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ABSTRACT

Results of experimental studies of round and plane propane microjet combustion in a transverse acoustic field at small
Reynolds numbers are presented in this paper. Features of flame evolution under the given conditions are shown. Based
on the new information obtained on free microjet evolution, new phenomena in flame evolution in a transverse acoustic

field with round and plane propane microjet combustion are discovered and explained.
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1. Introduction

There are many papers on the study of premixed and/or
non-premixed flames in association with acoustic forcing,
for examples [1-4]. The experiments [5] gave an impetus
to experimental investigations of the flame development
during gas fuel combustion in microjets at low Reynolds
numbers. The goal of the experiments [5] was to under-
stand the mechanism of the flame bifurcation in a round
jet generated by gas fuel combustion in a transverse acou-
stic field. However, this mechanism still remains unclear.
The experimental studies [6-12] and other, where the in-
fluence of the initial conditions at the nozzle exit and
acoustics on the development of round and plane micro-
jets in the absence of combustion at low Reynolds num-
bers were investigated in detail, which made it possible to
understand and explain some phenomena in the flame be-
haviour observed during propane combustion in these jets.
The results of these studies are presented in this paper.

2. Experimental Setup and Procedure

The experiments were carried out using the experimental
setup shown in Figure 1. A gas fuel (propane) or its mix-
ture with air was fed into the nozzle through a honeycomb
and a set of grids in the settling chamber. Four types of
nozzles were used (Figure 1). The process of propane jet
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Figure 1. Experimental set-up.

combustion subjected to the influence of a transverse
acoustic field was registered by a digital video camera.
The transverse acoustic field was created with the help of
a dynamic loudspeaker excited by sinusoidal electric sig-
nals of different frequencies (from 1 to 7.5 kHz). Intensity
of sound from the loudspeaker was about 90 decibels.
The jet velocity was measured by a precision flow me-
ter. The range of jet velocities investigated was between
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12 and 30 m/sec.

3. Results and Discussions

3.1. Diffusion Combustion of Propane Round
Microjet

The flame of round mini and microjets are transformed
into plane microjet through flattening process in a trans-
verse acoustic field (Figure 2). In this situation, the jet
as a whole performs sinusoidal oscillations.

The sinusoidal oscillations of the jet result in its bifur-
cation into two jets far downstream (Figures 3 and 4). It
should be noted that the frequency of the transverse
acoustic field is approximately doubled as the nozzle exit
diameter is reduced from 1 to 0.5 mm.

The flame behaviour is correlated with the process of
round free jet flattening and bifurcation in a transverse
acoustic field [6]. Acoustic forcing of a slit burner flame
was experimentally investigated in [5], and it was con-
firmed that the bifurcation of the jet due to acoustic forc-
ing is basically a two-dimensional phenomenon. Thus, the
bifurcation mechanism of the round mini- or microjet
flame in a transverse acoustic field is related to free jet
flattening or, in other words, round jet transformation to a
plane (2D) jet. The sinusoidal oscillations of the free plane
jetresultin its splitting into two jets. The flame propagates
over the external surface of the jet.

3.2. Diffusion Combustion of a Plane Propane
Microjet

As the jet velocity increases, the flame sharply lifts-off
from the nozzle at a certain threshold value of the jet
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Figure 2. Round microjet flame flattening under the action
of a transverse acoustic field.
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Figure 3. Round microjet (for nozzle d = 1 mm) flame bifur-
cation in a transverse acoustic field.
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Figure 4. Round microjet (for nozzle d = 0.5 mm) flame bi-
furcation in a transverse acoustic field.

velocity, and the so-called lifted flame is formed (Figure
5). In this situation, a flame bifurcation under the acous-
tic influence is clearly observed in the frequency range
from 1 to 3 kHz (Figure 5). Apparently, acoustics stabi-
lizes the combustion process and promotes intensifica-
tion of heat/mass transfer between propane and air, which
results in combustion region spreading and, finally, in the
flame bifurcation.
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Figure 5. Plane microjet flame bifurcation in a transverse
acoustic field.

The flame evolution of a plane microjet in a transverse
acoustic field in the yz-plane is shown in Figure 6.

