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Abstract—The work described in this paper is an investigation of
the static and dynamic characteristics of two-lobe journal bearings
taking into consideration the thermal effects. A thermo-
hydrodynamic solution of a finite two-lobe journal bearing is
performed by solving the generalized form Reynolds equation with
the energy equation, taking into consideration viscosity variation
across the film thickness. The static and dynamic characteristics were
numerically obtained. The results are evaluated for different values of
viscosity-temperature coefficient and Peclet number. The results
show that considering the thermal effects in the solution of the two-
lobe journal bearing has a marked on the study of its stability.

Keywords—Two-lobe bearing, thermal effect, static and dynamic
characteristics.

1. INTRODUCTION

HE circular bearing is extensively used in engineering

applications because of its manufacturing simplicity, but
unfortunately it may suffer from instability problems at high
rotational speeds. The instability produced by hydrodynamic
forces in bearings is characterized by large amplitude
vibration, which can result in bearing and therefore total
machine failure. Non-circular bearings have the advantage of
being more stable at higher speeds. Of the various non-circular
journal bearings, the two-lobe journal bearing is considered
quite attractive owing to its relative ease of manufacture.

The performance characteristics of two-lobe journal
bearings have been studied by a number of investigators.
Pinkus [1] and Kumar [2] theoretically investigated the effects
of ellipticity on the static and dynamic characteristics, but they
dealt with the laminar flow regime. This work was improved
by introducing the turbulent flow regime [3]-[5]. On the other
hand, Abdul-Wahed et al. [6] calculated the dynamic
characteristics of 6 types of multi-lobe journal bearings in
turbulent flow regime. Elasto-hydrodynamic effects were
introduced in the study of two-lobe journal bearings by many
researchers [7]-[9]. Tayal et al. [10] investigated the
performance of two-lobe journal bearings lubricated with a
non-Newtonian fluid. The forgoing analyses have been
predominantly isothermal in approach.

Thermohydrodynamic solutions were first reported by
Dowson and co-workers [11]. Numerous analyses of the
thermo-hydrodynamic aspects in bearings followed [12]-[15].
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These analyses have been directed towards cylindrical
bearings. The static performance of non-circular bearings
taking into account thermal considerations was studied by a
number of researchers. Basri et al. [16] investigated the
thermal aspect using an adiabatic model of four-lobe, three-
lobe, offset-half and orthogonally displaced journal bearings.
Crosby [17] presented a thermo-hydrodynamic solution of
two-lobe considering reverse flow. Hussain et al. [18] studied
the prediction of temperature distribution in some type two-
lobed bearings and surrounding solids. Chetti [19] investigated
the static and dynamic characteristics of the three-lobe bearing
taking into account thermal effects. Recently, Chauhan et al.
[20] presented a comparative study based on the thermal
performance of elliptical and offset-halves journal bearings.

In this study, the thermohydrodynamic analysis of the static
and dynamic characteristics of the two-lobe bearings is
presented.

II. PRESSURE EQUATION

If we neglect the variation in the lubricant's density, the
generalized Reynolds equation could be written in the
following normalized form:
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The non-dimensional film thickness H is given by, Fig. 1:
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where
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The negative and positive signs in (2) are used to determine
the film thickness in upper lobe and lower lobe respectively.
And the integrals
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This equation is then set into a finite difference form by
using central difference scheme.
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A. Pressure Boundary Conditions

The boundary conditions are;

P(6,0) = P(0,1) = 0. (5)
p(o,.¢c)=0.;pP(6,.c)=0. ()
0P(0,.6) . P00 -
26 26
and
P(0.¢)=0forg, >0>0,and6,>60>0, (8)

III. TEMPERATURE EQUATION
The temperature distribution within the oil film is
determined by the following form of non-dimensional energy
equation [17]

where
oP \|I 71 n 171
w=-t?| S WO an-[Tanpe1-—[—an (10
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on u 1, a0 1,
2
pC] .
Pe = —* is Peclet number

k
The non-dimensional viscosity u is assumed to be defined

by the relationship

w1 =exp(al) (12)

where @ is a viscosity-temperature coefficient.

