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ON THE ENTRAINMENT CHARACTERISTICS OF
AN OFF-SOURCE VOLUMETRICALLY HEATED JET
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Since the past century, it has been commonly accepted that plumes entrain more ambient fluid than
jets, due to the presence of buoyancy. In recent years, however, some investigators have shown that the
additional buoyancy causes reduced entrainment in the off-source volumetrically heated jets or plumes.
The intriguing question is why the increased entrainment is observed by other investigators under the
similar experiments. The inconsistency may be caused by the fact that the entrainment has hardly been
measured directly. In order to qualitatively understand the effect of the additional buoyancy on
entrainment, the present work performed numerical simulations with realizable k-[Jtwo equations
turbulent model for a jet, an ordinary forced plume and two cases of the off-source volumetrically heated
jets, under OpenFOAM environment. The computational results of velocity, scalar width and temperature
are qualitatively in good agreement with experimental data. Volumetric fluxes are then numerically
integrated over the tracer-concentration-defined cross section of jets. The results show that the
entrainment is increased in both the ordinary plume and the off-source heated jets. From analysis of
vortex-dynamics model, coherent structures which play a dominant role on entrainment are also found to
be enhanced due to the additional buoyancy. It is perhaps misleading to explain the negligible lateral
entrainment of cumuli under the view that additional buoyancy reduces entrainment.

Key Words: off-source volumetrically heated jet, plume, jet, coherent structure, entrainment
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