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Abstract. Lower emissions and better performances in food production also affect the cost, the
environmental effects, and the quality of the products of the agriculture and food industry. The aim of this
study is to investigate and to analyze the exergetic performance of the production of heat exergy and power,
to reuse waste heat and to give optimum reaction and to adapt to changing demands of the food production
process and agriculture. Because of those reasons, an air fuel preheated (recuperative) cogeneration plant is
taken to analyze the exergetic performance and working conditions by using exergy analysis and 1% and 2™
laws of thermodynamics. Energy and exergy efficiencies, combustion chamber and gas-turbine outlet
temperatures, electric-heat exergy rates, specific works, and total electric and heat energies and exergies are
calculated by taking various environmental temperatures and various excess air coefficient. Effects of the
environmental temperatures and the excess air coefficient on the exergetic performance of the recuperative
cogeneration plants were calculated, obtained, and discussed. For the best exergetic performance and
working conditions, some recommendations were done for agriculture and for the food production process.
In that study, it is found that, the recuperative cogeneration plants can obtain and give the best solutions and
can adapt to changing demands of heat and electric rates. Also, it was found that, lower ambient temperatures
give better electric efficiency, but lower heat exergy and electric rates. However, higher excess air
coefficient increases the performance of the recuperative (air fuel preheated) cogeneration plants.

1 Introduction
In that study the cogeneration system taken from

Lower emissions and better performances in food
production also affect the cost, the environmental
effects, and the quality of the products of the agriculture
and food industry. The aim of this study is to investigate
and to analyse the exergetic performance of the
production of heat exergy and power, to reuse waste heat
and to give optimum reaction and to adapt to changing
demands of the food production process and agriculture.
Because of those reasons, an air fuel preheated
(recuperative) cogeneration plant is taken to analyse the
exergetic performance and working conditions by using
exergy analysis and 1st and 2nd laws of
thermodynamics.

Karaali et al., [1, 2, 3] in their articles have studied
the performance, exergetic, parametric analyses and
thermoeconomic optimization of an air fuel preheated
(recuperative) cogeneration plants. They found that the
air fuel preheated (recuperative) cogeneration plants
have better performances exergetic and electrical
efficiencies than the simple, air heated, and absorption
cooled inlet air cogeneration plants.

Keven [4] in her article have investigated
performance analyses of three different cogeneration
plants which were called air heating, basic, and air-fuel
heating cogeneration plants.
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literature (reference [5]) and to this system a fuel
preheater was added to obtain a new system. Energy and
exergy efficiencies, combustion chamber and gas-
turbine outlet temperatures, electric-heat exergy rates,
specific works, and total electric and heat energies and
exergies are calculated by taking various environmental
temperatures and various excess air coefficient of this
new system. The effects of the environmental
temperatures and the excess air coefficient on the
exergetic performance of the recuperative cogeneration
plants were calculated, obtained, and discussed.

2 Materials and methods

A cogeneration system obtains some devices in which

the main most important device is gas-turbine. Other
devices are combustion chamber, compressor, heat
recovery steam generator, fuel recuperator and air
recuperator. The assumptions made in the analysis of the
cycle can be found in reference [5]. Natural gas are taken
as methane. The heat loss is taken as 2% of the fuel’s
UHV at the combustion process at the combustion
chamber. As can be seen in Figure 1, air is taken into the
compressor to be compressed. After that, it is heated by
transferring the exhaust heat energy by using a
recuperator. The heated air and fuel are sent to the
combustion. After the combustion chamber, some of the
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exhaust gases energy is converted to mechanical energy
in the gas-turbine. Hot and low pressured exhaust gases
heat the fuel and the air in the recuperators. With those
hot gases hot water or steam are obtained in a heat
recovery steam generator (HRSG).
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Fig. 1. Schema of the air fuel preheated
(recuperative) cogeneration plant.

Table 1. The air fuel preheated (recuperative)
cogeneration plant’s energy, entropy, and mass equations [2,
5, 6].

