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Piston-axial pumps play a crucial role in various industrial and
mechanical systems, where the efficient conversion of
mechanical energy into fluid pressure is essential. This study
investigates the impact of the tilt angle of an inclined plate on the
gradient of pressure increase within a piston-axial pump cylinder.
By systematically altering the tilt angle of the inclined plate, the
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1 Intruduction

Piston-axial pumps are widely utilized in applications where controlled fluid flow
and pressure generation are vital, including hydraulic systems, automotive engines,
and various industrial processes. These pumps feature a reciprocating piston that
drives fluid through a cylinder, creating pressure gradients that facilitate fluid
movement. The efficiency and effectiveness of such pumps are influenced by
numerous factors, including the geometric and operational parameters of their

components.
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1 — Connection of the suction pipeline, 2 — Suction space of the pump, 3 — Cylinder block,
4 — Discharge space of the pump, 5 — Connection of discharge pipeline, 6 — Piston,
7-Switchboard, 8 — Slantwise panel, 9 — Drive shaft, 10 — Bearing of the drive shaft of the pump

Figure 1: Construction and control spaces of axial piston pump.

Source: own.

One such component is the inclined plate situated within the pump cylinder. This
inclined plate can impact the distribution of pressure gradients along the axial
movement of the piston. The tilt angle of the inclined plate, defined as the angle
between the plate's surface and the horizontal axis, is a critical parameter that can

potentially influence the fluid dynamics within the pump.

Understanding the relationship between the tilt angle of the inclined plate and the
resulting pressure gradient distribution is essential for optimizing pump
performance. This study aims to systematically investigate this relationship to
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provide insights into the underlying mechanisms governing the fluid dynamics
within piston-axial pump cylinders.

2 Methodology

The experimental setup consists of a piston-axial pump cylinder with an inclined
plate positioned at a specific tilt angle. A fluid medium is circulated through the
pump, and the pressure increase along the axial movement of the piston is measured
using pressure sensors placed strategically within the cylinder. The experiments are
conducted by varying the tilt angle of the inclined plate while keeping other

parameters constant.

Figure 2: A detail of drive shaft bearing.

Source: own.

The collected pressure data are analysed to determine the pressure gradient along
the axial direction for each tilt angle. Statistical analysis techniques are employed to
assess the significance of the observed variations and correlations between the tilt

angle and pressure gradient.
3 Results

The results of the experiments reveal a clear relationship between the tilt angle of
the inclined plate and the gradient of pressure increase along the piston's axial
movement. Different tilt angles lead to distinct pressure gradient profiles, indicating
that the fluid dynamics within the pump cylinder are influenced by this parameter.
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Figure 3: Impact of the angle S of the slope of slantwise plate to the gradient of pressure
increase in the cylinder, p..

Source: own.
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Figure 4: Impact of the angle S of the slope of slantwise plate to the gradient of pressure
increase in the cylinder, p..

Source: own.
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Figure 5: Impact of the angle S of the slope of slantwise plate to the pressure flow in the
discharge chamber, p; .

Source: own.
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Changing the angle of inclination of the inclined plate affects the gradient of pressure
rise and fall in the cylinder, so that larger values of the angle correspond to steeper
gradients of pressure rise, fig.3, and gentler pressure drop gradients, Figure 4. The
angle of inclination of the inclined plate affects the flow of pressure in the pressure

chamber so that at larger values of the angle, the pressure pulsation is greater, Figure
5.

The observed variations in pressure gradients emphasize the importance of the
inclined plate's tilt angle in shaping the flow patterns and pressure distribution within
the piston-axial pump cylinder. The findings suggest that optimizing the tilt angle
could potentially enhance pump efficiency, reduce energy consumption, and

minimize undesirable flow phenomena such as cavitation.
3 Conclusion

This study highlights the significance of the tilt angle of the inclined plate in a piston-
axial pump cylinder and its influence on the gradient of pressure increase along the
piston's axial movement. The results provide valuable insights for engineers and
researchers working on pump design and optimization, contributing to the
development of more efficient and effective piston-axial pumps for various
applications. Further research can delve into the intricate fluid dynamics
mechanisms underlying these observations, enabling a deeper understanding of the

interactions between geometric parameters and pump performance.

References

[1]  Petrovic R.: Matematicko modeliranje i identifikacija parametara visecilindri¢nih klipno-
aksijalnih pumpi, doktorska teza, Masinski fakultet Univerziteta u Beogradu, Beograd 1999.

