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Abstract Convectional and sedimentation dissipative pat-
terns of Miso soup, one of the traditional Japanese soups,
were observed in a Miso soup bowl, a green tea Ochawan
(cup), a glass cup, a large glass bowl, and a large watch glass.
When Miso soup was set in the substrates, the distorted
Benard cells were soon observed after the initial irregular
circulations, and the holes grew large at the cross points of
the neighboring three Benard cells. The global integrated
flow direction of convections at the liquid surface was from
the center area toward the outside edge during the periods of
formation of the distorted Benard cells. Meanwhile, the
reversal of the global flow direction, from outward to inward,
at the liquid surface took place. Furthermore, the inward flow
at the surface, i.e., the outward flow at the bottom, was
accompanied with the broad ring-like sedimentation pat-
terns. The most plausible kinetic scheme of the change in the
convectional patterns is proposed in this work.
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Introduction

In general, most structural patterns in nature form via self-
organization accompanied with the dissipation of free

energy and in the non-equilibrium state. In order to know
the mechanisms of the dissipative self-organization of the
simple model systems instead of the much complex nature
itself, the author has studied the convectional, sedimentation,
and drying dissipative patterns during the course of drying
colloidal suspensions and solutions as systematically as
possible, although the three kinds of patterns are correlated
strongly and overlapped each other.

Most famous convectional pattern is the hexagonal
circulating one, Benard cell, and has been observed when
liquids contain plate-like colloidal particles as monitors and
are heated homogeneously in a plain pan [1]. Another
typical convectional dissipative pattern is the spoke-like
lines, which were observed in the whole area of the liquid
surface and also appeared in various substrates sometimes
accompanied with the huge number of small cell convections.
The spoke patterns with cell convections were observed
formerly for the membranes of Chinese black ink on water by
Terada et al. [2–7]. Authors like to call the spoke-like pattern
as Terada cell. The convectional patterns, especially Terada
cells, were observed directly in the initial course of dryness
of the Chinese black ink in a glass dish [8], the 100% ethanol
suspensions of colloidal silica spheres [9], a cup of Miso
soup (this work), coffee with cream [10], black tea with
cream (Okubo et al., in preparation), and colloidal crystals of
poly(methyl methacrylate) (PMMA) colloidal spheres on a
cover glass and a watch glass [11, 12]. Distorted Benard cells
were often observed for Miso soup, coffee, and black tea.
For the 100% ethanol suspensions of colloidal silica spheres,
Terada cell-type convectional flow was observed clearly with
the naked eyes, and the convectional patterns changed
dynamically with time. Quite recently, the whole growing
processes of the convectional patterns were observed for
coffee with cream [10]. The convectional processes were
analyzed as six steps: (1) at the initial stage, the irregular
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circulating lines appeared at random in their direction. (2)
Global flow of convection at the surface layers at the initial
stage was from the center toward the outside edge.
Furthermore, (3) the distorted Benard cells were formed at
the liquid surface. (4) Meanwhile, at the middle stage of
convections, global flow of convection was reversed in
direction, from the outside edge to the central area at the
liquid surface, and the outward direction remained for a long
time until solidification takes place and also induced the
broad ring-like sedimentation structure. (5) At the same time,
few and short spoke lines appeared at the outside edge. Then,
a number of the spoke lines increased. (6) Growth of the
spoke lines and formation of the clusters and bundles of the
spoke lines took place from the middle to the final stages.
The sedimentation and drying patterns were also observed in
coffee plus cream suspensions. The bundle patterns at the
final stage of convection are considered to be the sedimen-
tation patterns and are further transferred to the drying
patterns with fine structures.

