
15TH EUROPEAN TURBULENCE CONFERENCE, 25-28 AUGUST, 2015, DELFT, THE NETHERLANDS

RELATION BETWEEN ENSTROPHY PRODUCTION AND GEOMETRY NEAR THE

TURBULENT/NON-TURBULENT INTERFACE IN FREE SHEAR FLOWS

Tomoaki Watanabe

1
, Carlos B. da Silva

2
, Yasuhiko Sakai

1
, & Kouji Nagata

1

1
Department of Mehanial Siene and Engineering, Nagoya University, Nagoya, Japan

2
LAETA, IDMEC, Instituto Superior Ténio, Universidade de Lisboa, Lisboa, Portugal

Abstrat In many free shear �ows, suh as mixing layers, wakes and jets exhibit a sharp turbulent/non-turbulent interfae (TNTI)

separating regions of turbulent and non-turbulent or potential �ow. In the present work the dependene of enstrophy prodution on the

interfae geometry near the TNTI is investigated by using diret numerial simulations (DNS) of a shear free turbulene (SFT) and a

temporally developing planar jet (PJET). It is shown that the geometry of the TNTI has impats on the mehanism governing enstrophy

dynamis within the interfae layer itself. In partiular it is shown that enstrophy prodution within the turbulent sublayer is primarily

assoiated with a onvex shape of the interfae both the SFT and PJET.

INTRODUCTION

Turbulent/nonturbulent interfaes (TNTI) separate turbulent and nonturbulent regions in many free shear �ows suh as

wakes, jets and mixing layers [1℄. The TNTI is a layer with �nite thikness, whih onsists of the turbulent sublayer

(TSL) and the visous superlayer (VSL): in the VSL vortiity is transported from the turbulent into the irrotational region

by visous diffusion, whereas invisid vortex strething governs the enstrophy generation within the TSL. The TNTI has

a onvoluted surfae, and its onvolutions are related to large vortiity strutures from the turbulent region underneath.

In this study, diret numerial simulations (DNS) of a shear-free turbulene (SFT) and a temporally developing planar

jet (PJET) are performed for investigating the relationship between the interfae geometry and the enstrophy produ-

tion within the TSL. We use the mean urvature of the vortiity magnitude iso-surfaes for haraterizing the interfae

geometry.

DNS OF SHEAR FREE TURBULENCE AND PLANAR TURBULENT JETS

The TNTI is investigated in shear free turbulene SFT [3℄ and PJET [2℄ by using DNS, whih have been detailed in

previous works [2, 3℄, and therefore only a short desription is given here. In the SFT, the omputational domain, whose

size is 2π × 2π × 2π, uses (512 × 512× 512) olloation points and the initial �eld onsists of homogeneous isotropi

turbulene (|y| ≤ 0.7π) and the non-turbulent �ow has zero veloity (0.7π ≤ |y| ≤ π). The turbulent �ow spreads into

the non-turbulent �ow with time in the absene of mean shear. The Taylor Reynolds number is Reλ = urmsλx/ν = 100
at the enter of the turbulent ore region (urms: rms veloity, λx: Taylor mirosale, and ν: kinemati visosity). The

PJET is arried out in a omputational domain with sizes Lx = 7.5h, Ly = 10h and Lz = 7.5h in the streamwise (x),
lateral (y) and spanwise (z) diretions, respetively, where h is the inlet nozzle width of the jet, and the number of grid

points is (Nx × Ny × Nz) = (768 × 1, 024× 768). The Reynolds number is Re = U1h/ν = 6, 000 (U1: initial mean

streamwise veloity at the jet enterline y = 0). The Taylor Reynolds number is Reλ = 98 on the jet enterline.

RESULTS

An isosurfae of �xed vortiity magnitude |ω| = ωth is used for investigating the TNTI, where the detetion threshold

ωth is determined from the relationship between ωth and the turbulent volume [1℄ so that the iso-surfae of |ω| is at the
outer edge of the TNTI layer. We de�ne this partiular iso-surfae as the irrotational boundary and onditional statistis

are alulated in respet to the distane (denoted yI) to this partiular boundary as represented in Fig. 1(a).

We investigate the large-sale geometry of the TNTI by using the large-sale mean urvature de�ned byH ≡ −∇ · nLS,

where nLS ≡ −∇ω2/|∇ω2| and ω2
is a low-pass-�ltered value of ω2

used to remove small sale feature from the TNTI.

We used a top-hat �lter with a �lter width of 0.5λ, where λ = (λx+λy +λz)/3 at y = 0. A onave shape is represented

by positive H while negative H represents a onvex shape (Fig. 1(a)). Figure 1(b) shows the irrotational boundary in

the PJET with the olors representing H/λ. Figure 1() shows the probability density funtion (pdf) of H in SFT and

PJET. In both �ows, a peak of the pdf appears for H < 0 (onvex) while the pdf is positively skewed in agreement with

[4℄. Figure 1(b) also shows that a large part of surfae area has slightly negative values of H although large positive H
appears on thin lines. Figure 2 shows the onditional joint pdf of H and enstrophy prodution Pω = ωiSijωj , (Sij , is

the strain-rate tensor) within the TSL at yI/λ = −0.25, for SFT and PJET. Positive and negative enstrophy prodution

tends to be more important for onvex shapes (H < 0), although Pω an be loally important also for a onave shapes

(H > 0) providedH is small. Moreover, Pω is lose to zero for very large negative/positiveH , whih are often observed
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Figure 1. (a) De�nition of the distane from the irrotational boundary yI exhibiting regions of both onave (H > 0) and onvex

(H < 0) shape. (b) Visualization of the irrotational boundary in the PJET. The olor of the irrotational boundary shows large-sale

mean urvature H ≡ −∇ · nLS normalized by the Taylor mirosale λ = (λx + λy + λz)/3 at y = 0. () Pdf of large-sale mean

urvature H of the irrotational boundary in SFT and PJET.
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Figure 2. Conditional joint pdf of large-sale mean urvature H and enstrophy prodution Pω = ωiSijωj within the TSL at yI/λ =

−0.25 in the SFT (a) and PJET (b).

between the large-sale vortial strutures as in Fig. 1(b). It is noteworthy that the shape of these pdfs is very similar for

the SFT and PJET suggesting that the mean shear and large-sale inhomogeneities do not affet the enstrophy prodution

mehanism. Future work will fous on the detail analysis on the effets of the enstrophy governing mehanism aross the

entire TNTI layer, and on the effets of freestream turbulene on these mehanisms.

CONCLUSION

The relationship between the enstrophy prodution and the mean urvature of the irrotational boundary is investigated

inside the TSL within the TNTI layer in shear free turbulene and turbulent planar jets. The large-sale mean urvature

shows that a large part of the interfae area is haraterized by a onvex shape, while a onave shape appears only on

small (thin) lines. It is shown that the enstrophy prodution is larger in regions with a onvex shape, and the observed

dependene of enstrophy prodution on the large-sale mean urvature is very similar both in SFT and PJET.
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