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Abstract. Stocks and efficiency of use of energy resources determine the level of
economic development in most countries. Terms exhaustion of conventional hydrocarbons
measured several decades. Extending the duration of their use would conduct research to
obtain new energy and energy technologies for energy production processes and needs.

Activation molecules reagents combustion reaction is, in our opinion, one of the most
promising ways to improve fuel efficiency units, which will increase the use of non-
renewable fossil terms of hydrocarbons, and demonstrates the relevance and timeliness of
solving this problem.

The purpose of the study— the rationale mode power generating plants efficiency
through the use of optical radiation to activate the molecules of the combustion of gaseous
reactants hydrocarbon fuel in the air.

Energy efficiency fuel gas installations possible when activating molecules reagents
combustion reaction by ultraviolet light emission. Grounded basic parameters of
ultraviolet light emission for transfer reagent molecules in the excited state. The results of
the experiment show search efficiency of photoactivation reagent molecules of the
combustion of vacuum ultraviolet radiation to improve the efficiency of the combustion of
natural gas in the air.

Increased ultraviolet radiation influence on the efficiency of combustion is observed
in the absence of active ventilation, which indicates a significant contribution of ozone in
the course of the process of burning hydrocarbon fuels.

Key words: molecules, reactant, efficiency, combustion, activation, energy,
radiation, level of excitement

Topicality. Stocks and efficiency of use of energy resources determine the level of
economic development in most countries. Terms exhaustion of conventional hydrocarbons
measured several decades [10, 17]. Extending the duration of their use would conduct
research to obtain new energy and energy technologies for energy production processes

and needs. The increase in terms of hydrocarbon energy by increasing the energy
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efficiency of their use will allow to reduce the negative environmental impact, optimize
the cost of hydrocarbon fuels in the chemical and food industries.

Analysis of recent researches and publications. It is known [7] that in the world,
according to statistics in 2012, the basic amount of heat and other energy (about 80 %) are
using traditional energy sources. Therefore, the study of the processes of combustion
should be given more attention. The process of combustion, in fact, is exothermic redox
chemical reaction. Therefore, research should be directed at optimizing the combustion of
chemical reactions that ultimately should lead to increased fuel efficiency thermal
generating plants on hydrocarbons.

Activation molecules reagents combustion reaction is, in our opinion, one of the most
promising ways to improve fuel efficiency units [11, 15], which will increase the use of
non-renewable fossil terms of hydrocarbons, and demonstrates the relevance and
timeliness of solving this problem.

The purpose of the study— the rationale mode power generating plants efficiency
through the use of optical radiation to activate the molecules of the combustion of gaseous
reactants hydrocarbon fuel in the air.

Materials and methods. Activation of molecules involved in chemical reactions can
be carried out in various ways. These methods include: thermoactivation, photoactivation,
ultrasound activation, activation by magnetic field, an electric field activation, the
activation of fast electrons, activation of radioactive particles and other methods.

Improving the efficiency of redox reactions is the main issue of chemical Kinetics
[16, 18]. The efficiency of combustion reactions depends on the concentration of reactants
and properties: composition, structure, internal energy molecules and external factors.

The basic law of chemical kinetics find Arrhenius law [16]. The main condition of
chemical reactions this law is activation of molecules reagents. Arrhenius law describes
the possibility of chemical reactions between molecules of reactant and linking chemical

reaction rate constant with the activation energy (Ea):

k=k,e R (1)
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where kg - before exponential constant; R - Gas constant, equal to 1.987 kcal / mol » deg; T
- The temperature in degrees Kelvin; e - The base of natural logarithms.
After the logarithm of the left and right sides of equations (1) and the replacement of

natural logarithms to decimal obtain the formula:

E
lgk=lgk 75251 )

where the 1/4.575 - conversion factor of natural logarithms in decimal, multiplied by the
value.

The activation energy of the molecules is given by:

E, =(lgk, —Igk)4,575T . 3)

As can be seen from equation (3) the activation energy of molecules at
thermoactivation directly proportional to the temperature.

Our working hypothesis is the assertion that the activation of molecules reagents,
except heat (Eat), you can use energy from other external factors (Exg). In carrying out the
external energy source feeding pulsating energy with a frequency corresponding to the
resonant frequency molecules - reagents can achieve the effect of transferring these
molecules in the active state with much lower energy costs. Supplementing the formula (3)
by expression that describes the effect on the molecule reagents other factors we obtain an
expression that describes the value obtained additional heat:

AEA = EAT - EAE =

=[(lgk, —lgk)4575T ] -Wb *)
where W — energy obtained from external sources, b - utilization coefficient of reactant
molecules external energy.

From formula (4) shows that the thermal activation energy is reduced through the use
of external sources of activation molecules, and offset the heat to be used for useful
purposes, thereby increasing the efficiency of thermal generating plants.

