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Numerical studies on the vibration and acoustic characteristics of a simply supported double-panel partition under the thermal
environment are presented by the modal superposition approach and temperature field theory. Many factors are considered in this
theoretical research, including acoustic refraction, dynamic response of the panel under thermal and acoustic load, vibroacoustic
coupling characteristic analysis, and the variation of material properties. To access the accuracy and feasibility of the theoretical
model, a finite element method is proposed to calculate the natural frequencies and mode shapes. The results show that the
vibration and acoustic responses change obviously with the change of thermal stress and material properties. The rise of the graded
thermal environment and thermal load decreases the natural frequencies and moves response peaks to the low-frequency range.
The first valley of sound transmission loss is well consistent with the mode frequency. Finally, the relation between the average

sound insulation and the thickness ratio is analyzed.

1. Introduction

Double-panel partition structure has been widely used in
high-speed trains, aeronautics, and astronautics, due to its
high strength, high stiffness-and-weight ratio, and good
thermal and sound insulation performance [1]. High-speed
trains and aircrafts are usually exposed to the external low-
temperature condition or high-temperature environment
caused by aerodynamic heating. The change of the thermal
environment has a series of effects on the parameters of
materials, the form of structure, and the state of stress [2-5].
Therefore, the study of vibration and acoustic characteristics
of the double-panel partition under the thermal environ-
ment is of great significance for optimizing structural design,
reducing interior noise, and improving transportation
safety.

The mechanical and acoustic properties of elastic structures
in the thermal environment have been studied by experiments,
theories, and simulations. The thermal environment has lots of
effects on the structure, including temperature-related material
properties, thermal deformation, and thermal stress [6-8]. The

study of the relationship between temperature and acoustic
material parameters begins with the phenomenon of sound
velocity variation. Wayne carried out a research on the speed of
sound and obtained the relationship between sound velocity
and temperature under different pressures through a large
number of experiments [9]. Kenneth studied the variation of
density, thermal coeflicient of thermal expansion, and thermal
conductivity of common industrial alloy materials with tem-
perature [10]. Li and He established a new aerodynamic heating
method to conduct experiments and simulation studies on
structural modal analysis under different temperature and
temperature gradients [8]. Kehoe and Vivian [11] showed the
change of material properties and the thermal stress is the main
reason for the lower stiffness. Geng et al. [12] experimentally
investigated the dynamic and acoustic response characteristics
of a clamped rectangular aluminum plate under the thermal
environment and analyzed the influence of the thermal en-
vironment on natural frequency through the modal test. With
the increase of structure temperature, the natural frequency of
the plate decreases obviously. The exchange of mode shape was
observed at positions where the mode frequencies were close to
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each other. In terms of theory, in 1935, Maulbetsch [13] studied
the thermal stress problem of rectangular plates with simply
supported conditions. By dividing the stress into internal
stress and boundary force, the thermal stress in non-
uniformly heated plates was calculated. Brischetto and
Carrera [14] proposed a fully coupled thermal-mechanical
method to obtain the mode count and modal density of
single and double metal plates. Das and Navaratna [15]
studied the bending and thermal stress of rectangular plates
in the temperature gradient environment and focused on
the influence of boundary conditions on the vibration
equations. Liu and Li [16] obtained the natural frequency,
mode shape, and dynamic response of the structure based
on equivalent nonclassical theory and considering the
influence of shear deformation and moment of inertia.
Tauchert [17] systematically summarized the response of
plate under thermal load, especially in thermal deforma-
tion, thermal buckling, and vibration characteristics. The
influence of plate thickness, the form of plane, supporting
conditions, and material characteristics on the thermo-
elastic design is theoretically analyzed. It is pointed out that
the computational science based on the finite element
method (FEM) and boundary element method (BEM) is an
important means for further study. Thornton et al. [18]
used the FEM to analyze the thermal buckling character-
istics of thin plates induced by steady and unsteady spatial
temperature gradients. Ganesan and Dhotarad [19] pre-
sented a study of vibration analysis of a thermally stressed
plate. For the thermal stress analysis, the FEM was used,
and for the vibration analysis, the finite difference method
and calculus of variations were used. Qian et al. [20, 21]
studied the dynamic response and radiation characteristics
of a simply supported isotropic rectangular plate under the
temperature gradient field by FEM/BEM simulations.
Jeyaraj et al. [22-24] analyzed the vibration and sound
radiation problems using a coupled FEM/BEM technique.
The isotropic plates, composite plates with inherent ma-
terial damping, and multilayered viscoelastic sandwich
plates in a thermal environment were studied, respectively.
Zhou et al. [25] proposed a closed-form solution to evaluate
the free vibration of the orthotropic plate under the thermal
environment, and the mode shapes obtained by the the-
oretical solution are well consistent with FEM results.

