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A numerical analysis of grease thermal elastohydrodynamic lu-
brication problem using Herschel-Bulkley model
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Abstract—Grease thermal elastohydrodynamic lubrication (TEHL) problems of line contacts are
analyzed numerically. The effects of temperature and rheological parameters on grease TEHL are in-
vestigated using the Herschel-Bulkley model as a rheological model of greases. The pressure dis-
tribution, the shape of grease film, mean film temperature and surface temperature of solid wall in
line contacts are obtained. It is found that thermal effects on the minimum film thickness become re-
markable at high rolling speeds. The effect of yield stress of Herschel-Bulkley model on minimum
film thickness is negligible, while the rheological index and viscosity parameter have significant ef-

fects on minimum film thickness.
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Fig. 1. Flow chart.
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inlet temperature of lubricant(T,)

inlet density of lubricant(p,)

pressure-viscosity coefficient of lubricant(e)
ternperature-viscosity coefficient of lubricant(y)
coefficient of lubricant thermal expansivity(g)
thermal conductivity of lubricant(k)

specific heat of lubricant(c),

equivalent radius of cylinder(R)
elastic modulus of cylinder(E)
Poisson's ratio of cylinder(v )
thermal conductivity of cylinder(k.)
specific heat of cylinder(c.)

density of cylinder(p,)

yield stress of grease(r,,)
viscosity parameter of grease(n,,)
rheological index{n)

313K

919 kg/m’
2.273x 10"
0.04666 K
6.5x10° K'
0.1457 W/m - K
2306 Jkg - K

0.02m
200% 10° Pa
0.3

47 W/m - K
460 J/kg
7850 kg/m®

139.3 Pa
2198 Pa - s
0.63
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Table 2. Min. film thickness and max. mean film temperature rise and max. surface temperature rise (P,=0.4 GPa,

1,,=139.8 Pa, 1,,=21.98 Pa - s", n=0.63)

rolling dimensionless isothermal

dimensionless thermal

max. mean film max. surface  ratio of thermal

speed min. film thickness min. film thickness temperature temperature to isothermal
[m/s] Hicomin Hin i rise, [K] rise, [K] film thickness
1 0.83272 0.81115 2.2878 0.5733 0.97410
2 1.18209 1.12104 5.4808 0 .9906 0.94835
5 1.84298 1.60911 10.293 1.5374 0.87310
10 2.35239 1.80448 13.090 1.9846 0.76708
20 3.42572 2.21076 26.560 2.8530 0.64534
30 4.06889 2.17313 34.800 3.4191 0.53408
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It [ Uc = 20m/s AL =
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Fig. 2. Pressure distribution for different rolling speed
U. (Py=0.4 GPa, 1,,=139.8 Pa, n,,=21.98 Pa - s’, n=0.63).
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Fig. 3. Film shape for different rolling speed U, (P,=0.4
GPa, 1,=139.8 Pa, 1,,=21.98 Pa - 5", n=0.63).
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Fig. 4. Mean film temperature for different rolling spe-
ed U, (Py=0.4 GPa, 1,,=139.8 Pa, 1,,=21.98 Pa - s, n=0.
63).
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Fig. 5. Solid surface temperature for different rolling
speed U, (P4=0.4 GPa, 1,=139.8 Pa, 1,=21.98 Pa - 5",
n=0.63).
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Fig. 6. Pressure distribution (U=10 m/s, Py=0.4 GPa,
1,=21.98 Pa - s, n=0.63).

= 8
@ Tyo =1
g N T =139.3
N T =300.0
‘; rrrrrr Ty =1000
= 4r AN
2
s 2r
1)
=
)
E O ] | 1 1 L
-4 -3 -2 -1 0 1 2

Fig. 7. Film shape (U=10 m/s, P4=0.4 GPa, 1,,=21.98
Pa - sn, n=0.63).

Table 3. Isothermal min. film thickness and thermal
min. film thickness (U=10 m/s, P,=0.4 GPa, 1,,=139.8
Pa, n=0.63)
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Fig. 8. Pressure distribution (U=10 m/s, P4=0.4 GPa,
1,,=139.8 Pa, n=0.63).
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Fig. 9. Film shape (U.=10 m/s, P4=0.4 GPa, 1,=139.8
Pa, n=0.63).

Table 4. Isothermal min. film thickness and thermal
min. film thickness (U=10 m/s, P4=0.4 GPa, 1,=139.8
Pa, 1,,=21.98 Pa - s")

viscosity dimensionless dimensionless ratio rheological dimensionless dimensionless ratio

parameter  isothermal thermal of thermal index isothermal thermal of thermal
Nw [Pa - s"] minimum minimum  to isothermal n minimum minimum to isothermal
film thickness film thickness film thickness film thickness film thickness film thickness

Hisﬂ,min th,min His{),min Hlll,min

10 1.41306 1.17273 0.82992 0.60 1.81193 1.46340 0.80765

21.98 2.52840 1.96400 0.77986 0.63 2.52840 1.96400 0.77678

30 3.15189 2.37439 0.75332 0.66 3.41837 2.55895 0.74859

40 3.81999 2.80915 0.73538 0.70 491211 3.51330 0.71523

Table 3, Fig. 83} Fig. 9= U.=10 m/s, P,;=0.4 GPad
] TEHL a4 el|4] viscosity parameter N7} #A--f-
A, bHE X Ak Xz g Mo
F3. lc}. viscosity parameter 157} H AW {-7HFA|
7t & EHL #iAelx9} 7e] Zr}slar 5-& EHL
dHoe 3 HafeFA9 TEHL iy o 73
3240 F 9] Afo) £ Zobbek

Table 4, Fig. 105} Fig. 11¢ TEHL a4 olA] rheo-
logical index no] TEHL Al%o|| p]x]¥= od ko] Table
3, Fig. 85} Fig. 92| A3}e} v]s3lths 2 BejF
L glc}. rheological index no] A AW %2 EHL &M
NAAF FetFAZE $718la 52 EHL sidee
T8 #afeAel TEHL M o2 28 Hade
FA 8 el Frl3he)

Vol. 11, No. 3, 1995



dimensionless pressure P

Fig. 10. Pressure distribution (U=10 m/s, P,=0.4 GPa,
1,,=139.8 Pa, 1,,=21.98 Pa - sn).
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Fig. 11. Film shape (U=10 m/s, P4=0.4 GPa, 1,,=139.8
Pa, n,=21.98 Pa - sn).
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