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Control of flame behaviour has a number of practical applications. This task is not trivial and a rapidly
growing body of research related to this subject can be recently observed. A promising solution for
such a problem could be a technology utilising the acoustic waves. One may expect that the acoustic
excitation characterised by the same pressure level will interact with the flame differently, when the en-
vironment configuration in flame’s close vicinity changes. Hence the issue related to the propagation
of the acoustic waves in the presence of obstacles is worth of interest. The paper presents results of
studies taken on acoustic field propagation when the acoustic excitation is carried with and without
acoustic screen.
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1. Introduction

The potential use of acoustic waves in flame
quenching seems to be a promising approach that
could be used as an alternative or supplement to
available flame extinction methods, such as wa-
ter mist [1–4], hot aerosols [5] or extinction pow-
ders [6, 7].

The available literature provides an interest-
ing insight into the experimental study of flame
behaviour under the action of acoustic oscilla-
tions [8–16]. Although the topic is interesting
there are very few papers dedicated to the po-
tential use of acoustic waves in the extinction of
flames. McKinney and Dunn-Rankin [17] deter-
mined the extinction criteria for a burning linear
fuel droplet stream exposed to the acoustic field.
The authors found that the sound level (SL) re-
quired for the extinction event to occur increases
with both oscillation frequency and droplets di-
ameters. Beisner et al. [18] examined the use of
single tone acoustic waves in the extinction of ig-
nited Zippo lighter in microgravity environment.
The results showed that it is easier to extinguish
the flame in a microgravity environment than in
a regular gravity field and that the flame extinc-
tion can be achieved more quickly for lower oscilla-
tion frequencies. Friedman and Stoliarov [19] anal-
ysed what conditions need to be meet for quench-
ing of laminar diffusion line-flames. It was observed

that the lower frequency is the lower SL is required
to extinguish the flame. It was also shown that
for the critical SL required to cause extinction of
the flame the ratio between the modified Nusselt
number and the Spalding B number remains un-
changed regardless of the acoustic frequency. Ben-
newitz et al. [20] determined extinction criteria for
single droplets located in the vicinity of a velocity
antinode of acoustic standing wave generated in-
side a resonator tube. Similarly, as in the previous
works authors found that the higher frequency is
the higher extinction pressure is required to cause
the extinction. Niegodajew et al. [21] utilised acous-
tic waves in quenching of gas burner flame. A low
impact of the burner power on the acoustic extinc-
tion pressure was observed. It was also found that
the quenching is caused due to the fuel stream de-
flection and flame displacement from its original po-
sition caused by the cumulative effect of oscillatory
perturbations and acoustic mean flow.

All the above mentioned works were related to
acoustically-driven extinction of the flame located
either in the open environment [17–19, 21] or inside
the resonator tube [20]. When concerning the use
of acoustic waves as a fire suppression method one
may expect that the closest environment of a flame
would not be free of obstacles. In such a case an
acoustic oscillations acting on a flame would dif-
fer from that generated in the open space and it is
of interest to investigate how obstacles affect the

280

http://doi.org/10.12693/APhysPolA.138.280
mailto:niegodajew@imc.pcz.czest.pl


The 100 years anniversary of the Polish Physical Society — the APPA Originators

Fig. 1. Scheme of the experimental setup (a) and
position of the pressure sensor and the screen (b)
with respect to the outlet of the tube.

acoustic field. Hence, the purpose of present paper
is to investigate how the acoustic field changes with
varying distance between an acoustic source and an
acoustic screen — being the simplest model of a sin-
gle obstacle and therefore a case of fundamental
studies.

2. Experimental setup

The experiment was performed with the use of
setup schematically shown in Fig. 1. The gen-
erator TESLA RC OSCILLATOR BM 365U (1)
produces a sine signal that is transduced through
the amplifier Mosfet MDD. 2108M (2) to the loud-
speaker SONY 1-825-378-11 (3) mounted on one
end of the tube (4). Such a setup allows pro-
ducing the traversing (progressive) acoustic wave
in the region between the other side of the tube
and the acoustic screen (7). The sound inten-
sity was measured in the region between the tube
and the screen with the use of SL probe Voltcraft
SL-451 (6) mounted on a precise 2-dimensional
traversing system (5). The SL probe’s position will
be hereafter defined with coordinates Lp,x and Lp,y

(see Fig. 1b), where Lp,y = 0 determines the tube’s
axis position. The tube was made of steel and
its length and inner diameter were 650 mm and
70 mm, respectively. The acoustic oscillations fre-
quency was always fixed at 50 Hz. The acous-
tic screen was made of glass and its dimensions
were 335 mm × 235 mm. The measurements were
conducted in two configurations — with and with-
out acoustic screen in order to assess its impact on
the acoustic field.

