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Abstract
A jet was applied for many industrial devices, for example, a jet engine, air jet loom and so forth. The control of the jet

flow is important to enhance a performance of these devices. In recent years, a passive control of air jet that is low in cost
compared with an active control, is investigated by many researchers. In the present study, we suggest the new passive
control of a jet using the tapered annulus and deflectors, which we got the ideas by control of a coaxial jet with velocity
ratio. The experimental and numerical investigations of a coaxial jet, round jet and plane jets with tapered annulus and
deflectors were performed in this study. In a coaxial jet, the three-dimensional vortical structures and flow characteristics
with different velocity ratios and axisymmetric and helical instability modes were investigated. Then, the divergent and
convergent tapered annulus and deflectors was installed inside of the nozzle. The effects of the annulus and deflector
length, the angle and the diameter on the mean and fluctuating velocities, and the velocity ratio of the inner jet to outer
jet at the nozzle exit were examined by the hot-wire measurement, flow visualizations and numerical simulations. In the
case of the jets with the divergent tapered annulus and deflectors the outer jet was accelerated and the inner jet was
decelerated. The spread of jet with the divergent tapered annulus and deflectors increased in the near field of the jet. With
convergent tapered annulus and deflectors, the outer jet was decelerated and the inner jet was accelerated. The spreads of
jet with the convergent tapered annulus and deflectors was smaller than the other jet. Similarities of flow characteristics
with velocity ratio of the jet with tapered annulus and deflectors are found.
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Fig.1 Schematic diagrams and photographs of experimental apparatus (Round nozzle with tapered annulus)
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(a) Experimental apparatus (b) Schematic diagrams and photographs of plane nozzle
Fig.2 Schematic diagrams and photographs of experimental apparatus (Plane nozzle with deflectors)
Table 1 Conditions of experiments of round jet with tapered annulus
(a) Divergent tapered annulus (b) Convergent tapered annulus
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al’] | | 6 a[°] -6
D/D, | 0.30 | 0.19 |0.085 0.4 0.17
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AulA, | 054 [023 [005 | 063 | 043 | 031 0.17 Di/Do 0.4 0.30 | 0.19 0.085
co, 0 0 o5 [ 10 AulA, | 159 [232 [319 184 | 441 [219
Table 2 Conditions of experiments of plane jet with deflectors
(2) Divergent deflectors (b) Convergent deflectors
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Fig.5 Computational domain of round jet with tapered annulus
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- - Table 3 Boundary conditions (Round jet)
o.ozu;_: >
> =P Part name | ANSYS Fluent condition Detail of conditions
Outlet of;he ggmam >
= : Ap=0.
& Nozzlewal Fluid : air - u=12.0[m/s], v=0, 1=0.03, D, =0.04[m]
& :Non-slip condition Outl > Inl Velocity inlet Velocity profile : 1/7 Power law
U,=12 [m/s] — | Fluctuating velocity algorithm: Vortex method
In1 N X
" = Axis of the domain : In2 Velocity inlet u=0.24[m/s], v=0
Divergent and convergent =D Outl Pressure outlet gage pressure=0.0[Pa]
tapered annulus =»
0.02U; N S1 Symmetry ou/lor=0,v=0
In2
> w1 wall u=0,v=0
=
= F1 Air 15°C, 11=1.7894x10°[Pas], p =1.225 [kg/m®]

Slip wall

Fig.6 Boundary conditions of numerical simulation
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