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Table 1. the distribution of material parameters.
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Table 2. The value of « in the pentamode cloak.
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Fig. 2. The distribution of pentamode cloak material parameters: (a) The density equation is constant;

(b) the modulus equation is constant; (c) the density equation is power equation (a # —2); (d) the density

equation is power equation (aw = —2); (e) the modulus equation is power equation.
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Fig. 3. The acoustic field of the different pentamode cloak material parameters distribution (ka = 13,

f =1600 Hz): (a) Cylindrical aluminum; (b) the density equation is constant; (c) the modulus equation is

constant; (d) the density equation is power equation (o # —2); (e) the density equation is power equation

(o = —2); (f) the modulus equation is power equation.
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Fig. 5. The route of acoustic wave transmission in pentamode cloak: (a) The density equation is constant;

(b) the modulus equation is constant; (c) the density equation is power equation (o # —2); (d) the density

equation is power equation (o« = —2); (e) the modulus equation is power equation.
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Fig. 6. The acoustic field of different obstacle: (a) The obstacle is aluminum; (b) the obstacle is water.
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Abstract

The pentamode material, similar to fluid in physical properties, serves as a useful way for the physical implementation
of the anisotropic fluid. Based on the similarity, a method to design cloak with the pentamode materials has been put
forward by Norris. To analyze the effect factors and rules of the stealth performance of the cloak, the present article is
focused on the studying of the coordinate transformation equation of the pentamode cloak design of Norris. Cloaks with
different materials parameters distribution can be achieved by adjusting coordinate transformation equations. There
are four kinds of the distribution of pentamode cloak material parameters: the density equation being constant, the
modulus equation being constant, the density equation being, power equation and the modulus equation being power
equation. The average visibility is considered as the standard of stealth effect and is calculated with different coordinate
transformation equations by using the software COMSOL. The average visibility is used to analyze the relationship
between stealth effect and coordinate transformation equations. The relationship between the coordinate transformation
equation and the route of acoustic wave transmission, the relationship between the materials of obstacle and the stealth
effect, and the relationship between the route of acoustic wave transmission and the stealth effect are studied. Two
results are achieved by comparing these relationships mentioned above. The first is that the stealth effect of a cloak
with aluminum obstacle is worse than one with water obstacle. The reason lies in the impedance mismatch between the
aluminum and the cloak material. The second result shows that the coordinate transformation equation is related to the
distribution of material parameters and the route of acoustic wave transmission and it can affect the scattering property
of the cloak. When the route of acoustic wave transmission is close to inner surface of cloak, the stealth effect is relatively
poor, while when the route of acoustic wave transmission is close to outer surface of cloak, the stealth effect is relatively
well. The reason is that when the route of acoustic wave transmission is close to inner surface of cloak, the acoustic wave
affects the obstacle which leads to the enhancement of the scattering of obstacle. So when designing the cloak, not only
the physical realization of the cloak material but also the distributed situation of the route of acoustic wave transmission
should be considered. And the route of acoustic wave transmission is decided by the coordinate transformation equation.

Therefore the stealth performance can be improved by applying proper coordinate transformation equation.
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PACS: 43.30.4m, 43.35.4+d, 62.60.4+v DOTI: 10.7498/aps.65.174301

* Project supported by the National Natural Science Foundation of China (Grant No. 51275519).

Corresponding author. E-mail: wenjihong@vip.sina.com
1% g ) g p

174301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.174301

	1引 言
	2五模声隐身斗篷设计
	2.1 理论模型
	Table 1
	Fig 1

	2.2 计算模型
	Table 2
	Fig 2


	3仿真结果分析与讨论
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9


	4结 论
	References
	Abstract