In this case, in contrast to the short nozzle situation, it
is possible to observe not only the process of the flame
bifurcation in a transverse acoustic field, but also flame
folding due to the edge effect. This folding occurs in di-
rections opposite to each other on each period of the
acoustic effect (Figures 6(b) and (c)). In the course of
diffusion combustion of this propane jet, it is also possi-
ble to observe flame propagation on the surfaces of these
two bifurcated and rolled-up jets (Figure 6(a)).

The flame pattern of the jet without acoustics and with
acoustics (Figure 7(a)) and also the smoke visualization
pattern of this jet in the absence of combustion (Figure
7(b)) illustrate the jet flame bifurcation process under the
influence of a transverse acoustic field. The bifurcation
and broadening both of the jet and its flame in the xz-
plane can be seen. The flame broadening region is appro-
ximately twice greater than that in the case with no acou-
stic influence (Figure 7(a)).

3.3. Combustion of a Plane Microjet of a
Propane-Air Mixture

The flame development during premixed propane-air mix-
ture combustion [13] in a plane microjet under the action
of a transverse acoustic field was experimentally studied.
The propane-air ratio was 37.2%/62.8%, respectively (the
equivalence ratio was ¢ = 14). At smaller equivalence
ratios, the transverse acoustic field produced a much wea-
ker effect on jet combustion, if any at all. As in the situa-
tion of diffusion combustion of a plane propane microjet
(Figure 5), the plane microjet flame in the case of com-
bustion of a premixed propane-air mixture also experienc-
ed a bifurcation under an acoustic effect (Figure 8). The
jet flame in the absence of the acoustic field and under
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Figure 6. Plane microjet flame bifurcation in a transverse
acoustic field: (a) pattern of flame folding, (b) scheme of the
free jet bifurcation and folding, (c) smoke visualization pat-
tern of free jet folding (taken from [11]).
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Figure 7. Plane microjet flame bifurcation in a transverse
acoustic field: (a) pattern of the flame bifurcation, (b) smoke

visualization pattern of the jet bifurcation without combus-
tion (taken from [11]).

the acoustic effect at frequencies smaller than 500 Hz is
attached to the nozzle.
It is known that the lift-off of the flame from the noz-

JFCMV



V.V.KOZLOV ET AL. 111

z, mm
80—

60—

40

a
9
=

2]

S

)
<
-

]

S

S
=
=

=

-10 O
X, mm X, mm

Figure 8. Plane microjet flame bifurcation in a transverse
acoustic field: short nozzle (I =2 mm, h =200 pm, I/h = 10).

zle exit occurs as the jet velocity increases or, as in this
case, when the jet velocity remains constant; flame sepa-
ration from the nozzle exit occurs owing to the acoustic
influence at certain frequencies (f= 1 - 3 kHz). In the si-
tuation considered here (Figure 8), the lifted flame is
sharply broadening in the xz plane, and its bifurcation can
be observed further downstream, as well as in the pre-
vious case of diffusion combustion of the plane microjet
subjected to an acoustic effect (Figure 5).

4. Conclusion

On the basis of the information obtained on the evolution
of microjet flows, some new phenomena in the behaviour
of the flame during microjet combustion in a transverse
acoustic field have been discovered and explained for the
first time. It has been shown for the first time that the flame
during round propane microjet combustion displays flat-
tening and bifurcation; the behaviour of the jet in the ab-
sence of combustion has been also studied. A similar re-
sult has been found for the first time in the flame behav-
iour during diffusion and premixed combustion of pro-
pane microjets in a transverse acoustic field, that is, flame
bifurcation and folding, as in the case of the jet develop-
ment in the absence of combustion.

5. Acknowledgements

This work was supported by the Integration Project SB
RAS No. 24 and by the Russian Foundation for Basic
Research, project Nos. 11-01-00292, 12-08-31083, 12-
07-00548, and 13-07-00616.

REFERENCES

[1] F. Baillot and D. Demare, “Physical Mechanisms of a
Lifted Nonpremixed Flame Stabilized in an Acoustic Field,”
Combustion Science and Technology, Vol. 174, No. 8,
2002, pp. 73-98.