Deegan et al. [13, 14] have reported the traces of spoke-
like patterns in the suspensions of polystyrene spheres
(1 μm in diameter) under a microscope. They introduced
the capillary flow theory accompanied with the pinning
effect of the contact line of the drying drop. From our series
of drying experiments for suspensions and solutions on a
cover glass, the pinning effect was not supported except
experiments at high particle concentrations and for small
colloidal particles. Generally speaking, at high solute
concentrations, the broad ring-like drying patterns were
always formed irrespective of the substrates used, but they
moved toward the central area as their size increased and/or
their concentration decreased [8, 15–20]. For typical
anisotropic-shaped particles, furthermore, broad rings at
the outside edge disappeared and round hill appeared
instead [21]. The author believes that the convectional flow
of solvent and solutes is essentially important for all the
convectional, sedimentation, and drying pattern formation.
Furthermore, the pinning effect was not supported in a glass
dish where drying frontier starts from the central area of a
vessel substrate toward outside [22, 23]. The broad ring
drying patterns, however, were not formed at the outside
area. Cachile et al. [24, 25] reported that droplets of
completely wetting liquids deposited on a perfectly smooth
and wetting surface for which no contact line anchoring
occurs. It should be mentioned further that theoretical and
experimental studies for the convectional patterns have
been made intensively hitherto, but these are not always
successful yet [11, 13, 14, 24–33]. The main cause for this
is the insufficient experimental studies so far. It should be
noted further that information on the size, shape, confor-
mation, and/or flexibility of particles and polymers is
transformed cooperatively and further accompanied with
the amplification and selection processes toward the

succeeding sedimentation and drying patterns during the
course of dryness of solutions and suspensions.

Sedimentation dissipative patterns in the course of
drying suspensions of colloidal silica spheres (183 nm to
1.2 μm in diameter) [17, 18, 34–37], size-fractionated
bentonite particles [21], and green tea (Ocha) [38] have
been studied in detail in a glass dish, a cover glass, a watch
glass, and others, for the first time, in our laboratory. The
broad ring patterns were formed within several 10 min in
suspension state by the convectional flow of water and the
colloidal particles. It was clarified that the sedimentary
particles were suspended above the substrate by the
electrical double layers and always moved by the balancing
of the external force fields including convectional flow and
sedimentation. The sharpness of the broad rings was
sensitive to the change in the room temperature and/or
humidity [36]. The main cause for the broad ring formation
is the convectional flow of water and colloidal particles
along the cell wall at the lower layers of liquid at the
different rates where the rate of the latter is slower than that
of the former. Quite recently, it was clarified that the
dynamic bundle-like sedimentation patterns formed coop-
eratively from the distorted spoke line convectional
structures of colloidal particles of coffee [10], colloidal
crystal suspensions of PMMA spheres [12], and black tea
(Okubo, in preparation).

Drying dissipative patterns have been studied for
suspensions and solutions of many kinds of colloidal
particles [8–12, 15–19, 21, 22, 24–37, 38–51], linear-type
synthetic and bio-polyelectrolytes [20, 52], water-soluble
and non-soluble neutral polymers [53, 54], ionic and non-
ionic detergents [55–57], gels [58], and dyes [59] mainly on
a cover glass. The macroscopic broad ring patterns of the
hill accumulated with the solutes in the outside edges
formed on a cover glass, a watch glass, and a glass dish
when the solute concentration was high. However, the
broad rings moved inward when solute concentration
decreased and/or solute size increased. For the non-
spherical particles, furthermore, the round hill was formed
in the central area in addition to the broad ring [21].
Macroscopic spoke-like cracks or fine hills, including
flickering spoke-like ones, were also observed for many
solutes. Furthermore, beautiful fractal patterns such as
earthworm-like, branch-like, arc-like, block-like, star-like,
cross-like, and string-like ones were observed in the
microscopic scale. These microscopic drying patterns were
often reflected from the shape, size, and/or flexibility of the
solutes themselves. Microscopic patterns also formed by
the translational Brownian diffusion of the solutes and the
electrostatic and/or the hydrophobic interactions between
solutes and/or between the solutes and the substrate in the
course of the solidification. One of the very important
findings in our experiments is that the primitive vague
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sedimentation patterns were formed already in the liquid
phase before dryness and they grew toward fine structures
in the process of solidification [21].

