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Measurements of energy flux density in thermoacoustic synchronization
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We address a basic question in synchronization phenomena, “ Where is the power
source necessary to sustain synchronized oscillations?” Very little experimental research exists that
has specifically focused on synchronization from the viewpoint of the Bower source or power flux density.
To find the power source may be easy if a system has just one source, but is never trivial in the case of
synchronization phenomena involving multiple power sources.

Self-sustained oscillations in a gas column induced by a temperature gradient are periodically
perturbed by external forcing. The power source required to sustain synchronized oscillations is
identified using sound intensity measurements. We demonstrate that, even if small forcing entrains the
natural frequency or strong forcing completely suppresses the natural dynamics, the external forcing
device is never the source of power; this source resides in the temperature gradient, which creates
natural-frequency oscillations.
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Fig. 1 Schematic drawing of experimental setup.
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Fig. 2. Experimental bifurcation diagram for 1 : 1 forced synchronization
in the forcing amplitude E vs frequency detuning (Af = f. — fo) plane.
Domain A is a phase-locked region via saddle-node bifurcation, which is
shown by circles (experimental data) and solid lines drawn to guide the eye.
whereas the squares and dashed curves between B and C show the
Andronov—Hopf bifurcation. Transition from the phase-trapped state C to
quasiperiodicity D is shown by the triangles and solid curves. The solid
symbols follow the upper axis. (a) Observed sequence of Poincaré cross
sections near the outer boundary of the left-hand branch of domain A for
E =38mV. (b) Time dependence of the phase lead ¢y of P, over V
observed in domain C for £ = 140mV. (¢) Phase observed in domain D
near transition border for E = 140mV.
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Fig. 3. Amplitude response of forced oscillations p to external forcing pe

for Af = —2.00 and —4.00 Hz. The solid curve p? + 2p? = pZ is based on
the forced van der Pol equation.
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Fig. 4. Axial distribution of sound intensity. (a) No temperature gradient,
Ty = 293 K. (b) Just before onset temperature, Ty = 466 K. (¢) Phase-
locked region (domain A) with E = 52mV. (d) Amplitude-suppression
region (domain B) with E =28V and Af = —4.00Hz. (e) External
forcing mode (p. =88Pa at f. = 84.11Hz) for 1:2 phase synchro-

nization. The shaded region shows the location of the stack. The direction of

I'is to the right (indicated by right-pointing arrow) or left (indicated by left-
pointing arrow) when 7 is positive or negative, respectively.
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