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A rotary-concentrating device for thermal conduction is constructed to control and guide thermal energy transmitting
in elastic plates. The designed device has the ability of concentrating for thermal conduction and controlling the processes
of thermal diffusion in a plate. The multilayered isotropic material properties of the rotary-concentrating device are derived
based on the transformation and rotary medium method and a rotation parameter to control the thermal diffusion process
is introduced. The efficiency of the rotary-concentrating device for thermal conduction is verified. Stability of temperature
fields in a plate with the rotary-concentrating device is analyzed to study the performance of rotary-concentrating. Numeri-
cal examples show that the constructed rotary-concentrating device for thermal conduction can effectively rotate and focus
on the thermal energy into the device for a wide range of diffusion temperatures, which can enhance the thermal conduction.
Therefore, this study can provide a theoretical support for potential applications in fields of energy harvesting and thermal
conduction control.
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1. Introduction
In 2006, Pendry et al.[1] and Leonhardt[2] proposed the

transformation optics theory almost simultaneously and inde-
pendently. In this theory, according to the form invariance
of Maxwell equation on coordinate transformation, one can
design the corresponding coordinate transformation functions
according to the application needs, and then use the spatial
coordinate relationship to calculate the corresponding dielec-
tric parameter distribution, so as to realize the electromag-
netic functional devices that meet the requirements. The ap-
plication of transformation optics theory is far from limited to
the cloak.[3,4] Scholars have successively designed a series of
novel functional devices, such as field concentrator,[5,6] field
rotator,[7] super-lens,[8] high directional antenna.[9,10]

The device of rotator can change and control the incident
wave direction and lead to high-efficiency reception for dif-
ferent types of waves.[11] The idea of concentrating also has
potential applications in the design of high-efficiency receiv-
ing energy because it can improve the incident wave energy
density.[12] Therefore, there are many researches concentrat-
ing on these two devices, including regular and irregular shape
designs, development of two-dimensional structure to three-
dimensional structure, simplification of device parameters,
and so on.[13–15] Chen and Chan[16] proposed a function of
rotation to design the rotating device for control of the electro-
magnetic wave. Jiang et al.[17] constructed a metamaterial for
acoustic wave rotator and accomplished experimental valida-
tion. Yang et al.[18] used the transformation method to design

a concentrator for acoustic wave with polygonal cross-section.
Liu et al.[19] designed a new multifunctional electromagnetic
device with performance of rotary-concentrating based on the
theory of transformation optics. Wang et al.[20] designed a
multilayered concentrator for acoustic waves, which can guide
propagating trajectory of acoustic waves and realize concen-
trating of acoustic wave energy. Lu et al.[21] constructed an
elastic wave concentrator based on the fractional Fourier trans-
form and studied scattering effect of wave trajectories control.
The device can guide and rotate the propagation trajectory of
the electromagnetic wave and elastic wave at a specified angle
in the core area of the device, which realizes the concentrating
of electromagnetic and elastic wave energy to the core area.

The idea of transformation medium for concentrating
wave energy has received great attention. Wang et al.[22]

used a linear transformation function to design an acoustic
wave rotary-concentrating device with homogeneous materi-
als, which would be provided a theoretical support in fields
of communication and acoustic sensing. Fakheri et al.[23]

adopted the transformation acoustic theory to design an arbi-
trary shaped acoustic concentrator with natural homogeneous
materials by effective medium theory. An omnidirectional
concentrator for broadband low-frequency elastic wave is de-
signed to realization of energy attenuation based on the trans-
formation method.[24] Huang[25] provided a review of ther-
mal metamaterials that includes basic theory of thermodynam-
ics, historical contributions, and future study topics. Fan et
al.[26] constructed shaped graded materials in which thermal
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conduction can be guided from the cold to hot, which is an
abnormal behavior. Fujii and Akimoto[27] studied a concen-
trator for heat flux based a topology optimization approach
and realized cloaking and concentrating. Xu and Huang[28]

designed a thermal metamaterial to actively tune and control
the thermal wave conduction. Mao et al.[29] constructed a
cylindrical concentrator for thermal waves and realized ther-
mal conduction concentrating based on a coordinate transfor-
mation method, while the rotary function was not exhibited. Li
and Zhang[30] studied concentration and rotation functions and
designed a rotary-concentrating device, whose performances
are compared with the traditional counterpart. Sun et al.[31]

designed a device with interconnected structure can realize
cloaking and concentrating for thermal conduction. Yang
et al.[32] given a review of thermal metamaterials that con-
tains theoretical developments, engineering applications, and
experimental studies. Material parameters of most of tradi-
tional rotary-concentrating devices for thermal conduction are
anisotropic and inhomogeneous, which are difficult to apply in
engineering structures.

