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Summary

The following dissertational thesis explores very perspective, but less studied
concept in solving ecological, power consumption and climate problems — results
received from the study of the processes inside diesel combustion engine’s chamber
after spraying gaseous hydrogen in it. The results are based on 3D mathematic
modeling.

The suggested concept of hydrogen diesel differs by the fact that the hydrogen is
sprayed in the chamber via high pressure. Due to this, hydrogen shall be
compressed in advance, which requires some amount of power expenditure,
however, those expenditures are much less, then expendituresconcerning usage of
liquid hydrogen, as in this case we have to use expensive cryogenic technologyand
should take into account power required for liquidation of the hydrogen.

The first chapter of the thesis contains used literature concerning the subject of the
study and explains the high relevance of it. The second chapter describes the
results of the study and analysisof the subject.

Nescessity of 3D mathematic modeling is argued in terms of describing the following
processes: flow of hydrogen diesel in chamber, combustion, non-stationar,
turbulent oxidation of nitrogen. Here is provided scientifically argumented
instrument of practical use — 3D mathematic model, that has been tested and is
adapted to the processes in hydrogen diesel, the function of which is to study
ecological and effectivnes index of engine, make prognosis and plan the ways of
perfecting it. Usage of developed mathematic model enables us to predict and
minimize hydrogen oxidation concentration in the diesel exhaust, after direct
spraying of gaseous hydrogen.

3D mathematic model of local changes in parameters of converted diesel
combustion chamber is based on: fundamental equations of momentum (Navier-
Stokes), energy (Fourier-Kirchhoff), diffusion (Fick) and conservation of mass
(continuity). Solving the system consisting of these equations is done by numerical
method, in our case by using control volume method.

Verification of 3D mathematic model, which was done based on comparision
between experimental data and results received by using numerical method, has
proved reliability of the results received by modeling processes in hydrogen diesel
chamber.

After numeric exepriments carried out on one-chamber hydrogen diesel
created on the base of MAN 30/24 and YaMZ-236, we have established optimal
value of constructive (shape of combustion chamber, engine’s compression degree,
intensity of air rotation at the end of compression, structure of gaseous hydrogen
sprayer — number and diameter of twyer) and adjustable parameters (excessive air
coefficient, cyclic dosage of sprayed hydrogen and spraying duration, air
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temperature during filling, advance angle of fuel spraying) that affects ecological
and effectiveness indexes of hydrogen diesel. Specifically, emission of nitrogen
oxidation, produced during diesel working process, when cyclic dosage of
hydrogen and diesel is selected based on their minimal heating value
(ma/mH2=He/HH2=idem), is only higher by 10-15% compared to traditional value
of diesel. By selecting structural and adjustable factors, we can reduce
(approximately to the requirement levels of Euro 6), nitrogen oxidation emission
(cumulative concentration (mass number) of nitrogen oxidation in cylinder is
0,00014), without installing neutralizers in engines exhaust system.

Processes of air-fuel mix burn in hydrogen diesel and traditional diesel is
different. It is especially evident with fluctuation of average temperature of
working fluid in combustion chamber, in relationto the angle of rotation of the
crankshaft. In traditional diesel cylinder average temperature amountsto 1500K, as
for hydrogen diesel — it reaches 1700K. It must be explicitly mentioned that
content of NOx in combustion products can’t be evaluated by comparison of
average temperature of the cycles. We need values of local temperature, which
drastically differ from average temperature and calculation of which is possible
only by using 3D mathematic model.

Based on the studies, the structural and adjustable parameter values have been
selected, which are presented below and by which we receive significantly
improved ecological and efficient characteristics, in comparison to traditional
diesel.

Based on the study of hydrogen diesel produced on the base of MAN 24/30 it was
determined that the most optimal parameters are: for hydrogen supply it’s the
most optimal to use 18 x 0,5mm sprayer, ensured supply of mm=0,49 gr/cycle
dosage of hydrogen, usage of the following values of excess oxygen coefficient
and air’s turbulence movement — aairX=2 and Dn=1,36. After applying those
values to hydrogen diesel, concentration of nitrogen oxidation in combustion
product amounted to 920ppm, average efficient pressure — 9,0 bar, indicative
energy efficiency of hydrogen fuel — 0.48. At the following values of air
temperature (e = 17.6, pk = 2.4 bar and tk = 65°C) in the process of compression
degree, suction pressure and filling, a stable sequence of working cycles with
minimum fluctuations of the maximum and average indicator pressures of the
cycle is achieved. Delayed spraying of hydrogen (CRA6° TDC) ensures allowed
speed of pressure rise.

Detailed study, based on the numeral experiment, of virtual diesel produced on
the base of YaMZ- 236, and the effect of the angle of advance by which the
hydrogen is sprayed, on the production of oxide, has shown us that if the cycle of
hydrogen supply is 0,085 gr/cycle (which, when the hydrogen and basic diesel
capacity are equal, it corresponds to diesel supply cycle value of 0,24 gr/cycle),
then,in order to reduce emission of nitrogen oxidation by 35-40% in comparison
to basic engines, then we should reduce angle of advance by 5°, i.e. we should
performe delayed spraying.



Thus, depicted values of structural and adjustable parameters for the diesels of
our study, ensures significantly improved ecological and efficiency characteristics
in comparison to the basic diesel engines.

Based on the conducted study, we can conclude that concept of directly spraying
gaseous hydrogen is actual and has clear advantage in comparison to other
conceptual approaches regarding hydrogenengines. This concept can be easily put
in practice. The problems that hinder the process to create hydrogen diesel’s
ecological and efficient cycle, as we see from the study results, can be positively
solved.
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Kiv 4,93.108 0,0472 316480
Kir 1,6-10% 0 0
kov 1,48 - 108 15 23781
Pattas K., Hafner G.[2]

Kor 1,25-10° 1,612 157800
Kav 4,22-10% 0 0
ksr 6,76 - 10 -0,212 206577
Kav 7,0-10%3 0 316103
ki 155105 0 0

Wray K.L., Teare J.D. [2]
Kov 1,33-10%° 1,0 29643
kor 3,2-10° 1,0 163704
kav 4,0-108 0 0 Campbell LM. [2]
k3R 1,30-10* 0 190101 Urlaub A. [2]
kiv 1,36-10% 0 315685
kir 3,10-10%® 0 1398 D.L. Baulch [2],
kov 6,4-10° 1,0 26168 F.V. Bracco [2]
kor 1,5-10° 1,0 161778
Kav 4,2-10% 0 0 C.T. Bowman [2]
kar 1,30-10% 0 190101 Urlaub A. [2]
Kiv 1,3-10% 0 317849
Kir 28-1018 0 0
kov 6,4-10° 1,0 26147 Urlaub A. [2]
kor 1,5-10° 1,0 163248
Kav 4,2-108 0 0
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kar 1,30-10% 0 190101

Kiv 7,6-108 13 315685
kir 1,6-10% 0 0
kov 6,4-10° 1,0 26209

J. Heywood [2]
kar 1,5-10° 1,0 161778
kav 4,1-108 0 0
k3R 2,0-10% 0 209323
kv 1,8-10% 0 318234 Warnatz J. [23]
kir 2,4-10% -14,2 318214 Rottengruber H.[10]
kav 9,0-10° 0 27017 Warnatz J. [23]
kar 4,0-1078 7,0 27017 Rottengruber H. [10]
Kav 2,8-108 0 0 Warnatz J. [23]
k3R 3,7-10% 9,7 0 Rottengruber H. [10]
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