40 804.95 0.00 11.42

0.50 858.87 11.44 0.00

Pressure Ratio:20.00

o En mw mwl

0.00 587.27 0.00 0.00

0.10 643.43 0.00 6.71
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[image: image76.png]1f(623<tx64t3<1400)
t
misl= ((za* (n£+ma) *cpg*t3) + ((2) * ( (mE+ma) *cpg*tda) ) - ( (ma+me) *cpg*t9) ) / (h3=
he3) ;
)

}

else mul=0;
cout<<"\n"<<za;
cout.precision(2) ;
cout.width(8) ;
cout.setf (ios: :showpoint) ;
cout.setf (ios: :dec) ;
cout<<tx;
cout.precision(2) ;
cout.width(8) ;
cout.setf (ios::showpoint) ;
cout.set (ios: :dec)
cout<<mw;
cout.precision(2) ;
cout.width(8) ;
cout.setf (ios::showpoint) ;
cout.setf (ios::dec) ;
cout<<mul;
/*printE("\E83EY tx);
Printe ("\E\ts3£",mw) ;
Printf ("\E\t$3f",mal);  */

)

else
Printf("\n");
//geteh();

)

}

getch();

i

v b




[image: image77.png]Data of mass of steam generated with supplementary
heating when steam is generated at 20 bar 813K and
10bar 623K.

A/F=80
Pressure Ratio:4
za tx mw mwl
0 586.82 0.00 1.95e-308

0.10 609.41 0.00 1.95e-308
0.20 632.01 0.00 7.64
0.30 654.60 0.00 8.43
0.40 677.19 0.00 9.22
0.50 699.78 0.00 10.01
Pressure Ratio:6.00
za tx  mw  mwl
000 571 .27 0.00  10.01
0.10 600.77 0.00 10.01
0.20 630.28 0.00 7.58
0.30 659.78 0.00 8.61
0.40 689.28 0.00 9.64
0.50 718.78 0.00  10.67
Pressure Ratio:8.00
za tx  mw  mwl
0.00 562.41 0.00 10.67
0.10 596.99 0.00 10.67

0.20 631.58 0.00 7.63
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[image: image2.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=4. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image3.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=6. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image4.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=8. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image5.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=10. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image6.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=12. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image7.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=14. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image8.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=16. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image9.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=18. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image10.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=70, 

Pressure Ratio=20. When Steam is Generated at 20bar 813Kand 10bar 623K

-50

0

50

100

150

200

250

0 0.1 0.2 0.3 0.4 0.5 0.6

Supplementary Heating

Specific Work output

worknet1

worknet2

worknet3

work4


[image: image11.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=4 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image12.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=6 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image13.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=8When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image14.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=10 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image15.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=12 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image16.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=14 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image17.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=16 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image18.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=18 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image19.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=70, Pressure Ratio=20 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image81.png]341 /* program to caleulate specific work output and efficiency for
combined cycle at various pressure ratio and air fuel ratio without
reheat with supplementary heating when steam is gemerated at 10 bar
623k and 20 bar 813 k*/

#include<iostrean.h>
#include<stdio.h>
#include<math.h>
#include<conio.h>
#include<process.h>
#include<iomanip.h>

void main()

(

clrser():

£loat £9,h1,h2,h3,he3, hd, tx;
double t1=288,pl=1, cpa=1.005, ec=l
double .2857,a_f;
double pd=pl, cpg=1.148;

double ma, 1cv=43963.5;

double
p2,p3,t2,t2a,t3,t4, t4a, mf, mu,mwl, z, za, workl, work2, work3, workd, workn
etl, worknet2;

double efficiencyl,efficiency2,efficiency3,efficiencyd,worknet3;
£9=413;

h1-3566.26;

h£3=164.399;

h2-2445.145;

h3-3158.5;

h4-2250;

z=1-za;

clrser();

mE=1;

a_=75;

clrscr();

printf("\n#f",a_f);

printf("/n");

for (p2=4;p2<=20;p2=p2+2)

¢

cout<<"\n Pressure Ratio:"<<p2;

COUE<<"\n 2a"<<\t EX"<<"\t Wnl"<<"\t wn2"<<"\t wn3"<<"\twna"<<m\t
SEL"SCT\E ef2"<<M\t ef3"<<U\t ef4";

