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The effect of a homogeneous electric field on the burning of alkane particles in air is investigated. Stages of heat
and mass exchange processes in the combustion process are determined. It is shown that the melting of a particle is
the main constituent part of the induction period, the time during which the particle ignites. It is found that the
melting rate is substantially reduced if the electric field strength exceeds a certain critical value. In our experimental
conditions, it is about 60 kV/m. The effect of the electric field on melting is more pronounced at elevated
temperatures and at high values of the Stefan number. The kinetics of the combustion of droplets of octadecane of
various initial diameters was studied. It is proved that in a definite region of combustion the linear law of the square
of the droplet diameter with time is fulfilled. The effect of an electric field on the burning rate of particles of
different initial diameters is investigated. It is established that under the influence of the electric field, the burning
rate of the droplets of alkanes increases. In particular, for droplets of octadecane, the burning rate in a constant
electric field increases by 10...20 %, depending on the initial diameter of the drop. Constant burning droplets of
octadecane are found. The effect of an electric field on the geometric dimensions of a flame is studied. It is
established that under the influence of the field the flame becomes asymmetric and shifts towards the negatively
charged plate. This reduces the height of the flame and increases its width. These phenomena are associated with the
action of the "ion wind" in the flame and the transformation of the energy of the electric field into thermal energy, as
a result of which the combustion front approaches the surface of the drop, increasing the rate of its evaporation.
Calculations of the melting time of octadecane particles were carried out and a comparison was made with the data

of experimental studies. The good agreement between experimental and calculated results is proved.
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INTRODUCTION

Straight-chain alkanes from hexadecane upwards
form the important components of fuel oil and low-
melting hybrid propellant. Also they are known as
promising phase change material for latent heat storage.
As far as the phase transitions solid-to-liquid play the
special role in these applications so their melting
characteristics are required. The data on melting Kinetics
are of particular interest in developing paraffin based
fuel because just a melting duration determines in the
main the ignition delay of paraffin particle. Multiple
studies are aimed at enhancement of combustion
efficiency and burning process stabilization. An
application of electric field is considered to be a highly
promising approach to solve these problems. It should
be underlined that burning of gaseous fuels under
electric field had been investigated for a long time. A
pronounced effect of an electric field on burning
characteristics is confirmed by many experiments. To
get an idea about the state of the art one can read a
comprehensive review by Tretyakov et al. [1]. The
authors resumed that under electric field the
flammability limits of fuel-air mixtures expanded, the
burning rate changed, flame stabilization shifted toward
lean mixtures. Combustion of liquid fuels under an
electric field is extensively studied last decade. It should
be noted the investigation of llchenko and Shevchuk
[2], which studied the characteristics of liquid
hydrocarbon fuels combustion under dc electric field.
They considered the mechanism of electric field
influence on the burning processes and concluded that
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the ion wind through charged soot particles was
dominant. The temperatures in the flame front were
measured.

In recent years an attention increased to the problem
of combustion control in microgravity. So Ueda et al.
[3] studied an influence of dc electric field on ethanol,
n-octane and toluene droplets combustion. The observed
increase in the burning rates of ethanol and n-octane
was explained by convective enhancement through the
electric wind. The convection velocity is estimated to be
about 1...2 cm/s. During combustion a toluene droplet a
streaming of a sooting flame was observed towards both
electrodes. At the same time the effect of electric field
on burning rate was more pronounced. The authors
explained a significant increase of the toluene burning
rate by radiation heat transfer to droplet surface due to
flame deformation.

In so way, the ion wind is considered as dominant
mechanism of electric field influence on burning rate.
The combustion of non-sooting fuels accelerates mainly
through convection. In case of sooting flames the main
mechanism of combustion intensification is radiation
heat flux from flame front to a droplet surface.

