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INTRODUCTION

Hydraulic motor in the hydraulic system is the executive 
element. Its purpose is to convert hydraulic energy into 
mechanical one. An energy carrier in the hydraulic systems 
is liquid. The type of liquid is conditioned by the requirements 
for these systems. In most hydraulic systems mineral oil is 
commonly used [3,4,5,6,24]. However, in some industrial 
sectors, the requirement is a non-flammable liquid (mining, 
steel mills, etc.) or non-toxicity for the environment and 
human health (food industry) [13]. The liquid which is non-
flammable and non-toxic and certainly suitable for energy 
transfer in hydraulic systems is water.

There is a growing trend in the world towards research and 
development of components and hydraulic systems supplied 
with water [3,7,13,23].

Such studies are also of particular importance in marine 
technology, where hydraulic power circuits are used a lot, 
and the water is a generally available working liquid [2]. In 

comparison to mineral oil water has a very low viscosity 
and low lubricating properties [8]. These features adversely 
influence the efficiency of energy conversion in hydraulic 
systems [21,22]. Despite this, attempts are made to develop 
innovative components and hydraulic systems supplied with 
water [13,14]. 

So far, each hydraulic device is dedicated to a specific type 
of working liquid. For example, a hydraulic motor dedicated 
for oil systems should not be used in systems where the 
working medium is water. In other case this motor has low 
efficiency and very little durability [22].

Both the pump and the hydraulic motor are components 
of the hydraulic system, in which there are large energy losses 
[1,9,10,11,21,22,24]. The biggest influence on the volumetric 
losses in hydraulic displacement machines has a leakage in the 
clearances of working mechanism [1,9,11,12,14,17,19,20,21,22, 
24]. It has been proved that in a motor working mechanism 
clearances that a not-fully developed turbulent flow takes 
place. This is particularly well visible in the case of supplying 
a hydraulic motor with low viscosity liquid [14,16,20]. Besides, 
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in the hydraulic motor, there are other sources of volumetric 
losses, in addition to the clearances. The sources of these 
losses are described later in this article.

Considering water as a working fluid one should expect 
particularly high volumetric losses in machines, greater than 
the ones with mineral oil. So far there is a lack of results of 
research comparing the influence of water and mineral oil on 
volumetric losses in pumps and hydraulic motors. There is 
also no specific information about the design of pumps and 
motors, which can be supplied with both water and mineral 
oil. There is rich literature on flows in different flat gaps, 
orifices and other simple openings. Furthermore, there is no 
rich studies in literature that compare the influence of type 
of liquid on flow characteristics in these gaps. In literature 
the volumetric losses have been describe in general without 
specifying the type of clearances [1,9,11,20,21]. In addition, 
the leakage of low viscosity liquid is described by a different 
model than the leakage of high viscosity liquids (mineral oil, 
rapeseed oil) [20,21].

Therefore, from the scientific and cognitive point of view, 
the research and description of water and mineral oil influence 
on volumetric losses in a hydraulic motor is appropriate and 
justified. The development of a universal mathematical model 
describing the volumetric losses in the motor supplied either 
by liquid of high viscosity or low viscosity is also appropriate 
and reasonable. Therefore, the issue of the influence of the 
type of liquid on the volumetric losses in the hydraulic motor 
is a new issue and represents an important scientific problem. 
Consequently, the following objectives were stated in this 
article:
a) indication and description of sources of volumetric losses 

in the motor;
b) description of the mathematical model of the volumetric 

losses;
c) comparison of volumetric losses in motor supplied with 

mineral oil and water;
d) comparison of results of experimental research with 

mathematical model.
The experimental research of the influence of the type of 

liquid on volumetric losses was carried out on a prototype of 
a hydraulic satellite motor, developed by the author.

SATELLITE MOTOR

For experimental tests a prototype of satellite motor was 
selected marked with the symbol SM-0,75/25. The design of 
this motor is presented in Fig. 1. The working mechanism 
of the satellite motor is a specific gear mechanism in which 
the rotor revolves around the shaft axis and the revolving 
motion is done by satellites which are in gear with the stator 
and the rotor (Fig. 2). 

Fig. 1. General view and axial cross section of satellite motor (SM type): 
C – stator, S – satellite, R – rotor,1 – shaft, 2 – casing, 3 – front casing, 

4 – rear casing, 5 and 6 – inlet and exit manifold, 7 and 8 – compensation 
(commutation) plates [14,16,17]

The toothed unit, shown in Fig. 2, is the satellite working 
mechanism of the motor. It consists of a toothed rotor R 
(4 humps), toothed stator C (6 humps) and ten S wheels 
(satellite). 

Fig. 2. The working mechanism of a satellite motor: C – stator, R – rotor, 
S – satellite, 1÷10 – working chambers, LPC – low pressure working 

chamber, HPC – high pressure working chamber, Vk-min – working chamber 
with minimum area Amin (dead chamber), Vk-max – working chamber with 

maximum area Amax [12,14,16,17,18,20]

Fig. 3. Distribution plate: OC – inflow/outflow hole [12,14,16,17,18,20]

The stator is toothed inside and consists of six humps. The 
rotor is toothed outside and consists of four humps. Gear 
wheels called satellites work with the stator and the rotor. 
Spaces, called working chambers, are formed between the 
satellites, the stator and the rotor. The number of working 
chambers is equal to the number of satellites.

During the rotor rotation the working chambers:
a) change their volume from minimum Vk-min to

 maximum 
Vk-max forming a high pressure chamber HPC. The chamber 
is filled with water;

b) change their volume from maximum Vk-max to minimum 
Vk-min forming a low pressure chamber LPC. The chamber 
is emptied of liquid.
The working chambers in the satellite mechanism are 

closed by the compensation plates (Fig. 1 – elements 7 and 
8, and Fig. 3), which also play the role of distribution plates.



POLISH MARITIME RESEARCH, No S1/2017 215

The number of filling and emptying cycles of the working 
chambers per one rotation of the shaft is the product of the 
number of humps of the rotor and the stator. Thus, 24 cycles 
correspond to one shaft revolution.

The results of research, described in the following section 
concern the satellite motor type SM-0,75/25 with the following 
parameters:
– theoretical displacement qt=32,94 cm3/rev.;
– teeth module m=0,75mm;
– height of working mechanism H=25mm;
– axial clearance of satellites hS=5,35um;
– axial clearance of rotor hR=6,38um.

SOURCES OF VOLUMETRIC LOSSES

In the positive displacement machines the sources of 
volumetric losses are:
a) the liquid flow rate in flat clearances in satellite mechanism 

(Fig. 4);
b) the liquid flow rate in clearances in commutation unit 

(short clearances) in satellite mechanism (Fig. 5);
c) the liquid flow rate in the spaces between the teeth of the 

working mechanism (tip clearances Tc and backlashes G) 
(Fig. 6);

d) the liquid flow rate caused by the cyclic elastic deformation 
of the working chambers, mainly due to the cyclic 
deformation of the stator as the element with the smallest 
stiffness;

e) the liquid flow rate depending on its compressibility.
In all satellite motors the internal leakage is discharged 

into the low-pressure channel (outflow channel).

FLOW RATE QLFG IN FLAT CLEARANCES  
OF WORKING MECHANISM

Flow rate QLfg in flat clearances (Fig. 4) of working 
mechanism are described by equation [14,17]:

(1)

where:
–	 β – the degree of laminarity of the flow [17];
–	 ν – kinematic viscosity of liquid;
–	 ρ – density of liquid;
– m – teeth module;
– A1, A2, K – coefficients;
– h – equivalent axial clearances of rotor and satellites, 

described as [14,17]:

(2)

– hR and hS – respectively: axial clearance of rotor and 
satellites;

– H – height of working mechanism (equal to height of 
curvature);

– Dk – the coefficient depends on stiffness of axial clearance 
compensation unit; 

– DC – the coefficient depends on stiffness of stator.

The formula (1) is true if (Fig. 4):

 (3)

and

 (4)

The values of β, A1, A2, K, Dk and DC are given in Table 1.

Fig. 4. The flows in flat clearances [17]

FLOW RATE QC IN COMMUTATION UNIT 
CLEARANCES (SHORT CLEARANCE)

Fig. 5 presents the process of passage of the low-pressure 
working chamber LPC through the dead chamber Vk-min into 
the high-pressure working chamber HPC. Two commutation 
unit clearances are formed during this process. There is 
leakage in these clearances which results from the pressure 
difference in the IH and OH channels:
a) QCm1 – from channel IH to chamber Vk-min, caused by the 

pressure difference Δp1;
b) QCm2 – from chamber Vk-min to channel OH, caused by the 

pressure difference Δp2.
A similar process occurs during the transition of chamber 

HPC to LPC.
The leakage occurs in the range of a very small shaft 

rotation angle α=(–ab;+ab). For further considerations, it is 
assumed that:
a) the angular shaft position α=0o corresponds to chamber 

Vk-min or chamber Vk-max;
b) angle ab is the critical value of angle α, for which QCm1= 

QCm2=0.
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Fig. 5. Process of transition of chamber LPC to HPC via Vk-min [14,15]: a) final 
phase of reducing the LPC chamber volume (α=(-αb,0)); b) chamber Vk-min 
(α=0); c) initial phase of increasing the HPC chamber volume (α=(0,αb))

The flow rate in commutation unit clearances is described 
by equation [14,15]:

(5)

The value of coefficients C1, C2, C3 i γ for motor SM-0,75/25 
are given in Table 1.

FLOW RATE DQFC DEPENDS ON COMPRESSIBILITY 
OF LIQUID

The compressibility of liquid βl is defined as:

(6)

where:
– V, ΔV – respectively: volume, change of the volume of the 

liquid;
– Δp – pressure increase.

Assuming that:

(7)

and

(8)

and transforming the formula (25) one obtains:

(9)

where:
– Δt – an increment time;
– n – rotational speed;
– Cfc’ – the coefficient.

The theoretical displacement qt depends on teeth module 
m and high H of satellite working mechanism. For the 
mechanism as shown in Fig. 2 qt can be expressed by the 
formula [14]:

  (10)

where (Fig. 2):
– Amax – maximum area of working chamber;
−	 Amin – minimum area of working chamber.
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Thus:

(11)

If in the commutation unit is zero overlap or positive 
overlap, then there is a compression of fluid in the death 
volumes. Furthermore, a compression of the liquid in the 
spaces between the teeth can occur. These phenomena have 
no effect on the volumetric losses. The increase of pressure 
in the working chamber starts from the supply pressure pi-1 
in the working chamber increasing in volume to a pressure 
pi-max in the maximum volume Vk-max. Then, the pressure 
decreases to a value of pi-2 in the working chamber reducing 
its volume. The value of pressure pi-max depends on the axial 
clearances of the satellites and the rotor and depends on 
the rotational speed. At low speeds, the pressure pi-max does 
not reach large values. It is estimated that as a result of the 
flow of liquid from the maximum volume Vk-max, through 
clearances, to the low pressure chamber, the pi-max is close 
to the pi-1. And at high rotational speeds the liquid does not 
have time to flow through the clearances to the low pressure 
chamber. As a result, depending on the type of liquid and its 
compressibility, the pressure pi-max is considerably higher than 
the pressure pi-1. Then the value of pi-max has an effect only on 
the torque of mechanical losses in the motor.

In death volume Vk-min, there is a minimum pressure pi-min 
similar to the pi-2.

FLOW RATE ΔQDCH CAUSED BY THE ELASTIC 
DEFORMATION OF THE WORKING CHAMBERS

Elastic deformation of the working chambers in satellite 
mechanism is caused by the pressure difference Dpi in these 
chambers and the change in pressure in the volumes Vk-min and 
Vk-max. As a result, the displacement of the motor is changing 
about Dqdch. The flow rate DQdch is proposed to be express with 
a simplified equation [14]:

(12)

where:
– Cdch – the coefficient;
– Kch – the stiffness of working mechanism.

FLOW RATE DQB DEPENDS ON TIP CLEARANCE AND 
BACKLASH

The spaces between the teeth in satellite mechanism (tip 
clearance and backlash – Fig. 6) is the cause of volumetric 
losses DQb. The value of DQb is proportional to the motor 
speed n. The increase of Dpi causes an increase in elastic 
deformation of:
– the teeth, that is the spaces between the teeth increase;
– the rotor and stator, that is the backlash increase.

Fig. 6. Tip clearance Tc and backlash G [19]

Thus, the flow rate DQb is proposed to be express with the 
simplified formula [14]:

  (13)

where:
– Δqb – the change of displacement caused by the movement 

of satellites in spaces between the teeth;
– Cb – the coefficient.

FLOW RATE DQID DEPENDS ON THE INERTIA OF 
THE SATELLITES AND THE LIQUID IN WORKING 
CHAMBERS AND DEPENDS ON THE DAMPING 
PROPERTIES OF LIQUID

If increasing the rotational speed of the operating 
mechanism increases, then the acceleration of satellites 
increases and the acceleration of the liquid in the chambers 
increases also. As a result, the inertia forces of the liquid and 
satellites increase. At the time of change the commutation unit 
phase (e.g. at the time of opening the inflow and cut-off the 
outflow from the working chamber) these forces are opposed 
to changing the position of satellites in the space between 
the rotor teeth and in the space between the stator teeth. In 
addition, the speed of the „jump” teeth of satellites, when 
changing commutation unit phase, depends on the damping 
properties of the working liquid (that is: the viscosity, the 
density and compressibility of the liquid). The impact of 
above factors on the volumetric losses DQid is proposed to 
be describe with the simplified formula [14]:

  (14)

where Cid is the coefficient. 

EXTERNAL LEAKAGE QEX

External leakage Qex in the hydraulic motor is unacceptable, 
that is Qex=0.
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MATHEMATICAL MODEL OF VOLUMETRIC 
LOSSES

KNOWN MODEL OF VOLUMETRIC LOSSES

The literature describes the volumetric losses Qvl as follows:
a) in motor supplied with oil [1,21]:

 (15)

b) in motor supplied with low viscosity liquid (like water or 
HFA-E emulsion) [20,21]:

  
(16)

In the above formulas [1,20,21]:
ΔQvl,O, ΔQvl,E – the component of volumetric losses 

depends on drop pressure Δpi,O in motor working chamber 
and depends on angular velocity ω of motor shaft. In a motor 
supplied with oil this component is expressed by the formula:

(17)

and in a motor supplied with emulsion:

(18)

– Δpi,O – drop pressure in working chamber of motor supplied 
with oil;

– Δpi,E – drop pressure in working chamber of motor supplied 
with low viscosity fluid (HFA-E emulsion);

–	 ω – the angular velocity of the motor shaft;
– kc – the coefficient depends on the compressibility module 

of oil KO and emulsion KE, expressed by the equation:

(19)

– Ql,O – the component of volumetric losses with laminar 
nature in a motor supplied with oil:

(20)

– µO – the dynamic viscosity of oil (for atmospheric pressure) 
in temperature T1 in the inflow port of a motor;

– Qt,O – the component of volumetric losses with turbulent 
nature in a motor supplied with oil:

(21)

– ρO – the density of oil;
– ks – the coefficient. For not fully developed turbulent flow 

of emulsion:

(22)

but for laminar flow of emulsion:

(23)

– mE – the dynamic viscosity of HFA-E emulsion (for atmospheric 
pressure) in temperature T1 in the inflow port of motor;

– Qex,O – the external leakages of oil, expressed by the formula;

(24)

– p2,O – pressure in outflow port in motor supplied with oil;
– Bh, kex, Cs,O, Cs,E, Cex,E, Cl,O, Ct,O – the coefficients.

The pressure drop Δpi,O in working chambers of a motor supplied 
with oil is [21]: 

 (25)

but the pressure drop Δpi,E in working chambers of a motor supplied 
with emulsion is described by the equation:

 (26)

Where [1,21]:
– Δpich,O – the pressure drop in internal channel of a motor supplied 

with oil:

(27)

– Cich,O – the coefficient;
– kH – the coefficient described by:

(28)

– ρE – the density of emulsion.

The Paszota Z. and Maczyszyn A. [9,11] description of 
volumetric losses is dependent on the type of machine (pump 
or motor) and does not show the sources of these losses. The 
volumetric losses according to Paszota Z. and Maczyszyn  
A. are as follows [9,11]:
a) for a motor with constant displacement:

(29)

b) for a pump with constant displacement:

(30)
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where:
– k1, k9, apv, avv, anv – coefficients;
– np – speed of pump; 
– nt, n – theoretical and actual speed of motor;
– pn – nominal pressure in hydraulic circuit;
– Δpi – pressure drop in working chambers of a pump or 

motor;
– qPt – theoretical displacement of pump;
– QPt – theoretical capacity of pump.
– νn – related kinematic viscosity (νn = 35cSt).

The inconvenience of these models is that they describe 
the volumetric losses in general, without specifying the 
type of gaps and other sources of these losses. In addition, 
the leakage of a low viscosity liquid (like water or HFA-E 
emulsion) is described by a different mathematical formula 
than the leakage of a high-viscosity liquid (like mineral oil 
or vegetable oil). Therefore, it was advisable to develop a new 
method to describe the volumetric losses in a satellite motor 
– a universal method for both high viscosity and low viscosity 
liquids.

N EW M ATHE M ATICA L DE SCR IPTION OF 
VOLUMETRIC LOSSES

Volumetric losses Qvl in the hydraulic motor are proposed 
to be express as (Fig. 7):

 (31)

Fig. 7. Characteristic of components of volumetric losses in hydraulic motor

The components DQfc, DQdch, DQb are proportional to 
both the pressure drop Dpi in the working chambers and 
the effective engine speed n. But, the component DQid is only 
dependent on n. That is:

 (32)

From the equations (11),(12),(13),(14) and (35) it follows 
that:

 (33)

All components of volumetric losses depend on the drop 
pressure Δpi in working chambers. The pressure in the 
working chambers is difficult to measure. In normal engine 
operating conditions the pressure is measured at its ports. 
Thus, it is convenient to use the pressure drop Dp in the motor. 
The relationship between the pressure drop in the motor Δp 
and pressure drop Δpi in its chambers, is as follows:

 (34)

Internal channels in motors have a complex geometry. In 
these channels, there is a turbulent, not fully developed flow. 
To describe the pressure drop Δpich in the internal channels, 
it is proposed to adopt a simplified relationship as [18]:

(35)

where Cl and Ct are coefficients depend on geometrical 
dimensions of internal channels.

RESULTS OF EXPERIMENTAL RESEARCH 
AND SIMULATION

The motor SM-0,75/25 was tested using:
– the Total Azolla 46 (ν=40cSt, ρ=873kg/m3) oil;
– pure tap water (ν=0,853cSt, ρ=996kg/m3).

The motor parameters directly measured on the test stand 
are:
– pressure p1 in the motor inlet port and pressure p2 in the 

motor outflow port;
– torque M on the motor shaft;
– motor absorbency Q (the flow rate to the motor);
– the rotational speed of the motor shaft n.

The flow rate Q in the motor is:

  
(36)

where Δq is the change of displacement coming at one rotation 
of motor shaft.

The volumetric losses Qvl are a function of pressure 
drop Δpi in motor working chambers. In this connection 
it is necessary to designate the pressure drop Δpich in the 
internal channels. The methodology of measuring the Δpich 
is described in [18]. The Δpich is described by formula (35) 
and values of coefficient are given in Table 1.

The volumetric losses Qvl were determined from 
experimental data according the formula:

 (37)

The characteristics of volumetric losses Qvl in the motor 
can be presented as a function of Δpi when:
a) the flow rate Q is constant (Q is the parameter independent 

of the motor) – Fig. 8. Then when load M of the motor 
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(thereby Δpi) increases, the speed n of motor shaft 
decreases;

a) the speed n of motor shaft is constant – Fig. 9 and Fig. 10. 
Then when load M of the motor (thereby Δpi) increases, 
the absorbency Q of motor increases also.

In Fig. 9 and Fig. 10 the characteristics of QLfg+QC are shown 
obtained experimentally and as a result of the calculation 
accordance with the model (1) and (5). The methodology 
for determining the components QLfg and QC are described 
in [14,17].

Fig. 8. Characteristics of Qvl =f(Dpi) for Q=const. in motor supplied 
with oil and water

Fig. 9. Characteristics of Qvl =f(Dpi) for n=const. in motor supplied with oil

Fig. 10. Characteristics of Qvl =f(Dpi) for n=const. in motor supplied with water

From the formula (36) it follows that (after the adoption 
of Qex=0):

  (38)

In Fig. 9 and Fig. 10 are shown the characteristics of 
ΔQvl obtained experimentally. But experimentally obtained 
characteristics of Δq as a function of Δpi are shown in Fig. 
11 and Fig. 12.

The values of coefficients C and Cid of model (33) can be 
calculated from the equation of the trend line of experimental 
characteristics of Δq=f(Δpi). These values are given in Table 1. 
Characteristics of Δq, calculated according to formula (33), 
are plotted in Fig. 11 and Fig. 12.

Whereas the volumetric losses, calculated according to 
equations (32) are shown in Fig. 9 and Fig. 10 (the dotted line).

Fig. 11. Characteristics of Δq=f(Δpi) in motor supplied with oil

Fig. 12. Characteristics of Δq=f(Δpi) in motor supplied with water

Table 1. Values of coefficients in volumetric losses model for motor SM-0,75/25 
[14,17]

A1 2A C Ct lC idC 1 C

[-][-]   [-] [-]  [-] 

1,33 0,077 Oil 
Water 0,145 0,17 1,25 

C2 CD3C  kD K γ β 

[-] [-]    [-] [-]

Oil 1,26
 
 0,684

 
 -0,131 1,141 0,76 0,996

Water 1,05 0,183 1,0 0,55 0,655 

DISCUSSION

The test results have shown that the volumetric losses in 
the motor supplied with water are at most several time greater 
than the volumetric losses in the motor supplied with oil. 
The greatest differences was observed for motor supplied 
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with a small stream of liquid. Furthermore, for Q = const., 
the ratio of is variable (Fig. 13). The value of Δpi, for 
which the ratio of  reaches the maximum, depends 
on the Q. The smallest value of Δpi is observed for the smallest 
values of Q. An impact on this phenomenon has: 
−	 change of the nature of the flow (with the increase of Δpi) 

of water and oil in the clearances in the motor working 
mechanism;

−	 change of Δq under the influence of Δpi;
−	 change of engine speed n.

Fig. 13. Characteristics of   for motor supplied with oil and water

The mathematical model of volumetric losses has been 
developed based on the analysis of sources of these losses. It 
has been shown that on the basis of experimental results, it is 
possible to calculate the coefficients of the model. Based on the 
proposed mathematical model, characteristics of volumetric 
losses were plotted and compared with the results of the 
experiment. It has been found that the simulation results 
differ from the results of the experiment:
a) for high speed (n=1500rpm):

– for Δpi=2MPa – about 35% both for oil and water;
– for Δpi=25MPa – about 4% both for oil and water;

b) for low speed (n=100rpm):
– for Δpi=2MPa – about 20% for oil and 35% for water;
– for Δpi=25MPa – 7% both for oil and water.
It turns out that the greatest impact on accuracy of 

calculation of the volumetric losses has the accuracy of 
calculation of the change of motor displacement Δq. The 
Dq calculated according to (33) gives the biggest mistake in 
the range of small values of Δpi (the biggest differences are 
observed for Δpi<6 MPa – Fig. 11 and Fig. 12). The smaller 
error in the lower range of Δpi is obtained if Δq is described by 
the following empirical formula (this model does not reflect 
the physical phenomenon):

(39)

where the values of constants are:
– for water: C1=10,6 i C2=0,1;
– for oil: C1=11,7 i C2=0,1.

Then for low pressure drop (Δpi=2MPa) the calculations 
differ from the results of the experiment:

a) for high speed (n=1500rpm) – 10% for oil and 25% for 
water;

b) for low speed (n=100rpm) – 8% for oil and 20% for water.
However, the results of calculations of Δq, according to 

the above model, for high Δpi are heavily biased. Therefore, it 
is proposed to describe the Δq generally by the formula (33). 
By way of exception, in order to increase the accuracy of the 
simulation of volumetric losses in the motor operating at low 
load, it is permitted to accept model (39).

The effect of volumetric losses in the hydraulic motor is a 
drop of speed nl. The real engine speed n can be calculated 
from the relationship (36) taking into account the equation 
(33). Then:

(40)

The loss of speed nl may be calculated from the equation:

(41)

The characteristics of nl=f(Δpi) are shown in Fig. 14 and 
Fig. 15.

Fig. 14. Characteristics of nl=f(Δpi) – result of experiment and calculation 
according to formulas (40) and (41). The motor supplied with oil

Fig. 15. Characteristics of nl=f(Δpi) – result of experiment and calculation 
according to formulas (40) and (41). The motor supplied with water

Thus, it is easy to estimate how much the motor speed will 
be reduced if the motor will be supplied with a low viscosity 
liquid (like water). In Fig. 16 are shown characteristics of 
speed ratio of the motor supplied with water (nw) and the 
motor supplied with oil (no).
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Fig. 16. The ratio of motor speed supplied with water (nw) and supplied 
with oil (no)

Thus, with a small constant stream of water (Q=5 l/min) 
and at high pressure drop in motor (Δpi=25MPa) the speed 
of motor is reduced even by half (in comparison to speed of 
motor supplied with oil)!

In conclusion, the mathematical model of volumetric 
losses, presented in this paper, describes quite accurately 
these loses in the motor supplied with both a mineral oil or 
water. Therefore, the volumetric losses in the motor supplied 
with various liquids can be assessed by comparison of the 
model coefficients.

The mathematical model presented in this article, is 
a component of a model of overall efficiency of the hydraulic 
motor. This model is also suitable to describe volumetric 
losses in a satellite pump.
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