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Fig. 1. Damage degree of energy conservation, the relative

energy flow of the second harmonic, and the relative en-

ergy flow of the third harmonic with incident wave energy

flow.
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Fig. 4. Relation of relative energy flow of each order of harmonics with incident wave energy flow under different viscosity. Viscos-

ites for different curves are 1 x 1076,

viscosity.
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Abstract

Nonlinear acoustics is an important branch of acoustics and has important applications in some areas, such
as high-intensity focused ultrasound, ultrasonic suspension, acoustic cavitation, acoustic harmonic imaging, and
parametric emission array. The solving of nonlinear equations in these fields is very important.

Regarding the solution of the wave equation of a nonlinear acoustic system, the methods used at this stage
generally include complete numerical calculation method, strict analytical method, and perturbation method.
1) For the complete numerical calculation method, it covers the finite element method and the finite difference
method. The physical meaning of the solution obtained by this kind of method is not clear, and it is difficult to
reveal the physical nature of nonlinear event. And in many cases it will lead to the numerical divergence
problems, and it is not suitable for all nonlinear problems. 2) For the strict analytical method, it can only deal
with nonlinear acoustic problems of very few systems, such as the propagation of nonlinear acoustic waves in an
ideal fluid. 3) For perturbation method, its advantage is that the method is simple and the physical meaning of
the solution is clear, but it is only suitable for dealing with nonlinear effects at low sound intensity. And it takes
into consideration only the effect of low-order harmonics on higher-order harmonics, with ignoring its reaction,
so it does not satisfy the law of conservation of energy.

In this paper, we propose a new, semi-analytical numerical iterative method of solving nonlinear wave
equations. It is a form of expanding the sound field into a Fourier series in the frequency domain, realizing the
separation of time variables from space coordinates. Then, according to the specific requirements for the
calculation accuracy, the high frequency harmonics are cut off to solve the equation. Compared with the results
from the complete numerical methods (such as finite element method and finite difference method), the solution
from this iterative method has a very clear physical meaning. That is, its solution is a combination of harmonics
of all orders. Compared with the perturbation method, it can consider the interaction of various harmonics and
can satisfy the law of conservation of energy (provided that the system has no dissipation). It is used to study
the propagation properties of nonlinear acoustic waves in liquids. The results show that the iterative method is
also applicable in the range of sound intensity where the perturbation method is applicable. In a wide range of
sound intensity where the perturbation method is unapplicable, the iterative method is still applicable and
satisfies the law of conservation of energy (provided that the system has no dissipation). It is unapplicable only
if the sound intensity is extremely loud and strong. And when more high-order harmonics are involved, the

calculation time by using the numerical method proposed in this paper does not increase sharply.

Keywords: nonlinear acoustics, numerical iterative method, energy flow density
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