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Combustion characteristics of alkane two-droplet array.
Part 1. Two droplet array of n-Octadecane

Characteristics of ignition and combustion of two n-Octadecane droplets placed vertically
are studied by videomicroscopy. Upper droplet burning histories are obtained for different
droplet spacing, burning rate constants are determined. To clarify flame spread along fuel
droplet array ignition delay is measured at different droplet spacing.

Introduction. In our previous works the experimental data were presented on
burning characteristics of single alkane droplet [1, 2]. But as we know, spray com-
bustion is a main way of liquid fuels burning — it is widely used from diesel engines
to space rockets. So droplet array burning characteristics are of particular interest for
researchers.

Spray combustion is a complex phenomenon, which includes different physical
processes starting with atomization of liquid, following by droplets vaporization and
ignition, flame spread and extinction. All these processes are complicated by heat and
mass transfer, droplet-air and vapor-air mixing, formation of premixed or diffusion
flames. So different regimes of spray combustion are possible depending on physical-
chemical properties of fuel, size and concentration of droplets, pressure and tempera-
ture of ambient gas. In case of fast chemical reactions combustion is diffusion con-
trolled, then its regime is defined by ratio of three characteristic times:

— time of heat diffusion into droplet cloud ¢, =a’/D,;

— droplet vaporization time ¢, =(p,/p)-(a’/D,);

— characteristic time of the mass and temperature change in surrounding gas due to
fuel vaporization ¢, :(4TcDTan/3)71.

Chiu [2] introduced so called group-combustion number G to predict combus-
tion regime of droplet cloud:
2
G:t_C:4Tcafan :[&j ’

l 3 a,
here a_ — radius of a cloud, m; a — droplet radius, m; a - characteristic length of

thermal diffusion in the spray cloud, m ; n— droplets concentration, m .
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Fig.1 Diagram of flame spread modes: I — flame propagation in premixed fuel vapor-air
mixture; [I- flame propagation with simultaneous ignition; III — flame propagation by
discontinuous ignition, 1 — evaporation without burning; 2 — spontaneous combustion of
isolated droplets; 3 — spontaneous combustion of the whole cloud.

Flame spread rate along droplet cloud influences substantially combustion sta-
bility and efficiency, so it is a basic burning characteristic, which depends on fuel
properties, dimensionless spacing and ambient temperature[3]. As a rule two basic
modes of flame spread are considered (Fig.1) — premixed propagation (I) and propa-
gation with discontinuous ignition (III). In addition we can mark out some intermedi-
ate flame propagation regime (II): the unburned droplet ahead of the flame front is
ignited before the front arrives at his premixed layer. The ignited region is immedi-
ately combined with the propagating flame. Hence, this process can be considered as
intermediate between premixed propagation and propagation with discontinuous igni-
tion. The flame spread modes are presented in Fig.1 [4]. Here R T,/\ — dimen-

sionless ambient temperature, L/d,— dimensionless droplet spacing.

Burning characteristics of a single droplet could be used to describe group drop-
let combustion with some empirical coefficients. These coefficients depend on drop-
let spacing and convection currents. At atmospheric and super atmospheric pressure
interdroplet distance exceeds flame front thickness, so spray combustion is controlled
by fuel evaporation rate.

The presented paper focuses on experimental study of droplet burning character-
istics depending on spacing, and flame spread from droplet to droplet.

Experiment and results. Experimental setup to investigate droplet combustion
is described in our previous paper [1]. To study two-droplet array it is supplied by
additional tungsten filament loop (d = 0.58 mm) for second droplet. Inter-droplet
spacing is adjusted by a micrometer screw with accuracy higher than 0.1 mm. The
upper droplet is registered by camera Trust WB-1400T through microscope objective
(x16). Flames of both droplets are imaged by the second camera Genius iSlim 1300
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t=048s t=128s t=246s
Fig. 2. Images of upper burning droplet and total flame, d,= 2.4 mm.(spacing L=15 mm)

t=048s t=120s t=2.56s
Fig.3. Successive images of upper burning droplet and total flame, d,=2.17 mm (spacing
L=21 mm).
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Fig. 4 Squared diameter of burning Octadecane droplet, a)d, = 2.4 mm; b) d,=2.17 mm.

Table. The burning characteristics of upper Octadecane droplet <d, >=2,26 mm.

L, mm do, mm Rma, MM tour, S L/ d, Ky, mm>/s
7 2.09 35.6 3.60 33 1.46
9 2.43 40.4 4.48 3.7 1.69
11 2.30 55.3 4.72 4.8 1.98
15 2.40 31.3 4.80 6.3 1.63
21 2,17 35.1 4.08 11.6 2.61
25 2,15 21.7 4.48 11.6 0.98

[5]. The video-files then are transferred to computers, decoded and processed by
uselmage Processing Toolbox of MatLab 7.0 [6]. Two illustrative examples are pre-
sented in Fig.2-4 below.

It is shown, that burning history of upper droplet is described by d’—law, so we
can determine burning rate constant K, by the slope of the straight-line approxima-
tion. Simultaneously we define its burning time #,,.

As well we measure flame height of lower droplet and the total flame height.
The results obtained are presented in the Table below. Since the initial diameters of
droplets are nearly equal, we calculate average value to be equal 2.26 + 0.17 mm.