In this paper, multilayered isotropic material properties
of the rotary-concentrating device are designed based on the
transformation and rotary medium method and a rotation pa-
rameter is introduced to control the thermal diffusion pro-
cess. The aim of this study is to construct a good rotary-
concentrating device for thermal conduction in plates and to
enrich the study of thermal conduction rotary-concentrating
device.

This paper is organized as follows. After a brief introduc-
tion, a method to construct the rotary-concentrating device for
thermal conduction in plates is proposed in Section 2. Effec-
tiveness and performance of the current rotary-concentrating
device for thermal conduction in plates are calculated in Sec-
tion 3. Finally, some conclusions are presented in Section 4.

2. Design of rotary-concentrating device for
thermal conduction
In this section, the coordinate transformation theory is

applied to design the rotating and concentrating structure for
thermal conduction in plates. There are two steps to con-
struct the coordinate transformation expressions for rotating
and concentrating of thermal conduction. Figure 1 shows the
process of two coordinate transformations. In Fig. 1, a, b, and
c are radii of three concentric cylinders. The first step is to
compress the original spaces I and II in Fig. 1(a) to physical
space I in Fig. 1(b), so that the device can focus the incident
thermal energy to space I. The second step is to expand the
remaining part of the original space, and to realize the spatial
rotation of the region. The current rotator and concentrate de-
vice can be realized by two components r and θ independently
transformed, which can be used to guide and tune thermal con-
duction in plates.

b
c

a

IIIIII

(a)

Focus region

Rotation region

(b)

Fig. 1. Schematic diagram of a rotary-concentrating device: (a) before
transformation and (b) after transformation.

Figure 1(b) shows how to compress regions I and II of the
original space into region I in the transformation space, and
the corresponding coordinate transformation equation is r̃ =

a
b

r,

θ̃ = θ ,
(1)

where r and r̃ are radial components of polar coordinates in
original and physical spaces, respectively. θ̃ and θ are angu-
lar components of polar coordinates in original and physical
spaces, respectively. The govern equation of thermal conduc-
tion for a plate in original space is

ρ0c0
∂T
∂ t

= ∇ · (κ0 ·∇T ) , (2)

where Q0 = ρ0c0 is heat capacity, in which c0 and ρ0 are the
specific heat capacity distribution and the mass density dis-
tribution, respectively. T is the temperature field distribution
and κ0 is the thermal conductivity distribution. According to
the principle of coordinate transformation[2] and by using of
Eq. (1), the heat capacity and thermal conductivity distribu-
tion of compressed space can be calculated as

κp = κo, (3)

ρpcp = ρ0c0

(
b
a

)2

, (4)

where κp, ρp, and cp are thermal conductivity distribution,
mass density, and specific heat capacity distribution of com-
pressed space, respectively. Figure 1(b) shows how to rotate
region III of the original space by a rotation angle reflected in
the transformation space, and the corresponding rotation coor-
dinate transformation equation is

r̃ =
c−a
c−b

r+
b−a
b− c

c,

θ̃ = θ +
c− r
c−b

θ0,

(5)

where θ0 is the rotation angle and the value of angle that re-
flects deflection degree of thermal conduction transmitting tra-
jectories. The Jacobian matrix has the following expression

𝐵 =

[
B11 B12
B21 B22

]
, (6)

in which

B11=
c−a
c−b

cos θ̃ cosθ+
r̃
r

sin θ̃ sinθ+
θ0

c−b
r̃ cosθ sin θ̃ , (7a)
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B12=
c−a
c−b

cos θ̃ sinθ− r̃
r

sin θ̃ cosθ+
θ0

c−b
r̃ sinθ sin θ̃ , (7b)

B21=
c−a
c−b

sin θ̃ cosθ− r̃
r

cos θ̃ sinθ− θ0

c−b
r̃ cosθ cos θ̃ , (7c)

