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Experimental study of hydrocarbon droplets combustion

Combustion kinetics of pure hydrocarbons (n-Octadecane, n-Docosane) is studied experi-
mentally by videomicroscopy. Burning droplets histories are obtained and analyzed. It is
shown that droplet vaporization and combustion is obeyed d’-law. Burning rate coefficients
are determined for different initial sizes of droplets.

Introduction. Fuel droplets vaporization and burning play predominant role in
many combustion devices (diesel engines, industrial furnaces, incinerators), so they
are studied for a long time. In recent years these processes attract scientists' attention
due to development of alternative fuels. It should be mentioned the implementation of
biofuel on a global scale due to increasingly strict environmental regulations. As a
rule biodiesel is blended with diesel in some proportions. So the problem is to find
the optimal blend. Also combustion of paraffin droplets appears to be of particular
interest due to the development of paraffin-based hybrid rockets. It is found by Arif
Karabeyoglu [1] that paraffin-based fuel charge is characterized by high regression
rate as a result of fuel liquefying and spraying by oxidizer jet. The burning character-
istics of fuel droplets are decisive for combustion chamber operation [2]. So the
burning properties of paraffin droplets are wanted to design hybrid motors. It is
known that paraffin is a mixture of high-molecular-weight hydrocarbons, but there is
a very few data on burning properties of pure hydrocarbons with carbon number over
16. To optimize paraffin fuel composition we need quantitative data on burning prop-
erties of pure hydrocarbons with carbon numbers in the range from 17 to 26.

So this study aims at investigating combustion of n-Octadecane and n-Docosane
(CygHag, CyHye) droplets in order to clarify effect of droplet size and molecular
weight on burning rate.

Experiment and results. A table-top experimental setup is built to study droplet
vaporization and burning kinetics by use two digital cameras. The experimental ar-
rangement is shown below in Figure 1. The main thermal properties of the alkanes
under consideration are presented in the Table below. We can see that n-Octadecane
and n-Docosane are solid at room temperature so we have to a paraffin sample up to
melting point in ceramic vessel in order to draw up a liquid with a syringe, and then
to suspend quickly a drop on a tungsten filament loop (2). Then the drop is ignited by
Ruhmkorff coil (9). During a combustion process drop burning history is recorded by
two cameras: the first camera (7) images the drop itself through microscope objective
(8) and the second camera (4) images its flame. The video-files from both cameras
are transferred to computers (5, 6).
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Fig. 1. The experimental setup: 1 — a droplet support; 2 — a tungsten filament loop, 3 —
fuel droplet; 4, 7 — digital cameras; 5, 6 — computers; 8 —microscope objective (x16); 9 —
Ruhmkorff coil.
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Fig. 2. Successive images of Burning Droplet (Docosane, dy=2.04 mm).
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In order to determine burning rates the droplets are recorded by video-camera at
30 frames per second (fps). As the combustion processes are not very fast, so it was
quite enough to process from 10 to 12 fps. The obtained video-files are decoded and
processed by use Image Processing Toolbox of MatLab 7.0 [3]. In Fig. 2 some suc-
cessive images of burning Docosane droplet and its flame are presented.

We can see that the droplet images are blurred because of radiation of surround-
ing flame. So use of standard MatLab procedures of edges detection (Sobel, Prewitt
or Canny methods) is complicated, and we have to select droplet edges by hand. Be-
sides the droplet shape isn’t spherical, so we define so called equivalent diameter of
the droplet image, which equals to the diameter of a circle with the same area as the
drop image. To convert the relative droplet size in pixels to absolute value in mm we
use a tungsten filament (d = 0.114 mm) as a reference scale. Then we calculate a
squared diameter values, transform it to dimensionless form d*(t)/d; and build

graphs for different droplet initial diameters (Fig.3).

To calculate a burning rate coefficient we determine linear approximation equa-
tion by use a least-squares regression, minimizing the random error in measurement
of droplet diameter. The calculated values of burning rate coefficients of Octadecane
and Docosane droplets for two values of initial diameter are presented in Table 1.

