
INTRODUCTION
Gerotor style pumps have been studied and modeled extensively in 
the past. Several authors have written about modeling gerotor 
pumps in 1D. For example, Neyrat et al [1] discussed modeling a 
transmission gerotor pump with AMESim 1D flow simulation 
software and predicting the onset of cavitation, as well as predicting 
fluid borne noise. Fabiani et al [2] developed a kinematic 
relationship for the gear set to calculate volume vs. rotation angle, 
and also used AMESim 1D software to validate this approach. 
Inaguma [3] came up with a mathematical model for calculating 
friction torque in a gerotor pump, though it is unclear if the model 
can be extended to general use. Montero and Codina utilized a bond 
graph approach to modeling the gerotor pump performance and 
pressure ripple [4-5] and also developed a detailed leakage model 
considering various leakage paths in the pump [6]. Frosina et al [7] 
developed a gerotor pump model with AMESim which correlated 
well to experimental pressure pulsations and also incorporated an 
oil system downstream of the pump to predict pulsations throughout 
the system. Ruvalcaba and Hu [8] looked at the influence of 
tip-to-tip clearance variation on volumetric efficiency and compared 
3D CFD predictions in ANSYS FLUENT with experimental data, 
though the authors do not offer a general rule of volumetric 
efficiency or leakage flow as a function of clearance.

To the author's knowledge, no work has been presented discussing 
how to model predictively the leakage in a 1D flow model based on 
known experimental clearance tolerances, or use fundamental friction 
relations to calculate total power consumption of the pump based on 
known clearances. These topics will be the focus of this paper.

MODELING GEROTOR PUMPS IN 1D
SHW is a German company that produces pumps for passenger 
vehicles and Truck and Off-Highway applications. A schematic of the 
SHW gerotor pump that will be examined in this paper is shown in 
Figure 1. The inner gear is the drive gear which is driven from a 
shaft, and the outer gear is the driven gear. In a gerotor the inner gear 
has one less tooth than the outer gear so the outer gear rotates slower 
than the inner gear by the ratio of inner gear teeth / outer gear teeth. 
Figure 5 shows a typical 1D flow network representation of the 
gerotor pump shown in Figure 1. Since it takes the outer gear one 
revolution to complete the full gerotor pumping cycle, the number of 
pumping chambers is equal to the number of teeth on the outer gear. 
The volume of these chambers change as the pump rotates and they 
are also communicating with an inlet volume and outlet volume 
through port area profiles. Figure 1 only shows one volume for each 
inlet and outlet side for simplicity, but gerotor pumps often have inlet 
and outlet ports on both sides of the gears.
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Figure 1. Schematic of an SHW gerotor pump.

In the 1D flow model using GT-SUITE simulation software, the 
pump flow system is discretized into many volumes comprised of 
pipes and flowsplits (volumes), and pipe passages are further 
discretized into subvolumes. The 1D Navier-Stokes equations, 
namely conservation of mass, momentum and energy are solved 
every timestep in every subvolume. Conservation of species is also 
considered to solve for species transport throughout the system. This 
is very important in a gerotor as pump performance can be 
significantly affected by aeration content or cavitation. In Figure 2, 
the 1D staggered grid approach used by the solver is shown, where 
scalar quantities like pressure, internal energy, temperature, density, 
etc. are solved at the center of each subvolume, and scalar quantities 
like mass flow rate, velocity, species flow rate, etc. are solved at the 
boundary between subvolumes.

Figure 2. Staggered grid solution utilized in GT-SUITE for solving Navier-
Stokes equations and species transport in 1D.

At each timestep the Navier-Stokes equations are applied to each 
subvolume and boundary in the grid, though the order in which the 
subvolumes are solved is not important. The solver makes no 
assumption about the transient evolution of the species content in a 
particular subvolume, rather it solves for the transient mass fraction 
of each species in each subvolume. A fluid mixture is considered 
homogeneously mixed within a given subvolume, and consequently 
flow from one subvolume into another will be based on the species 
mass fractions in the upstream subvolume. In terms of cavitation, if 
the pressure in any subvolume falls below the vapor pressure of a 
given liquid at a given temperature, the solver will iterate to calculate 
the amount of liquid that has cavitated. This cavitating vapor can then 
be transported throughout the system.

The model has 30 total flow volumes, 13 of which are pipe 
subvolumes. The average timestep is 1.4e-6 seconds. Most cases 
converge in 4 to 5 pump cycles, requiring less than 1 minute of real 
time to run on a modern PC.

