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Effect of surface roughness on elastohydrodynamic lubrication in line contact

with non-Newtonian fluids base on Carreau viscosity model
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Abstract

This paper investigates the effect of surface roughness on
elastohydrodynamic lubrication with non-Newtonian fluid base on
Carreau viscosity model for a cylinder on plate in line contact.
The time independent Reynolds equation and elastic equation

were formulated for compressible fluid. Perturbation method,
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Newton Raphson method and multigrid method were imple-
mented to obtain the film pressure and film thickness profiles in
the contact region at various loads, speeds, radius and surface
roughness. The simulation results show surface roughness
amplitude has significant affect the film pressure in the contact
region. The film pressure and traction coefficient increase but
minimum film thickness decrease when the roughness amplitude
increases. The film pressure and film thickness both become
increase as the relative velocity of the cylinder and the plate is
increase. For increasing the, film pressure and traction coefficient
increases but film thickness decreases. The film pressure and
traction coefficient decrease but film thickness increase when the

radius of cylinder is increase
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Inlet density, kg/m3 834.00
Low shear strain rate viscosity, Pa-s 0.0698
High shear strain rate viscosity, Pa-s 0.0000
Time relaxation, s 4657 x 10”7
Flow index 0.625
Viscosity-Pressure index 0.3917
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8W'
semi-width of Hertzian contact, m, b= R>< (—j

Young Modulus of Plate, Pa
Young Modulus of cylinder, Pa

Equivalent modulus of elasticity, Pa,

E'= 2
1-v?) (1-07
2 |4 dl
E, E
lubricant film thickness, m
o N h
dimensionless film thickness, H = o2
Ry

2
dimensionless second invariant of strain rate, | * = (ﬁj

2
. . uRy
dimensionless parameter, KSH =

power law index

film pressure, Pa

1
(W2
Hertzian’s contact pressure, Pa, P, = E'| —
2
dimensionless pressure, P= l
F)H
o o 1 a
JAAVDINHWLIBY, m
Jaflwainsanszuan, m
) 1 1 1
radii of curvature , m , —_——t—
Ry I &
u, —u
slip ratio, S, =—+—
V
I8, s
. . . . t
dimensionless time, UV =—-
b
u
ANMULSIIFUHNRVDIWHWLTOL, m/s
ANMULSIIRNNRVDINTINTZUBN, m/s
B P TR
ANUIUARLVIRIFUNT, m/s, U :T
Applied load, N
W/
Dimensionless load, W'=—
E'R,

coordinate, m

X  dimensionless coordinates, X =

o | <

Zy  ONWREUFIFAVBIAIFUNT, m
A time relaxation, s

g AMNRLILVDIAIFUNEVBIUHWTLY, m,

. 2r
Ay =27y sin| | — |X
1

As, ANMURLILVBIRIRUKEVBINTINTZLEN, m,

. 2z
A, =Zy SIn| | — |X
2

Ay; Amplitude wave length V83AIFUNRVBILNWTEL, m

Ay, Amplitude wave length 289HIRNHEVBINTINTZUEN, M

Ay ANAUnENUaIRIFINEYaINIInszuanuuy 1314,

_:ﬂ"sl
Asy b

RX
A, anungnuaasiisunguasunwssuwuylsHa,

T _
ﬂsz—i

RX

£ lubricant density, kg/m3

P, lubricant density at ambient pressure, kg/m3
p  dimensionless density, P =p/p,
M, Viscosity at low shear strain rate, Pa-s

M., viscosity at high shear strain rate, Pa-s

U,  Poison ratio of Plate

U, Poison ratio of cylinder
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