85

for (2a=0.0;za<=0.5; za=za+0.1)
(

float ppl=p2/pl;

ma=1.0%a_f

t2=t1* (pow(ppl,ga) ) ;

p3=p2;

t2a=((£2-t1) fec) +t1;

3= ((m£*1cv) + (a*cpa*t2a)) / ((mf+ma) *cpg) ;
float pp2=p3/pd;

t£4=t3/ (pow(pp2,ga) ) ;

tda=t3-(et*(t3-t4));

1 (£3<1400)

i




[image: image82.png]32 Data for worknetl,worknet2 worknet3,workd and efficiencyl,efficiency?
efficiency3,efficiencyd at A/F=75
when steam is generated at 20 bar 813K and 10bar 623K.

Pressure Ratio:d
za wnl wn2 w3 wnd efl ef2  ef3 efd

00012230, - 0200 BT.22 §703:5200-214 10-0004 80140 50-352

0.10 93.74  0.00 89.89 183.62 0.162 0.000 0.155 0.317
0.20 65.18  0.00 98.55 163.73 0.113 0.000 0.170 0.283
0.30 36.62  0.00 107.22 143.84 0.063 0.000 0.185 0.249
0.40 §.06  0.00 115.89 123.94 0.014 0.000 0.200 0.214
0.50 0.00  0.00 124.55 124.55 0.000 0.000 0.215 0.215

Pressure Ratio:6.000
2a wnl wn2 w3 wnd efl ef2  ef3 efd
0.00  146.14  0.00 73.99 220.12 0.253 0.000 0.128 0.381

0.10 109.06  0.00 85.24 194.30 0.189 0.000 0.147 0.336

0.20 71.98  0.00 96.49 168.47 0.124 0.000 0.167 0.291
0.30 34.91  0.00 107.74 142.65 0.060 0.000 0.186 0.247
0.40 0.00  0.00 118.99 118.99 ©0.000 0.000 0.206 0.206
0.50 0.00  0.00 130.24 130.24 0.000 0.000 0.225 0.225

Pressure Ratio:8.000
2a wnl wn2  wn3 wnd efl ef2  ef3 efd
0.00  160.16  0.00 130.24 290.40 0.277 0.000 0.225 0.502

0.10  116.88  0.00 82.87 199.74 0.202 0.000 0.143 0.345

0.20 73.60  0.00 96.00 169.59 0.127 0.000 0.166 0.293
0.30 30.31  0.00 109.13 139.45 0.052 0.000 0.189 0.241
0.40 0.00  0.00 122.26 122.26 0.000 0.000 0.211 0.211

0.50 0.00  0.00 135.40 135.40 0.000 0.000 0.234 0.137




[image: image83.png]Pressure Ratio:10.000
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[image: image85.png]2.46/* program to calculate specific work output and efficiency for
combined cycle at various pressure ratio and air fuel ratio without
reheat with supplementary heating when steam is generated at 10 bar
623k and 20 bar 813 k*/

#include<iostream.h>
#includec<stdio.h>
#include<math.h>
#include<conio.h>
#include<process.h>
#include<iomanip.h>

void main()

{

clrser();

float t9,hl,h2,h3,he3,hd, tx;

double t1=288,pl=1,cpa=1.005,ec=0.85;
double et=0.85,ga=0.2857,a_£;
double p4=pl,cpg=1.148;

double ma, 1cv=43963.5;

double

2,03, t2,t2a,t3, t4, t4a, mE, mw, mwl, z, za, workl, work2, work3, workd, workn
etl,worknet2;

double efficiencyl,efficiency?,efficiency3,efficiencyd,worknet3;
£9=413;
h1=3566.26;
h£3=164.399;
h2=2445.145;
h3=3158.5;
h4=225
z=1-za;
clrser();

a_£=80;

clrser();
printf("\n$£",a_f);
"/n");
p2<=20;p2=p2+2)

cout<<"\n Pressure Ratio:"<<p2;

CoUt<<"™\n za”<<"\t tx"<<"\t WAl"<<"\t W2"<<\t Wn3"<<T\twnd"<<T\t
SEL"<<M\t ef2"<<"\E f37<<M\t efd
for (2a=0.0;2a<=0.5;2a=2a+0.1)