Gerotor Pump Model Building Process
Building gerotor pump models can be time consuming, as a complete 
model requires the following critical information: 

1.	 Discretizing the entire flow path into subvolumes 
2.	 The volume and each port area profile must be defined 
3.	 All dominant leakage paths must be considered

The pre-processing tool called GEM3D in GT-SUITE enables an easy 
model building process for gerotor pumps as a CAD model of the 
gerotor pump can be imported into GEM3D and by pointing to the 
inner gear, outer gear, and inlet/outlet port shapes, the 1D model will 
be built automatically for the user. This allows the user to spend little 
time building the model and more time analyzing the model.

After the 1D model is built, the user will need to define boundary 
conditions in the flow system, such as initial pressure and fluid 
properties, as well as the aeration level in the working fluid. The 
pump speed should also be defined and depending on the type of 
analysis, a transient profile of the pump speed can be defined but it 
can also be set to a constant speed for steady state analysis. Figure 3 
shows the process of importing the CAD model of the pump into 
GEM3D, discretizing the flow volumes, and then generating the 1D 
flow model. Included in the flow model are the automatically 
generated volume and area profiles as shown in Figure 4.

Figure 3. Process of importing CAD model into the GEM3D pre-processor 
and generating the 1D flow model.

Figure 4. Volume and port area profiles of the SHW pump generated using GEM3D.
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Model Setup
A schematic of the model of the SHW transmission oil pump is 
shown in Figure 5. Since the SHW pump has 9 outer teeth, there are 9 
chamber volumes, and one cycle of the pump is represented as one 
revolution of the outer gear. The flow path from the oil pan to the 
chamber volumes is highlighted in blue, while the flow path from the 
chambers to the outlet is highlighted in red. The leakage path between 
chambers is highlighted in green. The "OilPan" part on the map 
represents the ambient condition in the oil pan from the test. The 
changing volume in each "Vol1", Vol2", etc… part pulls the oil from 
the pan into each chamber as its volume expands. Then when the 
volume in each chamber compresses, the oil is forced to the outlet 
side of the pump. The "OutletRestrict" part uses a calibrated orifice 
diameter to meet the test target pressure of either 2 or 10 bar-gauge. 
The internal leakage between each chamber is modeled with parts 
"gap1", "gap2", etc… and the details of this internal leakage is 
described below.

Figure 5. Model map showing all flow paths in the 1D flow model.

Modeling Internal Leakage
Classically speaking, 1D flow models can be used to calibrate the 
internal leakage to correlate to experimental volumetric efficiency of a 
gerotor pump by assuming either an orifice equation type of restriction 
as shown in Equation (1), which does not take viscous effects into 
account, or using a Poiseuille flow relation in a rectangular duct to 
characterize the leakage as shown in Equation (2), which requires a 

characteristic passage length that is not easy to characterize and is often 
simply tuned. Furthermore the Reynolds Number through the gap may 
be large enough to invalidate Poiseuille flow.

(1)

(2)

The issue with these models is that they do not easily lend themselves 
to predict the leakage in a robust manner based on the physical 
clearances between pumping chambers and oil properties. Since the 
clearance gap between the pumping chambers, CIGOG, is known from 
test measurement, the model will take advantage of this input to the 
leakage model. The orifice solution in this model can be considered a 
hybrid form of Equation (1) and (2) by considering both inertia 
effects at high Reynolds number and viscous effects at low Reynolds 
number. The orifice model uses momentum conservation balancing 
forces on both sides of the orifice. Assuming the flow is steady, 
laminar, incompressible, with discharge coefficient equal to 1, and 
neglecting pressure recovery which is an ok assumption when the 
orifice area is much smaller than the downstream volume, the leakage 
flow reduces to the following equation:

(3)

where the cross-sectional area of the leakage path, A, friction factor, 
Cf, and surface area, As, are defined below:

(4)

(5)

(6)

Note the friction factor uses 24 instead of the traditional 16 for 
laminar flow. This is due to the friction factor of a thin rectangular 
duct being 50% higher than a circular duct [9]. Also note that 
assuming the clearance gap of the rectangular duct is much smaller 
than its width, then if the friction term is much larger than the inertia 
term in Equation (3), the equation reduces to Equation (2) for 
Poiseuille flow. Conversely, if the Reynolds number is sufficiently 
high, then Equation (3) reduces to Equation (1) for orifice flow.

The length of the rectangular leakage, L, was calibrated to best match 
the test data, and was found to be a function only of the clearance gap 
between the inner and outer gear, using the following relation:
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