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STUDY OF THE INFLUENCE OF

THE HOUSING ON THE COOLING
EFFICIENCY OF THE PIEZOCERAMIC
ELECTROACOUSTIC LANGEVIN-TYPE
TRANSDUCER

The object of research is thermal processes in Langevin-type piezoceramic electroacoustic transducers (PET),
taking into account the housing. The piezoceramic electroacoustic transducers heat up during operation. Qverheat-
ing of the converter leads to negative consequences, accompanied by a change in the parameters, characteristics
of the device, as well as the failure of the converter. Or limitation on the duration and mode of operation, output
power, current, amplitude and speed of oscillation of the converter.

The paper investigates the effect of the housing on the temperature field of a Langevin-type PET by the finite
element method, using modeling in SolidWorks. The results of temperature reduction of such cooling methods are shown:

— [filling the housing cavity with electrical insulating liquid, gas, a mixture of thermal paste;

— use of holes in the housing;

— changing the shape of the rear cover to have radiator side fins, vertical radiator fins, cylindrical radiator fins;

— heat-resistant layer;

— use of active air cooling at three dif ferent speeds.

The most efficient 53 % and a uniform temperature field were found when filling with a mixture of thermal
paste, but this solution is accompanied by additional experiments and a preparatory stage with the mixture. The
cooling efficiency of 47 % was provided by active cooling — blowing with air, and this method requires additional
equipment. Filling with insulating liquid gave a cooling efficiency of 27 % — an optimal result that does not require
expensive investments. Slow blowing of the housing or adding only holes resulted in a decrease in the maximum
heating temperature from 10 to 20 %, therefore, if the PET design allows the presence of holes, then it is necessary
to rationally place them. Changing the shape of the back plate, heat-absorbing element, filling the housing with
gas gave an efficiency decrease in the maximum temperature by 6—8 % compared to a closed housing with air.

The research results make it possible to choose the optimal option for reducing the heating temperature of the
Langevin-type PET to increase its efficiency and long-term trouble-free operation.

Keywords: piczoceramic electroacoustic transducer, Langevin-type transducer, rod transducer, transducer heat-
ing, transducer thermal field.
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1. Introduction

Piezoceramic electroacoustic transducers (PET) con-
vert electrical energy into mechanical energy and vice
versa, thanks to piezoelectric ceramics. Rod-type PETS,
or Langevin-type, in their design contain a rear mass,
piezoelectric ceramics and a radiating mass. Such trans-
ducers are used both in a liquid medium, for example, in
underwater acoustics, and in the air — ultrasonic techno-
logical equipment, an ultrasonic motor, a piezotransducer,
some medical equipment [1], rock drilling devices [2].
During operation, the transducer is subjected to opera-

tional loads — electrical, mechanical, cavitation, thermal.
When working in an aqueous medium, the transducer
housing is washed by a liquid, therefore, heating has
a less pronounced effect, but temperature stresses in the
antenna have [3]. When the PET is operating in air, the
transducer housing creates an additional volume and heats
up quickly. The housing is used for ease of use of the device
and for mechanical protection of the transducer design
elements, such as piezoceramics, electrical connections.
Even in the presence of a large volume of air in the housing,
the problem of heating remains, as, for example, in an
ultrasonic cleaner [4].
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Therefore, it is relevant to study the PET warm field.
The study of the features of heating the transducer and the
efficiency of its cooling, taking into account the housing,
is a promising task, the solution of which will provide
additional information that will help in the process of
designing electroacoustic transducers.

2. The ohject of research
and its technological audit

The object of research is the thermal processes in the
Langevin-type PET taking into account the housing.

