TwO-DIMENSIONAL TURBULENCE:
FLUCTUATION OF ENERGY FLUX

MAX BRAZHNIKOV

INSTITUTE OF
SOLID STATE PHYSICS,
CHERNOGOLOVKA

DECEMBER 19, 2022



video/clouds_wake.mp4

TwO-DIMENSIONAL TURBULENCE
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Two FLUID LAYERS

Cell L, x L,: 10x10cm, 5x10cm and 3x10 cm

Upper: H,0 + 15% K NOs "
h=0.5—0.7cm,
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SINGLE LAYER OF ELECTROLYTE

Cell dimensions L, x L,: 9x10cm and 5x10cm

Fluid: H20 + 17% KNOs
h=10.29,...,1.24] cm
p~1.12g/cm?
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Water (T' = 25°C, h = 0.5 cm):
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SINGLE LAYER OF ELECTROLYTE. DISSIPATION FACTOR
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PARTICLE IMAGE VELOCIMETRY
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PARTICLE IMAGE VELOCIMETRY

) peak search
cross-correlation

B. Wieneke, PIV Uncertainty Quantification and Beyond,
https://doi.org/10.13140/RG.2.2.26244.42886
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FC&ELECTROLYTE
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FC&ELECTROLYTE. CELL: 5x10CM. t — t,, = 1 s

cell 10x5 em (1). Filter size: [3, 3].
t= 30s
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FC&ELECTROLYTE. CELL: 5x10CM. t —

cell 10x5 em (1). Filter size: [3, 3].
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FC&ELECTROLYTE. CELL: 5¥10CM. t — t,y = 3 s

cell 10x5 cm (1). Filter size: [3, 3].
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FC&ELECTROLYTE. CELL: 5X10CM. t — t,; = 18

cell 10x5 cm (1). Filter size: [3, 3].
t= B0Os
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FC&ELECTROLYTE. TOTAL ENERGY
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FC&ELECTROLYTE. TOTAL ENERGY
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FC&ELECTROLYTE. REYNOLDS NUMBER
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VELOCITY DECOMPOSITION VIA SPACE FILTERING

v(r,t) = o(r,t) + o(r, t)

Butterworth low-pass filter

A(@) /B

'https://en.wikipedia.org/wiki/Butterworth_filter
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SPACE FILTERING & ENERGY FLUX

&1 (0,V)i=—2—af+vAG+f | xB [dS

98 = M- 2vE+T

E=(25)"![%%dS !

T(k) =S [ fiv; dS
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Direct cascade: II(k) > 0, inverse cascade: I1(k) < 0.

In the inverse cascade (kfiier < kforee):
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105 cm: 7 mm, 210 MA/cm~2. t = 60.0 5
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10x5 cm: 7 mm, 210 mA/cm~2. t = 60.05

SPACE FILTERING. CELL
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105 cm: 7 mm, 210 MA/cm~2. t = 65.05

10x5 cm: 7 mm, 210 mA/cm~2. t = 65.05
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ENERGY FLUX. CELL: 10%10 CM
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ENERGY FLUX
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ENERGY FLUX. FLUCTUATIONS




ENERGY FLUX

1071 + %
#
s
10-2 4 - . **
o z
X* ,;* ...... mean(MN) ~ Re274
" 107 X x R e P std(I) ~ Re3-38
R U x k=31lcm™!
S - % k=3.5cm™
10-4 4 § ¥ X k=41cm™?
% Y
10—5 4
Y
¥
102 10°
Re
Mean spectral flux ~ Re2T5%0:05
Standard deviation ~ Re3-4%01




cm?-s73

ENERGY FLUX. L, = [3,5,10] cm
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LARGE-SCALE FLOW IN SQUARE AND RECTANGLE
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