3. Experimental results

Figure 2a illustrates the SL field (in the form
of isolines of constant SLs expressed in decibels)
for the case without the acoustic screen. As can
be seen, the SL decreases with increasing both
axial and radial direction from the tube outlet
forming a circular shape — characteristic feature
for the traversing wave leaving the nearly point
acoustic source. Simultaneously isolines’ radiuses

Fig. 2. Isolines of constant SL at the outlet of the
tube without (a) and with (b) the screen located at
Ls =160 mm.

increase with increasing distance leading to flat-
tening of wave front. When placing the acoustic
screen in the measuring section at a 160 mm dis-
tance (see Fig. 2b) the acoustic field changes no-
ticeably. It is manifested by two qualitative effects.
These are the shift and the elongation of the iso-
lines in axial direction towards the acoustic screen.
This effect is attributed to the wave reflection from
the acoustic screen, leading to constructive interfer-
ence and an increase in the SL level, in particular,
influencing the region close to the tube axis.

To assess quantitatively the impact of the acous-
tic screen on the acoustic field, Fig. 3 shows SL pro-
files measured at three distances, i.e., Lp,x = 30, 60
and 90 mm and for three different configurations,
i.e., without the screen and with the screen located
at distance LS = 160 mm and 200 mm.

When analysing consecutive profiles given in
Fig. 3a–3c it is evident that with increasing dis-
tance from the tube outlet (Lp,x) wave front flat-
tens significantly. For the smallest Lp,x analysed
(30 mm — see Fig. 3a), the impact of the screen
on LS is evident only for the large values of |Lp,y|.
When increasing measuring distance Lp,x, the pres-
ence of the screen leads to growth in SL com-
paring to the case when the wave is released to
the open environment (+0.8 dB for Lp,x = 60 mm
and +1.3 dB for Lp,x = 90 mm for Ls = 160 mm
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Fig. 3. SL at the tube outlet without (a) and with
the screen distant 200 mm (b) and 160 mm (c) from
the tube outlet.

regardless of Lp,y). An increase in SL can be also
achieved by reducing the distance between the tube
outlet and the screen — what is clearly visible
in Figs. 3b and 3c.

3. Conclusions

The results shown in the present paper clearly
indicate that when the acoustic screen is placed in
the sound field, the sound level will increase. Even
higher SL can be achieved by reducing the distance
between the acoustic screen and the tube outlet.
Therefore on one hand the expectation is that such a
configuration will improve fire extinction. Hovever,
this phenomenon depends not only on the SL but
also on the so called non zero mean flow generated
by the tube. Hence, on the other hand conclusion
that improved SL will improve acoustically-driven
extinction process without knowing the impact of
the screen on the mean flow, cannot be stated.
It is expected that screen will reduce the velocity
of mean flow, therefore the further studies should
focus on verifying this issue.

Regardless which parameter has a dominant char-
acter on the extinction, the results presented in this
paper indicate that one cannot simply ignore pres-
ence of obstacles in the near vicinity of a flame, even
if they are located directly behind.

Acknowledgments

The present research work was funded by
the National Science Centre under the Grant
2018/02/X/ST8/00924 and by the Polish National
Agency for Academic Exchange under Project No.:
PPN/BIL/2018/1/00030.

References

[1] H.Z. Yu, X. Zhou, J. Carpenter, Fire Saf.
J. 91, 596 (2017).

[2] A. Yoshida, K. Kashiwa, S. Hashizume,
H. Naito, Fire Saf. J. 71, 217 (2015).

[3] J.P. White, S. Verma, E. Keller, A. Hao,
A. Trouvé, A.W. Marshall, Fire Saf. J.
91, 1 (2017).

[4] Z. Tianwei, L. Hao, H. Zhiyue, D. Zhiming,
W. Yong, Appl. Therm. Eng. 122, 429
(2017).

[5] X. Zhang, M.H.S. Ismail, F.R.B. Ah-
madun, N.B.H. Abdullah, C. Hee, Braz. J.
Chem. Eng. 32, 707 (2015).

[6] X. Zhang, Z. Shen, C. Cai, X. Yu, J. Du,
Y. Xing, S. Ma, Particuology 10, 480
(2012).

[7] Y. Koshiba, K. Iida, H. Ohtani, Fire Saf.
J. 72, 1 (2015).

[8] V.N. Kornilov, K.R.A.M. Schreel,
L.P.H. De Goey, Proc. Combust. Inst. 31,
1239 (2007).