In this work, convectional and sedimentation dissipative
patterns of Miso soup, one of the traditional Japanese soups,
have been observed on the macroscopic and microscopic
scales. Surprisingly, the reversal of the total flow of the
particles from the outer toward the inner one was observed
with the naked eyes. This reversal has been observed for
coffee with cream for the first time [10]. Furthermore,
distorted Benard cells and broad ring-like sedimentation
patterns were observed in the beginning and final stages of
convections, respectively, in this work. The convectional
processes are proposed in general in this work.

Experimental

Materials

Two kinds of Miso pastes for home use in Japan (type I,
malted rice miso, Marusanai, Okazaki) and an instant Miso
soup (type II, Nagatanien, Tokyo) were utilized. Composi-
tions of the type I Miso paste are water (42.6 wt.%), protein
(9.7%), lipid (3.0%), fatty acid (2.9%), carbohydrate (38%),
dietary fiber (5.6%), and an equivalent amount to NaCl (6.1%)
[60]. On the other hand, type II Miso paste is composed of
water (41.6 wt.%), protein (15.7%), lipid (7.4%), fatty acid
(2.9%), carbohydrate (20.5%), dietary fiber (2.7%), and an
equivalent amount to NaCl (9.2%) as reported by the
manufacturer. The shape of Miso particles are highly
polydispersed plate-like for both types of Miso paste. Their
size ranges from approximately 10 μm to approximately
1.8 mm and from approximately 10 μm to 1 mm for types I
and II, respectively. Miso soup type I was prepared by
dilution of these pastes with boiled water, including several
ingredients such as onion, potato, and tofu, for example in a
pan in the processes of cooking. All of the ingredients were
removed from the Miso soup in a bowl using chopsticks
before observation. Miso soup type II was prepared by
dilution of the paste with boiled water directly using
chopsticks. Tap water of Uji city (Kyoto) was used for the
preparation of Miso soup.

Observation of the dissipative structures

Type I Miso soup (about 180 ml) was poured into a Miso
soup bowl made of lacquered wood (130-mm outside
diameter, 77-mm height). Type II Miso paste (18.7 g) in an
aluminum foil bag and 180 ml of boiled water were put into
a Miso soup bowl made of plastics (115-mm upper outside
diameter, 60-mm height). An Ochawan (green tea cup) was
made of clay, 90 mm in outside diameter and 51 mm in

height. A medium glass cup of flat bottom was 85 mm in
diameter and 63 mm in height. A large glass bowl having
the gently round inner bottom was a microwavable Pyrex
(140-mm outside diameter, Iwaki, Tokyo). Type II Miso
soup (40 ml) was also set on a large watch glass (150-mm
diameter, TOP, Tokyo). Most of the convectional and
sedimentation patterns were observed for the suspensions
on a desk covered with a black plastic sheet. Bottom view
pictures were also taken for a large glass bowl. The room
temperature was regulated at 25 °C. However, humidity of
the room was not regulated and is between 45% and 60%.

Macroscopic patterns were observed on a Canon EOS 10
D digital camera with a macro-lens (EF 50 mm, f=2.5) and
a life-size converter EF. Canon digital camera IXY-digital
80 was also used for the macroscopic observation including
video pictures.

Measurements of change in the temperature of boiled water
in the various vessels

The boiled water instead of the actual Miso soup was
poured into the Miso soup bowl, green tea cup, middle size
glass cup, large glass bowl, and large watch glass. The
water temperatures at the high layers close to the air–water
surface, at the low layers close to the liquid bottom, and
further at the high layers around the outside area if possible
were measured on a digital thermometer (model SK-
250WPII-N, Sato Gauge, Tokyo) with a sensor stick (type
SWPII-01M, Sato Gauge). The point top of the stick (f3×
100 mm in length, made of rustproof steel SUS304)
encloses a thermistor. The sensitivity of the measuring
temperature is ±0.3 °C. The thermo-sensitive area of the
sensor stick top is considerably wide (approximately 2×2×
2 mm), and the pinpoint measurements of the liquid are
difficult.

