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1. NOMENCLATURE

Effect of Groove Angle on the
Performance of 3 Four-Lobe Pressure

Dam Bearing with Rigid and Flexible
Rotors

Abstract: It is observed that among

lob ; multi-lohe pressure dam bearings, a four-
obe bearing pressure dam Poss

exves good stability characteristics. A four
lobe pressure dam bearing is produced by cutting two pressure dams on the
upper two lobes und two relicf-tracks on the lower two lobes of an ordinary
Jour-lobe bearing. The effect of groove angle on the performance of four -lobe
pressure dam bearing has been analyzed in this work. The static and dynamic
c-/mruclcri.wic.\* have been studied at various groove angles of the bearing,
?hc results indicate that the stability of the bearing decreases with an increase
in groove angle.
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bearings, which are the most common type of the bearings,
are found to be unstable at high speeds. It is found that the
stability of these bearings can be increased by the use of
multilobes and the incorporation of pressure dams in the
lobes. The anaiysis of multi-lobe bearings was first
published by Pinkus [1]. It was followed by Lund and
Thomson [2] and Malik 3] et al., who gave some design
data which included both static and dynamic characteristics
for laminar, as well as turbulent flow regimes. The
expenimental stability analysis of such types of bearing
[4]-[5] showed that the analytical stability analysis reflects
the general trends in experimental data. The analytical
dynamic analysis has shown that non-cylindrical pressure
dam bearings [6]-[9] are found to be .very stable. The
factors affecting the bearing stability are load, L/D ratio,
viscosity of the fluid, clearance between the journal and
the bearing. type of fluid (compressible or incompressible),
rotor unbalance, flow regime (laminar or turbulent),
ellipticity ratio, misalignment, friction, shaft and liner
flexibility, groove angle etc.[10]-[12]. Groove angle is one
of the parameters that affects the stability of a bearing.
The effect of grooving and bore shape on the stability of
circular. lemon, offset-halves and three-lobe bearings was
discussed by Akkok and Ettles [ 13]. Thermo-hydrodynamic
performance of grooved oil journal bearing was studied
by Roy [14].The effect of groove angle on the performance
of 2 four-lobe pressure dam bearing has not been
investigated so far. The present study is undertaken to
investigate the effect of groove on the performance of a
four-lobe pressure dam bearing supporting rigid and flexible
rotors.

3. BEARING GEOMETRY

The geometry of a four-lobe pressure dam bearing
is shown in Figure 1. A four-lobe pressure dam bearing
comprises four lobes whose centers of curvatures are not
in the geometrical center of the bearing. Thus, though the
individual lobes are circular, the geometrical configuration
as a whole is not. A rectangular dam or step of depth

S¢ and width L, is cut circumferentially in each of the
lobes I and 4. The dam stans after the oil hole and subtend
arc of 6, degrees a1 the center. Circumferential relief-

tracks or grooves of certain depth and width L, are also
cut centrally in the lobes 2 and 3 of the bearing. The relief-
tracks are assumed 10 be so deep that their hydrodynamic
effects are neglected. For concentric position of the rotor,
there are wo reference clearances of the bearing: a major
clearance ¢ given by a circle circumscribed by the lobe

radius and a minor clearance c_ given by an inscribed
circle. Thus the center of each lobe is shifted by a distance
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e, =(c-c,) known as ellipticity of the bearing. The
various eccentricity and ellipticity are non-dimensionalized
by dividing the major clearance c.

Fig. 1: A four-lobe pressure dam bearing.

Ellipticity ratio (6)=(c-c,)/c=1-c,/c
Eccentricity ratio (g) =e/c
g =e/c,ey=e,/c,e5=e3/c,e,=¢,/c

The various eccentricity ratios and attitude angles of
the lobes of a four-lobe pressure dam bearing are given
by:

&’ =& +8% — 225 cos(n /14— @)
£, =£? +5% + 2e5sin(x 14— §)
;:,2 =2 +5?2 +2&0sin(z /4 + ¢)

e =€ +6% -2e5 cos(n/4 + ¢)

é =57r/4+r+sin"(£(sinxl4—¢)/s,)

$,=Tn/4+y+sin" (e(cosz/4-g)/,)

