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W3 Enl

_— > /
+ TR VLSM 1 LSM RYRZAE
"y SEA = S s
C EKELERNL S, EEWRAREIRME LM FBXRE R vLsm
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"Ridge-induced SCs (second currents)
prevent the formation of VLSMs by
absorbing their energy or overpowering
their formation.”(Zampiron £, 2020)

@ Camera 1 @ Water prism
@ Camera 2 @ Laser optics
@ Camera 3 @ Measurement planes

@ Camera 4 Plane overlap

1: 20§15 & (Zampiron £, 2020)




B3

LR E

SN P X

ZHEJIANG UNIVERSITY




“ ____________________ 0.9h x(u)
y(v)
FOV FOV z(w)
-} h 0.5h
V 0.1h

E/ High speed camera

[&] 2: Top view and side view experiment setup

)i f

ZHEJIANG UNIVERSITY



RUERTHRE
LRAY MESE2m) BHFEEwrpm) FRAEERE wpm) &L ()

E 0.1h 1.5 0 00
2 0.1h 3 0 00
3 0.1h 4.5 0 (o)
4 0.5h 1.5 0 00
5 0.5h 3 0 00
6 0.5h 4.5 0 00
7 0.9h 1.5 0 00
8 0.9h 3 0 )
9 0.9h 4.5 0 o)

JKiE h = 15ecm, KEEEE w = 30cm.,
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% nx
center = [floor(my / 2) + 1, floor(nx / 2) + 1]; pxxs = 0; fs = 0;

Fs = 24; % % # Hz
for i = -1:1:1
for j = -1:1:1
area = [center(1) + i, center(2) + jl;
u_ = zeros(lt, 1);

for k = 1:1t
u_(k) = u_pri{k}(area(1), area(2)); % u_pri/

end
[pxx_, £.1 = pwelch(u_, [1, [1, [, Fs); % ;3
PXXS = DXX_ + pXXS;

fs = £_ + fs;

! Fa (£1+84 &)
pxx = pxxs ./ 9; £ = fs ./ 9;

figure(); grid on; set(gca, 'XScale', 'log', 'YScale', 'log');
plot (f, pxx) % R 18

figure(); grid on; set(gca, 'XScale', 'log');

plot(f, f.* pxx) % T F i
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B3k 1.5: 0, z=0.5h, IHIERTIE 106min, EEHZE f= 0.025Hz .

mﬂ L\W

& 3: hERE 4: f ik
skt & BRI, BAUE RS [ $5% 0.2Hz.,
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L 1.5: 0, z=0.9h, IHIERTIE 53min, FEEHZE f= 0.025Hz .

\ A Al
NN

& 5: ThERE 6: sk
TRk ANTEENIE, BIERT [ IMZ 0.2Hz,
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BE3ELE 3:0, z=0.1h, $81EATE 53min, EESHE f= 0.050Hz .

AW W

B 7: ThEE 8: fiskiL
AR HIME (7) ' BIERTRIRER 0.2Hz,
'"SBBENER, SETRILAIRERES.
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BE3ELE 3:0, z=0.5h, $A1EATE 53min, EESHE f= 0.050Hz .

= ﬁ\(\uﬂ\f@,}“

B 9: ThEE & 10: faskid
il HE W, E{E 4 5I*T R85 0.2Hz 0 2Hz,
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BE3ELE 3:0, z=0.9h, $A1EATE 53min, EESHE f= 0.050Hz .

\
// Nl

B 11: ThERE B 12: fskid
skt & BRI, BAUE RS [ $5% 0.2Hz.,
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B3k 4.5: 0, z=0.5h, IHIERTIE 106min, EEHZEf= 0.075Hz .

\ T

B 13: ThERE B 14: skl

Tk HEIWE, IE{55 AI%3 R85 0.2Hz 0 2Hz; {BR 0.2Hz MHEFAER
MEPEHIE(E.

//au ;Iﬁ;”).?
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BEiELE 4.5: 0, z=0.9h, IHIERTIE 53min, FEEHZE f= 0.075Hz .

