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Abstract

To convert liquid into vapor, static and hydrodynamic methods are used. When using the hydrodynamic method, the
transformation of liquid into vapor is realized for a small amount of liquid. This makes it possible to apply the
isochoric process of superheating saturated steam. A small amount of liquid is compressed and heated isobarically
to saturation temperature. Further, it is supplied in sprayed form to a vertically located surface, the temperature of
which, in relation to the supplied liquid, is higher. In this case, the liquid instantly turns into saturated vapor. A
surface continuously heated by a hot heat source is placed in a closed volume. It is equipped with valves that regulate
the moment and quantity of liquid injected, as well as the final pressure and superheat temperature of the steam. The
performance and efficiency of the proposed hydrodynamic method for steam generation with an isochoric process of
its overheating has been tested using the example of a thermodynamic cycle of a steam turbine plant with an
intermediate overheating of steam with a power of 20000 kW. The initial data on the parameters of the steam
entering the turbine blades: pressure 10 MPa, temperature 510 °C, temperature of the intermediate overheating of
the steam 500 °C, condensation pressure 0.005 MPa. Comparative calculations have shown that the proposed cycle in
terms of the main technical and economic indicators significantly exceeds the classical cycle of steam turbine plants
widely used in practice. In addition to numerical indicators that positively characterize the proposed cycle, its design
and operational indicators also testify in its favor. So, it lacks a large, massive and structurally complex steam boiler;
a more thermodynamically efficient isochoric steam superheating process is used.

Keywords: Isobaric and isochoric thermodynamic processes of steam overheating; Steam turbine plant; Thermal efficiency.
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Jl11 nepeTBOpeHHs PiAMHM HAa Napy BUKOPHMCTOBYIOTh CTATUYHMH i rigpognHamiyaui metoau. liapoanHamiyHuin
MeTOo/ NepeTBOPEeHHs PiAUHM HA apy peasi3yeThCs AJ1A HeBeJIUKOI KIJIbKOCTi piAUHY, 110 CTUCKAEThCA Ta i306apHO
HarpiBa€TbcA 40 TeMIepaTypu HacudeHH4. /laJii ii nogawTh y po3nuieHoMy BUIJIAAI HA BEPTUKAIbHO PO3TAllOBAHY
NOBEpXHI, TeMIlepaTypa fAKOi BUIAa 3a TeMmIlepaTypy NHojaHoi piguHu. PifjuHa MHMTTEBO NEepeTBOPIETHLCA Ha
Hacu4deHy napy. [loBepxHs, 10 6e3nepepBHO HarpiBa€ThCs, NOMillleHa B 3aMKHeHMH 06°€M, 061aiHAHUI KJIanlaHaMU
peryJl0BaHHS MOMEHTY i KiJIbKOCTi piiiHY, a TAK0XK KiHIleBUI THUCK i TeMIiepaTypy neperpiBy napu. [IpanesaaTHicTbh
i eppeKTUBHiCTH IPONOHOBAHOIO TiAPOANHAMIYHOTO MeTOAY NMapOyTBOPEHHA 3 i30XOPHUM NpouecoM ii neperpiBy
nepeBipeHO Ha NMpHMKJIaJi TEPMOAUHAMIYHOIO0 LMKJIY NAapoTypGiHHOI YyCTaHOBKHU 3 NPOMIXKHUM NeperpiBoM mapu
noTtyxHictio 20000 xBT. BuxiaHi napa-MeTpu napy, o HaJAX0AUTh HA JIONATKHU Typ6iHu: Tuck 10 MIla, TemnepaTtypa
510 °C, TeMmnepartypa npoMi>kHoro neperpiBy napu 500 °C, Tuck koHgeHcanjii 0.005 MIla. [lopiBHA/IbHI po3paxyHKH
NMoKa3aJ/iy, 10 MPONOHOBAaHUI IUK/ 32 OCHOBHHMMM TE€XHiKO-eKOHOMiYHMMM NMOKAa3HMKAaMH ICTOTHO mepeBepuIye
KJIAaCUYHMH IMKJ NAapOTypPGiHHUX YCTAaHOBOK. YCi YHC/IOBi, KOHCTPYKTHBHI Ta eKCIUTyaTaliliHi NIOKa3HUKM CBigYaTh
Ha #oro kKopuctb. Tak, y HbOMYy BiACyTHiii mapoBMi KoOTeJ, SIKMA 3 TOYKH 30py KOHCTPYKIUii CKJIagHUMH,
BeJIMKOTaGapUTHUN i MaCHBHUMH, Ta BUKOPUCTOBYEThCA epeKTHUBHIIIMNI i3 TepMOAMHAMIYHOI TOYKH 30Py i30XOpHUI
npouec neperpisy napu.