Results and discussion

Convectional and sedimentation patterns of Miso soup
in a Miso soup bowl

Figure 1a shows a typical example of convectional patterns
of Miso soup (type I) in a Miso soup bowl. Several
important findings are clear in the pictures. Firstly, the
distorted Benard cells grew up especially within 30 s after
the suspension was set. Hexagonal patterns are clear.
Colloidal particles of Miso soup are highly polydispersed
in their size and shape. However, flow birefringence, which
affects the multiple scattering, is very strong. This high
flow birefringence effect will be the main reason why the
distorted Benard cells were observed with the naked eyes. It
should be mentioned here that the distorted Benard cells
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have been seldom observed hitherto. The author has
observed only for Chinese black ink in a glass dish [8]
and coffee with cream [10]. On the other hand, Terada cells,
i.e., the spoke-line pattern formed on the whole liquid
surface, were often observed for Chinese black ink in a
glass dish [8], colloidal crystals of poly(methyl methacry-
late) spheres on a cover glass and a watch glass [11, 12],
and coffee with cream [10] for example. However, the
Terada cells were not observed in Fig. 1a. Secondly, in the
beginning stage of convection from 30 s to 1 min, the holes
formed and grew large at the cross points of the
neighboring three Benard cells. The Miso colloidal particles
rise up at the central area of each Benard cells and flowed

down at the outside edges especially at the holes sharply.
Furthermore, the holes moved slowly toward outside first as
is shown in the movement of the right-hand side two holes
within 1 min after setting.

Thirdly, the enlarged holes came together at a time
between 1 and 6 min. Reversal of the flow direction of the
holes between 1 and 2 min after setting is clearly shown in
Fig. 1b. Here, the distances of the typical seven holes from
the center (r) against the radius of the liquid surface (ro),
r/ro values, were plotted as a function of time elapsed. The
reversal of the convectional flow at the liquid surface took
place clearly during 1 to 2 min after setting. When the hot
suspensions were set in the substrates, very rapid circu-
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Fig. 1 a Convectional patterns of type IMiso soup in a bowl from approximately 60 °C to 30 °C. Experiment 1, time (minutes:seconds).Miso I=0.06 g/
ml, 180 ml. b The r/ro plots against time elapsed for typical points shown in a
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Fig. 2 a Convectional patterns of type I Miso soup in a bowl from
approximately 50 °C to 25 °C. Experiment 8, time (minutes:seconds).
Miso I=0.06 g/ml, 180 ml. b Convectional patterns of type II Miso
soup in a bowl from approximately 60 °C to 30 °C. Experiment 3,

time (minutes:seconds), Miso II=0.030 g/ml, 180 ml. c Convectional
patterns of type II Miso soup in a bowl from approximately 60 °C to
30 °C. Experiment 4, time (minutes:seconds). Miso
II=0.0051 g/ml, 180 ml
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lations will take place by the gravitational buoyancy effect.
Then, the temperature gradient is formed where temper-
atures of the upper and lower layers of the suspensions are
high and low, respectively. When these gradients are
formed stably, the reversal of the global flow of suspen-
sions should take place by the Marangoni effect from the
top toward bottom especially at the central area of the
liquid. The detailed discussion on the reversal is described
below. The reversal of the convectional flow has been also
observed for coffee plus cream [10]. Clearly, growth of the
distorted hexagonal Benard cells was always accompanied
with the outward total flow at the liquid surfaces. On the
other hand, the reversed inward flow is accompanied with
the formation of a large hole at the central area and, further,
a broad ring-like sedimentation patterns. In other words, the
broad ring sedimentation patterns are formed mainly by the
outward total flow of the colloidal particles in the lower
layers of liquid. The broad ring-like sedimentation patterns
were formed by the balancing between the outward (or
upward) flow of convection in the lower layers of liquid
and the inward (or downward) flow of the sedimentation of

the colloidal particles on a cover glass or a watch glass,
respectively [17, 18, 21, 34–38].

