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Supplementary Note:
1. Legends for videos
2. Dependence of rotational speed on temperature gradient
3. Temperature dependence of surface tension
4. Estimation of radial flow velocity
5. Calculation result of Rayleighian in I+N phase
6. Assumption of director field in I+Ch phase



1. Legends for videos

[bookmark: _Hlk136343386]Video 1. Structural formation of an N droplet. The detailed experimental condition is described in the legend of Fig. 1. Temperature difference between upper and lower glass substrates was ΔT=10K, and heating/cooling rate was 0.2K/min. The observation result in the 1st cooling process is shown in Supplementary Video 1(a), 1st heating and following 2nd cooling in (b), and 2nd heating in (c). The left and right videos in each are the observation results with crossed polariser and no polarizer, respectively. The playback speed is 60 times faster than real. 

Video 2. Structural formation of a Ch droplet. The detailed experimental condition is described in the legend of Fig. 2. Temperature difference between upper and lower glass substrates was ΔT=10K, and heating/cooling rate was 0.2K/min. The observation result in the 1st cooling process is shown in Supplementary Video 2(a), 1st heating and following 2nd cooling in (b), and 2nd heating in (c). The left and right videos in each are the observation results with crossed polariser and no polarizer, respectively. The playback speed is 60 times faster than real.

[bookmark: _Hlk134521435]Video 3. Formation of defect structure in 1st cooling process. The detailed experimental condition is described in the legend of Fig. 4. Temperature difference between upper and lower glass substrates was ΔT=10K, and heating/cooling rate was 0.2K/min. The video is shown with real-time speed. T0 changes from 43.8 C to 43.7 C.

Video 4. Reconnection of defect structure in the end of 1st heating processes. The detailed experimental condition is described in the legend of Fig. 4. Temperature difference between upper and lower glass substrates was ΔT=10K, and heating/cooling rate was 0.2K/min. The video is shown with 6 times faster than real. T0 changes from 44.1 C to 44.5 C.

Video 5. Director rotations under steady states. The detailed experimental condition is described in the legend of Fig. 5. T is set to be 10 K, and T0 is 35.0 C in (a) and (f), 37.5 C in (b) and (g), 38.5 C in (c) and (h), 42.0 C in (d) and (i) and 43.0 C in (e) and (j), respectively. The playback speed in (a) and (f) is 600 times faster than real, (b), (c), (g) and (h) are 60 times, and (d), (e), (i) and (j) are 6 times.


[bookmark: _Hlk134108561]
2. Dependence of rotational speed on temperature gradient
In the Ch phase, T dependence of the angular velocity of the director rotation was measured, as shown in Fig.S1. In both cases of Type-A and B the rotational speed was proportional to T, while the speed of A was ~2 times higher than the speed of B.
Fig. S1. Dependence of rotational speed on temperature difference. T0 was set to be 35.0 C.





















[bookmark: _Hlk134109218]3. Temperature dependence of surface tension
The measurement results of the surface tension of Ch LC is shown in Fig. S2. When the temperature decreases, the tension decreases drastically at the transition point from the I to the Ch phase. In addition, the result obtained by the bubble method indicates that the surface tension gradually increases as the temperature decreases in the Ch phase. These properties of the temperature dependence of the surface tension is similar to those in 7CB [21, 39].

Fig. S2. Temperature dependence of surface tension in Ch LC. The sample is the mixture of 7CB and the chiral dopant, whose concentration was 0.16wt.% (see, Method section). 



















[bookmark: _Hlk134109237]4. Estimation of radial flow velocity
Here we describe how the radial flow velocity vr was estimated from the distribution of the flow velocity component in the x direction, vx. As described in the method section, assuming that vr and v are independent of azimuthal coordinate , we can describe vx as

.  (S1)
In this situation, vr and v should be regarded as constants under a fixed r. Thus, fitting the  dependences of vx in respective r by the use of equation (S1), we obtained vr as shown in Fig. S3. 
(a)
(b)










Fig. S3. Estimation of vr from the flow distribution obtained by the measurement. In (a), the obtained velocity components vx in the coordinates satisfying 0.4, 0.6 and 0.8 are shown.  dependences of the components were fitted by the use of equation S1 as shown in (b), so that we obtained vr.









5. Calculation result of Rayleighian in I+N phase
In NLC, the dissipation function per unit volume is described as,

,  (S2)

,  (S3)
where i and j denote the coordinates of r,  and z, and each component of the positional vector is denoted as ri (or rj). 1, 2, 3, 1 and 2 are the viscosity coefficients [37, 38, 43, 44].
The elastic free energy resulted from the director deformation is described as,

, (S4)
where K1, K2, K3 and K24 are the elastic constants for splay, twist, bend, and saddle-splay deformations respectively [23].

Substituting equations (1)–(3) into (S2)–(S4), we integrated w and f in the cylinder with radius R and height h. Expanding them to fourth order of , we obtained

 .  (S5)
Here, the parameters A, B, X, C and D are described as,

 , (S6a)


, (S6b)

, (S6c)

, (S6d)

, (S6e)


where the numerical coefficients are shown with precision up to four digits. In the calculation, the approximations of  and  were used.



6. Assumption of director field in I+Ch phase
For the description of the director field in the I+Ch phase, we assumed the field as,

,   (S7)

where n and  are defined by equation (3). The definition of n depends on whether the double or single wall-defects are formed. In the case of double wall, n is defined as,

 ,   (S8a)

.   (S8b)






n is related to the azimuthal angle of the director, and proportional to ; this indicates the existence of the helical structure along z axis. On the cylindrical walls with , the director is discontinuous. In the I-Ch interface of , as  goes to  or , equations (S8a) and (S8b) goes to the different values, which are respectively,

,  (S9a)

, (S9b)

where the suffix k indicates 1 or 2. Therefore, on the cylinders of , the director twist along z axis changes with  radians; this defect structure can be called twist-type -walls [23, 45].
In the case of the single wall, n is defined as,

,   (S10a)

.  (S10b)



As well as the double wall, n is proportional to , indicating the existence of the helical structure along z axis. In the I-Ch interface, as  goes to, equations (S10a) and (S10b) also goes to the different values, which are respectively,

 ,   (S11a)

.  (S11b)

Therefore, the director field described by equations (10a) and (10b) has the -wall on the cylinder of . 
Fig. 10 (a), (c), (e), (i), (k) and (m) are depicted based on equations (S7), (S8a), (S8b), (S10a) and (S10b). The existence of the -walls described above can be observed in these figures.
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