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研究成果の概要（和文）：乱流理論の基礎概念はスモールスケール普遍性である。この原理では、流れにも関わ
らず、全ての乱流においてスモールスケールの統計的構造は普遍と想定している。乱流テイラーｸｴｯﾄ(TC)流れに
関する以前の結果は、TCのスペクトル構造がスモールスケール普遍性を破っていることを示唆している。この研
究プロジェクトでは、OIST-TC実験装置を利用して、特殊なフライングポットワイヤ法を用いた乱流TCに関する
エネルギースペクトルの測定を行った。先行研究と比べて、私たちの結果は乱流TC流れに関するスモールスケー
ル構造がスモールスケール普遍性とよく一致することを示した。

研究成果の概要（英文）：A fundamental concept in the theory of turbulent flows is "small-scale 
universality". It posits that the statistical structure of the small scales in all turbulent flows 
is universal, irrespective of the flow. Results from previous studies on turbulent Taylor-Couette 
(TC) flow suggest that its spectral structure violates small-scale universality. In this research 
project, we have conducted measurements of the energy spectra in turbulent TC flow using unique 
flying hot-wire experiments in the OIST-TC setup. In contrast with previous studies, our results 
show that the spectral structure of small scales in turbulent TC flow is in excellent accord with 
small-scale universality. 
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研究成果の学術的意義や社会的意義
Our study shows that, contrary to what is widely believed to be the case, small-scale universality 
prevails in turbulent Taylor-Couette (TC) flow, with the implication that Kolmogorov's theory can be
 used to elucidate the mysteries of turbulent TC flow. 
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１．研究開始当初の背景 
 

Our current understanding of turbulent flows is founded on Kolmogorov’s theory of 
small-scale universality. Surprisingly, unlike other canonical turbulent flows which lend 
support to Kolmogorov’s theory, turbulent Taylor-Couette (TC) flow appears to violate 
the theory. Previous studies, starting with the pioneering work of Lewis & Swinney (G. S. 
Lewis & H. L. Swinney, Velocity structure functions, scaling, and transitions in high-
Reynolds-number Couette-Taylor flow, Physical Review E 59, 5457, 1999), show that the 
energy spectrum, E(k), for TC flow has no regime of power-law scaling. Indeed, Lewis & 
Swinney remark that “there is no inertial range, and this flow is fundamentally different 
from fully developed isotropic turbulence and from turbulent pipe or channel flow, 
where an inertial range exists and Kolmogorov’s −5/3 law holds at much lower Reynolds 
numbers”. Subsequent studies have also borne out this finding. It appears that the 
spectral structure of turbulent TC flow is a puzzle.  
    
 
２．研究の目的 
 

We experimentally study the spectral structure of turbulent TC flow. To that end, unlike 
previous studies, we focus not on the spectral exponent of E(k) (the -5/3 law), but rather 
on data collapse. We measure E(k) for a wide range of flow configurations (with the inner 
cylinder rotating, the outer cylinder rotating, and both cylinders rotating) and test for 
small-scale universality. 
 
３．研究の方法 
 

We conduct experiments using the OIST-TC setup. The cylinders are 60.2 cm  long, with 
the inner cylinder radius = 11.9 cm and outer cylinder radius = 16.0 cm. The cylinders 
rotate independent of each other; the fluid is air. We measure E(k) in the mid-gap region 
using constant-temperature-anemometry (CTA). Specifically, we measure the azimuthal 
velocity time series using CTA and invoke Taylor’s frozen-turbulence hypothesis to 
compute E(k) from this time series. A distinctive feature of our experiments is the “flying 
wire” arrangement, wherein the CTA probe is mounted on, and rotates with, the inner 
cylinder. (To our knowledge, this is the first flying-wire experiment in TC flow.) This 
arrangement allows us to measure E(k) with the cylinders rotating independently, 
affording a broad swath of the flow phase space. Further, the flying-wire arrangement 
results in more accurate measurements of E(k).  
 
４．研究成果 

The results from our experiments, which will be reported at a later stage, lend strong 
support to the notion that the spectral structure of small scales in turbulent TC flow is 
in excellent accord with Kolmogorov’s theory.  
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