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THE PRELIMINARY PROJECT OF THE RIVER TOW VESSEL POWERED
BY APYROLYSIS GAS GENERATOR POWER PLANT

The article is dedicated to the one of many options of a practical application of the
pyrolysis gas generator, which is its installation on the typical river-class tow vessel.
The essence of the idea is the installation of the pyrolysis gas power plant that includes
gas generator, gas filtering system, power plant and electric engines that would drive
the vessel. The gas generator of the inverted type is able to create flammable gas out
of either wood, or charcoal, or so-called RDF (the RDF should be taken of specific
proportion of its ingredients, corresponding to the ecologic laws of the operator’s
country), thus, allowing the vessel to be powered by typical industrial and household
wastes, delivered from all the city. Since such types of ships are mostly used within
the range of a city and more often even within ports only, the fuel for the vessel would
always be available in sufficient volumes. The vessel itself should be able to reach the
necessary velocity (taking into a count the flow velocity of the river) and also be able
to push the certain barge or another vessel in order to do some practical tasks. This
vessel will be independent from fossil fuels and it could be powered even by wood
chops, collected in any forest near the river or by a big pack of charcoal, purchased
in the supermarket. The presented calculations show some possible technical solutions
for the given task, taking into a count the lowest possible price and availability of
components. However, there is no limit in pyrolysis technology improvement and the
project of this vessel can be improved as well depending on the available funding.
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Introduction. This project is a part of a major research of the properties and
opportunities of pyrolysis gas applications in different spheres of life. Stationary gas
generators and pyrolysis afterburner equipped heaters have already become popular
gadgets in private houses.

However, when it comes to the application of the gas generator onto a vehicle,
there arise some new issues that should be solved in a proper way. First of all, the
working engine consumes different amount of pyrolysis gas at different operation
modes, thus, there supposed to be a system for gas production control. Secondly, the
gas generator itself is a heavy item, which is supposed to be added to the vehicle’s total
weight, while in the meantime the overall maximum power of the gasoline engine will
decrease up to 50%, depending on the quality of gas filtration, the type of solid fuel that
was gasified (i.e. what amount of carbon was present there), the type of air and pyrolysis
gas carburetor applied, etc.

Despite the fact that gas-generator-equipped cars were massively produced during
the whole first half of the 20" century, the only case when they were more preferable
to gasoline-powered cars, was the European part of the World War 11, when both Allies
and Axis States faced fossil fuels supply lacks on different stages of the war. Also,
pyrolysis gas powered cars still would be inconvenient for modern day average citizen
due to the necessity of initial burning of the gas which would take at least 10-15
minutes. The author had been seeking some other practical applications of pyrolysis gas
power and have come up with an idea of application of this type of power plant on
vessels. A good vessel to start would be not a small boat with outboard motor, but a
concept of pontoon vessel, based on the existing designs of pontoon boats and port tow
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boats either. The designed vessel would be initially suitable for commercial application
on river routes and ports.

The analysis of existing research. The author has performed basic research on
application of the RDF as a fuel for pyrolysis gas generators along with traditional solid
fuels such as charcoal, wood, etc. [1] The real existing prototypes of stationary pyrolysis
gas generators have been used during performing the basic research. Each of them was
capable to produce a certain amount of flammable pyrolysis gas which was successfully
tested for burning. The only disadvantage of stationary gas generators is the fact that the
fuel must be constantly poked so that all its amount would be exposed evenly to the
temperature inside the gasification chamber. There exist several solutions for solving
this issue, thus, allowing gas generator to produce the constant amount of gas that would
power converted gasoline engine, attached to the electric generator, for instance.

Aim of the work. The aim of this project is to show the opportunity of commercial
application of pyrolysis technologies on the example of river vessel and business,
related to it [2].

Idea of the work. The idea of this work is to design a pyrolysis power plant using
existing components only in order to reduce the cost of research and development of any
vehicle where it would be installed on. Also, this power plant will be a way of proper city
wastes disposal according to the most modern ecologic laws of Ukraine and the EU.

