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Abstract The following paper deals with acoustic flame
suppression mechanics in a microgravity environment with
measurements taken from an Arduino-based sensor system
and validation of the technique. A Zippo lighter is ignited
in microgravity and then displaced from the base of the
flame and suppressed using surface interactions with single
tone acoustic waves to extinguished the flame. The analysis
of data collected shows that the acoustic flame suppression
measurementtechniques are effective to finding qualitative
differences in extinguishing in microgravity and normal
gravity. Further, the results suggest that the suppression may
be more effective in a microgravity environment than in a
normal (1g) environment and may be a viable method of
extinguishing fires during space flight.

Keywords Acoustic flame suppression - Arduino
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Introduction

Previous experiments and numerical simulations of acous-
tic effects on fire have shown that both frequency and
sound velocity may affect the surface of a flame (DARPA
2008; Feynman 2012; Fialkov 1997). Here a single bass

B4 N. D. Wiggins
Nathanial.wiggins @sjcd.edu

1" Barrios Technology, Houston, TX 77058, US

2 University of Houston-Clear Lake, Houston, TX, US

28 March 2015

tone is used to suppress a homogeneous flame in a micro-
gravity environment. An Arduino-based sensor system is
used for analysis along with video cameras for visual
inspection. The photos show that the flame is displaced
greater with lower frequencies while the fire sensor data
indicates that the flame is more greatly affected in the
microgravity environment by specific tones. Results and
discussion are included with recommendations for future
studies.

Data Capturing

The data capturing system used in the experiment is con-
structed from an Arduino development board and various
sensors whose datasheets are all available in the refer-
ences section. All programming was done using institutional
resources and the GoPro Hero cameras are set as reference
for aid in the analysis. Numerical simulations indicate a hor-
izontal velocity induced in the flame and displacement of
the flame tip as a result of the acoustic wave (Plaks et al.
2005) , therefore both primary cameras are set in positions
perpendicular to the direction of the propagation for analysis
and for validation of visual data.

The accelerometer used is an MPU 6050 manufactured
by Invensense and implemented on a GY-87 Arduino sensor
that possesses 3 degrees of freedom for detecting acceler-
ation. Open source libraries are used to log data from the
MPU6050 using IIC communication protocol via pins A5
and A4 on the Arduino board. This enables direct reading
of acceleration values which are immediately converted to
G-forces. A Kalman filter can be applied to normalize the
acceleration data and reduce noise from internal and exter-
nal sources, but raw data is sufficient for parabolic analysis
(see Figs. 1 and 2).
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Fig. 1 The figure above shows a top view diagram of the experiment
setup. It consists of a sub-woofer, a cell phone with a tone generator
application, a modified zippo lighter to hold the flame, an Arduino
board with flame sensor, accelerometer, and a bi-color LED

|

s
20

0.5

O it
-
o

30
Iteration

Gn thousands)

The accelerometer output is converted to multiples of
gravitational pull and graphed in comparison to the iteration
value in thousands where 100 iterations equal 5 seconds.
Although noise is apparent in the system, the parabolas
are clearly defined structures that are identified in the out-
put algorithm and recorded on the SD card. The output
LED provides visual identification for verification in the
video. In each parabola, a frequency is tested or retested
during the microgravity phase, which generally lasts 20
seconds. If the fire is not extinguished by the end of
the 20 seconds of microgravity, it is manually suppressed
and extinguished.

The fire sensor used for this experiment is a SENS-FL-
001 Flame Sensor Module from Future electronics. The
Arduino sensor is capable of detecting light from a range
of 760nm to 1100nm with an adjustable detection distance
between 20cm and 100cm and a detection angle of about
60 degrees. The sensor is sensitive to the fire light wave
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Fig. 2 While the noise from the aircraft makes the exact reading difficult, the maximum hypergravity and the minimum microgravity can be

deciphered and the time verified by camera
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Fig. 3 The analog fire sensor readings in volts are compared to time in seconds. Note that the left panel shows a flame being quickly and
effectively while the right panel shows a flame being interacted with for longer periods before being extinguished
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Fig. 4 The frequency versus percentage of trials extinguished
shows that the microgravity flame was generally extinguished
more successfully than the lab setting. The frequency versus volt-
age shows the average temperature reading while identifying a
flame in microgravity. Note that the higher voltage indicates a

spectrum and will output a digital signal when fire is
detected by the module. The fire sensor module features two
outputs, digital and analog. The digital output will be either
a 1 for flame detection or a O for no detection. The analog

lower temperature. The minimum fire sensor reading versus fre-
quency shows the hottest temperature that a flame could reach
while in the presence of acoustic waves. Note that the con-
trol frequency has about the same highest temperature in both
settings

output of the sensor is a value between 0 and 1023 which can
be converted into voltage in order to describe the intensity
of the flame. The conversion of the analog values to volts is
performed using a rate of 5 volts/1023 bits. For reference,
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Fig. 5 The effects of the experiment on a flame during different intervals of frequency
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a fire with voltage of 0 is a very bright and hot fire while a
voltage of 5 volts indicates no fire or intense light is
detected, as shown in Fig. 3

Analysis

Extinction of the flame appeared more effective in micro-
gravity than in normal gravity as shown by the flame being
extinguished in less time and at a lower temperature than
in normal gravity. With the exception of equipment failure
during a trial at 74 Hz there are no anomalies in the data,
and only raw data is shown. Previous experiments involving
acoustic flame suppression suggest that there exists opti-
mal surface interactions at two frequencies with methane
gas, one low frequency at roughly 30 Hz and another
higher frequency at about 90 Hz (DARPA 2008; Plaks et al.
2005) (Figs. 4 and 5) .

Conclusion

According to the data collected, acoustic flame suppres-
sion works in both regular gravity and microgravity and the
Arduino-based sensor system is effective in gathering data
for analysis. The raw accelerometer readings are adequate
for reproducing the parabolic motions of the aircraft and
the LED is adequate for aligning the data file with times-
tamps to the video. The fire sensor is able to read the fire
with correlated digital and analog outputs, providing a 92 %
accuracy in time comparison to the video when half-voltage
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is used as a baseline. In the microgravity environment,
the flame suppression is qualitatively distinct and appears
more effective, though further studies are recommended.
The flame was suppressed with more efficiency at 74.0
Hz and was extinguished more quickly at the 30.6 Hz fre-
quency, although a range of frequencies were effective with
adequate acoustic pressure.
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