Equation (9) is of parabolic type and the Crank-Nicolson
method is used to obtain the finite difference scheme.

A. Temperature Boundary Conditions

The boundary conditions for temperature are;

7 (6.n) =7 (6,5:1) =T, (13)
r(6.0) =7, (14)
T, =T, (15)
or (6.1) L 16
on

Fig. 1 Journal Bearing Configurations

IV. STATIC CHARACTERISTICS

The static characteristics of the bearing are obtained by
solving the Reynolds equation (1) for static loading

(x =y =0) and the energy equation (9).

The numerical procedure adopted for obtaining the pressure
and temperature fields are as follows:

An initial value for attitude angle ¢ is assumed in order to
calculate the film thickness by (2). Initial values of pressure
are assumed to be zero at all points, and a suitable initial
temperature is assumed, so that the viscosity at the nodal
points could be calculated. The generalized Reynolds equation
(1) is solved using Gauss-Seidel method with over-relaxation.
Negative pressures are set to zero to account for Swift-Stieber
boundary conditions. The velocity # and its gradient edge

? are then computed at every nodal point. The energy
n

equation is solved; thus a new temperature distribution is
obtained. Convergence is assumed when at each point the
relative difference in pressure between successive iterations
does not exceed 0.1%. The horizontal and vertical load
components

S
S}
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W.=[]psin0dodl ;w =[] pcos0dds (17)
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are computed. The equilibrium position of the journal is
achieved when W _ is zero. A satisfactory value for ¢ is
considered to be attained if W _/ W, |<0.001. Otherwise,

another value of ¢ is assumed.

V.DYNAMIC CHARACTERISTICS

The total stiffness coefficients for a multi-lobe bearing are
given by:

K. K, 0/ ox
[K K}Jz_{a/ay}[wx Wy] (18)

yx yy
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In these equations the partial derivatives of x and y are
found by changing x or y by a small value about the static
equilibrium position of the bearing.

The expressions for damping coefficients are given by:

(in ) voxtlw, w,]

oo a/ay

(19)

The partial derivatives of * and Y are obtained by giving a

small value to x and Y respectively corresponding to the
equilibrium position of the bearing.

VI. STABILITY ANALYSIS
The linearized equations of the disturbed motion of the

journal centre are

Mx+K,  x+C x+nyy+nyy:O

XX

(20)

My+nyx+C x+Kyyy+nyy:0

yx

Equations (20) are used to study the stability of the bearing
system. Harmonic solution of the type:

x=xe" | y=ye" 1)
Thus (20) can be written as:
K, -Mv?+ivC K,, +ivC
o —MVvT+ivC,, w +12v o lix}zo 22)
K, +ivC,, K, —-Mv~+ivC,, Y

For a nontrivial solution the determinant must vanish and
equating the real and imaginary parts to zero gives:

— 2 CuxKyy +Cyy Kax —Cuxy Kpx —C px Ky

My (23)
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_ — o\ (— — o = —
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y? = A (24)
Cxx Cypy —Cuy Cyx
where
— co — ¢ — Mcw* v
CU:ij_yKU:KU_yM: s V=
W w w 10}

From (23) and (24), the critical mass and the whirl ratio y

are calculated. M . is the critical mass parameter above which
the bearing is unstable.

VII. RESULTS AND DISCUSSION

Computer solutions for a two-lobe journal bearing with two
supply grooves; each one has an angle of 20 deg, have been
evaluated for one aspect ratio B =1, three values of Peclet
number (5, 50, 200) and three values of viscosity-temperature
coefficient (0.01, 0.1, 0.3).The ellipticity ratio used here is 0.5.

Fig. 2 shows the variation of the maximum oil temperature
Tmax with the eccentricity ratio for different values of the
viscosity-temperature coefficient and Peclet number. The
value of Tmax decreases with the increase of the viscosity-
temperature coefficient (Fig. 2 (a)).This is due to the decreases
of the oil viscosity. Tmax increases with the increase of Peclet
number and the eccentricity ratio (Fig. 2 (b)). The Peclet
number is related to the velocity of journal, so if the velocity
of journal increases the Peclect number increases and as a
result, the temperature increases.