(

2=1-za;

float ppl=p2/pl;

ma=1.0%a_f;

t2=t1* (pow(ppl,ga)) ;
2;
(t2-t1) /ec)+t1;
3= ({mf*1cv)+ (ma*cpa*t2a))/ ((mf+ma) *cpg) ;
float pp2-p3/pd;

t4=t3/ (pow(pp2,9a) ) ;
tda=t3-(et*(t3-t4));

i£(£3<1400)

«





[image: image20.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=4. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image21.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=6. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image22.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=8. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image23.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=10. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image24.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=12. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image25.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=14. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image26.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=16. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image27.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=18. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image28.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=75, 

Pressure Ratio=20. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image29.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=4 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image30.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=6 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image31.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=8 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image32.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=10 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image33.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=12 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image34.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=14 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image35.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=16 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image36.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=20 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image37.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=18 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image38.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=75, Pressure Ratio=20 When Steam is Generated at 20bar 813Kand 10bar 623K

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 0.1 0.2 0.3 0.4 0.5 0.6

Supplementary Heating

Efficiency

Efficiency1

Efficiency2

Efficiency3  

Efficiency4


[image: image86.png]3.1¢ Data for worknetl, worknet2,

effiency3,effiencyd at A/F=80.
When steam is generated at 20bar 813K and 10bar 623K.
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[image: image39.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=4. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image40.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=6. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image41.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=8. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image42.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=10. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image43.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=12. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image44.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=14. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image45.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=16. When Steam is Generated at 20bar 813Kand 10bar 623K

-50

0

50

100

150

200

0 0.1 0.2 0.3 0.4 0.5 0.6

Supplementary Heating

Specific Work output

worknet1

worknet2

worknet3

work4


[image: image46.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=18. When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image47.emf]Worknet1,Worknet2,Worknet3,Work4 V/s Supplementary Heating at A/F Ratio=80, 

Pressure Ratio=20 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image48.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=4 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image49.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=6 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image50.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=8 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image51.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=10 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image52.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=12 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image53.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=14 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image54.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=16 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image55.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=18 When Steam is Generated at 20bar 813Kand 10bar 623K
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[image: image56.emf]Efficiency1 ,Efficiency2 ,Efficiency3,Efficiency4V/s Supplementary Heating at A/F 

Ratio=80, Pressure Ratio=20 When Steam is Generated at 20bar 813Kand 10bar 623K
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Chapter 4
If air fuel ratio is kept constant and pressure ratio is increased we find that gas turbine exit temperature decreases but the temperature of flue gases coming out from combustion chamber increases. This effect is marginalized due to increase in expansion ratio owing to high pressure ratio.

If pressure ratio is kept constant and air fuel ratio is varied then turbine maximum temperature (T3) goes on decreasing, as the mass of fuel is constant .at higher air fuel ratio, heat released due to combustion of same mass of fuel for raising the temperature. Higher quantity of flue gas results lower temperature at turbine inlet.
  Supplementary heating required foe generation of steam effect the specific work output and efficiency with increase in supplementary heating. Gas turbine work and efficiency decreases with variation of pressure ratio at a particular air –fuel ratio and with variation of air fuel ratio at constant pressure.
Work and efficiency of high pressure turbine increases from zero at za=0.4 to maximum at za=0.5 at a particular ratio with variation of pressure ratio.
Work and efficiency of low pressure turbine increases with variation of pressure ratio at a particular air fuel ratio.
Discussion on Graphs
AT AIR- FUEL RATIO 70 (Refer to graphs 3.10—3.11)
At pressure ratio 4 worknet1 and efficiency 1 of gas turbine goes on decreasing and worknet2 and efficiency 2 for high pressure  steam turbine is zero while worknet3 and efficiency 3 for low pressure steam turbine goes on increasing as the pressure ratio   increases. The trend for gas turbine work and efficiency are same but worknet2 and efficiency2 increases from zero at za=0.4 to maximum at za=0.5.
For low pressure turbine as pressure ratio increases worknet and efficiency increases continuously the total work output goes on decreasing initially and then starts increasing at za=0.5 the total efficiency decreases initially and then marginally increases at za=0.5
AT AIR-FUEL RATIO75 (Refer to graphs 3.14—3.15)

At pressure ratio 4 the worknet1 and efficiency1 goes on decreasing for gas turbine. For high pressure steam turbine efficiency2 andworknet2 is zero.For low pressure steam turbine worknet3 and efficiency3 goes on increasing.