A piezoceramic electroacoustic transducer of the Langevin
type (rod type), consisting of two passive plates (rear and
emitting plates), an active element, and a washer, which are
collected by a bolt (Fig. 1), is investigated. The housing is
attached to the transducer through a mechanical isolation
element. Emitting plate 1 is made of AMg6 aluminum alloy
in the form of a truncated cone with a large diameter of
60 mm, a smaller diameter of 38 mm and a thickness of
30 mm. Back plate 2, washer 3, bolt 4 are made of AISI
1020 steel. The outer diameter of the cylindrical back plate
is 50 mm, the inner diameter is 17 mm. An M16 tie bolt,
82 mm long, is screwed into the radiating plate by 10 mm
and sealed with a washer 36 mm in diameter, 2 mm thick.
Casing 5 is cylindrical, made of aluminum, clad on the
transducer through a fastening ring from compound 6. Ac-
tive element 7 is 4 rings made of APC-840 piezoelectric
ceramics, outer diameter 38 mm, inner diameter 17 mm,
thickness 10 mm each. The transducer operates in air, the
power loss is 15 W. The initial temperature is 25 °C. Note
that these parameters are not related to a specific trans-
ducer, but carry the collective characteristics of the most
used Langevin-type transducer.

Fig. 1. Model of a piezoceramic electroacoustic transducer
of the Langevin type: 1 — emitting plate; 2 — back plate; 3 — washer;
4 — bolt; 5 — casing; 6 — fastening ring; 7 — active element

When the transducer is heated, its parameters and
characteristics change, for example:

— shift of the operating frequency [5];

— change in electrical resistance [6];

— violation of the agreement with the electronic gene-

rator [7] due to a change in the electrical capacitance

of the piezoelectric ceramics [8].

With an increase in temperature, irreversible conse-
quences also occur: thermal aging, degradation [9, 10],
depolarization of piezoelectric ceramics. The properties of
the first generation piezoelectric ceramics are especially
unstable with increasing temperature [11], and the piezo-
electric coefficients of soft piezoceramics are more sus-
ceptible to changes [12, 13]. There are also a number of
restrictions imposed on the transducer in order to avoid
heating — restrictions on the duration and mode of its
operation, output power, electric current, amplitude and
speed of oscillations [14, 15].

The addition of housing to the investigated PET will
allow taking into account these additional elements that
are in the designs of real transducers. The introduction
of additional structural elements leads to a change in the
thermal field of the entire probe, which must be taken into
account when designing. It should be noted that this issue
has not been practically studied in the literature. Some
aspects of the thermal field of a Langevin-type transducer
were considered earlier [16-18].

However, there is very little research into the temperature
of a transducer in housing. At that time, it is important
not to neglect even the housing fastening when calculating
the total transducer losses [19]. To increase the efficiency
of the transducer, it is necessary to reduce the waste of
energy spent on heating it.

3. The aim and ohjectives of research

The aim of research is to investigate how the presence
of housing affects the thermal field of a Langevin-type
PET, as well as the effectiveness of constructive measures
to reduce the heating of the structure of this transducer.

To achieve the aim, the following objectives have been set:

1. To quantify the effect of the housing on the heating
temperature of the transducer.

2. To analyze methods of reducing the heating temperature
of the transducer, suitable for Langevin-type transducers.

3. To identify the most effective cooling methods for
PET, taking into account the casing.

4. Research of existing solutions
to the prohlem

To establish the normal thermal regime of the device,
which includes a piezoceramic electroacoustic transducer,
a decrease in the duration of operation, the power of the
device is used and its operating mode is changed. To increase
the efficiency, respectively, reduce the dissipated power, it is
recommended to work not at the resonant frequency [20].
But this is not always the best solution. In some housings,
it is justified to use more temperature-resistant materials —
a piezoceramic composite [10], materials with a high operat-
ing temperature. So, in [21], an additional layer of aluminum
and a graphite tape is used as an additional heat-absorbing
element. To cool the rod transducer, heat-conducting layers
of a larger size are used [18, 22]. The authors of [23] pro-
posed to use a layer with a special mixture of a filling
material and a heat-conducting powder to remove heat
in the transducer housing. Active methods are also used,
such as pressurized coolant [24] or air blowing with
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a fan. For a greater decrease in the
heating temperature, it is proposed
to combine heat-conducting layers
with cooling gas blowing [25].

