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Abstract  Generated rotor (gerotor) pumps have commercial applications in oil supply
pumps and compressors. Unfortunately, they produce an excessive amount of noise while in
operation. The present study focuses on reducing the noise, which is caused due to pressure
oscillations in the fluid, and vibration levels when a gerotor pump is in operation. Three-
dimensional numerical simulations were performed on the gerotor pump using the dynamic
mesh method. The flow field was simulated using the commercial software Ansys Fluent. The
mesh motion was provided in the form of a user-defined function. Computational fluid dynamics 
analysis was performed for different combinations of delivery pipe length and diameter, and
their effects on delivery pressure were analyzed. It is observed from numerical results that the
pressure oscillations are reduced around 20 % by increasing volume of port or pipe region, 
which in turn reduces the noise levels. It is concluded that the pressure oscillations during the
fluid flow are highly dependent on the volume of the delivery pipe. 

 
1. Introduction   

Generated rotor (gerotor) pumps have numerous applications, including lubrication and cool-
ing of automobile engines. Their main advantage is their high flow rate and efficiency, but they 
produce excessive noise levels while in operation. 

Numerous studies have focused on the design of rotor gears to improve the efficiency of 
gerotor pumps. Litvin and Feng [1] developed the epitrochoidal gearing surface using the dif-
ferential geometry method. Demenego et al. [2] presented a computer program that determines 
the mesh motion in a single rotor revolution. This program also indicates errors caused due to 
the improper alignment of pump gears. Sasaki et al. [3] developed a new tooth profile for gero-
tor pumps named megafloid. They discovered that the theoretical volumetric flow rate can be 
increased by 10 % or more by utilizing a megafloid profile rather than parachoid profile. Yo-
shida [4] developed a novel tooth profile named geocloid, observing that the geocloid has a 
higher mechanical efficiency, resulting in smaller rotor size without decreasing the volumetric 
flow rate. Mimmi and Pennacchi [5] obtained transcendental equations for calculating the limit 
dimensions to avoid undercutting. Ye et al. [6] presented basic explicit formulas for calculating 
the limit dimensions to avoid undercutting in the inner rotor by examining the radius of curvature 
on the convex section. Hwang and Hsieh [7] presented a geometry design procedure for the 
hypotrochoidal gear pump (referred as “hypogerotor pump” in this paper) using the equidistant 
extended hypotrochoid curve, based on the theories of envelope and conjugate surfaces. 

The visualization of fluid behavior within gerotor pumps poses a significant challenge, as di-
rect inspection of the pump’s interior is hindered due to the housing and casing materials. 
Therefore, the prevalent approach involves the development of new prototypes and models 
using transparent materials. Itoh et al. [8] employed a unique coating to a large transparent 
gerotor pump model. They also employed light-reflecting tracer particles that resemble platelets, 
which enabled them to evaluate flow patterns and volumetric efficiency. Raush et al. [9] made 
significant advancements in experimental techniques for observing fluid flow characteristics. 
They introduced the time-resolved particle image velocimetry technique in a trochoidal gear 
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pump. Transparent methacrylate was used to manufacture the 
casing and outer gear, allowing for interior illumination of the 
trochoidal gear chambers. They utilized carefully selected algi-
nate tracer particles known for their effective tracking and light-
scattering properties, while also being gentle on the contact 
surfaces to avoid damage. The experimental results demon-
strate good agreement with the numerical data. 

In recent years, there has been a significant emphasis on 
computational fluid dynamics (CFD) tools to predict the key 
performance indicators in gerotor pumps. Hsieh et al. [10] per-
formed a CFD analysis on multistage gerotor vacuum pumps 
using the dynamic meshing technique. They observed that the 
maximum efficiency in terms of flow parameters can be 
achieved using a parallel three-stage gerotor pump. Kwak and 
Kim [11] selected a gerotor design characterized by a higher 
flow rate compared to existing gerotor pumps. They optimized 
the port shape of the gerotor pump using CFD analysis, con-
sidering ten design parameters, with the primary goal of reduc-
ing irregularities. Based on the CFD analysis results, they de-
veloped an oil pump that incorporates the optimal gerotor de-
sign along with the newly improved port shape. This develop-
ment successfully achieved a substantial reduction in irregulari-
ties while maintaining a high flow rate. 

