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UDC 621.43 The problem of environmental degradation in megapolises, particularly because
of the toxicity of the exhaust gases of transport engines, requires an integrated
PROSPECTS solution. The peculiarity of the processes of mixture formation and combustion in
OF USING diesel engines is the presence of local areas, rich in fuel or air. This results in in-
complete diesel fuel combustion and contributes to the formation of toxic and
HYDROGEN mutagenic-carcinogenic compounds. Exhaust gases from diesel engines contain
MICROADDITION solid particles (SPs) that, due to their developed surface, are carriers of
TO IMPROVE mutagenic-carcinogenic compounds. A very important factor affecting the com-
pleteness of fuel combustion in the cylinder of an internal combustion engine
DIESEL ENGINE (ICE) is the intensive heat exchange between the walls of the combustion chamber
ECOLOGICAL and the working fluid. As a result, a relatively cold gas wall layer occurs. In this
|ND|C ATORS layer, the unburned hydrocarbons C,H,, reside, and SPs are formed. The mi-
croaddition of hydrogen to the incoming charge makes it possible to significantly
Andrii M. Avramenko reduce the thickness of the “cold” layer due to the intensification of the combus-
an0100@ukr.net tion process in the ICE cylinder and near-wall areas. The generation and use of
ORCID: 0000-0003-1993-6311 hydrogen, on board a vehicle, as a microaddition to normal engine fuel is justified
as follows. First, the activation of combustion processes in the engine cylinder
Anton M. Lievtierov and, accordingly, fuel combustion completeness increase, which helps reduce the
dppp @ipmach.kharkov.ua level of mass emissions of SPs and unburned hydrocarbons with the exhaust gases
4
ORCID: 0000-0001-5308-1375 from ICEs. Secondly, such an approach makes it possible to reduce the level of
. load on the regular exhaust gas neutralization systems of modern vehicle engines,
Valeru' M. Bhantsev and increase the reliability of their work and their resource. The design of the on-
ORCID: 0000-0003-0661-1040 board small-size electrolyzer and its control algorithm are developed. Compre-
Nataliia Yu. Hladkova hensive motor studies of the influence of hydrogen microadditions to diesel fuel on
ORCID: 0000-0002-8043-4890 the effective 1Ch 8.5 / 11 diesel engine performance and the toxicity of its exhaust
. L gases were carried out. Experimental studies show that with hydrogen microaddi-
Vira M. Kirieieva tions, owing to an increase in fuel reactivity and combustion completeness, carbon
ORCID: 0000-0002-7532-1760 monoxide emissions and smoking at the exhaust are reduced by 5-6% and 20%,
. respectively, with practically no unburned hydrocarbons present. The use of the
A. Pﬁdg,omy Ins.tltute' of proposed design and algorithm of the on-board electrolyzer operation will signifi-
cantly reduce the level of toxicity of the exhaust gases from vehicle s wit
xe& amcalf%ilsnsenng ly reduce the level icity of the exhaust g hicle ICEs with
oblems o ’ minimal energy consumption for the functioning of the system.
2/10, Pozharsky str., Kharkiv, . . . . .
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Introduction

The problems and prospects of using hydrogen as a fuel for internal combustion engines (ICE) are
dealt with by many scientists in different countries of the world, with A. Podgorny Institute of Mechanical
Engineering Problems of NASU being a pioneer in this field [1, 2].

The increase of the effectiveness of hydrogen generation systems is one of priority research direc-
tions. The current level of the energy consumption of stationary systems for generating hydrogen is 3.7—
3.9 kWh per 1 m® of hydrogen [3, 4].

Today, the problems of using alternative fuels for ICEs receive much attention in almost all devel-
oped countries. This is forced by the situation with energy resources in the world, namely the reduction in
the reserves of petroleum-based fuel. Each country chooses its own way in overcoming energy problems and
reducing the level of toxicity of exhaust gases (EG) from ICEs, choosing those raw materials and alternative
fuels that most closely correspond to the resource and economic features of the country. In the United States,
for example, the Ronn motor company [5, 6] deals with the development of hydrogen generation systems on
board a vehicle. Thus, according to company reports, the use of on-board electrolysers allows reducing the
level of toxicity of EGs from different ICEs by an average of 10-12%.
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Publication Analysis

One of the promising areas of engine development is not only the use of alternative fuels, such as lower
alcohols (methanol, bioethanol, butanol), natural and associated petroleum gases, vegetable oils of specially
grown crops, hydrogen, etc., but also various additions to normal motor fuel. First of all, studies are carried out
with the aim of replacing or partially replacing the main type of fuel for manufactured cars without making sig-
nificant structural changes to their engine, as well as for studying the possibilities of combining and using them
as additives. At the same time, the effect of such a replacement on the environment is assessed.

