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Fig.2 Surfacesof vorticity in non- axid (x, y) direction and their contours

10

=

&l

'
“n

max & nin ()
=

max & min (w,)
<

—
=
—

2.2

(z) =2tanhjTt - 2| - 1,
(2), 20.0,
4 6

3
time

(a)

3

6 0 1 2 3
time

(b)

(b) wy

Fig.3 The peak vauesof (a) wyand (b) w,

€ =0.1, a =m/3,

15.0, ;

o

g (2)

= Q0s,



( 5) L L 7
N
1=0.0
=40
4 (n
Fig.4 |- surfacesof vorticity for asymmetrica merger of two vortex tubes (1)
[ =10 (0) | mx*30%=6.0
0.666 7 0.5, (

2.3

Navier - Stokes

15%,

6) .




1998 30

— <)
@ ()

137 3139 371 0 v
! (b) BR o 695 R

() 1=2.0. x=7 (b) contours of ®.

i
3 157 - b
N 0.783 -5
471 3T 13y 0 x
X (d) RBo.HSES
(¢) 1=20. v=71 (d) contours of @.
5 ( N
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THE DIRECT NUMERICAL SIMULATION OF
THREE DIMENSIONAL MERGER FOR
TWO PARALL EL VORTEX TUBES
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" (Science and Technology Committee of China Aerospace Corporation, Beijing 100830, China)
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Abgtract By direct numerica dmulation of Navier - Stokes Equations, we investigate the three
- dimendonal merger of two perturbed parale vortex tubesin this pgper. The pseudo - sectra
method isused. It isfound that the three dimendona merger takes place in the manner of twinning
smilar to hdicd pairing. It isworthy of gecia mention that the concentration of vorticity occursin
non - axia x and y directitionsits maximum val ue can reach even more than 30 percent of theinitia
peak vorticity and its stuctureis symmetrical aslong astheinitia vortex tubes are symmetric. After
the merger iscompleted , the tota vorticity value at the two far endsof the vortex tubeislarger than
that at the center.

Under the circumstances that the small - amplitude of the perturbation is as much as about 15
percent of radiusof initia vortex tubes, the vortex tubesformed by merging exhibits more non - u
niformity in the axial z direction. If the radiusof vortex filaments which condst of initia vortica
layer is not large enough in comparison with the scale of small perturbations, such a three - dimen
sona merging and remerging between vortex filaments would occur in the shear layer. In brief |, it
seems probable that merging and re - merging of gpanwise vortices are the main mechanism of three
- dimendona roll up and the emerging of streamwise vorticity in shear layer.

Key words pseudo - ectra method, direct numerica smulation, three - dimensona merger ,
vorticity of non- axia x and y direction



