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Ozet: Bu caligmada ekserji analizi metodu kullanilarak cevre sartlarmin kojenerasyon cevrimlerinin performansi
lizerine etkisi analiz edilmistir. Bu kojenerasyon g¢evrimleri basit, hava 6n 1sitmali, hava-yakit 6n 1sitmali ve girig
havast sogutmali g¢evrimlerdir. Ayrica bu g¢evrimler degisik hava yakit kiitle oranlari igin termodinamik agidan
incelenmis ve performanslar1 birbirleri ile karsilastirilmistir. Kompresor giris havasmin 25 °C’den 0 °C’ye sogutulmasi
elektrik gii¢ tiretimini 10-15 % civarinda artirmaktadir. Ancak 1s1 giicii giris havasinin sogutulmasindan dolay1 10 %
civarinda diismektedir. Kompresor giris havasina su piiskiirtiilerek yaz sezonunda elektrik giicii kolayca 2-7 %
civarinda artirilabilir. Kompresor giris havasinin basmer 101.3 kPa’dan 70.18 kPa’ya diisiiriildiigiinde ¢evrimlerin
ekserji verimleri 11-13 % civarinda diismektedir. Ancak bu basing diisiisii elektrik giicii tiretiminde 25 % civarinda
diistise yol agmaktadir. En yiiksek ekserji verimi hava-yakit 6n 1sitmali ¢evrimde elde edilmistir. Dort ¢evrim arasinda
en iyi 1s1 oram ve 1s1 ekserjisi basit ¢evrimde elde edilmektedir. Bu c¢alisgmada tiim ¢evre sartlarinin bu ¢evrimler
iizerindeki etkisi ayni anda g6z Oniine alinarak analiz edilmis ve birbiri ile karsilastiriimistir.

Anahtar Kelimler: Kojenerasyon, Cevre, Verim.

EFFECTS OF AMBIENT CONDITIONS ON PERFORMANCE OF GAS TURBINE
COGENERATION CYCLES

Abstract: In this paper, effects of the ambient conditions on performance of cogeneration cycles are analyzed by
using exergy analysis method. These cogeneration cycles are the simple cycle, the air preheating cycle, the air-fuel
preheating cycle and the inlet air cooling cycle. Also, these cycles are evaluated thermodynamically for different air
and fuel mass ratio and the performance of these cycles are compared. The electrical power generation increases
about 10-15 % by decreasing the inlet air temperature of the compressor from 25 °C to 0 °C. However, the thermal
power decreases about 10 % with decreasing inlet air temperature. During the summer, the electric power can be
easily increased 2-7 % by injecting water into the inlet air of the compressor. The exergetic efficiency of cycles is
decreased 11-13 %, by decreasing the compressor inlet air pressure from 101.3 kPa to 70.18 kPa. But this change
decreases the electric power generation about 25 %. The highest exergy efficiency is obtained for the air-fuel
preheated cycle. The simple cycle is the best among the four cycles to obtain high heat rate and heat exergy. The
effects of all ambient conditions on these cycles are considered simultaneously, analyzed and compared with each
other in this study.

Keywords: Cogeneration, Environment, Efficiency.

Nomenclature Greek letters

COP  coefficient of performance n efficiency

e specific exergy (kJ/kg) _

E exergy flow rate (kW) A constant

h specific enthalpy (kJ/kg), (kJ/kMol) Subscripts

J generator C compressor

LHV  lower heating value (kJ/kg) CcC combustion chamber

m mass flow rate  (kg/s) ch chemical

M molecular weight (kg/kmol) D destruction

P pressure (kPa) en energy

Q heat flow rate (kW) ex exergy

R specific gas constant (kJ/kg K) exh exhaust

s specific entropy (kJ/kg K) f fuel

T temperature (K) HRSG heat recovery steam generator
W power (kW) i i. mixture component