The gerotor pump system consists of a rotor, suction and 
delivery ports, and pipe sections. Kim et al. [12] performed an 
experimental and numerical study to analyze the effect of relief 
grooves at the surface of the port on pressure oscillations at 
the pump’s outlet. They discovered that installing the relief 
grooves at the inlet port results in fluid leakage between the 
ports. In contrast, by installing the relief grooves on the outlet 
port not only reduces the pressure fluctuation but also provides 
better fluid delivery performance under different operational 
conditions. Abbas and Kumar [13] studied the two dimensional 
deformation in half space voids which are thermoelastic and 
are initially stressed. Marin et al. [14] proposed a new model 
which can be used to study the components of stress in fluid 
and solid phases particularly for porothermoelastic media. 
Kumar and Manonmani [15] performed CFD simulations on 
gerotor pumps to investigate the effects of various parameters 
such as fluid viscosity, number of ports, and rotor speed on the 
volumetric flow rate of the pump. The addition of ports on the 
cover plate has been demonstrated to result in an increase in 
flow rate and a decrease in pressure oscillation. Sung et al. 
[16] designed relief grooves on the port plate in order to reduce 
pressure fluctuations. They quantified the opening areas for 
configurations with and without relief grooves between the port 
plate and the chamber. They performed an experimental and 
numerical study to observe the effect of relief grooves on pres-
sure fluctuations. The findings demonstrated that relief grooves 
proved highly effective in reducing and stabilizing pressure 
fluctuations both at the pump outlet and within the chamber. 

The objective of this study was to reduce the gerotor pump’s 
delivery pressure oscillations, which would result in decreased 
vibration and noise levels. In order to validate the current nu-
merical model, the numerical results were compared with the 

published experimental data. The impact of outlet pipe volume 
variation on pressure oscillations was analyzed using the cur-
rent numerical model. The pipe volume was varied by chang-
ing the length and diameter of the pipe. 

 
2. Numerical methodology  

The design parameters for the rotor of a gerotor pump are 
illustrated in Table. 1. ANSYS FLUENT 17 [17] was used to 
perform numerical simulations in current study. The domain is 
split into five zones: inlet pipe, inlet port, rotor, outlet pipe, and 
outlet port as illustrated in Fig. 1. 

The mesh in each zone is generated individually and then 
connected. The interfaces developed at the top surface of rotor 
and bottom surface of port are merged together. The interface 
boundary condition is used at the newly generated surface so 
that the fluid flow can occur from rotor into port area. 

Fig. 2 presents the grid independent study for rotor and 
port/pipe region of the gerotor pump. It is showing that when a 
small number of elements are being used either in rotor or 
port/pipe region, the calculated pressure is a small value. 
When the grid points are increased in both regions, the calcu-
lated pressure approaches a saturated value. Therefore, a final 
mesh size of approximately 650000 elements was selected for 
the pipe and port section and approximately 300000 elements 
for the rotor section. The grid in both the regions is of very qual-
ity with maximum aspect ratio of 5 in some regions. 

In the current study, quadrilateral mesh elements were em-
ployed in rotor while triangular elements were used in port and 
pipe section of gerotor pump. The flow characteristics of a gero-
tor pump were modeled using unsteady simulations. For com-

 
Table 1. Design parameters of rotor. 
 

Parameter Value 

Rotor gear profile Megafluid 

Inner gear teeth 7 
Outer gear teeth 8 

Rotational speed 2000 rpm 

Mass flow rate 14.4 L/min 

 

 (a) (b) 
 
Fig. 1. Grid used in the current study: (a) port and pipe mesh; (b) rotor 
mesh. 
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plete rotation of rotor (360 degree) with 2000 rpm, the required 
time (in seconds) was 2000/60, which will lead us to find time 
step required for one-degree rotation of rotor as follows, 

 
60  

2000 *360
time step = . (1) 

 
At the domain’s inlet, 10 % of the turbulence intensity is initi-

ated using the k-ε turbulence model. The PISO scheme is em-
ployed to accomplish pressure-velocity coupling. The least 
square cell-based scheme, PRESTO scheme, and first-order 
upwind scheme are employed to discretize the gradient, pres-
sure, and momentum equations. A first-order implicit scheme is 
employed for temporal discretization. The pressure at inlet is 
taken as 0 bar, as the gerotor pump is providing lubricant from 
reservoir where the pressure is at atmospheric conditions. In 
current study, it is assumed that the pump will create the pres-
sure difference of 6 bar and hence 6 bar pressure is applied at 
outlet. The smoothing and remeshing details of dynamic mesh 
are provided in the form of a user-defined function (UDF). 

