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METHODS TO IMPROVE THE PERFORMANCE
OF DIESEL ENGINES BY ADDING HYDROGEN
INTO HIGH PRESSURE LINE
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Abstract. One way to improve the efficiency of diesel engines is the addition of hydrogen
(0.2 ... 2.0% by weight) to the main diesel fuel. An addict of hydrogen to the fuel line between
the high pressure fuel pump (HPFP) and nozzle. This achieved by reducing specific fuel con-
sumption at 0,4 ... 2,8 %.

Keywords: internal combustion engine, hydrogen, hydrogen addict

AHoTaniss. OIHUM 3 IUIAXIB MIABUIICHHS ¢()EKTUBHOCTI AU3CIbHUX JIBUTYHIB € TOJaBaHHS
BoHio (0,2...2,0% 1o Maci) 10 OCHOBHOT'O TU3EJIbHOTO TaJuBa. 3alPOOHOBAHO JOAaBaAHHS
BOJTHIO JI0 MTAJIMBOIIPOBOIY BUCOKOTO THCKY Mixk nanuBHUM Hacocom (ITHBT) ta ¢opcyHkoro.
3aBsKM [IbOMY JIOCSITHYTO 3MEHILICHHS IMTOMOT BUTpaTy najiuea Ha pisai 0,4...2,8 %.

Kuarouosi ciioBa: JABUT'YHU BHyTpiIlIHI)OI‘O 3ropsiHH; BOJACHb, MMAJIMBO 3 JOJaBaAHHAM BOJHIO

AnHoranusi. OflHUM M3 BapUHATOB NOBBIICHHS d(DPEKTUBHOCTH JU3EIbHBIX JBUraTelei
SABIISIETCA OOABIEHIE BOIOpOoAa B TorwiBHYI0 cMmech (0,2...2,0% 3a maccoii). [IpemnoxeHo
rojiaya BOJIOPOJia B TOIIMBOIPOBOJ BBICOKOTO JIABJICHHS MEXAY TOIIMBHBIM HAaCOCOM
(THBHA) u dopcynkoii. brnaromapss 3ToMy AOCTHTHYTO YMEHBIICHHE YACIBHOTO pacxoa
toriBa Ha ypoBHe 0,4...2,8 %.

KJI]O‘leBbIe cJioBa: OBUrarciiv BHyTpeHHeFO CFOpaHI/ISI, BOI[OpO}Z[, TOIIJIMBO C HpI/IMCCI)IO
BOZIOPOJA
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Problem. Despite progress in the creation of highly | tersand ports where the main burden falls on toxic diesel
efficient internal combustion engines for vehicles and | generators. The use of small additions of hydrogen to
stationary power plants, reducing fuel consumption and | diesel fuel improves the quality of mixture formation and
reducing emissions of harmful exhaust gases is currently | combustion of fuel in the cylinders of the engine. Hy-
the actual problem. drogen additives lead to a reduction self-ignition speed

. . . . rocesses and reduce time delay ignition.
Modern design. One solution to this problem is to P yig

