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Supplementary Figure S1.Scheme of the experimental set-up a) SET1 expatsweth two
cameras, upper panel - top view, lower panel - giely, b) SET2 and SET3 experiments with one

camera, upper panel - top view, lower panel - gide.



A Set1E1%

-0.02

0.02

z [m]

0.04

0.06

1000 1010 1020

-3
Py kg

D Set2E1%

1030

1040

-0.02

0.02

z [m]

0.04

0.06 L3 data

1000 1010 1020

7, kg m’®]

G Set3E1%

1030

1040

-0.02

0.02

z [m]

0.04

data

0.08 2

1000 1010 1020

-3
Py kg m?)

1030

1040

B Set1E2%
-0.02

0.02

z[m]

0.04

L] data

0.06

1000 1010 1020

-3
Py, kg m?]

E Set2E2%
-0.02

1030

1040

0.02

z [m]

0.04

0.06 L) data

—fit

1000 1010 1020

7, kg m®]

H Set3E2%
-0.02

1030

1040

0.02

z [m]

0.04

0.06 L) data

1000 1010 1020

7, kg m’®]

1030

1040

z [m]

y [ml

z[m]

Set1E3%

-0.02

0.02

0.04

L data

0.06

1000 1010 1020 1030

-3
Py kg

Set2E3%

1040

-0.02

0.02

0.04

0.06

1000 1010 1020

-3
Py kg

1030

Set3E3%

1040

-0.02

0.02

0.04

0.06 L] data

1000 1010 1020 1030

-3
Py kg

1040

Supplementary Figure S2Vertical variation of fluid density in the setttjiank. Measured density

data are shown with error boxes, data were fittgld tangent function given by Eq. (22.=0

corresponds to the position of density interfacadseing an experiment.
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Supplementary Figure S. Vertical positions of thick and thin disks as adtion of time for SET1 (A-
F) and SET2 (G-L) experiments. Stratification caiotis are shown as buoyancy frequerdyData
for all tests within each experimental set are gmé=d. Data are smoothed using Savitzky-Golayr filte
and are next used to assess settling velocityMetieods section).
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Supplementary Figure S4.Variation of non-dimensional settling velocity wittepth,z — vertical
coordinate,zp — location of upper boundary of transition laygr- disk diameteru — instantaneous
settling velocity,Uu — terminal settling velocity in the upper laydr— buoyancy frequency variable
with depth,umin1, Uminz and Umax refer to characteristic velocities and R1, R2, R3,to reorientation
points.
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Supplementary Figure S5Variation of Froude number with depth; vertical coordinates — location
of upper boundary of transition layeat,— disk diametery — instantaneous settling velocity, —
terminal settling velocity in the upper lay&,— buoyancy frequency variable with deptiiii, Uminz
andumax refer to characteristic velocities and R1, R2, R8to reorientation points.
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Supplementary Figure S6.Variation of settling velocity with buoyancy frequey, an arrow indicates
data order from the beginning to the end of settiNmax— maximum buoyancy frequency.
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Supplementary Figure S7.Non-dimensional distance between the upper boyrafaransition layer
and the location of the onset of reorientationsaRd R3 for thin and thick diskk: — distance between
the upper boundary of transition and the locatioreorientation (m)L; — thickness of density transition
(m). Mean values of all data from SET1 and SET2paesented with standard deviation, SD.
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Supplementary Figure S8.Variation of Archimedes number in the column ofidldor disks with
various aspect ratiog € 5, y = 7,y = 40,x = 60) in threeexperiments. A, C, E- values of Archimedes
number achieved in an upper layer fAdower layer (Ar) and for the local velocity minimunoiming,

in the transition layer (Arin1); B, D, F — values of Archimedes numbers relateArt,.



1 -1
A o NE) g B 0 NG, 6 C @
0 0 g TTT 1 T ® @
3
111
5} 1
[T |
| |
| W
0 7 T2 [
=2 =2 LATI L | )
(=] o
% £ Rl @ ® ®
] =~ 15 |
= ® ——_—
I (R v
|1 ®
| |:'@ | ————
20 -I I’®
| 1@ . o
1@ /
25 1 1 25 - -
0 05 1 0 10 20
W, () N, ()
transition transition D
R1 *  structure @ 030 6 ®
R2 . wake
R3 . disk il | 11 1 |
R4 N — | i
2 2yl | [ |
“ % L
O Uyni/Uy gl 1kl 1 1 . .
& UMY, 0 5 10 15 20
N N, (-)

Supplementary Figure S9 Evolution of wake structure and settling dynanaita disk for sample data
SET3E1%. (A) Normalized settling velocity of disks a function of vertical positioa-o)/d, wherez

= 79 is the position of upper boundary of density téms. (B) Normalized position of the upper edge
of a disk (green curve), lower edge of a wake (loluee) and swelling structure on a jet (black ejirv
as a function of timaN,. Numbers indicate time instants shown in pan€l0}.Time sequence of disk
translating through density transition showing si&d instants; the instants are indicated in paBels
and D. See supplementary video Movie 1. (D) Tenlparalution of wake’s widthyw. Please refer to
the text for details.
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Supplementary Figure S10.Evolution of wake structure and settling dynanmats disk for sample
data SET3E2%. (A) Normalized settling velocity asks as a function of vertical positior-zy)/d,
wherez =7, is the position of upper boundary of density trams. (B) Normalized position of the upper
edge of a disk (green curve), lower edge of a whkee curve) and swelling structure on a jet (black
curve) as a function of timé&\,. Numbers indicate time instants shown in pandl3}.Time sequence
of disk translating through density transition shayvselected instants; the instants are indicated i
panels B and D. See supplementary video Movie pTé@mnporal evolution of wake’s widthy. Please
refer to the text for details.