It should be noted that little information is available
on burning of low-melting paraffin wax under electric
field. But the results of previous studies are very
promising regarding electric-field control of alkanes
melting and combustion [4]. For that we studied melting
and combustion of alkane droplets (n-Octadecane and n-
Docosane) under different dc electric field ranging from
3310 117 kV/m.
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EXPERIMENT AND DISCUSSION

Detailed description of the experimental setup is
presented in [4]. Since Octadecane and Docosane are
solid at room temperature, a small amount of alkane is
melted in water bath, and then a droplet is suspended on
a thin filament (diameter 114 pm) from the tip of a
syringe. After solidification the droplet is introduced
into heated gas, and its evolution during melting,
ignition and burning is recorded by two cameras: a
flame is filmed by one camera and the droplet itself by
another camera through microscope objective (x32).
The movies obtained are split into separate frames and
processed by using Image Processing Toolbox of
MatLab. The evolution of droplet shape and size is
analyzed to study kinetics of melting, evaporation and
combustion. The method is developed to determine
accurately the equivalent diameter of a droplet by
computation its surface area [4].

A pendant drop has axisymmetric shape so we
computed its surface area by well-known formula for
surface of revolution, and then determined the droplet
equivalent diameter as a diameter of a sphere having the
same surface area [5]. In so way we calculated the
values of droplet equivalent diameter for consecutive

moments of time d, (t). Then we plotted the graph of

droplet diameter squared versus time dezq(t). So we

substantially reduce the systematic error of evaporation
and burning rate constants measurement. It was shown
that the burning kinetics agreed with Sreznevsky

formula (d 2 -law):
d&(t)—df =K-t.
Here d, — the initial diameter of a droplet, mm; K —a

burning rate constant, mm?s.
A burning rate constant is defined as a slope of

linear part of graph dezq(t). There are presented the

frames of burning Octadecane droplet with initial
diameter 1.96 mm in Fig. 1.

t=04s

t=1.12s

t=176s

Fig. 1. Images of burning Octadecane droplet,
d,=1.96 mm

In Fig. 2 the plots dezq(t) are presented for two

Octadecane droplets (d,=1.64 and d,=1.96 mm),

which were burnt without electric field (curves 1, 3) and
under electric field (curves 2, 4). We can see that

d? — law formula is applicable and the effect of electric
field is distinctly expressed.
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Fig. 2. The effect of electric field on burning rate of
Octadecane droplet: d,=1.96 mm, E =0 (1);
E =82 kv/m (2); d,=1.64 mm, E =0 (3);
E =82 kV/m (4)

It should be noted that the electric field effect on
burning rate is noticeable starting with E =3 kv/m. In
order to explain this significant increase in burning rate
we analyzed change of flame shape under electric field.
It was found that the flame bended to the negative
electrode, its height significantly diminished. The flame
height histories during Octadecane droplet combustion
are presented in Fig. 3.
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Fig. 3. Flame height histories of Octadecane droplet:
dy=1.64mm,1- E =0; 2—- E =82 kV/m

So the mean distance from flame front to the droplet
surface diminishes significantly under dc electric field,
and the radiation heat flux increases. As a result, fuel
evaporation intensifies and mass burning rate rises too.
It should be noted that this mechanism is applicable
only in case of sooting flames. lichenko and Shevchuk
[2] have shown that the drift of the soot particles is
responsible for flame deformation and burning
promotion. In case of non-sooting flame of methanol the
effect of dc electric field is negligible. In fact it may be
noticeable in microgravity conditions [3].

The most characteristic feature of higher alkanes
combustion is the extended melting stage. Due to
relatively high latent heat and low value of thermal
conductivity its duration constitute an essential part of
ignition delay. Therefore, we investigated a possibility
to control a melting time of alkanes by dc electric field.