The objective of this work is to obtain a theoretical model
for the vibroacoustic characteristics of a simply supported
double-panel partition under the thermal environment. The
temperature inside the structure is assumed to change evenly
along the thickness direction. The formulation is derived by
using the modal superposition approach and temperature
field theory. Many factors are also considered in this the-
oretical research, including acoustic refraction, dynamic
response of the panel under thermal and acoustic load,
vibroacoustic coupling characteristic analysis, and the var-
iation of material properties. The accuracy and validity of the
theoretical predictions are checked against FEM results.
Finally, the parametric study focusing on the influence of the
temperature gradient and shape parameter on the vibroa-
coustic characteristics of a simply supported double-panel
partition is deeply discussed.
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2. Theoretical Formulation

Here, we consider a simply supported double-panel partition
with dimensions of a x b x (h; + H+ h,), in which the thick-
ness of the bottom panel is h;, the thickness of the top panel is
h,, and the thickness of the cavity is H, as shown in Figure 1.
The double-panel partition divides the spatial space into three
fields, i.e., sound incident field, sound cavity field, and sound
radiating field. An incident plane sound wave impinges on the
bottom panel with the elevation angle ¢ and the azimuth
angle 0. The vibration of the incident panel caused by the
excitation of the incident sound wave influences the radiant
panel through the sound cavity field and radiates the sound
waves into the radiating field. In this paper, it is assumed that
the panel has no thermal stress at the reference temperature
Ty, and the temperature inside the structure changes evenly
along the thickness direction under the thermal environment.

2.1. Bending of Sound Wave Paths under Thermal
Environment. According to the wave equation, motion
equation, and gas state equation of sound propagation [26],
the relationship between sound velocity and temperature is

deduced as
c= \/);z\/f , (1)

where ¢ is the sound velocity, y is the specific heat ratio, P is
the pressure, p is the density, and T is the temperature.
When the influence of gas components on the sound ve-
locity is ignored, the acoustic propagation velocity can be
regarded as a single-valued function of the absolute tem-
perature of the gas medium. Since the temperature in the
cavity varies uniformly with the direction of thickness, the
sound velocity c is only related to the coordinate z, which is
denoted as ¢ = ¢(z). Considering the sound wave is located in
the x-z plane, the sound velocity gradient in the x direction is
zero. The relations between sound velocity and propagation
path can be written as [27]

d (¢,

~ (=0 - 2
ds ( ¢ <% oc) 0. @
d (¢, ¢, dc

~ (0 =90 3
ds ( c €08 (/)> 2 dz 3)

where s is the propagation path of the sound wave and « is

the angle between the incident sound wave and the x axis,

defined as a=m/2 — ¢. When the initial values of ¢, and a,

are given, the ratio of cos « to ¢(z) remains constant along the

sound propagation path [28], expressed as
cosa  cosa

c(z) o (4)
Then, equations (2)-(4) can be simplified into

de _sing i (5)

ds c dz

For the medium with a constant temperature gradient,
the actual temperature can be expressed as
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FiGure 1: Schematic illustration of a simply supported double-
panel partition under the thermal environment.

T =T, +kz, (6)

where k is the temperature gradient ratio and is consid-
ered a constant. Substituting equation (6) into equation
(1), the relations between sound velocity and z can be

written as
kz
c=co\|l +—, 7
o\f T (7)

de ke,

dz 512 kT2 ®

It can be deduced from equations (5)-(8) that the
curvature of the sound wave varies with the propagation
path under the constant temperature gradient environment.
When the sound velocity gradient is negative, the sound
waves bend in the direction of the temperature reduction.
Therefore, one of the important functions of the thermal
environment is to induce the refraction effect of sound
waves. The refraction effect on incident sound waves at
different incident angles is different.

