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Abstract. Conventional method of performing an EHL analysis on a bearing involves development of com-
plex codes and simplification of actual physical model. This paper presents a methodology to model and sim-
ulate the Overall Elasto-Hydrodynamic Lubrication of a full journal bearing using the sequential application
of Computational Fluid Dynamics (CFD) and Computational Structural Dynamics (CSD). Here, the coupled
field analysis uses the capabilities of commercially available Finite Element Software ANSYS/FLOTRAN
incorporating the technique of Fluid Structure Interaction (FSI). The pressure field for a full journal bear-
ing operating under laminar flow regime with various L/D ratios is obtained by CFD. Stress distribution and
deformation in the bearing liner due to resulting pressure force is evaluated using FEM, satisfying the bound-
ary conditions. The stress distribution indicates the critical points in the bearing structure. The results show
reasonable agreement in general.
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1 Introduction

Journal bearings have the longest history of scientific study of any class of fluid film bearings. In a fluid
film bearing, the pressure in the oil film satisfies the Reynolds equation which intern is a function of film
thickness. Structural distortion of the housing and the development of hydrodynamic pressure in a full jour-
nal bearing are strongly coupled thus require a combined solution. Traditional method of lubrication analysis
proposed by researchers like Reddil®, Wadal® 191, Huebner! and Allaire!!! involves the development of com-
plicated numerical calculation programs as well as the simplification of the actual physical model. However,
other researchers as Tucker!!?!, Chenl®! and Brajdic-Mitidieri*! applied the CFD codes to make the analysis
effective when complex flow geometries are involved or when solutions that are more detailed are needed.
Hirano!”- ! carried out a study to simulate the pressure field and calculate the performance characteristics
of bearings and seals. Based on the multi-physics approach, Praveen?! recently analyzed EHL in partial arc
bearings.

This paper presents a methodology to model and simulate the Overall Elasto-Hydrodynamic Lubrica-
tion of a full journal bearing using the sequential application of Computational Fluid Dynamics (CFD) and
Computational Structural Dynamics (CSD).

2 Theory

2.1 Fluid structure interaction
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In fluid-structure interaction (technically fluid-solid), fluid flow exerts pressure on a solid structure caus-
ing it to deform such that it alters the initial fluid flow. Fluid Structure Interaction occurs in physics simulation
wherever the problem involves the flow of fluid causing the deformation of a solid structure. The deforma-
tion of a solid structure; in turn, changes the boundary condition of the fluid problem. A general FSI solver
algorithm consists of the time stagger and the field loop. Blending all of the separate physics fields into one
multi-physics analysis is to be performed automatically by the solver. Physics fields “interact” with one an-
other through surface or volumetric interfaces, and field coupling is achieved by mapping loads from one field
mesh to another. Moreover, the convergence criterions are to be monitored at the interfaces where the loads
are transferred.

The interaction of the fluid and the structure at the mesh interface causes the pressure to exert a force
applied to the structure and the structural motions produce an effective “fluid load”. The governing finite
element equations are given as:

[Ms] {U} + [Ks] {U} = [Fs] + [R] {P} . (1
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Where, [M 5] is the structural mass matrix; [M | is the fluid mass matrix; [F's] and [F'¢] is the structural and

fluid force matrix; [R] is a coupling matrix that represents the effective surface area associated with each node
in fluid structure interface.

The coupling matrix also takes into account the direction of the normal vector defined for each pair of
coincident fluid and structural element faces comprises the interface surface. The positive direction of the
normal vector, as the ANSYS program uses it, is defined to be outward from the fluid mesh and is towards
the structure. Both the structural and fluid quantities that are produced at the fluid structure interface are
functions of the unknown degree of freedom. Placing these unknown load quantities on the left hand side of

the equations. The above equation implies that nodes on a fluid structure interface have both displacement and
pressure degree of freedom.

2.2 Mapping

In order to transfer loads across a dissimilar mesh interface, the nodes of one mesh must be mapped to
the local coordinates of an element in the other mesh. The Multi Field Solver solution algorithm must perform
two mappings for every surface to surface and volume to volume interface. In the fluid film analysis, fluid
nodes must be mapped to the solid elements to transfer displacements. Likewise, solid nodes must be mapped
to the fluid elements to transfer stresses.
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Fig. 1. Fluid Solid Interaction load transfer Fig. 2. Boundary conditions
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2.3 Mesh updating

Many a time coupled-field analysis involving a fluid domain and a structural domain yields significant
structural deflections. In this case, to obtain an overall converged coupled-field solution it is often necessary
to update the finite element mesh in the non-structural region to coincide with the structural deflection and
recursively cycle between the field solution and structural solution. Mesh Morphing Technique is used to move
nodes and elements of the “field” mesh to coincide with the deformed structural mesh.

Software involved in the analysis of FSI should provide a strong coupling between CFD and CSD. During
every computational step, the fluid flow field and the structure evolve as a coupled system. ANSYS program
can perform multi-physics analyses with a single ANSYS database. A single set of nodes and elements will
exist for the entire model. Representation of these elements changes from one physics analysis to another,
based on the use of the physics environment concept. Across multi-physics environments, element types must
maintain a consistent base geometry.

3 Methodology

The procedure for doing a FSI analysis of a full journal bearing consists of four main steps:

e  Setup the fluid and solid analyses;

*  Flag fluid-solid interfaces;

*  Specity the fluid-solid interaction solution options;
e Obtain and Post process the results.