It is seen that burning rate constant of Octadecane is higher than one of
Docosane, that is the combustion rate of hydrocarbon decreases with molecular
weight increase. To explain this fact we should use the data on basic thermal proper-
ties of n-Octadecane and n-Docosane (Table 1). The combustion heats of this alkanes
are slightly different (less than one percent), but the difference between vaporization
heats is more pronounced (about 12%). Also boiling points of these alkanes differs by
50°C. As fuel evaporation is limiting stage of droplet combustion in conditions of our
experiment, so the Octadecane droplets ignites more easily and burns away faster
than those of Docosane.

Conclusions. The combustion kinetics of pure hydrocarbons (Octadecane and
Docosane) droplets is studied experimentally and the burning rate coefficients are de-
termined for different initial sizes of droplets. The dependence of burning coefficient
on initial droplet diameter is established. It is found that increase in droplet initial di-
ameter leads to significant rise of burning rate coefficient. This fact is explained by
strong influence of natural convection on hydrocarbon vapor mass transfer.

It is shown that burning rate of n-Octadecane significantly exceeds the one of n-
Docosane. This fact is explained by lower values of vaporization heat and boiling
point of Octadecane.
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Fig.3. Squared diameters of burning droplets (dy = 1.87 mm):

o — Octadecane; m — Docosane.

Table 1. The burning rate coefficients of hydrocarbon droplets.

2
Ky, , mm-/s

Initial droplet diameter, mm

n-Octadecane n-Docosane
1.87 1.43 2.59
2.04 1.22 1.61

Table 2. The basic properties of n-Octadecane and n-Docosane.

Hydrocarbon n-Octadecane n-Docosane
chemical formula CigHsg CpHye
Molar mass, g/mole 254.5 310.6
Density, g/ml (at 25 °C) 0.777 0.778
Melting point, Tpy,,°C 28 44
Boiling point, Ty, °C 316 369
Heat of vaporization, kJ/kg 356 399.2
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Opaoscvka C.I., Lllkoponaoo M.C., Kapimosa ®@.dD., Kaninuak B.B.
ExcnepuMeHTaIbHE JOCTIIKEeHHS TOPIHHA BYIJIeBOAHEBUX Kpamneib

AHOTALLA
Excnepumenmanvho oocnioxnceno Kinemuky 2opiHHs 6y2ie800HesUx Kpaneib (OKMaoeKaH,
00K03aH) i3 3aCMOCY8AHHAM Memody eioeomikpockonii. [lokazano, wo keaopam oiamempy
nanaryux Kpaneab AHIIHO 3MIHIOEMbCA ¢ 4acoM. SHatloeHo KoeiyicHmu WeUOKOCmi 2OpiHHS
Kpaneib ¢ pi3HUMU NOYAMKOSUMU Oiamempamu. Becmanoeneno, wo weuoKkicmos 20piHHA OK-
MAOeKany NOMIMHO nepesunfye WeUOKIiCnb 20PiHHA OOKO3AHY.

Opaoeckasa C.I., lllIkoponaoo M.C., Kapumosa ®.dD., Karunuax B.B.
JKCNepuMeHTAIBLHOE HCCIeJ0BAHNE TOPeHNsT YTJIeBOJOPOAHBIX Kamelb

AHHOTALINA
Kunemuxa copenust y2ne6000podos (okmaodexan, 00KO3aH) IKCHEPUMEHMANLHO UCCAe)08a-
Ha ¢ UCNOTb308AHUEM MEMOOA BUOCOMUKPOCKOnuU. JJokazano, umo keaopam ouamempa 20-
PpAWUX Kanenwb JuHeiHo 3agucum om epemenu. Hatidenvl koapduyuenmor ckopocmu 2opeHus
Kanenb pasHbIX HAYAIbHLIX OUAMEmPOS. YCMAaHO8NeHO, YUMo CKOPOCMb 20PeHUsi OKMAOEKAHA
3AMemHO npegviuiaem CKopoChb 20PeHUsL OOKO3AHA.