X mole fraction (kmol/kmol) i, ch i. mixture component, chemical



L loss

ph physical

R recuperator

is isentropic

st steam

T turbine

0 environment conditions

INTRODUCTION

In a foreseeable future, there is a growing need for
power generation with gas turbine and cogeneration
systems. Also there is a pressing need to reduce
emission because of global warming. Cogeneration
systems have many advantages over conventional
separate systems for heating and/or cooling, and electric
generation such as high efficiency, safe and reliable
operation, lower weight per unit power, less
environmental emissions, compact size and fast starting
time, more economic and dual fuel capability. Improving
the performance of gas turbine cogeneration cycles is
going to be a major objective in the coming years. In gas
turbine systems natural gas or mixed fuels such as
alcohols, biomass, refinery residues, naphtha, etc., can be
used as fuel. This fuel flexibility is an important
advantage for gas turbine systems (ASHRAE, 2000;
Boyce, 2002). Main markets for gas turbine systems are
industry, district heating systems and others. The criteria
for selection of gas turbine cogeneration systems are heat
to power ratio, the efficiency and the grade of heat
(Horlock, 1997). The main factors that affect high
efficiency are increased gas turbine inlet temperature,
intercooling, reduced auxiliary power consumption,
advanced gas turbine cooling, hydrogen cooled
generators, multiple pressure cycle with reheat, better
HRSG design, fuel preheating, low compressor inlet air
temperature, high compressor inlet air pressure and high
compressor inlet air humidity (Jaluria, 2008; Moran and
Tsatsaronis, 2000; Najjar, 2001).

Gas turbines are air mass flow machines and their
power outputs are very sensitive to the environmental
factors. This means location has significant effect on the
efficiency and the power output of the cogeneration
systems (Pilavachi, 2000). Karaali in his study,
conclude that the environmental factors such as ambient
temperature, ambient pressure and air humidity are
effective parameters on the efficiencies of the
cogeneration cycles (Karaali, 2010). The variations in
the compressor inlet air temperatures cause significant
changes in the electricity and thermal energy power
(Kim et al., 2000). Boyce has also indicated in his study
that decreasing the compressor inlet air temperature
increases the electrical power; for example when the
temperature drops from 25 °C to 0 °C the electrical
power increases about 14 % but the thermal power
decreases about 10 % (Boyce, 2002). Al-Fahed etal., in
their articles have shown that the changes in the
compressor inlet air temperature cause changes on the
performance of the simple cycle cogeneration system.
Large temperature differences between day and night,
like the Middle East region, the cost changes need to be
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taken into account in this situation (Al-Fahed et al.,
2009). Al-Fahed et al., have found that 1 °C increase in
the compressor inlet air temperature leads to a decrease
in electricity production around 0.7 %. In the literature,
15 °C cooling of the compressor inlet air by absorption
method increases the electric efficiency around 6 % (Al-
Fahed et al., 2009). Santo and Gallo have presented that
since decreasing the temperature of the compressor inlet
air increases the density of the air for the same mass,
less energy is spent (Santo and Gallo, 2000). Kehlhofet,
et al., have shown that the effects of the compressor
inlet air temperature on relative work and cooling inlet
air increases electrical power (Kehlhofet, et al., 1999).
Ashraf in his study on this issue have found similar
results of the effects of evaporative cooling on power
(Ashraf, 2001). Al-Fahed et al., obtained similar results
with the literature that the simple cogeneration system
with evaporative cooling increases the efficiency about
2.5 % (Al-Fahed et al., 2009).

Wang and Chiou have shown in their article that cooling
the compressor inlet air from 315 K, to 270 K
temperature with a vapor-compression refrigeration
chiller, the gas turbine electrical power efficiency
increases from 30.45 % to 31.35 % (Wang and Chiou,
2002). If the ambient temperature drops in natural way
to 270 K, the electrical efficiency increases from 30.45
% to around 41 %. For steam injection cycle these rates
increase from 48 % to about 50 %.