3.1 Setup the fluid and solid analysis

To perform a fluid-solid interaction analysis for elasto-hydrodynamic Lubrication, first create the oil film
model and the finite element mesh for this region. Apply the appropriate boundary conditions, as shown in
Fig. 2, material properties for the fluid analysis, and select the appropriate solution options. Create the solid
model of the bearing housing and the finite element mesh for this region. Apply the appropriate boundary
conditions and material properties for the structural analysis, and select the appropriate solution options.

3.2 Flag fluid-solid interfaces

The next step is to flag film-bearing interface where load transfer takes place with a FSI number. Apply
the field-surface interface flag twice: once for the fluid side of the interface and once for the solid side of the
interface. Load transfer occurs between film and bearing interface with the same interface number.

3.3 Specify the FSI solution options

This section discusses the options that are required to specify the film-bearing interaction solution.

*  Specify basic analysis options like the solution order, the interpolation method and the method for load
transfer across the interface;

*  Maximum number of stagger iterations (depends on convergence criterion);

*  Convergence values (0.5¢e-2);

*  Specify output frequency (100);

*  Specify relaxation values (0.5).

3.4 Obtain and post process the results

The analysis is performed in ANSYS/FLOTRAN and the results are obtained. To post process FSI anal-
ysis, the database must be resumed. A Standard ANSYS macro is written according to the flow chart shown in
Fig. 3. You can review results using standard ANSY'S postprocessor commands. Simultaneous post processing
of the fluid and solid results files is not supported. Read in the fluid or the solid result file one at a time and
post process the results.
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Fig. 3. Flow chart for performing a Fluid Structural Fig. 4. Comparison of Attitude angle from the present
Interaction simulation analysis with Ref [6], for bearing with L/D = 0.5

4 Solution procedure

Standard ANSYS macro is developed to simulate the EHL of a full journal bearing (360°). Modeling
is done as per the details given in Tab. 1. Cavitation is modeled by setting all calculated negative pressure
and their gradients equal to zero throughout the iteration. The iteration is repeated until the pressure satisfies
the convergence criterion. Static performance characteristics such as load carrying capacity and shaft attitude
angle are evaluated by integrating the hydrodynamic pressure over the bearing surface.

Table 1. Details of full journal bearing

Journal radius (R;) 0.05m

Radial clearance (C) 50 um

Bearing pad thickness (¢) 0.005 m

Length to diameter ratio (L/D) | 0.5, 1.0 and 1.225
Eccentricity ratio (¢) 0.2t00.8

Youngs modulus (£) 200 Gpa

Poissons ratio () 0.3

Operating speed (V) 2000 rpm
Lubricant Density (p) 835 kg/m3
Lubricant Viscosity (1) 0.0125 N — s/m?
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Fig. 5. Pressure contour for a bear- Fig. 6. Stress Contour for a bearing Fig. 7. Deformation vector plot for
ingwithL/D =1.0,e = 0.6 withL/D = 1.0, = 0.6 a bearing with L/D = 1.0, ¢ = 0.6

WJIMS email for contribution: submit@wjms.org.uk



World Journal of Modelling and Simulation, Vol. 5 (2009) No. 4, pp. 315-320 319

-127g-01
o o
22053
352589 -EASE-0%
44108
70516 «130E-08
66159
105774 -195E-08
| 88212
141032 .260E-08
110266
176283 .325E-08
132313
211847 .3852-08
154372
246805 L454E-08
176425

282083 LE15E-08

Fig. 8. Pressure contour for a bear- Fig. 9. Stress Contour for a bearing Fig. 10. Deformation vector plot for

ing with L/D = 0.5, = 0.2 with L/D = 0.5, = 0.2 a bearing with L/D = 0.5, ¢ = 0.2
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Fig. 13. Plot of maximum displacement Vs the number of staggered iterations for various L/D ratios and ¢

5 Results and discussions

To validate the present methodology, shaft attitude angle obtained from the present analysis for different
values of L/D and ¢, as shown in Fig. 4, is compared with the illustrations of Dubios!®.

Fig. 5 shows the hydrodynamic pressure developed in the oil film for L/D = 1.0 and € = 0.6. Moreover,
Fig. 6 and Fig. 7 depicts the stress distribution and the displacement vectors in the bearing housing for L/D =
1.0 and € = 0.6, respectively. Fig. 8 ~ Fig. 10 illustrate the simulation results for a study with ¢ = 0.2 and
L/D = 0.5. From Fig. 5 ~ Fig. 7 and Fig. 8 ~ Fig. 10, it is observed that the extent of hydrodynamic pressure,
stress and the housing deformation for a bearing with L/D = 1.0 and € = 0.6 is higher than the one with
L/D=0.5ande = 0.2.
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Fig. 11 shows variation of the pressure (mid-plane) developed in the circumferential direction for bearing
with L/D = 1.0 for different values of €. Similarly, Fig. 12 illustrates the effect of various L/D on the pressure
distribution for ¢ = 0.6. From Fig. 11 and Fig. 12 it is clear that € has greater influence on the pressure than
L/D ratios. Fig. 13 compares the maximum deformation of the bearing structure with various L/D and €. From
Fig. 13 it is observed that an increase in € predominantly increases dmax.

6 Conclusions

The overall EHL analysis of full journal bearing (360°) has been conducted using the sequential ap-
plication of Computational Fluid Dynamics (CFD) and Computational Structural Dynamics (CSD). General
FSI codes makes the analysis effective where complex flow geometries are involved or when more detailed
solutions are needed. The simulation results of Elasto-hydrodynamic lubrication have a good agreement with
that of the standard lubrication solutions. These techniques has been successfully implemented in finding the
bearing surface deformation under static load and the approach can be extended in predicting the bearing
performance under dynamic loading condition. Eventually FSI analysis will play a very important role in the
field of fluid film bearing analysis.
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