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THE VALUE OF THE ENERGY OF THE PNEUMATIC ACCUMULATOR FOR
DIFFERENT POLYTROPIC PROCESSES

Abstract: The paper presents the results of the analysis of the energy percussion device
with a pneumatic accumulator and establishes a correlation between the energy value and the
parameters of the accumulator as volume and pressure. Mathematical models are used to
determine the efficient charge energy of the pneumatic accumulator during the installation of
a striker for polytropic processes (isothermal, isochoric, isobaric and isentropic). The results
show that the energy value increases with increasing pressure during the isothermal process
more sharply than during the isentropic process, and the energy value decreases with
increasing volume in the isobaric process. Studies of the thermodynamic conditions of the
pneumatic accumulator can be used to choose the design of a percussion device to optimize the
energy performance of devices for the destruction of hard and frozen rocks.

Keywords: percussion device, polytropic processes, destruction of rocks, charging
energy.

Anomauia: Y pobomi Hasedeno pe3yiomamu ananizy yHKYiOHY8AHHS eHep2emuyH020
YOApHO20 NPUCMPOIO 3 NHEBMOAKYMYISIMOPOM MA 6CMAHOBIEHO KOPEayilo MIdC 3HAUEHHAM
eHepeii ma napamempamu aKymyasimopd, a came - 00’ €MOM ma MUcKom. 3a 00nomo2ow
MamemamuyHux mMooeiel 8U3HAYEeHO PAYiOHANbHY eHepeilo 3apaOKU NHeBMOAKYMYIAMopa OJis
NOTMPONHUX NPOYeCi8 (130MmepMIUHUX, I30XOPHUX, 1300apHUX ma i30mponiunux). Pezyromamu
00CNIOMNHCEHHsT NOKA3YIOMb, WO eHepeemuyHa eqheKmueHicms 3p0Cmac i3 30i1bWeHHAM MUCK)
nio yac i3omepmiuHo20 npoyecy Oinbul WEUOKO, HIJC Ni0 Yac i30mponiyHo20 npoyecy, a
MAKoNC eHepeemuyHa eqheKmuHicms 3MEeHUYEMbCSL 3i 30IIbUWEHHAM 00 €My 8 1300apHOMY
npoyeci. JlocniodceHns mMepMOOUHAMIYHUX YMO8 NHEBMOAKYMYIAMOPA MONCYMb  Oymu
BUKOpUCMAHT Npu BUOOPI KOHCMPYKYIL KOPNYCy YOapHo20 Npucmporo O Onmumizayii
eHep2emuyHUX XapaKkmepucmux npu pyuHy8auHi meepoux i Mep3iux 2ipCoKux nopio.

Knrwouosi cnosa: yoapruii npucmpiti, noaimponti npoyecu, pyuHy8anHus 2ipcbKux nopio,
eHepeis 3apsaoKuU.

Introduction. The underground building has received much attention in the last years
[1-4]. Percussive destruction of hard and frozen rocks destruction has a pivotal role in
underground buildings such as metro build and tunnel buildings. A considerable amount of
literature [5-9] has been published on this rock destruction. A percussion device with a
pneumatic accumulator is among the most widely used types of rock destruction device.

The energy of the pneumatic accumulator is analysed in order to find a way for
improving performers of percussion devices. This paper takes a new look at the energy of the
pneumatic accumulator for polycrotic processes including isochoric, isobaric, isothermal, and
isentropic processes. Also, we study the dependence of charging energy on pressure and
volume.

In the literature, there are few examples of studying the thermodynamics of the
pneumatic accumulator in different fields. In [10], the authors analysed the impact of the
thermal process on the energy storage capacity of the hydro-pneumatic accumulator for the
automotive industry and compared isothermal and adiabatic energy storage. Wang. Hu. et al.
[11] developed a new isobaric compressed air storage device and concluded that could decrease
energy consumption by 18%. Buhagiar, Daniel, and Tonio Sant [12] created a thermodynamic
model of the gas compression process for observing temperature and pressure fluctuations. In



[13], the authors analysed the influence of the initial parameters such as volume and pressure
on the speed and energy consumption of the pneumatic accumulator. Characteristics of a hydro-
pneumatic type accumulator have been widely investigated [14] by creating a simulation model
of the physical system. Unfortunately, most research has tended to focus on pneumatic energy
storage rather than pneumatic accumulator in a device. Thus, this paper focuses on polycrotic
processes in the pneumatic accumulator.

Purpose and objectives of the research.

The objective of the paper is to analyze the influence of thermodynamic conditions on
the charging energy of the pneumatic accumulator and examines the dependence of charging
energy on pressure and volume for different types of polytropic processes.

Research materials and results.

Calculation of the charging energy of the pneumatic accumulator. The method of
creating a mathematical model for calculating necessary parameters was applied. Mathematical
models that cover almost any part of engineered objects are commonly used [15][16][17].

In the engineering sciences, the method is frequently used to modelling complex
systems that can help to increase the effectiveness of current manufacturing processes.

The modelling object was a percussion device with a pneumatic accumulator
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Mathematical models from Eqgs. (1) used for the calculation of the charging energy of
the pneumatic accumulator during the putting up of the striker in general. [18]

The input values were:

_volume Vo =6.74-10"m’ ¥, =5.49-107...5.54-107*...6.74-10"* m’,

— 5 _ S 5 3
_pressure F,=5-10Pa,F=5-10"...5.0510"...6.25-10 Pa,’

—value of striker position ¥,

—measure of gas compression in the pneumatic accumulator e(x) ,and

—polytropic index 7 =1.3 (for the adiabatic process).