2.2. Thermal Stress Analysis. It is assumed that the panel
has no thermal stress at the reference temperature T,
When the temperature changes to T, the thermal stress
will change the stress state of the structure. As the
temperature inside the structure changes evenly along
the thickness direction, the thermoelastic parameter can
be described by the plane stress state, expressed as fol-
lows [29]:
o, =0,(x,),
og,=0,(x,Y),
y %y 9)

Tay = Ty (%, 9)s

0, =T, =T, =0.

Under the thermal environment, the stress-displacement
relations can be expressed as

3
E
Ux=m[(ex+vsy)—oc(1+v)(T—T0)], (10)
E
0,= - lle ) —aan(T-19)], (D
Txy = %‘gxw (12)

where E is Young’s modulus, v is Poisson’s ratio, and « is the
thermal expansion coefficient of the panel. No in-plane
displacement will be caused as the double-panel partition is
simply supported. Then, equations (10)-(12) can be sim-
plified into

EaAT

0= (13)
EaAT
el 14
g, T (14)
T,.,=0, (15)

xy

where AT =T —T\is denoted as the temperature change. The
thermal stress of the panel can be obtained by integrating
equations (13)-(15) in the direction of thickness, expressed
as follows:

[ aEATH;, )
ix Oy 1-v
+(h;/2)
N, =J 0, tdz=1 @aEATh; ¢, i=1,2
~(/2) 1 .
ixy Txy
0
(16)

2.3. Coupling Theory for Simply Supported Double-Panel
Partition under Thermal Environment. Due to the excita-
tion of the incident sound wave, the vibroacoustic cou-
pling equation of the simple supported double-panel
partition under the thermal environment can be expressed
as

4 o*w, o*w, o*w,
D\Vw, +m, o2 - N, Ox2 -N, 0y? —(p1=p2) =0,
(17)
o*w o*w o*w
4 2 2 2
D,Vw, +m, o - N, 2 -N, 3y (P, —ps) =0,
(18)

where (wy,w,), (my, m,), and (D;, D,) are transverse dis-
placement, areal density, and flexural rigidity of the panels,
respectively; subscripts 1 and 2 represent the bottom and top
panels; and (p;, p,, ps) is the sound pressure in the sound
incident field, sound cavity field, and sound radiating field.
The flexural rigidity is defined as
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on(-v) (19)

i=1,2,

where # is the material loss factor. As the double-panel
partition is simply supported, the transverse displacement
and bending moment at the boundary of the panel (x=0, a;
y=0, b) are zero. The simply supported boundary conditions
can be mathematically described as

wi = 0,
dw, w,
i_ i_ 0) 20
ox?  0y? (20)
i=1,2.

For a simply supported double-panel partition system
excited by a harmonic sound wave, the transverse placement
of the panel can be written as

o0 O

(D1 (x, ¥, 2; t) — Z Z [Imnq)mn (x’ y)e_f (kuZ—wt) + /jmn(Pmn (x) y)e_j(_klzz_wt)])

m=1n=1

D,(5,3,210 = Y. Y e (507 D 1, e g R0,

—_

m=1

B

Dy (6,1, 258) = D" ) &P (5, y)ei (hzen),

m=1n=1

where I, f, ¢, {, and & and can be obtained by

Apn = % J: j: Ae — j(kxx + kyy) sin m;rx sin ?dx dy,
=LB e (L.
(26)
The sound pressure can be obtained by
p; = Pi% = jop;®;, i=1,2,3. (27)

At the interface between the air and the panel, the ve-
locity continuity condition can be expressed as

a(Dl . ach .
= : -_—— 5 —_— = 5 28
z=0 3% Jow, 3% Jww, (28)
z=H: - 92 _ jow,, 3 = jow,. (29)

0z 0z
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W61 = Y Y G (6 Vi (B i=1,2, (21)

m=1n=1

where ¢,,,, is the modal shape function and g; ,,,,, is the modal
displacement coeflicients, expressed as

nm
sin ny

b >

G (X, ¥) = sin e
(22)

qi,mn (t) = “i,mnejwt’ i= 1,2,

where «;,,, is modal coefficients. The sound pressure dis-
tribution in the air space of the double-panel partition
should have the same series form as the modal function. So,
the velocity potentials in the sound incident field, sound
cavity field, and sound radiating field near the panel can be
written as

