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POSSIBILITY OF WATER-OIL EMULSION COMBUSTION

The article describes a device developed by the authors for wave
treatment of water-oil emulsion for preparation of water-oil emulsion for
combustion. High efficiency of hydrocarbon fuel combustion is one of
the main indicators when choosing a method of fuel mixture preparation.
The scheme of an innovative vortex burner for combustion of water-oil
emulsion is presented. A review of existing equipment for preparation of
high quality emulsion is made. The necessity of forced oil dehydration for
high quality combustion in burners is refuted. The choice of material for the
dispersant body with regard to corrosion, cavitation and wear resistance
requirements is presented. The analysis was carried out in order to reveal
the relations of transformation of physical-chemical properties of water-
oil emulsion (sedimentation and aggregative stability, structural viscosity)
from temperature and from the volume of water in them. Knowledge of
these physical-chemical parameters is essential to ensure the efficiency of
atomization and stable combustion of the fuel under study. A methodology
for determining the dynamic viscosity using a capillary viscometer with
results obtained in different ranges of temperature changes of emulsified
fuel preparation is presented. Data on the density of oil-water emulsion as
a function of water concentration at 70 °C was obtained. The dependence
of stability of emulsion based on fuel oil M-100 from settling time at 20 °C
has been analysed. When using wave treatment dispersant, stable water-
oil emulsions are obtained, suitable for use in power engineering as fuel.

Keywords: fuel oil, water-oil emulsion, dispersant, capillary
viscometer.
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Introduction

The task of clean combustion of hydrocarbon fuels has been solved for
decades, resulting in a wealth of scientific and experimental experience, but
research work in this direction continues unabated. An important parameter is the
stoichiometric composition of the fuel mixture. As a result of swirling fuel and
oxidiser flow the free pass length is increased as well as their stay in the burner
channel. The paper describes the experimental results for preparation of water-oil
emulsion for combustion in a vortex burner providing a stable vortex at the stage of
mixing and preignition [1]. The vortex gives almost all the fuel a chance to react.
Moreover, the mixing of fuel and oxidiser, given the correct stoichiometry, results
in a uniform combustible mixture, which will burn better and almost completely
in the burner channel. Fig. 1 illustrates the proposed burner device designed for
burning water-oil emulsion (WOE) with variable moisture content up to 30 % [2].

Organizing the preparation of fuel for combustion in oil-fired boiler plants,
ensuring the efficiency and reliability of burner devices becomes of primary
importance. There is an acute problem with the preparation of the fuel mixture
for combustion, caused by many factors, along with economic ones, which do not
sufficiently satisfy all the necessary indicators of fuel before direct combustion [3].

The main task of the work is to investigate the rheological and sedimentation
properties of the water-fuel emulsion.
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The combustion stage is preceded by homogenisation of the water-fuel
mixture using a dispersant. Fig. 2 illustrates the experimental setup for preparation
of water-oil emulsion for combustion.
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Figure 2 — Dispersion system for watered fuel oil

This study aims to investigate the properties of WOE prepared through the
use of a wave treatment dispersant. In the preparation of water-fuel emulsions,
the quality selection of emulsion preparation devices is of paramount importance.
There are several criteria for determining the quality of emulsions. One of the
most important is dispersity, which has a direct impact on emulsion conductivity,
viscosity and stability. Water is uniformly distributed in the fuel mass, and as the
number of water droplets in the fuel increases and its size decreases, the dispersity
increases, which directly affects the quality of the emulsion produced.

Based on misconceptions about the stability of emulsions, many researchers
have been found to use the term ‘blending’, despite the fact that the technology they
use is emulsification. While blending is convenient for fuels with relatively similar
boiling points, emulsification should be used for fuel blends with different boiling
points so that the benefit from micro-blending can be reflected in fuel atomisation.
Secondary atomisation resulting from the micro-bursting of emulsified fuel and
fuel oxygenation are responsible for improved combustion, performance and CO
emissions. The latent heat of vapour formation has been found to be responsible
for the reduction of NOx emissions [4].

Experimental studies of the effect of emulsion fuels on combustion,
performance and emission have been carried out before. The emulsion
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characteristics were determined using an optical electron microscope, emulsion
stability test [5].

Changes in temperature and droplet diameter over time were observed.
The combustion of the emulsion droplets was divided into four stages, with the
characteristics of each stage varying little depending on the water volume ratio [6].