To determine a melting rate and duration we
processed and analyzed the sequence of droplet images.
It is found that melting rate decreases distinctly starting
with electric field strength E ~ 80 kV/m. The effect of
electric field is more pronounced at high gas

temperatures ( Ste >1), when the melting time is about a
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few seconds. Also the Quincke effect was observed,
namely a solid residue rotation inside melt under
electric field. The deceleration of alkane melting in the
electric field can be explained by thermo-dielectric
effect, namely charge separation during phase transition
and arise of a potential difference solid-liquid phase
boundary about 0.3...0.7 V. Due to the lack of mobile
charges in alkane volume the phase boundary motion
slows down.

There is an example of the droplet size history
during melting and burning in Fig. 4. It is well-known
that alkanes are characterized by significant volume
expansion during melting, so a droplet diameter
continuous is a good mark of the melting process. As
soon as all substance is melted, the droplet ignites, its
temperature rises abruptly and the diameter decreases
quickly. It is found that the melting time without electric
field is 0.88 s, and under electric field the melting time
increases up to 1.44 s.
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Fig. 4. Octadecane droplet size history: d,=1.64 mm,
1- E=0;2- E=82kV/m, T, =720K

To estimate a melting stage duration we used the
next formula [6]:

-1
Apyd }LgNu

=— T -T .

m 6 ( d ( g m)

Here A - a latent heat of melting; p,— a specific
density, g/cm® d - a particle diameter, cm; T, —a

melting point of alkane, K.
The values of melting time (experiment and
calculation) are presented for Octadecane droplet

d,=1.64 mm, T, = 720 K. There is a good agreement

between experimental data and calculated values.

The melting times of Octadecane droplet

d,, mm by . S
o calculation experiment
1.64 0.82 0.88
1.96 1.14 1.2

Thus the effect of dc electric field on higher alkanes
combustion is rather ambiguous one: on the one hand
the melting time increases, on the other hand the
burning rate constant increases.
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CONCLUSIONS

It is proved that when the droplets of alkanes are
burning, the square of the droplet diameter decreases
linearly with time. For drops of different diameters, the
combustion rate constants, the shape and height of the
flame in the combustion process are determined.

It is established that the electric field leads to an
increase in the burning velocity of octadecane droplets
and to the displacement of the flame in the direction of
the field. In this case, the flame becomes asymmetric, its
geometric dimensions are significantly changed: the
height decreases and the width increases. These
phenomena are associated with the action of the "ion
wind" in the flame and the transformation of the energy
of the electric field into thermal energy, as a result of
which the combustion front approaches the surface of
the drop, increasing the rate of its evaporation.

It is found that in a homogeneous stationary electric
field the rate of melting of the octadecane particle
decreases and, as a consequence, the melting time
increases. It is proved that the melting of an octadecane
particle in an electric field causes the unmelted solid
phase to rotate in the melt, which is a manifestation of
the Quincke effect.

The melting time of octadecane particles was
estimated. It is obtained that the results of the
calculation are in good agreement with the experimental
data.
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BJIMSATHUE SJIEKTPUYECKOTI'O ITOJISI HA CKOPOCTDb I'OPEHUS AJIKAHOB
C.I. Opnosckasa, @.D. Kapumosa, M.C. IllIkoponado, B.A. Yepnak