(23)
(24)

(25)

Substituting equations (23)-(25) into equations (28) and
(29) yields

way,
ﬁmn = Imn - Tmn’ (30)

z

way,
Emn — <rmn = k2 WlVl’ (31)

z

—jky, H jky H _ WX mn

E, € - e =
mn (mn kz’zH‘l'kzZ (H)a (32)
wa,, elk:l
fmn — 2,mn (33)
k3z

Substituting equations (30)-(33) into equations (17) and
(18) by using the virtual work principle, the equations can be
simplified into [27]
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, aEATh, [(mn)z
a

It can be deduced from equation (33) that the natural
frequency of the double-panel partition under the thermal
environment is stated as

o Al P\ Do _aEAT (7)o ()
e a> b ) ph pi(1-0v)|\ a b

(35)

The transmission coeficient of sound power is defined as

S Zoa ol
ZS:L):I Zﬁil |Imn +ﬁmn|2

(¢, 0) = (36)

3. Numerical Results and Discussion

3.1. Validation and Vibration Analysis. The vibration and
acoustic responses of a simply supported double-panel
partition change obviously with the change of thermal stress
and material properties under the thermal environment. The
finite element method can be used to solve the mode fre-
quencies and mode shapes based on prestress calculation,
and the results can be compared and verified with the
theoretical calculation results. As shown in Figure 1, a simply
supported double-panel partition with dimensions of
330x250mm” is considered here. The thickness of the
bottom and top panels is 2mm, and the thickness of the
cavity field is 80 mm. The panel material is aluminum alloy
with loss factor 0.001. Other material properties change with
temperature, including mass density, Young’s modulus,
coefficient of thermal expansion, and Poisson’s ratio, which
are shown in Table 1 [10, 30]. Because the thermal con-
ductivity of the air layer is far less than that of the aluminum
alloy material, in general the thermal insulation performance
of the double-panel partition is mainly assumed by the
intermediate air layer under the thermal environment. The
internal temperature gradient of the aluminum alloy is
relatively small, so the change of material properties in a
single metal panel is not considered in theoretical calcula-
tion. The temperature gradients considered in this paper are
all within the critical buckling temperature range.

The temperature of the bottom panel is fixed at 25°C, and
the temperature of the top panel is changed in different

w (1 + ekt

+<m>2] T jop— = jw & =0
b ) p4k3z ) P3( ZIZ’HH+k22,H)(1_ezijZ'HH) 2.mn .

thermal conditions. The direction of the temperature gra-
dient is from the high-temperature side to the low-tem-
perature side. The temperature difference within the bottom
panel, cavity, and top panel is denoted by AT, AT,, and AT5.
The natural frequency of the double-zpanel partition under
the thermal environment can be calculated based on theo-
retical formulation. As the properties of the material change
with temperature, single-value variation analysis is performed
on different material properties, and the results are shown in
Figure 2. The temperature gradient of two panels is main-
tained at 1°C, and the temperature of the thermal environ-
ment changes. Only one material property change is
considered in each curve, and other properties of the material
are taken as T=25°C. As can be seen from Figure 2, the
density, Young’s modulus, and thermal expansion coeflicient
of the panel have a greater effect on the change of the first-
order natural frequency due to the influence of temperature,
while Poisson’s ratio has a relatively smaller effect. With the
increase of temperature, the density decreases and the first-
order natural frequency moves to the high-frequency region.
Young’s modulus decreases with the increase of temperature;
as a result, the bending stiffness decreases and the first-order
natural frequency moves to the low-frequency region. The
influence of the coefficient of thermal expansion and Pois-
son’s ratio is mainly reflected in the thermal stress term in
equation (35). Poisson’s ratio has the least influence on the
overall mode frequency change. Therefore, when considering
the vibration analysis of a simply supported structure affected
by the temperature environment, the change of material
properties must be considered.

