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A Study on Thermohydrodynamic Turbulent Lubrication of
High Speed Journal Bearing Considering Various Thermal
Conditions on Walls

Sang Myung Chun and Siyoul Jang
Graduate School of Automotive Engineering at Kookmin University

Abstract - Turbulence on the journal bearing operation is examined. And the thermal variability is studied for isothermal, convective
and adiabatic conditions on the walls within some degree of journal misalignment. An efficient algorithm for the solution of the coupled
turbulent Reynolds and energy equations is used to examine the effects of the various factors. The calculation data of turbulent analysis
are compared with the ones of laminar analysis. Heat convection is found to play but a small role in determining friction and load. The
friction distribution patterns through inside a journal bearing now appear different with high values at the front part of the bearing due
to the high speed and low temperature, and a sudden decrease past the pressure maximum.

Key words - Turbulent Reynolds and energy equations, Isothermal, convective and adiabatic conditions on the walls
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TABLE 1. Journal Bearing Operating Conditions

Bearing Parameter D=73.6 mm
L/D Ratio 0.5
¢ /R Ratio 0.0039837
Eccentricity Ratio € =0.65
Rotational Speed N = 40,000 rpm
Lubricant Viscosity at 40 °C M, = 0.0236 Pa.s
Temperature-viscosity a =0.028 °¢c-!

Coefficient
Lubricant Density at 40 °C

p =860Keg/m?
, =2000J/Kg °C

Lubricant Specific Heat C

Convective Heat Transfer
Coefficient of Lubricant to Bush
Convective Heat Transfer
Coefficient of Lubricant to Shaft

b,y =T700 W/ m? °C

 , =1700 W/m* °C

Bush and Shaft Temperature T, ,=45°C
Inlet Lubricant Temperature 7;n =40°¢
Inlet Lubricant Pressure P =07x 10° Pa

m

Axial Groove Width 17.1deg(2 grids size)
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Fig. 1 Load capacity and power loss vs. shaft speed comparing

with Medwell*s results for an aligned and two-axial grooved

bearing under the operating conditions of TABLE 1 and adiabatic

constraints

TABLE 2. Non-dimensional load, friction and axial leakage, as
well as the maximum film pressure( in MPa ) and temperature (in

C) for an aligned bearing with an axial groove

Boundary Case #1 | Case #2 Case #3
Conditions (Isothermal) | (Adiabatic) (Convective)
Load 2.38 1.22 1.24
Friction 17.22 10.50 10.63
Axial Leakage 0.32 0.34 0.34
Max. Oil 13.61 6.33 6.45
Pressure
Max. Oil 40.0 112.17 106.48
Temperature
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%ig. 5 The calculated results for turbulent flow (40,000 rpm) and
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NOMENCLATURE

(o3

A

LR
e
o>

e
£

¢ = radiat clearance between journal and its bearing (m)

¢, = specific heat of lubricant(KJ/Kg °C )
D" = bearing diameter (m}
0, = 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 =nzn~dimensional friction force=(F/LD) (c/R}/( 11, N)(L/D)
h = oil lilm thickness (m)

H = nondimensional film thickness = h/c

Hyr or =convective heat transfer coefficient at bush and shaft

K/ m?°C )

K = thermal conductivity of the fluid (W/m °C )
L = bearing length (m)

N = ratational speed {rpm)

P = mean pressure for turbulent flow(Pa)

P = non-dimensional mean pressure (;(c IR I u,N)
—ir2

P = non-dimensional effective pressure ( & 372 F/,u )

P,, = intet pressure (Pa)

GQpy s7 = turbulent heat transfer to the bush and shaft (W)

Q:, = lubricant side leakage (s * /s)

Q ., = non-dimensional lubricant side leakage (o LNk 1)

R_ = journal bearing radius {(m)

T = mcan temperature for turbulent flow( “C )

= c/R)? =

T = non-dimensional mean temperature= ﬁ'(———)-—(r -T.)

2mu,N

T,, = inlet temperawre (°C )

T, = temperature of the bush (°C)

Ts = temperature of the shaft (°CH

U = speed of journal (m/sec)

W = applied load

W = nondimensional load parameter = { W Ly (_l:_) KpoN) )
D R D

x,z = coardinator of circumferential and axial directions,
respectively

8,z =nondi ional coordinates (€ = x/R,z=2z/R )
@ = viscosity-temperature coefficient(1/ °C )

& = eccentricity ratio = e/c

M = lubricant viscosity (Pa.s)

Ho = inlet lubricant viscosity (Pa.s)

H=n iy 5

P = lubricant density {Kg/m )

@ = misalignment directional angle, i.., the angle
between the plane of the misalignment and the axial

98

plane containing the load vector

@ = attitude angle, i.e,, angle between the line of centers

S

2)

3)

4)

(5}

)

(7

(8)

9}

(10}

an

(12)

(13

(14)

(15)

(16}

an

18)

and the axial plane containing the load vector
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