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Part 0—INTRODUCTION

turbulence integral 

length scale

an important parameter of 

turbulence spectrum [1]

an important parameter in low-frequency 

broadband noise [2-6] prediction
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turbulence integral length scale

Experiment [7-9]

Numerical prediction [10]
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time-consuming 

inconvenient

2D hydrofoil



Fluctuation velocity 

Mesh 

Turbulence 

integral length

Unsteady flow 

field

RANS
Calculation model

Steady flow 

field
LES

Part 1— NUMERICAL METHOD

Flow chart of the numerical method
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Flow chart of the numerical method

turbulence model: k-ω [14]

[14] DAVID C, WILCOX. Formulation of the k-ω Turbulence Model 

Revisited[C]. Reno: 45th AIAA Aerospace Sciences Meeting and Exhibit, 2007.
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Part 1— NUMERICAL METHOD

Flow chart of the numerical method

[15] Zhang Zhao-shun, Cui Gui-xiang, Xu Chun-xiao. Theory and modeling of 

turbulence. Beijing: Tsinghua University Press.

Three subgrid-scale models [15] :

Dynamic Smagorinsky-Lilly (DSL)

Wall-Adapting Local Eddy-Viscosity (WALE) 

Dynamic Kinetic Energy Transport (DKET)

Compared by
• Instantaneous field

•Time-mean flow field

•Turbulence integral length scale
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Part 2— MODEL TEST

•Experimental introduction

[7] Zhang Guoping. Comparison on Turbulence Measurement and Analysis Methods in Cavitation Tunnel by 

Particle Image Velocimeter [R]. Wuxi: China Ship Scientific Research Center，2010. 

China Ship Scientific Research Center (CSSRC)

U0=4.1m/s and the Re=1.3×106
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•CFD

the mesh, about 260,000, and the 10y 
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Instantaneous field
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Time-mean flow field

（a）time-mean velocity in flow direction
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Time-mean flow field

（b）time-mean velocity in vertical direction
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Turbulence integral length scale
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Part 3— CASE STUDY: SUBOFF

SUBOFF Model

SUBOFF Mesh（1:10）

[8] NANCY C G, THOMAS T H. MING S C. GEOMETRIC CHARACTERISTICS OF

DARPA SUBPFF MODEL. David Taylor Research Center[R]: 1989.

[9] Nancy C. Groves. GEOMETRIC CHARACTERISTICS OF DARPA SUBOFF

MODELS[R]. David Taylor Research Center,1989.

turbulence length at propeller disk of SUBOFF
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Results
circumferential distribution of Ʌ at different radius 
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radial distribution of circumferential average of Ʌ

Results



Part 4— CONCLUSION

propose a numerical method to predict the turbulence 

integral length

Analyze three subgrid-scale models (DSL, WALE, DKET) 

by comparing with the experimental data: the DSL has the 

highest precision

 SUBOFF: 

The peak bars of Ʌ are near 20 and 90 degree according 

to the existence of horse-shoe vortexes of conning tower 

and stabilizers

the integral lengths at outside radius are lager than 

those at inside radius because of the diffusion of vortexes
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