Considering the simultaneous changes of various material
properties with temperature, based on the theoretical formula,
the change of the first-order mode frequency with temperature
is shown in Figure 3. When the temperature gradient is fixed at
1°C, the first-order natural frequency of the panel gradually
moves to the low-frequency region with the increase of
temperature. The decreasing trend of frequency is basically the
same at different temperature. As shown in Figures 2 and 3, the
thermal expansion coefficient and Young’s modulus have the
greatest influence on the natural frequency of the panels.

To access the accuracy and feasibility of the theoretical
model, a finite element method is proposed to calculate the
natural frequencies and mode shapes. The temperature
distribution and thermal stress of the double-panel partition
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TaBLE 1: Aluminum alloy material parameters with temperature variation.

Temperature ("C) Density (kg/m?)

Young’s modulus (GPa)

Coefficient of thermal expansion (x10°) Poisson’s ratio

25 2750 71.70 22.9 0.331
100 2737 71.18 23.6 0.333
200 2717 70.49 24.3 0.337
300 2693 69.91 25.0 0.332
400 2668 69.31 25.7 0.320
500 2646 68.70 26.4 0.308
102 agreement. This indicates that the theoretical formula can
101 b well reflect the vibration characteristics of this structure.
Based on the theoretical model, the first eight orders of
100 ¢ mode frequencies of the simply supported double-panel
_99F partition are calculated under the temperature gradient of
T ok 0~5°C in this paper, as shown in Table 3. As can be seen
% o b from Table 3, with the increase of the temperature gra-
g dient, the mode frequency of the same order moves to the
g 9 low-frequency region. The first mode frequency and mode
95 F shape cannot be observed when the temperature gradient
o4 b is greater than 3°C. But the change of the temperature
gradient does not change the order of mode sequences and
3 mode shapes.
92 L L L L L
0 100 200 300 400 500

Temperature (°C)

—— Density Coefficient of thermal expansion

--- Young’s modulus - --- Poisson’s ratio

FIGURE 2: First-order natural frequency univariate analysis.

100
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O O O O
(o)) ~ oo O
T T T T

Nel
v
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93 |
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0 100 200 300 400 500

Temperature (°C)

FIGURE 3: First-order natural frequency with temperature
variation.

can be calculated by ANSYS software. The change of material
properties with temperature is also considered in this
simulation. The mode frequency variation of the double-
panel partition under different temperature and temperature
gradients is calculated. The first eight mode shapes and
natural frequencies of the bottom panel are shown in Table 2,
with the center temperature at 25°C and AT;=1°C. The
theoretical and predicted values of mode frequencies of the
simply supported double-panel partition are in good

3.2. Acoustic Analysis. The sound transmission loss of the
double-panel partition is closely related to the incident
angle, panel thickness, and cavity thickness at normal
temperature [31]. It is also related to the temperature and
temperature gradient under the thermal environment. The
dimensions and material properties of the double-panel
partition are the same as above. Figure 4 shows the sound
transmission loss of the simply supported structure at
different temperature gradients under the vertical inci-
dence. Known from the results shown in Figure 4(a), the
peak and trough of the vertically incident sound trans-
mission loss curve of the simply supported double-panel
partition move to the low-frequency region with the in-
crease of the temperature gradient. Under the temperature
gradient of 0°C, 1°C, and 2°C, the first trough of the vertically
incident sound transmission loss of the simply supported
double-panel partition is 123 Hz, 99 Hz, and 64 Hz, respec-
tively, which are consistent with the first mode frequency in
Table 3. Therefore, the first trough of the sound transmission
loss curve is determined by the first-order vibration mode of
the panel. Figure 4(b) expands the frequency calculation range
to 10000 Hz on the basis of Figure 4(a). In the high-frequency
region, the temperature gradient has little effect on the sound
transmission loss under the vertical incidence. On the one
hand, the deviation ratio of high mode frequency is relatively
small. On the other hand, the transmission loss in high
frequency is in the mass-controlled region and is determined
by panel-cavity-panel dimensions and standing wave reso-
nance. Under the same temperature gradient and different
sound incidence angles, the acoustic transmission loss of the
double-panel partition is calculated, and its variation trend is
similar to that in Figure 4.

