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Numerical Simulation Study on Gas-Particle Two-Phase Jets in a Crossflow ()
— Two-Phase Jet Trajectory and Momentum Transfer Mechanism —
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Abstract

A particle trajectory model to simulate two-phase particle-laden crossjets into two-dimensional
horizontal free stream has been developed to study the variations of the jet trajectories and
velocity variations of the gaseous and the particulate phases. The following conclusions may be
drawn from the predicted results, which are in agreement with experimental observations. The
penetration of the two-phase jet in a crossflow is greater than that of the single-phase jet. The
penetration of particles into the free stream increases with increasing particle size, solids-gas
loading ratio and carrier gas to free stream velocity ratio at the jet exit. When the particle size
is large, the solid particles separate from the carrier gas, while the particles are completely
suspended in the carrier gas for the case of small size particles. As the particle to carrier gas
velocity ratio at the jet exit is less than unity, the particles in the vfcinity of the jet exit are
accelerated by the carrier gas. As the injection angle is increased, the difference of the particle
trajectory from that of the pure gas becomes larger. Therefore, it can be concluded that the
velocities and trajectories of the particle-laden jets in a crossflow change depending on the
solids-gas loading ratio; particle size, carrier gas to free stream velocity ratio and particle to gas
velocity ratio at the jet exit.
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Table 1 Comparison of predicted results with the experimental data of Salzman and Schwartz (1978)

Experiments Present Analysis Present Analysis Resul%s of
(Up/ Us) =1 (Up/ Ur)i=0.9 Ma & Shih(1989)
Data | x|y | m | 2 . 2 | o2 . BVSR VS .
set d; d: d: d; d: d: d: d;
1 66.017 | 33.77 32.22 22.88 4.6% | 32.97 24.20 2.4% | 16.25 9.73 | 51.9%
2 66.017 | 35.93 34.93 22.45 3.1% | 33.91 22.10 5.6% | 21.00 12.07 | 41.6%
5 56.066 | 29.60 28.79 19.56 ! 2.7% | 28.17 19.41 4.8% | 16.04 9.56 | 45.8%
8 49.194 | 24.84 25.50 18.17 ;2.7% 25.28 18.37 | ~1.8% | 13.13 8.06 | 47.1%
27 49.194 | 25.32 25.90 17.77 | —2.3% | 25.72 18.06 | —1.6% | 13.54 7.81 | 46.5%
28 56.066 | 28.86 27.90 19.10 3.3% | 28.55 20.35 1.2% | 14.21 7.96 | 50.8%
31 66.017 | 31.82 32.10 21.72 | —0.9% | 33.07 23.37 | ~3.9% | 16.52 9.11 | 48.1%
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velocity ratios at the jet exit
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Fig. 9 Effects of injection angle and particle to gas
velocity ratio at the jet exit on the trajectories
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