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Abstract

This article presents a comprehensive experimental and theoretical study and substanti-
ation of the hydraulic parameters of a prototype multi-gear pump. The proposed pump
design, which features one drive gear and four driven gears, aims to address the common
disadvantages of traditional gear pumps, including radial force imbalance, uneven flow,
high acoustic noise, and increased fluid leakage. Tests of the prototype multi-stage pump
were conducted on a specialized test stand in the “Hydraulics” workshop of “Hansa-Flex
Hydraulik Almaty” LLP. Experimental analysis, supported by theoretical calculations,
established the optimal operating speed range for the prototype to be between 900 and
1450 rpm, with the volumetric efficiency remaining stable between 70% and 88% when
using VMGZ hydraulic oil (45 cSt). A significant deterioration in performance, including
a sharp drop in volumetric efficiency to 30% and a decrease in the pressure generated,
was observed at rotational speeds below 900 rpm due to an increase in internal leaks. In
addition, this study examined the effect of kinematic viscosity, which revealed a 15-20%
decrease in performance and power when using a fluid with lower viscosity (15 cSt) with
a slight increase in noise level. This study also examines in detail the linear relationship
between useful power and pressure in the system and analyzes noise characteristics under
various operating conditions.

Keywords: rotational speed; power consumption; temperature; fluid flow rate

1. Introduction

To ensure a high pump’s capacity and the reliability of hydraulic systems, special
attention must be paid to hydraulic pumps, especially gear pumps, which are widely used
in various fields such as the chemical industry [1], petrochemical industry, mechanical
engineering [2], energy [3], and aviation for pumping thick [4] and low-viscosity fluids
without solid inclusions [5]. Improving the efficiency of these pumps is a key factor in
improving the performance of hydraulic drives.

Gear pumps have a number of significant advantages [6]. Thanks to the precise
manufacturing and standardization of components, they are easily adaptable to modern
technological solutions [7]. Important characteristics include low noise and pulsation
levels [8], ease of use, and the ability to operate in both directions with high accuracy [9],
especially when pumping viscous fluids [10].
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Modern manufacturers are actively looking for ways to improve the design of gear
pumps [11] and increase their performance by applying various design and technological
solutions [12].

To optimize gear pumps in terms of performance criteria, including smooth flow
and specific power, active work is being performed to analyze and develop new gear
profiles [13]. Uneven flow is a serious limitation for positive displacement pumps [14], since
stable flow directly affects noise reduction and vibration reduction in mating systems [15].

Scientific publications indicate significant research activity in the field of gear pump
studies, using various models [16], numerical simulations [17], and experimental ap-
proaches to analyze their behavior in detail from various perspectives [18].

When designing gear pumps, an important step is to conduct experiments to determine
their operating characteristics.

In [19], an experiment was conducted on a gear pump manufactured in Nigeria, which
can deliver approximately 4.09123 x 10~* m3/s (24.55 L/min) of hydraulic oil, with an
operating efficiency of 81.47%. In study [20], the performance of cylindrical and elliptical
gear pumps at different speeds was experimentally determined. The studies showed that
the elliptical gear pump demonstrates improved pressure performance (87%), especially
when operating at low speeds. In [21], tests are presented on hydraulic pumps with external
gear meshing, operating at 6-25 cm?®/cycle, a working pressure of 250 bar, a working speed
of 3000 rpm, and a hydraulic fluid temperature of 50 °C. There are also a number of studies
on determining the noise characteristics of gear pumps. In addition, there are a number
of works [22,23] that focus on researching noise sources in gear pumps and developing
strategies to reduce them, as this is a key factor in improving the efficiency of modern
hydraulic systems and expanding their scope of application.

The paper in [24] analyzes the influence of the working medium temperature and
pump speed on the operating parameters of a gear pump and pump motor. The study
shows that for any pump speed and working fluid temperature, there is an optimal value
of the pump’s effective power at which the pump motor achieves maximum efficiency.

The study in [25] presents experimental studies of pumps to determine their thermo-
dynamic and flow characteristics.

The study in [26] is devoted to the investigation of the operation of gear pumps and the
influence of various variables on their efficiency. Here, the dependences of the performance
on the head, the performance on the input power, the performance on the efficiency, and
the performance on the required net positive suction head (NPSHr) are established.