supply hydrogen to the cylinder engine and burning it on The main part. One way to solve this problem is to
your pace. This design based on the supply of hydrogen | use a small (0.2 ... 1.0% by weight) impurities hydrogen
into the combustion chamber when filling the cylinder. | into liquid fuel of main engine. It should be noted that
Hydrogen is fed into the air receiver and together with | in this case, hydrogen is not used as an energy source
air entering the cylinders of engine. [1]. that depose hydrocarbon fuel, and as a catalyst for the
Further, the essence of the process is the principle of | specified burn fuel in the cylinders of internal combus-
the gas diesels, ignition of hydrogen in the combustion | tion engines.
chamber is inflammation from diesel fuel ignition. This The claim that hydrogen is acting as a catalyst
hydrogen can be used as main and as additional fuel, de- | for the combustion process is based on the fact that
pending on the aspect ratio (the amount by weight) of | the small amount of it, despite the high calorific value
hydrogen to diesel fuel. (Q, =120 mJ/(KGC)) the quantity (up to 1.0 % by weight)
The main disadvantage of this process is to reduce | does notaffect for combustion as an additional fuel. How-
the ratio of excess air, which leads to loss of engine pow- | ever, the presence of hydrogen in the cylinder stimulate
er, and significant increase of the maximum combustion | the process of burning and it will act as a catalyst.
temperature and increasing concentration of NO_ in the Studies of small impurities of hydrogen to the main
exhaust gases. liquid diesel fuel, which were conducted in the laborato-
Using hydrogen as a primary fuel ICE currently is | ry of promising energy technologies make it possible to
not feasible because of the cost and difficulties of hy- | assert that the impurities hydrogen lead to intensification
drogen storage in large quantities. Obviously, for ICE | of the burn process diesel fuel (especially heavy fuel) so
is suitable partial replacement of hydrocarbon fuels by | that the workflow of ICE shifted to the left, which brings
hydrogen that supply the engine cylinders. Small fuel ad- | it to process at constant volume. It was also found that
ditions of hydrogen can increase operational efficiency | while there is a redistribution of heat balance ICE: re-
internal combustion engines and their environmental | duces the proportion of heat that is emitted into the en-
safety. Using hydrogen as small additives to engines cre- | vironment cooling system and exhaust gases. This leads
ates problems associated with its production and storage. | to increased engine efficiency by 0.5...5.0% depending
The use of environmentally friendly hydrogen additives | on the amount of impurities hydrogen and the load, as
particularly useful when entering vessels in coastal wa- | confirmed by other researchers [1—3].
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Previous studies have shown small impurities of
hydrogen positively affect work on partial and transient
conditions and using heavy grades of basic diesel fuel.
In these cases, the relative positive effect is greatest.

However, the results are qualitative and not allowed
to develop working methods of calculation processes us-
ing hydrogen impurities, ultimately determine the num-
ber of rational hydrogen addition in cylinder diesel ICE,
to provide practical recommendations on the moderniza-
tion of ICE at the use of such additives.

One very important factor that influences the ef-
ficiency of hydrogen impurities is a way to input into
the engine. Adding hydrogen to the engine intake in the
early stages of implementation was found as a simple
tool use. But this means complication of internal com-
bustion engine regulation, but also not completely safe
by allowing formation of explosive mixtures in the in-
take tract and its inflammation followed by an explosion.
Such phenomena have been observed, in internal com-
bustion engines operating on the cycle Otto and diesel
engines.

One possibility is the supply of small impurities of
hydrogen using the solution proposed by a research team
led by prof. N.N. Patrahaltseva [5]. The main idea is that
hydrogen is added into diesel fuel on a wave of low pres-
sure in high pressure pipe using a special device Thus on
the pressure wave, diesel fuel saturated with hydrogen
and fed nozzle and then injected into the cylinder of the
engine. After injection and reducing the pressure in the
cylinder, hydrogen is released from the diesel fuel and
promotes for further grinding drops and diffuses rap-
idly in the cylinder space. Number hydrogen, which is
added to the diesel fuel supply, is regulated by hydrogen
pressure at the inlet to the unit. We should note that the
amount of hydrogen that fed into the fuel pressure is in-
versely proportional to the engine load [8] and engine
speed (fig. 1, 2).

However, the scientific literature not found sufficient
information on the results of the pilot study about addi-
tion hydrogen into liquid fuel of main engine. Therefore,
the objective of study was experimental confirmation of
this theory and get high quality results.
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Fig. 1. The calculated dependence of the amount of dissolved
H, load diesel 6CHN12/14, $¥=10 sm* n = 1,700 rpm

* The surface area of the hydrogen dilution chamber
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Schematic diagram of solution is shown in fig. 3, and
fig. 4 shows the waveform parameters in said system fuel
cell [3].

Objective of hydrogen - to increase the heat gener-
ated during the chemical reactions, so that together with
the heat introduced into the charge mixture to increase
the total amount of heat and thus make the process more
stable ignition. Hydrogen is in this case acts as energy
saturated additives accelerating combustion. And thanks
to the presence of hydrogen near the electrodes achieved
the greatest effect on its additives.

