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Abstract. Hybrid power plants of ships with main power units running on gas engine fuel with a
propeller driven by an electric motor are considered. A hybrid power plant for a small fishing
vessel is proposed, which includes two main diesel generators, current converters, a battery
pack, and DC rowing electric motors. The main diesel engines are dual-fuel - they run on both
liquid fuel and natural gas.
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Annomayun. PaccMoTpeHbl THOpHUIHBIC SHEPTETUYECKHE YCTAHOBKU CYZOB C TJIaBHBIMHU SHEp-
roarperatamMy, padOTalONIMMU Ha Ta30MOTOPHOM TOIUIMBE C HPUBOJOM IpeOHOrO BHHTA OT
anexTpomotopa. [Ipemoxkena ruOpuHas SHEpreTHYecKas yCTaHOBKA JJIsl MaJIOTO PHIOOJIOBHO-
ro CyJHa, BKIIIOYAoIas B ceOs JBa IIIaBHBIX AU3elb-TeHepaTopa, mpeodpa3oBarenu Toka, 010K
aKKyMYJISITOPOB, TPEOHBIE 3JIEKTPOMOTOPHI TIOCTOSIHHOTO TOKA. | JTaBHBIE TU3€NN JABYXTOTUIUB-
HbIE — pa0OTAIOT KaK Ha HUKOM TOIUTMBE, TAK U HA IIPHPOJHOM ras3e.

Knrouegwie cnoea: cynopas sHepreTuueckas yCTaHOBKa, IIPUPOIHBIN ra3, THOpUIHAS

Jlna yumuposanua: Cobonenko A.H., Manunpin B.B. I'nOpuaHas cuioBas ycTaHOBKa IS
peibonoBHOrO cyaHa // Hayunsie Tpyasl JlanspeioBrysa. 2023. T. 66, Ne 4. C. 173-177.

When developing the fishing in the Arctic Ocean, great attention should be paid to the envi-
ronmental safety of power plants. That’s why, it is preferable to use fuel that does not produce pol-
lutants into the environment, both into the atmosphere and bilge water. Such fuel according to our
opinion is natural gas, which is not only environmentally cleaner than liquid fuel, but also many
times cheaper than liquid fuel.

In this report it is proposed to consider the project of power plant of a fishing vessel.

Selecting the main engines for the propulsion plant it is necessary to take into account the oper-
ating range of modes of operation with such a calculation that their best efficiency was in the range
of the highest power. Their size and weight are also taken into account, which is especially im-
portant for fishing vessels. In this regard, it is advisable to use medium- and high-speed diesel en-
gines as main engines on these vessels.

For fishing vessels it is characteristic to operate for a long time in alternating modes. The power
plant should operate on gas-motor fuel. We know that manufacturers of dual-fuel engines recom-
mend switching to liquid diesel fuel at load less than 80 %. Gas motor fuel can be used only at loads
above 80 %. For a fishing vessel this restriction is unacceptable. What is the solution?

The first way out is to use tractor-type engines, for which there are developed fuel supply systems
for liquid fuel and gas, with a quick transition from one type of fuel to another. But what do we gain
in this case? Our vessel in this case will operate mainly on diesel fuel and in rare cases on gas fuel.

The second way out is to switch to hybrid propulsion system. In this case the engine will work
in the mode of constant load on the battery, and the energy consumption for the ship's movement
will be from the battery to the electric motors.

A number of companies are working in this direction when designing and manufacturing fish-
ing vessels of the future.

The Norwegian company Liafjord is investing in a new vessel. So far, the first sketches of the
new Libas series have been presented. Two hybrids are already under construction and a third is on
its way.

Libas will be the world's first gas and battery powered fishing vessel with a 350 cubic meter
liquefied natural gas (LNG) tank on board, according to Salt Ship Design magazine.

An ice-class longships with a hybrid power unit (HPU) is being built in the Norwegian city of
Olesund. Thanks to the use of hybrid technology, the vessel will save several dozens of tons of die-
sel fuel per year. This leads to a powerful reduction in greenhouse gas emissions. The battery,
which will be on board the vessel operating in the Atlantic, will primarily supply the main engine so
that it can run at more favorable speeds. In addition to the battery pack, the vessel will have a heat
recovery system.

