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Abstract: The flow in a Taylor- Couette system is one ofiest explored flows today. The behaviour of
the flow is characterized by Reynolds number, radd aspect ratio. By reducing the gap width thddra
Couette system can be used as a simplified bearaagl which has one additional feature. To covawfl
effects of a real bearing the rotating inner cydinthoves on an offset track. Thus the system @ als
characterized by a varying annulus. That changeschentricity which is also related to the critica
Reynolds number for the system. There is a higlegnBlds number for a higher eccentricity. Thisssedias
a benchmark to validate the code. Depending ordhentric position of the rotating inner cylindeieaccan
notice either Taylor Vortex flow or Couette Flow.

After testing the code the gap width will be adgasto realistic bearing geometries. This secontrpéers
to bearing simulations where the gap width is adjiso real bearing conditions. In Fact the presgstem
is a simplified bearing, which covers not all detaif a real one. It becomes more complex in Isteges of
the project, where oil feedings and notches aréeémented as well as the occurrence of cavitation.
Furthermore the offset tracks will be much more ptax. The final goal is to develop a 3D simulattool
for hydrodynamic journal bearings that resolvesdf like cross flow from the oil feedings and also
cavitation. Known methods based on the Reynoldatemns fail to predict important flow charactegstin
complex bearing geometries due to their two din@rainature. If sufficiently low local pressure ase
occur, cavitation- related damages may appeahé&pressure distribution of the flow is of interest
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1. Introduction

The simplified Journal bearing can be
considered as an eccentric Taylor-Couette
System. The rotation of the inner cylinder a)
leads to a high pressure region in the narrowed
gap and a low pressure area in the expanding
gap FI1G.1). High rotation rates induce small
eccentricities due to the pressure in the gap.
(FIG.2)

FIG.2: Analogy of Rotation rate and
eccentricity of a bearing:

a) No rotation. b) Clockwise rotation of the
inner cylinder, smallest gap shifted to the left.
c) Very high rotation rate. The eccentricity is
assumed to be[B].
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A T The next step from the Taylor- Couette System
i ‘F. to the simplified bearing system is to
o —_— implement a crankshaft offset track. These

! 1 offset tracks are quite different for every
engine FIG.3 shows the different types of
FIG.1: Pressure distribution in the gap. bearings in ané1G.4 two realistic offset
Left: cylindrical sectional vieb]. tracks.
Right: axial sectional vieyp]
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FIG.4: Real offset tr?dck[;L], [4]'

In this Work two types of simplified offset
tracks were used. One track leads to constant
eccentricity. The start position is eccentric.
Then the anticlockwise rotating cylinder starts
his clockwise orbit with a given radius for
constant eccentricity+{G.5 middle). The

other track causes oscillating eccentricity
during one orbit. Here the start position is
concentric. Then the shaft moves on an orbit
too. At the half of the orbit the eccentricity is
largest FIG.5 right). Both orbital movements
are uniform. The last mentioned offset track
will be used as a benchmark for the simulation
code. The normalized gap width or clearance
Y=Hy/R; is defined by the gapdthe

difference of outer and inner cylinder
normalized in respect to the inner cylinder.
The normalized gap width 0.1 for the
benchmark is much too large for a typical
bearing clearance. It was chosen to reduce the
numerical effort. Small gaps need a very
extensive mesh resolution due to the large
aspect ratio. Moreover, the critical Reynolds
number for Taylor vortex flow is very high
(FIG.7). A realistic clearances of
¥=0.001=1%o is presented in chapter 4. In
these simulations scales and dimensions
changes a lot. The most impressive one is the
aspect ratid’, the ratio of the height and the
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gap width.I'=20 was chosen for the

benchmark with?=0.1. For¥=1%., '=741

was needed to fulfil the geometric inputs of the
given bearing. So it is much more expensive to
resolve the computation domain.

FIG.5: Simplified Offset Tracks: The 3D-
Model (left). Orbit with constant eccentricity
(mid) and Orbit with oscillating eccentricity

(right).
2. Numerical Smulations

An incompressible finite-volume code was
used to solve the Navier- Stokes Equation (1)
on a moving mesh. For detailed information
see [14], [3], and [6]. In this first stage of the
project the fluid is considered to be Newtonian
and isothermal. In general the lubricant in the
bearing is non-Newtonian. A comparison with
experiments from IEM i.G. Zwickau [14], [3],
and [6] was drawn. In these experiments
WACKER® AK 50 silicone fluid was used.
This Fluid is assumed to be Newtonian.
gy =0,

N U m =-0P U
ot Jo

The boundary conditions are:

Fixed endplatesVp=0; U=0. (Benchmark)

Open ends: p=consU=0.

Inner cylinderVp=0; U=fiRe, f=const.

Outer cylinder¥p=0; U=0.