At pressure ratio 6 the worknet1 and efficiency1 goes on decreasing for gas turbine and become zero at za=0.4. For high pressure turbine efficiency2 and worknet2 is zero. For low pressure turbine worknet3 and efficiency3 goes on increasing and is maximum at za=0.5
At pressure ratio 10 the worknet1 and efficiency1 goes on decreasing for the gas turbine and become zero at za=0.4. For high pressure turbine efficiency2 and worknet 2 is zero up to za=0.4 and is maximum at za=0.5. For low pressure turbine worknet3 and efficiency3 goes on increasing.
AT AIR FUEL RATIO 80 (Refer to graphs 3,18—3.19)
At pressure ratio 4 the worknet1 and efficiency1 goes on decreasing with increase in supplementary heating and is zero at za=0.5. the total work and efficiency initially decreases up to za=0.4 and increases from za=0.5
 At pressure ratio 14 the worknet1 and efficiency1 goes on increasing with increase in supplementary heating and zero at za= 0.4. Worknet2 and efficiency2 is zero up to za= 0.4. Worknet3 and efficiency 3 increases with increase in supplementary heating. Total work and efficiency decreases up to za=0.4 and then increases. The same trends are observed for the pressure ratio from 16 to 20.
AT AIR FUEL RATIO 70 (Refer to graphs 3.10)
At pressure ratio 4 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.109 after this the efficiency of gas turbine decreases and that of low pressure turbine increases. Efficiency of high pressure turbine is zero. Total efficiency decreases linearly up to za=0.389. 
At pressure ratio 6 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.15 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.39and then decreases. Efficiency of high pressure turbine is zero up to za=0.30 and then become negative up to za=0.40. After this it increases. Total efficiency decreases linearly up to za=0.32 and then starts increasing. 

At pressure ratio 8 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.39and then decreases. Efficiency of high pressure turbine is zero up to za=0.30 and then become negative between za=0.30 and za=0.4 after this it increases. Total efficiency decreases linearly up to za=0.395 and then starts increasing. Total efficiency and efficiency of low pressure turbine is equal at za=0.37 and za=0.39.  

Same trends are observed for pressure ratio 10.

At pressure ratio 12 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases. Total efficiency is maximum at za=0.1 after this point it decreases. Efficiency of low pressure turbine and total efficiency are equal at za=0.4. Efficiency of high pressure turbine is zero. 

At pressure ratio14 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.29and is maximum at this point after this it decreases sharply and become zero at za=0.4. Total efficiency is maximum at za=0.1. Efficiency of high pressure turbine and total efficiency are equal at za=0.4 after this point efficiency of high pressure turbine increases up to za=0.42. Efficiency of low pressure turbine and high pressure turbine are equal at za=0.38. 

At pressure ratio16 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.39and then decreases sharply and become zero at za=0.40 and is negative between za=0.4 and za=0.5 .after this it start increasing and is maximum at za=0.43. Efficiency of high pressure turbine is zero up to za=0.20 and is negative between za=0.30 and za=0.40. After this it starts increasing and is maximum at za=0.43. Total efficiency is maximum at za=0.10. Efficiency of high pressure turbine and total efficiency are equal at za=0.40 and za=0.49. Efficiency low pressure turbine and high pressure turbine are equal at za=0.31. 

At pressure ratio 18 and pressure ratio 20 same trends are observed as previously except the total efficiency curve which is more flat between za=0.1 and za=0.2.

AT AIR FUEL RATIO 75(Refer to graphs 3.14)

At pressure ratio 4 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.11 after this the efficiency of gas turbine decreases and that of low pressure turbine increases. Efficiency of high pressure turbine is zero. Total efficiency decreases linearly up to za=0.4. 

At pressure ratio 6 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.15 after this the efficiency of gas turbine decreases and becomes negative between za=0.4 and za=0.5 and that of low pressure turbine increases. Efficiency of high pressure turbine is zero. Total efficiency decreases linearly up to za=0.4. Efficiency of low pressure turbine and total efficiency are equal at za=0.40. 

