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THE EVOLUTION OF TRANSITIONAL FLOW STRUCTURES ALONG A 3200 D PIPE IN THE
DECAY AND GROWTH REGIMES
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Institute of Fluid Mechanics, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, Germany

Abstract The evolution of transitional flow structures along a 3200 D pipe in the decay and growth regimes are measured in a 3200 D
structure tracking pipe flow facility. We report the statistics of the evolution for the probability of occurrence , characteristic lifetime,
speed and length of the structures.

INTRODUCTION

In the last two decades, transition phenomena in pipe flow attracted increasingly many researchers owing to its non-linear
behavior and the coherent structures occurring during transition [2, 7]. When a fully developed pipe flow is disturbed
locally with an amplitude higher than threshold amplitude of transition, this disturbance might evolve a rich variety of
structures along the pipe. There is critical Reynolds number ( Re..) below which the disturbance either decays directly
or first forms puffs and then decays further downstream in the pipe. Above Re.,, the disturbance evolves to a puff and
this puff grows continuously through splitting as the structure(s) flow along the pipe. After a certain Reynolds number
(Resiug > Reqr) the disturbances evolve directly to slug structures [8, 5]. Recently we have developed a structure
tracking method based on hot-wire sensors installed along the pipe [3]. This facility was shown to deliver consistent
probability data decay and growth (splitting) of puffs. The same method is now employed along a 3200 D pipe, in order
to increase the reliability of the data and the observation time which are especially important for splitting and lifetime
analysis. The pipe is equipped with 36 hot-wire sensors. Velocity signals from one realization at Re = 2500 in Fig.1
shows the evolution of one disturbance along the pipe.

9D & —
168D o LW
335D N/
68D w P - [
601D ol Re=2611"—]
135D -——«~—-——————-—-—_\\J~—

14 16 18 2 22 24 26

1 201 D Time [s] 1335D r""-"‘—“"’"“""“—— 4=
|—1-2935D 1468D W i

e W 1601D ¢ 1

["3068D -W- \ \ \'\ h

1868D
_—320".) | 10 105 n 1.5 12 12.5
|1 w Time [s]
:: 195 20 205 21 21.5 22 225 Z; [
2535D Time [s] 32010
3201D B
“disturbance O e
T T T T
0 5 10 15 20
Time [s]

Figure 1. Velocity signals from one realization at Re = 2500 shows the evolution of the disturbance into along the pipe.

PRELIMINARY RESULTS

In the present study, we will report the statistics of the evolution of the structures in decay and growth regimes. For this
purpose, 47500 realizations have been performed in the Reynolds number range between 1900-3000 until now. Exper-
iments are being conducted to decrease the statistical uncertainty. In the statistical analysis, emphasize will be given to
probability, characteristic lifetime, speed and length of the structures. Spatial evolution of occurrence probabilities of
single puffs and splitting of a single puff into two puffs are shown in Fig. 2 for the growth regime. The lifetime depicts a



shift towards a higher Re than that was suggested in the literature [4, 6, 1]. At the moment, we are looking for possible
explanations for this deviation and these will be a part of this contribution.
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Figure 2. Spatial evolution of occurrence probabilities of single puffs and splitting of a single puff into two puffs in the growth regime.
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Figure 3. Comparison of characteristic lifetimes.
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