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By using exhaust gas as heating source, a combined cycle power plant with inlet
fuel heating is investigated experimentally. Energy analysis and exergy analysis
are carried out under different power load and ambient temperature. The results
reveal that the thermal efficiency of the power plant system increases as power
load increases. The thermal efficiency and power output at 5 °C are 54.15% and
412 MW, respectively, while when the ambient temperature is 35 °C, the thermal
efficiency and power output are 52.3% and 330 MW, respectively. Under the same
conditions, the combustion chamber has the highest irreversibility rate, while
the air compressor has the lowest. The irreversibility rate of the power plant sys-
tem increases in line with power load. The second-law efficiency increases from
37.0-50.12% when the power load changes from 30-100%.
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Introduction

According to a survey of the International Energy Agency in 2019, the global energy
demand is predicted to rise by 30% in 2040, and over 20% of electricity generation fueled by
natural gas [1]. A combined cycle power plant (CCPP) can utilize waste heat of exhaust from
gas turbine to generate steam. The steam enters into steam turbine to produce extra work The
efficiency of the CCPP system is much higher than that of gas turbine cycle or the Rankine
cycle [2]. Hence the CCPP systems have been developed rapidly [3-6].

Performance investigation on the normal CCPP systems have been carried out active-
ly [7, 8]. Aliyu et al. [9] presented the thermodynamic analysis of a CCPP system using design
data. They revealed that the exergy efficiency of the turbine is the highest in the steam turbine
cycle while the exergy efficiency of the condenser is the lowest one. Sen ez al. [10] studied the
effect of ambient temperature on electric power generation in a CCPP system using natural gas
as fuel. The results showed that the efficiency of the components in the CCPP system decreased
with increasing ambient temperature. The electricity generation at ambient temperature of 8
°C was 227.7 MW, which is 30.4 MW higher than that of 23 °C. And similar results have been
reported in many studies that the power output of CCPP system decreases considerably with
increasing ambient temperature [11-15].

* Corresponding author, e-mail: wanap@zucc.edu.cn
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A lot of effort has been done to improve the performance of gas-fired power plants,
since most gas-fired power plants are large-scaled, and even a small improvement in effi-
ciency can lead to a huge amount of power gain [16]. Ibrahim et al. [17] investigated the
performance of a gas turbine-based power plant under different air supply temperature. They
revealed that the overall system efficiency can be significantly increased by reducing the inlet
air temperature. Mahapatra and Sanjay [18] investigated a CCPP system with inlet air cooling
using Second-law thermodynamics. They revealed that the overall exergy of the system can
be increased by using inlet air cooling system. Kotowicz et al. [19] investigated the ther-
modynamic and economic characteristics of a CCPP with gas turbine steam cooling. They
found that the utilization of heat from the compressed air in gas turbine was effective, and
the use of steam as a coolant in the gas turbine improved its efficiency. Besides, Kotowicz
and Brzeczek [20] also investigated the thermodynamic performance of various gas turbine
improvements in CCPP system under different air-cooled cooling modes. The results showed
that the efficiency of the CCPP system can be improved by using air-cooled cooling in the
gas turbine and used its heat in the steam cycle. Kwon et al. [21] numerically analyzed the
performance improvement of a CCPP system by dual cooling of the inlet air and turbine cool-
ant. A LiBr-water absorption chiller was integrated with the gas turbine. The results revealed
that the power generation of the integration system was estimated to be 8.2% higher than the
ordinary CCPP system.

The main contributions of the present study are:

— Firstly, a CCPP system with inlet fuel heating (CCPP-IFH) is experimentally investigated.
The natural gas is heated in a heater before it enters the combustion chamber, and the heat-
ing source of the heater is the flue gas.

— Secondly, the CCPP-IFH system is tested under different part-load conditions and ambient
temperatures. The experimental results can provide reference for further numerical investi-
gation on CCPP system.

— Thirdly, the energy and exergy analysis on the whole system and each component are performed
on the basis of the actual operating data from the Banshan power plant in Hangzhou, China.

