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Investigation of Turbulence Structures and Development of Turbulence

Model Based upon a Higher Order Averaging Method
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Abstract () The averaged non-linear term in the turbulence equations, suggested by Yeo (1987), is
analyzed theoretically and experimentally. It was formulated by applying the filtering concepts to
the convolution integral average definition with the Gaussian response function. This filtering app-
roach seems to be superior to the conventional averaging methods in which all four terms at the
doubly averaged level must be defined separately, and it also gives a very useful tool in understanding
the turbulence structures. By theoretically analyzing the newly derived description for the averaged
non-linear terms, it is found that the vortex stretching can be explicitly accounted for. Furthermore,
comparisons of the corrglation coefficients based on the experimental data show that the vortex
stretching acts most significantly on the turbulence residual stress. Thus, it strongly supports the
claim that the vortex stretching is essential in the transfer of turbulence. In addition, a general form
of turbulent encrgy models in LES is derived. by which it is recognized that the Smagorinsky, the
vorticity and the SGS energy models are not distinctive.
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Fig. 1. Space-time process schematic.
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Fig. 2. High pass and low pass filter response function.
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Table 1. Correlation Coefficient: Case (I)
(a) 32X32X32 (b) 16X16X16
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Table 4. Correlation Coefficient: Case (A)
(a) 32X32X32 (b) 16X16X16

0758 | 0803 | 0793 0451 | 0552 | 0506 |

0803 | 0784 | 0791 0552 | 0513 | 0489

0793 | 0791 | 0757 0506 | 0489 | 0452
mean=0.786 o mean=0.501

Table 2. Correlation Coefficient: Case (II)
(a) 32X32X%32 (b) 16X16X 16

0240 | 0.167 | 0.157 0224 | 0131 | 0.146

0.167 | 0277 | 0.159 0.131 | 0338 | 0.168

0.157 | 0159 | 0255 0.146 | 0.168 | 0.248 |
mean=0.193 mean=0.189

Table 5. Correlation Coefficient: Case (B)
() 32X32X32 (b) 16X16X 16

0886 | 0913 | 0915 0.590 | 0.700 | 0.661

0913 | 0906 | 0912 0.700 | 0.698 | 0.654

0915 | 0912 0.885‘1 0.661 | 0654 | 0610
mean=0.906 mean=0.659

Table 3. Correlation Coefficient: Case (III)
(a) 32X32X32 (b) 16X16X16

0.387 | 0655 | 0.663 0362 | 0668 | 0.657

0.655 | 0449 | 0681 0.668 | 0491 | 0.700

0.663 | 0681 | 0.365 0.657 | 0.700 | 0331
mean=10.578 mean=0.581

Table 6. Correlation Coefficient : Case (C)

0906 | 0931 | 0934 0.624 | 0.730 0.700‘;
0931 | 0923 | 0932 0.730 | 0.729 | 0.693
0.934 J 0932 | 0905 0.700 | 0.693 | 0.646 ]
mean= 0925 mean = (0.694
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A & 4-69) 3ok
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