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A turbulent water jet seeded with tracers

Reservoir Stirrer

» A turbulent round free jet...

- round nozzle with a diameter D = 4 mm
- nozzle exit velocity Uy ~ 7 m/s

= Rep = UJD/VQ 2.8 x 10

Filtration loop

» ... seeded with tracers...
Valve - neutrally buoyant spherical polystyrene
tracers with a diameter d, = 250 pm
- specific seeding only through the nozzle

Pump

Flowmeter

3 = nozzle seeding

» ... tracked by cameras.

- three high-speed cameras oriented orthogonal to the brown faces (icosahedral
geometry) in a back light configuration

- measurement volume spanning 100 mm < z < 180 mm (jet axis z and z = 0 the
nozzle exit position)

- 50 movies of 8000 frames recorded at 6000 fps (inlet valve open some seconds before
cach recording)

Particle tracking velocimetry

Particle detection — Stereoscopic reconstruction |1, 2| — Tracking

- Cylindrical coordinates (z,r, )
- Tracks convolved with a first-order derivative Gaussian kernel = velocity

=~ 10° particle positions and velocities
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Mean axial velocity (U(z,r))

Mean velocity field well-known through Eulerian measurements |3]
- Centerline velocity: Uy(z) = (U(z,r = 0))
- Half-width: (U(z,7 = r152(2))) = sUp(2)

[n the self-similar region (for z 2 15D = 60 mm)
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= BExperimental results: zp ~ 4D, B =5.3 and S = 0.105

Self-similar radial profile: f(n) = (U(z,r))/Uy(z) with n = r/(z — 2)
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= Same axial velocity field despite the nozzle seeding

Mean radial velocity (V(z,r)) (1/2)
Self-similar radial profile: g(n) = (V(z,7))/Uy(2)

» Continuity equation for the flow velocity field: V.U = 0
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[ncorrect function (1): flow velocity field U # U, tracer velocity field
= Entrained flow not tagged by the tracers due to the nozzle seeding (higher
measured radial velocity): influence of entrainment up to the core of the jet

ENS DE LYON

NIVERSITE

22,
@ DE LYON

Mean radial velocity (V(z,r)) (2/2)

» Mean tracer density: o(z,r) with ¢o(2) = ©(z,7 = 0)
Self-similar radial profile: &(n) = o(z,1)/@o(z)
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= Same behavior for ®(n) and f(n) (except wider &(n))

» Continuity equation for the tracer velocity field: V-(¢ U,) = 0

gfg 9.(n) =nfs(n) (2) with f,(n) ~ f(n) from experiments

Correct function (2): smaller maximum and negative part for n 2 0.2 due
to some entrained tracers remaining in the tank

= A new model coherent with experimental results

= g(n) = g,(n) — % /Onxf (z) dz (3)
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entrainment term

A diffusive model

Advection-diffusion equation: V(o U — K7V ) =0
with Kp the turbulent diffusion coefficient, K = K7/ (Uyry /2) normalized

—~ 1 P 1
To be coherent with (3) = Kr(n) = S @’((7777)) 5/077 rf(x)dx

= Link K7 to the entrainment term and the “compressibility” ®'(n)/®(n)

0.08, K linked to the known turbulent viscosity

0.06 - vy through the turbulent Prandtl number

&~
b 0.0t - or=vp/Kyr ~0.6

0.02/ = Coherent with scalar transport values [3]
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Conclusion

Lagrangian tracer velocity field V- U, # 0 due to the nozzle seeding but
V-(pU,) =0and V:(p U—-KrVy) = 0 with the new turbulent diffusion
coethicient K7 linked with entrainment
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