System description

In this study, a CCPP system with IFH is established and tested. The experimental
data are collected under different power load and weather conditions. This CCPP-IFH system
is located in Hangzhou city (120 °E, 29 °N), China. The CCPP system consists of a PG9351FA
turbine that produced by General Electric, a triple pressure heat recovery steam generator
(HRSG), a D10 steam turbine, and a 390H Hydrogen-cooled generator. The schematic of the
CCPP is shown in fig. 1. Solid particles of dust and impurities in the ambient air are filtered
through an air filter, and then enters the compressor. The natural gas that heated in the heater
meets the compressed air in the combustion chamber, where fuel combustion takes place. Then
combustion gases are expanded in the turbine to generate work. Part of the generated driving
force is used to run the air compressor, and the left is used to generate electric power. The inter-
nal energy contained in the flue gas is recovered to run steam turbines.

The data are collected through a plant information system, which is integrated in the
power plant system. The ambient temperature and pressure measurement uncertainty is £0.05
K and £0.13%. The uncertainties of the temperature, pressure and power output measurement
in the system are £2 K, 0.5%, and =1%, respectively. The uncertainties of the calculated value
are calculated by using the engineering equation solver (EES) program. Some measured data
are displayed in tab. 1.
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Figure 1. Schematic diagram of the CCPP with IFH system: / — filter,

2 — air compressor, 3 — combustion chamber, 4 — turbine, 5 — high pressure gas
turbine, 6 — intermediate pressure gas turbine, 7 — low pressure gas turbine,

8 — condenser; 9, 25, 26, 27 — recirculation pump, 10 — heater,

11, 14, 17, 18 — superheater, 12, 13 — reheater, 15, 20, 23 — evaporator,

16, 19, 21, 22, 24 — economizer, and 28, 29 — desuperheater

Table 1. Raw data from the Banshan CCPP

Parameter Value
Air mass-flow rate [103 kg per hour] 2410 | 2360 | 2303 | 2270 | 2210 | 2135 | 2110 | 1968
Inlet air temperature [°C] 5 10 15 17.5 20 25 30 35

Fuel mass-flow rate [103 kg per hour] 53 51 50.8 | 50.1 | 49.2 | 47.8 | 457 | 442
Flue gas mass-flow rate [kg per hour] 2479 | 2407 | 2364 | 2330 | 2303 | 2177 | 2100 | 2088

Flue gas outlet temperature [°C] 81.8 | 829 | 84.1 83.8 | 842 | 84.6 | 852 | 85.6

Turbine outlet temperature [°C] 590.9 | 600.7 | 604.8 | 607.1 | 613.5 | 618 620 623

Turbine outlet temperature [kPa] 105.9 | 105.2 | 104.7 | 104.4 | 104 | 1029 | 102.8 | 100.8
Analysis method

Energy analysis

The calculation of the CCPP system is performed by using EES program. The calcu-
lation is conducted according to the following two assumptions:
— the natural gas burns completely in the combustion chamber,
— no energy loss to the surroundings,
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— kinetic and potential energies are negligible, and
— kinetic and potential exergies are negligible.
— Gas turbine
The gas turbine consists of an air compressor, a combustion chamber and a turbine. The
clean filtered ambient air enters the air compressor. The compressor outlet temperature was calculated:

n—1
l -
L=T|1+——|rmc" —1 (1
Tac
where 7 is the ratio of specific heat:
Cp,a
n=——
- 2)

The specific heat at constant pressure was calculated [22]:
3.83719T 9.45378T%  5.490317° 7.929817*

c,=1.0481- + 3)
i 10* 10’ 10" 10"
The specific heat at constant volume was calculated by using EES program.
The power balance in the compressor:
) myc, 13 —myc, ,T,
WAC=( a~p,343 atp,2 2) (4)

TIac
where 7, is the mechanical efficiency of the air compressor, 71, c,, and 7" are the mass-flow
rate, specific heat, and temperature of the air, respectively.
The outlet pressure is calculated:

P, = Pyryc ®)
where ¢ is the pressure ratio.
The combustion process in the combustion chamber can be described:
m,c, 315 + Nectitng LHV 6 + Mg, sTs = mehg (6)
My + 1My = My (7)
The specific heat of the combustion gas can be calculated [23]:
141597  1.9167° 1.247°  3.0677T*
PR 7 0 14 )
10 10 10 10

The high pressure exhaust gas enters the turbine to produce power. The power pro-
duced by the turbine:

Cpy =1.0888—

WTB = mg (h6 _h7)’7TB )
Part of the power generated by the gas turbine is used to drive the air compressor, then
the net power produced from the gas turbine:

Whet = WTB - WAC (10)
— The HRSG

The triple pressure HRSG system is used to improve the energy utilization efficiency
by recover the waste heat. The exhaust gas is used to heat feed water into steam with pressure of
9.563 MPa, 2.146 MPa, and 0.366 MPa, respectively. Another steam line of the HRSG is con-
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nected to the heater, and the natural gas is heated to 185 °C. The energy balance of the HRSG
can be expressed:

myhy + gy + Myl — mghg — gy —msyhsy —myghye — gy iy =0 (11)

— Stean turbine
The energy balance of steam turbine can be calculated:
Wer = ringhs + 1ityghyg -+ ity hyy = ritghy = v by, =iy (12)

— Condenser and natural gas heater
The e energy balance of the condenser and the natural gas heater can be expressed:

myshys + myghyg = My, (13)

1y (hs_h4):’h26 (hzs_hz9) (14)
—  Thermal efficiency
The thermal efficiency is defined as the ratio of the output to the input. The thermal
efficiency of the gas turbine, HRSG, and the overall CCPP system is calculated:

77 — Wnet (1 5)
M G LHV
1,-1,

M HRSG = (16)
-1,

Wnet + WST
= 17
Tccpp i LHYV 17)

Exergy analysis

Exergy is defined as the useful work potential of a given amount of energy at some
specified state. For this study, the work potential of the energy contained in the components of
the CCPP system is investigated under normal operating conditions. The amount of potential
and kinetic exergy in CCPP system are too small, so they are neglected in the following analysis
[24]. For any component of the system, the exergy conservation is expressed:

j:Xin_Xout_Xsys (18)

The irreversibility rate /, which is equivalent to the exergy destroyed, represents the

energy that could have been converted to output but was not. The X; and X, are input and output
exergy flow rate. The exergy flow rate is defined as the exergy in the rate form. As mentioned

previously, the kinetic and potential exergies are negligible, the exergy flow rates at different
nodes is expressed:

. c,ntC T, P,
Xo =rire| (e = Y—| —2N 720 10 IN _ Rip 2N 1
. N{u D (19
where R is the gas constant and the subscript 0 indicates the dead point. For different gases, the
gas constant was determined:
R
R=—14 20
- 20)
where R, is the universal gas constant and M is the molar mass of the gas.
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The thermal efficiency is defined on the basis of the First law of the thermodynamics.
However, it makes no reference to the maximum possible performance. To overcome this defi-
ciency, we need to analyze the second-law efficiency, which is expressed:

I

Ul :1_)'(_. (21)

m
The irreversibility rate and the Second-law efficiency in the components of the system
can be expressed as bellows.
— Air compressor:

jAC :X2+WAC_X3 (22)
I
= 1 —¢ 23
hi,AcC Wy + X, (23)
— Combustion chamber:
Tee = X3+ X5 — X, (24)
I
o tee 25
Micc X, + X; (25)
where X5 can be calculated:
Xy = Enyg LHV (26)

where £is 1.06 [25].

Since the air compressor is connected to the turbine by a shaft, it is drove by the work
that produced by the turbine. In the study of Wang et al. [26], the energy consumed by the air
compressor is neglected, however, according to the practical experience of CCPP system, the
energy consumed by the air compressor may account for up to 30% of the total mechanical
energy that generated by the turbine. Then the irreversibility rate and second-law efficiency of
the turbine is expressed:

jTB :Xﬁ_WAC_WGT_X7 (27)
_ jTB

Tt = X6 (28)

— The HRSG:
jHRSG:X7+X9+X30_X8_X10_X32_X33_X34 (29)
n =1-——1HRG jH.RSG . (30)

ILHRSG X + Xy + Xy
— Steam turbine:
jST:X8+X10+X12_X9_X11_X13_WGT (1)
1

=1-—35T 32
st X+ Xy + X1 (32)

— Condenser:
jcond :X29+X13_X30 (33)
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nII,cond X13 4 ng ( )
The overall irreversibility rate and the Second-law efficiency of the CCPP system:
Iecpp = Xy + Xy = Xy =Wor —Wsr (35)
Hrcer —1- 582 (36)
II,CCPP X, + X,
Uncertainty analysis of the calculated value can be conducted according to eq. (37):
2 2 2
Sf = (@j sx+| L 5y+(@j 5z (37)
Ox oy 0z

