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Abstract. Purpose: The purpose of this article is to show the opportunities of application of the pyrolysis gas as a fuel for
gas turbine power plants based on decommissioned gas turbine engines, including those from aircraft — either turboprop or
turboshaft, or both, and also those used on ground vehicles such as tanks and marine engines as well. Methods: The article
describes the technology of pyrolysis of different materials for obtaining pyrolysis gas and its further application as a fuel
for internal combustion engines was developed in the end of XIX century and was successfully applied for automobile,
marine and railway locomotive piston engines till the mid XX century when large oil reservoirs were discovered all
around the World. Results: the current research not only proves that there exists an economic benefit of application
of pyrolysis technology even at nowadays, but also an ecological one, allowing getting rid of garbage Discussion: The
proposed examples of successful pyrolysis technology application can be a good basis for further research of transferring

modern engines to the pyrolysis gas fuels.

Keywords: pyrolysis, gas turbine engines, gas generators, pyrolysis gas, alternative fuels, electricity generating,

continuing lifecycle.

1. Introduction

The reserves of World’s fossil fuels and other
non-restorable burning materials, such as coal
and turf are estimated to be finished in maximum
400 years from nowadays. The production of
oil-based household and industrial items is not
only continuing, but also rapidly growing despite
many attempts to reduce their manufacturing.
This means that when the natural resources will
be essentially mined, the humanity will still have
an opportunity to get a source of fuel — the trash.
The household & industrial trash can undergo
the process named the pyrolysis, also known
as cracking. This gas consists of carbon and
hydrogen, their compounds and other elements.
The gas is flammable and can be used as an
additional fuel to the currently burning materials
and as a separate kind of fuel as well. The heat
capacity and other thermodynamic properties
of pyrolysis gas depend of the source that is
being cracked in the special device known as the
pyrolysis generator.

The pyrolysis gas is actually a very well-
known and well-studied type of fuel itself. The

first cases of usage of pyrolysis gas as a fuel for
internal combustion engines appeared in the late
19th century, as soon as these engines have been
invented in their modern versions and began to
substitute widely spread steam engines.

2. Analysis of the research and publications

A great masterpiece research on solid fuels
gas generating was published in 2010 in the Saint
Petersburg, Russian Federation [1]. This work
includes quite a detailed historic overview of
pyrolysis invention as a physical phenomenon,
the first attempts of usage of pyrolysis gas in
industry and general basic information that
1s required to understand the technology of
the pyrolysis. However, basic information is
followed by a detailed description of different
existing types of gas generators with explanation
of application of each type depending on the task
itis supposed to do. The author also describes two
other important issues: the industrial application
of the pyrolysis gas generators and also a few
methods of cleaning the pyrolysis gas from non-
flammable additives — the dust, resins, oxides,
etc.
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Another research [2] is dedicated to the
studying of the biomass burning. The authors
explain step by step what the biomass is, what
are the ways to burn it. They bring examples of
different furnaces design and ways to calculate
their parameters depending on the desired
biomass to be burned. The research contains
useful examples of calculations of main
thermodynamic parameters of a furnace, which
will be very useful for my future project.

Also, the current article is a continuation of
research work on pyrolysis gas by I.Obodovskyi
[3], but it is a much more detailed overview
of pyrolysis technology comparing to earlier
published theses.

3. Problem statement

The pyrolysis technology is considered
outdated nowadays and is usually described as
a historic technology along with steam one. For
the past 70 years pyrolysis-powered vehicles
and power plants have been constructed by
enthusiasts only, while the amount of household
and industrial garbage, especially one consisting
of oil-based residues, has been rapidly increasing
to the level of ecology disaster all around the
World and in Ukraine as well.

