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Combustion of low melting point alkane particles under dc electric field

Combustion of low melting point alkanes (n-Octadecane, n-Docosane) is studied experi-
mentally under dc electric field (EF). Nearly two-fold rise of ignition delay time is observed
as a result of melting retardation under EF strength E > 60 kV/m. A burning rate constant in-
creases within the range 1020 % depending on a droplet initial diameter under. E> 82
kV/m. Droplet combustion intensification is explained by an increase of heat flux from flame
luminous zone to the droplet surface as a result of flame deformation. In so way the ignition
delay time of alkane particles increases and burning time decreases under dc EF.

Introduction. The electric field (EF) influence on gaseous fuels combustion has
been studied extensively for a long time. It is well known that hydrocarbons flames
are characterized by high degree of ionization in reaction zone due to formation of
radical ions CH;™ , H;0" , C3H;" , CHO" and electrons, so the application of EF can
strongly influence the flame front behavior and combustion characteristics [1].

A pronounced effect of dc EF on the burning characteristics of gaseous alkanes
was confirmed by many experiments. To get an idea about the state of the art one can
read a comprehensive review by Tretyakov et al. [2]. It is established that under EF
the flammability limits of fuel-air mixtures expanded, the burning rate changed,
flame stabilization shifted toward lean mixtures.

At the same time combustion behavior of solid and liquid fuels under EF is stu-
died quite insufficiently. In particular, there are very few data on low melting point
solid fuels (higher alkanes, paraffin wax) combustion under dc EF. The application of
the mechanisms elaborated for combustion of gaseous mixtures does not explain the
peculiarities of condensed fuel burning under dc EF, because combustion behavior
depends appreciably on kinetics of phase transitions (melting and gasification) and
soot formation during the combustion. So the influence of EF on alkanes melting and
evaporation is to be clarified in view of the new promising space applications of al-
kanes melting and combustion: environment friendly hybrid paraffin propellants, mi-
cro-combustors and micro-actuators.

First of all we are to mention the most interesting results of other researchers.
Ilchenko and Shevchuk used the stationary droplet method [3] to study the influence
of EF (0.5 + 2 kV/cm) on combustion rate of methanol, hexane and benzene in rela-
tion to their sooting tendencies. They found that dc EF affected significantly on
smoky flames, so the mass burning rate of benzene increased linearly with rising field
strength (the total gain reaches 15%). EF effect on hexane burning was relatively
weak and the burning rate of methanol didn’t change visibly. In all cases the flame
was deflected towards the negatively charged plate of the capacitor. The deviation
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value increased with EF strength rising, and was more pronounced for luminous
flames. The methanol flame was bent in the case of incomplete combustion (the ap-
pearance of a yellow glow). The authors considered the EF influence on the burning
processes and concluded that the ion wind through charged soot particles was domi-
nant.

The investigations of liquid hydrocarbons (decane, undecane, dodecane, tride-
cane, tetradecane) combustion under electrostatic field £=10+60 kV/m [4] indicated a
sharp increase of the fuel burning rate as a result of explosive boiling. The flame
height increased by 5+10 times. The pulsations and oscillations of flame were ob-
served in the vertical and horizontal directions.

A comprehensive review of studies on liquid hydrocarbons combustion under
EF is presented in [5]. The authors marked the effect of EF on physical properties of
fuel and phase change characteristics. They showed that EF application usually in-
creased burning rate,

So, as a rule, application of dc EF led to a significant increase in hydrocarbons
burning rate. The effect is more pronounced in diffusion flames, whose propagation
velocities are much lower than those of premixed flames. But there are some excep-
tions. Authors of [6] studied the EF effect on the combustion behavior of solid pro-
pellants. They observed that application of external EF result to extinguishment of
paraffin strands burning in opposed flow of oxygen over a broad range of operating
conditions. In addition, the combustion behavior of two composite propellants was
studied under external EF. Both propellants were based on HTPB/AP combinations,
with one propellant containing aluminum and the other being non-aluminized. Appli-
cation of an EF to the composite solid rocket propellant strands demonstrated de-
creases in propellant burning rate under all operating conditions for both propellants
including changes in polarity.