However, options with active
cooling require additional equip-
ment. An alternative solution to
the problem is to change the
shape of the back plate [16] and
the tightening bolt [2].

However, the proposed shape
changes are difficult to manu-
facture. Work [26] is devoted
to increasing the power of the
transducer and the number of
radiating frequencies, but the
study of temperature was not
carried out. However, changing
the shape of the emitting plate
also has a positive effect on the
heating temperature of the trans-
ducer.

All of the above methods give good results in reducing
the warm-up temperature, however their effectiveness is
not known when using a transducer housing. Thus, the
results of the analysis lead to the conclusion that it is
necessary to identify the most effective cooling methods
that can be used for the transducer in the housing.

203.00
190.29
177.57
164.896
15215
139.44
126.72
11401
101.30
8858
7587
63.16
5045
3773
25.02

Temperature [*C)

5. Methods of research

The study was carried out by modeling in the Solid-
Works environment in the Flow Simulation application.
An analytical calculation of the thermal field of a rod
transducer can be obtained by solving the Fourier thermal
conductivity equation, replacing the PET components with
a system of layers. This option is suitable for a rough
estimate of the heating temperature of the transducer and
quite accurately coincides with the simulation results for rod
and cylindrical transducers excluding the housing [27, 28].
But the analytical calculation is difficult to take into ac-
count the housing, due to the impossibility of replacing
the volume of the cavity in the housing with an infi-
nite layer.

To solve the assigned tasks in SolidWorks, the PET
components were created and materials were assigned to
them. In Flow Simulation, the external analysis type, thermal
conductivity, gravity, coolants — air, gas, electrical insulating
liquid, initial conditions (pressure 101325 Pa and tempe-
rature 25 °C) were set.

6. Research results

6.1. Adding a housing. Let’s compare the PET temperature
fields without a housing (Fig. 2, @) and with it (Fig. 2, b).
For more convenience, let’s show the temperature distribu-
tion on the same color scale. The brown arrow indicates
the direction of gravity.

In Fig. 2, a the maximum temperature of piezoelec-
tric ceramics is 140 °C, which is within the operating
temperature range for this type, but outside the normal
thermal regime. The addition of the housing increased
the temperature by 64 °C, it is impossible not to take
into account when designing the transducer.

a b

Fig. 2. Thermal field of piezoceramic electroacoustic transducer:
a — excluding the housing; b — taking into account the housing

6.2. Filling the housing cavity. The use of a sealed
enclosure is often a prerequisite for PET and it is rarely
important to fill it with air only, as there is the potential
for electrical breakdown. Let’s show the advantages of filling
the housing, focusing on reducing the maximum heating
temperature. The most popular filling — insulating liquid,
allowed to reduce the maximum temperature by 56 °C.
It is also often filled with an inert gas. But here it should
take into account the thermal conductivity of the gas, for
example, in neon 0.0493 W/m-K, if to compare it with air —
0.026 W/m-K, then it is possible to win somewhat in the
maximum heating temperature. And if to take xenon with
a thermal conductivity of 0.0057 W/m-K, it will only get
worse. When filled with neon, the maximum temperature
became 14 °C lower. If the transducer does not provide
for repair, then it is poured with a compound. In this
housing, it is proposed to fill it with a mixture of a fill-
ing material and a heat-conducting powder, like a thermal
paste; the essence of the development of such a material
is described in [23]. Since the process of creating a new
material must be accompanied by a number of tests, the
thermal conductivity coefficient and other characteristics
can only be determined experimentally, then let’s take
a known material for modeling. This is Prolimatech PK-1,
has a density of 3200 kg/m?3, a thermal conductivity of
10.2 W/m-K. With this cooling option, the maximum tem-
perature decreased by 108 °C.

Efficiency of using various fillings of a sealed housing:
the housing is filled with an insulating liquid — 27.5 %,
filled with neon — 6.8 %, filled with a mixture of thermal
paste — 53 %.