B22=
c−a
c−b

sin θ̃ sinθ+
r̃
r

cos θ̃ cosθ− θ0

c−b
r̃ sinθ cos θ̃ . (7d)

The determinant of the matrix 𝐵 is

det(𝐵) =
c−a
c−b

r̃
r
. (8)

In the Cartesian coordinates, the expressions of each compo-
nent of the thermal conductivity distribution and mass density
of the cylindrical rotary concentrating device can be obtained
by applying the principle of transformation optics, yield

κ
(p)
11 =

1
det(𝐵)

[
θ 2

0 r̃2

(c−b)2 +

(
c−a
c−b

)2
]

cos2 (
θ̃ +ϕ

)
+

1
det(𝐵)

(
r̃
r

)2

sin2
θ̃ , (9)

κ
(p)
12 =

1
det(𝐵)

(
θ 2

0 r̃2

(c−b)2 +

(
c−a
c−b

)2

−
(

r̃
r

)2
)

sin θ̃ cos θ̃ ,

(10)

κ
(p)
21 = κ

(p)
11 , (11)

κ
(p)
22 =

1
det(𝐵)

[
θ 2

0 r̃2

(c−b)2 +

(
c−a
c−b

)2
]

cos2 (
θ̃ +ϕ1

)
+

1
det(𝐵)

(
r̃
r

)2

cos2
θ̃ , (12)

where

ϕ = arctan
c−a
θ0r̃
− π

2
, ϕ1 = arctan

θ0r̃
c−a

.

Thus, the radial and angular distribution of anisotropic
thermal conductivity distribution and mass density of the
rotary-concentrating device in the polar coordinates approxi-
mately can be expressed as

κr =

[
1+

θ 2
0 r̃2

(c−a)2

](
1− (b−a)c

(b− c) r̃

)
, (13)

κθ =
(b− c) r̃

(b− c) r̃− (b−a)c
, (14)

ρ = ρ0

(
c−b
c−a

)2(
1− (b−a)c

(b− c) r̃

)
. (15)

The rotary-concentrating device designed by the approach of
transformation has anisotropic thermodynamics parameters,
which are unfavorable to engineering application. The effec-
tive medium theory is used in this paper to realize homoge-
nization of materials. As shown in Fig. 2(b), materials 1 and
2 periodic arrangement constitutes a unit cell of the rotary-
concentrating device. Thicknesses of materials 1 and 2 are l1
and l2. The rotary-concentrating device with alternating mate-
rials 1 and 2 has the following expressions:

1
κr

=
1

1+ ε

(
1
κ1

+
ε

κ2

)
, (16)

κθ =
κ1 + εκ2

1+ ε
, ρ =

ρ1 + ερ2
1+ ε

, (17)

where ε = l2/l1 is the thickness ratio of layers 2 and 1, κ1 and
ρ1 are stiffness tensor and mass density of material 1, and D2

and ρ2 are stiffness tensor and mass density of material 2. In
this study, by using ε = 1, material parameters of the rotary-
concentrating device can be obtained as

κ1 (r) = κθ +
√

κ2
θ
−κrκθ =

c−b
c−a

(
r̃
r
+

√(
r̃
r

)2

−
θ 2

0 r̃2

(c−b)2 −
(

c−a
c−b

)2
)
, (18)

κ2 (r) = κθ −
√

κ2
θ
−κrκθ =

c−b
c−a

(
r̃
r
−

√(
r̃
r

)2

−
θ 2

0 r̃2

(c−b)2 −
(

c−a
c−b

)2
)
, (19)

ρ1 = ρ2 = ρ0
c−b
c−a

r
r̃
. (20)

Many rules are adopted to evaluate concentrating quality
of a rotary-concentrating device. Value of temperature vari-
ation ST [33] can reflect degree of thermal diffusion cloaking,
which is also used in this paper to evaluate quality of a rotary-
concentrating device:

ST =

√
n

∑
1
(Ti−T o

i )
2, (21)

where n is the total number of the points, T o
i is the values

of temperature in the plate with no rotary-concentrating de-

vice and inside medium, and Ti is values of temperature in the
plate with a rotary-concentrating device contained an inside
medium. The second parameter evaluates quality of the ther-
mal concentrating, which can be expressed as

ζ =
bT9−T10c⌊
T o

1 −T o
5

⌋ , (22)

where T9 and T10 denote values of temperature of points 9 and
10, respectively. T o

1 and T o
5 are values of temperature of points

1 and 5, respectively.
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Focus region

Rotation region

(a) (b)

⋅⋅⋅ ⋅⋅⋅

Fig. 2. (a) Computational schematic diagram of the rotary-concentrating
device for thermal conduction in a plate. (b) Materials 1 and 2 periodic
arrangement constitutes a unit cell of the rotary-concentrating device.