It should be marked some attempts to use plasma for fuel ignition and effective
burning. For example, the using of non-equilibrium low temperature plasma for pa-
raffin ignition and combustion stabilization is proposed by professor V.Ya. Chernyak
[7]. The plasma assisted combustion of paraffin and stearin was studied experimen-
tally under transverse and rotational gliding arc. The voltage-current characteristics of
discharge were measured at the different operating conditions. The flame temperature
profiles were calculated.

The present study is aimed at detailed investigation of the dc electric field effect
on the burning characteristics of n-Octadecane and n-Docosane.

Experiment. To study combustion of Octadecane and Docosane droplets under
EF we equipped our experimental setup with flat capacitor (two copper plates 17cm
x10 cm located vertically at the distance 6 cm). The plates are connected to a high
voltage source BC-23 (Fig.1). As these alkanes are solid at room temperature, at first
a sample is to be melted in a water bath, then a droplet is formed with a syringe
needle and suspended on a tungsten filament loop (=114 mcm). Solidified droplet on
suspension is inserted into heated air, and the its heating and burning history is rec-
orded by camera through microscope objective (x32). After the droplet ignition its
flame is recorded by another camera. The movies obtained are split into separate
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Fig.1. The scheme of the experimental setup: 1 — a droplet; 2 — tungsten filament;
3 — the heating element; 4, 6 —video-cameras; 5 — microscope objective; 8§ —computer,
9- the plane capacitor.

frames and processed by Image Processing Toolbox of MatLab. The droplet equiva-
lent diameter values at successive instants of time are determined by specially elabo-
rated correct method. At first we find a semi-perimeter of the droplet projection. Then
the droplet surface area is calculated by formula for surface of revolution of corres-
ponding function, and determine the value of the droplet equivalent diameter as a di-
ameter of circle with equal area. Then we plot the graph of droplet diameter squared

versus time d jq (¢) . A burning rate constant is defined as a slope of linear part of the

curve.

It is found that the burning rate constant significantly increases under dc electric
field (Fig.2). For octadecane droplet burning rate rises by 10+20% depending on the
droplet initial diameter. It is also observed that the flame deflects to the negatively
charged plate and its height diminishes. The intensification of the droplet combustion
is explained by significant increase of heat flux from the luminous flame zone to the
droplet surface due to flame shape deformation. As a result the evaporation process
accelerates, and the burning rate increases accordingly. It should be noted that the
electric field effect on burning rate is noticeable starting with £ =33 kV/m.

The pre-ignition stage of solid alkane particle includes its heating and melting.
The substances under consideration have low melting points: n-Octadecane 28.1°C
and n-Docosane (44°C), so the droplets begin to melt almost immediately after
putting into hot air.

The droplet size histories are analyzed and compared with the characteristics of
solid-liquid phase transition in alkanes. It is found that the droplet equivalent diame-
ter increases significantly due to thermal expansion and melting, and after ignition it
decreases rapidly. So we can easily determine droplet ignition delay time as its di-
ameter rise duration.
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Fig. 2. The effect of dc electric field on Fig. 3. Octadecane droplet size history:
burning rate of Octadecane droplet: 1-2. d,=1.64 mm, 1. E=0; 2.E=82 kV/m,
d,=1.96 mm, £ =0 (1), E =82 kV/m (2); 7,=720K

3-4. d,=1.64 mm, E =0 (3), E =82 kV/m

.

The melting of Octadecane and Docosane droplets is studied under dc electric
field in the range from 33 +117 kV/m. It is found that melting rate decreases dis-
tinctly starting with EF strength £~ 80 kV/m (Fig.3). The effect of EF is more pro-
nounced at high gas temperatures, when the melting time is about a few seconds. Al-
so the Quincke effect was observed, namely a solid residue rotation inside melt under
electric field.

