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Abstract

Environmentally friendly vegetable-based oils are
showing some potential performance merits for
industrial lubricants. This paper presented the static
characteristics of the optimal thermohydrodynamic
finite-width full circular journal bearing lubricated with
soybean-based oils using Broyden-Fletcher-Goldfarb-
Shanno (BFGS) method. Modified Reynolds equation
and adiabatic energy equation are formulated. The
non-Newtonian power-law model are obtained
experimentally. Oil film pressure distribution and oil
film  temperature distribution are calculated
numerically using finite difference method. The
objective function is to minimize the flow rate and
temperature difference. The design variables are
clearance-to-radius ratio, c/r and length-to-diameter
ratio, I/d and subject to its constraints as
0.001 < ¢/r<0.004 and 0.5 < 1/d < 4.0.

In this study, BFGS method can reach optimum
clearance-to-radius ratio and length-to-diameter ratio
where the static characteristics of the journal bearing
are investigated.
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INTRODUCTION

Many research works investigated the
lubrication characteristic of bearings with non-
Newtonian lubricant for over three decade. Horowitz
and his colleague obtained the analytical pressure

distribution for a finite width full circular journal

bearing by approximating the shear rate with a cubic equation
of shear stress. Hashimoto and Wada examined theoretically
the combined effects of nonlinear characteristics and fluid film
inertia and the dynamic behavior of circular type squeeze film
bearing. Hsu has introduced the cubic shear stress law for the
non-Newtonian lubricants and has studied the static
performance characteristics for infinitely long bearings.

In this paper, the static characteristic of finite journal
bearing with Pseudo plastic lubricants is examined theoretically

and experimentally included thermal effect.

THEORY

In this paper, and Broyden-Fletcher-Goldfarb-Shanno (BFGS)
method has been applied to obtain the optimum finite-width
journal bearing as.

Step 1. At i=1, initial values x1,x2 are maked and Hessian
Matrix [BH] equals to Unit Matrix [|] at first iteration.

Step 2. Compute the gradient of the function at point
X, and set S =-[B].Vf,

Step 3. Find Optimal Step Length QL in the direction S ; and

set X, =X +(X.Si

Step 4. Test the point X, for |V | < & stoping error,

where £ is small quantity, take X = Xi,1 and stop the
process. Otherwise, go to next step.

Step 5. Update the Hessian Matrix as

[B ]=[B]+ 1+ g|T[B|]g| dIdIT _ d|g|T[B|] _
" I d’g; d'g; d'g,
[Bilg.d/

d'g;

where i =X.=X
g =WVf, —Vf,
Step 6. Set the new iteration number as
i =i+1 and go to Step 2.




In this study, the refined soybean oil was mixed
with 3% diester, 4% polyisobutylene and 0.02%
silicone oil by weight.  The soybean-based oil has
non-Newtonian behavior as dilatant fluids. The power
law model derived by Jiin-Yuh Jang and Chong-Ching

Chang [7] can be approximated as

. m[ﬁuJ“@U (1)
oy) oy

m =m, exp[- A(T - T, )] @

Where Mis the consistency parameter at

temperature of the oil T; m0 is the parameter at inlet

oil temperature To; n is viscometric constant and B is

the viscosity temperature index.

Density, P = 905.7 kg/m’

Specific heat, Cp = 1914 J/kg C

Viscosity consistency at T,, m, = 0.02857 Pa.s

Viscometric constant, n = 1.088

Viscosity temperatrue index, B = 0.0395 ° C'1

Inlet oil temperature, T, = 38 °c

Ambient pressure, P, = 1 atm

Table 1. Soybean-based oil properties

The non-dimensional modified Reynolds’

equation can be derived as

0 Jh™op P
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The dimensionless film thickness h  of circular
journal bearings can be written as:
h=1+¢cos@ (4)

The Reynolds boundary conditions at inlet and

outlet along the axial direction can be expressed as:

P(0,£)=P (0,£)=P(0,-$)=0 (5)
P(6,£)20 (6)
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The adiabatic energy equation is formulated with the
assumptions that the heat generated within the film is
completely carried away by the lubricant and the

temperature variation across the oil film is neglected:

( ot 6Tj KOUJZ {awﬂ )
pColU—+w— |=p|| = | +|=—
oX 0z oy oy

The energy equation can be written in dimensionless

form as:
A(i}rs [aTj_ 1(E+F) ®)
ol L\ oz h"™*
where T = p(T -T,) 9)
1_7 hn+1cn—1[ajj (10)
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(13)
n n+l
Dissipation number  _ (22N)'m B ([] (14)
PCo \c
The boundary conditions can be written as:
T(0,5)=0 (15)
T(6.£)=T(6.-¢) (16)
All dimensionless terms were derived by Jiin-Yuh
Jang and Chong-Ching Chang [7].
The dimensionless oil film force components in
radial and tangential direction Fg and F¢ are obtained

by integrating the dimensionless film pressure as:

3z
Pcos 0 do.dé (17)

-1
jTPsin 0do.de (18)

The dimensionless load W and attitude angle

hn+1 n-1 oP n-1 hn+1 n-1 oP
1-2 —= —(@1-2
2 mnu™? 09( ﬂ)} { 2( Lj[ J (a=2n)

;
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W= W, W, ’¢:tan‘l[vwv“’j (19) CONCLUSION

In this paper, the objective function can be written in

Integration of the shear stress along the journal forms of length-to-diameter ratio and clearance-to-

circumference gives directly the frictional drag from the

following:

1 27 — n+1 n

Feof [ Mf1e"—Plgpge @
5 o h 2mno 06

Friction Coefficient: F /W

Flowrate along with 0 axis,

__Lh"opfc) 2aN nl(cjm (21)
Q= 12 nm ae[r) +( 60) r\2

Flow rate along with é: axis,
n+2 n -2
0 -_1ih ap(‘?) (Lj (22)
° 12 m o0&\r)\D

and dimensionless temperature difference,
AT =T, —T

when T . T

(23)

average

is dimensionless maximum
average

temperature and dimensionless average temperature
respectively.

Objective function is to minimize

f =wLQ +W2.AT (24)

objective

When Q and AT are in forms of design variables;

c/r and I/d.
The constraints can be written as:

0.001 < c/r < 0.004

0551/d<4.0 (25)
Static characteristics at the optimum point of the finite-
width journal bearing lubricated with soybean-based
oils were calculated numerically. In this simulation, the
optimum journal bearing has length-to-diameter ratio,
I/d= 2.0 and clearance-to-radius ratio, c/r = 0.0015
operated at N =1000 rpm. Qil film pressure and
temperature distributions along circumferential, 0 and
axial, f directions were shown in Figure1, 2, 3 and 4.
respectively.

The dimensionless load carrying capacity and
attitude angle were shown in Figure 5. and Figure 6.
respectively. The dimensionless friction force and
friction coefficient were presented in Figure 7 and
Figure 8. To minimize the objective function by using
BFGS method, the optimum design variables are

¢/r=0.0015 and 1/d=2.0.

radius ratio and is to minimized for optimum design.
BFGS method can reach the optimum the static
characteristic of a full circular bearing with non-
Newtonian soybean-based oil has been investigated
under adiabatic conditions. The apparent viscosity of
soybean-based oils varies not only with the shear rate
but also with temperature. The analysis is useful for
predicting rising in temperature in the journal bearing
lubricated with soybean-based oil. The thermal effect

is more significant on the bearing characteristic.
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Figure 1. Dimensionless Pressure Distribution
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Dimensionless Load
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Figure 5 Dimensionless Load Carrying Capacity
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Figure 2 . Dimensionless Pressure Distribution Figure 6. Attitude Angle
Dimensionless Friction Force
Dimensioless Temperature Distribution 12
2
1.5
1
4 n=1.01
0.5
2
0 0
5]
0 20 40 60 80 100 120 140 160 180 200 220 0z 0 oA 0s 06 0T 08
é €
Figure 3. Dimensionless Temperature Distribution Figure 7. Dimensionless Friction Force
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Figure 4. Dimensionless Temperature Distribution

€

Figure 8. Dimensionless Temperature Distribution