The problems of emulsion formation in water and the stability of the
emulsified oil during storage were solved using a laser diffraction particle size
analyzer, image analysis and oil emulsion volume determination [7].

The research of influence of inhomogeneous system parameters on
emulsification intensity at complex influence of mechanical stirring and ultrasonic
oscillations was carried out. We used methods of analytical review of the results
of ultrasonic emulsification of heterogeneous systems, analytical study of the
propagation of ultrasonic vibrations through a layer of two-component emulsion,
the experimental study of emulsification of immiscible liquids under mechanical
agitation in the field of ultrasonic vibrations [8].

The principle of high quality emulsion production equipment is based on
the phenomenon of cavitation. One of the possible options for the preparation
of watered fuel oil with moisture content up to 20 % is the use of hydrodynamic
cavitators, which have proven themselves when applied with a particle size not
exceeding 10 um in the aspect of significantly increasing the combustion rate. The
cavitation treatment effect is promising in terms of micron-sized WOE. According
to experimental studies, in small emulsion particles water is boiled off to form finer
elements by crushing the particles. Much less intermediate products are produced
during combustion. Analysis of technology reveals one of the disadvantages —
energy intensity of shredding process in preparation of watered oil [9].

Fuel oil containing solid components has an increased flash point, and also
has other deviations from the standards, affects the contamination of the heating
surface, destabilizes the combustion process, breaks the completeness of fuel
combustion, forms the flare disruption up to the emergency shutdown of equipment.
Traditional methods of storage and pumping imply that the consumer receives
fuel oil with excessive moisture content [10].

The issue of making equipment to prepare WOE for combustion has been
addressed for decades and much experience has been accumulated in this area.
Mechanical apparatuses produce homogeneous solutions. Colloidal mills and rotors
based on centrifugal pumps are also used. Ultrasonic machines are used for particle
size reduction by breaking the bond between the particles of molecules [11-13].

The main distinguishing feature of all of the above devices is the complexity
of their design, resulting in the need for additional service and in some cases
connection to a permanent power supply.
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Disadvantages of above mentioned WOE dispersants are eliminated by use
of the WOE wave dispersant, described in detail below. The principle of operation
of the wave treatment dispersant is also based on the cavitation effect.
Materials and methods
The process of combustion of C to CO and subsequently of CO to CO, is
characteristic of WOE due to its high water vapour content. The possibility of
using oil tank effluents is due to emulsification of watered liquid hydrocarbons.
Stable burning of WOE is observed at volumetric water content up to 50 % [14].
Fig. 3 shows dispersant parts, on Fig. 4. dispersant housing and segner wheel,
Fig. 5. dispersant assembled. Dispersant design is a device for wave treatment of
watered fuel oil, made at the plant in Kazakhstan.

Figure 4 — Dispersant housing and segner wheel
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Figure 5 — Dispersant assembly

The water-oil emulsion is homogenised by the cavitation process in the wave
treatment dispersant, therefore the dispersant must be constructed according to a
number of requirements:

— body and working bodies of the dispersant must be corrosion-resistant;

— cavitation resistance and wear resistance.

Stainless steels are well suited to these requirements. Table 1 shows the
compositions for the dispersant body, steel grade 03X16H15M3 was selected
and for the segner wheel, steel grade 12X13, whose chemical compositions are
shown below.

Table 1 — Compositions of the selected steels

Steel grade C Si Mn Ni S P Cr Mo Fe

03X16H15M3 Upto | Upto | Upto | 14-16 | Upto | Upto | 15-17 | 2.5-3 | ~64
0.03 0.6 0.8 0.015 | 0.02

12X13 0.09- Upto | Upto | Upto | Upto | Upto | 12-14 ~84
0.15 0.8 0.8 0.6 | 0.025 | 0.03

The analysis revealed a number of changes in the dependence of physical
and chemical properties of water-oil emulsion, which include aggregative and
sedimentation stability, structural viscosity, and their dependence on temperature
and water content. The obtained indicators are of great importance for organising
efficient atomisation and stable fuel combustion, as well as for evaluating the
performance of the dispersant itself.

Results and discussion

The experiment was conducted at 80 °C for M-100 fuel oil. The percentage of
water content in WOE was taken in the range from 5 to 30 % (5, 10, 15, 20, 30).
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WOE density. WOE is a composite mixture of two liquids of different
densities, so the density is determined by the formula

Pwor = Po "My + Py - My, (1)

Pwoe — density of WOE, kg/m3;

Po>Pw — densities of fuel oil and water respectively; kg/m3;
m,,,m,, — proportion of fuel oil and water in the water-oil emulsion.
Determined the density of M-100 fuel oil and water at 70 °C.