Amel and Cadavid have found in their study that in low
ambient temperature conditions the power output is
better, but the heat rate is worse than the high ambient
temperature conditions. They also found that high
relative humidity improves the power of the system
(Amel and Cadavid, 2002). Mohapatra and Sanjay have
found by using the first law of thermodynamics that
decreasing the temperature of the inlet air by 30 °C by
using evaporative cooling increases the gas turbine
power plant efficiency about 2 % (Mohapatra and
Sanjay, 2014). They also found that vapor compression
inlet air cooling and evaporative air cooling improve the
energy efficiency of the power plant by 4.18 and 4.6 %,
respectively. Caresana et al., have studied the effect of
the ambient temperature on the global performance and
the behavior of the components of the micro turbo gas
cogeneration systems (Caresana et al., 2014). They
found in their experimental study by using the first law
of thermodynamics that decreasing the inlet air
temperature increases the electrical efficiency but
decreases the thermal efficiency. They also found that 1
C increasing the inlet air temperature decreases the
electrical power by 1.22 %, and the electrical efficiency
by 0.51 % while the thermal efficiency increases by 0.7
%. Increasing the specific humidity decreases the
molecular weight of air and that affects the temperature.
Also, increasing specific humidity increases specific
heat and gas constant value at constant pressure. It is
possible to increase the electric power with this method
at a low cost and it can be easily applied to all types of
gas turbines (Ashraf, 2001).



In the literature there are many studies to analyze the
effect of ambient conditions on cogeneration cycles
efficiency and performance. These studies generally are
based on the first law efficiency of thermodynamics.
But second law analysis must be included for analyzing
the effect of the ambient condition on the performance
of cogeneration cycles. Also, possible competitive
cycles and parameters must be included in this
evaluation and they should be compared with each
other.

These points are the motivation of this presented study.
In this study, the effect of the ambient conditions and
the evaporative cooling of the compressor inlet air on
the performance of the cogeneration cycles are analyzed
by using exergy analysis method. The four cogeneration
cycles which are analyzed in this study are called
simple, air preheating, air-fuel preheating and inlet air
cooling cycles. Also, thermodynamic evaluations of the
cycles, for different air and fuel mass ratio are studied
and the performance of the cycles is compared.

DESCRIPTION OF THE CYCLES
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In the inlet air cooling cycle and in the simple cycle
compressed air (Fig. 1-2) enter the combustion
chamber. In the recuperated cycles (Fig. 3-4)
compressed air heated by hot exhaust gases in the
recuperator and then enters the combustion chamber.
The hot gases which exit from the combustion chamber
are expanded at the gas turbine. And then from the gas
turbine hot gases are the source of the heat energy of the
recuperators and the heat recovery steam generator
(Khalig and Kaushik, 2004; Sue and Chuang, 2004).
These cycles are fueled with natural gas, but to simplify
the modeling approach the following assumptions are
introduced; the pressure losses in the combustion
chamber, the recuperator and the HRSG are known as
0,05 for each component. The environmental conditions
are fixed and defined as To = 298.15 K and Po = 101.3
kPa. The main capacity of the air compressors are m; =
91.4 kg/s, the HRSG ms = 14 kg/s saturated steam at
2000 kPa. The gas turbine electricity power is 30 MW
(electric power is equal to the mechanic power obtained
from the gas turbine), and the combustion chamber’s
fuel is ms = 1.64 kg/s methane. The working fluid
assumed as ideal gas, cogeneration systems operates at
steady state, natural gas is taken as methane and
modeled as an ideal gas. The combustion is complete
and N is inert, and the heat loss for the combustion
chamber is 2 % of the fuel’s LHV, and all other
components operate without heat loss (Bejan et al.,
1996; Karaali and Ozturk, 2015). Kinetic and potential
energy effects are ignored. For avoiding corrosive
sulfuric acid formation in the exhaust, the outlet



temperature of the HRSG is taken as 400 K. The
compressor and the turbine operate adiabatically.

