











Fig. S2. Spatio-temporal evolution of laboratory convection velocities, similar to Fig. 3, from near the low and high ends of the investigated Rayleigh numbers. The left column
(A-D) shows sirmiltaneous ultrasonic Doppler measurements for Ra = 7.05 < 10%, Pr = 0.028, I = 2; the measurements are non-dimensionalised using the free-fall
velocity Ugg = agAH = 5.86 mm/s and the free-fall time T/ = H/ugr = 16.79s. The right column (E-H) shows Ra = 5.13 x< 10%, Pr = 0.026, I = 2, the
measurements are non-dimensionalised with ugg = 48.29 mm/s and Ter = 2.04 s. The particular measuring lines are indicated as a dashed red line in the schematics left
of each data panel. Negative (positive) velocities represent flow away from (towards) the transducer. The ordinate corresponds to the measuring depth along the tank height (A,
B) and (E, F), diameter (C, G), and chord (D, H), respectively. The measurements in (A—C) and (E-G) lie in the symmetry plane of the LSC; the chord probe measurements in
(D, H) lie perpendicular to the LSC symmetry plane. The axial velocity in (A, E) and (B, F) show a mean down- and upflow, respectively, and relatively weak periodic fluctuations.
While the mean velocity is zero in (C, G) and (D, H), strong oscillations are observed that span the tank. The flow along the chord in (D, H) shows a periodic double cell structure
whereby the oscillation is in phase to (C, G).
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Pr = 0.025 (gallium) Pr = 4.38 (water)
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Fig. S3. Midplane sidewall temperature distribution for gallium and water DNS. The upper panels (A)—(D) show the sidewall thermal pattern over 500 free-fall times t/T¢f. The
green line marks the position of the LSC §_sc . The colour scale covers the entire possible temperature range, —0.5 to +0.5. The lower panels (E)-(H) are magnifications of
the areas indicated by black horizontal lines in the respective panels above, showing approximately four LSC cycles and using temperature ranges restricted to the interval
[—max |(T — Tm/Al), +max |(T — Tm/A)|] for each case. The left-hand figures correspond to gallium, Pr = 0.025, Ra = 1.12 = 10°, with (A, E) T = 2 and
(B, F) I' = 1. The right-hand figures correspond to water, Pr = 4.38, Ra = 108, with (C,G)I' = 2and (D, H) I' = 1. Note, that water has a lower level of turbulence,
thatis IS3,/7H = 0.03 and ReP2, . = 4789.9 compared to lcon/H"™2° = 0.09 and Rej'20¢ = 797.3, whereas the Peclet number is significantly higher with
Pe®a = 121.7 and PeM2° = 3492.2, resulting in the visibly clearer temperature signal of gallium.
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Fig. S4. Midplane sidewall temperature distribwion for gallium with

- Pr = 0.025, Ra = 1.12 < 10%, and T = 2 shown for (A) 100
60 05 10 15 20 060 05 10 15 20 free-fall times t/Tgr and (B) for approximately four LSC cycles, similar to
= = Fig. S3.
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Movie S1. Temperature and velocity vectors of the full DNS at Pr = 0.025, Ra = 1.12 %< 10°%, ' = 2. The time
is reported in free-fall time units t¢ and the temperature is scaled as (T — Tmm)/A. The left circular panel
shows the temperature in the midplane. The green line marks the LSC symmetry plane § _sc and the orange
line lies in the perpendicular plane & sc + /2. Vertical cross-sections defined by those planes are shown in
the right panels.

Movie S2. Conditionally-averaged temperature fields constructed using the data shown in Supplementary
Movie 1, but extending out to t/t¢ = 1000. Note that the jump rope vortex core, shown in the upper right
panel, moves opposite to the mean circulation visualised by the velocity vectors.

Movie S3. Jump rope vortex. The upper panel is colour-coded with the velocity magnitude as in Fig. 1. The
lower panel shows the same streamlines and line-integral convolution (LIC) method as in the upper panel,
but the colour scale corresponds to the temperature. In addition, the sidewall temperature field is displayed
on the back half of the cylinder.

Movie S4. Jump rope vortex renderings in oblique (left), top (center) and side view (right). The vector

arrows show the velocity field and are colored and scaled in size by the magnitude |U[Zug. The streamlines
wrap around the jump rope vortex core. The colour scale is the same as in Fig. 1.
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