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In this equation X, is the fractional area occupied by the
nth flow unit on the shear surface, a,= (AN2)\3),/2kT and
B.=1/[(\/\1)2k],, where k is Boltzmann’s constant, T
the temperature, and the summation is the extension to all
the flow units present. Here Ao\3 is the cross-sectional area
of a certain flow unit, A the distance a unit moves between
equilibrium positions, A\; the distance between planes of
flow units of a certain kind, and %’ the rate constant for
passage of the unit over a potential energy barrier.

The experimental data of greases are explained in terms
of Newtonian and non-Newtonian flow units, e.g.,

f= Xlﬁl/a1-§‘+X2/a2 Sil’lh_lﬂzs. (27)

The subscripts 1 and 2 refer to the Newtonian and non-
Newtonian units, respectively. If it is assumed that
X1B81/arK X s82/cs (the inequality is due to the fact that
B1/c,<<<By/as while X;>>X5) then (6) becomes

J=X>/az sinh™'Ba8. (28)

Pressure increases and decreases effect an equilibrium
transition between Newtonian and non-Newtonian flow.
Thus when X>>X,,

X =exp(—AF/RT)
and from (1)
X.=exp(—AF,/RT) exp(— PAV/RT) (29)
=K, exp(—PAV/RT),
where K is the equilibrium constant when P=0. Also
Ba= (N2k'/N1)s'= (\/MN2kT/ k)" expAF*/RT)

30
=Ba.0 exp(PAV?/RT, (30)

where
Bz,0= (\/N2kT/h)~ exp(Fo*/RT).

Substituting Eqs. (29) and (30) into (28) yields

f=[Ko/as exp(— PAV/RT)] sinh~!
X [B2,0 exp(— PAV*/RT)s], (31)

which is the equation of flow under pressure.

By applying (31) to the $-f flow curves discussed earlier,
the factors Xs/as and (8 are obtained. AV is obtained from
the slope of the line in the plot of In(X,/as) against P.
Similarly AV#* is determined from the plot of Ing against
P. B, is evaluated by extrapolating the 3, values obtained
at various pressures to P=0. Finally, in (30), AF* is
readily calculated for A=2\,.

APPLICATION TO LUBRICANT

Figure 18 shows the theoretical and experimental flow
curve for Calresearch 60R-588 grease (obtained from the
California Research Corporation) under a pressure of
339 atm. The shear rate $ is determined by Eq. (25) and
the stress f by the relation f=rAP/2L. The reproduci-
bility of the experimental result is within a range of two
percent. The theoretical flow curve was calculated from Eq.
(27). The factors X181/a1, X2/az, and B; were determined
using Eyring’s well-known method.??

ACKNOWLEDGMENTS

It is a pleasure to thank the National Science Founda-
tion and the American Chemical Society for joint support
of this work. The initial work on the cylinder assembly was
done by R. H. Woolley.

The authors also express their thanks to Professor Tracy
Hall for helpful discussions concerning pressure effects in
Part II, to Mr. Fred Straub for machine work, and to Miss
Nola McKee for technical assistance with calculations, the
preparation of the drawings and the manuscript.