3. Rotary-concentrating performance of ther-
mal conduction
A simulation example is first considered to verify reli-

ability of the rotary-concentrating structure for thermal con-
duction. As shown in Fig. 3, an isotropic iron plate embedded
with the current cylinder rotary-concentrating structure is con-
structed to control and guide thermal conduction; geometric
parameters of the current device are a = 0.01 m, b = 0.019 m,
c = 0.02 m, and θ0 = π/6. The rotary-concentrating device
consists of 30 concentric cylinder whose material parameters
can be calculated by Eqs. (18)–(20). Different heat diffusions
are exerted on left and right boundaries of the computational
domain to study performance of rotary-concentrating for the
current device. In this study, the software COMSOL Multi-
physics has been adopted to simulate the thermal conduction
in elastic plates.

In order to demonstrate validity of the current device for
manipulating thermal diffusion in elastic plates, one numer-
ical case is considered. Processes of thermal conduction in
the rotary-concentrating device calculated with different rota-
tion angles and results shown in Fig. 4. As shown in Fig. 4,
the current device is flexibility in guiding thermal diffusion in
elastic plates by changing the value of rotation angles. Thus,
the current method for thermal conduction can be effectively
used to design rotary-concentrating device in elastic plates.

(b)

AB

(a)

The device

Insulation boundary

Hot end Cold end

7

68

51
9
10

3

42

Insulation boundary

⋅⋅⋅ ⋅⋅⋅

Fig. 3. (a) Computational schematic diagram of the thermal rotary-
concentrating device. (b) A cell of the current device in panel (a) is con-
sisted of two layers of materials A and B.

Distributions of temperature field for the plate are calcu-
lated with the rotary-concentrating device exerted by heat dif-
fusion from the left boundary to right boundary of the iron
plate and results shown in Fig. 5(a), where temperatures of
cold and hot boundaries are 300 K and 650 K, respectively

and material parameters of the iron plate are ρo = 7850 kg/m3,
heat capacity c0 = 0.46×103 J/(kg·K) and thermal conductiv-
ity κ0 = 80 W/(m·K). Distributions of temperature field for
the plate are calculated with the rotary-concentrating device
exerted by heat diffusion from the left and upper boundaries to
right and lower boundaries of the iron plate and results shown
in Fig. 5(c). Temperature field distribution of the iron plate
without the rotary-concentrating device also be calculated by
a purpose of comparison with results shown in Figs. 5(b) and
5(d). As shown in Fig. 4, the current device can realize the
cloaking performance and shield heat conduction from out-
side the rotary-concentrating device. One can also find that
heat diffusion into the rotary-concentrating device from the
surrounding area under different conditions of heat diffusion.
This property possessed by the current device that can be used
to focus heat diffusion, so that realize heat harvesting in a
plate. Furthermore, the diffusion process of heat in rotary area
in the current device can be controlled and tuned by varying
the value of rotary angle.

0.03

0.02

0.01

0

-0.01

-0.02

-0.03
-0.06 -0.04 -0.02 0 0.02 0.04 0.06

θ=π/12
θ=π/3
θ=π/2

Fig. 4. The processes of the thermal conduction in the cylindrical rotary-
concentrating device with different rotation angles.

(a) (b)

K

(d)(c)
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500
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300

Fig. 5. Temperature field distributions of the plate exerted by diffusion
from left to right: (a) with the current rotary-concentrating device, (b)
without rotary-concentrating device; from left and upper to right and
lower boundaries (c) with the current rotary-concentrating device, and
(d) without current rotary-concentrating device, respectively.

