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USE OF OIL-WATER EMULSION IN SWIRL BURNERS

Efficient combustion of unconventional fuels has come to the
forefront of research in recent years by scientists in many countries due
to the accelerating depletion of fossil fuels. With the development of
computer technology, more and more attention is being paid to modelling
using a wide range of specialised software at the expense of more
accurate experimental studies due to expensive laboratory equipment
and consumables. In this paper a brief review of experimental studies
related to preparation and combustion of water-oil emulsion (WOE)
with explanation of the process of micro explosion of fuel droplets
and dependence of combustion efficiency on the percentage of water
in the fuel is presented. An experiment on combustion of WOE using a
patented innovative burner for a wide range of liquid and gaseous fuels
was conducted. Based on a previously published article describing a
wave disperser made by the authors, a mixture of fuel oil with water
concentrations of 5 %, 10 %, 15 % and 20 % in WOE and once pure
fuel oil was prepared and burned. The results of the analysis of the
harmful emissions data show a decrease as the moisture content of the
fuel increases. The most optimal moisture content as measured by the
heat release rate of the water-oil emulsion is at 20 %.

Keywords: water-oil emulsion, dispersant, microburst, vortex
combustion chamber, harmful emissions.

Introduction

The reduction of environmental pollution, especially NOx, is one of the
most important areas of global research in the development of new combustion
devices for conventional and alternative fuels. The global depletion of fossil
fuels, and the tightening of environmental regulations, has led to a deepening of
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the understanding and improvement of approaches to combustion system design,
taking into account the possibility of combustion of alternative fuels. One of such
fuels is water-oil emulsion (WOE), providing ecological combustion with low
level of harmful emissions. Combustion process of WOE is not fully studied and
is based mainly on experimental data of laboratory studies.

Problems of energy resources saving and improvement of ecological condition
of a heat and power facility depend in many respects on organization of qualitative
fuel combustion (in a particular case, oil). However, taking into account the fact
that all available technologies of fuel preparation and combustion itself are brought
practically to perfection, and efficiency and ecological purity of boiler units in
many cases leave much to be desired, the problem of searching constructively new
methods in this area is acute. In this case, the application of a fundamentally new
type of fuel - WOE is relevant in solving the set problems. Water-oil emulsion is a
fundamentally new type of fuel, consisting of two liquids insoluble in each other:
a globule of water and the surrounding film of fuel oil. According to experimental
observations of many authors, when such drop hits the high-temperature zone of
the furnace, water in the composition of WOE drops boils, turns into steam and,
expanding explosively, breaks the surrounding film of fuel oil —the so-called «micro
explosion» occurs. As a result of this process, the fuel oil droplet is crushed into
many small droplets of «purey fuel oil, flying in different directions [1].

Use of special dispersants is a more advanced approach to the process
of obtaining WOE, implementing a continuous mode of their preparation and
combustion in boilers and furnaces. The advantages of systems with a continuous
mode of preparation and combustion of WOE are obvious. Most of the modern
WOE preparation schemes use dispersing devices and are flow systems, in
which WOE after preparation is fed for combustion [2]. Steam generation leads
to expansion and deformation of the surrounding oil droplet and ultimately to its
fragmentation. Microbursting is defined as a process during which a complete
rupture of the oil droplet occurs, whereas if only part of the fuel oil droplet ruptures,
the process looks like a bloat [3].