Activation of molecules and atoms in optical radiation (photon) is called
photoactivation. Photoactivation takes place when the ultraviolet part of the spectrum and

is inelastic collisions molecule and photon [4, 5, 9, 19]. To go from stationary electron
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energy levels at excitation energy of the incident quantum (E.) should be sufficient to
activate the molecule [13, 14].
Since
E.=hyv, (5)
where h, - Planck's constant (6,626 - 10" J - s); v - frequency electromagnetic waves (Hz).
The frequency and wavelength of optical radiation to activate molecular oxygen and a

major constituent of gaseous energy carriers are given in Table 1 [12].

1. Parameters activating molecules of hydrocarbon fuel gas and air main

components of optical radiation

Energy Activation energy Light The length of
Molecules level freaquen electromagnetic
type cy, Hz wave, nm
eV Jimolecules J/mol

Methane  |-Singlet | 11,00 17,62-10" | 10,60-10° | 2,65-10™ 113
Triplet 9,00 14,4210 8,68-10° | 2,17-107 138
Propane | Singlet | 10,00 16,02:10™"° 9,64-10° | 2,41-107 124
P Triplet 7,70 12,34:10" 7,42:10° | 1,86:10"7 161
Butane Singlet 9,70 15,54-10" 9,36:10° | 2,34-10" 128
Triplet 8,03 12,87-10"° 7,74-10° | 1,94-107 155
OxvaEn Singlet 9,30 15,90-10™" 9,57-10° | 2,24-107 134
Y9 Triplet | 450 | 721-10° | 43410° | 1,08107 278

Table 1 shows that the transfer of these molecules in the singlet energy levels is
exposed to UV, the so-called vacuum UV (VUV) with a wavelength less than 200 nm.
Conversion of propane and butane molecules in triplet energy levels possible using VUV
wavelengths in the range 155 — 161 nm, and oxygen — in the field C with a wavelength of
278 nm. To transfer to triplet excitation level most energy radiation with a wavelength of
138 nm, for reduced molecules require methane molecule.

Ultraviolet light rays with energies close to the energy sufficient to transfer
hydrocarbon molecules of gaseous fuel and oxygen to the triplet level can be obtained
using the spark and arc discharges in open sources, enclosed burners pressure discharge
lamps and by other sources.

Fig. 1 shows the spectral characteristics of open source VUV performed in a bit

matrix [3].
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Fig. 1. A typical emission spectrum of the plasma electric discharge source UV

atmospheric ambient air

Fig. 1, in addition to the spectral characteristics also shows the bandwidth air,
showing that under normal conditions of radiation with a wavelength less than 180 nm in
the air almost does not apply.

Use as a source of VUV radiation enclosed burner pressure discharge lamps closely
associated with the generation of radiation in the environment inside the gas discharge
burner and burner type bulb, which determines the spectral transmission characteristics of
ultraviolet rays. Inside airtight flask burner electric discharge takes place in the rarefied
gas environment one or two inert gases and mercury. It molecule of mercury is the main
source of hard UV radiation inside the burner.

With mercury obtain the following spectral lines used in HID lamps and have the
following wavelengths: 184.95 nm, 253.65 nm, 365.02 nm, 404.66 nm, 435.83 nm, 546.07
nm 578.2 nm. The most intense line is 184.95 nm, 253.65 nm and 435.83 nm. The
intensity of the other lines vary depending on the category of [8, 20].

To produce bulb burner gas discharge lamps used as quartz glass and special
svitlopronyknu ceramics. To produce burners using quartz glass KU-1 type. The spectral

transmittance characteristics of quartz glass KU-1 type shown in Fig. 2 [6].
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Fig. 2. The spectral transmittance characteristics of quartz glass KY-1

From Fig. 2 shows that the bulb torches made of quartz glass type KU-1 pass
ultraviolet radiation with wavelengths up to 170 nm. This enables the use of mercury
burner filled with high pressure gas discharge lamp as the source of vacuum ultraviolet
radiation.

Investigation of photoactivation reagent molecules of the combustion of natural gas
in the air was carried out by us previously described method [2, 15]. Activating effect on
the methane molecule natural gas and oxygen provides ultraviolet radiation from the
burner lights DRL-80.

Evaluation of the results of the search experiments confirm the working hypothesis
was conducted by heating time of 0.7 liters of water from 20 to 40 °© C when exposed to
molecules of the combustion reagents and ultraviolet radiation in the normal flow of
process water heating. In carrying out the first experiment used artificial ventilation room.
In the second experiment, ventilation facilities was conducted.

Results and discussion.Results of the first experiment are shown in Table 2, and the

second - in Table 3.
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2. Time for water heating and the ordinary heating under the action of

molecules reagents UV radiation and ventilation facilities

Variant
Incineration 1 2 3 4 5 6 7 tep
Without UV 67 68 65 70 65 68 66 67,00
With UV 64 63 61 62 58 64 60 61,71

Table 2 shows that by heating 1 liter of water from 20 to 40 °C, using UV heating
time, a decrease of 8.8 %. The presence of a significant effect of ultraviolet radiation on
improving the efficiency of natural gas combustion in air shows that the null hypothesis in

the evaluation of the results is not supported. Since 5,29> 3,10 (d> LSDgs).