The concept of a pontoon boat. The calculations of the pyrolysis power plant
would be performed basing on some initial data about this vessel [3]. Its weight without
power plant & propulsion system is equal to 1400 kgs in the first approach. The length
of the vessel is 7,58 and the width is 2,5 m, which is compatible to a small bus. The
vessel is of full-metal design, having two aluminium pontoons, stainless steel deck and
a comfortable wheelhouse for a single duty crewman. The boat is propelled by a 7-
blade, 400 mm in diameter, propeller that ismanufactured out of marine grade bronze
AHX 9-4-4 (U.S. C61900). The operational velocity of the vessel is set at 5 knots (2,57
m/sec). Once again, the following initial data is going to be used for all required
calculations:

—Vessel length: L=7,58 m

— Vessel width: B=2,5m

— Immersion: 7=0,4m

— Water displacement volume: V = 5,634 m?

— Velocity: v = 2,57 m/sec

— Vessel aspect ratio: L/B = 3.032

— Number of propellers & sterns: 1 propeller & 1 stern

At first, the calculations for determination of requires engine power have been
performed. After calculating the value of the water resistance force for the designed vessel,
there exists an opportunity to estimate the value of required engine power, which is:

Rv
Ng = -~ (h.p.)
Rv 4206.845%2.57
R = m = T = 14-5(hp)

However, there also exists a need to include such an important factor as the
presence of water flow velocity of the river. For the case of Dnipro river, the average
value is equal to 1.2 m/sec. Therefore, the required power of the vessel’s power plant
must be equal to:
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_ Ru _ 4206.845x(2.57+1.2)
—m— a5 ~21(hp)

Basing on this result were performed the calculations of propeller rotation velocity,
diameter & propeller pitch. The rotation speed was determined to be 1300 sec, while
the propeller diameter value is 400 mm and its pitch is equal to 310 mm. This allows to
select a three-phase electric motor that would turn the shaft & propeller. The selected
engine is Ukrainian-made AMP160M4 asynchronous motor by ELMO Motors with
IP54 protection class — i.e. it is protected from both dust and liquids. The maximum
value of rotation velocity for its M4 modification is 1470 RPM at 18,5 kWt of maximum
power which is quite sufficient for our case [4].

The other important issue of this exact model is the availability of CW & CCW
rotation. The only condition is to fully stop the motor before changing the rotation
direction, but this is totally acceptable during the operation of the designed vessel.

R

The engine selection. Pyrolysis gas can power a gasoline engine. However, the
maximum power of any gasoline engine would significantly drop due to the fact that
the specific combustion heat of combustion of the pyrolysis gas ranges from 10 to 15
MJ/kg, while the typical range of this value for petrol ranges within 40-44 MJ/kg. It is
obvious that the selected engine has to produce 20 h.p. being initially designed for a
considerably greater value of produced power using the petrol. In general, the power of
a piston engine is determined by the following formula:

N, = %(kWt)

where Vj is an engine volume, p. is the average effective pressure and n is RPM of the

engine.
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Fig. 1. Percentage of pyrolysis gas components

Using the data from fig. 1, it is possible to determine the interrelation of flammable
components volumes in the pyrolysis gas: carbon monoxide CO — 0,5; hydrogen H, —
0,1; antracen C14H10 and other aromatic compounds — 0.4.

The several iterations of calculations lead to the choice of the Toyota 3RZ-FE 4-
stroke 4-cylinder automotive engine of volume 2,693 liters. This gasoline-powered
engine is capable to produce 150 h.p. at 5800 RPM [5]. In case of its conversion to the
pyrolysis gas it would produce the following power:

Ne — 5500><f.26093><0.2 ~ 24.7(kWt)
while the average estimated pyrolysis gas consumption would be equal to:
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Ge = Nege = 25(kgs/h)
The selected model of the electricity generator is WHI184G by the 1STALL company.

This is a three-phase brushless generator, designed for maximum amount of 1500 RPM,
while the value of its nominal power is 25 kWi, which is suitable for our case.