Reiarlaget Lie Group in Michigan (USA) has recently awarded a contract for a hybrid-powered
vessel using liquefied natural gas and electricity.

The use of LNG with electricity enables a major step towards reducing the climate impact of
emissions. Emissions of NOx nitrogen oxides are reduced by 90 percent and emissions of CO2 car-
bon dioxide, which creates the greenhouse effect, are reduced by 20 percent.
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A hybrid-powered propulsion system includes one or more diesel generators, and a source or
series of electrical energy sources, such as batteries.

For a light-tonnage vessel, the hybrid power plant has a weight limit, so the electrical power
source must have the highest specific energy and at the same time its power must be sufficient for
the peak loads on the shaft of the propulsion motor.

In terms of lowest price, lead-acid or iron-nickel batteries (NiM) should be used. NiM batteries
have twice the energy density of the former and are more expensive but less expensive than Li-Ion.
When using a hybrid diesel-battery system for recharging ABs, it is advisable to install solar cells
on the ship as well.

Successful application of hybrid power units on land vehicles - cars such as Toyota Prius. Hon-
da Civic, Lexus GS 450h, Toyota Alphard, Toyota Harrier and a number of others show the expedi-
ency of testing such units on the sea coastal passenger fleet operating with frequent maneuvering
modes, which include light-tonnage vessels. Application of combined power plant consisting of
several energy sources allows to reduce consumption of fuel and lubricants, to reduce harmful
emissions into the atmosphere.

Hybrid power plants, as a rule, consist of a gasoline or diesel engine and a source or sources of
alternative energy, which can be chemical or kinetic accumulators, fuel cells or ultra-high-capacity
battery

For a light-tonnage vessel, a hybrid electric propulsion system has a weight limitation, so the
source must have the highest specific energy and at the same time its power must be sufficient for
peak loads on the shaft of the propulsion motor. Li-lon (Li-Ion) and NiMH (NiMH) batteries are
used in the vehicles mentioned. The energy density of the first type of batteries is 60-80 W-h/kg, the
second - 100. An electric ship with a 500 kg battery can power a light-tonnage vessel for a day
without recharging.

Even greater energy density has air-metallic mechanical rechargeable sources, energy charac-
teristics of which are given in Table 1.

From the data given in the table it is clear that the air-aluminum source (VAIT) has the highest
specific energy density.

Parameters of electrochemical batteries
I[TapameTpbI JIEKTPOXUMHYECKUX AKKYMYJISTOPOB

Electrochemical batteries Voltage, kV Specific energy, W-h/kg
Air-aluminum 1,2+1,3 100 + 500
Air-magnesium 1,4+1,5 100 + 500
Lithium-manganese 25+2,8 100 + 500

VAIT is charged within several minutes, which are necessary for pouring electrolyte and/or re-
placing aluminum electrodes. The disadvantages of such sources are rather high internal resistance,
low specific power, voltage instability during discharge, voltage dip at switching on. All these dis-
advantages are eliminated when using a combined current source (CCS) consisting of a VAIT and a
battery.

Supercapacitors can also be used in conjunction with VAIT and any selected type of battery,
which have the following advantages:

- durability (over 10 years) 100,000 charge/discharge cycles;

- very fast battery charging process - not more than an hour;

- relatively low self-discharge rate - up to 10% per month.

In this case, the first source will be used to charge the capacitor battery, and it, in turn, will sup-
ply the load. The disadvantage of these sources is high cost (up to 300 rubles per kilojoule of stored
energy) and low energy density at the level of 10 + 20 W-h/kg.
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KIT consisting of VAIT and supercapacitor has two important advantages. Firstly, specific en-
ergy capacity of such source will be rather high (comparable with the same indicator of Li-Ion and
Ag-Zn batteries), secondly, specific power will be higher than when using any type of AB (for su-
percapacitors this indicator is equal to 2000+15 000 W/kg). Besides, such combination allows to get
rid of disadvantages inherent in VAIT.