é =;r/4+y—sin"(e(cosx/4+¢)/e,)

' =.3;r/4+r—sin"(s(sinx/4+¢)/e,)
4. ANALYSIS

The non-dimensionalized Reynolds Equation for
the laminar flow is:
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The solution of the equation (1) for pressure
Jistribution in the finite element tlechnique i abialned

by minimizing the following variational intepral | 15] over
the individunl elements:
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where P = dimensionless film pressure in the eth
clement. )

LEach lobe of the bearing is analysed separately,
Since the pressure profiles for the lobey | and 4 are
symmetrical about the center line of the bearing, only
half of the lobe is considered for analysis, Fach half iy
divided into 20 x 4 elements. The mesh size 1y reduced
near the trailing edge where heavy pressures are
produced. The resulting matrix in cach case s stored in
the banded form and is then golved by the Gausy-
climination method.

The Reynolds cquation is an elliptical partial
differential equation and, hence must be solved ag a
boundary value problem. According to MaCallion, ef al
[16], for a bearing having oil supplied at zero pressure,
the largest possible extent of the positive pressure region
is given by the boundary conditions that both pressure
and pressure gradients are zero at the breakdown and
build up boundaries of the oil-film. However, it hag been
shown [17] that even by setting the negative
hydrodynamic pressurcs to zcro as they occur in any
iteration step, the results tend to satisly the above
mentioned boundary conditions in the limit. The latter
approach has been followed in the present analysis.
Stiffness and damping cocfficients are calculated
separately for each lobe and then totaled as described
by Mehta, ef al [6]. The values of these stiffness and
damping coefficients, shaft flexibility, and
dimensionless speed are then used 10 evaluate the
coefficients of the characteristic equation , which is a
polynomial of the 6th order for flexible rotors, This
characteristic equation has been taken from Hahn [18]
and i obtained from the general case of an cccentrically
mounted rotor on 4 flexible shaft.

The characteristic equation is:

NEWC 48V (l«"(.’l 4 l"(.',,)+

sV EC, 4 200, v v VI %) )
bV REC,+ )0 o @IVC v Cr G

sC o4 =0
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Forarigid totor, the vilue of 1 taken as 2er0.
The wysten i eansdered wstable f the real part of all
100t i negtive, For i particulir beaning, g ety ind
cecentricity rtio, the vilues of dimensionte:ss apeeed are
incrensed until the system becomes unstable. The
miximum vitlue of speeed for which the bearing i stable
is then ndopted ng the dimensionless threshold apeed.
e stability threshold curve divides any figgire into major
zones, The zone above this curve is unstable whereay
the zone below this curve is stable. The minimum value
of this curve is termed the minimum threshold speed.
Mositly the curve han a vertical line, towards the leftof
which the bearing is stable at all speeds, This portion i3
called the zone of infinite stability. With an increas: in
minimum threshold speed the stability curve shifts
upwards thus increasing the stable zone. Similarly with
an inerease in zone of infinite stability the stability
threshold curve shifls towards right increasing the stable
sone. Thus with increase in minimum threshold speed
or zone of infinite stability or both the stability increases.
The present anal ysis has been done for the bearing with
the following parameters which have been optimized
for the best stability [19].

1/D=1,3,=1.0,T,=08, [,=025,0,=555
=0,5

To study the effect of groove angle on the
performance of the four-lobe pressure dam bearing, the

value of 0, is varied from 10” to 30° and the beaning is
investigated for its static and dynamic characteristics.

5, RESULTSAND DISCUSSION

‘The effect of groove angle on the static
characteristics of a four-lobe pressure dam bearing is
shown in Figs. 2 to 6. The values of groove angles
considered for this purpose are 107, 20° and 307, Itis
observed from the Fig, 2 that with an increase in groove
angle from 10° 1 20°, eccentricity ratio increases for a
particular value of Sommerfeld number. But when the
groove angle increases from 207 to 307, the eceentricity
ratio decreases except for the values of S<0.8. s
observed from the Figure 3 that attitude angle of a four-
lobe pressure dam bearing increases with an increase in
the groove angle for a particular value of Sommerfeld