At 70 0C =935.5 kg/m?; = 971.6 kg/m>.

The experiment was carried out with different concentrations of water
from 5 % to 30 %. The calculation results are shown in Table 2 and the diagram
according to Fig. 6.

Table 2 — Dependence of WOE density on water concentration at 70 °C

Water concentration, % 5% 10 % 15 % 20 % 30 %
WOE density, kg/m® 937,217 | 939,08 | 940,627 | 942,61 | 946,2

Fig. 6 shows that as the concentration of water in the mixture increases,
the density of WOE increases. This is due to the fact that the density of water is
higher than that of fuel oil.

5% 10% 15% 20% 25% 30% 35%

KoHueHTpauua Boabl, %

Figure 6 — Dependence of WOE density on water concentration at 70 °C

Hydrodynamics equation with viscosity 1 through the viscosimeter capillary
to determine the stationary flow of a fluid (Poiseuille formula):
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4 4
R’ p —p= R’ p
8L 80L

Q — quantity of liquid flowing through the capillary viscometer per unit
time, m%/s;

R — radius of the viscometer capillary, m;

L — length of the capillary viscometer, m;

p — pressure difference at the ends of the capillary viscometer, Pa;

n — viscosity of liquid, Pa-s;

0= @)

The case study justifies the use of the Poiseuille formula for laminar liquid
flow when there is no slip on the viscometer capillary wall-liquid boundary. This
equation is used to determine the dynamic viscosity.

Fig. 7 shows a schematic representation of a capillary viscometer for
determining dynamic viscosity.

hl 2R

el —

Ny "3

Figure 7 — Capillary viscometer

Table 3 — Viscosity of WOE in relation to water concentration at 70 °C
Konnenrpanus Bogst, % 5% 10 % 15 % 20 % 30 %
ITnotHocT BMD, kr/M® | 937,217 | 939,08 | 940,627 | 942,61 946,2
Pacxon BMD, 10-6 M*/kr | 17,63 16,5 12,71 10,64 8,6
CTpyKTypHast BA3KOCTh
BMD, ITac

0,182 0,191 0,253 0,304 0,368
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Figure 8 — Viscosities of WOE as a function of water concentration at 70 °C

The analysis of data of Fig. 8 and Table 3 shows the increase of structural
viscosity of WOE with the increase of percentage of water content and shows
the prevalence of viscosity of initial oil. The increase of emulsion viscosity from
0,167 Pa-s (initial oil) up to 0,373 Pa's is observed.

The increase of percentage of water in WOE (above 30 %) causes negative

consequences of combustion [15].

Calculation results using this method of determining the optimum value
of transmission temperature and preparation of WOE, taking into account the
percentage of water content, are shown in Table 4.

Table 4 — Temperature dependence of viscosity of M-100 fuel oil based WOE at

different water contents

Emulsion

Structural viscosity, Pas at temperature, °C

20 40 50 70 80

WOE with 5 % H,O

3,04 0,86 | 0,34 | 0,19 | 0,162

WOE with 10 % H,0

12,3 1,54 | 0,76 | 0,255 | 0,159

WOE with 20 % H,O 12,92 1,98 1,27 | 0,312 | 0,211
WOE with 30 % H,O 16,74 3,73 1,91 | 0,377 | 0,278
WOE with 40 % H,O 20,83 6,05 | 2,49 | 0,932 | 0,447

Analysis of the data indicates a significant decrease in viscosity of the cohesive
disperse system in the temperature range from 20 to 70 °C. When water is heated
in the range 70 to 80 °C the viscosity value does not decrease significantly. As an
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example, the viscosity of WOE with 30% water content decreases from 0.376 Pa's
(at 70 °C) t0 0.276 Pa-s (at 80 °C). The necessity of further increasing the temperature
of heating WOE in the range of 90-100 °C is due to the prevention of boiling of
water from WOE. The preparation of WOE is conditioned by the rationing of the
water content. The factor of partial loss of moisture in the plant (not in the laboratory)
during emulsion preparation can be considered as a positive side effect of dewatering.

A clarification assessment method was used to evaluate the sedimentation
stability of the WOE, with an obligatory holding period in glass cylinders in a
statistical condition. The results obtained are shown in Table 5.