Katouosi caoea: 1306apHui Ta i30X0pHUK TepMoAMHaAMIuHI nporiecH neperpiBy napy; [lapotyp6inHa ycraHoBKa; TepMiyHUN
koedinieHT KOpHCHOT Aii.
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Introduction predetermines considerable time for its
One of the disadvantages of STP is the presence ~ commissioning and decommissioning. In addition,
of a massive large-sized steam boiler with large a large amount of heat expended when putting it
losses of fuel combustion heat to the environment.  into operation is released when the steam turbine
The static method of vaporization used in it plant is stopped. In modern boilers, saturated
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steam is superheated at constant pressure. In the
isobaric process of heat supply, there is a
concomitant expansion of the working fluid. Since
this expansion is carried out outside the
mechanism of converting the body's potential
energy into mechanical energy, its efficiency
decreases. In other words, during the isobaric
transformation of liquid into vapor, part of the
available heat of combustion of the fuel is spent on
its unproductive (premature) expansion. This
issue has been studied and taken into account in
the works [1; 2].

Modern technology does not yet possess the
technology of a direct continuous isochoric
process of converting liquid into superheated
vapor. However, isochoric superheating of
saturated steam into superheated steam is quite
realizable with the modern development of
automation equipment. This method of converting
liquid into superheated vapor is proposed,
calculated and analyzed in this paper. Since the
current method of converting a liquid into
superheated vapor simultaneously involves a
large mass of a low-mobility liquid, it can be
conventionally called static. In contrast, a
hydrodynamic method is proposed, which is
carried out with a small amount of liquid that is in
the process of converting to vapor under the
action of gravitational forces.

The essence of the proposed method is that a
small amount of pre-compressed and heated
liquid is converted into saturated steam.
Superheating of steam is carried out in the same
closed volume where this steam is formed [3-6].

Plant schematic diagram

Fig. 1 shows a schematic diagram of a STP with
a hydrodynamic device for converting liquid into
steam. Consider the device and principle of
operation of such a steam turbine plant.

The main distinguishing and basic element of
the installation is the steam-generating device 1,
structurally consisting of two vertically arranged
concentric cylinders, in which the inner cylinder
serves as a combustion chamber 2 of liquid or
gaseous fuel.

Compressed and preheated to a saturation
state, the liquid is sprayed on the outer surface of
the combustion chamber 2. The liquid supplied in
a thin layer by the atomizer 6 instantly turns into
saturated steam. This vapor completely fills
chamber 5, after which the isochoric process of its
overheating begins [7-9]. The moment and
amount of liquid injected into the intercylinder
space is regulated by valve 23.

The final pressure/temperature of
superheated steam is controlled by setting the
fifth from the top exhaust valve 7. The formation
of saturated steam and its superheating is carried
out with simultaneously closed valves 7. When the
set pressure/temperature of superheated steam,
the outlet valve 7 opens. By setting this valve, it is
possible to regulate the indicated parameters.
Valve 7 remains open until the vapor pressure in
the intercylinder space drops to the pressure of
the saturated liquid in front of the inlet valve 23.
Through it, with the valve 7 closed, a metered
amount of saturated liquid is supplied to the
atomizer 6. Liquid is supplied by pump 20 through
non-return valve 21 to economizer 4 of steam
generating device 1.

Compressed and regeneratively heated in
economizer 4 to saturation, the liquid enters
receiver 22 and then into chamber 5. To reduce
the pressure pulsation of superheated steam
entering the turbine blades, by one superheated
steam receiver 8 several steam generating devices
must operate. The excess of the liquid injected into
the vaporizing device and not turned into steam is
returned to the condensate collector 19 through
the throttle valve 25.

The base unit provides for reheating, which
leads to the use of two turbines - high (HPT) 11
and medium (MPT) 12 pressure. The proposed
plant uses an isochoric process of steam
superheating, which makes it possible to regulate
the temperature/pressure of its superheating by
appropriately adjusting the inlet/outlet valves 7.
This led to the appearance of a low-pressure
turbine (LPT) 13 in the proposed plant. The return
of the exhaust steam from the HPT and MPT to the
respective intermediate superheaters is carried
out using booster compressors 10, which supply
the exhaust steam to the receivers 9.