ANALYSES OF THE CYCLES

The thermodynamic analysis of each of the components
introduced at the previous section will be done and
mathematical modeling will be explained in this section.
The compressor outlet, the combustion chamber outlet,
the recuperator exhaust side outlet, the heat recovery
steam generator inlet exhaust side and the gas turbine

isentropic temperatures are calculated by inserting
specific entropy expressions for N2, Oz, CO, and H,0
from (Bejan et al., 1996). The entropies of the streams
are calculated from the same reference, as well. The
thermodynamic model and the step-by-step calculation
procedure for the air preheated cycle (CGAM cycle) are
explained as follows. Specific enthalpies and specific
entropies are calculated for each stream from the
equations of the tables in (Bejan et al., 1996; Karaali
and Ozturk, 2015).

Table 1. The mass, the energy and the entropy equations of the components of the air preheated cycle.

Component | Mass Equation Energy Equation Entropy Equation
Compressor my =1, mih, + W, = myh, MyS; — My Sy + Sgenc = 0
Combustion My + 1y =My | Mzhy +1y0h = Mshy 1383 + 1My0S10 = MaSs + Sgen.cc
Chamber + 0.021m,,LHV =0
Recuperator mz = Tf’l3 mzhz + mshs = Tf’l3h3 + méhﬁ mzsz + msss - Th353 - Th656
mS = Mmg + Sgen,R =0
Turbine T, = Ty mgh, = Wy + W, + mshsg MySs — MsSs + Sgens =0
HRSG The = Tf’l7 ‘I’f'LGhﬁ + mshs = Tf’l7h7 + mghg ThGSG + mssg - Tf’l7S7 - m959
Tf’lg = Thg + Sgen,HRSG =0

Table 2. The exergy and the exergy efficiency equations of the components of the air preheated cycle.

Component Exergy Equation Exergy Efficiency
Compressor ED,C = El + WC — Ez Eout,C - Ein,C
Nex,c = W
- . . . . . C
Combustion Epcc =E; +Eg—E, Eoutcc
Chamber Nexcc = 7+
o Ein,CC + Efuel
Recuperator ED,R = E2 + ES - E3 - E6 Eout,air,R - Ein,air,R
Nex,r = = -
Eout,exhayst,R - Eiz’t,exhaust,R
Turbine Epr=Ey—Es—W¢—Wr Wheer + We
r]ex,T = E E
_ inT — ou_t,T
HRSG ED,HRSG = E6 - E7 + E8 - E9 _ Esteam,HRSG — BEwater,HRSG
Nex,HRSG = ¢ -
Ein,exhaust,HRSG - Eout,exhaust,HRSG

In Table 1 and in Table 2 the mass, energy, entropy,
exergy, and the exergy efficiency equations of the
components of the air preheated cycle are given.

hi = f(T) M
5= f(Ti, P) @
E=Ep+Eop @)
Epn = 1ia(h — hy — To(s — 5p)) 4
Eon = 2 {E 088" + RT, X 5, Inx ) ()

The chemical reaction in the combustion chamber can
be written as follows (Bejan et al., 1996).
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ACH, + [0.7748N, + 0.20590, + 0.0003C0, +
0.019H,0] - (1 4 2)[Xn2 Ny + X204 + Xc0,CO0, +

Xp20H,0] (6)
0.7748
Xve =5 (7
(0.0003+1)
Xcoz = T (8)
_(0.019+22)
Xnz0 = 147
B ©)
(0.2059-27)
Xop = P22 (10)
Excess air rate is
Ear = mairgiuen (11)

Mairtheoretical



Heat loss of the combustion chamber can be written as,

QLoss,CC = 0-02mfuelLHVCH4 (12)
- Absorption cycle
For the absorption cycle COP is taken as 0,70 for LiBr-
water
- Overall Balance Equations for the Cycles
The overall energy balance of the systems is,

mairhair + mfuelLHVCH4 - QLoss,CC -
meg.,outheg.,out - WT — Mgsteam (hwater,in -

hsteam,out) = 0

(13)

Energy and exergy efficiencies of the cycles are

(Lazzaretto and Tsatsaronis, 2006; Karaali and Ozturk,
2015).
WhetT+Q
nen = Q't’T z (14)
fuel
WhetT+(Esteam, —Ewater,
Nox = 7+ (Esteam,HRSG ter,HRSG) (15)

