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NOTES

Measurement of Normal Stresses in Simple Shearing
Flow of Ellis Fluid

Several methods! 7 for measurement of normal stresses in simple shearing flow have
been suggested. One of the methods is based on measurement of the swelling of a jet
issuing from a capillary. Metzner et al.* have presented this method, which related nor-
mal stresses to jet diameters. They have analyzed a portion of the jet between section 1
and section 2 (Fig. 1 Ref. 4) by applying® Newton’s Second Law, deriving eq. (1)
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where ty, £33 are normal stresses in the radial and axial directions, respectively, in the tube;
p is the fluid density, n’ is the flow behavior index defined by the logarithmic slope
of the flow curve obtained from a capillary tube; % is the local velocity at the posi-

tion defined by the radial coordinate r; V is the mean or volumetric fluid velocity inside
the tube; R is the tube radius; D is the tube inside diameter; and d; is the jet diameter.
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and iy is the point value of shear stress evaluated at the wall.

In order to evaluate the integral in eq. (1), it is necessary to know the velocity profile, and
any relation like the power law or Ellis fluid model can be made applicable. Metzner et
al. have chosen the power law equation.

In the present paper the velocity profile based on the Ellis fluid is made applicable to
determine the normal stresses.

The equation for the Ellis fluid® ? is represented as

tn = —9(Vi/da,) 2}
where 2, is the shear stress and z, is the distance along the perpendicular to the axial
coordinate, with

U = /o)1 + |tu/trpl*?) (3)

where a is the Ellis fluid constant and ¢, is the value of shear stress £, for which y = 5o/2.
From eq. (3) the velocity profile of the jet is given by
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where
K1 = Rtw/zno
and
K; = (RBtw/290)[2/(@ + D)]({tw/t1f)*™?

On substituting eq. (4) in eq. (1), the integral can be evaluated, giving
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The jet method of determination of normal stress difference, has the twin advantages of
ease of experimental set up and applicability at high rates of shear. Certain pertinent
questions about the validity of the method are admissible.

No energy balance has been made on the jet. The dissipation of mechanical energy is
assumed not to affect the jet radius. Any temperature variation due to dissipation is
neglected.

The flight distance of the jet before the relaxation of stresses is not known and is a
function of the characteristic time of the fluid. It is assumed that the stresses are fully
relaxed at the point of measurement of the jet radius.

The Ellis model has sufficient flexibility to fit the data for different fluids in a number of
different geometrics, and is an improvement on the power law in the following ways:
(1) when « — 1, the fluid behaves like a Newtonian fluid; (2) when (1 /x) — 0, the fluid
behaves like a power law fluid; (3) the model has a characteristic time given by (n¢/
t1/,), and eq. (5) is therefore a more general equation covering a greater range of fluids.

where

References
1. F. H. Gaskins and W. Philippoff, Trans. Soc. Rheol., 3, 181 (1959).
2. 8.7J. Gill and J. Gayvis, J. Polym. Sct., 20, 287 (1956 ).
3. A. B. Metzner, E. L. Carky, and I. K. Park, Mod. Plastics, 37, No. 11, 133 (1960).
. A.B. Metzner, W. T. Houghton, R. A. Sailor, and J. L. White, Trans. Soc. Rheol.,

4
5, 133 (1961).
5. A. B. Metzner and J. L. White, in Progress in International Research in Thermal
and Transport Properties, ASME, 1962, p. 748.
6. S. Middleman and J. Gavis, Phys. Fluids, 4, 353 (1961).
7. W. Philippoff, Ind. Eng. Chem., 51, 883 (1959). ‘
8. J. G. Brondnyan, F. H. Gaskins, and W. Philippoff, Trans. Soc. Rheol., 1, 109
(1957).
9. 8. Matsuhisa and R. B. Bird, AICKE J., 11, 588 (1965).
10. D. W. McEachern, AICRE J.,12, 328 (1966).
M. V. JosH1
H. S. Rao
Department of Chemical Technology
University of Bombay
Bombay, India

Received February 5, 1968
Revised September 11, 1968



