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MEANS OF NUMERICAL SIMULATIONS
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Hideaki NISHIKAWA

Synopsis

This paper deals with the mixing phenomena in a main flow direction within a bounded turbulent
shear flow in view of Lagrangian aspect.

Data obtained by numerical simulations are analized through application of Taylor’s classic
turbulent diffusion theory by continuous movements: Main objectives are to disclose the relations of
Lagrangian properties, such as Lagrangian auto-correlation coefficient, integral time scale and dis-
persion coefficient with Eulerian Flow properties and also to obtain differences of these Lagrangian
properties between two and three dimensional turbulent shear flows.

As results of this study, it is concluded that the auto-correlation coefficient in a three dimensional
turbulent shear flow is quite different from that in a two dimensional one, and that the lateral non-
uniformity of velocities averaged in a vertical direction and the lateral turbulent intensity are most
effective on the longitudinal mixing in three dimensional turbulent shear flows.
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Table 1 Comparison of results by means of Lagrangian and Eulerian simulations.

\ DISPERSION
\ CONDITION COEFFICIENT
‘ l (2) ] (3) 4 (5) (6)
i du* eyl duy 2 21y wuy'?fuy? D|duy D|duy
|

RUN-E300 | 1.80 J «[6 1 — - 8.70 8.75

RUN-E310 180 | xn—n) — - 8.43 811

|
RUN-L30 — ' — 2,50 ‘ 0.0926 e 8w

NOTATIONS: (5); Simulated, (6); Elder’s Analysis

Table 2 Condition and summary of results by Lagrangian simulations.

FLOW CONDITION s | SIMULATED RESULTS

RUNNO. 0y | @ 3 | @ ;1 @ " ® | @ @ | © | a
var, 2|, e , = X/( Wt o &l ‘Tsu/"é T s1ef “
wy P ux? |y ug® wd Mgt dluy s /u*sz\ s uy?| Dlduy g e

RUN-UL0, 2.50 | — — 0.0 — — | 250 | 1.8 0720 —
RUN-L10| 250 |0.383 | — | 20.0 8.75 | 0.215| 823 | 5.45 0.660 | 0.793
RUN-L20| 0.00 |0.383 | — | 20.0 6.25 - 0.245| 5.82 | 3.61| 0.625| 0.692
RUN-L30| 2.50 |0.0926| — | 20.0 875 | 1.013| 841 ' 11.80| 1403 | 1.878
RUN-L40| 0.00 |0.0926| — | 20.0 6.25 | 1.013| 6.40 | 10,00 1.560| 1.655
RUN-L50 | 2.50 | 2.50 — | 200 8.75 0,037 843 | 2.87| 0.340 0,32
RUN-L60| 2.50 |0.276 @ — | 20.0 8.7 ‘ 0.338| 7.84 | 6.05| 0.770 | 0.507

RUN-P10| 2.50 |0.0802; — | 20.0 8.8 | 117 | 831 | 13.90| 1670 | —

RUN-P20| 250 |0.0891| — | 180 764 105 | 7.23 | 1.70| 1620 —

RUN-3A 2.50 | 0.0926  0.208 | 19.0 12.68 31 7 1.1 102.0 9.19 6.26
RUN-3B 2,50 [0.0926 | 0.417 | 19.0 12.68 | 15.8 1.1 65.0, 5.86 4. 42

NOTATIONS; U Series; Uniform Flow, L Series; Log-law (k=0.4), 2 Series; Power-law (n=1/7)
3 Series; Three Dimensional Flow (5); Lumley’s Formula, (6); Fischer’s Formula,
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Fig. 7 Growth of variance in three-dimensional Fig. 8 Lagrangian auto-correlation coefficient in
bounded turbulent shear flows. two-dimensional turbulent shear flows.
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Fig. 9 Lagrangian auto-correlation coefficient in three-diemnsional bounded
turbulent shear flows.
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Table 3 Properties of Lagrangian velocity fluctuation in three-dimensional turbulent shear flows.
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