Of all the alternative fuels, hydrogen should be singled out separately. The addition of hydrogen to
normal fuel is not only capable of replacing the energy potential of a part of gasoline or diesel fuel. Hydro-
gen has a high diffusion rate, which determines its ability to form a homogeneous mixture in the combustion
chamber in a very short period of time [7]. In addition, the fact that the mass specific heat of hydrogen com-
bustion is about 3 times higher than that of gasoline [8—10] remains very significant.

When hydrogen is burning, the thickness of the flame extinguishing zone (the near-wall layer where
no oxidizing processes take place) is about 5 times less than that of hydrocarbon fuels. This proves the high
efficiency of hydrogen influence on the kinetics of mixture combustion in the whole volume [11]. Accord-
ingly, the completeness of fuel combustion increases, and the emission of toxic substances decreases, which
leads to a significant decrease in the level of harmful emissions of unburned hydrocarbons and solid parti-
cles, as well as carbon and nitrogen oxides.

Canadian Hydrogen Energy Company developed and patented a system for injecting hydrogen into
the ICE intake manifold, referred to as Hydrogen Fuel Injection (HFI) System [12].

The operational principle of the HFI technology is

based on the fact that the electrolysis apparatus, which con- Engine is in idling mode,
sumes energy from the vehicle’s on-board electrical network, vehicle is not moving
decomposes distilled water and sends the released hydrogen (electrolyser is not running)

and oxygen to the engine intake manifold. The amount of
hydrogen entering the diesel engine is very insignificant, but
such a microaddition increases the completeness of diesel fuel

A 4

combustion, thereby changing the pattern of propagation of Engine is in operating mode,
the flame front in engine cylinders. This is exactly what con- vehicle is moving
tributes to increasing the efficiency of a diesel engine and the (electrolyser is not running)
overall combustion of traditional fuels.

The HFI system can work with any engine (diesel, ¢

gasoline, gas). Large American companies engaged in freight
transport, upgrade their heavy vehicles, with the economy of
operating costs per vehicle being more than $ 700 per
month [13]. Also, the operation of an ICE with hydrogen
added to normal fuel allows reducing carbon formation on the
combustion chamber walls and has a positive effect on the
economic performance and the ICE life [14, 15].

The above review clearly shows that the develop-

Engine is in forced idling mode,
vehicle is decelerating
(breaking using engine), (10—60 s)
(electrolyser is running)

A 4

ment and fine-tuning of on-board hydrogen generation sys- Eng‘ine i‘S in load in‘creasing mode,
tems to improve ICE performances is a promising area of vehicle is accelerating, (10-120 s)
research. (electrolyser is running)
Purpose and Objectives of the Study ¢

The purpose of this study is to reduce the level of
emissions of harmful substances from the EGs of a transport
diesel engine through using hydrogen microadditions to
normal fuel.

To achieve this goal, the work addressed the follow-
ing tasks: Fig. 1. Operation algorithm of a vehicle
electrolyzer

Engine is in operating mode,
vehicle is moving
(electrolyser is not running)
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— to conduct a literature review on hydrogen generation systems aboard a vehicle;

—to develop both an on-board electrolyzer and an algorithm for its operation;

— to carry out motor studies of the effect of hydrogen microadditions to normal fuel on the energy-
ecological indicators of a diesel engine;

—to draw conclusions and make recommendations for using hydrogen microadditions to improve
ICE environmental performances.

Main Study Results

The object of the study is the environmental indicators of a diesel engine operating on normal and
diesel fuels with hydrogen microadditions. A brief technical specification of a 1Ch 8.5/11 diesel engine is
given below.

Cylinder diameter D=85 mm

Piston stroke S=110 mm

Number of cylinders z=1

Rated power Ne=4.5 kW

Crankshaft rotation speed n=1500 min™

The operation algorithm of the vehicle power plant with an electrolyzer integrated into the engine
power supply system is shown in Fig. 1.