[3] Ivantysyn, J., Ivantysynova, M. (2001): ,,Hydrostatic Pumps and Motors. Principles, Design,
Performance, Modelling, Analysis, Control and Testing®. First English Edition. New Delhi,
India: Akademia Books International

[4]  Jankov R.:,Matematicko modeliranje strujno - termodinamickih procesa i pogonskih
karakteristika dizel - motora, - kvazistacionarni modeli-,, I deo, Nauc¢na knjiga, Beograd, 1984.

[5] Jankov R., Tomié M., Stavljanin M.: ,, IstraZivanje kiberneti¢ckih metoda projektovanja i razvoja
sistema ubrizgavanja dizel motora®, Naucnoistrazivacki projekat - II faza, Masinski fakultet,
Beograd, 1986.

[6] R. Petrovié, R. Jankov, R. Slavkovi¢, M. Zivkovié: primena inZenjerskih softvera u PPT
Namenska, Trstenik ,,Software package AKSIP za proracun, identifikaciju i optimizaciju
parametara aksijalnih klipnih pumpi®, Zavrsni izvestaj Projekata, evidencioni broj 1.5.1208,
Ministarstvo za nauku i tehnologiju Republike Srbije u periodu 1996 do 1997. godine



66

INTERNATIONAL CONFERENCE FLUID POWER 2023:
CONFERENCE PROCEEDINGS

[10]

(11]

[12]

R. Petrovi¢, M. Zivkovié, R. Slavkovié,: primena inzenjerskih softvera u PPT Namenska
»Software package RADIP za proracun, identifikaciju i optimizaciju parametara radijalnih
klipnih pumpi®, Zavrsni izvestaj Projekta, evidencioni broj MIS. 3.07.0090.A, oblast: Masinstvo
i inzenjerski softver, Ministarstvo za nauku, tehnologije i razvoj, u periodu 2002-2004. godine,
rukovodilac projekta doc.dr Radovan Petrovié, Masinski fakultet Kraljevo.

R. Petrovi¢, M. Zivkovié, R. Slavkovié,: primena inzenjerskih softvera u PPT Namenska
»Software package KRILP za proracun, identifikaciju i optimizaciju parametara krilnih pumpi®,
Zavrsni izvestaj Projekta, evidencioni broj TR 6371A, oblast: InZenjerski softver, Ministarstvo
za nauku, tehnologije i razvoj, u periodu 2005-2007. godine, rukovodilac projekta dr Radovan
Petrovi¢ vanredni profesor, Masinski fakultet Kraljevo

R. Petrovi¢, M. Zivkovi¢, R. Slavkovié,: primena inzenjerskih softvera u PPT Namenska
Software package CILHI za proracun, identifikaciju i optimizaciju parametara hidrauli¢nih
cilindara®, Zavrsni izvestaj Projekta, evidencioni broj TR 12001, oblast: Inzenjerski softver,
Ministarstvo za nauku, tehnologije i razvoj, u periodu 2008-2010. godine, rukovodilac projekta
dr Radovan Petrovi¢ vanredni profesor, Masinski fakultet Kraljevo

R. Petrovi¢, “ Mathematical Modeling and Experimental Verification of Operating Parameters
of Vane Pump With Double Effect”, “ STROJNISKI VESTNIK” — Journal of Mechanical
Engineering, Vol.5, Nol, p.26-32, Univerza v Ljubljani, Fakulteta za strojnistvo, Ljubljana,
Slovenia.

R. Petrovi¢ (2009): Mathematical Modelling and Experimental Research of Characteristic
Parameters of Hydrodynamic Processes in an axial piston Pump, “ STROJNISKI VESTNIK”
— Journal of Mechanical Engineering, Vol.55, No4, p.224-229 , Univerza v Ljubljani, Fakulteta
za strojnistvo, Ljubljana, Slovenia

A. Banaszek, R. Petrovi¢, “ Calculations of the unloading operation in case of liquid cargo
service with high density on modern product and chemical tankers equipped with hydraulic
submerged cargo pumps”, “ STROJNISKI VESTNIK” — Journal of Mechanical Engineering,
volume 56, (2010), number 3, p., Ljubljana, March 2010, ISSN 0039-2480, Univerza v Ljubljani,
Fakulteta za strojnistvo, Ljubljana, Slovenia

B .Obrovi¢, S. Savi¢, R. Petrovié, ,,Ionized gas boundary layer on bodies of revolution in the
presence of magnetic field*,  TEHNICKI VJESNIK — TECHNICAL GAZETTE"- Journals
by scientific areas, volume 17, (2010), number 1, p. 35-42, Osijek, March 2010, ISSN 1330-
3651, Faculty of Mechanical Engineering in Slavonski Brod, Faculty of Electrical Engineering
in Osijek, Faculty of Civil Engineering in Osijek, Croatia