Efuel
RESULTS AND DISCUSSION

Effect of the Compressor Inlet Air Temperatures on
the Working Conditions of the Cycles

The effect of the compressor inlet air temperature on the
performance of the cycles is summarized in the Figs 5 to
11. In Figure 5, the variations of the electric power with
excess air rate for different values of the compressor
inlet air temperatures are shown. As it can be seen in
this figure, increasing excess air rate increases electric
power for the air preheated and the air-fuel preheated
cycles.

The maximum electric power for the simple cycle is
obtained in the interval of 2.5-3 of the excess air rate. It
is also observed in this figure that increasing ambient
temperature causes a decrease in the electrical power
generation for all cycles. The air-fuel preheated cycle is
better than the other cycles as far as the electric power
generation in cold climates or winters. Decreasing the
compressor inlet air temperature decreases the
compressor work and thus it increases the electric power
generation of the cycle.

In Figure 6 variations of heat power with excess air rate
for different values of the compressor inlet air
temperature is given. It can be seen in this figure that,
decreasing the compressor inlet air temperature
decreases the thermal power. Increasing the excess air
rate decreases the thermal power of the systems for all
cycles faster than the compressor inlet air temperature.
The simple cycle seems to be the best among the other
cycles in generating heat power in cold climates or
winters.
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In Figure 7 it can be seen that decreasing the
compressor inlet air temperature, increases the rate of
the electric to heat energy. The reason for this result is
that the low inlet air temperature of the compressors
increases the electrical power and reduces the thermal
output. Increasing the excess air rate increases the
electric power generation so it increases the electric to
heat energy ratio. This increase in the recuperated
cycles is greater than the others.
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Figure 5. Variations of electric power with excess air rate for
different values of the compressor inlet air temperatures.
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Figure 6. Variations of heat power with excess air rate for
different values of the compressor inlet air temperature.
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Figure 7. Variations of electric to heat energy rate with excess
air rate for different ambient temperatures.

In Figure 8 the variations of the electric and the heat
exergy power with the ambient temperature for fixed
excess air rate at 2.5 is given. Decreasing ambient



temperature increases the electric power generation but
decreases the heat exergy. The electric power decreases
about 23 % and the heat exergy increases about 20 %
for the increasing ambient temperature for all cycles.
The air-fuel preheated cycle provides better electricity
production and the simple cycle is better for the heat
exergy power production among the other cycles.
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Figure 8. Variations of electric and heat exergy power with
ambient temperatures (for fixed excess air rate at 2.5).

In Figure 9 the variations of the exergetic efficiency
with respect to the ambient temperature for the excess
air rates fixed at 2.5 are given for the simple, the air
preheated and the air-fuel preheated cogeneration
cycles. The exergy efficiency of the systems decreases
with the increasing inlet air temperature. The reason for
this is that more power consumption is needed for
compressing the air. For the simple cycle, the decrease
in the exergy efficiency is less than the air preheated
and the air-fuel preheated cycles. The thermal power of
the simple cycle is better than the air preheated and the
air-fuel preheated cycles. The reason for this is that the
simple cycle has not recuperation process. However,
recuperation has a significant increase in the electrical
power of the air preheated and the air-fuel preheated
cycles.

In Figure 10, it can be seen that increasing compressor
inlet air temperature increases thermal exergy while
increasing excess air rates decreases thermal exergy.
This decrease is more significant for the air preheated
and the air-fuel preheated cycles than the simple cycle.