Despite the potential benefit of emulsified fuels, the detailed physical
mechanisms that occur during microbursting and inflation are not clear. In an
experiment [4], the homogeneous explosive boiling of a steam bubble inside a
superheated water droplet was studied and the size of the steam bubble during its
growth was measured. In a similar experiment [5], it was observed that during the
explosive boiling the liquid particles bounced away from the liquid-gas interface,
along with the bubble oscillations. So far, most of the experiments with emulsion
droplets have focused on the combustion characteristics after secondary atomization
induced by puffing/microburst [6]; thus, the overall dynamics of a single droplet
cannot be revealed. The single droplet experiments investigated relatively large
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droplets (@ (1 mm)) compared to those used in engines. In [7] it was found that the
volume fraction of water and the amount of surfactants (surfactants) can influence
the tendency to microburst. The size distribution of dispersed water subdroplets also
has a significant effect on microbursting [8]. Experiments have recently been carried
out in [9,10] with single droplets whose sizes were similar to droplet sizes in diesel
engines (@ (10 pm)). In the experiment [ 10] the effect of water content on microburst
characteristics was investigated using a high-speed video camera. Rationale for the
necessity of burning fuel oil as WOE is presented in detail in the author’s works [11,
12]. In this regard, in [13] a fundamentally new device for preparation of watered-
down fuel oil for combustion is proposed for implementation in boiler-houses. The
device contains a housing made of several cylindrical rectilinear sections connected
by bends, connectors for water and fuel oil supply, cavitation bodies located inside
the cylindrical housing. It differs from its analogues in that the cavitation bodies are
made of plates with a curved surface in the form of a straight helicoid. In comparison
with the known devices for the preparation of WOE the proposed unit allows to
prepare liquid fuel better due to the original design of cavitation bodies.

Comparative characteristics of black oil and WOE in relation to boiler units
are presented in table 1 according to [14].

Table 1 — Main thermo-technical characteristics of WOE
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Fuel oil M100 2 40,43 945 25 150 100 4
WOE-5 5 38,42 948 25 160 103 4
WOE-10 10 36,29 950 25 175 90 6
WOE-15 15 34,13 952 25 190 95 6
WOE-20 20 33,85 954 25 205 98 6

As shown in [15] the combustion process of WOE is accompanied by droplet
fragmentation due to the emission of water vapour from the droplet. In addition to
microparticulation there is a sharp increase in velocities of the fragmented droplets
relative to the air stream. The emulsion droplet burns faster than an oil droplet of
the same size which is evident from the experimental data (Table 2) [15].
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Table 2 — Comparative data on combustion of drops of fuel oil and WOE

Fuel Drop diameter, mm Total combustion time of Soot burning time, s
the droplet, s
Fuel oil 1,1 3,30 1,4
WOE 1,1 2,48 1,1

A significant amount of experimental work is directly related to the
combustion of WOE, the research was mainly carried out using single droplet
weighting and free-fall droplet weighting methods [16,17].

According to experimental studies [18] compared to temperature, water has
a greater influence on the viscosity of fuel oil. Low water content of 5% has a
negative impact on combustion, meanwhile too high water content of 30% too
increases the fuel density and viscosity, which in turn affects fuel atomisation
characteristics and makes the combustion process unstable.

Materials and methods

M100 fuel oil was taken as the starting fuel for the experiment. The
combustion stage is preceded by homogenisation of the water-fuel mixture using
a dispersant. In the preparation of water-fuel emulsions, the qualitative choice of
devices for the preparation of WFE is of great importance. The process was carried
out using wave treatment dispersant [19]. The experiment was conducted in four
cases with combustion of WOE with 5 %, 10 %, 15 %, 20 % concentrations of
water and once with pure fuel oil. NO, NO,, and SO, content in flue gases was
measured with a DAG-500 gas analyser in order to analyse the effect of different
water concentrations on emission rates of harmful substances. Thermoelectric
transducer of TVR type (tungsten — rhenium) with measuring range up to 2200 °C
was used to determine the temperature in the swirl burner device.

Results and discussion

The results on combustion of WOE 5 %, 10%, 15 %, 20 % concentrations of
water and pure fuel oil showed patterns of changes in flame quality, its stability and
significant differences in the amount of harmful emissions. Plots of dependences
of harmful emissions and temperature on the quantitative content of water in fuel
oil are shown in Figures 1-3. Values for NO and NO, are given in NOx.
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Figure 1 — NOx content as a function of water concentration in WOE

With increasing water concentration in WOE there is a significant reduction
of nitrogen oxides in the flue gas composition from 145 ppm to 77 ppm.
Under these conditions NO, increased to , compared to
pure oil combustion.