(1)

3. Benchmark

The concentric rotating inner cylinder was
set to an overcritical Reynolds number.
Thus, the flow develops Taylor Vortices (TV).
After this initial period the orbit was started.
So the eccentricity increases and shows its
maximum value after half of the orbit. If the
eccentricity rises, the inner cylinder has to
rotate faster to generate TV. For larger



eccentricities the slope of R¢{ncreases
stronger FIG.6). Goal of this benchmark is to
find the onset and decay of TV during one
orbit. The inner cylinder rotates anticlockwise
and the orbit was chosen to move in clockwise
direction.
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< Vohr [1968] (n = 0.90)
—— Theoretical

® Series B15 (n=0.80)
& Koschmieder [1976] (n = 0.727)
— - - Empirical

FIG.6: Critical Reynolds number Re for TV
and corresponding Eccentriciti¢8].The

vertical axis shows the ratio of the critical Re
for the eccentric position and the Re for the
concentric position. The Linear theory only fits
for small eccentricities. There is a raising
slope in Re|) for higher eccentricities.

® Series C15 (n=050)
Masayuki et al. [1989] (n = 0.91)

The Parameters of the Simulations are:

Designation Shortcut Value | Unit
Radius of Inner R1 1 m
Cylinder
Radius of Outer
Cylinder R2 11
Radius Ratio n= RUR2 0.91
Gap Width Ho= R—R1 0.1 m
Normalized Gap Width| = Ho/R1 0.1
Height of Cylinders B 2 m
Aspect Ratio I'=B/Ho 20
Shift from concentric e 0.075 m
Position )
Eccentricity € 0-0.75
Cycle Duration To 5; 25; 45 s
Radius of Orbit Ro 0.0375 m
Tangential Velocity Ut 1 mis
Inner Cylinder
Kinematic Viscosity v 0.0004 m2/s
Reynolds number | Re=H Ut/v 250
Viscous Timescale = (Ho)¥ v 25 s

Tab.1: benchmark Parameter- onset and decay

of TVF
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FIG.7: Typically clearances and Re for journal
bearingg[11]. The clearance is given in %.
0.1% corresponds t#=0.0001.

The benchmark clearance is 10%.

The picturegFIG.8), (FIG.9), (FIG.10)show
the magnitude of velocity at 10 post
processing positions which can be found at the
left of every picture. The rectangle plot on the
right is an unwounded intermediate gap plane
between inner and outer cylinder to overview
the whole cylindrically plane. A red coloured
maximum in the magnitude indicates a pair of
counter-rotating TV. The first simulation
(F1G.8) has a cycle duration of T=5s. Because
of the time between onset and decay is too
short there is no complete evolution of TV.
The second simulatiofr1G.9) has a cycle
duration of T=25s which corresponds to one
viscous time scale. The TV are quite well
minted. The thirdFIG.10) has T=45s. Here
one can find full developed TV.
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3.1 Orbit with T=5s ;
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FIG.8: TV did not develop along the whole
cylinder because the orbit is too fast. T=5
seconds. Re=250. There are just Ekman
vortices near the end walls

|3.2. Orbit with T=25s
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FIG.9: T=25 s. Re=250. Onset and Decay of
TV during one orbit of viscous timescale.
There are quite good developed TV for the
corresponding positions (nearly concentric).
Furthermore there exist different numbers of
vortices (20, 22, and 24) in the flow. In the
smaller gap smaller vortices begin to appear.
During the orbit the gap will become locally
larger, so the larger vortices and the aspect
ratio does not fit together and adjust to a
lower number of larger vortices

3.3. Orbit with T=45s
|
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mggu__g_c_-:]_n_@__gyg;n_ﬁ_ o_;;__—_fa_«___ Designation Shortcut Value Unit
#8.5% =——— Rad|u§ of Inner R1 4995 mm
. Cylinder
Radlus_ of Outer Ro 50 mm
: Cylinder
—— = Radius Ratio n= RV/R2 0.999 -
s S SRS, Gap Width H=Re-RL | 0,04995 | mm
— Normalized Gap _
——— —— Width ¥= Ho/R1 0.001 -
— — — Height of Cylinders B 37 mm|
: == Aspect Ratio I'=B/Ho 741 -
FIG.10: T=45 seconds. Re=250. TV develops Talr;]%eer:“c"")'m\g ed'g‘r’“y ur 20923 | mis
along the whole gap in circumferential Kinematic P
direction if the position is nearly concentric. Viscosity v 7:985107 | m'/s
The flow has enough time to shape the TV or| Reynolds number Re:FVb' ut/ 131
t .
0 decay Viscous Timescale| t= (Ho)% v 3.1210" S

. [0)
4. Numerical Simulation of realistic Tab.2: Parameters of the small gi#s1%o

bearing geometries

4.1. Orbit with constant eccentricity

f=m————
| _Smallest Gap

After testing the code the gap width will
now be adjusted to realistic bearing
geometries. In the benchmark simulations the
cycle duration was chosen in respect to the
viscous time scale Now there is a
consequent time T for the offset track if the
rotation rate is given. The time of one
revolution of the crankshaft correlates with the
cycle duration in the model. The inner cylinder Al
radius R is 99.9 % of R So we have a SRty
clearance of 0.1 % or 1 %o. The radius ratio
(m=R4/Ry) is approximately 0.9991.

