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Fluid property measurement for Kitchen Earth Scientists: rheological

measurements using DIY falling-ball viscometer combined with image
analysis
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We propose a simple rheological measurement using a DIY (Do It Yourself) falling-ball viscometer coupled
with image analysis. The simple viscometer consists of a transparent plexiglass cylinder, a rubber plug,
and a commercial video camera that we can easy to buy on the internet. The rheological properties of not
only Newtonian fluid but also Non-Newtonian fluid are obtained in this rheometer. An image sequence of
the falling ball in a fluid was captured by the video camera, and the spatio-temporal image was created by
a free software, Imagel. The obtained image could provide the information of rheological properties such
as shear rate dependent viscosity, elastic property, and yields stress. In this presentation, we will show
some examples: sugar syrup as Newtonian fluid; a mixture of gel beads and water as Non-Newtonian fluid.

We will also demonstrate the flow behavior of a buoyant fluid, whose viscosity is unknown, in a viscous
fluid. The apparent viscosity of the buoyant fluid is estimated through the image analysis of its flow
motion. Our homemade viscosity measurement using a falling-ball viscometer will provide fruitful
information of the rheological properties of the fluid and be useful for the Kitchen Earth Scientists.
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Laboratory Seismic Exploration Experiment for Education and
Demonstration
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Introduction of a laboratory syrup eruption experiment for outreach
activity
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HERRKRICIK, KbhDE VTV EEEZRAWVD. KHDE2DICHITTEE, —AICIZ I T VEEE, —AICIKE
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Keywords: Dynamics of volcanic eruptios, Outreach activity, Disaster prevention, laboratory analogue
experiment, starch syrup
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A Study on the Effect of Education for Disaster Prevention using
Science and Technology
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BTERERZO/O—NIVREZNY ) =4 —BRITOTZL0O—RE LT, BFRICHT2EHERALDE
DDOHEFENA1T o7, T I T, EHOEMLIBHISLSEBICHKLICEAL TERT B ET. SUEVLWHRE
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The analog experiments on the 3D RRIM model
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Review on rheology of complex fluids usable in kitchen earth science

*ZEM A

*Kei Kurita'

1. RRARFMER A
1. Earthquake Research Institute,University of Tokyo

Some kinds of fluid,which are known as complex fluids in the field of soft matter physics exhibit peculiar
behavior in many occasions. Because of this unexpected behavior these fluids have been widely used as
an effective demonstration evangelist to represent fascinating nature of science. In spite of high popularity
nature of this peculiar behavior has not been well understood and it is still hot subject under
investigation. Overall rheology is tightly coupled with the internal structure, which evolves with time and
deformation. This make the fluid complex.

In this presentation we review the rheology of various types of complex fluids, which can be used in
demonstration experiments of kitchen earth science. We selected target fluids under the criteria below,

1. Safety. Safe to through into a waste box after the experiment without any special treatment. This is an
important must in kitchen earth science. Hopefully not into a waste box but into our stomach is desirable.
2. Easy to prepare without any sophisticated device. This makes the experiments open to everybody.

3. Low cost. Although this is not chicken science but kitchen earth science, low cost is essential to start up
experiments immediately.

