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015101-5 Fontane, Dritschel, and Scott Phys. Fluids 25, 015101 (2013)

FIG. 1. The vorticity field @ at times r = 1, 5, 10, and 50 from left to right and top to bottom. A linear grey scale is used
with white being the highest level of vorticity value and black being the lowest. The fields are taken from one simulation in
set B and only a sixteenth of the domain is represented.
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FIG. 2. Energy spectrum E(k). In the lower inset the energy

flux II(k) is shown. In the upper inset is the compensated spectrum
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FIG. 1. Compensated third order longitudinal structure function
S (L3)( r)/(er). The dotted line is the value 3/2. Note the linear ver-

tical scale. The labels /; and 7, indicate the forcing and the friction
length scales, respectively.



5.5

103

102

r

107!

FIG. 3. Structure functions of order 5 (lower line) and 7 (upper
line). The compensated curves S'(r)/(C (LZ)EZ/ 3r23)52 (lower line)
and SV (r)/(C{?€*3r?3)7” (upper line) are shown in the inset.

2. 1/2 2 172
<8VL> 5/0 sym (SVL) <8VT> 50 (SVT)
100 —— —————— 10° — —————
107 - 107 1 -
102 t . 102 -
1070 t - 108 t -
10 ¢ ] 107 1
105 ¢ - 10° t -
-8 -8
10° 10° 1 %
1 o r
6-4-202 46 64202 46
SVL/<8VE>“2 5v-|—/<8v%->1/2

FIG. 6. Left: symmetric part of the longitudinal velocity differ-
ence PDF. Right: PDF of transverse velocity differences. The forc-
ing is restricted to a band of wave numbers. Gaussian distributions
are shown as solid lines.
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Fig. 6. Probability density distribution P(#) of the local scaling exponents obtained by using the optimal wavelet
transform on the vorticity signal of fig. 3. The vertical axis represents P(h) in arbitrary units and the horizontal axis
Tepresents .
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Figure 7. Vorticity contours for the spectral 128 x 128 run with superviscosity dissipation
scheme with v =5x 107" at t = 30. The contours are the same as in figure 2. The comparison
with figure 4 shows less detail on small scales.
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Figure 8. Energy spectra for the superviscosity run at 1 =0, 20, 40.
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FIG. 4 (color). Instantaneous snapshot of (a) ¢,(r,r) and
(b) Z,(xr,t), for € = 77/130 in a 512% subdomain. The red
regions in (a) are dominated by strain and the green by
vorticity.
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FIG. 1. Snapshot of the vorticity field resulting from the numeri-
cal integration of Eq. (1). Details are given in Ref. [2].

FIG. 5. Snapshot of the passive scalar field, simultaneous to the
vorticity field shown in Fig. 1
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FIG. 2. The vorticity spectrum Z(k)~k~!~¢ becomes steeper
by increasing the Ekman coefficient «. Here a=0.15 (+), «

=0.23 (X),and «=0.30 (©). In the inset, the exponent ¢ is shown
as a function of «.
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FIG. 4. Enstrophy flux IT (k)~k ¢ for v=5X107° (+) and
y=15%10"° (X).Here @=0.15. Reducing v, the remnant enstro-
phy flux at small scales tends to zero as v¢ (see text), allowing to
disregard viscous dissipation.
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FIG. 7. Probability density
functions of vorticity differences
(solid line) and of passive scalar
ones (dashed line), normalized by
their respective standard deviation
at different scales r within the
scaling range.

FIG. 8. The scaling exponents of the passive scalar (,“g (+). We
also show the exponents obtained from the exit-times statistics (O)

according to (exp[—apTL(r)]>~r5/(j, with an average over about
2Xx10° couples of Lagrangian particles. The error bars are esti-
mated by the rms fluctuation of the local slope. In the inset we plot
the Cramer function G(7y) computed from finite-time Lyapunov
exponents (symbols) and exit-time statistics (line).
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