Pyrolysis gas generator design. Taking into a count the data from previous
calculations, there exists an opportunity to calculate the parameters of the inverted type
gas generator. [6] This type of gas generators is used for gasification of fuels that contain
resins, such as wood logs. However, the charcoal, that is used to increase the amount of
carbon monoxide during the gasification process, can be also used as a fuel for such
type of gas generators, i.e. this gives an opportunity of application of at least two types
of fuels [7]. Basing on previous research, there is an opportunity to select the parameters
of gas generator for the designed vessel, which are presented in table 1.

Table 1
Gas generator parameters
Hopper diameter (Db), mm 396
Tuyeres belt diameter (Dk), mm 200
Neck diameter (d2), mm 120
Chamber skirt diameter (Ds), mm 270
Distance from tuyere to neck (h), mm 87
Active zone height (H3), mm 174
Tuyeres belt height (), mm 70
Upper cone height (b), mm 96
Chamber wall thickness, mm 12
Tuyeres g-ty and diameter, mm 8x10

The gasification chamber is molded from the 20TJT (G21Mn5) molding steel, an
alloy steel, which allows performing its thermal treatment and welding jobs, such as
welding attachment of the hopper to it. The hopper is manufactured out of regular ANSI
304 stainless steel of 3 mm thickness.

The ash pan design is quite conventional, but the only difference from ones used in
furnaces is the necessity of its hatch sealing in order to avoid the gas losses. The air
supply vent is manufactured out of 45 mm stainless steel tube and is equipped with air
supply regulation valve. This valve is of simple design as well. The spring provides
automatic opening of the valve for a certain angle that depends on air flow rate on
different engine operation modes. The gas generator’s hull is closed by another hatch,
while a gas collecting tube with flange is located on the opposite side to ash pan door.
The gas flows through this tube to the water filter (gas filtering unit). The water filtering
unit is actually a water tank which not only purifies the obtained pyrolysis gas from
resins, sulfur oxides, and other undesired additives, but also serves as a protective barrier
in case of sudden gas pressure rise. A good example of such case is well-known wood
logs’ crackle in the chimney. This phenomena is actually a spontaneous pyrolysis gas
emission from multiple little chambers inside the log. Such sudden emissions would
spoil the constant gas supply to the engine and also might become a reason for gas
generator & engine damaging. The design of the water filter is quite simple as well: the
pipe from gas collection tube supplies gas to the lower part of the filter. Then, the gas
flows through the water and rises to the gas collector in the upper part of water tank,
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from where it already goes to the radiator. The gas cleaning unit ter could consist of two
and even more stages, containing not only water, but also lime solution that cleans gas
from sulfur oxides.

The radiator is a system of pipes the task of which is to cool down the obtained gas
in order to increase its density which would lead to the increment of its heat creation
capacity. Also, there is a start-up fan on the upper tube of the radiator, from where the
coll gas goes to the engine, that is used to create the initial air flow in the whole gas
generator system until the engine starts pumping air by itself during the air intake stroke.

The gas generator assembly is installed on the vessel’s deck just behind the
wheelhouse. The power plant technician loads the batch of fuel each 3-4 hours
depending on the fuel type and its humidity. The gas is cleaned in the filtering unit and
cooled in the radiator unit. After that, the gas is delivered to the engine via the special
carburetor that provides correct air to gas ratio and then the gas is burned inside the
engine that in its turn rotates electricity generator that powers all ship’s systems and
drives main electric motor, providing the motion of the vessel. [8]

Results of the preliminary design. The render of a boat with gas generator power
plant is presented on fig. 2. These calculations, as well as the above mentioned
calculations are just preliminary ones and there is a necessity to develop more advanced
research and calculations in case of further development of this boat. However, there
already exists a basis for performing them, which would save lots of time & resources.

Fig. 2. The general view of the designed tug boat: 1 —wheelhouse, 2 — gas generator, 3 — gas filter,
4 — radiator assembly, 5 — piston engine, 6 — electric generator, 7 — main electric engine, 8 — rudder

Conclusions. The presented research can be a basis of a real project of any vessel
or vehicle that could carry the weight of pyrolysis power plant and remain operable
using it. The application of already existing engines, generators, fans, etc. would
sufficiently decrease the cost of vessel/vehicle design, allowing to spend the funding on
manufacturing the proper multi-fuel gas generator.
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OBO/IOBCHhKHH I. I, MOPO3OB B. C.