Results and discussion
Energy analysis results

In this section, the energy analysis results are displayed. By using the previously
introduced uncertainty analysis equation, the errors of the thermal efficiencies are within +1%.
Figures 2 and 3 show the thermal efficiency variations with power load and ambient tempera-
ture. The thermal efficiency of the HRSG changes slightly with power load conditions. The gas
turbine thermal efficiency and the CCPP-IFH system thermal efficiency increase linearly with
power load conditions. The gas turbine thermal efficiency increases by 85.1%, while CCPP-
IFH increases by 35.2% when power load increases from 30-100%. The reason is that when
the system is operated under partial power load, the air and fuel mass flow rates are reduced,
then the work produced by the turbine is reduced, but the rotation speed of the air compressor is
independent with the power load, which means that the work consumed by the air compressor
is almost constant.
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Figure 2. Thermal efficiency with power load Figure 3. Thermal efficiency with

ambient temperature

The thermal efficiency of HRSG almost maintains stable with changing ambient tem-
perature. When the ambient temperature changes from 5-35 °C, the gas turbine thermal efficien-
cy decreases from 36.3% to 34%. Thermal efficiencies of the CCPP-IFH system at 5 °C and
35 °C are 54.15%, and 52.3%, respectively. The reason is that the density of air is decreased
with the increase in ambient temperature. Therefore, the mass flow rate of air that enters the air
compressor decreases with increasing inlet air temperature.
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Exergy analysis results

By using the previously introduced uncertainty analysis equation, the errors of the ir-
reversibility rates and Second-low efficiencies are within £1%. Figure 4 shows the irreversibil-
ity rate of the main components with power load. The irreversibility rate that generated in the

200 - — air compressor is the lowest, and the combustion
o AC Inlet air temperature: 17.5 °C N ? . A

5 e chamber contributes the highest irreversibility
S 150 HRSG rate. At the power load of 100%, the irrevers-
% ibility rate in the combustion chamber is 176.38
2 ok MW, it is 54.6% higher than that in the turbine,
% 2.3 times of that in the HRSG, and almost 30
o times of that in the air compressor. It is clear that
= sor the increase in irreversibility rates for combus-
tion chamber, turbine, and HRSG are caused by
0 : ' —— the increase in air and fuel mass flow rates. For

20 40 60 80 100 120 . . .
Power load [%] the air compressor, the increases in mass flow
Figure 4. Irreversibility rate of the main rates of air and fuel are almost entirely convert-

components with power load ed to reversible work.

The irreversibility rates of the main components at different ambient temperatures are
presented in fig. 5. The irreversibility rate in the air compressor is the lowest, while the highest
is in the combustion chamber. The irreversibility rates in the air compressor, turbine, and the
HRSG change slightly under different ambient temperatures. However, it decreases considerably
in combustion chamber when the ambient temperature is changed 5-35 °C. More specifically,
it decreases by 17.2%. The reason for this decrease is that higher ambient temperature leads to
higher temperature at combustion chamber inlet, and this is helpful for the combustion process.

The Second-law efficiency variations of the main components with power load are
shown in fig. 6. The air compressor has the highest Second-law efficiency with 97%, and it almost
kept constant with the variation of the power load. The HRSG has the lowest Second-law effi-
ciency, it increases slightly with the increasing power load. When the power load increases from
30-100%, the Second-law efficiency of the HRSG increases from 65.15-67.6%. The Sec-
ond-law efficiency of the combustion chamber also increases with the power load, it increases
from 71.54-73.97%.
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Figure 5. Irreversibility rate of the main Figure 6. Second-law efficiency of the
components with ambient temperature main components with power load

Figure 7 shows the Second-law efficiency variation with ambient temperatures. The
results show that the Second-law efficiency for each component changes slightly with ambient
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temperatures. The Second-law efficiency of the
air compressor, turbine, and HRSG reach their
highest values when the ambient temperature is
35 °C. However, the Second-law efficiency of
combustion chamber reaches the highest value
when the ambient temperature is 20 °C.

