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Abstract. The work is devoted to the analysis of the thermodynamic efficiency of the cycle of
the ship's hybrid energy system with fuel cells and a gas turbine with a capacity of 2500 kW. The
performed calculations proved an increase in the efficiency of the thermal scheme of the installation
with the utilization of the heat of the waste gases of the fuel cells in the gas turbine circuit with the
injection of steam into the combustion chamber. This allows us to assert the prospects of such an
energy system for power generation in ship conditions.
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Introduction. Power plants with solid oxide fuel cells (SOFC) are considered for use on marine
vessels as auxiliary equipment, as a ship power plant, and also as main engines, since they can convert
chemical energy into electrical energy with high efficiency, with practically no harmful emissions,
such as NOy, SOy, etc. [1-6]. It is also noted that fuel cell systems have good characteristics when
working at partial load modes, low maintenance costs, and low noise and vibration [7]. One of the
advantages of SOFC should be noted is their fuel flexibility, which means the possibility of direct use
of different types of fuel, or their use after certain stages of processing [1].

Today, in existing commercial SOFC systems, as well as in research projects, hydrogen,
methane, or natural gas are primarily considered as fuel. Several alternative marine fuels have also
been claimed, the possibilities of which have also been evaluated for SOFC.

Main part. With the use of data [8], this paper developed a mathematical model of a hybrid
power plant with a capacity of 2500 kW. This model has two independent submodels: a SOFC stack
and a contact gas turbine unit (CGTU) with a gas turbine engine (GTE) operating with over-expansion.

For the solid oxide fuel cell-gas turbine (SOFC-GT) complex under consideration, a complex
scheme of the gas turbine part is adopted, in which the CGTU cycle operating with over-expansion is
implemented. Such a CGTU scheme, as shown below, allows you to reduce the pressure in the SOFC
stack casing to acceptable values and significantly increase the efficiency of the hybrid power plant.

The mathematical model of CGTU is written for 1 kg/s of air entering the GTE compressor, to
find the specific power parameters of turbomachines, as well as the steam productivity of the steam
generator of the heat utilization circuit. After finding the specific parameters in the mathematical
model, the transition is made to the formulas that describe the mass and energy parameters in the final
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form, taking into account the air flow required for the operation of one SOFC stack at the rated power
of the installation.

To determine the indicators of the SOFC-GT scheme in a wide range of determining parameters,
its optimization calculations were performed for the range of values of the pressure increase in the gas
turbine compressor 7, from 4 to 18. Fig. 1 shows the dependence of the efficiency of the SOFC-GT
hybrid scheme on the rate of pressure increase in the compressor, and Fig. 2 shows the change in the
capacity of the gas turbine part of the hybrid scheme, which is accounted for by one SOFC stack, in
the specified range of 7.
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Figure 1 — Dependencies of the efficiency of the SOFC-GT hybrid system on the rate
of pressure increase in the compressor
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Figure 2 — Power change of the gas turbine part of the SOFC-GT system per one stack

Of interest are the changes in the initial characteristics of the gas turbine part of the SOFC-GT
hybrid power plant with a capacity of 2500 kW when the pressure increase in the compressor 7
changes from 5 to 10 and the pressure increase in the exhauster 7, varies from 1.2 to 1.5.

Fig. 3 shows the change in the generated power of the gas turbine part, and Fig. 4 shows the
change in air flow rate through the gas turbine compressor.

The calculated parameters of the ship's hybrid energy system: GTE capacity is 524.2 kW; SOFC
stack power is 150.9 kW; stack battery power is 2112.5 kW; the total capacity of the power plant is
2636.6 kW; the efficiency of the power plant is 59.4%.
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Figure 3 — Power change of the gas turbine part of the hybrid power plant
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Figure 4 — Change in air flow rate through the gas turbine compressor of the hybrid power plant

Conclusions. 1. The scheme of a promising SOFC-GT ship power plant, which uses stacks of
solid oxide fuel cells, as well as a contact gas turbine unit operating with over-expansion, has been
developed.

2. A mathematical model of the SOFC-GT hybrid scheme was developed, which allows
optimizing the thermodynamic parameters of its gas turbine part.

3. It is shown that the use of a contact gas turbine unit with an over-expansion turbine allows
achieving the overall efficiency of the complex of 59.4% at the SOFC operating temperature of 1190
K and its efficiency of 46.24%.
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Ouinka egeKTUBHOCTI TE€XHOJIOTIT MAJTUBHUX eJ1eMEeHTIB /1 eHepPreTHYHOI CHCTEeMH CyTHA
Cep6in C.', Bammnerxo M., Yen J1.% STar 3.2

'Hanionansuii yaiBepcuTeT KopabiebyayBanHs iMeni agmipana Makaposa, Ykpaina
*YriBepcuteT HayKH i TexHosorii mposinmii [3sucy, KHP

PobGoTy mpucBSYeHO aHami3y TEPMOAWHAMIYHOI E€(PEKTHBHOCTI IHUKIY CYTHOBOI TiOpHIHOI
€HEepreTUYHOi CHUCTEMH 3 MaJMBHUMHU €JEeMEHTaMM Ta ra3oBol0 TypOiHOI moTyxkHicTio 2500 kBT.
[IpoBeneHi po3paxyHKH JIOKa3ajdud MIJABUIIEHHA €()EKTUBHOCTI TEIJIOBOI CXEMH YCTAHOBKU 3
YTHII3ali€l0 TEIUIOTH BIAXIAHMX Ta3iB MaJMBHUX €JIEMEHTIB B Ta30TypOiHHOMY KOHTypi 3
BIIOPCKYBAaHHSM BOJSIHOT TapH B Kamepy 3ropsiHHs. Lle 103BosIsie cTBEpKyBaTH PO MEPCIEKTHBHICT
Mo1IOHOT eHepPreTUYHOI CUCTEMHU JUIsl FeHepallii eJIeKTPOeHeprii B CyIHOBUX YMOBaXx.

KirouoBi ciioBa: eHepreTMuyHa cuCTeMa; TEIJIOBHM [BUTYH; MNaJIMBHUM €JIEMEHT;, ra3oBa
TypOiHa.
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