Figure 2a shows another example of observation of Miso
soup (type I) in a bowl. Here, the slow rotation of the
patterns took place at the liquid surface. However, the
distorted Benard cells were observed again (see the pictures
30 s to 1 min after setting). In this observation, the
sedimentation of the Miso colloids took place fast at a first
glance. However, it was clearly observed with the naked
eyes that the downward flow of the colloids that took place
at the outside edge of the liquid was clear in the beginning
stage between 10 s to 1 min. Surprisingly, the reversal of
the convectional flow, i.e., the upward flow around the
outside edges, was soon observed with the naked eyes at
the middle stage of convections from 01:30 to 06:00.
Furthermore, pictures from 01:30 to 06:00 demonstrate the
processes of the broad ring-like sedimentation patterns
clearly. The importance of the inward and outward flows of
convection at the liquid surface and then the reversed flow
at the bottom layers is clear for the broad ring formation as
demonstrated by these pictures. It should be mentioned here
that within 10 s after the suspension was set, the circulation
was quite irregular. During this time, the vigorous vertical
gravitational buoyancy flow of suspension is highly
plausible.

Figure 2b,c shows the other typical examples of the
convectional patterns with time at high and low particle
concentrations of type II Miso soup, respectively. The slow
rotation of the patterns again took place in Fig. 2b. The
irregular circulations took place within 10 s. The formation
and further growth processes of the distorted Benard cells
were observed at 00:00:20 and 00:00:40. Furthermore, the
enlarging processes of the holes are clear from a compar-
ison of two pictures, 00:00:40 and 00:01:00. Observation of
the broad ring-like sedimentation pattern was observed
vaguely but is not so clear (see the pictures of 04:10:00).
This is due to the fact that the particle concentration was
high enough to show the yellowish colors on the whole
pattern area by the strong effect of multiple scattering of
light. When the particle concentration was low, on the other
hand, the broad ring sedimentation pattern was observed
clearly (see the pictures 00:03:00 and 00:51:00 in Fig. 2c).
The distorted Benard cells were not recognized at all for the
diluted suspensions instead.

It should be discussed here why the flow reversal takes
place more in detail. Figure 3 shows the temperature
change in the process of cooling the boiled water with
time elapsed in the several substrates. Here, the abscissa is
time in logarithm scale. Several important findings are
made in the figure. Firstly, the temperature during the initial
around 1 min was quite unstable and changed sharply
depending on time and location. Secondary, around 1 min
after setting, the stable distribution of the temperatures
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Fig. 3 a Change of boiled water temperature with time in a Miso
soup bowl (circle: high in the water layers close to the surface, ex: low
layers close to the bottom) and a green tea cup (triangle: high,
inverted triangle: low) at 26 °C. b Change of suspension temperature
in a medium glass cup (circle: high, ex: low), a large glass bowl
(triangle: high, inverted triangle: low, right triangle: high, side), and a
large watch glass (square) at 26 °C
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was formed depending on the locations measured in
the order:

High and central area½ � > high and outside area½ �
> low and central area½ �: ð1Þ

Measurements of the temperature of the thin liquid at the
air–water surface were impossible in this work. However, it is
highly plausible that the thin liquid temperature after 1 min is
lower than those at all the spots measured. Thus, the tempera-
tures will be distributed depending on the location as follows:

High and central½ � > high and outside½ �
> low and central½ � > highest thin liquid½ �: ð2Þ

Let us discuss the flow direction of water mainly at the
central area qualitatively. During about one to several
minutes, vigorous evaporation of water molecules from the
liquid surface will introduce the lowering of the tempera-
ture of the thin liquid at the surface accompanied with the
upward flow by the Marangoni convectional force between
the thin liquid and bulk liquid. Gravitational (buoyant)
convection also introduces the upward flow of water in the