In Figure 11, the variations of the exergetic efficiency
with the excess air rate for different ambient
temperatures are given. It is seen in this figure that
decreasing the ambient temperature and increasing the
excess air rates increases the exergy efficiency of the air
preheated and the air-fuel preheated cycles. For the
simple cycle the exergy efficiency reaching the
maximum value for the excess air rates around 2.25 and
then decreases. For the simple cycle, the exergy
efficiency is 15 % less than the air-fuel preheated cycle
for ambient temperature at 288 K and for the excess air
rate at 3.5.
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It should be indicated that increasing the excess air rate
decreases the outlet temperature of the combustion
chamber and this leads to decrease of the turbine outlet
temperature. The results are compared with the studies
cited in the Introduction and found in good agreement.
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Figure 9. Variations of exergetic efficiency with ambient
temperature (for fixed excess air rates at 2.5).
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The Effects of the Compressor Inlet Air Humidity
Ratio on the Working Conditions of the Cycles

The process of water spraying into compressor inlet air
lowers the outlet temperature of the combustion
chamber and that process reduces the heat energy
production of the cycles and the compressor work
consumptions of the cycles. These results of this section
are presented in Figs. 12 to 14.

In Fig. 12, it can be seen that increasing the specific
humidity, increases the electric power of the systems.
During the summer times by injection water into the
inlet air of the compressor to increase the specific
humidity, the electric power can be easily increased by
2-7 %. However, this method decreases the heat energy
power. The simple cycle has better performance for the
heat energy power production and the air-fuel preheated
cycle has better performance for electric power
production.
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Figure 12. Variations of electric and heat energy power with
compressor inlet air humidity ratio for various cycles.

In Figure 13 it is shown that increasing the inlet air
specific humidity of the simple, the air preheated and
the air-fuel preheated cogeneration power cycles
decreases the thermal exergy. This happens because the
temperature of the air exiting the compressor is low and
thus less exergy in the recuperator is obtained. The
simple cycle is the best one for heat exergy power and it
is about 12 % better than other cycles.

In Figure 14 it is seen that increasing the specific
humidity of the compressor inlet air increases the
exergy efficiency of the cycles. The exergy efficiency of
the simple cycle is not as good as the others and that
cannot be understood using the first law of
thermodynamics only.

The Effects of the Compressor Inlet Air Pressure
(Altitude) on the Working Conditions of the Cycles

Compressor inlet pressure (altitude) has an important
effect on the operating conditions and on the
performance of the cycles. Increase in the altitude

affects the air pressure and therefore the working
conditions of the cycles are changed. The effects of the
compressors inlet air pressure on the cycle performance
are presented in Figures 15 to 18.

In Figure 15 it can be seen that decreasing the
compressor inlet air pressure (decreasing the ambient
pressure or increasing the altitude of the installed
systems) decreases the electrical power obtained. The
reason for this is that the compressor work increases
with decreasing the compressor inlet air pressure and
that decreases the power of the turbine but increases the
thermal power. The heat power increases about 10 %
and the electric power decreases about 25 % by
increasing the altitude from sea level to 3000 m.
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Figure 13. Variations of heat exergy power with compressor
inlet air humidity ratio.
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Figure 15. Variations of electric and heat energy power with
altitude (atmospheric pressure) for different cycles.

In Figure 16 it is seen that increasing the altitude
decreases the turbine power and increases the heat
energy so that the electric to heat power ratio decreases.
The electric to heat power rate decreases about 42 % for
all cycles by changing the altitude from 0 m to 3000 m.
It is better to built cogeneration plants as air-fuel
preheated cycle plant at sea level for obtaining high
electric to heat energy ratio.
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Figure 16. Variations of electric to heat ratio with altitude
(atmospheric pressure) for different cycles.

Also Figure 17 indicates that increasing the altitude or
decreasing the compressor inlet air pressure increases
the heat exergy. The heat exergy power increases about
14 % for the simple cycle. It is better to built
cogeneration plants to obtain high heat exergy power at
places with high elevations.