Figure 2 — SO, content as a function of water concentration in the WOE

Figure 2 clearly shows the reduction of sulphur oxide SO, content in the
combustion products. Taking into account the sulphur content Sp =24 %, the
sulphur dioxide content in fuel oil combustion was 252 ppm, and when burning
WOE with 20 % H,O the figure was 129 ppm.
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Figure 3 — Combustion chamber temperature as a function
of water concentration in the WOE

Reduction of the maximum temperature limit in the combustion chamber of
the innovative burner is observed when the H,O content in WOE is increased in
stages as shown in Figure 3.

As aresult of formation of so-called «microbursts» during WOE combustion,
as well as uniform distribution throughout the flame volume due to uniform
distribution of oxidant and fuel, a decrease in temperature level is observed together
with a decrease in emission of harmful substances in flue gases.

By creating an effective vortex in the innovative combustion chamber, the
dwell time of fuel and oxidant in the combustion zone is increased. As a result
of transition of a part of anhydride into sulphuric acid aerosols H,SO, which
can be collected by means of electrofilters, concentration of sulphuric anhydride
SO, decreases with increase of H,O in emulsion. A significant reduction in the
temperature level and uniform distribution of oxidiser and fuel in the combustion
chamber leads to a reduction in NOx values.

Conclusion

The effective combustion of WOE with high moisture content, reaching values
of 20 %, is made possible by recreating a forced vortex motion of the fuel-air
medium. A positive criterion is achieved by an increased degree of mixing and
high angular flow velocities (Figure 4).
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Figure 4 — Combustion process of WOE with 20 % water content

A prototype of the burner showed the prospects of introducing cyclone-vortex
technology in boiler technology, which is confirmed by an increase in their heat
output, economic efficiency and a significant reduction of harmful emissions [19].

Experiments have shown that combustion of fuel oil in the form of water-oil
emulsion in an innovative swirl burner reduces the emission of harmful substances
into the atmosphere. Compared to conventional oil, HFO with 20 % water content
reduces SO, and NOx by 29 % and 58 %, respectively. Further increasing the water
content in WOE leads to failure of flame stability and reduces the efficiency of
the burner. When oil-water emulsion is combusted in the innovative swirl burner,
the concentration of incomplete combustion products is reduced due to improved
formation of the fuel-air mixture.
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UCIOJb30BAHUE BOJOMA3YTHOM IMY.JIbCHUU
B BUXPEBBIX TOPEJIOYUHBIX YCTPOMCTBAX

Dppexmusnoe coicucanue HempaOUyUOHHBLX UO08 MONIUBA 6
nocieonue 200bl GbIULO HA OOHO U3 NEPBbIX MeCMm 8 UCCIeO08AHUSX
VUEHBIX MHOSUX CHIPAH 8 CBA3U C YCKOPEHHO UCTOWAIOWUMUCS 3anacamu
ucxonaemozo monauga. C pazeumuem KoMnvlomepHoU mexHuKy 6c€ bonvuie
BHUMAHUS YOETISIOM MOOETUPOBAHUIO C UCHOTLI0BAHUEM UUPOKO20 CHEeKMpPd
CREYUATUUPOBAHHO20 NPOSPAMMHO20 obecneyenus 8 yYouimox 6oJee
MOYHBIM IKCHEPUMEHMATILHBIM UCCCO0BAHUEM 8 CBA3U C 00PO2OCTNOSUYUM
1abopamopHviM 060pYO08aHUEM U PACXOOHBIMU Mamepuaiamu. B danuou
cmamve Kpamko npugOOUMcsi 0030p IKCNEPUMEHMATLHBIX UCCICO008AHULL
CBSI3AHHBILL C NOO2OMOBKOIL U CHCULAHUEM 8000MAZYMHOU dMmyabcuu (BMO)
€ NOSICHEHUEM NPOYecca MUKpOB3pblea Kaneib Monaued U 3a6UCUMOCmvio
aghhexmuenocmu cocueanus om RPOYEHMHO20 COOEPHCAHUSL 800bL 6
monause. [Ipogedén sxcnepumenm no cocueanuro BMD ¢ ucnonvsosanuem
3anamenHmo8aHHO20 UHHOBAYUOHHO20 20PELOYHO20 YCMPOUCMEa 0
WUPOKO20 CREKMPA JCUOKUX U 2a3000pa3zHblx 6u006 monausa. Ha ocnose
paree onyoOIUKOBAHHOU CIAMbU C ONUCAHUEM U320MOGICHHO20 ABMOPAMU
601H0B020 Oucnepazamopa Ovlla NOO2OMOBNEHA U CONCHCEHA CMeCh
Mmazyma ¢ KoHyenmpayusmu 600wt 5 %, 10 %, 15 % u 20 % 6 BMO u 00un
pa3z uucmolii mazym. Pe3ynomamol ananusza 0aHHbIX N0 6DEOHbIM 8b10pocam
O0eMOHCIMPUPYIOM CHUNICEHUE NO MePe NOBbIULEHUSL COOEPICAHUSL BNIA2U 6
monnuge. Haubonee onmumanvhoe codepoicanue 6iazi no nOKA3amenio
Men0BbLOCICHUSL 8 B000MA3YMHOU IMYTbcuu Ha yposHe 20 %.