4. Problem Solution

4.1. Historic overview

The two World wars that were full of modern
military equipment have also revealed the fact
that the mobility of all vehicles depends from
the presence of fossil fuels and that whole armies
either get stuck or lose resources due to transport
collapse in case of oil absence. Moreover, oil
sources sometimes may be located either far
away from front line or at the enemy territories.
Thus, the idea of usage of alternative fuels has
become popular starting from WWI and has
been fully technologically implemented during
the WWIIL. Pyrolysis powered trucks such as
one on the fig. 1, were real work horses of the
war, providing supplies operations for Soviet,
American, British, German, French armed forces.
[4] Pyrolysis powered cars remained a popular
kind of civil transport as well until 1960-s, when
giant oil sources were discovered in USSR, UAE,
Iraq, Iran, etc.

4.2. The explanation of the idea

The novity of the proposed research is exactly
the refurbishing of either turboprop or turboshaft
gas turbine engines so that they could use
pyrolysis gas as a fuel instead of fossil fuels.

The idea of conversion of a gas turbine engine
to the pyrolysis gas instead of conventional fossil
fuels requires the creation of a new design of its
combustion chamber primarily. The reason for
that is the fact that the pyrolysis gas, consisting
mostly of flammable gases such as carbon
monoxide and hydrogen sometimes, has lower
burning parameters comparing to traditional
gas turbine fuel - the kerosene. Therefore, it is
required to evaluate two main set of data - the
properties of pyrolysis gas and parameters of any
existing gas turbine engine.

The pyrolysis gas consists of mostly hydrogen
and carbon monoxide depending on its source. [5]
The typical fuel for pyrolysis generators is either
charcoal, or pre-dried wood or wet wood, or
organic water-based food & beverage production
residues. When the point is about usage of wood
as a fuel, the obtained carbon monoxide has
a calorific capacity that is on average 8§ times
lower comparing to the conventional jet fuel. The
application of hydrogen requires its purification
due to a well-known fact that the pure hydrogen
does not detonate unlike the hydrogen mixed
with oxygen. Thus, the operation of pyrolysis
generator working on organic water-based food &
beverage production residues requires additional
hydrogen equipment. [6]

Such a relatively lower rate of calorific
capacity requires the modification of engine gas
chamber sizes so that the correct proportion of air
& fuel will be obtained there in order to provide
stable Brayton cycle. [7]

First of all, it is required to analyze the
potential sources of pyrolysis gas that will be
burned in the pyrolysis generator, the scheme
of which is presented on fig. 2. Each spring in
Ukraine the workers of city service enterprises
perform the cutting of dried trees and branches all
around the country.[8] Each autumn there appear
lots of farming industry residues, such as leaves,
culms, etc. The pyrolysis gas generator having
enough height will be able to dry the fluids out
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of biological substances and crack them to the
carbon monoxide. Also, organic wastes from
various food industry enterprises can be used as a
pyrolysis gas source. The amount of these wastes
will provide the sufficient amount of flammable
pyrolysis gas for the gas turbine engine operation.
Secondly, it is necessary to choose the electric
generator taking into a count that fact that it
has to generate electric power during the range
of operational revolutions per minute equal to
+300-400 RPM due to the fact that different
sources of pyrolysis gas might be used during
the operation day, providing either more or
less concentrated pyrolysis gas. However, this
cannot be considered a problem since all aircraft
gas turbine engines are usually equipped with
special reducers that give the constatnt output
RPM allowing a generator to produce the same
amounts of energy.

Third, it is required to choose such type of
basic gas turbine engine that will allow to rebuild
its combustion chamber with least possible
modifications and, therefore, financial charges.
A good example of gas turbine engine that is
suitable for modification is the GTD-350 engine
from the Mi-2 helicopter (presented on fig. 3) or
its western analogue - the Rolls Royce RR500
engine. There were produced more than 11000
Izotov GTD-350 engines [9] and due to their
high fuel consumption and wear out of Mi-2
helicopters’ airframe, lots of them are not used
on aircraft anymore, but that means that they
are available to be modified for the current goal.
These engines have a very unusual design — their
combustion chamber is located in the aft part of
the engine and the air is supplied via two forward
air ducts that surround the turbines, while the hot
air from combustion chamber changes its vector
after burning there and goes to the turbine section,
unlike to most popular design where combustion
chamber is located just behind the air compressor
and is followed by turbines. Since the combustion
chamber of GTD-350 is located in the aft part, it
is easily removable and accessible and what is
the most important can be easily replaced by the
enlarged one so that it will maintain the correct
air-to-fuel ratio, which is equal to approximately
20:1 for most types of fuels.

