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THE ENVIRONMENT - THE TEST CASE
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SIMILARITY

high speed camera

rotating disk

rotating shaft
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Geometrical and flow similarity conditions

Rib height : 8 mm Re=15000 Uo =3 m/s
Test section : 80 x 80 mm? Pr=0.7 (air) Ro=0 ... 0.3 (=QD/U)
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ON-BOARD PIV (1/2)

2 XY symmetry plane: 4 stations (28 x 32 mm?2)
0 Magnification: 13.6 pixel/mm

0 Windows of 80 x 64 pixels?, 2 refinements, 75% overlap — vector spacing 0.04h
0 2000 realizations » uncertainty = 2% on <U>, 4% on rms(U) (95% confidence)
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ON-BOARD PIV (2/2)
High speed camera operation mode for ensemble-averaged measurements I

PIV couple n skipped images PIV couple

—A ~~ ~ " Exposure time dt = 80 ps

_
] I I I l l Separation time At1 = 300 us
Sampling frequency f = 3 Hz

dt
F_Jm’ J 2000 uncorrelated realizations
o
| High speed camera operation mode for time-resolved measurements I

PIV couple PIV couple PIV couple

— — —N Exposure time dt = 80 ps

j I I I I l Separation time At1 = 300 us
Sampling frequency f = 3.3 kHz

dt — — ; ; ]
L‘I—.I PIV couple PIV couple 4000 time-resolved realizations
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FLOW STABILITY

wz<0
S =2Q/wz = background vorticity/flow vorticity | X wz<0

Bradshaw-Richardson number: R/ = S{S$+1) B

2 wz < 0 both in separated shear layer and boundary layer

a clockwise rotation (O)— § > 0 — R/ > 0 — stabilizing rotation (ribbed leading side)
(cyclonic) (" Ri < 0 - destabilizing rotation
(ribbed trailing side)
Q counter-clockwise rotation (A) - $< 0 — <
(anti-cyclonic) Ri > 0 — re-stabilizing rotation
_(Ro > 0.5, not the case here)
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TIME-AVERAGED FLOW FIELD (1/2)

Q Destabilizing rotation
= higher through-flow velocity due to secondary flows

= more shear entrainment
— transverse pressure gradient

sl Er R BN OO T

= earller reattachment sqrt(U:+V:')flJ, 005 015 025 035 045 055 065 075 085 095 105
Q Vice versa for stabilizing rotation 3 poe

Y/h
|
I
u

Stabilizing rotation: Xr/h= 5.65
Abdel-Wahab and Tafti, 2004 - LES: 5.4

Non rotating: Xr/h= 3.85

Rau et al., 1998 (LDV): 3.7
Casarsa and Arts, 2007 (PIV): 3.95

Destabilizing rotation: Xr/h= 3.45
Abdel-Wahab and Tafti, 2004 (LES): 3.4
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TIME-AVERAGED FLOW FIELD (2/2)

0 Destabilizing rotation — increases indirectly the production of u? through mean shear

— increases directly the production of vz
QO Stabilization/destabilization — reduces/increases turbulence levels
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TIME-RESOLVED FLOW FIELD

Q Stabilizing rotation - slow shear layer flapping, stable flow inhibits mixing

0 Destabilizing rotation — fast fluid is ingested in recirculation area, high mixing

| stabilizing rotation I | non-rotating I destabilizing rotation I
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TIME-RESOLVED VORTICITY

0 Stabilizing rotation suppresses 3D turbulence - reinforces Kelvin-Helmholtz rollers (2D)
—~ slow shear layer flapping

0 Destabilizing rotation - vortices are ingested in the recirculation area

stabilizing rotation I

non-rotating I

destabilizing rotation I
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REATTACHMENT POINT (Time-resolved)

a Instantaneous time traces of the reattachment point (near-wall ¢ changing sign)
Q Stabilizing rotation pushes reattachment point further
a Oscillations are slower and span almost 3 rib heights

Q Vice versa in destabilizing rotation (spanning about 1 rib height)

| stabilizing rotation I | non-rotating I | destabilizing rotation I
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TURBULENCE SPECTRUM

Q Time series extracted in the middle of the shear layer

Q Rotation affects the whole spectrum of frequencies
a No dominant frequency excited by rotation
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* Plexiglass channel (aspect ratio = 0.9)

* 8 ribs

* Measurement area between the 6th and the 7th rib

* Blockage ratio (rib height/hydraulic diameter) = 0.1

» Copper ribbed wall heated by 6 resistances with a bakelite

plate

Copper plate honeycomb
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VelUD: 0 010203040506070809 1 111213 ROtatlon eﬁeCt

Leading side (Ro=0.38, Bo=0) No rotation (Ro=0.38, Bo=0) Trailing side (Ro=0.38, Bo=0)
i——ﬁ“ﬁ

10

+ Rotation effect Xin

« Stabilizing/destabilizing effect on the leading/trailing side
* Flow driven toward the trailing side by secondary flows

» Buoyancy effect
» Upstream motion near the leading side
* Negligible effect on the trailing side

= M M A m

high momentum core

M—— * Influence of thermal boundary condition
— L uRyancy ) (only ribbed wall heated)
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HEAT TRANSFER IN ROTATION
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PERSPECTIVES

 Numerical predictions : RANS versus LES
A difficult test case for CFD ?
Conjugate problem modeling ?

e |dentification of coherent structures
Wavelet analysis
Contribution to turbulence modeling

* Industrial geometries - optimisations
(inclined ribs, extractions, impingement ...)
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