Fig. 3 gives the variation of the attitude angle with the
eccentricity ratio corresponding to different values of
viscosity-temperature coefficient and Peclet number. The
curves show that the attitude angle increases with increasing
of both viscosity-temperature coefficient and Peclet number.
The effect of these two parameters on the load carrying
capacity of bearing is shown in Fig. 4, an increase of o and Pe
produces a decrease of the load carrying capacity.
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Fig. 2 Tmax versus . (a) for various values of a (b) for various
values of Pe
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Fig. 3 ¢ versus €. (a) for various values of o (b) for various values
of Pe
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Fig. 4 W versus €. (a) for various values of a (b) for various values
of Pe

The stability charts are shown in Fig. 5 for various values of
viscosity-temperature coefficient and Peclet number. The
lower and upper sides of each curve corresponding to stable
and unstable regions respectively. The critical mass decreases
as the viscosity-temperature coefficient and Peclet number
increase and the reduction being greater at higher eccentricity
ratios. Fig. 6 exhibits the variation of whirl ratio with
eccentricity ratio for different values of viscosity-temperature
coefficient and Peclet number. From the figures, it can be seen
that the whirl ratio increases with an increases of both a and
Pe. The effect of these two parameters on whirl ratio is
significant at higher eccentricity ratio.
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Fig. 5 M ¢ versus e. (a) for various values of a (b) for various
values of Pe
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Fig. 6 y versus ¢. (a)for various values of a (b)for various values of
Pe

VI. CONCLUSIONS

On the basis of the results and discussions presented in the
previous section, the following conclusions are drawn:
(1) The maximum temperature the decreases with increases
of the viscosity-temperature coefficient and with the
decrease of Peclet number.
The attitude angle increases with the increase of the
viscosity-temperature coefficient and with the increase of
Peclet number.
For a given bearing geometry and eccentricity ratio, both
the load carrying capacity and the critical mass decrease
as the viscosity-temperature coefficient and Peclet
number increase.
The whirl ratio increases with the increases of the
viscosity-temperature coefficient and with the increase of
Peclet number.
Considering the thermal effects in the solution of the two-
lobe journal bearing, the thermohydrodynamic solution
decreases the stability region and increases the whirl ratio.

@)

)

4)

)

NOMENCLATURE

B Aspect ratio
c The radial clearance
C Specific heat of lubricant

P
C. Damping coefficients

ij
Eij Dimensionless damping coefficients , Ci].ca)/ w
e Eccentricity
h Oil film thickness
H Dimensionless oil film thickness, 4/ ¢

Integrals given by equation (4

1,,1,,1, grals g Yy eq )
K. Stiffness coefficients

ij
Ei/’ Dimensionless stiffness coefficients, K¢ 12/
L Bearing length
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M Mass of journal
Critical mass of journal

M, J

M. Dimensionless critical mass of journal, M cca)z 1a/4

p Pressure

P . . 2

Dimensionless pressure, p(c/ R™)/ uw

R Journal radius

S Sommerfeld number, 1/ (27W')

T Non-dimensional temperature

T Non-dimensional inlet oil temperature

i
T. Non-dimensional journal temperature
J

u,y ,w Velocity components

U Velocity of the journal

w Bearing load

- 2

w Dimensionless bearing load, W(c / R) / uwRL

X, Y,z Circumferential, radial and axial coordinates

respectively

; - ; Dimensionless circumferential, radial and axial

£4 coordinates respectively, x/ R,y / h,z/ L

o Viscosity-temperature coefficient

) Ellipticity ratio

& Eccentricity ratio, e/ ¢

p2] Angular coordinate

6.6 Angular coordinates at the end of the bearing

el>“e2

6 .0 Angular coordinates at the start of the bearing

s1°%s2

H Lubricant Viscosity

P Lubricant density

1% Whirl frequency

4 Whirl ratio

¢ Attitude angle

w Angular velocity of the journal
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