Fourth, it is required to design the modified
enlarged gas chamber in such way that the mix of
air and flammable pyrolysis gas will be burned in
such way that the burning gas mix will transfer
its power to the turbine. [10]

For that, a study of gas dynamics of the
enlarged combustion chamber is required to do
as well. It might be that the new combustion
chamber would have not a cylindrical, but
spherical shape so that the enlarged required
volume of chamber will need the minimum
geometrical sizes enlargement.

Finally, it is required to design a new
combustion chamber so that it could use
conventional fossil fuels in order to perform
various maintenance checks of the engine and
other power plant parts and also to make the
engine start up faster in order to spend less
pyrolysis gas for this purpose.

5. Conclusions

To sum up, it can be stated that the opportunity
of using gas turbine engines will allow to use
decommissioned aircraft/marine/land vehicle
gas turbine engines as generators, eliminating
the necessity of decommissioning them,
spending finances on this process. Instead, all
outdated engines’ lifetime will be continued for
the purposes of usage on stationary gas turbine
power plants.

Moreover, the finances spent on converting
these engines to power plants can bring profit
from electricity sales, while outdated engines
decommissioning process does not bring profit
at all.

The gas turbine engine gives relatively higher
power than any piston engine, provides stable
working cycle and therefore less vibrations
and noise pollution to the industrial site and
surrounding cities where they will be located.

The main positive effect of application of gas
turbine pyrolysis power plants is that the house
hold & industrial rubbish will not require large
territories for its long-term storage. It will not be
simply burned on conventional heat power plants
in order to boil water. Instead, the wastes disposal
will give direct electric energy — a vital resource
for any type of commercial and private users.
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Fig. 1. The “Uralzis”
WWII era Soviet pyrolysis
powered truck

Fig. 2. The scheme of a typical pyrolysis gas
generator
1 — railway basement,

2 — roller,

3 — bowl;

4 — «aprony,

5 — grating;

6 — water cover,
7 — shatft,

8 — coating,

9 — gas draining orifice,
10 — fuel loading device,
11 — poking orifice;

12 — residues container,
13 — drive.

Fig. 3. The GTD-350
helicopter turboshaft engine
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BuxopucranHs mipoJii3HOTo rasy B SIKOCTI MaJdbHOIO [Jsl ra3oTypOiHHMX JBMIYHIB 3 MeTOI0 iX

BUKOPUCTAHHA B eHepreTuui
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Memoro 0anoi cmami € nokazamu MOICIUBOCHE 3ACMOCYBAHHA NIPOLIZHO20 A3y 8 AKOCI NAIbHO20 O/
I'TY 3i cnucanumu I'T]], ¢ m.u. agiayitinumy — mypo026UHMOGUMU AO0 MYpOOBATLHUMU, A MAKOIC HAZEMHO20
3acmocy8anHs ma Kopabenvrux. Memoou: cmamms onucye mexHonoz2ii niponizayii pisHOMAHIMHUX pevosun
011 OMPUMAHHA NIPONIZHO20 2A3V MA NOOAAbUE U020 3ACMOCY8ANHA 6 AKOCMI nanvHo2o oas /B3, pospo-
oneni 3 xinya XIX cm., wo ycniwno 3acmocogyganucsy 0iis agmomooinbHux, cyoosux ma 3aniznuunux B3 do
cepeduru XX cm., koau 6y10 8iOKpUMOo 8eluuesHi 3andcu Hagmu no 6cbomy ceimosi. Pesynomamu: oane do-
CIOIHCEHHS 00800UMb He MINbKU ICHY8AHHS eKOHOMIUHOT 8U200U 3ACTOCY8AHHS NIPOI3HOI MEeXHON02II 6 Hauli
OHI, @ MAKOMHC eKONO2IUHOI 8U200U Uepe3 NPUYUNY MONCIUBOCT YMULI3ayii nooymoeo2o ma npomMuciogozo
cemimms. Q02080peHHsL: 3anpONOHOBAHT NPUKAAOU YCRIUHO20 BUKOPUCHIAHHS NIPONIZHOT MEXHOA02TT MONCYMb
oymu 2apnoio 6a3010 05l NOOANLULO20 O0CHIONCEHHS nepegody cyyacHux JB3 na nanvhe 3 niponiznoeo 2asy.