The temperature distribution of the steam
supplied to the turbine inlet is taken such that the
entropy of the steam entering the LPT is equal to
the entropy of the steam at the end of steam
expansion in the basic two-turbine unit (point 4).
Feed water is heated to saturation in the
economizer 4 of the steam generating device 1.
This eliminates the use of the appropriate process
of its regenerative heating and increases the
capacity of the plant.

The purpose and principle of operation of the
remaining elements of the STP under
consideration is no different from the purpose and
principle of operation of similar elements of a
conventional STP and can be clarified based on the
caption given below.
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Fig. 1. Schematic diagram of a waste steam turbine plant with a hydrodynamic method of steam generation:

1 - steam generating device; 2 - combustion chamber; 3 - superheater; 4 - economizer; 5 - chamber for the formation
of saturated steam and its overheating; 6 - saturated liquid atomizer; 7 - automatic outlet/inlet valves for superheated
steam; 8 - inlet receivers of superheated steam; 9 - exhaust receivers of the exhaust steam of turbines; 10 - booster
steam compressors of exhaust steam; 11, 12, 13 - high, medium and low pressure turbines; 14 - consumer of
mechanical energy; 15 - condenser; 16 - vacuum compressor; 17 - condensate pump; 18 - additional liquid booster
pump; 19 - condensate collector; 20 - feed pump; 21 - feed water valve; 22 - saturated liquid receiver; 23 - inlet valve
of saturated liquid; 24 - fuel carburetor; 25 - throttle return valve of non-evaporated liquid.

A graphical comparison of thermodynamic
cycles of steam turbine plants with static and
hydrodynamic methods of steam production is
shown in fig. 2.

Calculations and discussion

To confirm the operability and efficiency of the
proposed method of steam generation, a thermal
calculation of both thermodynamic cycles of a

7\

steam turbine plant with reheating of steam with
a power of 20000 KW was performed. The initial
data on the parameters of the steam supplied to
the turbine blades: pressure 10 MPa, temperature
510°C, steam reheat temperature 500 °C,
condensation pressure 0.005 MPa.

As follows from a comparison of the cycles,
their implementation took place with the same
initial data, but different methods for obtaining
and superheating steam [10-12].

iy

—
A

Fig. 2. Comparison of the thermodynamic cycle of STP with the isobaric process of steam overheating (1-2-3-4-5-
6-7-8-1) and its modification with the isochoric process (9-10-11-12-13-4-5-6-7-8-9) with surface regenerative

feed water heating (14-15-16-16).
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The thermodynamic properties of water and calculated using the REFPROP program [13]. The

water vapor in the compared cycles were results obtained are shown in Table 1.

Table 1

Thermodynamic properties of water and water vapor at characteristic points of compared cycles *)
points t, °C p, MPa vmd/kg ukj/kg h kl/kg s, kl/(kg'K)

510 10 0.033392  3066.9 3400.8 6.6325
2 285.94 0.23 0.10477 2740.7 2981.6 6.6325
3 500 0.23 0.15241 31144 3465.0 7.3660
4 32.87 0.005 25.367 2191.6 23184 7.60204
5 32.87 0.005  0.0010053 137.74 137.75 0.4762
6
7
8
9

[u=y

33.12 10.0 0.001001  137.77 147.78 0.4762
311.0 10.0 0.0014526 1393.5 1408.1 3.3606
311.0 10.0 0.01803 2545.2 2725.5 5.6160
510.0 17.298 0.01803 29979 3309.8 6.2895
14 350.0 0.53557 0.53194 2882.5 31674 7.60204
15 154.44 0.53557 0.35130 2563.0 2751.2 6.7975
16 15444 0.53557 0.0010955 650.77 651.36 1.8867
Modified cycle points
10 219.90 0.23 0.086924  2602.0 2802.0 6.2895
11 500.0 3.9787 0.086924 31004 3446.3 7.0949
12 207.57 0.5 0.43263 2655.7 2872.0 7.0949
13 388.85 0.69933  0.43263 2943.2 3245.7 7.60204
*Points 10 to 13 refer to the modified STP cycle with hydrodynamic steam generation and isochoric process of steam
superheating.

Specific work done in cycles:
- in base
lp = (hl - hz) + (1 - a)(h3 - h4) - lpump =
= (3400.8 — 2981.6) + (1 — 0.5009)(3465.0 — 2318.4) — 10.03 = 991.47 k] /kg,
where
lyump = he — hs = 147.78 — 137.75 = 10.03 kJ /kg — pump work;
h; —hs  1408.1—147.78
hiy —hye 31674 —651.36

= 0.5009 — steam extraction coefficient;

- in modified
Ly = (hg — hyg) + (hyy — hyz) + (hiz — hy) — Lyymp =
= (3309.8 — 2802.0) + (3446.3 — 2872.4) +
+(3245.7 — 2318.4) — 10.03 = 1998.7 k] / kg.