The value of temperature variation ST is adopted to ap-
praise quality of the rotary-concentrating device and its val-
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ues with and without the current rotary-concentrating device
are shown in Fig. 6. As the temperature T of thermal dif-
fusion of the hot boundary increases in Fig. 6, the value of
temperature variation ST for the plate with the current rotary-
concentrating device is much lower than that without the de-
vice, which demonstrates that there is much less thermal en-
ergy radiation outside the current rotary-concentrating device.
A good rotary-concentrating device has much less thermal en-
ergy scattering outside the concentrating region over a broad
range of diffusion temperatures. The value of ζ is adopted to
appraise quality of concentrating and its values with the cur-
rent rotary-concentrating device are shown in Fig. 7. As shown
in Fig. 7, the concentrating efficiency of the current device al-
most remains 90% as the temperature T of the thermal diffu-
sion of the hot boundary increases. Thus, the proposed rotary-
concentrating device for thermal conduction in the plate can
shield thermal wave detection from outside background and
also concentrating thermal energy into the device.

6

5

4

3

2

1

0
400 450 500 550 600 650

S
T
 (

K
)

T (K)

With the current device
Without device

Fig. 6. The parameter ST of the iron plate with and without the current
rotary-concentrating device under different thermal diffusion temperatures.

1.00

0.90

0.80
400 450 500 550 600

0.95

0.85

ζ

T (K)

Fig. 7. The parameter ζ of the iron plate with the current rotary-
concentrating device under different thermal diffusion temperatures.

To verify effectiveness of the current rotary-concentrating
device for different rotation angles, isothermal diagrams of the
plates are calculated with the rotary-concentrating device ex-
erted by a heat diffusion from the left boundary to right bound-
ary with different rotation angles θ0 = π/12, π/6, π/3, and
π/2 and results are shown in Fig. 8. The geometric and mate-
rial parameters used here are the same as the above. As shown
in Fig. 8, the current rotary-concentrating device also can be
realized control of the process of thermal conduction in a plate

and concentrating of thermal wave energy under different ther-
mal diffusions. Thus, the current method can be used to de-
sign a rotary-concentrating device for thermal conduction in a
plate.

(a) (b)
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Fig. 8. Contours of temperature field distributions for the rotary-
concentrating device with (a) θ0 = π/12, (b) θ0 = π/6, (c) θ0 = π/3,
and (d) θ0 = π/2, respectively.

(a) (b)

K

(d)(c)

293.15

Fig. 9. Isothermal diagrams of the plates with the rotary-concentrating
device at different time scales: (a) T = 10 s, (b) T = 20 s, (c) T = 30 s,
and (d) T = 40 s.

Studies about thermal conduction above is carried out in
steady state, that is, the temperature distribution of the struc-
ture is going a period of time. However, the thermal con-
duction is transient and eventually reaches a stable state over
time. Isothermal diagrams of the plates with the current rotary-
concentrating device exerted by a point thermal diffusion at
(−0.02 m, −0.025 m) are calculated at different time scales
and shown in Figs. 9(a)–9(d). Geometric and material param-
eters of the plate are the same as those in Fig. 4. As shown in
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Fig. 9, the current rotary-concentrating device can also effec-
tive to realize rotary and concentrating for thermal conduction
under a point thermal diffusion.
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Fig. 10. Temperature fields of the plate exerted by two line thermal diffu-
sion sources (a) with and (b) without the rotary-concentrating device.
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Fig. 11. Temperature fields of the plate exerted by three line thermal dif-
fusion sources (a) with and (b) without the rotary-concentrating device.

Temperature field distributions of the plate with rotary-
concentrating device exerted by two or three independent
line thermal diffusion resources are computed to study sta-
bility of the current rotary-concentrating device for thermal
conduction. The line thermal diffusion sources are located
at (x = −0.03 m, 0.02 m ≤ y ≤ 0.03 m), (x = −0.03 m,
−0.03 m ≤ y ≤ −0.02 m), and (x = 0.03 m, 0.02 m ≤ y ≤
0.03 m), where temperatures of cold and hot boundaries are
300 K and 650 K. The other geometric and material parame-
ters are the same with Fig. 4. In Fig. 10, temperature fields of
external area of the rotary-concentrating device are the same
with that of without the current device, which demonstrates
that the rotary-concentrating device can realize cloaking of
thermal conduction. Furthermore, temperature fields inside
the rotary-concentrating device are rotated and concentrated,
which demonstrates that the rotary-concentrating device can
realize rotary and concentrating of thermal conduction. Such
behaviors can also be observed in Fig. 11. Therefore, temper-
ature fields in the plate with the current rotary-concentrating
device are stability encounter interference of different types of
thermal diffusion, which obtains an excellent rotary and con-
centrating effect for thermal conduction.