In the existing systems [5, 12], the

1 2

on-board electrolyzer usually operates con-
tinuously from the moment the ICE starts \
until the moment it stops, which leads to in- N,?JQ"‘" %H |
creased energy congumption for' hydrogf?n - Electrolyzer
and oxygen generation, and, ultimately, in
terms of the ratio of fuel consumption to the Exhaust gases |
toxicity of EGs, is low effective. (GO, B, NG, i)

The proposed algorithm of the situ- 5

ational functioning of the electrolyzer (de-
pending on the engine load mode) allows
minimizing the energy consumption for hy-

drogen generation and reducing the toxicity Fig. 2. Schematic operation diagram of an electrolyzer
of EGs. in the vehicle engine power supply system:
The schematic diagram of the engine 1 — intake manifold; 2 — MAP/MAF sensor; 3 — electroyzer

unit with an electrolyzer is shown in Fig. 2. control unit; 4 — speed sensor; 5 — exhaust manifold

The results of the motor studies of the effect of hydrogen microadditions on the ecological indicators
of a diesel engine are shown in Fig. 3.
Energy consumption for generating hydrogen for the mode under study was 0.2 kWh.
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Fig. 3. Characteristics of the EG toxicity of a ICh 8.5/ 11 diesel engine:
----- ® - - - - — operation on normal fuel; ———&———— — operation on fuel with H, microaddition
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The curves of carbon monoxide emission dependence from the engine load indicate the following.
When the engine is running on normal diesel fuel, with an increase in load from 0.8 to 1 kW, the level of
carbon monoxide emission (Fig. 3, a) decreases from 0.08 to 0.05%, and then there is a steady increase in the
emission of this toxic component with EGs. The content of CO in the EGs of the engine operating on normal
diesel fuel with H, microaddition decreases steadily with increasing load, reaching a zero value. The nature
of the emission of unburned hydrocarbons (Fig. 3, b) with the diesel engine EGs is due to high-quality power
control, i.e. at low load conditions, the air excess factor in the fuel-air mixture a is large (up to six in idling
mode), and with an increase in load, the share of fuel in the mixture increases, and o decreases to 1.2—1.4, the
amount of unburned hydrocarbons increases and mainly depends on the thickness of the near-wall layer. This
is confirmed by the emission curve of CH, when the engine is running on normal diesel fuel. Hydrogen mi-
croadditions to diesel fuel make it possible to practically exclude the emission of CH with the EGs of a diesel
engine (Fig. 3, b).

Such a method seems to be particularly effective in improving the toxicity characteristics of vehicle
ICEs, since the greatest intensity of formation of toxic components in the combustion products takes place in
the transient processes of the cycle of a piston engine, which, due to the characteristics of the model of vehi-
cle operation, constitute a significant proportion of the engine running time.

Conclusions

According to the results of the study, the following can be noted:

— the use of on-board hydrogen generation systems to improve the environmental and resource indi-
cators of ICEs is a promising area of research;

— the developed original design of the on-board electrolyzer and the algorithm of its work in the ve-
hicle is characterized by its minimal energy capacity;

— the motor studies of the 1Ch 8.5/11 diesel engine toxicity characteristics showed that the microad-
dition of hydrogen (up to 1% of energy content) to normal diesel fuel can significantly reduce the level of
carbon monoxide emissions and eliminate unburned hydrocarbons from the composition of EGs;

— the modification of motor fuels by hydrogen microadditions thereto can be recommended as an ef-
fective means of improving the energy-ecological characteristics of vehicle ICEs.
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HepcneKTan 3aCTOCYBAHHHA MiKpOIlOMilHOK BOJIHIO JIJIs OJTINIIEHHS €KOJIOTiYHUX MOKA3HUKIB
AN3EJIBbHOI0 IBUI'YHA

ABpamenko A. M., JIeBtepoB A. M., branues B. M., 'naakosa H. 0., Kipeesa B. M.

[HcTUTYT IpOOIIeM MamHOOYAYBaHHs iM. A.M. Ilinropaoro HAH Ykpainau,
61046, Ykpaina, M. Xapkis, By:1. [Toxxapcekoro, 2/10