IIpoBeneHO uccnenoBaHUE BIUSHHUS OJHOPOAHOTO 3JIEKTPUUYECKOTO MOJII HAa TOPEHHE YacTHIl aJKaHOB B
Bo3gyxe. OmpezeneHa CTaAuMIHOCTb MPOIECCOB TeIIoMaccooOMeHa B Impouecce ropenus. Ilokas3aHo, 4TO
IUTaBJICHUE YacTHLbl SBISIETCS OCHOBHOM COCTaBIISIONIEH 4acThiO IEepUoJa UHAYKIMH — BPEMEHH, 3a KOTOpoe
yacTula BocIiulamMeHsiercs. OOHapyKeHO, YTO CKOpPOCTh IUIABJICHUS CYLIECTBEHHO YMEHBILNACTCS, €CIU
HaNpsDKCHHOCTh  3JIEKTPUYECKOTO  IIONIST  IPEBBIMIACT HEKOTOpOE KPUTHYECKOE 3HadeHHe. B Hammx
9KCTIEPUMEHTAIBHBIX YCJIOBHAX OHA cocTaBiseT okono 60 kB/M. BnustHue 31eKTpHYecKoro Mol Ha IUIaBJICHHE
Gosiee BEIpayKEHO NPH MOBBIIICHHBIX TEMIEPATypax | IIPU BBICOKNX 3HaueHMAX dnucia Credana. M3yueHa KuHeTHKA
TOPEHHs Kallellb OKTaJeKaHa Ppa3lIWYHBIX HA4aJdbHBIX AWAMETpoB. JlOKa3aHO, YTO Ha OMPEACIECHHOM YYacTKe
TOPEHHs BBIMONHACTCA IHMHEHHBIH 3aKOH W3MECHEHHS KBajJpaTa IHaMeTpa Kaluld co BpeMeHeM. IIpoBeneHo
HCCIIEJOBAaHNE BIMSHHA 3JIEKTPUYECKOTO MO Ha CKOPOCTh TOPEHUS YacCTHI] PA3IMYHOTO HAYAIBHOTO AMAMETpA.
VY CcTaHOBIIEHO, YTO MOJ JEHCTBUEM JIEKTPUUIECKOTO MOJIS MPOUCXOIUT POCT CKOPOCTH TOPEHHs Kamnelb ajJkaHoB. B
YaCTHOCTH, IJI Kaleldb OKTaJeKaHa CKOPOCTb TOPEHHs B IIOCTOSHHOM 3JEKTPUYECKOM II0JIeé BO3pacTaeT Ha
10...20 % B 3aBUCHMOCTH OT IEPBOHAYAIBLHOTO JMAaMeTpa Karuid. HaliieHbl NOCTOSIHHBIE TOpPEHHUsl Karelb
OKTaJieKaHa. V3ydeHo BIUSHHE IEKTPUUYECKOTrO MOJIs Ha TeOMETPUYECKUE pa3Mephl INIaMEHU. Y CTaHOBJIEHO, 4TO
O]l BIMSHUEM IONA IJaMsi CTAaHOBUTCS aCUMMETPHYHBIM M CMELIAeTCs B CTOPOHY OTPHLATENFHO 3apshKeHHOU
IUTacTUHBL. [Ipu 3TOM yMeHBIIaeTCsl BBICOTA IUIAMEHHM U YBEJIHUYMBACTCA €ro INMPHHA. ODTU SIBIEHUS CBS3aHBI C
JeHCTBHEM "MOHHOTO BeTpa' B IIAMEHHM M NTPEBPAIIEHUEM SHEPTHHU 3JIEKTPHIECKOTO OIS B TEIJIOBYIO, BCICICTBHE
4yero ()pPOHT TOpeHMsI NPHONMKaeTcss K MOBEPXHOCTH KalllM, yYBEIWYHMBAs CKOPOCTh € HMCHapeHus. IIpoBeneHsb
pacdeTsl BpEMEHH IUIABJICHHS YaCTHI] OKTAJCKaHa M BBIIIOJHEHO COIIOCTABIICHNE C JIAHHBIMU SKCIEPHMEHTAIBHBIX
nccaenoBaHui. JlokazaHO XOpoIIee COraache HKCIIEPUMEHTAIBHBIX U PACUETHBIX PE3yIbTaTOB.