As well we determine ignition delay time of upper droplet versus inter droplet
spacing (Fig. 5). We can see that ignition delay increases slowly at short distance and
then rises abruptly when spacing exceeds 20 mm. The critical value of dimensionless
spacing (L/d,) above which the flame doesn’t spread is about 12.

In Fig.6 the dependence of burning rate constant versus inter droplet spacing is
presented. We can see it is non-monotonous and decreases abruptly at L/d,> 10.

Flame images analysis allows us to conclude that total flame height is maximum
at inter droplet spacing ~ 11 mm. When spacing equals 25 mm, upper droplet is be-
yond the flame of lower droplet.
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Fig.5 Ignition delay of upper droplet versus inter droplet spacing, dp=2.1 mm.
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Fig.6 Burning rate constant of upper droplet versus dimensionless spacing.

Conclusions. Combustion of two-droplet array of n-Octadecane is studied ex-
perimentally. Applicability of d*-law for upper droplet burning history is shown.
Burning rate constant is determined to be in range 1,4-2.5 mm?/s depending on spac-
ing. It is shown, that burning rate of upper droplet is lower than one of isolated drop-
let due to decrease of oxygen concentration in air. It is shown that ignition delay of
upper droplet rises with inter droplet spacing increase, critical value of spacing is
found, above which flame doesn’t spread.

References:
1. Orlovskaya S.G., Shkoropado M.S., Karimova F.F., Kalinchak V.V. Experimental
study of hydrocarbon droplets combustion // ®u3rka a’3poJUCIICPCHBIX CUCTEM. —
2014. — Ne.50. — C. 92-96.

58



Dusuka aspoaucnepcHsix cucteM. —2014. — Ne 51. — C. 54-59

2.

Orlovskaya S.G., Kalinchak V.V., Shkoropado M.S., Karimova F.F., Chernyak
V.Ya., Vergun O.Y. Investigation of the Burning of Paraffin Droplets // Ukrainian
Journal of Physics. —2014. — V. 59, N 4. — P.396-400.

H. Chiu, Y.Kim, J. Croke. Internal group combustion of liquid droplets // Proceed-
ings of the Combustion Institute. — 1982. — V.19. — P. 971-980.

S. Ranjbaran, S. Tabejamaat. Numerical study of flame spread in an n-heptane
droplet array in different ambient temperature and microgravity conditions //
Combustion, Explosion, and Shock Waves. —2011. -V 47.,N 3. — P.265-273.
Opnosckas C.I., IlIkoponado M.C., Kapumosa ®.®., lllkoponaodo A.C., Kucca
B.J]. UccnemoBanue ropeHus Kameib H-aJKaHOB B Bo3ayxe // CoBpeMeHHas Hay-
Ka: WCCIIENOBAaHMs, WIEH, pe3yibTaTbl, TexHosoruu. CO. Hay4yHbIX cTaTed. —
Bpim.1(12). — Kues: «Tpuakon», 2013. — C.430-433.

Kalinchak V.V., Karimova F.F., Orlovskaya S.G., Shkoropado M.S. Image proc-
essing to define burning rates // 16th International Conference Digital Signal
Processing and its Applications. Contributed papers. — 2014. — Moscow. — P. 449-
452.

Opnoscvka C.I., Kapimosa @.®@., llIkoponado M.C., Kaninuak B.B.

XapaKkTepUCTHKHU IOPiHHS CHCTEMHU /IBOX Kpamnejb aJKaHiB
Yacruna 1. Cucrema 3 1BOX Kpamnejb OKTa/IEKaAHy

AHOTAILA
Excnepumenmansbro eusueno xapakmepucmuku Cnanaxyeanis ma 20pints. cucmemu 3 060x
00HAKOBUX Kpanenb OKmaoeKkany. Busnaueno uac sampumxu cnanaxyéanHsa 6epxuvoi Kpanii
6 3aN1eCHOCMI 8i0 MIJCKPANenvHol iocmani, ma OMmpuMaHo 4acogi 3anedcHocmi keaopamy it
Odiamempy. 3natioeno vac 20pinns ma KOHCIMAHMU WEUOKOCI 20PIHHA Kpanenb PI3HUX po3Mi-
PI8  ma npu pisHUX MINCKPANEIbHUX GIOCAHSIX.

Opnoeckan C.I., Kapumosa @.d., llIkoponaoo M.C., Karunuax B.B

XapakTepuCTHKH IOPEHHs CUCTEMbI ABYX KameJb aJKaHOB
Yacrb 1. Cucrema aByX Kanejb OKTajJeKaHa

AHHOTALIUS
3KC}’l€pu.M€Hm(lJle0 U3Y4eHbl XapaKkmepucmuKku 60Cn1aMeHenUusl U COperHust Ccucmembpl c)eyx
OOMHQKOGle Kaneib oxmadeKaHa. Haﬁ()eno epemsi 3adep9/c1<u BOCNJIAMEHEHUA GerHETJ Kanau
6 3ABUCUMOCMU OM MENHCKANENbHO20 pPACCMOSHUS, NOLYYEeHbl 3A8UCUMOCMU Keadpama ee
0uamempa om 6pemMeHuU. Onpedeﬂeﬂbl BpPEMEHA 2OPEeHUsl U KOHCMAaHNbl CKOPOCMU 2OPEeHUs
Kaneib pa3nblX pasmepos npu pasHblX MENCKANENbHbLX pACCmMOSHUSX.
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