Vol. 2, No. 2, December 2010 37




|
036
\ — 6 -0
\\ % =20

o 034 \ ——= 8, <30
= \
o
& !
2> %
£ ‘
=
§ 030‘!
W ooe

026

024 4

01 1 10
Sommerfeld Number
Fig. 2: Effect of groove angle on eccentricity ratio
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Fig. 3: Effect of groove angle on attitude angle
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Fig. 4: Effect of groove angle on minimum film thickness
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Fig. 5: Effect of groove angle on flow coefficient.
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Fig. 6: Effect of groove angle on friction coefficient.

number. The Figure 4 depicts the variation of minimum
film thickness with Sommerfeld number. The minimum
film thickness is observed to decrease with an increase
in groove angle from 10° to 20°, when considered fora
particular value of Sommerfeld number. It is also
observed that when the groove angle increases from
20°1030°, the minimum film thickness increases except
for the values of $<0.8, where it decreases. Figures 5
and 6 show the effect of groove angle on oil-flow and
friction coefficients. There is aconsiderable fall in the
oil-flow and a slight reduction in the friction coefficient
with the increase in groove angle when considered fora
particular value of Sommerfeld number.




The effect of groove angle on the stability of a
four-lobe pressure dam bearing supporting a rigid rotor
is shown in Fig. 7. 1t is observed from the figure that
poth. the zone of infinite stability as well as the minimum
threshold speed, decreases with an increase in groove
angle. Also the decrease is minimal when the groove
angle changes from 10° to 20°. The zone of infinite
stability decreases from 0.53 to 0.51 with an increase
in groove angle from 10° to 20°, while the decreasc is
from 0.51 to 0.45 when the groove angle increases from
20° to 30°. The value of minimum threshold speed are
16.15, 13.75 and 9.8 for groove angles 10°, 20° and
30° respectively.
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Fig. 7: Effect of groove angle on the stability of a four-lobe
pressure dam bearing supporting a rigid rotor (F=0).

Figures 8 to 11 show the effect of load orientation
on the stability of a four-lobe pressure dam bearing
supporting a flexible rotor. The effect of flexibility of a
rotor on the stability of the bearing is considered by
using non-zero values of F in the characteristic equation.
The increase in the value of F indicates more flexibility
of a rotor. The value of dimensionless flexibility F of
most of the practical rotors may vary from 0.5 to 4 and
the same range has been considered. The similar effects
are observed for the bearing supporting a flexible rotor
as for a rigid rotor. It is also observed from the plots
that for a particular groove angle, as the ﬂexibility. of
the rotor increases, the zone of infinity remains
unchanged and the minimum threshold speed decreases.
For groove angle of 30°, the value of zone of infinjle
stability remains 0.45 as the rotor flexibility F is varied
from 0.5 to 4. For the same groove angle of 30°, the
values of minimum threshold speed are 3.1,:2:2, 1.85
and 1.1 for the F= 0.5, 1,2 and 4 respectively.
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Fig. 8: Effect of groove angle on the stability of a four-lobe
pressure dam bearing supporting a flexible rotor (F=0.5).
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Fig. 9: Effect of groove angle on the stability of a four-lobe
pressure dam bearing supporting a flexible rotor (F=1.0).
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Fig. 10: Effect of groove angle on the stability of a four-lobe
pressure dam bearing supporting a flexible rotor
(F=2.0).
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Fig. 11: Effect of groove angle on the stability of a four-lobe

pressure dam bearing supporting a flexible rotor
(F=4.0).

CONCLUSIONS

The eccentricity ratio of a four-lobe bearing
increases with an increase in the groove angle from
10° to 20° but decreases when groove angles is
increased to 30°.

Attitude angle of a four-lobe bearing increases with
an increase in the groove angle for a particular
value of Sommerfeld number.

Minimum film thickness of a four-lobe bearing
decreases with an increase in the groove angle
from 10° to 20° but increases when groove angles
is increased to 30°.

Dimensionless oil-flow coefficient and friction
coefficient decrease with an increase in groove
angle.

For a four-lobe bearing supporting a rigid rotor as
well as a flexible rotor, both the zone of infinite
stability as well as minimum threshold speed
increases with an increase in groove angle.

With an increase in the flexibility of the rotor, the
zone of infinite stability remuins unchanged while
the minimum threshold speed decreases,
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