Table 5 — Stability ratio of WOE based on M-100 fuel oil to settling time at 20 °C

trati f water in WOE in th 1

Initial water content in WOE, Concentration of wa er0 /:]nWt OE in the upper layer,
0 .

o wt lThour | 2hours | Shours | 8 hours | day
5 32 3,2 343 3,99 4,5
10 4,3 4,41 5,0 5,23 6
15 5,13 5,25 5,5 6,09 6,7
20 5,22 5,21 5,67 6,4 8
30 8,9 11 15,02 19 28,3

Conclusion

The wave dispersant experimentally demonstrates the high quality of the
WOE preparation. The obtained WOE, with a water content in the range 5-30%, is
stable overnight in the required temperature range. By means of dispersant of wave
processing stable WOE are received, under standard conditions the prepared fuel is
stored in the expense tank no more than days, therefore the WOE received by the
presented technology is applicable for needs of power engineering in a wide range
of application. WOE acts as a disperse system with high aggregative stability. There
is a significant numerical increase in the 10 um particle size and there is minimal
conversion of the 1.25 um dispersed phase particles towards the 2.5 pm particle size.
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1235ymMunés aTbinaarsl EypasusiibIK YITTHIK YHUBEPCUTETI,

Kazakcran Pecnyonukacer, Hyp-CynTaH K.;

*Ka3aHb YITTBIK SHEPTeTHKABIK YHHBEPCHUTETI,

Peceii ®enepanusicel, Kazan k.

Marepuan 28.02.22 6acnara TYCTI.

CY-MA3YTTBI OMYJbCHUAHBI KAFY
MYMKIHAITT MOCEJIECIHE

Maxanada aemopnap o3ipnecen cy-mazym 3MYIbCUSICHIH Jcazyed
OQubIHOAY YWIH CYIAH2AH MA3ymmsl MOJKbIHObIK 6HOey2e ApHAN2aH
KypblLiebl cunammanzan. Kemipcymexmi omulHObl JcazyObly dco2apol
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MUIMOINIel dHcanavll KOCHAHbL 0aublHOAY 90ICIH Mayoayodazvl Hezi3el
kopcemkiwmepoiy 6ipi 6onvin madwviiadvl. Cy-MyHail 3MyabCUSCHIH
Jrcazyea apHanean UHHOBAYUSILIK KYUbIHObL Kbl30bIp2blul KYPbli2blHblH
cxemacyl ycviHvlizaH. Koaapul cananvt SMynbCusinbl OaiblHOAy2a apHaizan
KOIOaHbiCMazbl JcabObIKKA WOy dicacanobl. JKanapeavl Kypuli2bliapbiHOd
cananvl JHcazy Yulth Mazymmaol MOXHCOY Pl 0ecuopamayusiiay Kaxcemminiel
arcoxka wvleapuliovl. Kopposusza meszimoinikke, conoaii-ax xagumayus
MeH mo3y2a mesimMOiNiKKe KOUbLIambvlH maianmapobl eckepe Ombvlpuin,
oucnepzamop KOPRYyCoiH JCAcay YWiH mMamepuaiobl mayoay mypaisl
monimemmep ycvinviazan. Cy-mazym dMYabCUsCbIHbIY DUIUKA-
XUMUATBIK, Kacuemmepin (MyHObIPY JHCOHe azpecammuli MypaKmbliblK,
KYPbLIBIMObLK, MYMKbIPJIbIK) MeMNepamypaoan JHcoHe 0aapoaavl cy
KOJeMIiHeH mypJeHOipyOil apaKkamvlHACbIH AHbIKMAY MAKCAMbIHOA MAI0Ay
orcypeizindi. Ocvl GuU3UKA-XUMUSLTBIK napamempiepoi Oy 3epmmeemin
OMbIHHbIH HCAHYbL MEH MYPAKINbL HCAHYbIHbIH HOMUICETLNIZIH KAMMAMACHL3
emy ywin aumapiolKkmau. DMYyabCusiiaHaaH OMblHObL 0AUbIHOAY
MeMnepamypacviHbly 032epyiniy opmypii OUAna3oHoapbiHOd alblH2aH
Homuoicenepi 6ap KanuiiaApiblk 6UCKO3UMemMPOl KOLOAHA OMbLPbIN,
OUHAMUKATBIK, MYMKbIPLbIKMbL AHLIKMAY 90icmemMeci KeamipiiZeH.
70 °C memnepamypada cyOblH KOHYEHMPAYUSACbIHA OAUIAHBICIbL C)-
MA3YmM IMYIbCUACLIHbIY Mbl2bi30blebl OOUbIHWA 0epekmep anbiHObl,
20 °C ke3inde mynovipy yaxvimoina M-100 mazym HezizinOe2i sMynbCust
MYpPaKmolibl2blHbIH MoYe0LliciHe Mai0ay Heacauiobl.