6.3. Housing with holes. Under proper operating con-
ditions, ventilation openings are allowed in the housing.
According to the physical phenomenon of convection flow,
it is optimal to make holes on the top of the transducer
so that warm air can escape to the outside.

With one hole on the side of the transducer, the tem-
perature decreased by 10 °C, that is, by only about 5 %.
It is interesting that with an increase to 8 having opened,
the value of the maximum heating temperature did not
change much. But when the PET is turned 90°, that is,
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when the hole is on top, the efficiency of such cooling
will be 13 %. And with 8 holes — 18.6 %. Such modeling
in SolidWorks Flow Simulation took place by changing
the direction of gravity — along the X axis.

6.4. Changing the shape of the hack plate. Let’s consider
three options for changing the shape of the back plate (Fig. 3),
with which it is possible to replace the classic cylindrical
one in order to increase heat dissipation. The main prin-
ciples: increase the surface area, but at the same time do
not change the weight and height of the palte. Then the
resonant frequencies will not change. The first option is
radiator fins along the side wall, the next is vertical fins
and cylindrical fins. The mass difference from the initial
411 g is no more than 1 % for all variants.

-

a b c

Fig. 3. Back plate:
a — with radial fins; b — with vertical fins; ¢ — with cylindrical fins

These cooling options gave efficiencies of 7.6 %, 6.6 %
and 8 %, respectively, for a closed housing filled with air.

6.5. Heat-absorhing layer. The addition of a heat-resis-
tant copper element with a thickness of 2 mm, outer and
inner diameters equal to the corresponding dimensions of
the piezoelectric element, gave a decrease in the maximum
heating temperature by 6 %, compared with a closed housing.

6.6. Active cooling. Active cooling involves using the energy
of another appliance to reduce the heating temperature. For
air purging of the PET, it is necessary that the air is dry and
clean. Consider a typical situation where there is a compressor
or mini-fan on top of the housing (modern fans are 2 cm?
in size), and the outlet is located on the side of the hous-
ing. Air is supplied at room temperature, with a mass flow
rate: 37.92-107° kg/s, 7.58-10° kg/s, 3.792-10~° kg/s, which
corresponds to a change in the entire volume of the housing
in 1s, 5 s and 10 s, respectively. With the help of simula-
tion, it was found that the first option corresponds to an air
speed at the entrance to the housing of 4.2 m/s, and a slow
blowing — to a speed of 0.42 m/s.

Let’s supplement active cooling with the previous op-
tions for changing the shape of the back cover.

When using fast blowing, the cooling efficiency values
are different:

— for radial radiator fins, the temperature in the active

element decreased by 46 %;

— for a back plate with vertical fins by 50 %;

— for a back plate with cylindrical fins by 48 %.

With a decrease in mass flow, the shape of the back
cover almost does not adhere to the cooling efficiency:
the temperature decrease was 20—-21 % for medium-speed
blowing, and 13—14 %, respectively, for a slow one.

Ternperature [°C)

Fig. 4. Thermal field of piezoceramic electroacoustic
transducer with active cooling

Let’s show the graph of the temperature distribu-
tion (Fig. 5) over four points of the transducer (in Fig. 4
it is shown with black dots):

1) on the back cover;

2) in the middle of the active element;

3) at the border of the active element and the radiat-
ing plate;

4) on the back plate for the most efficient cooling
options. Vertical axis — temperature °C.

According to the graph in Fig. 5, the uniformity of
the thermal field can be determined. A sharp temperature
drop has a negative effect on the adhesive layers.

Fig. 4 shows the distribu- 250,00 ——Closed housing
tion of the thermal field at fast
blowing. Efficiency of using ac- 200,00 / ——Closed housing with insulating
tive cooling with different mass //\\ liquid
flow rates: . _ 150.00 //\K ——Housing filled with a mixture
— when changing the entire /\ of thermal paste
volume of air in the housing 144 o9 e o
for 1 s, the maximum heat- = ——Closed housing with neon
ing temperature decreased by g o9
47 %; —=Eight holes top and bottom
— when a 5-fold decrease in 0.00 . ‘ ‘ ‘

the blowing speed, the tem-

On the back In the middle of  Active and

Emitting plate = Fast blowing

perature decreased by 19 %; plate the active emitting
— when a 10-fold decrease in element element
the blowing speed, the tem- boundary

perature decreased by 11 %.