The general form of governing equation for a moving bound-
ary can be expressed by Eq. (2), 

 

 ( )g
d dv u u dA dA S dV
dt φρφ ρφ φ+ − = Γ∇ +∫ ∫ ∫ ∫   (2) 

 
where ρ is the fluid density,  u is the flow velocity vector, gu  
is the grid velocity of the moving mesh, Γ is the diffusion coeffi-
cient, and Sφ  is the source term of φ . 

 
3. Results and discussion 

Zhang et al. [18] conducted experimental and numerical 
study for gerotor pump speeds between 500 and 6000 rpm. 
They observed that the numerical results for the gerotor 
pump’s discharge rate demonstrated good agreement with the 
experimental data. The numerical model employed in current 
study was used to simulate the zhang model and the results 
are compared. 

The method used in current study is to develop two separate 
zones. One is the port and pipe region in which unstructured 
grid is employed. The second is the rotor zone in which a struc-
tured grid is used. The advantage of using this method is that it 
has much fewer grid points in the rotor region, which results in 
a decrease of computational cost without compromising results 
accuracy. As depicted in Fig. 3, the current numerical model 
also demonstrates good agreement with the experimental re-
sults of Zhang et al. Fig. 4 depicts the volumetric flow rate for 

 
(a) Rotor case 

 

 
(b) Port and pipe case 

 
Fig. 2. Results of the grid dependency calculation. 

 

 
 
Fig. 3. Comparison of current numerical results with Zhang et al.’s experi-
mental data. 

 

 
 
Fig. 4. Variation of flowrate with rotor speed for one cycle of rotation. 
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one complete rotation cycle of the gerotor at different pump 
speeds. It can be observed that the amplitude of the flowrate 
waves increases with increasing revolution speed. This can be 
because at higher revolutions, the flow rate is high, resulting in 
an increased dynamic pressure variation. In contrast, at low 
pump speeds (1000 rpm), the amplitude of flowrate is quite 
small due to the low flow rate of the gerotor pump. 

The objective of this study is to analyze the effect of outlet 
pipe volume variation on the delivery pressure oscillation of the 
gerotor pump. The pipe volume is varied by changing the 
length and diameter of the outlet pipe. The pressure data is 
collected at several points in the delivery port and pipe as de-
picted in Fig. 5(a). Fig. 5(b) depicts the pipe diameter variations 
analyzed in the current study. The pipe diameter is increased 
from 11 mm to 14 mm, with 1 mm increment in each case. 

Figs. 6(a) and (b) depict the distribution of instantaneous 
pressure in the port and pipe, respectively, for one complete 
rotation cycle of the rotor. It can be observed that as the diame-
ter of the delivery pipe increases, the pressure oscillation de-
creases. The results of all diameter variation cases are sum-
marized in Table 2. The average pressure in the port and pipe 
is approximately 6 bar, which is equal to the actual delivery 
pressure requirement. The maximum and minimum values in 
Table 2 correspond to the maximum and minimum pressure 
values during one complete rotation cycle of the rotor. The 
pressure fluctuation is the difference between the maximum 
and minimum pressure values during one complete cycle. It 
can be observed from Table 2 that by increasing the delivery 
pipe diameter from 11 mm to 14 mm, the pressure oscillation in 
the port area is reduced by approximately 22 % and in the 
outlet pipe region by approximately 16 %. 

As depicted in Fig. 7, the length of the delivery pipe is in-
creased by 20 %, and the effect of length increment on delivery 
pressure oscillation is observed. The pressure contours in the 
rotor and port and pipe sections are depicted in Fig. 9.  

(a) 
 

(b) 
 
Fig. 5. Diameter variation and data collection points. 