[9] A. Wangher, G. Searby, J. Quinard, Com-
bust. Flame. 154, 310 (2018).

[10] L.W. Chen, Y. Zhang, Flow Meas.
Instrum. 46, 12 (2015).

[11] A. Saurabh, C.O. Paschereit, Combust.
Flame. 182, 298 (2017).

[12] N.A. Worth, J.R. Dawson, Combust.
Flame. 159, 1109 (2012).

[13] Q. Wang, H.W. Huang, H.J. Tang, M. Zhu,
Y. Zhang, Fuel. 103, 364 (2013).

[14] F. Baillot, F. Lespinasse, Combust. Flame.
161, 1247 (2014).

[15] N. Karimi, Energy 78, 490 (2014).
[16] N. Magina, W. Steele, B. Emerson,

T. Lieuwen, Combust. Flame. 180, 262
(2017).

[17] D.J. McKinney, D. Dunn-Rankin, Com-
bust. Sci. Technol. 161, 27 (2000).

[18] E. Beisner, N.D. Wiggins, K.-B. Yue,
M. Rosales, J. Penny, J. Lockridge,
R. Page, A. Smith, L. Guerrero, Micrograv-
ity Sci. Technol. 27, 141 (2015).

[19] A.N. Friedman, S.I. Stoliarov, Fire Saf. J.
93, 102 (2017).

[20] J.W. Bennewitz, D. Valentini, M.A. Plas-
cencia, A. Vargas, H.S. Sim, B. Lopez,
O.I. Smith, A.R. Karagozian, Combust.
Flame. 189, 46 (2018).

[21] P. Niegodajew, K. Łukasiak, H. Rado-
miak, D. Musiał, M. Zajemska, A. Poskart,
K. Gruszka, Combust. Flame 194, 245
(2018).

282

http://dx.doi.org/10.1016/j.firesaf.2017.03.033
http://dx.doi.org/10.1016/j.firesaf.2017.03.033
http://dx.doi.org/10.1016/j.firesaf.2014.11.030
http://dx.doi.org/10.1016/j.firesaf.2017.03.014
http://dx.doi.org/10.1016/j.firesaf.2017.03.014
http://dx.doi.org/10.1016/j.applthermaleng.2017.05.053
http://dx.doi.org/10.1016/j.applthermaleng.2017.05.053
http://dx.doi.org/10.1590/0104-6632.20150323s00003510
http://dx.doi.org/10.1590/0104-6632.20150323s00003510
http://dx.doi.org/10.1016/j.partic.2011.11.001
http://dx.doi.org/10.1016/j.partic.2011.11.001
http://dx.doi.org/10.1016/j.firesaf.2015.02.011
http://dx.doi.org/10.1016/j.firesaf.2015.02.011
http://dx.doi.org/10.1016/j.proci.2006.07.079
http://dx.doi.org/10.1016/j.proci.2006.07.079
http://dx.doi.org/10.1016/j.combustflame.2008.03.002
http://dx.doi.org/10.1016/j.combustflame.2008.03.002
http://dx.doi.org/10.1016/j.flowmeasinst.2015.09.001
http://dx.doi.org/10.1016/j.flowmeasinst.2015.09.001
http://dx.doi.org/10.1016/j.combustflame.2017.04.014
http://dx.doi.org/10.1016/j.combustflame.2017.04.014
http://dx.doi.org/10.1016/j.combustflame.2011.09.006
http://dx.doi.org/10.1016/j.combustflame.2011.09.006
http://dx.doi.org/10.1016/j.fuel.2012.08.008
http://dx.doi.org/10.1016/j.combustflame.2013.11.009
http://dx.doi.org/10.1016/j.combustflame.2013.11.009
http://dx.doi.org/10.1016/j.energy.2014.10.036
http://dx.doi.org/10.1016/j.combustflame.2016.09.001
http://dx.doi.org/10.1016/j.combustflame.2016.09.001
http://dx.doi.org/10.1080/00102200008935810
http://dx.doi.org/10.1080/00102200008935810
http://dx.doi.org/10.1007/s12217-015-9422-4
http://dx.doi.org/10.1007/s12217-015-9422-4
http://dx.doi.org/10.1016/j.firesaf.2017.09.002
http://dx.doi.org/10.1016/j.firesaf.2017.09.002
http://dx.doi.org/10.1016/j.combustflame.2017.10.019
http://dx.doi.org/10.1016/j.combustflame.2017.10.019
http://dx.doi.org/10.1016/j.combustflame.2018.05.007
http://dx.doi.org/10.1016/j.combustflame.2018.05.007