Fig. 5. Graph of temperature distribution in piezoceramic electroacoustic transducers for six cooling options
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7. SWOT analysis of research resulis

Strengths. Reducing the heating temperature of the
device increases its efficiency and durability. Taking into
account the efficiency and optimization of resources, the
best cooling result is achieved: by filling with an insulat-
ing liquid for a sealed housing and making optimal holes
for those structures where the housing can be perforated.
These options are less costly. Small efficiency gives a change
in the shape of the back cover, but labor costs for this
method are also small.

Weaknesses. When the temperature of the transducer
changes, its parameters change, in some housing it is neces-
sary to use an automatic frequency control system, a device
for temperature control and others, which increases the
cost of the entire system.

Active cooling, that is, rapid blowing and filling of
the free space with a heat-conducting mixture, give the
best results in reducing the heating temperature. But for
using such a mixture, the necessary preparation stage
is accompanied by a number of tests that increase the
manufacturing time and the cost of manufacturing the
transducer. And to use a fan, or a compressor paired with
a dehumidifier, additional devices are needed, which also
lead to an increase in the cost of the finished device.

Opportunities. Taking into account the thermal fields
in the PET design, the efficiency of using such transdu-
cers can be significantly improved and the time of their
proper operation can be increased. Based on the research
data, it is possible to significantly reduce the stage of
selecting the optimal option for cooling a Langevin-type
piezoceramic electroacoustic transducer.

Threats. The use of PET cooling methods will add one
more stage during their design and complicate their produc-
tion somewhat. For those transducers that do not require
long-term stable operation and low-power transducers, ad-
ditional cooling is not important.

1. The thermal field of the transducer was modeled in
SolidWorks without considering the housing and with the
existing housing. The presence of the housing increases
the maximum heating temperature of piezoelectric ceramics
by almost 1.45 times. By modeling the external problem,
it was possible to find out the temperature outside the
probe, it gives an important understanding of the tem-
perature of the working environment and the housing.

2. Having analyzed the methods of reducing the heating
temperature of the transducer, suitable for Langevin-type
transducers, the following options were proposed:

— filling the housing cavity with electrical insulating

liquid, gas, a mixture of thermal paste;

— use of holes in the housing;

— changing the shape of the back cover with radiator

fins: lateral, vertical, cylindrical;

— heat-resistant layer;

— use of active air cooling at three different speeds.

3. Using modeling in SolidWorks Flow Simulation,
the following results were obtained to identify the most
effective cooling methods for PET, taking into account the
housing. The best results of temperature reduction (53 %)
and uniform temperature distribution throughout the trans-
ducer were obtained by filling the housing with a special

mixture, but this option is quite expensive and laborious.
Also, quite good cooling results were shown by purging
the housing with air (47 %) and filling the housing with
an insulating liquid (27 %). It is possible to see that
a rational arrangement of holes in the housing (18.6 %)
gives better efficiency indicators than slow blowing (11 %).
That is, it is necessary to make holes so that cold air has
the opportunity to enter the housing and freely exit by
convection flows. Changing the shape of the back plate
in the presence of blowing did not significantly improve
cooling efficiency. The reason for this is the inaccessibility
of the air flow supplied to the most heated element —
piezoelectric ceramics. After all, it is known that the heat
transfer coefficient of a solid increases with an increase in
the speed of movement of the environment. An increase in
the outer radius of the back plate is harmful in this case.

The research results make it possible to choose the
optimal option for reducing the heating temperature of
the Langevin-type piezoceramic electroacoustic transducer
to increase the efficiency and duration of its trouble-free
operation.
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