Ilpobrema nozipuwenns exonociunoi cumyayii y me2anoaicax, 6 momy Yucii i yepe3 moKCUYHICmb Gionpaybo-
BAHUX 2a3i8 MPAHCNOPMHUX OBUSYHIB, NOMPeOYE KOMNIEKCHO20 supiuents. Ocobausicmio npoyecis cymiuioymeopeHHs
Ma 320pantsl @ OU3ETbHUX OBUSYHAX € HASGHICMb JIOKANbHUX 30H, Oazamux namueom abo nosimpsam. Le npuzeooums 0o
HENnoBHO20 320PSIHHA OU3EbHO20 NAUSA MA CHPUSE DOPMYBAHHIO MOKCUUHUX MA KAHYEPOLEHHO-MYMALEHHUX CNOLYK.
Bukuou ousenvrnux oguzynie micmsime meepoi YACMUHKU, SIKI 3A603KU PO3GUHEHIN NOGEPXHI € HOCIAMU KAHYEPOSEHHO-
MYMazenHux cnoayk. [yce 8ajciusum YUHHUKOM, WO BNIUBAE HA NOBHOMY 320PSHHI NAIUBA 8 YULIHODI OBUSYHIE BH)-
mpiwHb020 320psnHs ([B3), € inmencusHull meniooOMIH MIdDC CIMIHKAMU KamMepu 320pSAHHS ma pobouum minom. Bua-
CIOOK Yb020 BUHUKAE 8IOHOCHO XOIO0OHUL NPUCMIHHUL NPOWAPOK 2a3zy. B yvsomy npowapky 3anuwiaiomoscsa He3eopini
syenesooni C,H,, ma ¢hopmyromucs meepoi yvacmunxu. Jlodasanms MikpoOOMIUOK 800HIO 00 CBINCO20 3apsdy 00380IAE
BHAYHO 3MEHWUMU MOBWUHY "X0100H020" npowapky 3a paxynox inmencugixayii npoyecy 3eopsanusn y yuninopi B3
ma npucminnux oinaukax. I enepysanns na 6opmy agmomooinsn ma GUKOPUCIAHHSL BOOHIO SIK MIKPOOOMIUKU 00 wmam-
HO20 nanuga osucyna obrpyHmosyemoca maxum. Iioguwyyemosca akmusayis npoyecie 320panHa y Yuninopi 0sueyna ma,
8i0N08IOHO, 30INbULYEMBCA NOBHOMA 320PAHHA NATUBA, WO CHPUAE 3HUNCEHHIO PIBHA MACOBUX BUKUOI8 MBEPOUX YACTU-
HOK mMa He320pinux 8y21e6o0rie 3 sionpayboganumu eazamu /[B3. Kpim mozo, makuil nioxio 00360/15€ 3HUUMU Pi6EHb
HABAHMAICEHHST HA WIMamHi cucmemu Hetmpanizayii eionpayvosanux 2asie /B3 cyuacnux mpancnopmuux 3aco6is,
nidsuwumu HaoditiHicms ixHboi pobomu ma 30inewumu pecypc. Pospobneno koncmpykyiro 6opmosoeo manoeabapum-
HO20 eneKmponizepa ma aneopumm tio2o KepyeamHs. 1Ipoee0eno KOMNIEKCHI MOMOPHI OOCTIONCEHHS 6NIAUEY MIKDPOOO-
MIUWOK 800HIO 00 Ou3Nanuea Ha eexmugui nokasnuxu ousensi 149 8,5/11 ma mokcuunicms 11020 6i0npaybo8aHux 2asie.
3a danumu pesynomamie excnepuMenmanbHuxX 00CI0NHCEeHb 6CMAHOBIEHO, WO NI0 YAC 000ABAHHS MIKPOOOMIUOK 800-
HIO, 34 PAXYHOK NIOSUWEHHA PeaKyiliHoi 30amHOCi ma NOBHOMU 320PAHHA NAIUBA 3a0e3NeUyEMbCs 3MEHUIeHHS PIGHSA
suxuoie okcudy gyaneyio Ha 5—6% u na 20% oumnocmi 8iONPAYLOBAHUX 2A3I8 3A NPAKMUYUHO NOBHOI GIOCYMHOCMI He-
320pinux 8y21e800Hi8. Bukopucmannsa 3anpononosanoi KOHCMpyKyii ma aneopummy pobomu 60pmoso2o eiekmpo.ize-
pa 003601UMb CYMMEBO 3HU3UMU DiBeHb MOKCUYHOCMI 8i0npaybosanux 2aszie mpancnopmuux /B3 3a MminimManrbHux
eHep2osuUmpam Ha QYYHKYIOHY8aAHHA CUCeMU.

Kntouoei cnosa: 6opmosuil enekmpo.izep, 600eHb, MIKPOOOMIWKU, OU3ETbHULL 08USYH, eKOIOIUHI NOKAZHUKU.
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