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Transition to Instability in Segmented Rijke Tube
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Abstract: Thermoacoustic instabilities can arise in systems where unsteady heat release is favorably coupled with acous-
tic pressure oscillations. A modified Rijke tube with segments having different sections is found to have lower threshold
levels of heat addition rate needed for exciting the fundamental acoustic mode of the tube. Experiments indicate that about
115 W of heating power is required to produce sound in the 90-cm-long segmented tube, while over 230 W is needed in
60-cm-long and 90-cm-long tubes with constant-area cross sections. One of the causes for lowering the threshold of heat
addition rate is due to a significant reduction of the resonator natural frequency. The presented results suggest an impor-
tance of including the system geometry details into analysis of practical devices prone to thermoacoustic instabilities.
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INTRODUCTION

Self-excited acoustic oscillations can appear in resonators
with unsteady heat release. Many newly developed rocket
motors and industrial burners experience these instabilities
[1]. Acoustic oscillations can lead to the system performance
degradation, loud noise, and even damage of these devices.
One of the main instability mechanisms is due to a coupling
of sound waves and unsteady heat release. If extra heat is
supplied to the gas during its compression phase in an acous-
tic cycle, then a time-averaged thermal-to-acoustic energy
conversion occurs according to Rayleigh criterion [2].

Thermoacoustic instabilities can be studied experimen-
tally in a simple system known as a Rijke tube [3]. It repre-
sents an open-ended tube with a mesh inside (Fig. 1a), which
is heated by flame or electrically. In the original version the
tube was oriented vertically, so that a mean gas flow in the
tube was provided by natural convection. The main excita-
tion mechanism is due to a time delay between an instanta-
neous velocity at the heater and the time-dependent heat re-
lease. If small flow fluctuations are present the tube and the
time delay ensures positive thermoacoustic energy conver-
sion (i.e., Rayleigh criterion is satisfied), then fluctuations
can grow into high-amplitude acoustic oscillations. The fun-
damental acoustic mode of the tube is excited when the mesh
is heated to a sufficiently high temperature and positioned at
about the quarter-tube-length distance from the upstream
tube end. (Higher modes can be excited at other mesh loca-
tions, but require higher mesh temperatures). Later modifica-
tions of the Rijke tube included a horizontal orientation with
a mean flow provided by other means, such as a blower [4].
In such a setup, an operational range of the system parame-
ters is significantly extended, since mean flow is controlled
independently of heat addition rate.
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In previous studies of Rijke tubes, constant-section tubes
were commonly used [5]. However, practical systems prone
to thermoacoustic instabilities have more complex geo-
metries. In the present study, two circular tubes with differ-
ent cross-sectional areas are connected together to form a
single resonator (Fig. 1b). It appears that the sound onset in
this system can occur at significantly lower levels of sup-
plied heating power. The experimental setup and results are
presented below.
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Fig. (1). Schematics of Rijke tubes: (a) standard and (b) segmented.

EXPERIMENTAL SYSTEMS

The structure of the experimental apparatus is shown in
Fig. (2). The segmented Rijke tube in this system consists of
an upstream aluminum tube with internal diameter 5.2 cm
and length 60 cm and a downstream steel tube with internal
diameter 2.4 cm and length 30 cm. In additional tests, a con-
stant-area tube was applied to provide reference data of a
classical single-segment Rijke tube setup.

The mean air flow through the tube is provided by an
electrically regulated Jabsco 35440 blower. To exclude the
influence of natural convection on the flow rate, the horizon-
tal orientation of the Rijke tube was implemented. A buffer
chamber, located between the tube and the blower, is in-
tended to suppress interactions between the blower and tube
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Fig. (2). Experimental setup (shown not to scale).

acoustics. The chamber dimensions are 46 x 46 x 76 cm; and
its internal surface is covered by 2.5-cm-thick sound-
absorbing polyurethane foam. The mean airflow rate is
measured by a custom-built laminar flow element installed
between the buffer chamber and the blower. The pressure
drop is measured by a Dwyer Magnehelic Pressure Gage
2000. The laminar flow element was calibrated against a
Dwyer variable-area flowmeter RMA-10. The temperature of
the flow through the laminar flow element was monitored in
the tests in order to determine the actual flow rates.