The temperature gradient in each panel is fixed at 2°C,
and the thickness of the double-panel partition remains
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TaBLE 2: Comparisons of analytical and numerical results for the first-order natural frequency (AT, =1°C).

No. Mode sequence Mode shape Numerical (Hz) Analytical (Hz) Error (%)

1 1, 1) 98.3 96.5 -1.8
2 (2, 1) 2349 230.8 -18
3 1, 2) 335.6 340.4 1.4
4 (3, 1) 460.8 4542 -14
5 (2,2) 471.0 468.7 -0.5
6 (3,2) 696.5 693.9 0.4




TaBLE 2: Continued.
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No. Mode sequence Mode shape Numerical (Hz) Analytical (Hz) Error (%)
7 1, 3) 728.6 740.2 1.6
8 4, 1) 776.5 774.2 -0.3
TaBLE 3: Variation of natural frequencies with temperature.
Temperature gradient (°C)
Mode sequence
0 1 2 3 4 5
a, 1 123.6 98.3 63.5 — — —
2, 1) 258.8 234.9 208.4 178.0 141.1 90.2
1, 2) 359.1 335.6 3104 282.8 252.3 217.6
(3, 1) 484.1 460.8 436.3 410.3 382.5 352.6
2, 2) 494.3 471.0 446.6 420.6 393.0 363.3
3,2) 719.6 696.5 672.6 647.9 622.1 595.2
1, 3) 751.7 728.6 704.8 680.1 654.5 627.9
4, 1) 799.5 776.5 752.7 728.1 702.7 676.4
80 | 120
= ~ 100
) m
e =
S 2
'E‘ S 80
S =1
2 S
g 2 60
p=) <
2 —5 40
“ 20
0 1 1 1 1 0 1 1
0 200 400 600 800 1000 10 100 1000 10000
Frequency (Hz) Frequency (Hz)

—— Temperature gradient 0°C
- - - Temperature gradient 1°C
Temperature gradient 2°C

(a)

—— Temperature gradient 0°C
- - - Temperature gradient 1°C
Temperature gradient 2°C

()

FIGURE 4: Sound transmission loss of a simply supported double-panel partition under different thermal environment. (a) Frequency region

0~1000 Hz. (b) Frequency region 0~10000 Hz.
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constant. Scaling up the length and width of the panel, the
vertically incident sound transmission loss is shown in
Figure 5. As can be seen from Figure 5, when the size of the
panel increases, the number of peaks and troughs on the
curve decreases gradually and the curve becomes smoother.
It shows that the small-size structure has more mode density
than the large-size structure under the simply supported
condition. In the middle- and high-frequency areas, with the
increase of the size of the double-panel partition, the
transmission loss curves tend to be overlapping. The ver-
tically incident sound transmission loss curve of the infinite
simply supported double-panel partition provides an upper
limit reference for the acoustic transmission loss of finite
ones.

The first trough of the vertically incident sound trans-
mission loss of the simply supported double-panel partition
tends to a fixed value as the panel size increases and cor-
responds to panel-cavity-panel resonance frequency,
expressed as [32]

£ 1 pci (my +m,) (37)
* 2mcosp \H mm,

The calculated result is 123.9 Hz, which is consistent with
the position of the first sound transmission loss trough of the
infinite panel in Figure 5. When the thickness of the cavity is
an integral multiple of half wavelength of the incident sound
wave, standing wave resonance will occur in the simply
supported double-panel partition, which corresponds to the
other sound transmission troughs of the infinite panels.

Based on equation (36), the influence of temperature on
the sound transmission loss of the simply supported double-
panel partition under the random-incidence sound field is
calculated, as shown in Figure 6. The influence of the thermal
environment on the sound transmission loss is mainly under
1000 Hz. With the increase of the temperature gradient, the
sound transmission loss curve appears to cross in the low-
frequency region. The natural frequencies move to the low-
frequency region with the increase of the temperature
gradient, which changes the acoustic performance of the
double-panel partition. The sound transmission loss of the
double-panel partition increases gradually with the increase
of the temperature gradient in the 1/3 octave spectrum with
the center frequency of 500H. This indicates that the thermal
stress caused by the temperature gradient causes the skewing
and recombination of mode frequency in the damping-
controlled region. Under the appropriate temperature gra-
dient condition, the transmission loss at partial frequency
can be increased.