Specific work increasing

L — L 1998.70 — 991.47
§l="——".100 =

-100 = 101.6%.

L, 991.47
Steam consumption:
- in base
—NT—20000—2017k _
Mp = = go14y 2047 kalsec
- in modified
_ Ny 20000 10.07 k
My == Togg7 — 10-07 kg/sec.
Steam consumption reduction
m, —m, 10.07 — 20.17
om=——-: =——————-100 = —-50.07%.
my 20.17

Heat of vaporization in both cycles
qpy = hg — h; = 2725.5 —1408.1 = 1317.4 k] /kg.

Specific heat of isobaric processes of steam overheating in the basic cycle
Aq, = (hy — hg) + (hg — hy) = (3400.8 — 2725.5) + (3465.0 — 2981.6) = 1158.7 k] /kg.
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Specific heat of isochoric steam superheating processes in the modified cycle
+(2943.2 — 2655.70) = 1238.6 k] /kg.

Total specific heat supplied in the base cycle
dp = qpv + Aqp = 1317.4 + 1158.7 = 2476.1 k] /kg.

Total specific heat supplied in the modified cycle
qv = qpp + Aq, = 1317.4 + 1238.6 = 2556.0 k] /kg.

Total heat supplied in the base cycle per unit time
Qp = mpqp = 20.17 - 2476.1 = 49942.94 kW .

Total heat supplied in the modified cycle per unit time
Q, = m,q, = 10.07 - 2556.0 = 25738.92 kW.
Thermal efficiency:

- base cycle
_Np_ 20000 _
Ner =, T 2994294~
- modified cycle
_Mp_ 20000 _
New =0 = 2573892 /77

The excess of the thermal efficiency of the modified cycle over the efficiency of the base

New = Nep 0.7770 = 0.4005
&, = 22— . 100 = -100 = 93.9%.
e Nep 0.4005 %

Specific consumptions per 1 KW-h of work:

- steam
_3600 3600 . .
T T 9914 g/sec;
L 3600 3600 o o
v =T T Toogy - B0 kg/sec;
- heat
p 3000 3609 _ oong gk ickw - hy;
Q7 =S = 54005 = 89888 K/ - h);
v = 3000 3099 as kg chw - hy
Qf = =770 = #6332 /(bW - h);
- fuel
e o002 = 0.1798 kg/(kW - h);
~QP-my, 50-10%-0.4005 9/( );
L, 3600 3600

= = = 0.09266 kg/(kW - h).
QP ey  50-103-0.777 9/( )

Relative reduction in cycle:

- steam
s = Zv % _ 180363 o c041%
- d, T 363 = TR
- heat Q1
Q7 — QY 4633.2 89888
8Q, = = = 48.46 %;
Q=" 8985.8 %
- fuel

b,—b 0.09266 — 0.1798
P.100 =

+100 = 48.47 %.
b, 0.1798 %

ob =




683

Journal of Chemistry and Technologies, 2023, 31(3), 678-684

For the convenience of analyzing the most
important indicators of the performed

comparative calculations of the compared cycles,
summarized in Table 2.

Table 2

Comparison of the main characteristics of the efficiency of the basic cycle with isobaric processes of steam generation
and overheating of steam and modified method of steam generation, as well as isochoric processes of steam
overheating with the same parameters of the working fluid at the initial and final points of the cycles and plant power

In modified Relative change

No. Characteristics In base cycle

cycle *), %
1 Specific heat input in cycle g1, k//kg 2476.1 2556.0 +3.2
2 Specific work in the cycle [, kJ/kg 991.47 1998.7 +101.6
3 Steam consumption per second m, kg/sec 20.17 10.07 -50.07
4 Thermal efficiency, nt 0.4005 0.7770 +93.9
5 Specific steam consumption d, kg/(kW-h) 3.63 1.80 -50.41
6 Specific heat consumption Qs, kJ/(kW-h) 8988.8 4633.2 -48.46
7 Specific fuel consumption b, kg/(kW-h) 0.1798 0.09266 -48.47
8 Specific heat supplied per unit time Q, kW 8988.8 4633.2 -46.46

*) a negative value of the characteristic deviation means that it has decreased in the modified cycle, a positive value

means that it has increased.

