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Since last year’s report we completed the first direct numerical smulation of axisymmetric
core flow. We showed that the pressure at the front of the wave is large (the fluid enters a
converging region) and it pushes the interface in, steepening the wave at its front. At the backside
of the wave, behind the crest, the pressure is low (diverging flow) and it pulls the interface to the
wall, smoothing the backside of the wave. The steepening of the wave can be regarded as a shock
up by inertia and it shows that dynamics works against the formation of long waves which are
often assumed but not justified in the analysis of such problems. We showed that the steep wave
persists even as the gap between the core and the wall decreases to zero. The wave length aso
decreases in proportion, so that the wave shape is preserved in this limit. This leads to the first
mathematical solution giving rise sharkskin. The analysis also showed that there is a threshold
Reynolds number below which the total force reckoned relative to a zero at the wave crest is
negative, positive above, and we conjectured, therefore that inertia is required to center a density
matched core and to levitate the core off the wall when the density is not matched. This work is
reported in the paper by Bai, Kelkar and Joseph, “ Direct smulation of interfacial waves in a high
viscosity ratio axisymmetric core flow,” Journal of Fluid Mechnanics, 327, 1-34 (1996).

Our work on lubricated pipelining, core-annular flow, has achieved the status of a
recognized topic of fluid mechanics which is defined in the invited review paper by Joseph, Bai,
Chen and Renardy, “ Core-Annular flow”, Annual Review of Fluid Mechanics, 29, 65-90 (1997).

The most important results obtained since our last report comes from work which we did for
Syncrude Canada Ltd on the self-lubrication of bitumen froth. This work was funded by Syncrude,
and the funding has been renewed, but it falls squarely in the domain of the DOE grant and we are
going to continue the work. Syncrude built a24" X 1 km pilot pipeline to check our results. Their
results showed the same trend and from their data | found a scale-up law which is presently

properietary because of patents, but will be released soon. Syncrudes management has taken the



decision to build a 35 km large diameter pipeline from the Aurora mine to lake Mildred, at a cost
of 200 million dollars based on this work.

We are continuing our studies of self-lubrication of bitumen froth. For a given froth and
froth temperature we want to determine al of the flow regimes, holdup ratios, wave forms and
pressure gradients as a function of froth input. The working hypothesis of self-lubrication is that
water isreleased at a critical shear stress. Thisimplies that there is a critical shear rate for a given
froth and this shear rate prevails in the produced water used for lubrication so that for all
conditions of lubricated transport U/L is a constant, where U is the superficia velocity of the froth
and L is the thickness of the lubrication layer. Thisideais being tested.

We have proposed a new mechanism for the stabiliation of annular gas liquid flows based on
our DOE studies of lubricated pipeline. The idea is that annular flow stabilizes when the gas core
gets more viscous than the water outside, due to turbulent eddy viscosity in the gas. The criterion
that comes out of thisis in excellent agreement with experimental observation. The paper * Stability
of Annular Flow and Slugging” by Joseph, Bannwart and Liu will appear in the International
Journal of Multiphase Flow.

During the last reporting period Joseph received two awards.

(2) Timoshenko Medalist of the ASME,
(2) Thomas Baron Huid-Particle Systems Award of the AIChE and Shell.
(Nov. 1996)
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