 

Table 2. Result summary for all diameter variation cases. 
 

(Units: bar) Average Max Min Pressure
fluctuation

Port 6.060 6.739 5.810 0.929 1st model 
(11 mm) Pipe 6.018 6.262 5.930 0.332 

Port 6.042 6.617 5.847 0.770 2nd model 
(12 mm) Pipe 6.009 6.216 5.942 0.277 

Port 6.030 6.602 5.853 0.749 3rd model 
(13 mm) Pipe 6.008 6.220 5.943 0.274 

Port 6.028 6.573 5.858 0.715 4th model 
(14 mm) Pipe 6.009 6.218 5.945 0.273 

 

 
(a) 

 

 
(b) 

 
Fig. 6. Pressure oscillation for all diameter cases: (a) port; (b) pipe. 

 

 
 
Fig. 7. Geometry of the gerotor pump with extended pipe length. 
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The instantaneous pressure distribution for one complete ro-
tation cycle of the rotor for both the original and extended 
length models is depicted in Fig. 8. It can be observed that the 
peak pressure values for the extended pipe are lower com-
pared to the original model. The increased volume either in 
port or pipe region acts as a pressure release valve and hence 
results in a decrease in pressure fluctuation caused by rotor 
motion. This can be seen in the graphs of Fig. 8 that the pres-
sure fluctuation for increased volume case is much less as 
compared to the original case.  

Table 3 illustrates the average, maximum, and minimum 
pressure values for the extended and original pipe length cas-
es. The average pressure in the port and pipe region is 6 bar. 
The pressure oscillation is reduced by 0.138 bar, which is ap-
proximately 15 % reduction in the port region, and by 0.066 bar, 
which is approximately 20 % reduction in pipe region. 

Table 4 summarizes the results of pressure oscillation for all 
the cases investigated in this study. It is evident that increasing 
the pipe diameter to 14 mm is the most effective case for re-
ducing pressure oscillation in the port region. In contrast, in-
creasing the pipe length yields the best results for reducing 
pressure oscillation in the pipe region. 

 
4. Conclusions 

Gerotor pumps are internal-rotary, positive displacement 
pumps commonly employed for engine lubrication due to their 
high volumetric efficiency. During the operation of a gerotor 
pump, high pressure oscillations occur, resulting in high noise 
and vibration in the pump’s components. The objective of the 
current study is was to reduce the pressure oscillations in the 
gerotor pump. In this study, the volume of the delivery pipe was 
increased by extending the length and diameter of the pipe. 
The effect of volume increment on pressure oscillations at the 
outlet port was analyzed. It is observed that increasing the pipe 
diameter reduces pressure oscillations in the outlet port by 
22 %, while increasing the pipe length reduces pressure oscil-
lations in the delivery pipe by 18 %. 

Table 3. Result summary for extended delivery pipe length cases. 
 

(Units: bar) Average Max  
pressure 

Min  
pressure 

Pressure 
fluctuation

Port 6.060 6.739 5.810 0.929 
1st model 

Pipe 6.020 6.262 5.930 0.332 
Port 6.043 6.647 5.856 0.791 

2nd model 
Pipe 6.009 6.212 5.946 0.266 

 
 

 
(a) 

 

 
(b) 

 
Fig. 8. Pressure contours: (a) rotor; (b) port and pipe. 

 

Table 4. Result summary for extended delivery pipe length cases. 
 

Design variation Monitor 
Pressure  
fluctuation  

(bar) 

Change in 
pressure  

fluctuation (%)

Port 0.929 - 
1st model

Pipe 0.332 - 

Port 0.770 16 % 
2nd model

Pipe 0.274 16 % 
Port 0.749 18 % 

3rd model
Pipe 0.277 15 % 

Port 0.715 22 % 

Diameter 

4th model
Pipe 0.273 16 % 

Port 0.791 13 % 
Length 2nd model

Pipe 0.266 18 % 

 

 
 (a) (b) 
 
Fig. 9. Comparison of pressure oscillations in extended pipe length cases:
(a) port; (b) pipe. 
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Nomenclature------------------------------------------------------------------ 

P  : Pressure  
rpm  : Revolutions per minute 
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