In case of orbit with constant eccentricity the T 18 T 11
radius R for the circular offset track is CE R ngeaf]
approximately g=3.7510° m. In case of
oscillating eccentricity 1.8710° m. This
radius R depends on the chosen eccentricity
of the system. The eccentricity for orbit with
constant eccentricity is set4g0.75. In case
of oscillating eccentricity the maximum is set =
to £=0.75. In both cases the crankshaft rotates adialiad " et
with 4000 rpm. This leads to a cycle duration
of T=0.015s, a tangential velocity of the inner
cylinder of approximately 21m/s and a
Reynolds number of Re=131.
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FIG.11: Orbit with constant eccentricity
£=0.75. Left: Position of inner cylinder.

Right: plot of the pressure [bar] at mid
cylinder. The last picture shows the line where
the pressure was sampled. Radius of Orbit
Ro=3.7510° m, Cycle Duration T=0.015 s.
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o £=0.75. 3D pressure distribution (red-blue
= corresponds high-low pressure)
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First, one should discuss the existence of
negative pressure. It is a well known problem
of the Reynolds equation, a two- dimensional
Sl A7 ekl approximated Navier- Stokes equation for the
. bearing. The code solves the given equations
for the problem. Behind the smallest gap there
theoretically can be calculated negative
pressureK1G.13). The oil in the gap is
incompressible and can take very high
I pressure. But it is not possible to reduce it to
7 e i 0 7 5 e w0 any desired value, because a fluid cannot
transmit tractive forces. The fluid will
evaporate if a critical low pressure is reached.
So later in the project there we will be used a
two phase solver that fulfils this point. But
nevertheless the Reynolds equation predicts
quite well the regions where critical pressure
may occur in a simple bearing.
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And so do this three- dimensional solver. The ., iSwisiow;
final question would be how to connect this
pressure with a probability of cavitation. That
point will be investigated in a later stage of the
project.FIG.13 shows the different pressure
distributions in a bearing. Sommerfeld was the
first who analytically solved the Reynolds o % 7w ;;g‘;ég e se
equation (1904). Gumbel (1921) introduced F Saiies G }

p [bar]

g 8 L8 o8 8832

the boundary condition to put all negative " EEEEEE E .
pressure to zero. This method was very . : -
successful for basic calculations of a bearing I m,___/\f/
and was in well agreement to his experiments. s : -
Reynolds demanded a smooth solution. b !
I
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FIG.13: Pressure distribution in a bearing in : i
circumferential direction: Sommerfeld osctatng  \\- + i
(negative pressujeGimbel (heavy Seee® b '
discontinuity, sets every negative pressure to i - :
zero) and Reynolds demanded smooth function w :
[2] 0 s o8 AT T80 715 252 26 34 w0

ang\e al®]

The pressure distribution of all 10 post
processing positions shows that the low
pressure region is behind the smallest gap.
This is the place where cavitation may occur.
Because of the constant eccentricity there is no
change in the location of the minima and
maxima. They just move along with the
smallest gap.
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4.2. Orbit with oscillating eccentricity Eccefizdiy
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FIG.14: Orbit with oscillating eccentricity.
Simulation starts concentric. After the half of
the orbit the system reaches0.75. Then the
inner rotating cylinder moves back to the
concentric position. Left: Position of inner
cylinder. Right: plot of the pressure [bar] at
mid cylinder. The last picture shows the line
where the pressure was sampled. Radius of
Orbit: Ro=1.87-10° m, Cycle Duration:
T=0.015s.

FIG.15: Orbit with oscillating eccentricity.
Simulation starts concentric. 3D pressure
distribution (red-blue corresponds high-low

pressure). This picture shows the system at its

maximum eccentricity =0.75.
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In case of oscillating eccentricity the orbit
starts from the concentric position. There is no
narrowing or expanding gap where low or high
pressure regions can develop. Then the
eccentricity rises. The pressure in front of the
smallest gap increases the same as it decreases
behind the smallest gap. So the pressure
gradients grow until the maximum of
eccentricity is reached after the half of the
orbit. Now the eccentricity diminishes again
and the pressure gradients break down. So the
results are in well agreement to the two-
dimensional results.

5. Outlook

We designed a simplified three-dimensional
bearing model with implemented offset track

of the inner rotating shaft. For first tests we
chose an orbit as crankshaft offset track. The
code was successfully tested for onset and
decay of TV. Furthermore it is possible to
implement other offset tracks.

The model can predict critical regions for the
pressure for a given offset track of the inner
rotating cylinder. At the moment we run
simulations with implemented cavitation
model to compare the predicted pressure
regions with cavitation probabilities for the
same cases wit=1%.. The main goal is to
investigate the effect of different geometries
on cavitation probabilities. The next step will
be the simulation of more detailed geometries
with implemented oil feedings and notches.
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