The output value was the charging energy and graphs of the dependence of charging
energy on pressure and volume.

The polytropic index n and the value of gas compression €(x) are variable and depend
on the type of polytropic process.

The polytropic index can be calculated using the value of heat capacity of gas:
_C-c,
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where ¢ — the heat capacity of gas in this process,

C i G the heat capacity of the same gas, respectively, at constant pressure and
volume. These indicate the quantity of heat that can increase the temperature of unit mass by
1°C. [19].

The measure of gas compression is given by

e(x)
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where P(x) — the current value of the pressure during the putting up of the striker.
Isochoric process

For the isochoric process, the volume of the closed system remains constant (¥ = const
) - polytropic index is equal to infinity n,=co, as Cy=const and respectively C=C,. In this case,
the impact energy, which corresponds to the charging energy of the pneumatic accumulator, is
independent of the pressure and equals zero.

Isobaric process
Pressure of the system for isobaric process remains constant (£ =const) polytropic

. . n =0 C =const Cc=C
index is equal to zero » ", as ” P

. e (x)=1
compression equals » , because
Then the charging energy determines [20]:
L (x)=P-(V(x)-VF,),

respectively . The measure of gas

P=P

(4)
Isothermal process (constant-temperature)
For the isothermal process temperature of the system is constant (T =const) polytropic
index is equal to one " =1 [6], and the charging energy determines:
L(x)=P -V, -lni,
Isentropic process (constant - entropy)

For the isentropic process (type of an adiabatic process where the transfer of heat not
matter), polytropic index n is equal to adiabatic index ¥, which is calculated as the ratio of heat:

C
" (6)
In this case measure of gas, compression is determined by Egs. (3) and the energy is
calculated by Egs. (1).

The Matlab software program is used to provide the calculation and built graph
dependence of the impact energy of compression index.

The dependence of charging energy on pressure and volume for different
types of polytropic processes

The dependence of charging energy on pressure.

The value of the charging pressure of the pneumatic accumulator is set in the specified
range. As a result of calculations in Mathcad, a graph of the dependence of charging energy on

pressure for isochoric Lv, isothermal £ , and isentropic Ly, processes was obtained (Fig. 1).
As is shown by the graph:

- or the isochoric process, the energy was fixed, equal to zero, and was not dependent
on pressure,

- for the isothermal process, the value of energy grew together with pressure, and

- for the isentropic process, the energy value is less climbed than during the isothermal
process.
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Fig. 1 — Graphs of the dependence of charging energy on pressure.

The dependence of charging energy on volume.
The value of the volume of the pneumatic accumulator chamber is set in the specified
range. As a result, graphs of energy dependence on the volume of the pneumatic accumulator

chamber for isochoric £ and isobaric L, processes were obtained (Fig. 2).
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Fig. 2 — Graphs of energy dependence on the volume of the pneumatic accumulator
chamber.

From the graph it is shown:
- for theisochoric process, the energy was fixed, equal to zero, and was not dependent
on volume, and
- for the isobaric process, the energy decreases when the value of volume rose.
Influence of thermodynamic conditions on the charging energy of the pneumatic
accumulator. While not all of the results were significant, the overall direction of results
showed the trends that could be helpful in learning the influence of polytropic processes
(isochoric, isobaric isothermal, and isentropic) on the value of energy parameters. And how to
increase the performance of rock destruction by percussion instruments with a pneumatic
accumulator.
Our experiments confirm previous experimental results [21] which show that the
maximum pressure in the pneumatic accumulator, the higher the growth of energy value.
Other research [22] proposes the method to detect impact energy of pneumatic drill with
stress wave technology, which is used widely. However, their system referred to this system



that could only collect the stress wave efficiently and calculate the values of impact energy, and
our method can also be used for the prediction of energy value, which would thus seem to be
acceptable, too.

As expected, the result of our research demonstrates the impact of volume and pressure
value on the energy of the percussion accumulator for isochoric, isobaric, isothermal, and
adiabatic processes.

Given that our findings are based on a calculation process for an ideal gas, the results
from such analyses should thus be treated with the utmost caution.

Our study was useless in the study of the energy for the isochoric process because during
this process the value of energy equals zero and was not dependent on pressure and volume.

Since the focus of the study was on pneumatic accumulators which can contain a not
large gas volume, there is a possibility that dissimilar evaluations would have arisen if the focus
had been on the accumulator which had a bigger volume.

We believe this method could be also used in the engineering of internal combustion
engines where polytropic processes are very important for their thermodynamic cycles such as
the Otto and the Diesel cycle. Also, there is a good probability that studies of polytropic
processes could help to find a way to increase the impact of energy.

Conclusion. The paper has investigated the energy of the pneumatic accumulator and
the dependence of this energy on parameters pressure and volume for polycrotic processes such
as isothermal, isochoric, isobaric, and adiabatic processes:

- In the course of an isochoric process, the energy is zero regardless of the pressure and
volume values,

- In the course of an isobaric process, as the volume increases, the value of energy
decreases,

- In the course of an isothermal process, with increasing pressure, the value of energy
increases, and

- In the course of an isentropic process, with increasing pressure, the energy increases
less rapidly than in the isothermal process.

This study has gone some way towards enhancing our understanding of the
thermodynamics process in a pneumatic accumulator. Future work will focus on finding a
probabilistic approach to determine the dependencies of different types of polytropic processes.
We hope that our research can serve as a basis for future studies on the increasing working
energy of the pneumatic accumulator.
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