The oscillograms in fig. 3 shows that the opening of
the valve fig. 4 occurs when the expansion wave formed
at the cut-off of supply and discharge valve landing on
the saddle, approaches the valve. It is opened (opening
of volume occurs inside the high pressure line) and the
additive is introduced into the high pressure line, and,
preferably near the nozzle to eliminate the potential in-
gress additives cutoff line in the high-pressure fuel pump
and so on. In the next cycle hydrogen caught into the
pipe is mixed with diesel fuel, dissolved therein. Then
the next cycle thus obtained by mixed fuel in the usual
way is injected into the cylinder. When hydrogen is in
fine droplets of fuel is released in the volume of the com-
bustion chamber, thereby creating the conditions for a
volumetric fuel combustion and increasing combustion
efficiency.

Application of this solution allows not to make sig-
nificant changes in the design of the engine or fuel sys-
tem, provide a high enough level of quality regulation
and safety in the use of hydrogen.

Previous studies that have been conducted in the lab-
oratory of promising energy technologies using an im-
proved device of this type has shown that use of the de-
vice is very efficient in terms of rational adding hydrogen
to diesel fuel and can increase engine efficiency and thus
reduce fuel oil consumption by improving the character-
istics input of heat in ICE, and promotes redistribution
components of the heat balance in the direction of reduc-
ing heat loss in the system with cooling and exhaust gas-
es. According to preliminary estimates of experimental
data, reducing the consumption of diesel motor 8V12/12
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Fig. 2. The calculated dependence of dissolved H, from speed

of diesel 6CHN12/14 at S = 10 sm?, P, = 0.896 MPa
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Fig. 3. Oscillograms changes in fuel pressure at the injectors
(P, ), movement of the injector needle (hrom) and movement of
the hydrogen valve (h )

(KAMAZ 740.11-240) is 0.4...2.8% depending on the
amount of hydrogen (0.1...0.6% by weight) and load
ICE (0,25...0,75Ne). Inc addition, data were obtained
for improving the environmental performance of the en-
gine, the emissions of hydrocarbons (SmNn) decreased
by 40...50%, carbon monoxide (CO,) — 15...25%.
Along with this was found that emissions of nitrogen
oxides (NXOy) increased by 3...7%, due to a certain in-
crease in the maximum temperature cycle.

Required amount of hydrogen on board the vehicle
of the event, such as KAMAZ 4308 (capacity fuel tank -
2501(210 kg) while adding 0.5 % hydrogen to diesel fuel
is 2.1 kg, in any medium storages is quite acceptable.
For example, when using metal hydride battery with the
use of intermetallic TiFe, mass unit rated at 130...140 kg
with the volume of 20...22 1, and the use of composite
cylinders based on polymer materials — 13...17 kg in a
volume 28...30 liters.

However, these data are largely qualitative in nature
and cannot be used for the final conclusions and recom-
mendations for implementation.

Preliminary economic analysis of the effectiveness
of small impurities of hydrogen into diesel fuel allows to
assert that the cost of additional hardware and hydrogen
has sufficiently small quantities compared to the cost of
the engine is 0.09 ... 1.14%. Additional costs of hydro-
gen are about 0.11 ... 0.53% of the diesel fuel consumed
(using hydrogen technical grade B or lower grade). In
this case, reducing the cost of diesel fuel is about 4...9%,
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Fig. 4. Schematic diagram of the feeder and small impurities of
hydrogen to diesel combustion engines [3]

which makes the overall positive economic and environ-
mental effects.

Towards the implementation of these measures need
to solve complex tasks, primarily related to the experi-
mental researches of working process of a diesel internal
combustion engine using small impurities of hydrogen,
definition of rational parameters of the process and the
appropriate amount of hydrogen, which is added to die-
sel fuel to achieve maximum effect.

Findings

1. The use of small impurities of hydrogen as a
catalyst combustion of diesel fuel, in the case of heavy
grades, reduces fuel consumption and reduce the burden
on the environment by reducing harmful emissions.

2. The need for an adequate mathematical models of
workflow in ICE using small impurities that are made in
the manner and mathematical models of the processes
that take place in the device for supplying fuel by hy-
drogen.

3. Implementation of this measure is cost-effective
and can be implemented at the current level of technology.

4. The proposed technical solution can be used in the
composition of marine diesel power plants that run on
heavy grades of fuel. The production of hydrogen can be
carried on board by electrolysis. Using small impurities
of hydrogen is particularly appropriate when working at
partial and transitional modes activities vessels in ports,
narrows, shed and other areas with high demands on en-
vironmental performance power plants.
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