DEVICE | Mass Energy Equation Entropy Equation
| Eauati
Compressor | i, = 1, 1y hy + We = myh, 1y s, — My s, +S¢ =0
Recuperator1 | 1, = 1ty myhy + mghg M,S; + MgSe — M3S3 — MyS;
| g =y = titghy + mshy + 82, =0
Recuperator2 | 1 = 1, Mmshs + mghy M5Ss + MoSy — MgSe
| g =1y = 1ighg + myhyo —1ity0S10 + Sgz = 0
Combustion | 1y + 1y | mighy +1iyohy M8 + My0S10 = MySy + Sce
Chamber | =y = myhy +0.02myLHV |=0
Turbine | iy =ity pitghy = Wy + Wy +titshs | 1itys, — titeSs + Sprr = 0
HRSG | 1y =iy myhy + My3hys M7 S7 + My3S 3 — MgSy
| Mgz =myy | = mighg + by = MyySyy + Surse =0
| hi = f(T)
All Cycle | 8= f(TiP)
Mairhair + m/ uet LHVeys = Q'Lm,\cc - mcy ‘uurh(w out = WT
- 'ilucum(hwmcr,m - hsu'um,out) =0
(')Lus.\.cc = 0.02mpy e LHVey4

Table 2. The air fuel preheated (recuperative)

cogeneration plant’s exergy, and exergy efficiencies
equations [2, 5, 6].

Exergy Efficiency Equati

DEVICE Exergy Equati
Compressor Er=E+W-E

Recuperatort Ep=E+E-E-E

Recuperator2 B pm=E+E,-E,-Ey

Combustion Ecc =B +En—E
Chamber
Turbine Er=E-E-W.-Wr | W,
L%
HRSG E nse = E - +£'“ —Eyq T E e Jinsc — Ewacer sinsc
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RS E, RSE '&..vl.ﬁ-.,

E=Eyy+

Ey =m(h =Ry = Ty(s - 5))

£

Eon
_rh\.;’jlzx‘,m A1,y st o, = Wi + Cotan 52~ B )
M| ¢ Eru

All Cycle

In Table 1, the air fuel preheated (recuperative)
cogeneration plant’s energy, entropy, and mass
equations are shown. In Table 2, the air fuel preheated
(recuperative) cogeneration plant’s exergy, and exergy
efficiencies equations are given.

In the calculations, analyses and in our FORTRAN
computer program the equations in Table 1 and Table 2

are used. The combustion reactions in the combustion
chamber were taken as;
XCH4 + (0.7748N, + 0.20590, + 0.0003C0, + 0.019H,0

= (1 + H(Xn2Nz + X202 + Xc02C02 + Xp20H,0)
In this study, the normal conditions are Py =101.30 kPa
and Ty = 25°C. The air mass flow of the compressor is
mair = 91.30 kg/s, and the flow of the fuel mass is mpe1 =
1.640 kg/s. And the isentropic efficiency of the gas-
turbine and the compressor are Mi.c = Mi;r = 0.86, the
recuperator’s outlet temperature iS Trecour =850.0 K,
steam-hot water obtained temperature is Tseam = 485.6
K, and the HRSG outlet temperatures is Texn = 426.0 K
[5].

3 Results and discussion

In Fig. 2, combustion chamber outlet temperatures as a
function of excess air coefficient for the recuperative
cogeneration plant in various ambient temperatures are
shown. For this cycle the ambient temperatures are not
effective on the outlet temperatures of the combustion
chamber. Because of the recuperators heats the air and
the fuel to the 850 K temperature the inlet temperatures
of the combustion chamber are constant. However,
excess air coefficient are very effective on the outlet
temperatures since the air fuel ratios are changed.
Increasing excess air coefficient from 1.3 to 3.3
decreases the outlet temperatures of the combustion
chamber about % 36.
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Fig. 2. Effects of excess air coefficient on combustion
chamber outlet temperatures for the recuperative
cogeneration plant in various ambient temperatures.
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Fig. 3. Effects of excess air coefficient on gas-turbine
outlet temperatures for the recuperative cogeneration
plant in various ambient temperatures.
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In Fig. 3, gas-turbine outlet temperatures as a function
of excess air coefficient for the recuperative
cogeneration plant in various ambient temperatures are
obtained. The ambient temperatures are not effective on
the outlet temperatures of the gas-turbine. The reason is
the outlet temperatures of the combustion chamber are
not depended to ambient temperatures. However, excess
air coefficient are effective on the outlet temperatures
since the air fuel ratios are changed. Increasing excess
air coefficient from 1.3 to 3.3 decreases the outlet
temperatures of the combustion chamber about % 45.
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Fig. 4. Effects of excess air coefficient on total power
for the recuperative cogeneration plant in various
ambient temperatures.
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Fig. 5. Electric and heat exergy as a function of excess
air coefficient for the recuperative cogeneration plant in
various ambient temperatures.