Copyright © 2013 SciRes.

http://dx.doi.org/10.1080/713713066

[2] W.B. Ng, A. F. Salem and Y. Zhang, “Three-Dimensio-
nal Visualization of Diffusion Flame Shapes under Acou-
stic Excitation Using Stereoscopic Imaging and Recon-
struction Technique,” Journal of Visualization, Vol. 6, No.
4, 2003, pp. 329-336.
http://dx.doi.org/10.1007/BF03181739

[31 M. Suzuki, T. Atarashi and W. Masuda, “Behavior and
Structure of Internal Fuel-Jet in Diffusion Flame under
Transverse Acoustic Excitation,” Combustion Science and
Technology, Vol. 179, No. 12, 2007, pp. 2581-2597.
http://dx.doi.org/10.1080/00102200701487012

[4] Q.Wang, Y. Zhang, H. J. Tang and M. Zhu, “Visualiza-
tion of Diffusion Flame/Vortex Structure and Dynamics
under Acoustic Excitation,” Combustion Science and Te-
chnology, Vol. 184, No. 10-11, 2012, pp. 1445-1455.
http://dx.doi.org/10.1080/00102202.2012.693419

[5] M. Suzuki, S. Ikura and W. Masuda, “Comparison between
Acoustically-Excited Diffusion Flames of Tube and Slit
Burners,” 11th Asian Symposium on Visualization, Niiga-
ta, 2011, pp. 1-6.

[6] V.V.Kozlov, G. R. Grek, A. V. Dovgal and Y. A. Litvi-
nenko, “Stability of Subsonic Jet Flows,” JFCMV 9, 2013
(accepted paper).

[71 V.V.Kozlov, G. R. Grek, G. V. Kozlov and M. V. Litvi-
nenko, “Visualization of the Processes of Evolution and
Turbulent Breakdown of a Low-Speed Round Jet,” Visu-
alization of Mechanical Processes, Vol. 1, No. 2, 2011,
pp. 1-18.

[8] G.V.Kozlov, G. R. Grek, A. M. Sorokin and Y. A. Litvi-
nenko, “Initial Conditions Effect at the Nozzle Exit on the
Round Jet Structure,” Thermophysics and Aeromechanics,
Vol. 15, No. 1, 2008, pp. 59-68.
http://dx.doi.org/10.1134/S0869864308010046

[9] V. V. Kozlov, G. R. Grek, Y. A. Litvinenko, G. V. Koz-
lov and M. V. Litvinenko, “Influence of Initial Conditions
at the Nozzle Exit and Acoustical Action on the Structure
and Stability of a Plane Jet,” Visualization of Mechanical
Processes, Vol. 2, No. 3, 2012, pp. 1-29.

[10] G. R. Grek, G. V. Kozlov, V. V. Kozlov, Y. A. Litvinen-
ko and M. V. Litvinenko, “Round Jet in Cross Shear Flow,”
Visualization of Mechanical Processes, Vol. 2, No. 4,
2012, pp. 1-29.

[11] V. V. Kozlov, G. R. Grek, Y. A. Litvinenko, G. V. Koz-
lov and M. V. Litvinenko, “Round and Plane Jets in a
Transverse Acoustic Field,” Journal of Engineering Ther-
mophysics, Vol. 20, No. 3, 2011, pp. 272-289.
http://dx.doi.org/10.1134/S1810232811030052

[12] Y. A. Litvinenko, G. R. Grek, V. V. Kozlov and G. V. Koz-
lov, “Subsonic Round and Plane Macrojets and Microiets
in a Transverse Acoustic Field,” Doklady Physics, Vol.
56, No. 1, 2011, pp. 26-31.
http://dx.doi.org/10.1134/S1028335811010046

[13] J. Warnatz, U. Maas and R. W. Dibble, “Combustion Phy-
sical and Chemical Fundamentals, Modeling and Simula-
tions, Experiments, Pollutant Formation,” Springer, Ber-
lin, 2001, pp. 1-350.

JFCMV


http://dx.doi.org/10.1080/713713066
http://dx.doi.org/10.1007/BF03181739
http://dx.doi.org/10.1080/00102200701487012
http://dx.doi.org/10.1080/00102202.2012.693419
http://dx.doi.org/10.1134/S0869864308010046
http://dx.doi.org/10.1134/S1810232811030052
http://dx.doi.org/10.1134/S1028335811010046

