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* Refrigerated Cooling System
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06964 p

6T generstor poner = 90543 KV
ur 6T Heat Rate @ gen term = 11585 ki
#Am T efficiency @ gen term = 26.092% HHY = 31.08% LHV
20 %RH 6T @80.01% ating, infened TIT control model, CC limit
1022 m elex.
0543 ki
1585 ki LAY
3108 % LHV
03884p 30 %hload
N7 —
Am
BIARH
Fuel = qomfuel
257
8361 m 13687 Orgj
4GE07 LKV

plead. TIC] Ml QR

Gross Power 2T KM
et Povwer 266125 K
Aux. & Losses TOB Ky

LHY Gross Heat Rate 7679 kJwh
LH' het Heat Rate 7533 kJKh
LHY Grass Electric Eff. 45.88 %
LH' het Electric Eff. 4567 %
Fuel LHY Input SB2TET lnth
Fuel HHY Input B44826 Kirth
Met Process Heat OkAth

08954 p T
1247

45907 LHY.

3033 DF millibar

09288 p

54337
2489 m 64m
8389 % aiflow

Nz=7475%
02= 1406 %
COZ=3.088 %
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Ambiert
08964 P
AT
29% RH
Stop Vale

0224 p

Afi full speed cells
0 half speed cells
0 cells off

G209 M|
to HRSG
qom-fuel
Q Q@ O o
SE2T3T lth LHW B84 M
LFE IFB HFB
3287 p 5712p 7a.36p 02e2dp
1367 T 1569 T 29357 T
286 M 2005 M TETAM L-r- R
3704 p
£2.00 T 1642 T 23287 48T 09268 p
106.2 M 1657 T ATEA T 007 T 5434 T
Includes DB 6909 M
[l 2xSIET01D
@ 90% load
181086 kW
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Power Plant Energy Flow Schematic [kW]
Fuel enthalpy B46299
Fuel chemical LHY input= 582148 ke
Fuel chemical HHY input= 643375 KA
Ambient air sensible 21334 Stack gas sensible 85734
Ambient air latent 15400 Stack gas [atent TBT23
Power Plant -
Proc returnimakeup 63 48 GT mechanical loss 1979

GT generator loss 2734.2

GT miscellaneous l0sses 1746.5

Condenser 226341 GT ancillary heat rejected 7436

Blowdown 1177

Heat radiated from steam cycle 4383

STigenerator mechielec/year 10ss 1800.5

GT Qutput= 180768
3T Output= 92073

Mon heat balance aux. 4058

Heat balance aux. 16388
Transformer loss 15364.2

Gross Power 272840 Net Power 265779

o9y 79,5 9 6999 S5l slapb,z jloges #-F S



Plant Energy In [kW]

Ambient 2it latent
15400, 2.25 %
Ambient air sensible
21334,312 %

Fuel @ supply
Ba8300, 8461 %

Plant enengy in = 6330097 ke
Flant fugl chemical LHV input = 552143 KW, HHV = 643075 ki

Plant Energy Out [kW]

Stack senzible

" Stadolatent
TETIA 1153 %

Steam opcle losses

Condenser
8183,091 %

220341, 3315 %

Net powes output
2065779, 3302 %

Flant eneigy out= 682854 iy
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GT Cycle Energy In [kW] - per unit

Comprassor air latent
FT00, 225 %
Compressor airsensible
A0BE7, 312 %

Fuel @ combustor
323150, 9462 %

5T oycle energy in = 341517 Kiv
T fuel chemical LHY input= 201074 k', HHW = 321027 k'
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GT Cycle Energy Out [kW] - per unit

Exhaust latent

Exhaust sensible
20362, 1162 %

204563, 6001 %

Losses & other
3030, 0.89 %

&T electric sutput
0224, 26.42 %

Turb{Q1) coalant
3718, 1.08 %

5T oycle energy out= 341356 kil
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Steam Cycle Energy In [kW] Steam Cycle Energy Out [kW]

Stack sensible
Miscellaneous 85724, 17.40 %
17023, 0.35 %

Stack latent
7724, 1606 %

T exhaust latent
TET24, 16,06 %

Loszes
6183, 1.26 %

Miscellaneous
77, 0,24 %

GT exhaust sensible

Condensar
A00726, 23.50 %

226341, 46.17 % ST electric output

92073, 18.78 %

Steam cycle energy in = 490150 Steam eyele energy out = 4902320 ki

oy JBu o 551 slagl > @i sloges A-F S0
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e oo lid 1y o8 o8 g s oS S

