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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof,
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PROGRESS SUMMARY

Atomization
Atomization tests on simulated fluids are being performed. For each sample tested,
AP, is being determined as described in the last quarterly report. The results will be

reported when the coal slurry testing is completed for comparative purposes.

Viscoelastic Properties

The viscoelastic properties on the simulated fluids and coal water slurries are being
determined using the Adelphi Stresstech Viscometer. A discussion of viscoelastic
properties and their relationship to atomization is presented below.

Viscoelastic Properties

In systems such as coal water slurries which can have internal structure, viscoelastic
properties can be exhibited. These properties could affect the stability and the slurry
breakup into ligaments upon exiting a nozzle orifice as well as the subsequent

breakup of ligaments. Assume a deformation y given by v e iot where y o is the

maximum shear strain. Then for o T<<1, the fuel behaves like a viscous fluid.

T= ny=iony (1)

However, for large frequencies, w T>>1, the fluid behaves as a solid and the shear
stress is given by the theory of elasticity

T= HY @
where p is the elastic storage modulus. For intermediate frequencies, ® ~ 1/T, the
stresses given by the two expressions must be of the same order of magnitude, which
implies that

on~n/T~p or m ~uT

From these arguments, it is possible to develop a simple model (Maxwell model)

T =py/li/ T 3




for which ® — 0 yields T =i0Tu yand for ® —ee yields 1t = py wheren=Tuis
the fluid viscosity.
The complex shear modulus, G*, can be defined by

T = G* ’Y (4)
where
G*=pu/l-i/eT =G +iG" (5
with _
G = po?T2/1+a2 T2 (6)
G"(®) = po T/ 1+ T2 (7

Theoretical analysis has shown that viscoelastic affects can impact the the break-up of
liquid jets. Viscometric measurements on the slurries that were atomized will be
performed in order to determine the relationship between G' and G" and the
atomization quality. The slurries with the higher elastic component atomized poorly
as compared to those slurries with the lower elastic components in previous studies.
This is not unexpected since the break-up of ligaments or segments of fluid are caused
by the growth of wave-like instabilities on the surface which is a frequency dependent
phenomena. Elastic effects would be expected to inhibit fragmentation.

ACTIVITIES SCHEDULED FOR THE NEXT QUARTER

Atomization and visoelastic testing on coal water slurries will be performed and
results for both simulated and coal slurries presented.