Kniouegvie cnosa: eodomazymuas smyibcus, oucnepeamop,
MUKDPOB3PbIB, BUXPEBUSI KAMEPA C2OPAHUSL, 8PEOHbIE BbLOPOCHL.
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MYHA-CY MYJIbCUSICbIH BOPTEKC
OTTHIK KYPLUIFBIHJA MAJAJIAHY

Hocmypni emec omuindvl muimoi dcazy coyabl JHcbLI0apbl Kazoa omuit
KOPbIHbIH 1e3 MAYCbLTYbIHA OAUIAHBICHIbL KONMEe2eH e10ep 2a1bIMOapbIHbIY
3epmmeyiepinoe an2aukbl OpblHOapobly Oipine wibikmol. Komnviomepnix
MEXHONOSUAHBIY OAMYbIMEH KbIMOAm 3epmXaHANbIK HCAOObIKMApD MeH
Wbl2blH MAMepUuardapblHbly, ApKACbIHOA 09LipeK IKCNePUMEHMMIK
3epmmeyiep ecebiten KeH ayKbMObl apHaiibl 6a20apiamanblk KAMMAaMAachl3
emyoi KoI0aHy apKulivl Modenvoeyze Kobipek KoHin Ooninyde. byn
MAaKanaoa OmvlH MAMULbLIAPLIHBIH MUKDOJICAPBLITY NPOYECTH HCOHE JHCAHY
MmuimOiniciniy omolHOA2bl CYObLH NAUBI3bIHA MOYeNOLNicIH MYyCIHOIpe
ombipbin, cy-mynat smyascusicoltn (CM3O) Oatiinoay dicone dcazymen
Oaunanvicmol dKCREPUMEHMANLObL 3epmmeyiepee KblCKaua uomny
grcacanaovt. CyliblK dicoHe 2az mopizdec OmulHOAPOLIH KeH CHeKmpi
YWiH namenmmenzen UHHOBAYUALLIK ommulkmul navoaranvin CMO
Jlcazy sKcnepumenmi Jcypeizindi. Aemopnap wieapean moaKbiHObL
oucnepcmepoi cunammanumvli OYpoll JHCAPUALAH2AH MAKALA2d CylieHe
omuipvin, CM3-0e cy konyenmpayusicot 5 %, 10 %, 15 % ocone 20 %
bonamsin Mazym KOCHAcwl dcoHe Oip pem maza mMazym OaublHOAbIN,
2Hcazviobl. 3UsAHObL WHI2ZAPLIHOBLIAD MYPANbl MoAiMemmepoi mauoay
Homuoicenepi OMuvlH KypamblHOa2bl bli2dl0bLIbIK JHCO2APLLIASAH CAUbIH
memenOezeHin kopcemeoi. Cy-MyHaUl SMYabCUSICHIHOA HCbIAYObL OOy
botbinwa ey oymatiivl bla2anovlavik 20 % oeneetlinoe.

Kinmmi co30ep: cy-myHati smynbcuscol, OUCNEPCUsl, MUKPONCAPLLIBIC,
KYUbIHObL HCAHY KAMEPACHI, 3UHObL Ubl2aPbIHObLLAD.
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