Figures 8 and 9 show the Second-law
efficiency and irreversibility rate of the CCPP-
IFH system under different power load and
ambient temperatures. The irreversibility rate
of the system changes in line with power load.
The Second-law efficiency of the whole system
increases from 37.08-50.12% when the power
load changes from 30-100%. The irreversibility
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Figure 7. Second-law efficiency of the main

components with ambient temperature

rates at 5 °C and 35 °C are 393.59 MW and 353.03 MW, respectively. The main reason is that
the entropy increment, which accounts for part of the irreversibility rate, increases as ambient
temperature increases. Since the total exergy output under low ambient temperature is higher
compared to that under high ambient temperature, the second-law efficiency increases slightly.
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with ambient temperature

In this study, a CCPP with IFH system is proposed and studied experimentally. The
intake natural gas is heated by the recovered energy in the HRSG to increase the system perfor-
mance. The energy analysis and exergy analysis are proceeded under different power load and
ambient temperatures. According to the results obtained from the performance analysis of the

system, conclusions are summarized:

® The thermal efficiency of the CCPP-IFH system increases as power load increases since the
work consumed by the air compressor is almost constant. The ambient temperature has a
considerable impact on the thermal efficiency of the system. The main reason is that the air
and fuel inputs are reduced with increasing ambient temperature.

e Under the same ambient temperature and power load condition, combustion chamber has
the highest irreversibility rate, while air compressor has the lowest. The irreversibility rate
of the CCPP-IFH system can be considerably improved if the combustion chamber is well

modified.
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Under the same ambient temperature and power load condition, air compressor has the high-
est second-law efficiency, while HRSG has the lowest. The second-law efficiency of each
component changes slightly with power load and ambient temperatures.

The irreversibility rate of the CCPP-IFH system increases linearly with power load. The
irreversibility rate of the CCPP-IFH system reaches the highest value when the ambient
temperature is 5 °C, and the second-law efficiency increases slightly when the ambient tem-
perature change from 5-35 °C.
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Nomenclature

¢ — specific heat at constant Superscripts and subscripts
pressure, [kJkg 'K'] a —air

¢, — specific heat at constant volume, AC  — air compressor
[kag"K"] 1 CC - combustion chamber

I~ specific enthalpy, [klkg ] cond — condenser

1 — irreversibility rate, [MW] f —flue gas

LHV —lower heating value, [klkg™'] GT - gas turbine

m  —mass-flow rate, [kgs™'] in  —inlet

n — ratio of specific heat, [] N  —node number

P — power output, [MW] NG — natural gas

r — pressure ratio, [—] out — outlet

T - temperature, [°C] ST - steam turbine

W — work/power output, [MW] sys — system

X —exergy flow rate, [MW] TB - turbine

Greek symbols

Acronyms

n —efficiency, [%] CCPP- combined cycle power plant

m  — thermal eﬂi(:lenc'y, (7] EES  —engineering equation softver

M — second-la\y efficiency, [%] HRSG - heat recovery steam generator

¢ —the coefficient of fuel exergy, [—] IFH - inlet fuel heating

References

[1] *** IEA, World Energy Outlook 2017, Organization for Economic co-Operation and Development, 2017

[2] Jonsson, M., Yan, J., Humidified Gas Turbines — A Review of Proposed and Implemented Cycles, Energy,
30 (2005), 7, pp. 1013-1078

[3] Tbrahim, T. K., et al., The Optimum Performance of the Combined Cycle Power Plant: A Comprehensive
Review, Renewable and Sustainable Energy Reviews, 79 (2017), Nov., pp. 459-474

[4] Balanescu, D., Homutescu, V., Performance Analysis of a Gas Turbine Combined Cycle Power Plant with
Waste Heat Recovery in Organic Rankine Cycle, Procedia Manufacturing, 32 (2019), Jan., pp. 520-528

[5] Pichardo, P. A., et al., Techno-Economic Analysis of an Intensified Integrated Gasification Combined
Cycle (IGCC) Power Plant Featuring a Combined Membrane Reactor — Adsorptive Reactor (MR-AR)
System, Industrial and Engineering Chemistry Research, 59 (2020), 6, pp. 2430-2440

[6] Boretti, A., Al-Zubaidy, S., A Case Study on Combined Cycle Power Plant Integrated with Solar Energy
in Trinidad and Tobago, Sustainable Energy Technologies and Assessments, 32 (2019), Apr., pp. 100-110

[7] Alus, M., et al., Optimization of the Triple-Pressure Combined Cycle Power Plant, Thermal Science, 16

(2012), 3, pp. 901-914



Chen, T., et al.: Energy and Exergy Analyses of a Combined Cycle Power ...
THERMAL SCIENCE: Year 2022, Vol. 26, No. 5A, pp. 3677-3687 3687

