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Abstract

Oil pump in diesel engine has significant effect on energy consumption and environment pollution. In this
paper, the modeling and simulation of a gear oil pump used in a diesel engine and its fluid flow analysis by
a solver has been explained. Also the optimization and redesign of it has been discussed and then the
outcomes have been compared with the experimental and previous results. The type of this oil pump is
external gear pump with involute tooth profile, so we need to use the gears with the minimum number of
tooth to optimize the pump performance and getting the optimum displacement volume rate of it. While the
engaged gears of the pump rotating together, the intersection between them changes in time. So their
boundaries should be considered as movable. The strategy used here consist in using dynamic meshes,
dividing a tooth rotating cycle into a certain number of time steps and investigating the flow and getting the

results for each time steps.
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1. Introduction

When we talk about the hydraulic systems, at least
an oil pump for supplying the required oil pressure
and displacement volume is needed. Also we need an
oil pump for supplying the lubrication of the parts
which are in contact to each other with very high
speeds in the vehicles. Among all types of the pumps
which are in use in hydraulic industries, external gear
oil pumps are the most common type because of its
simple structure, well made, economy and the ability
in supplying high oil pressures and displacement
volumes. It is essential to use a high ability
lubrication system in order to have safe performance
of a diesel engine under heavy circumstance. So for
optimization of such pumps, the process of numerical
simulation and the analysis of flow in them seem very
necessary and useful [1].

It is used a special algorithm and method for
simulating an external gear pump with 11 teeth. The
strategy used there consist in dividing a cycle in to a
certain number of time steps, obtaining different
computational meshes for each these time steps and
coupling between two consecutive time steps by
interpolating the flow unknowns in them [2]. Also in
the study, have been shown that there is a small
difference between the simulation of the pump as 2D
and 3D by comparison of their analysis results and in

fact the flow of the pumps is as 2D. K. Nagamura et
al. have developed a method for calculating the exact
displacement volume rate of the pump with the
various type of gear profile among involute tooth
profile and the relations have been presented in it [3].
It is presented some relations for calculating the
displacement volume rate of the pump too [4]. A
fictitious domain method presented to solve a lobe
pump, which exhibits the same geometrical difficulty
as the gear pump we have in hands. In the fictitious
domain method, the positions of the lobes are
identified by turning on and turning off the elements
that are in the fluid and inside the lobes, respectively,
at each time step. The boundary condition on the lobe
boundaries are imposed in a weak way by introducing
a Lagrange multiplier [5]. Riemslagh K et al. used an
Arbitrary Lagrangian Eulerian (ALE) method.
Similarly, Hughes TJ. et al. [7] and Huerta A. et al.
[8] used to follow the rotation of the gears of a lobe
and a gear pumps. However, the automatic re
meshing technique they adopt does not enable a
perfect control on the mesh, which can be un
circumvent able if one wants to accurately solve the
gap and the intersection of the gears. Also some
works and papers has been used for editing the study
which has been noted in references.

2. structure of the external gear pump
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The external gear pumps are categorized in
positive displacement pumps and are belong to rotary
pumps. In these pumps, two gears which are engaged
to each other are surrounded in housing.

In general, the gears could be built in two
curvature profile type named Involute and Cycloid
profile or combination of them. But while the gears
with the Involute tooth profile are produced easily
and the technology is used for producing the types of
power train gears, so the profile usually is used in
external gear pumps. If we assume that all the fluid
trapped between the teeth is delivered to out port (no
leakage), the volume flow rate Q ( /s) provided
by the pump is directly proportional to the velocity of
rotation (rad/s) of the gears. The constant of
proportionally is called the volumetric constant and is
referredtoas  ( /rad) as follow:

The number of gear teeth should be low enough in
order to the suitable volume rate in the gear pumps,
thus for supplying a smooth and low noise
performance, a modified addendum system with an
involute profile must be used in them. In fact most of
the producers use the gears with 7 to 12 teeth at each
gear in the external gear pumps. The main pump
which first had been used in the engine has the two
same gears with 7 teeth and module of 4.5. The speed
rotation of the gears is about 1100 rpm which is half
value of the motor.

One of the main goals of this work consists in
estimating the pressure distribution and its counters
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within the suction side to investigation cavitation.
Cavitation is mainly due to vaporization of the oil or
the pressure of air in it. Vaporization occurs when the
pressure is too low or the temperature is too high.
Low pressure can occur for two main reasons. The
first reason is an insufficient inlet pressure (in our
case the atmospheric pressure if the tank is at the
same level). If this is the case, the depression needed
to suck in the fluid and overcome the pressure losses
from the tank can be propitious to the onset of
vaporization. The second reason could be presence of
a highly swirling flow, which characteristic high
velocities are accompanied. Cavitation affects the
pumping capability of the pump as the gear cavities
are not filled completely with oil. In fact, the scenario
iS worse, as once cavitation has occurred, a
subsequent increase of pressure provokes the
collapses of the wvapor bubbles. The resulting
compression waves contribute to the erosion of the
structure and generation of high level noise. It should
be noted that the phenomenon seldom occurred in the
pumps because of a low saturated pressure of the oil
except in the cases of very high drop pressures.
Therefore the main goal of the study is to investigate
of the main pump geometry and the improvement of
efficiency. In fact in this study, the fluid displacement
capability (volume flow rate) has been increased by
decreasing the gear teeth number from 7 to 6 and
increasing the space between the teeth and casing and
the flow within the pump has been analyzed by
simulating it. The diagram of the modified pump has
been shown in figure (2).

ATMOSPHERIC PRESSURE

Figl.Schematic diagram of main external gear pump with 7 teeth [1]
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Fig2.Schematic diagram of modified external gear pumg¢gh) (only half pump)

Fig3.Schematic diagram of an external gear pump arfteigsspaces as 2D [4]

2
. ] Where F is the tooth space volume, is the
3. Calculation method for displacement volume minimum value of the clearance volume and z us the

) ) _ number of teeth. For the involute tooth, the
Figure (3) shows a schematic diagram of andisplacement volume of the external gear pump has

external gear pump as 2D. In the case of the ealtern peen calculated using the following equation, which
gear pump, the fluid in the suction side is dekkto  \was developed by Ichikawa [22]:

the discharge side through the space between #re ge Loy |
housing and the tooth space clearance with the gear : :
rotation. However the clearance volume returndiéo t — $o4 ' )

suction side from the discharge side through the \yuare b is the face width, m is the module, X is

:jneslhlng point cl)f the gear pair. 'Il'h(_erefore_, thethe addendum maodification coefficient, y is theteen
ISp acen&ent ;/(1) yme per one revolution,, IS gistance modification coefficient and is the cutter
expressed as [21]: pressure angle. However, equation (3) is not very
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