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the potential for the generation of magnetic fields in conducting fluids. However, 
information about helicity may have a more immediate practical use, because it is 
probably related to entrainment at a boundary betwccn turbulent and non-turbulent 
motions, such as occurs in jets, wakes, mixing layers, boundary layers, etc. 

A surface S of a coherent structure lies between rotational and approximately 
irrotational flow, and is defined by S(x,) = 0 with unit normal vector A. Since 
vorticity is solenoidal and vortex sheets do not exist a t  such surfaces, the normal 
component of vorticity must be zero ( w - A  = 0) (figure 4c). Therefore, o is parallel to 
the surface which implies that or, is also approximately parallel to S, since lorcl is 
large compared with 1 0 ~ 1 .  However, if the surface moves relative to the local large- 
scale flow, u,, there must be a component of the velocity fluctuation perpendicular 
to the surface, i.e. (urc-ii) =!= 0. 

Therefore if ~urc .or ,~  is small compared with U ' ~ / Z ,  where 1 is the integral scale 
of incoherent velocity fluctuations and uic = {u,",}', the surface S can move into 
the irrotational flow around the coherent structure, i.e. the criterion is that 
h",, = ~ u , , ~ o , , ~ / ( u ~ ~ / Z )  -4 1 .  The mean rate of movement of such an interface, in some 
local frame (e.g. a t  the edge of a vortex or a jet), is called the boundary entrainment 
velocity (E,). If E,  is defined in a frame moving with coherent velocity u,, then i t  
must depend on the modulus of the local helicity of the incoherent turbulence as well 
as the magnitude of local velocity fluctuations ui, and on the structure of large scales 
of motion (being independent of Reynolds number). Thus, where irc - 1, Eb/ui, is 
small, and where h", -4 1, Eb/ui, - 1. If the turbulence is highly anisotropic with large 
fluctuations parallel to the surface, so that h",, - 1 ,  there may still be a significant 
absolute value of E,, but the normalized value E,/uil will be less than in the case 
where the velocity fluctuations are more isotropic and h,, -4 1.  (The physical meaning 
and definition of E ,  were recently discussed by Turner (1986) and Hunt, Rottman & 
Britter (1983). Note that E,  may differ in magnitude and sign from other definitions 
of entrainment velocity, such as the mean velocity (in a fixed frame) induced by the 
turbulence, or the effective velocity defining the flux of material across a fixed 
interface in a turbulent flow.) 

In  the large-scale structures of jets, where ui, - u;, Erc is small and this is 
consistent with E,/u; being of order unity. I n  the coherent structures measured in 
mixing layers hi, has been computed and measured (Hussain 1986) (see figure 4d) .  
At the stagnation point a t  the centre of the 'ribs' (i.e. longitudinal vortices 
connecting the larger spanwise vortices), there is irrotational straining by the large- 
scale motion, transporting external turbulence into the ribs and amplifying the local 
turbulence. Thus {w,",} and {u,",} increase, but the helicity (u,,.o,,) of a fluid element 
or a fluid volume remains approximately constant during the straining (from (2.4)), 
so that the normalized helicity Jrc is small. I n  this region the turbulence is strong 
enough that the boundary entrainment velocity E,  balances the mean straining 
velocity ( x ui,) (which opposes the spreading of the turbulent region), i.e. Eb/uic x 1. 
However, in the rotational regions of the vortex structures, measurements show 
that Krc is larger, and Eb/uic is small. 

Maxworthy (1974) shows how the entrainment a t  the surface of vortex rings is 
very weak (Eb/uh Q l ) ,  and that the helicity is large. In this case it is associated with 
wave-like motions along the vortex, in which motions perpendicular to the vortex 
lines are suppressed. 

This hypothesis is consistent with a general dynamical argument. Where the 
average modulus of normalized helicity is relatively large in a turbulent flow, the 
production of velocity fluctuations and vorticity diffusion is small, and therefore the 
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entrainment is weak (such as in the ‘roller ’ regions of a mixing layer). On the other 
hand, where the normalized helicity of small-scale turbulence is weak it is likely to 
occur in the presence of large-scale straining, because there is stretching of small- 
scale vorticity and strong velocity fluctuations normal to the small-scale vorticity, 
such as occurs in the region of low helicity density at the saddle points of mixing 
layers. Entrainment is large here because these large normal velocity fluctuations 
diffuse the mean vorticity, and because high gradients of amplified vorticity also 
amplify its viscous diffusion. 

This preliminary examination of fluctuating helicity in coherent structures will be 
extended. 
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