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Abstract. Hydrodynamic coupling is one of the important components in the vehicle transmission
system, in which, the power of engine is transmitted through the circular flow of the hydro oil. The
three dimensional fluid model was built, and the dynamic flow in the hydrodynamic coupling was
calculated with calculation fluid dynamics software. The numerical results and graphs turn out that
the pressure increases rapidly with the distance from the coupling axis, but pressure has only a
small change in direction of parallel to the coupling axis.

Introduction

The hydrodynamic coupling is widely used in the field of vehicle, tractor, scraper and excavator.
The hydrodynamic coupling is a component transferring energy with the kinetic energy of fluid,
which provides flexible connection between driving shaft and driven shaft, and transfer the torque
from the driving shaft to the driven shaft by the kinetic energy of the fluid. In the application of
vehicle hydrodynamic coupling, the pump wheel is connected with the fly wheel, and the turbine
wheel is connected with the input shaft of the transmission. The fluid circularly flows in the pump
and turbine wheel, thus delivers the torque from the engine to the transmission.

There has been a lot of research about the internal flow of hydraulic element with CFD method,
but not much in the three dimensional numerical simulation in the hydrodynamic coupling. In 1997,
L. Bai et al. calculated the flow field of the hydrodynamic coupling under the rotational coordinates
with the X —<¢model and FVM, achieved the how vortex affects the performance of hydrodynamic
coupling. Charles. N. McKinnon analyzed the both forward and reverse condition of the turbine
wheel, achieved the energy loss and the property parameters. H. Huitenga and N. K. Mitra found
that the changing in the geometry have great influence in the starting characteristic of
hydrodynamic coupling.

Control equation

Here, fluid flows with viscosity in the coupling incompressible. The basic control equations are
of continuity equation and the N-S equation.
Equation of continuity:

divu=0 )
The N-S equation:
Du
—=pf-Vp+uV® 2
pop=PT-VP+uvi (2)

In the equation: u represents speed vector; f represents volume force per unit mass; P represents
pressure; u represents dynamic viscosity;

V is the Gradient operator, v:(ﬂ,i,i);
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v, is the Laplace operator, v2 =
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The effect of turbulence is taken into consideration, based on the equation of continuity and the
N-S equation, close the equation set with x—¢& model.

K —& equations:
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In the equation: G represents turbulent Kinetic energy cause by speed gradient of laminar flow,
Gy represents turbulent kinetic energy caused by buoyance, ¢ ,c,,c, are constant, - ,o, are the

turbulence Prandtl number of k and & equation.

CFD modeling

The 3D model of the coupling is built as shown in Fig.1(a) to get the detailed data in the flow field
of the coupling. The wheels of the pump and turbine are the same. The wheel radius is 380mm,
number of blade is 12.

(a) wheel model (b)flow field (c)grid
Fig.1: Model

In the starting period, both wheels are not working synchronously, so the calculating area is not
symmetrical, the whole working chamber is taking into calculating. The calculating area is shown in
Fig.1(b). Meshing the model with tetrahedron, the final mesh model is shown in Fig.1(c), number of
element is 79884.

Before the calculating, some simplification and assumption are essential:

1)  The density and viscosity of the working fluid are constant during the working time,
considering the working fluid as incompressible and viscous. The density is 889.1kg/m° the
viscosity is 0.00129Pas.

2)  The working chamber is full of working fluid, the pump wheel rotates at constant speed,
and the whole system is under well cooling.

3)  Generally, the fluid of cooling is less than 0.2%, the fluid loss in the working chamber is
little enough to be ignored.

In the calculating, FVM is used to solve the conservative N-S equation, SIMPLE algorithm is
used to solve the speed-pressure coupling, consider the turbulent model as standard X —¢.

The internal flow is transient, so the total chamber is divided into two zones, using the sliding
grid theory to handle the interface of the two zones.

The pump zone is considered rotating at constant speed of 1800rpm, using 6DOF UDF to define
the turbine zone, set the mass, center of mass, rotational inertia of the turbine wheel, just allow the
DOF of rotation on Z.

Analysis of the flow field

To get better observation of the internal flow, the sections are selected as below. The two faces
shown in Fig.2 are individually belong to each zone, and the face shown in Fig.3 is the section of a
circle.
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Fig.2: sectionl

Fig.3: Section2

Extracting the pressure distribution of sectionl at 0.001s and 0.1s, the result is shown in Fig.4, in
which the figure face on the right side belongs to the pump zone, and face on the left side belongs to
the turbine zone.
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Fig.4: Pressure distribution on 0.01s
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Fig.5: Pressure distribution on 0.1s

As shown in Fig.4, with the rotating of the pump wheel, the pressure in the pump zone rises then,
fluid with high pressure flows to the turbine zone, impacts the turbine wheel, and drives the turbine
wheel to rotate. With time growing, the pressure in the each zone tends to be stable, and the speed
of turbine wheel gets closer to the pump wheel. After 0.1s, the fluid flows is mainly stable, the
turbine wheel rotates with the same speed as the pump wheel.
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Fig.6: Result of pressure distribution in section 2
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Fig.7: Path lines in section 2

Fig.6 shows the pressure distribution in a single circle. The fluid far away from the rotation axis
gets higher pressure due to the centrifugal acceleration.
Fig.7 is the picture shows the track of the fluid in the single circle, it shows the fluid flow in the

circle circularly.
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Fig.8:Pressure distribution on curves in the radial direction
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Fig.9: Pressure distribution on curves in the axial direction

Fig.8 shows the pressure change in the radial direction, in witch, the pressure increases from 0.0
to 0.42MPa with the distance from the coupling axis 50 to 200mm. Fig.9 shows the pressure
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changes in the axial direction in the different circles, in witch, the curves from the top to the bottom
represent separately to the places with a distance of 150mm, 80mm, and 60mm from the
hydrodynamic coupling axis. The pressure on direction parallel to the axis is almost stable.

Summary

In this paper, the three dimensional dynamic flow in the hydrodynamic coupling is studied. The
pressure distribution of the internal flow is investigated by the numerical calculation which reflects
the basic characteristic of the internal flow in the hydrodynamic coupling. The numerical results
and graphs turn out that the pressure increases rapidly with the distance from the coupling axis, but
pressure has only a small change in direction of parallel to the coupling axis. The research founds
the base for further analysis on the hydrodynamic coupling and understanding of the internal flow.
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