Kinmmi ce3zdep: mazym, cy-mazym smyinbcuscwl, oucnepeamop,
KANULIAPILIK BUCKO3UMEMD.
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Poccuiickas ®enepanus, . Kazanb.

Marepuan noctynui B pefaxiuio 28.02.22.

K BOITPOCY BO3MOKHOCTHU C)KUT'AHUST
BOJ1I0-MA3YTHOM SMYJIbCUA

B cmamve onucan paspabomannwiii aemopamu annapam 0is
60JIHOBOU 0OPAbOMKU 00800HEHHO20 MA3Yyma O0Jisi NO020MOBKU 8000~
MA3YMHOU SMYIbCUU K COHCULAHUIO. Bbicokas d¢hpexmuerocms coicueanus
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V2ne8000pOOHO20 MONAUBA AGIAEMCS OOHUM U3 OCHOBHBIX NOKA3ameell
npu evibope cnocoba noocomosku 2oproueti cmecu. Ilpedcmasiena cxema
UHHOBAYUOHHORO BUXPEBO2O 20PENOYHO20 YCMPOUCMEA OISl CHCULAHUSL BOOO-
mazymuou smynvcuu. [lpouzeedén 0630p cywecmayouje2o 060py0osanus
05 NOO020MOBKU IMYIbCUU 8bICOKO20 Kauecmea. Onposepernyma
HE0OX00UMOCMb 8 NPUHYOUMENbHOU Je2udpamayuu mazyma 0Jis
KAYeCmeeHHO20 CoCU2anusi 8 20pelounslx ycmpoticmsax. IIpeocmasienvl
Odanmwvle no 6blOOPY Mamepuana OJist U320MOoGJeHUs KOPNYca OUCIep2amopa ¢
Yuémom mpebo8anuil K KOppO3UOHHOCIMOUKOCIU, 4 MAKIHCE YCHOUYUBOCIU
K Kagumayuu u usnococmouxocmu. IIpogedén ananus ¢ yeivio GuiasieHus
COOmMHOWEHUL NPeodpPaA308anHUsL DUUKO-XUMULECKUX CBOLICME 8000-
MA3YMHOU SIMYTbCUU (CEOUMEHMAYUOHHAS U A2Pe2amUEHAs yCIMOUYUBOCINY,
CMPYKMYpHAsL 6513KOCMb) OM mMeMnepamypsl u om oovéma 6 Hux 600bl.
3Hanue OaHHBIX QUIUKO-XUMUUECKUX NAPAMEMPO8 ZHAYUMENbHO OJis
obecneyenust pe3yibmamugHOCMuy pacnvlid U CmabuilbHO20 20peHUs
uccaedyemozo monausa. Ilpusedena memooonocus 0isi OnpeoeeHus
OUHAMUHECKOT 6513KOCIU C UCNOIL30BAHUEM KANUWLIAPHOZ0 BUCKO3UMEmMPA
C NOAYYEHHLIMU Pe3VIbMAmMaMu 8 PA3HbIX OUANA30HAX UBMEHEHUs
memnepamypbl N0020MOBKU IMYIbUPOBaHH020 monausd. Illoayuenvl
Oannvlie N0 NAOMHOCMU 8000-MA3VMHOU IMYAbCUU 8 3A8UCUMOCTNU
om xkonyenmpayuu 600vl npu memnepamype 70 °C. Bvinonnen ananus
3a8UcCUMOCMU CMAOUILHOCIMU SMYTbCUU Ha ocHoge mazyma M-100 om
epemeru omemos npu 20 °C. [Ipu ucnonvzosanuu oucnepeamopa 60aHOG0U
0bpabomxu nonyuaiomcs cmabuibHbvie 8000-MA3YMHbIE IMYIbCUU,
npueooHble OJisi NPUMEHEHUsL UX 8 IHEP2eMUKe 8 Kayecmeae moniusd.

Kniouesvie cnosa: mazym, 6000-mazymuas sSmMynbcusi, OUCnepeamop,
KANULIAPHBILL BUCKOZUMEMD.
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