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may be checked by superimposing the results that the vortex sheet shapes 
and positions computed by the two methods agree quite well. Figure 5.6a 
plots the total amount of circulation shed as a function of time, and Figure 
5.6b shows the trajectory of the vortex core. The straight lines plotted 
describe the self-similar solution. As fJ becomes smaller, there is better 
agreement between the unsteady vortex blob result and the self-similar 
solution. A more detailed comparison will be presented elsewhere. 

Instability of a Jet. In order to demonstrate potential applications of 
the method, a calculation was set up to compute the motion of a jet being 
expelled from a box. The jet exits through a narrow outlet on the top of 
the box. A line of passive markers, initially lying across the outlet, is also 
tracked in time. The jet is driven by two point sources, in the lower left 
and right corners of the box, which were turned on at time t = O. 

The calculated results are shown in Figure~'5.6. A starting vortex forms 
and propagates away from the outlet, leaving behind a thin straight jet. 
Eventually, a wave forms along the jet and rolls up into a vortex, which 
catches up to and propagates through the starting vortex. The same pro­
cess is being repeated further behind in the last frame. Note that no explicit 
perturbation is needed to generate the sec~ndary vortices - they apparently 
result from the thinning of the jet where it meets the starting vortex. 

Discussion. The method is capable of simulating vortex sheet roll-up at 
a sharp edge, although the innermost turns in any particular computation 
depend upon the value of the g,moothing parameter. Further testing to 
determine the effect of numerical parameters is desireable. Still, the good 
agreement with Pullin's self-similar solution is encouraging. 

The desingularized vortex sheet model for separation at a sharp edge 
does not explicitly mention fluid viscosity. The effect of viscosity is im­
plicitly accounted for by shedding vorticity via the unsteady I(utta condi­
tion. A more familiar separation model consists of the Navier-Stokes equa­
tions, with the no-slip boundary condition along solid surfaces. However, 
the Navier-Stokes model becomes numerically intractable at high Reynolds 
number, due to increased computational costs. The reason for pursuing the 
desingularized vortex sheet model is the possibility that it may provide a 
useful alternative to complement the Navier-Stokes model. Comparison of 
numerical solutions and laboratory experiment is needed in order to assess 
this possibility. 

6. Summary. Strong numerical evidence indicates that the vortex blob 
method converges past the vortex sheet singularity formation time, as the 
smoothing parameter tends to zero. The limit curve is a tight spiral with 
an infinite number of turns. Rigorous proof of this assertion is an open 
problem. 

Periodic vortex blob computations can capture important dynamical fea­
tures seen in real wakes. In order to bring the model closer to laboratory 
experiment, a method for computing vortex sheet roll-up past a sharp edge 
was presented. Good agreement with Pullin's self-similar solution was ob­
tained. The method is applied to compute the wake behind an impulsively 
started flat plate and the instability of a thin jet. 
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FIGURES 
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Figure 3.1 Desingularized vortex sheet evolution, computed using the 
smoothing parameter value 6 = 0.03. One period is plotted for times 
o~ t ~ 1. 
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Figure 3.2 Convergence as 6 --+- 0 at time t = 1. a) The x-axis inter­
cepts of one spiral branch are plotted against values of the smoothing 
parameter in the interval 0.03 ~ 6 ~ 0.25. b) A closeup view of the 
spiral obtained using 6 = 0.03. 
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a 1=0 

Figure 4.1 a) Vortex blob computation using a transverse sinusoidal 
perturbation in the initial shape. b) With no explicit forcing, a regular 
!(arman vortex street forms (experiment reproduced from Couder and 
Basdevant [14]). 
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a T=O 

Figure 4.2 a) Computation including transverse and longitudinal per­
turbations in the initial shape. b) Forcing at the natural shedding fre­
quency produces an array of vortex couples (experiment reproduced from 
Couder and Basdevant [14). 
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a T=O 

Figure 4.3 a) Computation using patched sinusoidal functions for the 
initial shape. b) Forcing at slightly different than the natural shedding 
frequency causes the vortex couples to propagate on both sides (experi­
ment reproduced from Couder and Basdevant [14]). 
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Figure 5.1 Desingularized vortex sheet roll-up due to the motion of a 
flat plate, computed using D= 0.2. 
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Figure 5.2 Desingularized vortex sheet roll-up due to the motion of a 
flat plate, computed using 6 = 0.1. 
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Figure 5.3 Velocity field for the 6 = 0.2 computation at time t = 8, in 
a frame of reference moving with the plate. The free vortex blobs and 
bound point vortices are plotted as a sequence of points. 

15=0.100 d=0.050 d=0.025· 
1=0.00 

1=0.25 

1=0.50 

1=0.75 

1=1.00 

Figure 5.4 Self-similar vortex sheet roll-up past a semi-infinite flat plate. 
Computed solutions are presented for 0 :5 t :5 1 and 0.025 :5 6 :5 0.1. 
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Figure 5.5 a) Pullin's computed result for self-similar roll-up (repro­
duced from [27]). b) Vortex blob result at t =1 using 6 =0.025. These 
plots may be superimposed to verify that they agree quite \vell. 
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Figure 5.6 a) The total amount of shed circulation vs. time (log­
log plot). b) The trajectory of the vortex core. The calculations used 
6 =0.1,0.05,0.025. The straight lines are self-similar scaling laws [27]. 

Figure 5.7 Computation of a jet being expelled from a box. 
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