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A Further Investigation on the Shear Thinning Rheology Model
Based on the Time of Recovery and a Simulation
of the Rheological Behavior of Squalane
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Abstract: The authors of this paper have proposed recently a new rheological model based on the recovery time of the
rod-ball deformation. The new model had a relatively simple form, however, could predict the friction coefficient curves
of the high viscosity lubricant PAO 650 quite accurately. In this study, the application of this model was extended to
predict the rheological features of a low viscosity lubricant, that is, squalane. Using the formula of this model to the
point contact thermal elastohydrodynamic lubrication, full numerical solutions of squalane were obtained to determine
the rheological parameters from the comparison between the numerical and experimental data of the friction coefficients.
Results indicate that the solved pressure, film thickness and temperature were reasonable as expected, and the curves of
the friction coefficients obtained theoretically and experimentally were in good agreement. The new rheological model,
therefore, was demonstrated to be accurate enough for both high viscosity and low viscosity oils, that is, the correctness
and applicability of the model based on the time of recovery were validated. In addition, there was an approximately

horizontal segment in the curves of the shear stress obtained from the new model for squalane, which explained
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theoretically, to some extent, the limiting shear stress phenomenon reported in the experimental results of the rheological

study in the literature.

Key words: recovery time; rheology; shear thinning; friction coefficient; limiting shear stress; thermal elastohy-

drodynamic lubrication
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Table 1 Parameters of squalane and contact pair

Parameter Value

Effective modulus of steel-steel contact, £°/GPa 230.8
Specific heat of steel, ¢, c,/[J(kg'K) '] 470

Specific heat of lubricant, ¢/[J(kg'K) ] 2000

Density of steel, py, po/[kg'm z] 7 850
Ambient density of lubricant, py/[kg-m ] 875
Thermal conductivity of steel, &y, ky/[W-(m-K) '] 46
Thermal conductivity of lubricant, &#/[W-(mK)™] 0.14
Radius of steel ball, R/mm 9.525
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Fig. 1 Distribution surfaces of p, & and T4 predicted by the solution of thermal elastohydrodynamic lubrication a point contact for
pu=0.8 GPa, u.=1 m/s and &=0.3
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Fig. 2 Variations in u, A, and T, vs & predicted by the solution of thermal elastohydrodynamic lubrication point contacts for
p=0.8 GPa and u.=1 m/s
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Fig. 4 Curves of the friction coefficients obtained theoretically and experimentally for py=1 GPa while with different values of u,
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Table 2 Comparisons of the friction coefficients obtained theoretically and experimentally with different values of py

Value
Parameter
pu=0.8 GPa, u.=1 m/s pu=1.2 GPa, u.=1 m/s
¢ 0.13 0.25 0.5 0.7 1 0.13 0.25 0.5 0.7 1
Hexp 0.040 5 0.048 0 0.052 8 0.052 6 0.0519 0.062 9 0.066 1 0.064 3 0.061 3 0.056 9
u 0.041 1 0.046 9 0.051 1 0.052 3 0.0525 0.068 0 0.069 6 0.064 9 0.060 8 0.0558
Error 1.5% 2.4% 3.2% 0.6% 1.1% 8.1% 5.3% 0.9% 0.8% 2.0%
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Table 3 Comparisons of the friction coefficients obtained theoretically and experimentally with different values of u,

Value
Parameter
u,=0.5 m/s, py=1 GPa u.=2 m/s, py=1 GPa
4 0.13 0.25 0.5 0.7 1 0.13 0.25 0.5 0.7 1
Hexp 0.0523 0.059 7 0.063 9 0.063 9 0.062 9 0.0527 0.055 4 0.0529 0.049 7 0.045 1
i 0.0479 0.054 6 0.059 4 0.060 1 0.059 4 0.049 6 0.052 1 0.050 9 0.049 1 0.046 3
Error 8.4% 8.5% 7.1% 5.9% 5.5% 5.9% 6% 3.7% 1.2% 2.6%
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Fig. 5 Variations of friction coefficients vs slide-roll ratio for p;;=0.8 GPa and u.=1 m/s
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Table 5 The maximum friction coefficients with various A

(A=72) (=3 GPa)
7/GPa 14 " A ¢ H
2 1.1 0.040 5 62 0.8 0.058 2
3 0.9 0.0527 72 0.9 0.052 7
4 0.8 0.063 0 82 1.0 0.0479
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Fig. 6 Variations in the generalized viscosity 1* and shear stress 7 at temperature 7=298 K while with various pressures
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