4. Conclusion
A rotary-concentrating device is constructed to con-

trol and guide processes of thermal conduction in elastic
plates. The anisotropic thermodynamic parameters of the
rotary-concentrating device are homogenized to multilayered
isotropic materials based on the transformation and rotary
medium method and a rotation parameter is introduced to
guide processes of thermal conduction. Results shown that
the current rotary-concentrating device exhibits on both ro-
tation and concentrating properties. For different interfer-
ence forms, temperature fields of the plate with the rotary-
concentrating device are undisturbed, which demonstrates that
a good rotary-concentrating device for thermal conduction is
constructed. Accurate guide of thermal conduction processes
in plates under different types of thermal diffusion sources
inside the rotary-concentrating device is confirmed. Our ap-
proach provides an alternative means for rotating and concen-
trating thermal conduction, which has potential applications in
fields of energy harvesting and thermal conduction control.

Acknowledgments
Project supported by the National Natural Science

Foundation of China (Grant No. 12102150), the Natu-
ral Science Foundation of Jiangsu Province, China (Grant
Nos. BK20200884 and BK20201414), the Natural Science
Foundation of Colleges and Universities in Jiangsu Province,
China (Grant No. 20KJB130004), China Postdoctoral Sci-
ence Foundation (Grant No. 2021M702444), and the Jiangsu’s
Mass Entrepreneurship and Innovation Program of Jiangsu
Province.

References
[1] Pendry J B, Schurig D and Smith D R 2006 Science 312 1780
[2] Leonhardt U 2006 Science 312 1777
[3] Cummer S A, Christensen J and Al‘u A 2016 Nat. Rev. Mater. 1 16001
[4] Liu M, Zhuo L J, Jiang W A, Ma X D, Han M and Song M T 2021 Int.

J. Thermophys. 42 89
[5] Rahm M, Schurig D, Roberts D A, Cummer S A, Smith D R and Pendry

J B 2008 Photon. Nanostruct. 6 87
[6] Liu H B 2020 Chin. Phys. B 29 087701
[7] Chen H Y and Chan C T 2007 Appl. Phys. Lett. 90 241105
[8] Yan M, Yan W and Qiu M 2008 Phys. Rev. B 78 125113
[9] Lai Y, Chen H Y, Zhang Z Q and Chan C T 2009 Phys. Rev. Lett. 102

093901
[10] Ding X and Ming Y 2014 Chin. Phys. Lett. 31 046601
[11] Zang X, Huang P and Zhu Y 2018 Opt. Commun. 410 977
[12] Ning L, Wang Y Z and Wang Y S 2020 Mech. Mat. 142 103300
[13] Kan W, Liang B, Tian C, Shen Z H and Cheng J C 2017 Appl. Phys.

Lett. 110 253502
[14] Li T H, Huang M, Yang J J, Li Y L and Yu J 2012 Acoust. Phys. 58 642
[15] Zhang K, Ding, X M, Wo D L, Meng F R and Wu Q 2016 Appl. Phys.

Lett. 108 053508
[16] Chen H Y and Chan C T 2007 Appl. Phys. Lett. 90 241105
[17] Jiang X, Liang B, Zou X Y, Yin L L and Cheng J C 2014 Appl. Phys.

Lett. 104 083510
[18] Yang J J, Huang M, Yang C F and Cai G H 2011 J. Vib. Acoust. 133

61016

044402-6

http://doi.org/10.1126/science.1125907
http://doi.org/10.1126/science.1126493
http://doi.org/10.1038/natrevmats.2016.1
http://doi.org/10.1007/s10765-021-02849-2
http://doi.org/10.1007/s10765-021-02849-2
http://doi.org/10.1016/j.photonics.2007.07.013
http://doi.org/10.1088/1674-1056/ab942f
http://doi.org/10.1063/1.2748302
http://doi.org/10.1103/PhysRevB.78.125113
http://doi.org/10.1103/PhysRevLett.102.093901
http://doi.org/10.1103/PhysRevLett.102.093901
http://doi.org/10.1088/0256-307X/31/4/046601
http://doi.org/10.1016/j.optcom.2017.08.038
http://doi.org/10.1016/j.mechmat.2019.103300
http://doi.org/10.1063/1.4986510
http://doi.org/10.1063/1.4986510
http://doi.org/10.1134/S1063771012060085
http://doi.org/10.1063/1.4941545
http://doi.org/10.1063/1.4941545
http://doi.org/10.1063/1.2748302
http://doi.org/10.1063/1.4866333
http://doi.org/10.1063/1.4866333
http://doi.org/10.1115/1.4004678
http://doi.org/10.1115/1.4004678