bulk. This temperature gradient in the liquid is kept for a
while, since the heat is absorbed through the bottom wall
of the vessel continuously. Furthermore, the thermo-
capillary convectional flow will be introduced in the
direction from the center toward outside edge in the high
layers of liquid, since the temperature at the outside area is
low compared to that at the center [61, 62]. Thus, the
global flow of liquid is a circling upward flow in the
center followed by the outward flow to outside edge at
the high layers of liquid, as is shown in the top right of
Fig. 8. After several minutes, the distribution of temper-
ature depending on the locations will be established,
where temperatures at the high and low liquid layers are
high and low, respectively. This temperature gradient will
induce the Marangoni flow in the lower direction during
the course of cooling of the liquid. Furthermore, the
upward buoyant flow at the central area will be weakened
sharply, since the liquid temperature is lowered down.
Thus, the downward flow in the liquid bulk should take
place in preference instead, as is shown in Fig. 8, indicated
by “global flow reversed”. This reversal in the direction of
the convectional flow at the central area will be the main
reason why the flow inversion takes place. It should be

01:10 01:20 01:30 01:45

00:10 00:20 00:40 01:00

06:00 02:00 02:30 20:59:00

Fig. 4 Convectional patterns of type II Miso soup in a tea cup (Ochawan) from approximately 40 °C to 20 °C. Experiment 6, time (minutes:
seconds or hours:minutes:seconds; lowest right flame). Miso II=0.038 g/ml, 100 ml
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noted here that the distorted Benard cells and Terada cells
are formed during the periods of initial global flow and the
reversed global flow, respectively, as is shown schemati-
cally in Fig. 8. It should be noted here that an important
role of the Marangoni flow induced by a gradient in
temperature at the liquid surface and also of the relative
thermal conductivities of the substrate and liquid were
proposed for the circulation reversal in evaporating drops
on a plane substrate [63, 64].

Broad ring-like sedimentation patterns were formed after
Miso soup was kept for a long time, as is shown in Figs. 1a,
and 2a,c, for example. These sedimentation patterns were
formed by the balancing between the upward (or outward)
convectional flow and downward (or inward) sedimentation
in the Miso soup bowl [17, 18, 34–38].

Convectional and sedimentation patterns of Miso soup
in a green tea cup, a middle size glass cup, and a large glass
bowl

Figure 4 shows the convectional patterns of Miso soup
(type II) in an Ochawan (a cup for taking green tea). Here,
during the initial 10 s, irregular circulations took place.

However, highly distorted Benard cells were observed after
approximately 20 s, although the liquid surface rotated
slowly clockwise in the pictures. Furthermore, the holes
grew at the cross points of the neighboring three Benard
cells between 1 and 2 min, and further, the grown-up holes
moved outward first (between 1 and 1 min, 45 s) and then
turned to move inward (see 01:45 to 06:00). These features
of the change in the convectional patterns are quite similar
to those in the Miso soup bowls.

A typical example of the convectional patterns of Miso
soup in a medium size glass cup is shown in Fig. 5. Here,
the quite similar events of the convectional patterns to those
in Ochawan in Fig. 4 are shown: the formation of the
distorted Benard cells and outward and then inward global
flow of the patterns at the liquid surface, although the
patterns were vague by the light scattering of the oil layers
at the liquid surface. In Fig. 5, the fried tofu (“Oage” or
“Abura-age”) was one of the gradients of the Miso soup.

