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Analysis of Connecting Rod Bearings Using
Mass-Conserving Boundary Condition

Byung-Jik Kim and Kyung-Woong Kim

Department of Mechanical Engineering, KAIST

Abstract—Reynolds equation, which describes behavior of fluid film in journal bearings, basically
satisfies mass conservation. But, boundary conditions usually used with this equation, c.g. half
Sommerfeld or Reynolds boundary conditions, cannot fulfill this natural law of conservation. In the
case of connecting rod bearing, where applied load is dynamic and its magnitude is relatively large,
such unrealistic boundary conditions have serious influence on calculation results, especially on
lubricant flow rate or power disspation which are important parameters in thermal analysis. In this
paper, mass-conserving boundary condition was applied in the finite element analysis of connecting
rod bearings. Lubricant flow rate and power dissipation rate were calculated together with journal
center locus, minimum film thickness and maxmium film pressure. These computation results were
compared with those of the case of Reynolds boundary condition. Balance between inlet and outlet
flow rate was well achieved in the case of mass-conserving boundary condition.

Key words—connecting rod bearing, dynamic loading, mass-conserving boundary condition.
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Table 1. Film regions

region p ap/ot p description
1A P=Piig dp/ot=0 p=p., complete (A)
1B p=py, Op/dt<0 p=p, complete (B)
2 0<p<py D=Dewr incomplete
Table 2. Basic data of R&H bearing
bearing  width per land L 0.05715 m
diameter D 0.2030 m
clearance C 82.55 ym
lubricant  viscosity Hiiy 0.01496 Pa-s
supply pressure p, 275.8 kPa
cngine crank length I 0.1840 m
connecting rod length [ 0.78200 m
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Table 3. Computation results

mass-conserving Reynolds BC

Ain 3.31 pym 3.24 ym
P 38.3 MPa 35.1 MPa
H,, 1.26 kW 1.40 kW
Q.o 0.0412 /s 0.0605 1/s
Quinve 0.0439 /s 0.0291 /s
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: eccentricity, m
: film thickness, m

: number of nodes per element

= x> 8

: film pressure, Pa

P cavitation pressure, Pa

~

: time, S
:R6, m

. axial coordinate

=

. 2
: region, m
: clearance, m
:load, N

T moa e w

: power dissipation rate, N-m/s
L :bearing length, m

N :shape function



Q. : axial flowrate, m’/s
R : bearing radius, m
S : boundary
U  : surface velocity average, m/s
AU : surface velocity difference, m/s
X, Y : rectangular coordinate system
£ : eccentricity ratio
6  : circumferential coordinate
6, : crark angle, deg.
4 : mixture viscosity, Pa-s
My, liquid viscosity, Pa-s
p  : mixture density, kg/m’
Dig - liquid density, kg/m’
@, : angular velocity, rad/s
2 1n g 8
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