ABAHITPOEKT PIYKOBOI'O KATEPA-BYKCHPA 13 CHJIOBOIO
YCTAHOBKOIO HA IIIPOJII3HOMY TI'A3I

CraTTs mpuUcBSIYCHA OJHOMY 3 OaraTbOX MOKJIMBUX BapiaHTiB MPAaKTHYHOTO 3aCTOCYBAHHS
MiPOJII3HOT 0 Ta30reHepaTopa, a caMe HOro BCTAaHOBJICHHIO Ha THITOBUH KaTep-OyKCHp PiYKOBOTO
kiacy. CyTh imei momsrae B 3acTocyBaHHI KOpaOeIbHOI yCTAaHOBKH, OCHOBY SIKOi CKJIaJae
ra3oreHepaTop, CHCT€Ma OYHMINEHHS TIa3y, CHJIOBA YCTaHOBKA Ta CIEKTPOABHUIYHH, IO
pyXaTUMyTb CyIHO. [ 'a30oreHepaTtop 00epHEHOT0 THITY 3AaTHHI IEPETBOPIOBATH BYTLILIA, APOBA,
JiepeBHE BT, a Takox T.3B. PJI® Ha roprounii ra3 (P/I® mae Oytu oOpanuii 3 npaBUIbHUM
MPOLIEHTHUM CITiBBiIHOLICHHIM KOMIIOHEHTIB JUIsl BIAIIOBITHOCTI €KOJIOTTYHOMY 3aKOHOJABCTBY
KpaiHU-eKCIIlyaTaHTa), 3a0e3Meuyroyd TaKUM YHHOM CYAHO NaJbHUM 3 IMOOYTOBUX Ta
MIPOMHCIIOBHX BiJIXOJIB, 1[0 MOKJIMBO JIOCTABISTH 3 OKOJMIb. OCKIJIBKM TaKi THUIN CYJEH B
OCHOBHOMY BHKOPHCTOBYIOTBCS B MeEXaX MICT a00 HaBiTh TOPTiB, MallbHE I HUX Oyne
MPUCYTHE B JOCTATHIX KIMBKOCTAX. Bykcup mMae OyTH 3mMaTHHM NOCATATH 3aaHOI MIBUIAKOCTI
Xony (BanOByIO‘{I/I HIBUAKICTH Teuil piuKH), a TAKOK 6yKCI/IpyBaTI/I 0apiKy neBHUX rabapuTiB Ta
Macu, abo HaBiTh iHIII cyaHa. Lle cyaHo Mae OyTH MOBHICTIO HE3AJISKHUM Bi Ha(bTonpoayKnB
Ta MOXe OyTH NpHUBENICHE 0 PYXy 3 BUKOPHUCTAHHSM IpOB, Ha30MpaHUX y HalOmmK4oMy Jici
abo nepeBHOr0 Byriurd 3 Mara3uny. [IpencrasieHi po3paxyHKH JEMOHCTPYIOTh JEsSKi MOXKJIIUBI
TeXHIYHI pIilIeHHsA U1 JaHol 3ajadi, BPaxOBYIOUM HAsABHICTh TOTOBHX KOMIIOHEHTIB 3a
HaHWKY010 1iHOI0. OTHAK, MEX PO3BHUTKY IMiPONiI3HOI TEXHOJOTIl HE ICHY€E, a JaHUI MPOEKT
CcylHa MOXXe OyTH B IOAANBIIIOMY JOOTPAaIllbOBAaHUK B 3aJIE)KHOCTI BiJl MOTpe® 3aMOBHHKA Ta
HasiBHOT'O (hiHAHCYBaHHSI.

KoarouoBi caoBa: mipomizHMil Ta3, cynHo, piukoBuit Tpancnopt, PJI®, rasumdikaris,
YTHITI3aLis BIIXO/IIB, CHJIOBA YCTaHOBKA, IOPIIHEBI ABUT'YHU Ha a3y
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