Analyzing the tabular data, it can be stated that
the STP cycle with the hydrodynamic method of
steam generation and isochoric steam
superheating processes is significantly superior to
the cycle with the static steam generation method
and isobaric steam superheating processes [14-
20].

From a constructive point of view, the
proposed cycle is simpler, although it requires the
implementation of a thermodynamically more
complex isochoric process of steam overheating. A
high degree of valve synchronization is required,
estimated in fractions of a second.

Conclusion

The performed calculations testify to the
energy and weight and size advantages of the
hydrodynamic method of vaporization over the

References
[1] Lavrenchenko G.K, Slinko A. G., Boychuk A. S,
Halkin V.M.,  Kozlovskyi S.V. (2023). Improved

thermodynamic cycle of a steam turbine plant. Journal
of Chemistry and Technologies, 31(1), 178-185.
https://doi.org/10.15421 /jchemtech.v31i1.274768

[2] Seliverstov V. M. (1973). [Heat recovery in marine diesel
installations]. L.:Publishing House "Shipbuilding”. (In
Russian).

[3] Xingping, S., Jintao, S, Qing, H., Yixue, L, Hailun,F,
Shuangshuang, C. (2023). A novel liquefied air energy
storage system with solar energy and coupled Rankine
cycle and sea-water desalination. Journal of Energy
Storage, 61, 106759.
https://doi.org/10.1016/j.est.2023.106759

[4] Xuanang, Z., Xuan, W., Jinwen, C,, Rui, W., Xingyan, B,
Jingyu, W., Hua, T., Gequn, S. (2023). Selection maps of
dual-pressure organic Rankine cycle configurations for
engine waste heat recovery applications. Applied
Thermal Engineering, 228, 120478.
https://doi.org/10.1016/j.applthermaleng.2023.1204
78

[5] Van,N.N, Nguyen,D.K.P, Xuan,Q.D., VietD.T,
Minh, T. P., Sakthivel, R., Xuan, T. C,, Thanh, H. T. (2023).

currently used static method. Increasing the
thermodynamic efficiency by almost 2 times with
a high power of the STP will result in savings of
tens or even hundreds of tons of fuel. The weight
and size indicators of the hydrodynamic steam
generating device are incomparably less than the

corresponding characteristics of the
corresponding steam boiler.
The structural simplicity of the steam

generating device in comparison with an
engineering-complex steam boiler is also a
tangible advantage in favor of using the
hydrodynamic method of steam generation in
steam power engineering.

Finally, the hydrodynamic method of steam
formation in STP equalizes them in terms of
mobility with GTP and eliminates significant heat
losses during their shutdown.

Combination of solar with organic Rankine cycle as a
potential solution for clean energy production.
Sustainable Energy Technologies and Assessments,
57,103161.
https://doi.org/10.1016/j.seta.2023.103161

[6] Christoph, L., Andreas, G., Frank, E., Matthias, N. (2022).
Experimental results of a low-pressure steam Rankine
cycle with a novel water lubricated radial inflow turbine
for the waste heat utilization of internal combustion
engines. Energy Conversion and Management,
271,116265.
https://doi.org/10.1016/j.enconman.2022.116265

[7] Habibollahzade, A., Petersen, K.].,  Aliahmadi, M.,
Fakhari, I, Brinkerhoff,]. R. (2022). Comparative
thermoeconomic analysis of geothermal energy
recovery via super/transcritical COz and subcritical
organic Rankine cycles. Energy Conversion and
Management, 251, 115008.
https://doi.org/10.1016/j.enconman.2021.115008

[8] Montaser, M, Sumsun, N,, Mohamad, R,,
Mohammad, A. A, Hadi, ], Abdul-Ghani, 0. (2023).
Investigation of a ground-cooled organic Rankine cycle
for waste heat recovery. International Journal of
Thermofluids, 18, 100348.
https://doi.org/10.1016/j.ijft.2023.100348



https://doi.org/10.15421/jchemtech.v31i1.274768
https://doi.org/10.1016/j.est.2023.106759
https://doi.org/10.1016/j.applthermaleng.2023.120478
https://doi.org/10.1016/j.applthermaleng.2023.120478
https://doi.org/10.1016/j.seta.2023.103161
https://doi.org/10.1016/j.enconman.2022.116265
https://doi.org/10.1016/j.enconman.2021.115008
https://doi.org/10.1016/j.ijft.2023.100348