[8] Xu, C., et al., Performance Improvement of a 330 MW Power Plant by Flue Gas Heat Recovery System,
Thermal Science, 20 (2016), 1, pp. 303-314

[9] Aliyu, M., et al., Energy, Exergy and Parametric Analysis of a Combined Cycle Power Plant, Thermal
Science and Engineering Progress, 15 (2020), 100450

[10] Sen, G., et al., The Effect of Ambient Temperature on Electric Power Generation in Natural Gas Com-
bined Cycle Power Plant — A Case Study, Energy Reports, 4 (2018), Nov., pp. 682-690

[11] Garcia, S. 1., et al., Critical Review of the First-Law Efficiency in Different Power Combined Cycle Ar-
chitectures, Energy Conversion and Management, 148 (2017), Sept., pp. 844-859

[12] Moon, S. W., et al., A Novel Coolant Cooling Method for Enhancing the Performance of the Gas Turbine
Combined Cycle, Energy, 160 (2018), Oct., pp. 625-634

[13] Shukla, A. K., Singh, O., Thermodynamic Investigation of Parameters Affecting the Execution of Steam
Injected Cooled Gas Turbine Based Combined Cycle Power Plant with Vapor Absorption Inlet Air Cool-
ing, Applied Thermal Engineering, 122 (2017), May, pp. 380-388

[14] Abdel Rahman, A. A., Mokheimer, E. M. A., Boosting Gas Turbine Combined Cycles in Hot Regions
Using Inlet Air Cooling Including Solar Energy, Energy Procedia, 142 (2017), Dec., pp. 1509-1515

[15] Arrieta, F. R. P, Lora, E. E. S., Influence of Ambient Temperature on Combined-Cycle Power-Plant Per-
formance, Applied Energy, 80 (2005), 3, pp. 261-272

[16] Akbarpour, G. R., ef al., A New Approach for Optimization of Combined Cycle System Based on First
Level of Exergy Destruction Splitting, Sustainable Energy Technologies and Assessments, 37 (2020),
100600

[17] Ibrahim, T. K., et al., Thermal Performance of Gas Turbine Power Plant Based on Exergy Analysis, Ap-
plied Thermal Engineering, 115 (2017), Mar., pp. 977-985

[18] Mohapatra, A. K., Sanjay, Exergetic Evaluation of Gas-Turbine Based Combined Cycle System with Va-
por Absorption Inlet Cooling, Applied Thermal Engineering, 136 (2018), May, pp. 431-443

[19] Kotowicz, J., et al., The Thermodynamic and Economic Characteristics of the Modern Combined Cycle
Power Plant with Gas Turbine Steam Cooling, Energy, 164 (2018), Dec., pp. 359-376

[20] Kotowicz, J., Brzeczek, M., Analysis of Increasing Efficiency of Modern Combined Cycle Power Plant:
A Case Study, Energy, 153 (2018), June, pp. 90-99

[21] Kwon, H. M., et al., Performance Improvement of Gas Turbine Combined Cycle Power Plant by Dual
Cooling of the Inlet Air and Turbine Coolant Using an Absorption Chiller, Energy, 163 (2018), Nov.,
pp. 1050-1061

[22] Kurt, H., et al., Performance Analysis of Open Cycle Gas Turbine, International Journal of Energy Re-
search, 33 (2009), Dec., pp. 285-294

[23] Alhazmy, M. M., Najjar, Y. S. H., Augmentation of Gas Turbine Performance Using Air Coolers, Applied
Thermal Engineering, 24 (2004), 2-3, pp. 415-429

[24] Ersayin, E., Ozgener, L., Performance Analysis of Combined Cycle Power Plants: A Case Study, Renew-
able and Sustainable Energy Reviews, 43 (2015), Mar., pp. 832-842

[25] Ameri, M., et al., The 4E Analyses and Multi-Objective Optimization of Different Fuels Application for
a Large Combined Cycle Power Plant, Energy, 156 (2018), Aug., pp. 371-386

[26] Wang, S., et al., Performance Prediction of the Combined Cycle Power Plant with Inlet Air Heating under
Part Load Conditions, Energy Conversion and Management, 200 (2019), 112063

Paper submitted: June 28, 2021 © 2022 Society of Thermal Engineers of Serbia
Paper revised: August 19, 2021 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: August 26, 2021 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions



