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Abstract. Gerotor pumps are positive displacement pumps used in many applications thanks to
their compact size and low cost. On the other side the efficiency of the machine is not so brilliant.
In order to study design modifications to decrease energy consumption, a lumped parameter
model is a useful tool since it allows predicting and enhancing pump performance. This type of
model can be used, once complete, to analyse various phenomena such as cavitation, the
chambers’ pressure transient, the flow and pressure ripple, the leakages, and the noise emissions.
This work presents a lumped parameter model for the analysis of a Gerotor pump, including the
evaluation of the micro movements of the external gear. These micro-movements potentially
affect the gap geometry at the internal gear tooth tips and have an impact on the pump’s
performance. We modelled the behaviour of the external gear as a journal bearing under dynamic
load and then we compared various methods to solve the problem and to find the most suitable
method to be coupled with the lumped parameters model of the pump. We incorporated the
methods into our global model and evaluated their performance in terms of accuracy and required
computational times. The results obtained and the impact on the teeth gaps geometry are finally
compared and discussed.

1. Introduction

The Gerotor pump is a positive displacement pump with characteristics of simplicity, compactness, and
robustness. It finds use in many sectors such as acrospace (for lubrication, cooling, and as fuel pump),
automotive (for engine or transmission lubrication circuits) and more standard hydraulic applications.
The Gerotor pump consists of a few elements: an inner gear, an outer gear, a valve plate, and a housing.
The pump chambers are defined between the two gears and, during their meshing, the volume of the
chambers increases and decreases. These chambers are connected to the suction and discharge
environments through appropriate ports realized on the valve plate[1].

Since this type of pump has such wide-ranging applications, different studies exploiting the use of
simulation models have been developed over the years. These models can be divided into CFD or
lumped parameters models (0D fluid dynamic models)[2]. The CFD model is more complex and
requires more computational time than a lumped parameters model, that can provide good results with
smaller computation time. This last approach seems the most suitable when simulation is integrated in
the design process for a new prototype for example. The use of virtual simulation during the design
phase gives the possibility to choose the best design options to obtain the desired performance, such as
flow rate or pressure ripple, while analysing at the same time the pump noise emissions, and the
efficiency of the machine, an extremely important topic nowadays. Of course, the modelling of the pump
can be performed using different levels of detail in terms of phenomena taken into consideration, such
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as thermal effects, cavitation, deformation, or micro-movements of the mechanical parts; some examples
coming from the literature are discussed below.

R. Castilla et al.[3] developed a 3D CFD models of a mini-Gerotor pump using OpenFOAM and
calculated the instantaneous flow ripple. G. Altare and M. Rundo[4] developed a 3D CFD models with
PumpLinx to study the influence of Gerotor geometric features on the filling capability. M. Pellegri et
al.[5] compared the capability of estimated pressure and flow rate of CFD model with a 0D model,
combined a 0D model with CFD to estimate the lateral leakages of a Gerotor pump and studied the
influence of the lateral gaps geometry on the pump’s performance[6].

M. Fabiani and al. in [7] presented a lumped parametric model to estimate the fluid dynamics
performances of a Gerotor pump. Again, M.Pellegri and A.Vacca in [8] discussed the 0D model of the
Gerotor, taking into account the micro-displacement of the outer gear. Z. Misty at al.[9] developed a 0D
model capable to estimate the fluid dynamic and mechanical performance of a Gerotor pump. Milani et.
al in [10] and [11] applied similar simulation approaches to study both Orbit and Gerotor machines.

In conclusions, there are a lot of works in literature discussing these pumps, but despite all the
contributions and the apparent simplicity of the machine, there is not available a unique simulation tool
that can be used in the design process with enough confidence and that analyses all the critical issues of
the machine and there are no clear indications about the efficacy of simplified approaches applied to
evaluate the pump performance versus more complex approach, depending on the phenomena that
would be analysed. Of course, this means that mainly the expertise of the designer and an expensive
experimental activity allow to complete a proper design of this kind of pumps. The activity initiated by
the work of this paper would like to cover this point and to address this issue.

Specifically in this paper, we propose a lumped parametric model to estimate the dynamic and steady-
state fluid dynamic performances of a Gerotor pump, considering the contribution of the main leakages
through the gaps inside the pump, and proposing ways to integrate the calculation of micro-
displacements of the outer gear, assuming the inner gear is fixed. The aim is to show that this aspect is
playing a significant role on the pressure transients inside the pumping chambers and hence globally on
the pump performance. We model the coupling outer gear-housing as a journal bearing. In section 2, we
propose three different methods to study the behaviour of journal bearings under dynamic load. One of
these three methods, the mobility method, is also used by M. Pellegri and A. Vacca[8]. In section 3, we
compare these three methods by applying them to a simple journal bearing case to validate our numerical
model. In section 4, we describe the entire lumped parameter model. In section 5, we compare the 0D
model that consider the micro-displacement with a model that assumes the outer gear centre is fixed.
The comparison shows the effect of micro-displacement on gap geometry and the pump performance.

2. Journal bearing models

We treated the outer gear-pump housing coupling like a journal bearing as shown in figure 1 and below.
We describe and compare three different methods for modelling the journal bearing under dynamic
loading.

2.1. Method 1
To study the journal bearing behaviour we used the Reynolds equation ( 1 ) for Newtonian and
incompressible fluid [12], applied to the gap between the casing and the external gear.

10 <h36P)+6<h36P)_6 6h+12 dh .
2oo\" 98) " 9z\"" az) = "9 T "“F e (1)

In the Gerotor case the condition % « 1, where L is the width of the gear along axial direction and D

the mean diameter, is valid, so we can apply the Ocvirk or short bearing condition [13]. This condition

li(h3 Z—I;) ~ (0 of equation ( 1).

assumes negligible the term ey
1
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az( 0z) ~ M99 T “Har (2)

The term h is the height of the gap expressed in equation ( 3 )as function of the clearance ¢ and
eccentricity €:

h(0,t) = c(1 — ecos(6 — ®)) (3)

The relative eccentricity £(t) and the attitude angle @(t) allow to define the position of the journal
centre at the instant ¢ respect to the reference system Oxy, as show the figure 1 .

Y

Pressure dislribulion)
1
V4

Journal bearing

Figure 1- Journal bearing system.

By integrating the Reynolds equation ( 3 ) with the boundary conditions P (9,2 = ig) =0, we
obtain the pressure distribution inside the gap (4 ) [12] .

| X e sin(d
p(0,2,6(), @(1), (1), (1)) = C—ﬁ‘ <((E)1 - ilgs(sflanf qb))q;)

2 écos(8 — @) , L7

(1 —&cos(0 — d))3 z 4
The hydrodynamic force ( 5 ) acting on the journal is calculated by numerically integrating the pressure
distribution on the surface of the journal, considering only the terms of positive pressure assuming that

the pressure is equal to the vapour pressure value for the fluid in the section where the numerical result
would be negative [12].

L
E(e(6), ®(0),é(0),d () [z (™" cos(6)
(Fy(s(t), @ (t),£(t), D (t))> - j_% fo p(6,2) (sin(e)) do dz (5)

Knowing the external load on the journal F,q; at time instant t, the resolution of the motion equation
( 6) gives the position of journal centre.

(4)
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(Festx ) _ Fx(f(t)ﬂ’(t).f(:t),‘f’ () (6)
Festy ) \Fy (e(®), 2(0), (D), @ (1))

2.2.  Mobility method

The mobility method (MM) is a method for analysing the behaviour of a journal bearing subjected to a
dynamic load, developed by J. Booker [14] [15] [16]. This method can be applied for different values
of the /D ratio, but in this paper only the case of short bearing is considered. The position of the centre
of the journal relative to an observer integral with the load can be found by solving the following system
of explicit equations [17] [18]:

c\2
Fest (ﬁ) L
= — VU ME(e b — (7)
ETTALD &2, 5)
c 2
Fest (E) L
=_M¢(,¢,_> % (8)
WL De edp) T
y
v ;i
¢y //
L .
o 4 . N
e P
/ X
0 Ce

Journal—— \ \\\ / /

Bearing A —

Figure 2 - Journal bearing system for mobility method.

With
— 2 + 2
MS = % MS = %
(5) (5)
. "\D if Foge 20 < "\D if Fog <0 (9)
l est = 1 est
o - 02 e x40
L\? L\?
x ™ (5) k 7 (5)
Where:
ME = MScos® + M¥sind (10)
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K = € sind (13)

2.3.  Finite difference methods
We consider the rectangular domain obtained by unwrapping the journal bearing (figure 3) and rewriting
the Reynolds equation ( 1) in this domain introducing the change of variable x = 6 r;, we obtain [19]:

0 (v ap) +2 (v ap> —6 AP 14
ox\""ax) Tay\t 5y) TOROT2 G T AR Ty (14)
The gap height is expressed as:
X X
h(x,t) = ¢ — e, (t) cos (—) — ey (t)sin (—) (15)
41 4]
With e = (ex, ey) eccentricity vector.
Ax
Y
p(i-1,j+1 p(i,j+1) p(i+1,j+1)
a b
) p(i-1,j p(inj) p(i+1,j)
Ay d
p(i-1,j-1 p(i,j-1 p(i+1,j-1)
(o} 271 = x

Figure 3 - Unwrapped fluid film in the film Cartesian reference system.

The rectangular domain is discretized in a finite number of points Ny * N,,, while the terms of
Reynolds equation ( 14 ) are discretized in the following ways [20]:

R opy _ (P 3)=(r* )i
e (0 5p) ~ B :
Gl g - esgen

. (), _ pGD-pi-1)) 3N _ p3 _ (RGD+RGE-1))3
Gl =22 (0)la=hi = (F25=)

LW ) =k L hy ()I—(5H)a

dy ay Ay
. (a_p)l _ pj+D-pGj) (6_p)| _ pN-pGEi-1)
ox) '€ Ax ax/'d Ax

oh _ h(i+1,)—h(i-1))
ax 2 Ax
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Oh  ex(t)—ex(t—AL) oS (ﬁ) _ey(t)—ey(t-At) sin (ﬁ)

at At m At m

From the discretization of the Reynolds equation for each point of the domain we obtain a system of
linear equations: B
Cp=s (16)

Where:

e C (ex (1), ey (t)) is the coefficient matrix of (Nx * Ny)z elements [m].

e p is the vector of unknowns of (Nx * Ny) elements [Pa].

o s(ex(t), ey (t)) is the vector of knowns of (N, = Ny) elements [Pa m].
The resolution of system ( 16 ) gives the pressure distribution inside the gap. The pressure distribution

is used to calculate the hydrodynamic force on journal, but only the positive values of p(i,j) are
considered, neglecting the negative values to consider the effect of cavitation[12].

Filex(®),e,) = = ) p(i.j) ax ay cos () (17)
F(ex(),e,(6)) = = ) pli.j) bx dysin ) (18)

Knowing the external load on the journal F,g at time instant t, the resolution of the motion equation
(119) gives the position of journal centre.

Fesex \ _ Fe(ex(t), €(1))
(Festy> B <Fy(ex(t), ey(t))> (19)

2.4.  Method comparison

Here in the following, we compare the trajectory obtained applying the three methods to a journal
bearing under dynamic load. The geometry of the journal bearing and the operating conditions are shown
in the table 1, while the loading is shown in the figure 4.

| FesL * Fasl Y
3000 T T T T

| Y / i i Y f Y !
\ ! \ ) I \ i 4
0 \ / Y i \
\ | f { X | \

|

1] 0.02 0.04 0.06 0.08 0.1 0.12
Time [s]

Figure 4 - The bearing load.

Method 1 and the Mobility Method calculate trajectories of the external gear centre that are similar,
because both methods are based on the hypothesis of short bearing and consider only the positive
pressure contributions for the calculation of the hydrodynamic forces. The FDM-based method does not
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neglect any term of the Reynolds equation ( 14 ) and this leads to a different pressure distribution in the
gap with respect to the other two methods, and therefore to different hydrodynamic forces.

Table 1- List of parameters used for the resolution of the journal bearing problem.

Journal bearing length L 17.2 mm Angular velocity 500 rpm
Journal bearing diameter D 101.55 mm Initial eccentricity &, 0.0997
Radial clearance ¢ 0.0975 mm Initial eccentricity &, 0.0071
Fluid viscosity pu 0.0391 Pas
1 [——MM ——FDM ——Method1] [——MM ——FDM ——Method1
1
"‘-.._____‘_‘-
05 0.95¢
091
Z>~ 0 Z
w w” 0.85
0.8}
-0.5
0.75
A1 0.7%
-1 0.1 0.15 0.2 0.25 0.3 0.35
e 1

Figure 5 - Journal centre trajectory.

The FDM require more computational time that other methods. The method of least effort is the MM
because one must solve only the system of differential equations ( 7) ( 8 ). The Method 1 require slightly
more time that MM because it is necessary to solve first the linear system of equations ( 16 ) to find the
hydrodynamic force ( 17 )( 18 ), and after the motion equation ( 19 ). In any case, given the similarity
of the results, we can conclude that all the three methods can be used within the general model of the
pump and hence the choice will be guided by the computational time aspect.

Table 2-Computation time of the journal bearing problem with time step of 0.0001 sec.

Mobility method Method 1 FDM with N, = 320,N,, = 40
~7 sec ~129 sec ~43560 sec

3. Lumped parameter model

We have developed a lumped parameter model of a Gerotor pump in MATLAB, under hypothesis of
Newtonian fluid, constant density, isothermal condition, and constant operating conditions (rotational
speed and low and high pressure at the ports).

In a lumped parameter model the fluid domain is divided into control volumes, enclosed between the
teeth of the internal and external gears. The pressure inside the control volumes depends on the time or
shaft angular position (constant angular velocity of the gears). The number of control volumes is N+2,
where N is the number of chambers, and the other two control volumes are the suction and delivery
ambient. The pressure inside the control volumes and the flow rate exchanged between the control
volumes are calculated with the continuity equation ( 20 ) [2].

dp_ B (Z av 1 ) 20
do = Vo Qint/out do Wit ( )
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The pump chambers exchange flow with contiguous chambers and suction/delivery ports.
While the suction/delivery ports exchange flow rate also between them and the drain.

The flow rate between the pump chambers and suction/delivery ports is modelled using the turbulent
orifice equation ( 21 ) with discharge coefficient (C; ) that depends on the Reynolds number [8] [21].

2|A
0 = sign(ap) Caa |22 pp' (21)

The adjacent chambers communicate with each other through the gaps between the tips of the teeth
of the two gears and the lateral gaps between the gears and the pump housing.

3.1. Leakage across teeth tips
The clearances between the teeth tips of inner and outer gears are defined according to the manufacturing
tolerances [22] [7].

Under laminar flow hypothesis, the leakages across the teeth tips between the contiguous chambers
are modelled with the Poiseuille equation, with the addition of the Couette flow term. For the generic
chamber j, the equation is (22 ) [8] [5].

bhi_:® |pj-1 —pj] bh® |pjer — byl
, o j—1 j—1 ] , ) . ] j+1 ]
sign(pi-1 = p) 5 PR + sign(pj1 —py) 73 i (2)
ik S P
R e R

The control volume j is bounded by the gaps formed by the inner gear with the j and j-/ teeth of the
outer gear. The terms h;_; and h; are the minimum heights of j and j-1 gaps. The equivalent lengths of
gaps, lej_; and lej, are defined as the distance between the points of gap where the gap height is
h* = h(1+ dh) [8] [5].

While the terms v;-j_; and v, are the relative speeds between the inner /outer gears at the point of
minimum height gap.

Delivery

* Leaks between chambers

Suction

Figure 6- Geometry of lateral gaps.

3.2. Lateral leakage

The lateral gaps are formed by the wheels face and pump housing along axial direction. The lateral

leakages between contiguous chambers happen near the start/end suction and delivery ports, figure 6.
We modelled these leakages with the method proposed by P. J. Gamez-Montero and E. Codina

[23,24].This method uses of the Poiseuille and Couette terms to express the leakages.



ATI-2023 IOP Publishing
Journal of Physics: Conference Series 2648 (2023) 012049  doi:10.1088/1742-6596/2648/1/012049

3.3. Leakage between suction and delivery

We assume that suction and delivery ambient are connected across the lateral gaps formed by outer
wheel and pump housing, highlight in figure 6. We use the Poiseuille formula to describe the flow from
delivery to suction control volume[22].

3.4. Drain leakage

We assume that the drain pressure is the same of the suction ambient, so there is only flow rate from
delivery control volume to drain across the later gap formed by the inner wheel and pump housing, as
highlighted in figure 6. We use the Poiseuille formula to describe the drain leakage [22].

3.5. Fluid model
The fluid model takes into account the cavitation occurrence in a very simplified way. This model acts
only on the fluid bulk modulus while the other fluid properties remain constant. The bulk modulus is
equal to B* for positive relative pressure values, while for negative relative pressure values the bulk
modulus is reduced by three orders of magnitude.
B,

Fp) = {,8*/1000, p <0
3.6. Micro-displacement outer gear
The calculate of the external force acting on the outer gear, it is necessary to define the radial micro-
displacement of outer gear.
The external force applied to the outer gear is the sum of the fluid pressure force and the contact force
between the two gears.

The pressure force acting on the outer gear due to the pressure inside the generic chamber j can be
calculated as [8] [5]:

(23)

ij=piliji+pjlijj (24)

The terms lx].and ly]. are the projections of the area chamber j along the x and y axis, as show in figure
7.a. The torque contribution of the pressure forces of chamber j can be calculated as:

Cpj = (p]- Ly, by, + pjly, bx]-)Lk (25)
a : y '/'/ y / b ) )
JIN / y w -
8 y
| Pj Iyi / ) 4 / O
PJ e p 4 : X
“ [ N L c, ‘
| es(‘ .omt | o \
“ § est |
‘\\‘ \“\‘ - ‘rc “/
] \\\\“ N — = | Fc
X \\b Xj ) N |

Figure 7- a: Pressure force component and arm for one chamber;
b: Free body diagrams for the outer rotor.
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The terms bx]. and by]. are the arms of the pressure force respect to the center of the outer gear.

Defining the total torque due to of the contributions of the individual chambers as Cp and assuming a
single point of contact between the gears, the contact force Fe can be found by solving the following
rotational equilibrium.

Cpr+Cjp+7r: XF. =0 (26)
The term Cjj, represents the viscous friction torque on the surface of the outer gear, which we

approximate as [12]:

Cov = fWese LT 2n
jb — c (1 — e2)1/2
Finally, the load acting on the outer gear must be balanced by the fluid dynamic forces Fege = F) + F.

k (27)

3.7. Gears overlap check

The journal bearing models do not consider the presence of the inner gear and the consequent possible
overlapping between the gears. To avoid overlap and to calculate the height of the teeth tips gaps, we
have proceeded as described in the following.

We assumed that the centre of the inner gear is fixed. We calculated the displacement vector of the
outer gear centre with respect to its nominal position, e = (ex, ey) , using one of three journal bearing
models.

The gears centres are placed in their nominal positions, with the inner gear in the angular position 6 and

. . N-1 .
the outer gear in the angular position 6 — > as show in figure 8, In the figure 8 the clearances between
inner and outer gear are increased for a better visualization.

Figure 8- Initial condition overlap check

The outer gear centre is moved of (ex, ey) from nominal position O, to new position O and the
gears overlap is checked, figure 9.a and figure 10.a.

o [fthere is overlap (figure 9): the outer gear is moved along the direction of vector (ex, ey) just
enough to have only one point of contact between gears and no overlap. As show in figure 9.b,
the centre of outer gear is moved of AS from O, to O;;. In this way there is one contact point
and there isn’t overlap. AS is the max overlap between the two gears along the direction of
vector e and it is calculated automatically inside the model. Once the correct position of the
outer gear is found, the heights of the teeth tips gaps are calculated.

o [fthere is not overlap (figure 10). in this case after the translation of the outer gear from O,g; to
O,s¢, there aren’t contact points between the gears (figure 10.a). So, the inner gear is rotated by
small angular steps automatically by the model until the two gears are in contact in one point (
figure 10.b) and the heights of the teeth tips gaps are then calculated.

10
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Figure 10 - a: No overlap condition . b: Inner gear rotation to have one contact point

4. Lumped parametric models results
In this paragraph we have made the comparison between the lumped parameter models obtained by
applying the three journal bearing models of section 2, with the addition of another model in which we
have considered fixed the outer gear, with the gear centre in its nominal position. Due to the simple fluid
model used, we made the comparison by imposing a low rotational speed and high discharge pressure
in order to avoid excessive cavitation phenomena and unrealistic sub-zero relative pressure values. The
delivery load was obtained by inserting a restriction on the delivery line with the same diameter for all

models.

The pump analysed can operate in the range 0-3000 rpm and 0-27.5 bar.

The comparison of the trajectories of the gear centre, tooth head heights and pressures are shown in
the figure 13, 14, 15 and 16. It is noted that the three models with micro-displacements of the outer gear
give very similar results; then, we focus on comparing the three models with the micro-displacement
calculation with the case of external gear with fixed centre.

11
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Figure 14 shows the pressure trend inside a pump chamber as a function of the inner gear position.
The reference chamber analysed is highlighted in figure 11 where it is called Chamber 1. In the position
shown in figure 11 the reference angular position of the inner gear is equal to zero.

As we can see in figure 14:
e the models with micro-displacement have a pressure trend like the model with fixed gear during
the suction phase;
e the models with micro-displacement have a different pressure trend to the model with fixed gear
during the delivery phase;
e the model with fixed gear has more pronounced depression phenomenon than the models with
micro-displacement near the transition from delivery to suction.
The pressure in models with micro-displacements is on average higher than in the model with fixed gear,
as shown in figure 15

These differences can be explained by looking at the figure 16.a and 16.b, which show the height

and equivalent length of a tooth head gap (tooth 1 of figure 11) as a function of the angular position of
the inner gear.
The micro-displacements of the outer gear influence the geometry of the teeth head gaps and
consequently also the pressure and leakages values compared to the case with fixed external gear, while
we assumed the geometry of lateral gaps is independent from the micro-displacement. In the case
considered, the pressure in the delivery phase of the chamber models with micro-displacements is higher
because the chamber has lower leaks through the teeth head gaps than in the case with fixed gear. In the
transition from delivery to suction the chamber of the model with fixed gear is characterised by smaller
leaks and this causes a stronger depression. This demonstrates the influence of the micro-displacement
on model results.

Delivery port

Chamber 1

Tooth 1

Suction port

Figure 11- Chamber one with the inner gear in zero angular position

Other aspects emerged from the models are:
* Ataconstant angular velocity, increasing the delivery pressure causes the trajectory of the outer
gear centre to move to the left (see the reference system of figure 13);
*  While at a constant delivery pressure, increasing the angular velocity causes the trajectory of
the outer gear centre to move to the right (see the reference system of figure 13).

So, the operating condition affects the shape and position of the trajectory of the outer gear centre,
as well as the geometry of the teeth gaps. In the model with the outer gear fixed centre, the gaps'
geometry is independent from the operating condition. The figure 12 shows the effect of pressure and
angular velocity on the height of the tooth gap (the data is obtained using the mobility method 0D

12



IOP Publishing
doi:10.1088/1742-6596/2648/1/012049

ATI-2023
Journal of Physics: Conference Series

2648 (2023) 012049

model). In the case of high speed, the effect of pressure increase is more pronounced than in the low-
speed case.

Since the three models produce very similar results, a factor to choosing one of the three models is
the calculation time. The micro-displacement model using the mobility method is preferable because it
requires less calculation time.

Height tooth ga i

042 9 gap 012 Height tooth gap
_ 01 0.1
g g
Soost 8 008
(=] o
] @
5 £
< 0.06 ‘= 0.06
£ o
a8 / a . .
5 0.04 . I 50047 Pressureincreasing
S Pressureincreasing 2
c c
< / <

0.02 / 500rpm 10bar 0.02 ——— 2000rpm 10bar

500rpm 20bar e 2000rpm 20bar
/ 500rpm 27.5bar 2000rpm 27 Sbar
0 . . . . . : ; | ol . . . .
0 50 100 150 200 250 300 350 400| 0 50 100 150 200 250 300 350 400|
Height [mm)] Height [mm]

Figure 12- Height tooth gap MM model at different pressure and velocity

The tables 3, 4 and 5 presents a comparison between the volumetric efficiencies estimated by two
models: one with a fixed outer centre gear and the other based on the mobility method. The micro-
motion model estimates a higher volumetric efficiency compared to the case of the fixed outer gear
centre.

; Trajector centre outer wheel Trajector centre outer wheel
Method 1 Method 1
—MM sl —MM
08 ——FDM ——FDM
Figure 13 Comparison trajectory centre of outer gear.
Table 3- Volumetric efficiency at 1000 rpm

5 bar 10 bar 15 bar 20 bar 25 bar 27.5 bar

Fix centre 91.97 % 85.77 % 79.56 % 73.35% 67.15% 64.04 %
MM 93.32% 87.24 % 81.16 % 75.08 % 69.00 % 65.96 %
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Table 4 - Volumetric efficiency at 2000 rpm

doi:10.1088/1742-6596/2648/1/012049

5 bar 10 bar 15 bar 20 bar 25 bar 27.5 bar
Fix centre 95.04 % 91.15 % 88.86 % 85.78 % 82.69 % 81.15 %
MM 96.73 % 93.73 % 90.73 % 87.73 % 84.73 % 83.23 %

