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Discussion on the Flow Field around Burning Droplets in a DC Electric Field under Microgravity
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Since flame contains many ions, flame is affected by external electric field. On the other
hand, the electric field is affected by the flame because the ions in the flame move by the electric
field. This interaction effect should be considered when effect of the electric field on combustion
behavior is discussed. In this study, two experiments were performed in order to estimate the
change of the electric field. The first one is soot velocity measurement in toluene single droplet
combustion under microgravity and the result shows that the farther distance from the droplet is,
the larger the soot velocity is. This tendency of the soot velocity is consistent with the electric field
predicted by one dimensional assumption that is steady state of electric current density and gas
velocity. In addition, the electric voltages estimated from the measured soot velocity are in quite
good agreement with the voltages applied between electrodes during experiment. These results
indicate the electric field is affected by the existence of the flame. Another experiment is a research
on effect of electrodes gaps in order to examine the change of the electric field. Microgravity
combustion experiments of moctane two droplets are performed out. The result is considered to be
reasonable when it is arranged by the applied voltage divided by the 1.5 power of the distance
between the electrodes. Although this discussion bases on the steady state assumption, the results
indicate the considering of the change of the electric field is necessary when the effect of the electric

field on the combustion behavior is discussed.

Keywords: Droplet, Combustion, Electric Field, Flow Field, Soot Velocity, Microgravity,
Change of Electric Field, Interaction between Flame and Electric Field
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Fig. 1 Measurement system of soot velocity
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Fig. 3 An example of the trajectory of soot movement :
White plots indicate movement of a particular soot
particle to cathode every 2 ms, which is positively
charged. Black plots indicate the movement to anode.
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Fig. 4 The history of the soot velocity :(a) the soot particle
charged positively to cathode, which corresponds to the
white plots in Fig. 3; (b) the soot particle charged
negatively to anode, which corresponds to the black plots

in Fig. 3.
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Fig. 5 Relation between the electric field component of
the soot velocity, v and displacement, x, at V=4kYV,
plotted every 2 ms for each soot particle
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Fig. 6 Relation between the electric field component of
the soot velocity, u and displacement, x, plotted every 4

ms for V=2kV and every 2ms for V=4, 6kV

B D, CEIZHEE>TWA L LTY, EMEEM T 2=30um T
1lmsec 2, [,=100um T 1lmsec ?%);{F’C“%é. b OEF
il il4f?éﬂéﬂéﬁ'ﬁ$ﬁh It L CHSICEND T, LJTT
TR IR ICEL TS & E 2S5 RO TIEE
75>*$3%TZ7>Z> }:%ﬂinzbfdb:, X 4 ;Téﬂéﬁ“ﬁ“m%a;
EoOERMBREL ROFIRESND L) A—EOHEEICDE
TAHETERZ T RN, 20X IREBO—RAELTE
FMERMICE L L TWAZ ERELZLNS.

M5 BEOM6 2iE, Tk OBERE uDME x~D
REMEZEZTRT. HIZBWT, [ UREEE— 033k 1%
LTWD. FUBIFFORL (IRREA AR SN=HE % =0 &
LT, FHx O33R | x| =3mm HTICBESn i %
FLTWA, HINEE VA 2kV O & %13 4ms 5%, V=4, 6kV
DL ET 2ms BEICHBIZFRLTWS, ZhHORITRE
NAHLEICHHEHMBEICENTE, BRicksdFEnd$
BFb ux 797 LETCIRER—OBBF A< . £/-&HIE
EIZBNT 6 OWBNEL, iR HBEN D120/ T3 96k
FOBEFERKREL Lo THY, Ei u DHESGHEIL x<0 D
HHOFTN =0 DHE LV L RE Lo TWNA,

ZOEI BT ITRFOEENIBIEKEL TWDHZ LIZD
WTEERT L0, BROBIZOWTELET S, BIRHERE
ZLELTC x FAO—RTMEEZ 2 5L, KEPGEELT
wﬁfﬂix7¢_féM6i5ﬁﬁﬂ@@ﬁ%ﬁ — 7R

G > TWAH EFHINE. LLARNGLKENTE
f?ék,k% CERTAEMIL o TEANE(TA L
NFHEIND, BRICHIZ>TUTOL ) REEREALR

BERFOERE L OVHERIE =0 B & UMK L= L/2)D
HTERZIDHEL, x»0, x<0F%4x TEMREBE jP—ETHDH L
T5 (2T <0 THD). A4 r0BXIBEE LL
LT, x>0 TIHBRA F L DIx, x<0 TIXIEA ﬂ‘/@%ﬁb*%ﬂ%
N1IBETOFEETHLETEH. RREXBEE T &I

ewzf. Vol.17, No57(2008) 12

Vv No Flame
=|7 /
g . Aw*4_ L2 o Yy
L2
=
{Flame L2 o L2  x
== . N
T 1 | - x .———i
L2 O LR VL

Fig. 7 An example of electric field and electric potential
distribution without a flame
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Fig. 8 An example of electric field and electric potential
distribution with a flame

Table 1 Electric voltages between electrodes, ¢r,
estimated from the measured soot velocities, u

V | ul (00 =0) | /2500 | i
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4kV 253.3 mm95/s 94.1 mmO5/s 4077V
6kV 442.2 mm95/s 286.4 mmO5/s 8551V
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Fig. 10 Flame photographs of two droplet combustion
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Fig. 11 Relation between the burning rate constants, A
and the parameter V/ 15
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