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A scheme to manipulate and control the trajectory and entrainment of a jet in crossflow
(JICF) is devised and investigated. The scheme is based on the premise that, since the
trajectory and entrainment of JICF is closely related to the formation of the large-scale vortical
structures in the flow, the effective scheme to manipulate and control JICF should then be
focusing on the manipulation of the near-field flow shear layers, the origin of these structures.
To implement this, 1) a number of control jets are used to manipulate the near-field flow shear
layers, and 2) they are strategically installed at various azimuthal positions near the jet exit, the
location near where the near-field flow shear layers are at the onset of developing. The effects
of the two control parameters: the azimuthal position (&) of the control jets and the total control
jet to main jet mass flowrate ratio (r,), on jet trajectory, entrainment, and structures are
investigated. The experiment is conducted for the JICF with the effective velocity ratio 4 and the
jet Reynolds number 22,000. The velocity fields are surveyed with a single-sensor hot-film
anemometer. It is found that azimuthal control jets can be used to manipulate and control the
jet trajectory, entrainment, and structures. On trajectory, the result shows that when the control
jets are deployed on the windward side, the center-plane velocity trajectory of the controlled
JICF is lower than the uncontrolled one; while deployed on the leeward side, higher. The
optimum values of the two control parameters such that the jet trajectory is lowest and the jet
entrainment is potentially highest are found to be (6,r, ) = (£15°, 2%). Velocity distributions in
various cross planes are subsequently measured for the uncontrolled case (JICF) and this
optimal control case (115). The result shows that the control jets in this optimal control case
have the effects in lowering, in addition to the center-plane trajectory, the centroid and center-
of-mass trajectories as well when compared to JICF. On entrainment, the result shows that the
use of azimuthal control jets in this optimal case helps enhancing entrainment over that of JICF
by approximately 10% at x/rd = 1.5 and 20% at x/rd = 4. On jet structures, the results show

that the deployment of the control jets at the optimal condition has the effect in suppressing
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(the development of) the windward jet shear layer while promoting (the development of) the
lateral skewed mixing layers, later developing into two dominant lateral streamwise counter-
rotating vortical structures. This in turn explains the lower trajectories, the larger lateral
spreading, and the higher entrainment of the controlled JICF when compared to those of JICF.
Finally, the entrainment mechanisms of the vortical structures in JICF and controlled JICF are
envisaged, compared, and discussed. Consequently, two separation distances: spanwise and
wall separations, are identified as governing (the blocking of) the jet entrainment. Spanwise
separation governs mutual blocking of each of the lateral streamwise vortical structure
entrainment; wall separation governs wall blocking of the structures entrainment. Specifically, if
spanwise separation is too small, mutual blocking of each of the lateral streamwise vortical
structure occurs; if wall separation is too small, wall blocking of the structures entrainment
occurs; both result in diminishing of entrainment. Broad guides for tuning the two control
parameters (6,r,,) for effective entrainment can accordingly be suggested. Finally, the jet
response to the control supports the model for the formation of the counter-rotating vortex pairs
(CVP) via the development of the skewed mixing layer along the surrounding crossflow

direction and around the jet exit column.
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