684

Journal of Chemistry and Technologies, 2023, 31(3), 678-684

(9]

[10]

[11]

[12]

[13]

[14]

Alibakhsh, K., Armin, S., Bardia, ]. (2022). Combinations
of Ran-kine with ejector refrigeration cycles: Recent
progresses and outlook. Applied Thermal Engineering,
211,118382.
https://doi.org/10.1016/j.applthermaleng.2022.1183
82

Hai-Xiao, W., Biao, L., Yu-Ting, W. (2023). Simulations
on organic Rankine cycle with quasi two-stage expander
under cross-seasonal ambient conditions. Applied
Thermal Engineering, 222, 119939.
https://doi.org/10.1016/j.applthermaleng.2022.1199
39

Ozkan, K., Yildiz, K., Hiiseyin, Y. (2022). Is Kalina cycle or
organic Rankine cycle for industrial waste heat recovery
applications? A detailed performance, economic and
environment based comprehensive analysis. Process
Safety and Environmental Protection, 163, 421-437.
https://doi.org/10.1016/j.psep.2022.05.041

Taily, L., Xuelong, L., Haiyang, G, Xiang, G, Nan, M.
(2023). Experimental investigation on organic Rankine
flash cycle with high- and low-stage scroll-expanders
for thermal power generation. Applied Thermal
Engineering, 224,120082.
https://doi.org/10.1016/j.applthermaleng.2023.1200
82

Lemmon, E. W, Huber, M.L, McLinden, M. 0. (2007).
NIST Reference Fluid Thermodynamic and Transport
Properties. REFPROP, Version 8.0. Gaithersburg.

Xiaoli, M., Xudong, Z., Yufeng, Z., Kaixin, L., Hui,Y,
Jing, L., Yousef, G. A., Haowen, L., Zhonghe, H., Zhijian, L.
(2022). Combined Rankine Cycle and dew point cooler
for energy efficient power generation of the power

[15]

[16]
[17]

(18]

[19]

[20]

plants - A review and perspective study. Energy, 238,
Part A, 121688.
https://doi.org/10.1016/j.energy.2021.121688
Guillermo, V.0.,, Andres,P.C, Dora,V.C. (2023).
Assessing sustainable operational conditions of a
bottoming organic Rankine cycle using zeotropic
mixtures: An energy-emergy approach. Heliyon, 9(1),
el2521.
https://doi.org/10.1016/j.heliyon.2022.e12521
Mikheev M. A, Mikheeva I. M. (1973). [Fundamentals of
heat transfer]. M.: "Energy" (In Russian).

Zagoruiko V. 0., Golikov O. A. (2002). Ship refrigeration
equipment. Kiev:"Naukova Dumka" (In Russian).
Coriolano, S, Ambra, G, Hiyam,F. (2023). On the
possibility of using an industrial steam turbine as an air
expander in a Compressed Air Energy Storage plant.
Journal of Energy Storage, Volume 55, Part A, 105453.
https://doi.org/10.1016/j.est.2022.105453

Ohji, A.,, Haraguchi, M. (2022). 2 - Steam turbine cycles
and cycle design optimization: the Rankine cycle,
thermal power cycles, and integrated gasification-
combined cycle power plants. Advances in Steam
Turbines for Modern Power Plants (Second Edition)
Woodhead Publishing Series in Energy, 11-40.
https://doi.org/10.1016/B978-0-12-824359-6.00020-
2

Roberto, C., Lorena, G. (2021). Regenerative gas
turbines and steam injection for repowering combined
cycle power plants: Design and part-load performance.
Energy Conversion and Management, 227, 113519.
https://doi.org/10.1016/j.enconman.2020.113519



https://doi.org/10.1016/j.applthermaleng.2022.118382
https://doi.org/10.1016/j.applthermaleng.2022.118382
https://doi.org/10.1016/j.applthermaleng.2022.119939
https://doi.org/10.1016/j.applthermaleng.2022.119939
https://doi.org/10.1016/j.psep.2022.05.041
https://doi.org/10.1016/j.applthermaleng.2023.120082
https://doi.org/10.1016/j.applthermaleng.2023.120082
https://doi.org/10.1016/j.energy.2021.121688
https://doi.org/10.1016/j.heliyon.2022.e12521
https://doi.org/10.1016/j.est.2022.105453
https://doi.org/10.1016/B978-0-12-824359-6.00020-2
https://doi.org/10.1016/B978-0-12-824359-6.00020-2
https://doi.org/10.1016/j.enconman.2020.113519