Despite the wide range of existing gear pump designs in modern industry, it is known
that they have a number of disadvantages [27]:

(1) The presence of unbalanced radial forces arising from the pressure difference between
the inlet and outlet ports. The action of radial forces leads to increased friction and
wear of the gears and the inner surface of the pump housing; increased load on the
bearings; and it may lead to bending of the drive gear shaft.

(2) Uneven fluid delivery and high acoustic noise levels due to pressure fluctuations in
the pump cavities caused by constantly changing volumes in the pump discharge
cavity as a result of the teeth alternately engaging and disengaging.

(3) Increased clearances during operation, causing increased leakage and, consequently,
a decrease in volumetric efficiency. Fluid leaks in a gear pump are caused by overflow
from the discharge chamber to the suction chamber through three main channels:
through the radial clearance between the cylindrical surfaces of the gears and the
bores in the housing; through the meshing zone due to tooth contact errors; and
through the clearance between the end surfaces of the gears and the sealing parts.
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To minimize these shortcomings, the authors developed a prototype of a multi-gear
pump with one drive gear and four driven gears.

It is known from mechanics that the presence of several driven gears (satellites) around
the drive gear improves dynamics, i.e., unloads the central gear support and reduces the
overall dimensions, making the design compact [28]. In previous works [29,30], an FEM
analysis was performed, confirming that the radial forces in such a design are balanced.
Parametric optimization of the multi-gear pump parts was also performed [31].

Uniformity of the supply and a reduction in the pressure pulsations in the discharge
line are achieved by varying the degree of opening of the openings for the suction and
discharge of fluid in the housing and, consequently, by the time-shifted displacement of
the working fluid from the chambers, which is due to the peculiarities of the gear assembly.
The prototype uses the basic principle of a gear pump, where rotating gears (in your case,
one drive gear and four driven gears) pump the fluid by meshing the teeth and moving the
fluid volumes.

This article aims to study the hydraulic characteristics of the working fluid flow in a
multi-gear pump. Particular attention is paid to establishing the patterns that determine the
operation of the pump under various operating conditions, followed by the development
of recommendations for its optimization and performance improvement.

The novelty of this work lies in the creation and investigation of a new prototype
multi-gear pump comprising one drive gear and four driven gears. This design has
been specifically developed to address the shortcomings of traditional gear pumps. The
prototype aims to solve problems such as unbalanced radial forces, uneven fluid delivery,
high noise levels, and increased leakage, which are inherent in traditional gear pumps.

This study confirms that in the developed multi-gear pump design, the radial forces
acting on the shaft will be balanced thanks to the presence of four discharge zones and
several driven gears around the drive gear.

The originality of this work lies in the fact that uniform flow and reduced pressure
pulsations are achieved by varying the degree of opening of the suction and discharge
ports, as well as by the time shift in the working fluid displacement from the chambers,
which is a feature of the developed multi-gear pump design. The originality of this work
also lies in establishing the optimal working fluid speed ranges (900-1450 rpm) for the
prototype, determining the effect of fluid viscosity on its performance and noise level. This
is important for the practical application of the new design, since data for such multi-gear
configurations may have been lacking previously.

2. Materials and Methods
2.1. The Object of This Research

The object of this study is an innovative multi-stage pump design (Figure 1). This
pump is a cutting-edge development designed to significantly improve existing perfor-
mance and efficiency parameters in fluid transfer systems. The main design parameters of
the experimental model of the gear pump are given below:

- Working volume V = 81 cm?;

- Diameter of the pitch circle of the gear d = 55 mm;

- Diameter of one suction hole dgyc = 18 mm;

- Discharge hole diameter dg = 25 mm;

- Opverall dimensions of the pump assembly: height H = 258 mm;
- Diameter of front cover D = 330 mm.
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drive gear driven gears

front cover driven gears back cover
Figure 1. Components of the prototype multi-gear pump.

2.2. The Operation Principle of the Multi-Gear Pump

The principle of operation of the proposed multi-gear pump design is as follows
(Figure 2).

Figure 2. Structural diagram of a multi-gear pump: 1—drive gear; 2—driven gears; 3—lower cover;
4, 5—bushings; 6—housing; 7—upper cover (collector); 8—holes for fluid intake; 9—holes for fluid
injection; 10—low pressure chamber; 11—hole for fluid injection into the upper cover; 12—segment
for separation of working volumes of gears.

When drive gear 1 rotates clockwise, it meshes with driven gears 2, causing them to
rotate in the opposite direction (counter clockwise). The gears rotate in bronze bushings 4,
5. When the drive gear rotates clockwise, the fluid is sucked in through a side opening in
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upper cover (collector) 7 and then enters the pump’s working chambers through openings
8 in the pump housing. When the driven gears rotate, the fluid is transferred through
the tooth cavities into the discharge cavity, where it is displaced through holes for fluid
injection 9 in pump housing 6 and then combined into a common flow in upper cover
(collector) 7; finally, it is displaced through the hole for fluid injection in upper cover 11
into the discharge line. The working chambers of the driven gears are separated from each
other by special segments 12 made in the pump housing.

In the presented design, thanks to the four discharge zones, the radial forces acting
on the shaft will be balanced. The uniformity of the supply and reduction in the pressure
pulsations are achieved due to the fact that gears 1 and 2 engage and disengage with a time
delay. All the pumped fluid from the working chambers flows into the manifold, where the
displaced flows are combined into one. Despite its significant working volume, the pump
design is quite compact.

Figure 3 shows the design of a multi-gear pump, where the area of the discharge
openings is marked in red, and the area of the suction openings is marked in green when
the drive gear rotates clockwise.

2 T 7

7 |
= 4

Figure 3. Degree of opening of the suction and discharge ports in the pump housing: red color—
discharge channels (1-4); green color—suction channels; D—pitch diameter; P—tooth pitch.

The different degrees of opening of the holes can also be confirmed by calculation [29]:

- Pitch diameter of gears: d = m-z, where m is the tooth module, mm; z is the number
of teeth;

- Circumference length along the pitch diameter: L = 7r-d;

- Gear pitch P = m-m, which corresponds to a gear rotation angle of (2-1800)/z.

Four driven gears are symmetrically arranged around the drive gear with a distance
between the centers equal to 90° or L/4. Thus, the moments of gear engagement will be
shifted in time by an angle of ¢ = (2-180°)/4-z = 180°/2-z.

The flowchart (Figure 4) clearly shows that using several driven gears around the
drive gear can improve the smoothness and uniformity of the flow (Q). Curves 1—4 char-
acterize the displacement of fluid from the pump working chambers with a time shift of
@ =180°/2-z.

In addition, all the fluid pumped from the working chambers flows into the manifold,
where the displaced flows are combined into one.
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Figure 4. Multi-gear pump flowchart. 1—curve characterizing the volume of fluid displaced through
discharge channel 1; 2—curve characterizing the volume of fluid displaced through discharge channel
2; 3—curve characterizing the volume of fluid displaced through discharge channel 3; 4—curve
characterizing the volume of fluid displaced through discharge channel 4.

2.3. Test Stand

To conduct tests and determine the output characteristics of a prototype multi-gear
pump, KB “Hansa-Flex Hydraulik Almaty” LLP (Karaganda, Kazakhstan) developed a
laboratory test bench for monitoring, adjusting, and regulating the hydraulic parameters of
the fluid flow, as well as measuring them (Figure 5).

Figure 5. Test stand. GP—prototype of a multi-gear pump; FC—frequency converter; EM—electric
motor; FM—flow meter; HT—hydraulic tank; OC—oil cooler; HC—hydraulic cylinder.

The hydraulic scheme of the test stand is presented in Figure 6, and the list of hydraulic
elements with the description of technical parameters is displayed in Table 1.

The prototype of multi-gear pump 1 injects fluid into the system, the pressure of
which is determined by the setting of safety valve 7. Crane 8 is designed to unload the
pump and supply fluid either to hydraulic valve 9, if provided for electric control, or to
hydraulic valve 10 with manual control. Hydraulic cylinder 11 is needed to create load in
the hydraulic system.

Pressure gauge 5 is designed to adjust and measure the pressure in the hydraulic
system, as well as pressure sensor 6. Flow meter 13 installed in the drain line determines
the flow rate of the fluid supplied by pump 1. Thermometer 15 is used to measure and
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control the temperature of the fluid. Filters 3 and 4 and oil cooler 12 are necessary to

maintain the quality of the fluid.

0

9
N

AL D AR

)

Figure 6. Hydraulic diagram of the test stand: 1—prototype gear pump; 2—check valve; 3, 4—filters;
5—pressure gauge; 6—pressure sensor; 7—safety valve; 8—4/3-valve with manual control (crane);
9—4/3-valve with electromagnetic control; 10—4/3-valve with manual control; 11—hydraulic cylin-
der; 12—oil cooler; 13—flow meter; 14—hydraulic tank; 15—thermometer.

Table 1. Components for the multi-gear pump test stand.

Component Model Range of Parameters Accuracy Manufacturer
Pressure sensor HKPTA600MK Measuring range: 0-600 bar +0.5% HANSA-FLEX
Flow meter HK6025015 Measurirllfnr:;g;oiﬁ?’ L/min +£2% HANSA-FLEX
Manometer GMM63-400 Measuring range: 0-400 bar +1.6% HANSA-FLEX
Three phase
Frequency converter ATV310 Rated maini ;/gltla(%)/eoz 380-460 V 403% Schneidell;;lreliiric, Rueil,
Drive output frequency: 0.5-400 Hz
Thermometer - Measuring range: —20 °C—+120 °C +1.5% UNI-T, Dongguan, China
Hydraulic cylinder custom design P;{scﬁgndciial?nnelfetfgo@mr?nm - HANSA—/IiIfr]rEI;(t}I;Iydraulic

Stroke: 200 mm

Multi-gear hydraulic
pump

custom design

V =80.1 cm®

Abylkas Saginov technical
- university, Karaganda,
Kazakhstan

Electric motor

AUP 225 M4

P =55kW
n = 1450 rpm

- Practic, London, UK

Check valve

HKV15010008

Pmax: 350 bar
Qmax: 160 L/min

- HANSA-FLEX

Three-way ball valve

3BKR13LK

Pmax: 350 bar

- HANSA-FLEX

Solenoid valve

HKDHE(0714X00DC

Model 4/3
Operating pressure: 300 bar
Qmax =120 L/min

- ATOS, Bezon, France
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Table 1. Cont.

Component Model Range of Parameters Accuracy Manufacturer
Model 4/3
Manual valve HKBM40ZA1 Operating pressure: 300 bar - HANSA-FLEX

Qmax =120 L/min

QOil cooler

Qmax: 130 L/min

TOR100-380AC-Y Pmax: 20 bar - Orion, Seoul, Republic of

Rated power: 60 W LS
Receiving filter FISGEMP0095M901 /2 . Pmax: 12 bar - HANSA-FLEX
Filtration fineness: 90 pm
Return flow filter FIRLO48P10NVG1/2 . Pmax: 8bar - HANSA-FLEX
Filtration fineness: 10 um
Safety relief valve HKV01230008 Pressure adjustment range = 80-300 bar HANSA-FLEX

Qmax =125 L/min

2.4. Tested Characteristics and Test Procedure

The control and measuring equipment is designed for the characterization of the
hydraulic parameters: pressure, pump delivery, and oil temperature. In addition, measure-
ments of the noise level created by the pump were taken. As a working fluid, we used
thickened all-season oil hydraulic VMGZ (GOST 17479.3).

The pump was tested in the following order:

(1) Using the screw of safety valve 7 and pressure gauge 5, the pressure in the hydraulic
system was adjusted to the values of 5; 10; 15; 20; and 26 MPa. When adjusting,
hydraulic valve 8 must be switched to the working position (position a or b).

(2) With the pressure set in the system during the tests, using the frequency converter, the
rotation frequency of the drive shaft of the electric motor was regulated to the values
of 1450; 1200; 900; 600; and 300 rpm.

(3) Measurements of pump flow without load and with load were taken with the help of
a flow meter.

(4) Measurements of the pump noise level were taken with a noise meter.

(5) The temperature of the working fluid was monitored with a thermometer.

3. Results and Discussion
3.1. Determining Speed at Kinematic Viscosity

In order to analyze the experimental data obtained, all the results are presented
graphically.

Figure 7 shows the pump characteristics when varying the shaft speed from 300
to 1450 rpm at setting pressure P = 26 MPa and kinematic viscosity coefficient 45 cSt.
Analysis of the graphs shows that with an increase in speed, all the pump parameters
increase linearly. The main interest is the volumetric efficiency, with the help of which the
value of fluid leakage is estimated. In the speed range of 1000 <+ 1450 rpm, the efficiency
values are as high as 0.7-0.88. A reduction in shaft speed leads to an increase in leakage;
the efficiency decreases to 0.3; and the pressure, pumped by the pump, falls to 9 MPa.

The pump’s capacity increases in direct proportion to the rotation speed from 6 to
105.3 L/min, as it is related to the product Q = q-n-1y: g—the working volume of the pump,
n—the rotational speed, and ny—the volumetric efficiency [32]. In turn, this increase in
performance and pressure leads to an increase in power consumption from 1.05 to 45.6 kW.
The noise level also increases with intensity decreasing from 74 to 87 dB.
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Figure 7. Pump output characteristics as a function of rotational speed at kinematic viscosity
coefficient v = 45 cSt.

Thus, an increase in rotational speed from 300 to 1450 rpm leads to an increase in the
flow rate from 1.75 to 89.5 L/min, the pressure in the system increases from 3.5 to 26 MPa,
the power consumption increases from 0.1 to 38.8 kW, the volumetric efficiency increases
from 0.1 to 0.75, and the noise level increases from 78.1 to 88 dB. It should be noted that in
both cases, at kinematic viscosity coefficients of v = 45 ¢St and 15 cSt (Figures 7 and 8), the
pump operates more steadily and stably at speeds from 700 to 1450 rpm since in this range,
the pump delivers a pressure close to the safety valve setting pressure of 24-26 MPa, and
the noise level reaches values of 85-87 dB (Figure 7) and 88 dB (Figure 8).
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Figure 8. Pump output characteristics as a function of rotational speed at kinematic viscosity
coefficient v = 15 cSt.

The output characteristics of the pump when the kinematic viscosity coefficient is
reduced to 15 cSt due to heating the fluid to 40 °C are graphically presented in Figure 6.

A reduction in the kinematic viscosity coefficient leads to a general reduction in all
characteristics by about 15-20%, except for the noise level, of which the value increased by
2 dB compared to the first experience.
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3.2. Determination of Working Fluid Pressure at Rotational Speed

Figure 9a,b show the output characteristics of the pump as a function of pressure in
the range from 5 to 26 MPa at constant speed (n = 900 rpm and n = 1200 rpm). As can be
seen from the graphs, the nature of the behavior of the curves is identical. Thus, an increase
in speed leads to a linear increase in useful power from 2.06 to 19.5 kW at n = 900 rpm and
from 5.86 to 31.15 kW at n = 1200 rpm.
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(b)

Figure 9. Pump output characteristics as a function of working fluid pressure at rotational speed
n = const and fluid kinematic viscosity coefficient v = 45 cSt.

When the safety valve is set to 15 MPa in both cases, the pump provides a minimum
flow rate (curves Q = f(P)) equal to 29.8 and 56.16 L/min, respectively. At n = 1200 rpm, the
curve 1y = f(P) has a minimum at the point with coordinates PP = 15 MPa and n, = 0.571,
and at n = 900 rpm at the point with coordinates P = 20 MPa and 1y = 0.51. High values
of volumetric efficiency are found in the pressure range from 5 to 10 MPa. The noise level
reaches maximum values of 88.5-88.9 dB in the pressure range of 15-20 MPa.

Dependences P = {(Q) of the positive displacement pump at n = 300 <+ 1450 rpm,
the pressure of the safety valve setting 26 MPa, and the coefficient of kinematic viscosity
of fluid v = 45 ¢St are shown in Figure 10. Here, it is noted that with the increase in the



Fluids 2025, 10, 211

11 of 14

pump pressure, the leakage of the working fluid AQ increases. For example, at speed
n = 1450 rpm (curve V), the leakage in the pump AQ amounted to 4 L/min.

A |

R -
N N R

7, e )
NN NN
7 \ |

7 27 47 67 81 wr & Lmin

Figure 10. Pump characteristic P = f(Q) at different values of shaft rotational speed: curve I—for
n = 300 rpm; curve II—for n = 600 rpm; curve IlI—for n = 900 rpm; curve IV—for n = 1200 rpm; curve
V—for n = 1450 rpm.

The experiment shows that the amount of internal leakage in the pump also depends
on the shaft speed. For example, at a supply pressure in the system of 22 to 25 MPa and a
rotational speed of n = 1450 rpm (curve V), the leakage in the pump AQ is 4 L/min; at a
rotational speed of n = 600 rpm (curve II), the leakage in the pump AQ = 24.6 L/min; and
at a rotational speed of n = 900 rpm (curve III), the leakage in the pump AQ = 28 L/min.

A comparative analysis of the pump characteristics with a change in the kinematic
viscosity coefficient for a rotation speed of n = 900 rpm is shown in Figure 11.

100
-
90 85 882
80
70 63.6 M Kinematic viscosity coefficient
60 45 ¢St (T=10C)
50 49.14 W Kinematic viscosity coefficient
Loy 15 ¢St (T=40C)
58.1 \ !
40
808
30 23.842
195
20 1.33
10 I
0
PressureP, Flow rateQ, Us=fu Volumetric Noise level
MPa /min power N, efficiency, % u,dB

kW

Figure 11. Comparative analysis of the characteristics of a pump with a working fluid at different
values of the kinematic viscosity coefficient.

In general, the analysis of the obtained experimental data allows us to note that
the proposed design of the multi-gear pump is efficient. The best performance can be
achieved at a rotation speed of n = 900-1450 rpm, since with a decrease in frequency, the
pump performance decreases, and the fluid leaks increase. The operating pressure reaches
25 MPa.

It is worth noting that when the pump operates on a more viscous fluid, the volu-
metric efficiency is 25% higher, which causes higher values of feed and hydraulic power.
The pressure in both cases is almost the same; the difference in values can be caused by
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inaccurate safety valve adjustment. The noise level of the operating pump is higher when
it operates with a less viscous fluid.

To minimize and account for potential sources of error, the main sources of error in
the measuring equipment were assessed:

- Flow meter—2%;
- Manometer—1.5%;
- Noise meter—2%.

The systematic measurement error was as follows: for measurements of rotational
speed—2.5%; for pressure measurements—2%; and for noise measurements—2%.

The measurement results can be trusted because, in order to obtain stable readings,
measurements were taken only after the pump and system had reached a steady state of
operation, excluding the influence of transient processes. The data were processed in the
NetCracker 4.1 system [33].

Regarding recommendations on the possibility of further using and adjusting the
design of the prototype multi-gear pump, the following can be noted:

- Use the prototype for further studies of dynamic and energy characteristics;

- Adjust the design documentation based on the test results;

- Use the prototype pump and test results to improve the design;

- Carry out work to improve the technological effectiveness of the pump’s structural
elements, and improve the pump’s sealing system;

- Improve the design of the multi-gear pump housing and its gears in order to minimize
clearances through manufacturing technology.

The following results were obtained over the course of this study:

(1) It was found that the most efficient operation of the pump is achieved in the range
of drive shaft speeds from 900 to 1450 rpm. In this range, the volumetric efficiency
demonstrates rather high values varying from 0.7 to 0.88 when working with VMGZ
hydraulic oil with a kinematic viscosity of 45 cSt.

(2) Reducing the speed below 900 rpm leads to a significant increase in internal leakage
and a drop in volumetric efficiency to 0.3 at 300 rpm, as well as a decrease in the
developing pressure to 9 MPa at a valve setting pressure of 26 MPa.

(3) When the kinematic viscosity decreases from 45 cSt to 15 ¢St (due to heating up to
40 °C), there is an overall reduction in capacity and power of about 15-20%, while the
noise level increases slightly by 2 dB.

(4) There is a linear dependence of the increase in useful power with increasing system
pressure, reaching 19.5 kW at 900 rpm and 31.15 kW at 1200 rpm at a maximum
pressure of 26 MPa.

(5) Maximum noise levels recorded in the range of 88.5-88.9 dB at pressures of 15-20 MPa
at 900 and 1200 rpm.

(6) The expected increase in operating fluid leakage with increasing pressure was also
observed, amounting to 4 L/min at 1450 rpm and 26 MPa pressure.

(7) The optimal characteristics for this multi-gear pump design are operating
pressure—5-25 MPa; rotation speed—900-1450 rpm.

4. Conclusions

The developed prototype addresses common gear pump drawbacks like unbalanced
radial forces and uneven fluid delivery. The findings indicate optimal operation at drive
shaft speeds of 900 to 1450 rpm, yielding volumetric efficiencies from 70% to 88% with
VMGZ hydraulic oil. Lower speeds, such as 300 rpm, significantly increase internal leakage
and decrease the volumetric efficiency to 30%. Reduced kinematic viscosity (from 45 cSt
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to 15 cSt) generally lowers the capacity and power by 15-20% but slightly increases the
noise. The pump exhibits a linear increase in useful power with system pressure, reaching
up to 31.15 kW. Optimal operating conditions are identified as 5-25 MPa pressure and
900-1450 rpm rotation speed.

The next research stages are as follows:

- Adjusting the design documentation based on the test results;

- Improving the manufacturability of pump components and the pump sealing system;

- Optimizing the design of the housing and bottom cover of the multi-gear pump;

- Lightening the design of the multi-stage pump;

- Determining the most effective application of the pump in technological machines
and equipment, taking into account factors such as power, expected operating and
maintenance conditions, performance level, etc.
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