BIIJIMB EJIEKTPUYHOI'O ITOJISAA HA HIIBUJAKICTDh I'OPIHHA AJIKAHIB
C.I. Opnoecvka, @.®. Kapimosa, M.C. Lllxoponado, B.A. Yepnak

[IpoBeneHO MOCTIMKCHHS BIUIMBY OJHOPITHOTO €IEKTPUYHOTO MOJS Ha TOPIHHSA YaCTHHOK ANKaHIB y MOBITPI.
BusnadeHna cTamiifHiCTh TpoIeciB TeIIOMacooOMiHy B mporieci TopinHsA. [loka3zaHO, IO TJIaBIeHHS YaCTHHKHU €
OCHOBHOIO CKJIaJIOBOIO YaCTHHOIO NEPioAy IHAYKIIi — Yacy, 3a sSIKMH YaCTHHKA cranaxye. BussieHo, 1o MBHUAKICTh
IUTABJICHHS CYTTEBO 3MEHIIYETHCS, SIKIO HANIPY)KEHICTh €IEKTPUIHOTO TI0JIS IEPEBHUIILYE JISSIKE KPUTHYHE 3HAUCHHS.
VY HamuxX eKCHepUMEHTAIBHHX YMOBaX BOHA CTaHOBHTh Onm3bko 60 kB/mM. Brume enekrpudyHoro mois Ha
TUIABJICHHS OUIBII BUPaKEHO INPH MiABUIIEHUX TeMIeparypax i Mpu BUCOKMX 3Ha4eHH:X yucna Credana. Bupuena
KIHETHKA TOPIHHs Kpareib OKTaJeKaHy Pi3HUX MOYaTKOBUX JiaMeTpiB. JlOBeAEHO, 1110 HA TEBHIN AUISHIN TOPIHHS
BUKOHYETHCS JIHIHHUN 3aKOH 3MiHM KBajpaTta iaMeTpa Kparmii 3 4acoM. [IpoBeJeHO MOCTIKCHHS II0A0 BIUIUBY
EJIEKTPUYHOTO MOJsS Ha MIBUAKICTh T'OPIHHS YaCTHHOK PI3HOTO IOYAaTKOBOTO JiameTpa. BcTaHOBiEHO, 1O Mmif
BIUIMBOM E€JIGKTPUYHOIO IOJIsI BiIOYBAEThCS 3POCTAHHS ILIBMJKOCTI TOPIHHS Kparenb ajKaHiB. 30Kpema, Juis
Kpareslb OKTa/IeKaHy MIBUJIKICTh TOPIHHS B MOCTIHHOMY eJeKTpu4HOMYy modii 3pocrae Ha 10...20 % B 3anexHOCTI
BiJl TIOYATKOBOTO JliaMeTpa Kparul. 3HAHIEHO CTaja BEJIMYMHA TOPIHHS Kpalelb OKTa/JeKaHy. BUBUEHO BIUIMB
SJICKTPUYHOTO IOJsI Ha TEOMETPHYHI pO3MipH MNoiyMm’si. BcraHoBieHO, IIO MiJg BIUIMBOM TIOJISL TOJIyM’sI CTae
ACHMETPHYHUM Ta 3MILIYETHCS B OiK HEraTHBHO 3aps/PKEHOT miacTHHU. [Ipn boMy 3MEHIIyeThCs BUCOTA TOIyM S
30LTBITyeThC Horo mmpuHa. L{i sBUma moB's3aHi 3 mi€ro "ioHHOTO BiTpy" B MONYM'T i IEPETBOPEHHSAM CHEpTii
€JIEKTPUYHOTO MOJIS B TEIUIOBY, BHACIIJOK 4Oro ()POHT FOPiHHS HAOIMIKAETHCS 10 TOBEPXHI Kparuii, 301IbIIy04n
HWIBHAKICTH i1 Bunapy. IIpoBesieHO po3paxyHKH 4yacy IUIaBJICHHS YaCTHMHOK OKTaJeKaHy Ta 3pO0JIEHO CITiBCTaBIICHHS
3 JaHHUMH EKCIepUMEHTAIbHUX JOCHipKeHb. JloBeleHO J0OpY 3rojly eKCHEepHUMEHTAIbHHX Ta PO3PaXyHKOBHX
pe3yIbTaTiB.
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