In Figure 18 it is seen that increasing the altitude
decreases the exergy efficiency because of less power
obtained from the gas turbine. The exergy efficiency
decreases about 13 % for the air-fuel preheated cycle

100

and 11 % for the simple cycle by increasing the altitude
from 0 m to 3000 m. The higher exergy efficiencies are
obtained for the air-fuel preheated cycle than the other
cycles.
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Figure 17. Variations of heat exergy power with height
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CONCLUSION

The effects of all ambient conditions on the cycles
analyzed above are considered simultaneously, analyzed
by using exergetic method and compared with each
other in this study. The four cogeneration cycles are
evaluated in terms of electric and heat powers, heat
exergy, electrical to heat ratio and exergetic efficiency
with respect to temperature, humidity and atmospheric
pressure. Decreasing the compressor’s inlet air
temperature from 25 °C to 0 °C the electrical power
generation increases about 10-15 % and the exergetic
efficiency increases about 1-1.5 %. However the
thermal power decreases about 10 % with the
decreasing inlet air temperature. The evaporative



cooling methods for cogeneration systems increase the
exergetic efficiency about 1-1.5 %. During the summer,
the electric power can be easily increased by 2-7 % by
spraying water into the inlet air of the compressor to
increase the specific humidity and to decrease the inlet
air temperature. However, this method decreases the
heat energy power about 2-4 %. Decreasing the
compressor inlet air pressure from 101.3 kPa to 70.18
kPa or equivalently increasing the altitude from 0 m to
3000 m the exergetic efficiency of the cycles is
decreased by 11-13 %. But this change decreases the
electric power generation about 25 %, and increases the
heat power about 10 %. The highest exergy efficiency is
obtained for the air-fuel preheated cycle. The simple
cycle is the best among the four cycles to obtain the
highest heat power and heat exergy.

REFERENCES

Al-Fahed, S.F., Alasfour, F.N., Abdulrahim, H.K.,
2009, The Effect of Elevated Inlet Air Temperature and
Relative  Humidity on Cogeneration  Systems,
International Journal of Energy Research 33, 1384-
1394,

Amel, A.A., and Cadavid, F.J., 2002 Influence of the
Relative Humidity on The Air Cooling Thermal Load in
Gas Turbine Power Plant, Applied Thermal
Engineering, 22, 1529-1533.

ASHRAE, 2000 Cogeneration systems and engine and
turbine drives, ASHRAE Systems and Equipment
Handbook (SI), Chapter 7, New York.

Ashraf, M.B., 2001, Effects of Evaporative Inlet and
Aftercooling on The Recuperated Gas Turbine cycle,
Applied Thermal Engineering, 21, 1875-1890.

Bejan, A., Tsatsaronis, G., Moran, M., 1996, Thermal
Design and Optimization. Wiley Pub.

Boyce, M.P., 2002, Handbook for Cogeneration and
Combined Cycle Power Plants, ASME Press New York.

Caresana, F., Pelagalli, L., Comodi, G., Renzi, M.,
2014, Microturbogas Cogeneration Systems for
Distributed  Generation: ~ Effects of  Ambient
Temperature on Global Performance and Components’
Behavior, Applied Energy, 124, 17-27.

Horlock, J.H., 1997, Cogeneration-combined Heat and
Power (CHP), CRIEGER Pub. Florida.

Jaluria, Yogesh, 2008, Design and optimization of
thermal systems, CRC Press.

101

Karaali, R., 2010, Thermoeconomic Optimization of
Cogeneration Power Plants, PhD Thesis, Kocaeli
Univ., Turkey.

Karaali, R., and Ozturk, 1.T., 2015, Thermoeconomic
Optimization of Gas Turbine Cogeneration Plants,
Energy, 80, 474-485.

Karaali, Rabi, and Oztirk, ilhan Tekin, 2015,
Thermoeconomic Analyses of Steam Injected Gas
Turbine Cogeneration Cycles, ACTA Physica Polonica
A 128, No:2B, B279-B281

Kehlhofet, R., Bachmann, R., Nielsen, H., Warner, J.,
1999, Combined Cycle Gas Steam Turbine Power
Plants, Penwell P.C.

Khaligq, A., Kaushik, S.C., 2004, Thermodynamic
Performance Evaluation of Combustion Gas Turbine
Cogeneration System With Reheat, Applied Thermal
Engineering, 24, 1785-1795.

