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Overview

1.The onset of disordered motion in
pipe flow 1s abrupt “the sudden way
in which eddies come into existence

in the experiment with coloured bands™
Reynolds 1883.

2. Transition requires sufficiently large
amplitude disturbance.

3. Small disturbances provide
interesting insights.
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Constant Mass Flux Pipe Facility in Sapporo
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Transition probability
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Jet Through Small Hole

0.3mm diameter hole: Amp.0.1%




Transition Probabilities:
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A is the time integral of the centreline ve-
locity ‘defect” where the integration is car-
ried out over the measurement time 1" such
that,

% = = [0 =0) — u(r = 0)d

where U is the parabolic velocity profile of
H-P flow and thius U(r = 0) is 2U,,ean.
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Centreline Vel.-Time Traces from 12 Runs at 110D
0.5% Disturbance Re= 1900
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Initial Downstream Growth of
Velocity Defect
Re = 1900

A=18% ]
u, /D ~exp(-0.100x/D)
o

hl(udef/D)
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A=0.5%
u, /D~ exp(-0.067x/D)




Evolution of 0.5% disturbance
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Conclusions

Are we probing the ‘edge’ state?
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Quantitative measurement of the lifetime
oflocalized turbulence in pipe flow
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o
-
-2 "eem R W ..'..'QO
10 I T~ . —
LN “..
N
- .V.
- ! LS
I o \
0%
8 10—4 | | " _|
II-' | (1)
[
. ® Present results
107 o Hof et. al (2008) i
v  Willis & Kerswell (2007)
m  Peixinho & Mullin (2006)
10—8 | | | | | | | | |
1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050

Re (-)

Figure 5. The inverse of the characteristic lifetime 1t~ as function of Reynolds ( Re) number.
Data from Peixinho & Mullin (2006) and Hof et al. (2008) are included, together with their
linear and super-exponential scaling respectively. The data points of Peixinho & Mullin (2006)
for Re > 1740 are plotted in light grey since they are, considering the error estimates, measured
at the same Reynolds number. The data of Willis & Kerswell (2007 a) is shown, in which the
data point at Re = 1580 is reinterpreted (Hof et al. 2007; Willis & Kerswell 2007 b) (Hof et al.
2007, (<), original (V).



Drive the flow either by pressure
gradient or constant mass flux.

Flow d1rect10n> Lead Screw

768 Pipe Diameters Motor

Disturbance Generator

K& water in Observation Point-

_ Optical Shaft
Supports Steel Girder Piston — Encoder
Thermocouple
Schlichting: Bound. Lay. Theory 8th ed. ch15 (2000)
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