At pressure ratio 8 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and becomes negative to a small amount between za=0.4 and za=0.45 and that of low pressure turbine decreases up to za=0.12 and then starts increasing. Efficiency of high pressure turbine is zero. Total efficiency decreases up to za=0.4. Total efficiency and efficiency of low pressure turbine are equal at za=0.40.  

At pressure ratio 10 the efficiency of the gas turbine decreases up to za=0.1 and then increases up to za=0.38 which is also the maximum efficiency point of the gas turbine after this it again decreases sharply.  Efficiency of gas turbine and low pressure turbine is equal at za=0.18. Efficiency of low pressure turbine and total efficiency is equal at za=0.35 and za=0.40. Efficiency of high pressure turbine is zero up to za=0.30 after this it becomes negative between za=0.30 and za=0.40.
At pressure ratio12 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.38 and then decreases sharply and become zero at za=0.5. Total efficiency is maximum at za=0.10. Efficiency of high pressure turbine is zero up to za=0.30 and ia negative between za=0.30 and za=0.40and then increases. 

At pressure ratio14 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at percentage of supplementary heating za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.389 and then decreases sharply and become zero at za=0.50.total efficiency and efficiency of low pressure turbine 1s equal at za=0.33 and za=0.42. Total efficiency is maximum at za=0.10. Efficiency of high pressure turbine is zero up to za=0.30 and is negative between za=0.30 and za=0.40 and then it increases.

Same trends are observed for pressure ratio 16 and pressure ratio 18

At pressure ratio 20 efficiency of gas turbine and efficiency of low pressure turbine are equal at za= 0.15 after this efficiency of gas turbine decreases and efficiency of low pressure turbine increases up to za=0.39 and then decreases sharply and becomes zero at za=0.5. Total efficiency and efficiency of low pressure turbine is equal at za=0.32 and za=0.42. Total efficiency is maximum at za=0.10 and decreases up to za=0.30 and then again starts increasing. Efficiency of high pressure turbine is zero up to za=0.30 and is negative to a small value between za=0.30 and za=0.40 and increases after za=0.40 and becomes equal to total efficiency at za=0.50.
AT AIR FUEL RATIO 80 (Refer to graphs 3.18)

At pressure ratio 4 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.08 after this the efficiency of gas turbine decreases linearly and that of low pressure turbine increases up to za=0.109 and then decreases for a small interval up to za=0.20and again starts increasing. Total efficiency decreases linearly and becomes equal to efficiency of low pressure turbine at za=0.40.
At pressure ratio 6 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.15 after this the efficiency of gas turbine decreases and that of low pressure turbine increases. Total efficiency deceases and become equal to efficiency of low pressure turbine at za=0.40. Efficiency of high pressure turbine is zero. 

At pressure ratio 8 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.17 after this the efficiency of gas turbine decreases and that of low pressure turbine increases. Total efficiency decreases and becomes equal to the efficiency of low pressure turbine at za=0.40and remains equal thereafter. Efficiency of high pressure turbine is zero. 

Same trends are observed for pressure ratio 10 and pressure ratio 12.

At pressure ratio 14 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.18 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.39 and then decreases sharply.. Total efficiency decreases and becomes equal to the efficiency of low pressure turbine at za=0.30 and za=0.40 after this total efficiency increases. Efficiency of high pressure turbine is zero up to za=0.30 and then starts increasing after za=0.40.and total efficiency are equal at za=0.4. Efficiency of high pressure turbine is zero. 

At pressure ratio16 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.14 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.395and then decreases sharply. Total efficiency is maximum at za=0.10 and then decreases up to za=0.30 and again starts increasing. Efficiency of high pressure turbine is zero up to za=0.30 and is negative between za=0.30 and za=0.40. After this it increases.  

At pressure ratio 18 same trends are observed as for pressure ratio 16.

At pressure ratio 20 the efficiency of the gas turbine and efficiency of low pressure turbine is equal at za=0.14 after this the efficiency of gas turbine decreases and that of low pressure turbine increases up to za=0.39 and then decreases sharply. Total efficiency is maximum at za=0.10 and then decreases up za=0.30 and ia negative between za=0.30 and za=0.40 after this it increases. Efficiency of high pressure turbine and total efficiency are equal at za=0.50.
Chapter 5
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