& 15: ThERE & 16: fskid
skt & HELWIE, 1B7E 0.2Hz M F7E 4B R A ME(E -

J.JJ
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« BEEIRKEE ISR, TaRiE B RIS T A
- TRHEET VISM B4, S(zampiron %, 2020) IR -

i df
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- MEWRRKE R RIEE, BRI H RIET ATUE.
- ORISR T VISM B4, S(Zampiron %, 2020) 4EIRHER -

- Ql: [RIRBIERIITRISAE 0.2Hz (N f) < $riEERIXTRISRER 2Hz (KX f).
- 5vism Fi LM B IRFREE: L% LSV (Kk), BFEEVISM (k).

N m;z* ?
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Wit
- BB KIS RRIGE, Fseil B U T A WUE
- ZRIRIGRET VISM B =4, 5(zampiron 4, 2020) H’JQ*W»MHEZ
QI [RIABRIERY RS RI3RZE 0.2Hz (/M f) < FUE(ERIXS RI3RZE 2Hz (K f).
- 'ﬁVLSM LM = IRFFARIE: e LM (K k), BFEEVLSM (Ihvk).
2 _IAUM.HIJ ﬁEE%E’%WﬂEU]E%E@ﬁ%&#ﬂ ?
- —Wé?ﬁﬁ’]ﬁéﬁ'l‘i second current instability (SCI): "a new spectral feature
characterised by intermediate wavelength between LSMs and VLSMs appears, ..."
(Zampiron £, 2020)

(b) y/s= 0.2

s Lsm SCI

. ; VLSM
5

5

s
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SCLG Fp P H I UEFH AR VLSM FOLSM, T2 SCI FLSM. JRZTFEERY
0.2Hz BISRERIINL S, BEE R IR H I A FIE(ESA R 2Hz S Lsm, X
FE_ENKNXRMUIBERIAF (EHAARE, FHINRE).

(b) y'/s=+0.2

ax JLsM SCI

< 3 VLSM

<

]

3

& B
Ao/h

[ 17: Figure 8(b) Pre-multiplied spectra kxFyu (kx) /u? from (Zampiron £, 2020).
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P order velocity strcture function

Sp(r) = ([ (@ + D) - () -70}p> .

K41 IR RTE p = 2 =R velocity strcture function SEI&ZE R (EX I A
fRE, U =w ARERKE) =

SL(r) = <[u1(x+ r)— ul(x)]2> ~ T3,

Wl

>R LRRERFE.

P 2
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K41: % power law

HRED B velocity strcture function R EERHE ST FERIERFE, Kolmogorov #ES:
Hp = 3 KIIBIL 3 law:

s = (e + 1)~ w@)*) = Fer

Kolmogorov {Ei% strcture function BI{RE (skewness)S” HE

S = S5(r)/S5(r)?.

4 % 2 2
L —— 5 ~ 73
52 - 55/) (gr) r
S R EER (universal) AL/ 2 AREEERALIL. ik here
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https://blogs.ed.ac.uk/physics-of-turbulence/2021/06/17/the-landau-criticism-of-k41-and-problems-with-averages/

K41: —g power law

S5(r) = ([ (e +7) —w (X)) ~ 318, Ru(r) = (wi(x + i ().

Z B velocity strcture function Al R R AR EE R (r) BIER:
Slg(r) = 2R11(0) — Rn(r) — Rll(—r) = 2R11(0) — 2R11(r).

X BHFHEKEH R (r) FATHEREZE E11 (k) A—3F Fourier ZT#a3F, ELHLIh
ZEAT R IR A =M velocity strcture function B4 Fourier 52 :

Sk(r) =2 [ - (1 - efk-r) Ei (k)dk.

2% —M velocity strcture function gy % REEEHIRILER f% RERE,

TR m;z* ?
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Lagranian Coherent Structure
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Lagranian Coherent Structure

+ Finite-Time Lyapunov Exponents (FTLE) can be used to find separatrices in
time-dependent systems ...

+ These separatrices are called Lagrangian Coherent Structures (LCS).

+ These structures divide dynamically distinct regions in the flow and reveal
geometry ...



https://shaddenlab.berkeley.edu/uploads/LCS-tutorial/overview.html
https://www.youtube.com/watch?v=yx_CneyA1RA&list=PLMrJAkhIeNNQcC8DWb8507mCLRTvv0RnA&index=6

S22 L |

@ ZAMPIRON A, CAMERON S, NIKORA'V, 2020. Secondary currents and
very-large-scale motions in open-channel flow over streamwise ridges[J]. Journal of
Fluid Mechanics, 887: A17.
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