Conclusions. Combustion of low melting point alkane particles has been studied
experimentally under dc electric field in the range E =33 +117 kV/m. It is found that
melting time rises nearly two-fold starting with £ ~ 60 kV/m. It is found that burning
rate constants increase by 10+20 % under dc electric field £ >80 kV/m. This fact is
explained by significant rise of radiation heat flow from the flame luminous zone to
the droplet surface due to flame deformation. So if an alkane droplet is solid initially
(the melting point exceeds ambient gas temperature) its pre-ignition time increases
almost two-fold as a result of melting retardation by electric field. This fact should be
taken into account when developing devices of electric field assisted combustion.
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Opnoeckan C. I., llIkoponaoo M. C., Kapumoea @.d., Karunuak B. B.
Topenne yacTHIl JIETKOMIABKHX ATKAHOB B YJIEKTPHYECKOM M0JIe

AHHOTaNUSA

OKcnepumeHmanbHo u3yueHo 2opeHue 4acmuy 1eeKonIaskux aikanog (Okmaoekau, 0oKo-
3aH) 8 NOCMOAHHOM J]eKMPUYECKOM noje. YCMmaHo61eHo, Ymo npu HANPAJICeHHOCmU NoJs
eviue 60 KB/Mm 6pems 3a0epiicKu 80CHIAMEHEHUs CYWeCmBeHHO 80o3pacmaenm (NpumepHo
6060¢) 3a cuem 3ameodnenus npoyecca niaeienus. Koncmanma ckopocmu eopenus xaneib
yeenuyusaemes na 10+-20% 6 3agucumocmu om HA4anbHO20 OUAMEMPA NPU HANPSHCEHHOCHU
nonst E > 82 kB/m. Mumencughukayus copenus kaneib aikaHo8 npu HALONCEHUU dNeKmpuye-
CK020 noJiA 00YCl0GlIeHd 803PACMAHUEM MENI08020 NOMOKA U3 PeAKYUOHHOU 301HbL NAAMEHU
K nosepxHocmu Kanau eciedcmeue deghopmayuu niamenu. B pesynomame eos3pacmaem nepu-
00 UHOYKYUY 60CNAAMEHEHUs. YACTNUY Ne2KONAABKUX ANIKAHO8, 3a1M0 YMEHbUAEMCsl 6DeMsl 20-
PpeHus 8 NOCMOAHHOM DNEKMPUIECKOM noJe.

Opnoscovka C. I'., LHkoponaoo M. C., Kapimoea ®. ®., Kaninuak B. B.
T'opiHHS YACTHMHOK JIETKOIUIABKHUX AJIKAHIB B €J1eKTPUYHOMY MOJIi

Anomauisn

Topinna wacmuHok 1e2KONAA8KUX aikauie (okmaoexan, OOKO3aH) 8 NOCMIUHOMY eneK-
MPUYHOMY RO BUBYEHO eKChepUMeHMAanbHo. Becmanosneno, wo yac 3ampumku 3aumManHs
3pocmae maiidice 606i4i npu Hanpysjcenocmi nons euwje 60 kKB/m enaciiook canvmyeanns npo-
yecy nnaeienHs. Koncmanma wieuoxocmi 2opinns kpaneis 36inbuiyemocs na 10+20% 3a-
JIeHCHO 810 NOYamKogozo diamempy npu Hanpysxcenocmi nons E > 82 kB/m. Inmencugpixayin
2OPIHHA Kpaneib ANKAHI8 8 eleKMPUYHOMY O 00YMOBIEHO 30INbUMEHHAM MENI08020 NOMO-
Ky I3 peakyiiHoi 30Hu NOaym'ss 00 noeepxui Kpanii yHacuioox Oegpopmayii ¢axena. B
pe3yibmami 8 NOCMIHOMY eleKMPUYHOMY NOJE 3pOCMAe nepiod IHOYKYii 3aiMaHHs yacmu-
HOK JIe2KONNABKUX ANKAHIB, 3ame 3MEHUYEMbCA 4aAC SOPIHHSL.
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