The heat source is an electrically powered nichrome wire
of diameter 1.0 mm and length 75 cm. The wire is mounted
on a frame made of alumina silicate ceramic to minimize
thermal and avoid electrical contacts with the tube walls. A
photo of the heating element is shown in Fig. (3). Copper
rods of diameter 0.32 cm are applied for feeding the
nichrome wire with electric current from a Sorensen DCS
33-36E power supply.

Fig. (3). Heating element: nichrome wire mounted on ceramic ring.

RESULTS

The first test sequence was conducted with a single-
segment, 5.2-cm-diameter tube (as shown in Fig. 1a) with a
purpose to obtain reference data in a standard Rijke tube

setup. In the preliminary tests, the heater position most fa-
vorable for generating sound was determined: 12.5 ¢cm from
the upstream tube end. Further tests in this tube were con-
ducted at this position of the heater. Experimental runs were
carried out at different mean flow rate settings. In each test,
an electric power supplied to the heater was slowly increased
with a rate of change of about 2 W/min. At a certain level of
power, an audible tonal sound appeared, corresponding to
the transition to thermoacoustic instability. The stability
boundary obtained in a single-segment tube is shown by cir-
cles in Fig. (4). There is an optimal mean flow rate at which
the power required to produce sound has the lowest value.
With increasing or decreasing the mean flow rate, the
threshold power increases. This behavior is similar to previ-
ously observed stability boundaries in Rijke tubes [4,5]. The
frequency of acoustic oscillations measured by an external
microphone at the mean flow rate 0.95 g/s is about 310 Hz,
which corresponds to the natural frequency of the tube fun-
damental mode.

Practical devices where thermoacoustic instabilities are a
concern have more complex geometries than a single-
segment tube. Altered system geometries may lead to earlier
transitions to instability requiring lower power released at
the heater. One of such modifications is a double-segment
tube with the downstream section having a reduced cross-
sectional area (Fig. 1b). One of the factors that can encour-
age early transition to instability is a decreased natural fre-
quency of the system, since acoustic losses in the resonator
increase with frequency. A segmented tube has a natural
frequency lower than that in a tube of the same length, while
the surface area in a segmented tube does not increase as
much as in a simply lengthened tube with the same diameter.
Additionally, a recirculation zone in the mean flow in front
of the transition between tube segments may also serve a
source of instabilities and encourage earlier sound onset.
Variable-area resonators are also known to ensure earlier
transition to instability in other types of thermoacoustic de-
vices that do not involve mean flow, such as standing-wave
thermoacoustic engines [6].

The most favorable position of the heater for sound gen-
eration in a double-segment Rijke tube was experimentally
found to be at 35 cm from the tube upstream end. The
threshold power values recorded at the sound onset in this
configuration are given by squares in Fig. (4). The minimum
power required for the transition to instability drops nearly
twice in comparison with a single-segment tube (Fig. 4),
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Fig. (4). Minimum electric power needed for generating sound in
studied Rijke setups: circles, constant-area tube; squares, segmented
tube.

while the range of mean flow rates where instability is possi-
ble at available heating power expands significantly. A sec-
ondary local minimum in the threshold power data is ob-
served at the flow rate of 1.53 g/s. The sound frequency
measured after the sound onset at the mean flow rate 0.95 g/s
is about 165 Hz.

A tube with the constant diameter 5.2 cm and length 90
cm (same as the total length of the double-segment tube) was
also tried. However, it was discovered that the lowest power
necessary for the sound appearance (about 300 W) exceeded
that of the short tube, while the frequency of the excited
sound was about 200 Hz. This confirms a strong effect of the
tube segmentation on the required heating power to achieve
thermoacoustic instability.
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CONCLUDING REMARKS

Experiments conducted with a segmented Rijke tube
demonstrate that about twice lower levels of supplied heating
power are needed for generating sound in comparison with a
classical single-segment Rijke tube. The range of flow rates
suitable for sound generation is also significantly greater.
These effects may be caused by reduced acoustic losses in
the modified system. The obtained results suggest that a suf-
ficient level of details about system geometries must be in-
cluded into consideration when analyzing practical devices
prone to this sort of instabilities. Another implication of this
study is for simplifying Rijke-tube lecture demonstrations: a
segmented tube would need much less heating power to pro-
duce sound.
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