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Effects of Interfacial Velocity or Temperature Slips on Finite
Line Contact Thermal EHL in Simple Sliding Motion

ZHANG Mingyu, WANG Jing"

(College of Mechanical Engineering, Donghua University, Shanghai 201620, China)
Abstract: With the development of surface engineering technology, plenty of hydrophobic and oleophobic surfaces are
designed so that the occurrence of interfacial slips has become quite common. For an interface in elastohydrodynamic
lubrication (EHL) contact with obvious thermal rise, temperature slip should take place accompanying with the
occurrence of velocity slip. Thus, for a thermal EHL contact, friction coefficient is possible to drop below 0.01 and reach
a superlubricity level.

In this study, based on a finite line contact simple sliding thermal EHL problem, numerical analyses were
completed to reveal the changes in the lubrication characteristics when velocity or temperature slip occurred on the
moving and stationary surfaces, respectively, together with the influence of velocity change on lubrication state in the
contact zone. The work was also aimed to explore the reduction of the friction coefficient as well as the possible
occurrence of superlubricity.

The geometrical modeling of the finite line contact was based on the authors' previous design of the roller ends to

obtain a beneficial lubrication state at the end of the contact zone that was least susceptible to severe stress concentration
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phenomena. The modified generalized Reynolds equation taking into account the interfacial velocity slip, the Ree-Eyring

fluid flow model and respectively 4types of interfacial slip models were used to establish the mathematical models. The

Reynolds equation was solved by the multigrid method, the elastic deformation by the multigrid integration method, and

the temperature field by the column-column scanning technique.

Velocity slip at the moving surface significantly reduced the lubricant flow rate in the contact zone, while velocity

slip at the stationary surface acted the opposite way. All 4 slip models reduced the oil film thickness while the effect of

the velocity slip on the moving surface was the most obvious. Velocity and temperature slips on the moving surface and

velocity slip on the stationary surface all reduced the maximum thermal rise in the contact area, but temperature slip on

the stationary surfaces significantly increased the maximum thermal rise. Velocity slip on both the moving and the

stationary surfaces could reduce the friction coefficient to below 0.01 thus a superlubricity level was reached under low-

medium speed conditions, or if the velocity slip length was long enough. Moreover, temperature slip on the stationary

surface could smoothly reduce the friction coefficient to reach a superlubricity level.

Velocity slip on the moving surface significantly reduced the film thickness in the contact zone, and temperature

slip on the moving surface led to an increase in the friction coefficient in the contact zone, so it was suggested to avoid

interfacial slip on moving surface. Velocity slip on the stationary surface played a major role under low speed condition

while temperature slip on the stationary surface was dominating under high speed condition, thus the friction coefficient

could be reduced with the aid of interfacial slip on the stationary surface.

Key words: velocity slip; temperature slip; thermal EHL; finite line contact; numerical analyses; superlubricity
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Fig. 1 Interface continuity and interfacial slip models
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Fig. 2 Finite line contact model and its characteristics of oil film
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= R A
7 ¢y 7 Effective Young’s modulus, £’ 2.26x10" Pa
Ambient temperature, 7, 303K
A = Iy + LaDeNoen — LN =0 Ambient viscosity of oil, 7, 0.08 Pa-s
5 7e Ambient density of oil, p, 875 kg/m’
B=h"n.— —hlgn. Specific heat of oil, ¢¢ 2 kl/(kg'K)
e Heat conductivity of oil, k¢ 0.14 W/(m'K)
1 NeNy=h Pressure-viscosity coefficient, o 2.19x10° Pa’!
* + _ 7= + ’ o ’
p Ue |:Mape COLY A (lsape hpen“))] Viscosity-temperature coefficient, 0.047 6K
- g g 2 R e Density of solids, p,, py, 7850 kg/m’
BTN Sy BEATRR ), AT A5k X AR Specific heat of solids, ¢, ¢; 470 J/(kg'K)
Heat conductivity of solids, ,, &, 46 W/(m'K)
F= f f vdxdy &) Length of rounded corner area, ygy 2 mm
Radius of rounded corner, rq 1m
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Table 2 Comparison among results with 3~5 grid levels

Parameters 3-level 4-level 5-level 4 Error
P/ M 0.310 46 0.304 49 0.294 4 0.008 03 2.64%
N/ pm 1.028 73 1.022 18 1.004 49 0.012 12 1.19%

Pmax/ GPa 0.217 14 0.218 03 0217 14 0 0.00%
Peen/GPa 0.188 59 0.18722 0.185 63 0.001 48 0.79%
Tinax/ C 41.972 84 39.947 81 38.454 52 1.759 16 4.40%
Thnaxt/ C 38.935 68 37.19573 358329 1.55139 4.17%

f 0.011 025 0.0122 0.013 265 0.001 12 9.18%

I, increase

Velocity slip on moving surface
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