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- adventures In particle selection
- some observations of rotating turbulence






Grid generated turbulence
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Rapidly Rotating -- Coriolis Large
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Plane wave solutions

vV = Voei(IZ-F—mt)
W= 20k
0< |0 < 20

Modes of Containers



HZO, Q=1.7Hz
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Frequency spectra of <v>
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Grid generated turbulence
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Tracer Particle Evaluation

4 dV 4
§7ra3pp% = §7ra,3(,0p — pr)g — 6mpa(V — U) + history terms + . ..
Maxey and Riley (1983)
for Re =0 :
i} V - particle velocity
Tp VT up (U* — V™) U - fluid velocity
Tf dt* (%
or
v
U*—-V*=Fr— St
dt*
where
gr— Tp - particle inertial time
Tf - fluid time scale
Fr— 4r - particle settling velocity
uf - fluid velocity scale
and
D) 2
T, = pp(2a)

18u

(pr — rp)(2a)g
18u

Up =



Tracer Particle Example

10.0 micron, 0.14g/cc particle

Hollow Glass (eg. Q-cel)

— Stokes

= = Froude

U=2m/s
M=7.2mm

o' /M 0 10 with



10-30 micron hollow glass spheres




Tracer Particle Clumping

- thermal energy:
kT ~ 10 21J

- kinetic energy difference between particles due to turbulence:

[ €
INES Cu2 = mog2E
mMpau mp(nuf) Myt~
- Van der Waals potential:
A 2R? 2R? d? +4R,d

+ In(

5l FAR.d P + 4Ryd + 4R2 d? +4R8d+4R§))
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Particle Clumping Example

2 micron polystyrene sphere

- - mean Kinetic Energy difference
=== Thermal Energy
— Van der Waals Potential
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Clumps of 2 micron polystyrene spheres




mixture pressure

Hydrogen particle generation

nichrome injector core heater

copper lead wires
I for nozzle heater

hydrogen diluted with helium:
1:6 hydrogen:helium mixture ratio

3 feet,to Iay

0.15inches

100 micron nozzle
embedded in copper

o /
005 Nakano and Murakami (1992)
Boltney, Frossati, Gordon, Krushinskaya,
g Popov, and Usenko (2002)
— Zhang, Celik, andVan Sciver (2004)




Hydrogen particles
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Hydrogen particle technique

0 3.0 micron, 0.09g/cc particle
_— e
| Pt |

10 21 e, SN R — StOkeS ...... 1

: - = Froude '

T T

4 §

10 :

10 ' ? 10

)

-inject hydrogen particles:
apply nozzle tube core heat
apply mixture pressure to nozzle
mix channel gently with grid
open nozzle with nozzle heater
-clear clumps from channel with periodic grid mixing
-run experiment
-clear old particles and clumps with periodic mixing

]



Grid generated turbulence
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Decay of kinetic energy

Liquid Helium

Grid generated turbulence
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- inertial waves dominate rotating turbulence.

- observation of rotating homogeous turbulence may be
impossible.

- have refined a way to observe liquid helium flows using
hydrogen particles.
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