Power Plant Exergy Flow Schematic [kW]

Fuel 587824
Fuel exergy input = 587824 KW
Fuel chemical LHY input= 582148 KW
Fuel chemical HHY input = 643975 kA
Ambient air-7102 Stack gas 1469.2
Power Plant
Condenser cooling air-103668 Condenser cooling air-82289
-
GT Exergy Loss = 232095
Makeup water 1614 HRSG Exergy Loss = 26933 Exergy of heatrej @1 4914
STExergy Loss = 13947
Condenser Exergy Loss = 14084
Miscellaneous loss = 1638.9 7]
w! O o
Other Exergy Loss = 2122.7 P z
2B @
2 =
vl @
I 1
i
20
g g &
Gross Power 272840 L Z| B Net Power 265779 ~
Tt - T Lgl

Reference: 1.013 bar, 25 G, water as vapar.
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Plant Exergy Analysis [kW]

GT exergy loss
232006, 43 .84 %

HRSG exergy loss
26033, 565 %

Steam turbine exergy loss
13047, 2.02 %
Condenser exergy |oss
14084, 2 95 %

Stack gas

1458.2, 031 %

Misc loss

1638.9,0.34 %

Het electric output
265779, 5571 %

Plant exergy input = 477035 kit
Fuel exergy input= S37824
Plant fuel chemical LHY input= 532142 KIV, HHV = 643075 iy

Reference: 1.013 bar, 25 C, water as vapor.
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ST & Condenser Exergy Analysis [kW] HRSG Exergy Analysis [kW]

ET electic output
02073, 2903 %

Stack gas exergy
14692, 0.9 %

HREG exergy loss
26033, 16.54 %

ST exhaust condensate
961.2, 303 %

ST exergy loss
13047, 43 .98 %

Steamto 5T
134393, 8255 %

Condenser exergy loss
14024, 44.41 %

HRS& exergy in = 162706 K

ST & condenzer exergy in = 31712 K Reference: 1.013 bar, 25 €, water as vapor.
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GT Exergy Analysis [kW]

GT exargy loss
116498, 40.16 %

Exergy of 01
24569, 0.25 %

Elzctric output
90324, 31.16 %

Exhaust gas
20731, 2723 %

GT exergy in = 290053 Ko

Reference: 1.013 bar, 25 G, mater as wvapor.
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Abstract

Gas turbines are one of the power machines that have many applications in various
industries, including power plants, refineries, oil and gas industries. Since a large
percentage of the country's energy requirements, is provided in the gas turnibe power
plants and also due to the energy requirements of the plants are fossil fuels, Therefore,
energy optimization and performance improvement in these power plants is very
important. The main purpose of this study is the energy and exergy analysis and
improving the efficiency and performance of gas turbine studied. Gas cycle studied in
this thesis is related to the Qom power plant. Qom gas turbine power plant consists of
four gas units manufactured by Mitsubishi Japan Model MW-701D that each one has a
nominal capacity of 128.5 MW and the total 514 MW. In the present thesis, After
modeling the Gas cycle and combined cycle by ThermoFlow software, Energy and
Exergy analysis of gas cycle are discussed. In the following, the effect of change
environmental conditions and levels of the gas turbine load on the gas cycle and power
plant will be checked. Then to technical and economic evaluation using three types of
system of cooling air inlet to the compressor in the hot six months has been and impact
of their use on the gas cycle are studied and finally, with regard to the technical and
economic conditions and climatic conditions Qom, fag cooling system as a system for
performance improvement at the this power plant is selected and introduced.

By using of Fog system in Qom plant, the net power output of the cycle gas and plant,
respectively %11.5 and %8.08, energy and exergy efficiency of the cycle gas and plant,

respectively %3.64 and %3.6 will be increased and the amount of air pollution by CO,

9%0.77 will be reduced. In the following, two-objective optimization cycle gas power
plant in Qom by a Genetic Algorithm using MATLAB code and in the cold months of
the year are paid. Objective functions, the exergy efficiency and the gas cycle costs
include maintenance costs, fuel costs and the cost of exergy destruction is. The results

show that increasing the exergy efficiency of the gas cycle will also increase costs.

Keywords: Gas turbines, energy, exergy, simulation, cooling, two-objective

optimization, genetic algorithms
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