Kntrouosi cnosa: niponis, 2a3omypOinui 08ucyHuU, 2a302eHepamopu, Nipori3HULlL 243, albMepHAmUeHi naiu-
84, eleKmpoeHepeemuKd, NOOOBHCEHHS PeCypC).
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Oo6onosckuii U.U.', Mopo3os B.C.?
[IpuMeHeHHEe MHPOJU3HOTO ra3a B KAYeCTBE TOPIOYEro sl ra30TypOMHHBIX TBUTATE el ISl UX MpUMe-
HEHHS B JHEPreTHKe

! 2 HanmoHaNbHBIA TEXHUUECKUH YHUBEPCUTET YKpanuHbl « KHeBCKUI MOMUTEXHUYESCKUI HHCTUTYT UMEeHU Mrops

Cuxopckoroy, mp. I1obensl, 37, Kues, Ykpanna, 03056
E-mails: 'ivan.obodovsky@gmail.com; *‘morozov09@ukr.net

Lenvro OanHoll cmamsu - NOKA3AMb B03MONCHOCHU NPUMEHEHUs. NUPOTIUZHO20 2a3d 8 Kauecmaee moniusd
ona I'TY us cnucanuvix I'T/], 6 m.u. asuayuoHHvlx — mypOOSUHMOBLIX ULU MYPOOBATLHBIX, A MAKNHCE HA3ZeM-
HO20 NpUMeHeHUs. U KopabenbHbix. Memoobvl: cmambsa onucvleaen mexHoI02uu RUPOIU3AYUU PA3HOOOPA3HbIX
sewecma 015 NONYYeHUs NUPOIUIHO20 2a3d U OdibHelule2o e20 npumMeHeHus 8 kayecmee 2opiouezo 01 [[BC,
paspabomannvie ¢ konya XIX 6., komopwvie ycneuwHo npUMEeHAIUCH 8 A8IMOMODULbHBIX, KOPADENbHbIX U Jice-
ne3Ho0opodicHbix [IBC 0o cepedurnvt XX cm., ko20a OvLiu omKpsimul 60abLUe 3a1exHCU Hedhmu NO 8CeMmy MUp).
Pesynomamei: dannoe ucciedosanue 00Kasvleaem He MoabKO CYUecm8o8aHue IKOHOMULECKOU 8ble00bl NPU-
MeHeHUs NUPOTUSHOL MEXHONOSUY 8 HAWU OHU, A MAKIHCE IKOTOSULECKOU 8bl200bl NO NPUYUHE BO3MONCHOCTNU
ymuauzayuu 661mo8o20 u npomsluLieHHo20 mycopa. Qbcysxcoenue: npediodceHHble NPUMepbl YCNeuHo20 npu-
MeHeHUs MexXHOI02UU NUPOAU3A MOZYM Oblmb 6A301 0718 0ANbHEUUUX UCCLe008AHUL NEPeBoOd COBPEeMEHHbIb
JIBC Ha monaueo u3 nuponu3Ho2o 2asd.

Kntoueeswvle cnoea: nuponus, eazomypounnsie 0gucamenu, 2a302eHepamopbsl, NUPOIUHbIL 243, AlbIMePHA-
MugHble MONIUBA, leKmpoenepeemura, npooienue pecypcd.
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