In Fig. 4, total power as a function of excess air
coefficient for the recuperative cogeneration plant in
various ambient temperatures are obtained. Increase in
ambient temperatures increases the total power about %
2.6-4. However, increasing excess air coefficient from
1.3 to 3.3 decreases the total power about % 12.

In Fig. 5, electric and heat exergy as a function of excess
air coefficient for the recuperative cogeneration plant in
various ambient temperatures are given. Increase in
ambient temperatures decreases the electric and heat
exergy about % 0.2-2. However, increasing excess air
coefficient from 1.3 to 3.3 increases the electric and heat
exergy about % 29.

In Fig. 6, energy efficiency as a function of excess air
coefficient for the recuperative cogeneration plant in
various ambient temperatures are given. Increase in
ambient temperatures increases the energy efficiency
about % 0.2-2. However, increasing excess air
coefficient from 1.3 to 3.3 decreases the energy
efficiency about % 14.
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Fig. 6. Effects of excess air coefficient on energy
efficiency for the recuperative cogeneration plant in
various ambient temperatures.
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Fig. 7. Effects of excess air coefficient on electric and
heat exergy coefficient for the recuperative cogeneration
plant in various ambient temperatures.
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Fig. 8. Specific work as a function of excess air
coefficient for the recuperative cogeneration plant in
various ambient temperatures.

In Fig. 7, electric and heat exergy rates as a function of
excess air coefficient for the recuperative cogeneration
plant in various ambient temperatures are obtained.
Increase in ambient temperatures decreases the electric
and heat exergy rates about % 20-30. However,
increasing excess air coefficient from 1.3 to 3.3
increases the electric and heat exergy rates from 0.8 to
3-4.

In Fig. 8, specific work as a function of excess air
coefficient for the recuperative cogeneration plant in
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various ambient temperatures are obtained. Increase in
ambient temperatures decreases the specific work about
% 4-6. However, increasing excess air coefficient from
1.3 to 1.8 increases specific work from about %24. At
the excess air coefficient of 1.8, there is the optimum
point which means that the maximum specific work
obtained at 1.8 excess air coefficient. However,
increasing excess air coefficient over 1.8 decreases the
specific work.
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Fig. 9. Fuel consumption per exergy as a function of
excess air coefficient for the recuperative cogeneration
plant in various ambient temperatures.
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Fig. 10. Z factor as a function of excess air coefficient
for the recuperative cogeneration plant in various
ambient temperatures.

In Fig. 9, fuel consumption per exergy as a function of
excess air coefficient for the recuperative cogeneration
plant in various ambient temperatures are obtained.
Increase in ambient temperatures increases the fuel
consumption per exergy about % 0.5-2. However,
increasing excess air coefficient from 1.3 to 3.3
decreases the fuel consumption per exergy about %22.
In Fig. 10, Z factor as a function of excess air coefficient
for the recuperative cogeneration plant in various
ambient temperatures are obtained. Increase in ambient
temperatures increases the Z factor about % 0.5-2.
However, increasing excess air coefficient from 1.3 to
3.3 decreases the fuel consumption per exergy about
%20.

4 Conclusions

In this study, an air fuel preheated (recuperative)
cogeneration plant is analyzed to obtain the exergetic

performance and working conditions by using exergy
analysis method and 1* and 2" laws of thermodynamics.
Energy efficiencies, combustion chamber and gas-
turbine outlet temperatures, electric-heat exergy rates,
specific works, total electric and heat energies and
exergies, Z factor are calculated by taking various
environmental temperatures and various excess air
coefficient. The effects of the environmental
temperatures and the excess air coefficient on the
exergetic performance of the recuperative cogeneration
plants were calculated, obtained, and discussed. For the
best exergetic performance and working conditions,
some recommendations can be done such as, the
recuperative cogeneration plants can obtain and give the
best solutions and can adapt to changing demands of
heat and electric rates. Also, it was found that, lower
ambient temperatures give better electric efficiency, but
lower heat exergy and electric rates. However, higher
excess air coefficient increase the performance of the
recuperative (air fuel preheated) cogeneration plants.
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