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Figure 1 Relaxation of granular entropy to heat. [ is the relaxation
rate (namely, decreasing of granular entropy per unit time and vol-
ume). Note that because its reversed process is not allowed, / must
be positive.
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Figure 2 Stationary shear flow in a plane.
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Figure 3 Variations of apparent viscosity (a) and normal stress diffe-
rence (b) with shear rate. Symbols are measurements for a Fe-Ni
feedstock at temperature 140° (circle) and 150° (triangle) [1].
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A hydrodynamic theory for feedstock in powder injection
molding

JIANG YiMin'2, L1 YiMin!, PENG Zheng?* & WANG GuangYao!

! State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
2 School of Physics, Central South University, Changsha 410083, China

By combining two hydrodynamic theories of polymer and granular matter reported recently, we proposed a theory de-
scribing macroscopic mechanical behaviors of feedstock in powder injection molding. In contrast with the traditional
non-Newtonian hydrodynamics of feedstock, the theory has as state variables in addition a granular temperature and two
tensors of elastic strain (for polymer and granular components respectively), then can give a complete description of elastic
effects due to granular skeleton and polymer. In a special case of steady planar shear flow, it is reduced to the non-Newtonian
hydrodynamics with an apparent viscosity comparable to those measured for feedstock. This supports that the new theory
does contain the traditional one, so can be used to study its validity range, and the rheological parameters including co-
efficients of differences of normal stresses. The work provides a new way for analyzing feedstock dynamics interested in
powder injection molding. Also its method is helpful for establishing continuos mechanical equations of other multi-phase
systems.

powder injection molding, feedstock, granular matter, hydrodynamics
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