3. Time for water heating and the ordinary heating under the action of

molecules reagents UV radiation without ventilation facilities

Incineration Variant )
1 2 3 4 5 P
Without UV 74 67 71 71 70 70,60
With UV 57 63 61 60 58 59,80

Table 3 shows the reducing of heating time of 0.7 liters of water from 20 to 40 °C in
experiments with UV irradiation and absence of active ventilation of premises amounted
to 15.3 %. The null hypothesis when assessing the results obtained in this experiment is
not confirmed, since d > LSDys (10,80 > 4.0).

Comparison of the first and second experiments show that in the absence of
ventilation of the room there is a significant reduction in heating time specified volume of
water than in experiments with active ventilation of the room. This effect, in our opinion,
can be explained by a significant impact on the process of burning ozone, formed by UV
irradiation.

Conclusions and perspectives.

1. In theory, the opportunity of improving energy efficiency by photoactivation fuel
installations molecules of gaseous reactants hydrocarbons and oxygen by ultraviolet

radiation.
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2. The results indicate a significant effect of ultraviolet radiation on improving the
efficiency of the combustion of natural gas in the air.

3. Increased ultraviolet radiation influence on the efficiency of combustion is
observed in the absence of active ventilation, which indicates a significant contribution of

ozone in the course of the process of burning hydrocarbon fuels.
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HOJIIIIEHHA AKOCTI CITAJIFOBAHHA ITAJIMBA B ABTOMOBUJIAX
MIJISIXOM ®OTOAKTUBAIIL PEATEHTHUX MOJIEKY.JI
JI. C. Yepgincokuii, b. M. Kosanuwiun

AHOTANIA. 3anacu ma egheKmugHicmob BUKOPUCTNAHHA eHepeopecyPCi8 BUHAYAIOMb
pieeHb eKOHOMIYHO20 pO36UMKY Oinbwiocmi KpaiH. Tepminu euyepnanHs 36UYAUHUX
8Y2/1e800HI8 BUMIPIOIOMbCS KilbKoMma Oecamunimmsamu. Iloooeacennss mpusanocmi ix
BUKOPUCMAHHS 003804UN0 O NPOBOOUMU OOCHIONCEHHS O]l OMPUMAHHS HOBUX BUOI8
eHepeii ma enepeemudHUX MeXHOI02il Ol Npoyecie ma nompeb sUPoOHUYMEA eHepeaii.

Axmusayia peaxyii 2OpiHHA MONEKYl - ye, HaA Haw No2ua0, OOuH i3
HAUnepCcneKMusHIUX cnocodié RniOBUWEHHSI eHepeoepheKxmugHoCcmi YCMAaHOBOK, WO
cnpusimume 30LIbUEHHI0 BUKOPUCMAHHSA HEeBIOHOBIIOBAHUX BUKONHUX B8Y2lle800HI8 ma
0eMOHCMPYE AKMYATbHICMb MA CB0EYACHICMb UPIULEHHS Yi€l npobiemu.

Mema oocniosxcenns - 0bepyHmysanHs ephexmusHocmi pooomu eHepeoceHepyouUx
YCMAHOBOK 3a O00NOMO20H0 BUKOPUCMAHHA ONMUYHO20 BUNPOMIHIOBAHHA Ol AKMUBAYii
MOJIEKYJl 320PSAHHA 2A30N00IOHUX peazeHmi8 8Y2/le800He8020 NAIUBA Y NOBIMPI.

Enepeoegpexmusni 2azosi ycmaHo8KU MONCIUBI NPU aKMUBAYII peaKkyiti 2OpiHHsL
MOJIEKYl ~ peazeHmamu  WLISAXOM — BUNPOMIHIOBAHHA — ylbmpadionemosozo  ceimia.
Ob6IpyHmosani OCHOBHI napamempu GUNPOMIHIOBAHHA Ylbmpaghionemy Oas nepeoadi
eHepeii Mmonexkynram peazenmy Yy 30y0xceHomy cmani. Pesynbmamu excnepumenmy
nokazyroms  eg)eKmusHicmes  3aCMOCY8aHHs — (homoakmueayii  MOJNEKyl — peaxkmused
BAKYYMHUM YIbmpaghionemosum GUNPOMIHIOBAHHAM O NIOBUWEHHS eqheKMUBHOCMI
320pSAHHA NPUPOOHO20 2a3) Y NOGIMPI.

Hiosuwenuti  enaus yrompagionemosoco SUNPOMIHIOBAHHS HA — epheKmusHicmo
2OPIHHA CnocmepiedemvCsi 3d GIOCYMHOCMI AKMUBHOI S8eHMUNAYIL, WO CBI0UUMb NPO
3HAYHUL HECOK 030HY 8 NPOYec CNANIOBAHH 8Y2]Ie800HE8020 NAIUBA.

KuawuoBi ciaoBa: monekyau, peacenm, eghexmugHicmo, 20piHHA, aKmueauis,
eHepais, padiayis, pieeHb 30Y0HCeHH
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