Supercapacitors can fulfill the role of conventional capacitors: improvement of power quality -
compensation of current peaks in transient modes, generation of reactive power. In case of regener-
ation, braking energy (even of high power) can be used to recharge supercapacitors.

Lead-acid and iron-nickel accumulator batteries are one of the cheapest and widely spread
power sources with energy density of about 30 W-h/kg The advantage of alkaline accumulators of
TNJK type in comparison with lead accumulators is low dependence of capacity on discharge
mode. Therefore, the power supply with such a battery will be greater than in case of application of
other batteries with the same capacity. In comparison with acid alkaline batteries require less care-
ful maintenance, are not subject to sulfation, have higher explosion and fire safety, greater mechan-
ical strength, are not afraid of shocks, shaking, vibration, well withstand short circuits.

Thus, we can conclude the following. The use of hybrid power units on light-tonnage ships is
possible and expedient. All of the considered current sources, except for the kinetic accumulator,
work practically silently. A coastal navigation vessel with fuel cells and the necessary hydrogen re-
serve can have only this power source.

If we want to have lowest cost, lead-acid or iron-nickel ABs should be used. NiM batteries have
twice the energy density of the former, and they cost more but are cheaper than Li-lon. When using
a hybrid diesel-battery system for recharging ABs, it is advisable to install solar cells on the vessel.

For the proposed project of the vessel it is possible to accept the main hybrid diesel-electric in-
stallation with two diesel generators with diesel engines 12GZhCh15/18 produced by JSC "Barnaul-
transmash", Barnaul with capacity of 330 kW each. The diesels are produced for operation on gas
motor fuel [1]. The output power of each diesel generator will be 300 kW.

As a rowing motor we take a DC electric motor. To convert AC to DC, we accept special con-
verters for installation.

The flexible scheme allows to summarize the energy produced by DG and VDG at the control
room in order to increase the speed of the ship, or to replace VDG with the main diesel generator in
order to save energy.

We accept to install nickel-iron alkaline batteries 36TNZhK-1000 according to GOST 22492-
77 in quantity of 10 pieces connected in series. This allows to obtain an output voltage of about 400
V. Such batteries are produced for non-rail transportation. Specific energy of TNJK series batteries
is 3136 W-h/kg, resource 7 000 h 10 batteries will weigh 660 kg and occupy a volume of 0.6 m>.

Batteries are installed in a special room outside the engine room. The room is made of non-
combustible materials. Entrance to the battery room should be through a vestibule.

The temperature of the battery room at the level of the batteries should not be lower than +15
°C. Heating and ventilation are carried out by a special caloriferous device located outside the bat-
tery room and supplying warm air into the ventilation duct.

Batteries should have aisles for maintenance with a width of not less than 1 m in case of dou-
ble-sided arrangement of batteries and not less than 0.8 m in case of single-sided arrangement. The
distance between walls and vessels should be not less than 150 mm.

As a rowing electric motor we take ultra-compact DC traction motors TED 18-300 with power
of 330 kW each [2]. The mass of TED 18-300 is not more than 80 kg. It is a revision of the traction
motor for the project of the fuel cell car "Lada ANTEL-2".

Structurally, the TED 18-300 consists of three parts: the housing, the ultra-light rotor, which is
mounted on the shaft in bearing supports and the stator module, which is attached to the housing.
Inside the stator module there are windings, magneto-wires and rotor position sensor. The windings
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are directly liquid cooled with transformer oil. To limit the value of the power voltage, the windings
of the 18-80 TED are six-phase.

Commercial firms in Russia have worked out the technology of conversion of automobile en-
gines to natural gas. There are a lot of commercial offers to convert engines with the cost within
100 thousands rubles. Russian factories already produce dual-fuel diesel engines of small capacity
quite suitable for installation on small ships. In this regard, the project of dual-fuel power plant for a
tugboat seems to be very relevant.
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