Chin. Phys. B 32, 044402 (2023)

[19] Liu G C, Li C, Shao J J and Fang G Y 2014 Acta Phys. Sin. 63 154102
(in Chinese)

[20] Wang Y R, Zhang H, Zhang S Y, Fan L and Sun H X 2012 J. Acoust.
Soc. Am. 131 EL150

[21] Lu X Y, Sun L J, Fang X Q, Hu J and Jia L J 2018 Opto-Electron. Eng.
45 170739

[22] Wang Y R, Zhang L, Shah S, Zhu R R and Zheng B 2021 Sci. Rep. 11
11531

[23] Fakheri M H, Abdolali A and Sedeh H B 2020 Phys. Rev. Appl. 13
034004

[24] Gao H X, Liu, W, Sun Y X, Xu L and Xiang Z H 2019 Phys. Rev. Appl.
12 064020

[25] Huang J P 2020 Theoretical Thermotics: Transformation Ther-
motics and Extended Theories for Thermal Metamaterials (Singapore:
Springer)

[26] Fan C Z, Gao Y and Huang J P 2008 Appl. Phys. Lett. 92 251907

[27] Fujii G and Akimoto Y 2020 Int. J. Heat Mass Transfer 159 120082

[28] Xu L J and Huang J P 2020 Chin. Phys. Lett. 37 120501

[29] Mao F C, Li T H, Huang M, Yang J J and Jia B J 2014 Acta Phys. Sin.
63 170507 (in Chinese)

[30] Li Y Y and Zhang H C 2020 Chin. Phys. B 29 084401

[31] Sun T, Wang X H, Yang X Y, Meng T, He R Y and Wang Y X 2022 Int.
J. Heat Mass Transfer 187 122568

[32] Yang S, Wang J, Dai G L, Yang F B and Huang J P 2021 Phys. Rep.
908 1

[33] Hu R, Hu J Y, Wu R K, Xie B, Yu X J and Luo X B 2016 Chin. Phys.
Lett. 33 044401

044402-7

http://doi.org/10.7498/aps.63.154102
http://doi.org/10.7498/aps.63.154102
http://doi.org/10.1121/1.3679004
http://doi.org/10.1121/1.3679004
http://doi.org/10.1038/s41598-021-91146-x
http://doi.org/10.1038/s41598-021-91146-x
http://doi.org/10.1103/PhysRevApplied.13.034004
http://doi.org/10.1103/PhysRevApplied.13.034004
http://doi.org/10.1103/PhysRevApplied.12.064020
http://doi.org/10.1103/PhysRevApplied.12.064020
http://doi.org/10.1007/978-981-15-2301-4
http://doi.org/10.1007/978-981-15-2301-4
http://doi.org/10.1007/978-981-15-2301-4
http://doi.org/10.1063/1.2951600
http://doi.org/10.1016/j.ijheatmasstransfer.2020.120082
http://doi.org/10.1088/0256-307X/37/12/120501
http://doi.org/10.7498/aps.63.170507
http://doi.org/10.7498/aps.63.170507
http://doi.org/10.1088/1674-1056/ab9437
http://doi.org/10.1016/j.ijheatmasstransfer.2022.122568
http://doi.org/10.1016/j.ijheatmasstransfer.2022.122568
http://doi.org/10.1016/j.physrep.2020.12.006
http://doi.org/10.1016/j.physrep.2020.12.006
http://doi.org/10.1088/0256-307X/33/4/044401
http://doi.org/10.1088/0256-307X/33/4/044401

	1. Introduction
	2. Design of rotary-concentrating device for thermal conduction
	3. Rotary-concentrating performance of thermal conduction
	4. Conclusion
	References

