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Thermohydrodynamic Lubrication Analysis of High Speed
Journal Bearing Considering Variable Density and Specific Heat

Sang Myung Chun’ and Siyoul Jang

Graduate School of Automotive Engineering at Kookmin University

Abstract — Under the condition of variable density and specific heat, maximum pressure, maximum tem-
perature, bearing load, friction and side leakage in high-speed journal bearing operation are examined within
some degree of journal misalignment. The results are compared with the calculation results under the conditions
of constant density and specific heat, and variable density and constant specific heat. It is found that the condition
of variable density and specific heat play important roles in determining friction and load of journal bearing at

high speed operation.

Key words — turbulent reynolds and energy equations, variable density, variable specific heat, flow mixing, con-

vective heat transfer, shaft misalignment.
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Fig. 1. Diagram of lubricant flow, with @, the inlet oil
flow rate, Q.. the re-circulating flow rate and Q. the
side oil flow rate going through groove land. 6% is the
angle of the beginning of the cavitation region.
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Table 1. 5 7]& 7)ol u}& o] &4 <P(relaxation factors)

Constant Variable Variable

Density & Density & Density &

Specific Constant Specific

Degree of Heat Specific Heat Heat
Mis- Reynolds Reynolds Reynolds
alignment Eqn./ Eqn./ Eqn./

Energy Eqn.  Energy Eqn. Energy Eqn.

40000 rpm 40000 rpm 40000 rpm
(80000 rpm) (80000 rpm) (80000 rpm)

00 1.73/0.45 1.73/0.45 1.73/0.45
’ (1.35/0.45) (1.01/0.45)  (1.76/0.45)

01 1.73/0.45 1.73/0.45 1.73/0.45
’ (1.73/0.45) (1.73/0.45)  (1.76/0.45)

02 1.73/0.45 1.73/0.45 1.73/0.45
’ (L.73/0.45) (1.73/045)  (1.76/0.45)

03 1.73/0.45 1.73/0.45 1.55/0.45
) (1.73/0.45) (1.73/0.45)  (1.76/0.45)

04 1.73/0.45 1.73/0.45 1.55/0.45
) (1.73/0.45) (1.73/0.45)  (1.76/0.45)

05 1.73/0.45 1.73/0.45 1.55/0.45
’ (1.73/0.45) (1.55/0.45)  (1.55/0.45)

06 1.55/0.30 1.55/0.30 1.55/0.45
’ (1.55/0.45) (1.55/0.45)  (1.55/0.45)

0.7 1.73/0.45 1.73/0.45 1.45/0.45
’ (-) (1.55/0.45)  (1.55/0.45)
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Table 2. RPM H 3}ol] w}E o] 2= (relaxation factors)

Constant Variable Variable
Density & Density & Density &
Specific Constant Specific
RPM Heat Specific Heat Heat
Reynolds Reynolds Reynolds
Eqn./Energy  Eqn/Energy Eqn./ Energy
Eqn. Eqn. Eqn.
20,000 1.73/0.45 1.73/0.45 1.73/0.45
30,000 1.73/0.45 1.73/0.45 1.73/0.45
40,000 1.73/0.45 1.73/0.45 1.73/0.45
50,000 1.80/0.45 1.73/0.45 1.73/0.45
60,000 1.45/0.45 1.73/0.45 1.73/0.45
70,000 1.45/0.45 1.76/0.35 1.76/0.45
80,000 1.35/0.45 1.01/0.45 1.76/0.45
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Table 3. Journal bearing operating conditions

Bearing Diameter D =73.6 mm

L/D Ratio 0.5

¢ /R Ratio 0.0039837

Eccentricity Ratio £=0.65

Rotational Speed N =20,000-80,000 rpm
Lubricant Viscosity at 40°C o = 0.0206 Pa.s

p. = 869.53 Kg/m’
C, = 1968.75 J/kg °C

Lubricant Density at 40°C
Lubricant Specific Heat at 40°C

Convective Heat Transfer
Coefficient of Lubricant to Bush

Convective Heat Transfer
Coefficient of Gas (Air) to Bush

Convective Heat Transfer
Coefficient of Lubricant to Shaft

Bush and Shaft Temperature
Inlet Lubricant Temperature

Hyor = 7700 W/m*°C
Hiygr = 2400 W/m*°C

H,r =7700 W/m’°C

T, =45 °C
T, =40°C
P.=07 X 10’ Pa
17.1° (2 grids size)

Inlet Lubricant Pressure
Axial Groove Width

10 ---- constantp & Cp, 40000rpm
g|| —— variable p & constant Cp, 40000rpm
— variable p & Cp, 40000rpm
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Fig. 2. Pressure distribution of bearing mid-plane for
an aligned bearing.
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Fig. 3. Temperature distribution of bearing mid-plane
for an aligned bearing.
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Fig. 4. Viscosity distribution of bearing mid-plane for
an aligned bearing.
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---- constantp
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Fig. 5. Density distribution of bearing mid-plane for an
aligned bearing.
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Fig. 6. Specific heat distribution of bearing mid-plane
for an aligned bearing.
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Fig. 7. Maximum oil pressure vs. degree of misalign-
ment.
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Fig. 8. Maximum oil temperature vs. degree of misali-
gnment.
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Fig. 9. Non-dimensional load vs. degree of misalign-
ment.
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Fig. 10. Non-dimensional friction vs. degree of misali-
gnment.
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NOMENCLATURE
c =radial clearance between journal and its
bearing (m)
C, = specific heat of lubricant (ki’kg’C)
D = bearing diameter (m)
D,  =degree of misalignment (the percentage

reduction of minimum film thickness at
the bearing ends)

e =eccentricity (the offset distance between
journal and bearing centers)

F = friction force
F = non-dimensional friction force
= (F/LD) (c/R)/(u, NYL/D)
h =oil film thickness (m)
H =non-dimensional film thickness = A/c

H,-sr = convective heat transfer coefficient at
bush and shaft (W/m*C)

L = bearing length (m)

N =rotational speed (rpm)

/—) =mean pressure for turbulent flow (Pa)

P = non-dimensional mean pressure
(P(CIRY /1N

P = non-dimensional effective pressure
(H"Pi"™)

P, =inlet pressure (Pa)

girsr  =turbulent heat transfer to the bush and
shaft (W)

Q.  =lubricant side leakage (m’/s)

Q. =non-dimensional lubricant side leakage
(Q/NcRY)

R =journal bearing radius (m)

T =mean temperature for turbulent flow (°C)

T = non-dimensional mean temperature

C,(c/R
—”Z;MON) (T-T;)

T, =inlet temperature (°C)

T, = temperature of the bush (°C)

T, = temperature of the shaft (°C)

U = speed of journal (m/s)

w = applied load

w =non-dimensional load parameter

- (25(8) (5 yw)
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x,z  =coordinates of circumferential and axial
directions, respectively
6z  =non-dimensional coordinates
(0=xIRz=7R)
= viscosity-temperature coefficient (1/°C)
= eccentricity ratio = e/c
= lubricant viscosity (Pa.s)

o

€

u

Mo =inlet lubricant viscosity (Pa.s)

u = Wi

p = lubricant density (kg/m’)

¢ = misalignment directional angle, ie., the
angle between the plane of the misalign-
ment and the axial plane containing the
load vector

) =attitude angle, ie., angle between the
line of centers and the axial plane con-
taining the load vector
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