The double-panel partition should maintain a certain
working intensity and good thermal and sound insulation
performance in the practical application. Considering that
the thickness of the cavity and the total thickness of the
bottom and top panels remain constant, this paper studies
the variation of the transmission loss of the double-panel
partition under the thermal environment and different
thickness ratios of the panels. The thickness ratio of the
panels is written as

120

100

80

60

40

Sound transmission loss (dB)

20

0 1 1
10 100 1000
Frequency (Hz)

10000

---330mm x 250 mm
rrrrrr 1000mm x 750 mm
—— le6mm x 7.5e5mm

FiGure 5: Influence of the size of the double-panel partition on the
sound transmission loss in vertical incidence.

50

40 +

B)

Sound transmission loss (d

100 1000
Frequency (Hz)
—— Temperature gradient 0°C

- - - Temperature gradient 1°C
-~ Temperature gradient 2°C

FIGURE 6: Influence of the temperature gradient on the sound
insulation of a simply supported double-panel partition.

r=— (38)

The total thickness of the two panels is 4 mm, and the
temperature gradient in each panel is fixed at 2°C. In
order to maintain a good structural strength, the
thickness ratio range is set at 0.1~10. For the convenience
of comparison, the average sound transmission loss is
selected as the evaluation index of the acoustic insulation
performance of the double-panel partition, which can be
expressed as
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FiGure 7: The average sound insulation of a simply supported
double-panel partition under different thickness ratios.

S|

n
Rave = Z Ri’ (39)
1

where R,y. is the average sound transmission loss, R; is the
sound insulation at 1/3 octave band center frequencies from
100 Hz to 3150 Hz, and # is 16. The variation of the average
sound transmission loss of the double-panel partition under
different thickness ratios is shown in Figure 7. When the
thickness ratio approaches 0.5 or 1.9, the average sound
transmission loss of this structure is relatively larger. When
the thickness ratio is close to 1, which means the thickness of
the two panels is the same, the average sound transmission
loss is significantly reduced. In addition, the average sound
transmission loss reaches the maximum value when the
thickness ratio is close to 1.9, which is 0.3 dB higher than that
when the thickness ratio is 0.5. This indicates that the
thickness ratio of the double-panel partition should be
considered around 1.9 under the thermal environment and
the thickness of the incident panel should be larger than that
of the radiant panel.

4. Conclusions

In this paper, numerical studies on the vibration and acoustic
characteristics of a simply supported double-panel partition
under the thermal environment are presented based on the
modal superposition approach and temperature field theory.
The accuracy and feasibility of the theoretical model are verified
by ANSYS FEM. Some conclusions are drawn as follows:

(1) Under the same temperature gradient, the thermal
expansion coefficient and Young’s modulus have a
greater influence on the natural frequency of the
panels than density and Poisson’s ratio. With the
increase of temperature, the first-order natural fre-
quency of the double-panel partition moves to the
low-frequency region. The first mode frequency and
mode shape may not be observed when the tem-
perature gradient gets greater, but the change of the
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temperature gradient does not change the order of
mode sequences and mode shapes.

(2) The first trough of the sound transmission loss curve
is determined by the first-order vibration mode of
the panels. Under the temperature gradient of 0°C,
1°C, and 2°C, the first trough of the vertically incident
sound transmission loss is 123 Hz, 99 Hz, and 64 Hz,
respectively, which are consistent with the first mode
frequencies. In the high-frequency region, the
temperature gradient has little effect on the sound
transmission loss under the vertical incidence.

(3) When the size of the panel increases, the number of
peaks and troughs on the curve decreases gradually
and the curve becomes smoother. The small-size
structure has more mode density than the large-size
structure under the simply supported condition. In
the middle- and high-frequency areas, the vertically
incident sound transmission loss curve of the infinite
simply supported double-panel partition provides an
upper limit reference for the acoustic transmission
loss of finite ones.

(4) When the thickness ratio approaches 1.9 under the
temperature gradient fixed at 2°C, the average sound
transmission loss reaches the maximum value. It is
shown that the thickness of the incident panel should
be larger than that of the radiant panel to get greater
average sound transmission loss.
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