Table 5 - Volumetric efficiency at 3000 rpm
bar 20 bar

5 bar 10 bar

15

25 bar 27.5 bar

Fix centre 96.14 % 94.06 % 91
97.62 % 95.67 % 93

MM

.99 % 89.91 %
1% 91.75 %

87.83 % 86.79 %
89.79 % 88.81 %

30

25

- n
o (=]

Pressure [bar]
3
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pressure
T

0 50 100 150

200 250 300
Angular position inner gear [deg]

350
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—Fixed wheel
Suction area
Delivery area

Figure 14 — Pressure inside a single chamber of pump.
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Figure 15- Delivery pressure.
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Figure 16— a: Height tooth gap; b: Equivalent length of tooth gap.

5. Conclusion

In this paper we have introduced three different methods to study the behaviours of the external gear
inside the casing of a Gerotor pump under dynamic load. We have presented three methods to modelling
the micro-displacement of the outer gear integrated later in the lumped parameter fluid-dynamic model
of the pump. The three models give very similar results, so we have confronted the micro-displacement
model with a model that consider the outer gear fixed in their nominal position. The comparison showed
that the micro-displacement of outer gear influences the geometry of teeth head gaps and consequently
the pressure and flow rate model output. Because it requires less time calculation, we consider the
mobility method more suitable to be integrated inside a lumped parametric model.

The next activities of the research project will be:

e insert a more complex fluid model in order to describe better the cavitation;
e validate the pressure prevision of the model with experimental test or CFD analysis.

6. Nomenclature

A orifice area [m?]

b axial length gears [m]

by by, pressure force arms [m]

b, width lateral gap between drain/delivery port [m]

bint(0), bos: (6) the width of the lateral gap between
the inner/outer gear and the pump housing (Couette
flow) [m]

¢ =1, — 1y radial clearance [m]
C 4 discharge coefficient [-]
Cjp viscous friction torque outer gear [N m]

15

11 1, radii of bearing and journal [m]
T contact force arm [m]
re_int min radius of lateral gap of outer

gear with respect O,g; [m]

ri_est max radius of lateral gap of inner
gear with respect Oy, [m]

ri_inf root radius inner gear [m]
t time([s]
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C,, pressure torque outer gear [N m] Uit (0) € Vg (8) the relative speed
between the inner/outer gear and the

D = 2r, bearing diameter [m] pump housing at the midpoint of the
lateral gap (Couette flow) [m/s]

e= (ex, ey) eccentricity [m] v, relative velocity [m/s]

F = (Fx, Fy) hydrodynamic force [N] z journal bearing axial position [m]

F, contact force [N] B fluid bulk modulus [Pa]

g\eﬁt = (Fest o Fest y) journal bearing external load Ax Ay mesh length [m]

F,, pressure force outer gear [N] Ap pressure drop across the orifice [Pa]

G external radius of outer gear [m] At time step [s]

h height gap [m] € = |e|/c relative eccentricity [-]

L journal bearing axial length [m] &= % [1/s]

L, length lateral gap between drain/delivery port [m] 0 journal bearing angular position [rad]

le equivalent length gap [m] u fluid dynamic viscosity [Pa s]

Ly 1, volume chamber projection along x e y axis [m] p fluid density [kg/m?]

M = (M#, M®) mobility vector [-] @ attitude angle [rad]

p pressure [Pa] & = Zif [rad/s]

Q flow rate [m?/s] X1, X2 angular extension lateral gap

Re root radius outer gear [m] between suction/delivery ports with

Ri hole radius inner gear [m] respect O, [rad]

N number of pump chambers [-] X5 angular extension lateral gap between

N, N,, number of mesh points in X and § direction [-]  drain/delivery port ports with respect Oy,
[rad]

0 x y z reference system for the bearing [-]

O; x ys zg reference system for the journal [-] ¥ angular velocity of external load Fes

[rad/s]
) % § reference system for the unwrapped film [-] w angular velocity of journal [rad/s]
W= % — 1 average angular velocity of journal relative  w;,,; w,g; rotation speed of inner and
external load F,; [rad/s] outer gear [rad/s]
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