Supplementary Table 1.Experimental conditiongy — density of lower layenu — density of upper
layer,b — density jump given ai(- pu) / pu, T — temperature of liquid\l, - Brunt-Vaisala buoyancy
frequency evaluated from Eq. (3nax— maximum Brunt-Vaisala buoyancy frequendy,— terminal

velocity in the upper layer, SD — standard devigtiBe, —

Reynolds number in the upper layer

evaluated from Eqg. (5), Aar— Archimedes number in the upper layer evaluatech fEq. (7), Fi —
Froude number in the upper layer evaluated from(&qL: — transition thickness defined as a region
whereN > 0.2 &', d — disk diameter.

Experimental Pii Pul b T Np Nmax Uu+SD Rey Ary Fru Ly/d No. of
test (kgm® | (kgm?) () C) | (9 (sh (ms?) 0 0 ) () repetitions
Set1E1%7 001461 435 | 1595 | 1.07 5
0.0002
0.0030 = 10.7
Set1E1%60 0005 91 | 609 | 022 4
1030 1005 | 0025 | 218| 4571| 5560500
Set1E1%5 0125+ 550 | 1063 | 1.37 4
0.0001
0.0028 16.0
. 10028 +
SetLE1%40 0028 56 | 406 | 031 5
SetlE2%7 00129+ 1 357 | 1406 | 1.23 4
0.0004
0.0031+ 12.3
SetLE2%/60 008 | 93 | 554 | 030 5
1031 1013 | 0018 | 21.7| 3499| 426302
Set1E2%5 OU2+1 04| 937 | 160 5
0.0001
0.0030 = 185
) 10030
SetLE2%40 20005 60 | 369 | 043 3
SetlE3%7 00113+ 1 3,6 | 11.83| 098 4
0.0003 60
0.0029 + :
Set1E3%60 00| 87 | 490 | 025 4
1031 1020 | 0010 | 221| 3853 46835 2
Set1E3%5 0100+ 500 | 788 | 129 5
0.0008 00
0.0025 = :
0,
SetLE3%40 P0eeE | 51 | 327 | 033 2
Set2E1%7 N/D 1598 | ND | 123 5
Set2E1%60 | 1031 1005 | o026 224 4272 519 ND_| ND | 610 [ ND | 4
Set2E1%5 N/D 10.65 | NID ' 5
Set2E2%7 N/D 1389 | ND | 110 5
Set2E2%60 | 1032 1013 | 0019 224 3864 470p ND | ND | 549 | ND | 4
Set2E2%5 N/D 9.26 | NID ' 6
Set2E3%7 N/D 1226 | ND | 153 6
Set2E3% 60 | 1031 to19 | o0o011| 22q 23] 287 ND | ND | 502 | ND | 3
Set2E3%5 N/D 817 | ND 6
Set3E1%7 1005 | 0026 | 229 2218 5504 ND|  ND 1598 NI 17 s
Set3E2%7 1031 1012 | 0019| 220 2330 4572  ND| NP 1430 ND o011 6
Set3E3%7 1020 | 0011| 214 1748 3267 ND| NP 1195 ND 311 6

10




Supplementary Table 2.Comparison between the residence time of diskhan ttansition layer
measured in the experiments (a mean vakug), and evaluated from the Stokes approximation for
equivalent sphere;siokes

EXp tr stokes tr tr Stokes/ tr
[s] [s] [-]
SetlE1%7 11 4.7 0.23
SetlE1%60 2.7 42.4 0.06
Set1E1%5 1.9 4.9 0.39
SetlE1%40 4.7 27.1 0.17
Set1E2%7 15 5.6 0.27
SetlE2%60 3.5 36.4 0.10
SetlE2%5 2.5 5.7 0.44
SetlE2%40 6.1 30.6 0.20
SetlE3%7 0.9 3.0 0.30
SetlE3%60 2.0 22.0 0.09
SetlE3%5 15 3.2 0.47
Set1E3%40 3.5 19.1 0.18
Set2E1%7 1.3 5.8 0.22
Set2E1%60 3.3 42.0 0.08
Set2E1%5 2.3 5.8 0.40
Set2E2%7 1.4 5.9 0.24
Set2E2%60 3.3 38.0 0.09
Set2E2%5 2.5 5.7 0.44
Set2E3%7 2.0 7.3 0.27
Set2E3%60 4.7 35.7 0.13
Set2E3%5 3.4 7.8 0.44
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Supplementary Movie S1 (separate file)Settling of a 3-mm-diameter disk with the evolutioha
wake behind the particle, wake visualized usingye. &ample data from SET3E1%. Settling process
described in the Results section of the main tedtaccompanying figures presented in Supplementary
Figure S8.

Supplementary Movie S2 (separate file)Settling of a 3-mm-diameter disk with the evolutioha
wake behind the particle, wake visualized usingy@ &ample data from SET3E2%. Settling process
described in the Results section of the main tedtaccompanying figures presented in Supplementary
Figure S9.

Supplementary Movie S3 (separate file)Settling of a 3-mm-diameter disk with the evolutioha

wake behind the particle, wake visualized usingy@ &ample data from SET3E3%. Settling process
described in the Results section of the main testaccompanying figures presented in Fig. 3.
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