Figure 6a–c shows the top view of the convectional
patterns as a function of time elapsed in a large glass bowl. In
Fig. 6a, the formation processes of the distorted Benard cells,
the holes and the broad rings, are recognized with the naked
eyes. Figure 6b,c shows the bottom view of the convectional
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00:10
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Fig. 5 Convectional patterns of type II Miso soup in a medium glass bowl from approximately 50 °C to 25 °C. Experiment 7 (minutes:seconds).
Miso II=0.061 g/ml, 100 ml
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Fig. 6 a Convectional patterns
of type II Miso soup in a large
glass bowl from approximately
50 °C to 20 °C. Experiment 7,
time (minutes:seconds). Miso
II=0.061 g/ml, 270 ml. b Con-
vectional patterns of type II
Miso soup in a large bowl from
approximately 60 °C to 25 °C.
Experiment 9, bottom view ex-
cept lowest right flame, up view,
time (minutes:seconds or hours:
minutes:seconds; lowest right
flame). Miso II=0.0061 g/ml,
270 ml. c Convectional patterns
of type II Miso soup in a large
bowl from approximately 60 °C
to 25 °C. Bottom view, time
(minutes:seconds or hours:
minutes:seconds; lowest right
flame). Miso II=0.0020 g/ml,
270 ml
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patterns of the diluted Miso soups, one tenth and one
thirtieth, respectively. In Fig. 6b, both the distorted Benard
cells and the global flow of the patterns were not observed.
These are presumably due to the fact that the Benard cells
are formed at the liquid surface and the preferential fall of
very large Miso particles on the bottom takes place and
disturbs the convectional flows at the higher layers. The
broad ring formation was observed clearly for the diluted
suspension (see the pictures 01:00 to 56:00) especially in
Fig. 6c. However, the distorted Benard cells and the global
flow of the patterns were not observed again in Fig. 6c.

Convectional and sedimentation patterns of Miso soup
in a large watch glass

Figure 7 shows a typical example of the change in the
convectional and sedimentation patterns of Miso soup (type
II). Pattern change was very fast in a watch glass, and all
the processes from convectional to sedimentation patterns
completed within 1 min. This will be due to the fact that the
depth of the liquid is thin compared to the cups and bowls
used above. The patterns at the surface of the liquid rotated
clockwise and slowly in this case too. Distorted Benard
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Fig. 8 Most plausible
kinetic scheme of convectional
patterns. Time scale is given for
Miso-soup of this work
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00:00:50 00:01:00 
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Fig. 7 Convectional patterns of
type II Miso soup in a large
watch glass from approximately
60 °C to 40 °C. Experiment 10,
time (hours:minutes:seconds).
Miso II=0.061 g/ml, 40 ml
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cells did not appear in this case. However, the figure shows
the processes of the formation of spoke lines around the
outside area of the patterns. The broad ring-like sedimen-
tation patterns are also observed in the pictures 00:00:50 to
64:24:00 in the figure. The patterns support that the lines
were formed by the convectional forces from the outside
edge toward center at the liquid surface.

It should be mentioned here that the clusters and the
bundles, which were formed for coffee with cream [10] and
colloidal crystals of poly(methyl methacrylate) spheres [12]
on a watch glass and a cover glass, were not recognized for
the Miso soup. This will be due to the fact that the colloidal
particles of Miso soup were large and polydispersed.
Furthermore, the sedimentation took place within a short
time, and then the sufficient time for the cooperative
interaction of the neighboring spoke lines was not left.

Concluding remarks

In this work, the growing processes of the convectional
patterns were mainly studied from the macroscopic and
microscopic pattern observation of Miso soup on the
various substrates. The convectional and sedimentation
patterns from the irregular circulating lines, distorted
Benard cells, and to the broad rings were observed (see
scheme shown in Fig. 8). The convectional processes are
analyzed as six steps: (1) at the initial stage, the irregular
circulating lines appeared at random in their direction. (2)
Global flow of convection at the surface layers at the initial
stage was from the center toward outside edge. (3)
Furthermore, the distorted Benard cells formed at the liquid
surface. (4) Meanwhile, at the middle stage of convections,
global flow of convection was reversed in direction from
outside edge to the central area at the liquid surface, and the
outward direction remained for a long time until solidifica-
tion takes place and also induced the broad ring-like
sedimentation structure. (5) At the same time, few and
short spoke lines appeared at the outside edge. Then, the
number of the spoke lines increased and grew toward
the center. (6) Growth of the spoke lines and formation of
the clusters and bundle took place from the middle to the
final stages. In the present work, however, the clusters and
the bundles were not observed. This will be due to the fact
that the colloidal particles of Miso soup were large and
polydispersed and the sufficient time for the cooperative
formation of clusters and bundles was not left. The broad
ring sedimentation patterns were also observed inMiso soup.
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