Kim, T.S., Song, C.H., Ro, S.T., Kauh, S.K., 2000,
Influence of ambient condition on thermodynamic
performance of the humid air turbine cycle. Energy, 25,
313-324.

Mohapatra, A.K. and Sanjay, 2014, Thermodynamic
Assessment of Impact of Inlet Air Cooling Techniques
on Gas Turbine and Combined Cycle Performance,
Energy, 68, 191-203.

Moran, J.M., and Tsatsaronis, G., 2000, The CRC
Handbook of Thermal Engineering, CRC Press LLC,
15-109.

Najjar, Y.S.H., 2001, Efficient Use of Energy by
Utilizing Gas Turbine Combined Systems, Applied
Thermal Engineering, 21, 407-438.

Pilavachi, P.A., 2000, Power Generation with Gas
Turbine Systems and Combined Heat and Power,
Applied Thermal Engineering, 20, 1421-1429.

Santo, D.B.E., Gallo, W.L.R.,, 2000, Predicting
Performance of a Gas Turbine Cogeneration System
with Inlet Air Cooling, Eco0s2000 Proceedings,
Universiteit Twente, Nederland.

Sue, D.C., Chuang, C.C., 2004, Engineering Design and
Exergy Analyses for Combustion Gas Turbine Based
Power Generation System, Energy, 29, 1183-1205.

Wang, FJ., Chiou, JS., 2002, Performance
Improvement for a Simple Cycle Gas Turbine
GENSET- a Retrofitting Example, Applied Thermal
Engineering, 22, 1105-1115.



Rabi KARAALI

Istanbul Teknik Universitesi Makine Fakiiltesi Makine Miihendisligi Béliimii'nden 1990
yilinda mezun oldu. Mustafa Kemal Universitesi Fen Bilimleri Enstitiisii’nde 2002 yilinda
yiiksek lisansmmi tamamladi. 2010 yilinda Kocaeli Universitesi Fen Bilimleri Enstitiisii
Makine Miihendisligi Anabilim Dalindan Doktora derecesini aldi. 2011 yilindan itibaren
Bayburt Universitesi Miihendislik Fakiiltesi Makine Miihendisligi béliimiinde Yardimeci
Dogent Doktor olarak ¢alismaktadir. Evli ve ii¢ cocuk babasi olan KARAALI’nin baslica
uzmanlk alanlar;; Termodinamik, Ekserji Analizi, Termoekonomik Optimizasyon,
Iklimlendirme ve Sogutma olarak siralanabilir.

ilhan Tekin OZTURK

Yildiz Universitesi Kocaeli Miihendislik Fakiiltesi Makine Miihendisligi Béliimii’den 1985
yilinda mezun oldu. Yine ayni iiniversitenin Fen Bilimleri Enstitiisii’de 1987 yilinda yiiksek
lisansin1 tamamladi. 1993 yilinda Y.T.U. Fen Bilimleri Enstitiisii Makina Miihendisligi
Anabilim Dalindan Doktora derecesini ald1.1998 yilinda Makina Miihendisligi
Termodinamik Anabilim Dalindan Dogent ve 2004 tarihinde yine ayni anabilim dalindan
Profesor unvanini aldi. 1993 tarihinden itibaren Kocaeli Universitesi Miihendislik Fakiiltesi
Makine Miihendisligi Boliimii Termodinamik ve Is1 Teknigi Anabilim Dalinda &gretim
iiyesi olarak gorevine devam etmektedir. Evli ve bir cocuk babasi olan OZTURK ’iin
uzmanlik alanlari; Termodinamik, Ekserji Analizi, Termoekonomik Optimizasyon, Enerji
Yonetimi, Bolgesel Isitma, Iklimlendirme, Sogutma ve Yalitim olarak siralanabilir.
TMMOB Makine Miihendisleri Odasi, Tiirk Is1 Bilimi ve Teknigi Dernegi ve Tiirk Tesisat
Miihendisleri Dernegi tiyesidir.

102