The fluids we focus here are KELZAN,sodium arginate,thermogel,methyl cellulose,LUDOX and various
kinds of yogurt. Some of these are used as a thickner in food additives. We will summarize rheological
characteristics which significantly control the peculiar behaviors. Among rheological parameters yield
stress plays most importsnt role in bifurcation of solid and liquid behavior. In complex fluids yield stress is
not uniquely defined but exhibits maltivalued nature. This means the value depends on various
environmental parameters. Coupled with the existence of yield stress negative dependence of flow stress
with strain rate enhances local instability. Furthermore agening is an another important parameter. In the
presentation we present various examples of curious bahaviors coupled with the rheology.
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Mode of settling of solid particle in viscous fluid: experiments using
low-cost commodity
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BELBRAGEAWVT, NFERICET2REERREZT >R, EREWE, WFYM4 IXo9/m, BEZ, RE
D, FICK > THFOEBEORFHI R b—0 20 (BN FOLXEE) NroLbA)— - T4 —FREIC
LB RFEFADKLE) ~OBRUVEDYINEDLIBREETELZI E2ERITZIEIHD. ZDLHIR
FIFIEBEDE— RDEWE, T/ VBY TOBRLEY, BENSDXUKDIEEDOE— ROERICEHERT
ZEEZALNRELT LETORHINTVAVESICEDNS., MMEREE LTIEKE: (144, thE
1.5) #—EKTEDLZEDEAWE., RIFELTEIHTIRAE—X (RELDALEH
D, 4mmm¢, 2mm¢, 1mm¢, LLE25, /NILIVHE GRiELUICKERDS A 7RKEE) 2.3) 2#HVWE. BEE
B STVv LADHSABE (250-300ml) 2B W, HRAEOHMELE < ($10Pas) , HIFImAEB W
BEIFAHEICHRICERTEET 2 E—RDHY, BEEFIAN—TLEOE— RHIBERINL. FED/MKE
EHLANEILKL (8 1Pas) 4mETmDH S RAE—XABWERTIE, MHICHRICERATERTZE—NR
NRELENZD, ABT—SICHRICHNFERINETIZIE—RIHY, HFIDELABEER N—7 LE
DE—RPRONE. Thik, PHICIE2EREOBENRELL LAY —  TAST—FREDFHFKERENR
=0 2B EELYERELLARY, AR TIIHBRIC2ZEDORFMNES L TRFBEEN N GVEONKFIENS
HNTEFATETL, RBTHFIDORLEZREBTIIBEARRENNSKRY R N—0 ZLEIBRICR S
HTHDEBEIN. T, BRZHBDHSAE—XEHAWVWSEERERRFHIRAN—7 ZEET 3 EEIC
INSBRHFAEELTEFAE LTI DOREZRUFOLBFERELY EREZREETEBET 2ONERIN
7=. KIUIKDEETICDWTIX, Cazattero & Jellinek(2012EPSL)Ai&im L TWB & DIZ, 3—4p LW EMET L
RIUNRDEBRRNFTHIERICELA ) — - T4 T—FLEICL 2EMMBLENE L ZH, LWYKRETHRK
KR FTIER M =7 ZEETIEEATRBIND EEZTIVE DL, ENEBETOAERERI L ZRMICE
CEENSDKIUKEETLA ) — - T4 T—FAREOCEFH (FFRHI) KUKETARo5hdZ &N
Hol=h, THIIKRERNSELC-BETIIRF YA ANNIWEZDHDTHDEEZIONDS, YT/ BYRATOD
EEILETIERAPEN S DA THERASE L ZNFE L KED, ERLERKEBLETIZEWEERS &
Bz, REENFOBREZINUKDT =LY ENZ VD, FEOHENST YL EREWZHICK
ULA)— - TAST—FELEICLDLENE L DAEENIREVEEZIONS.

F—T7— R HFRERR, A=k LA)— - T4 F7—FRE. KUKETERRX. <7 <BYRE
fR L%
Keywords: mode of particle settling, Stokes settling, Rayleigh-Taylor instability, settling mode of volcanic
ash, crystal settling in magma reservoir
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Kitchen analog for rootless cone eruption; explosive bekkouame?
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The rootless eruptions, which is a series of explosions by interactions of molten-lava and waterlogged
sediments, have been focused in point of both the planetology and the volcanology (Fagents et al., 2002;
Hamilton et al., 2010; 2017). On the surface of Mars, thousands of cones formed by rootless eruptions
(e.g., Greeley and Fagents, 2001) are found to exist. Since those cones are located on the young surface,
they have been spotlighted as an evidence of flood volcanism and existence of subsurface water ice in
recent Mars (Dundas and Keszthelyi, 2013). According to laboratory-scale experiments and numerical
modelings, the amount of external water, which is available during the eruption and vaporization,
influences explosion styles (e.g., Wohletz, 2002). The variety of geomorphology in rootless cones has been
thought to show that style difference (Fagents and Thordarson, 2007). In spite of the popularity its
formation mechanism has not been well understood even for the terrestrial cases. Why isolated cones are
formed instead of widespread fragmentation? Why explosion is maintained steady? Why fragmentation
similar to the scoria cone formation occurs? What is the role of vesiculation in rootless eruption? To
explore probable answers we conducted kitchen earth science experiments.

In this study, we challenged to reproduce rootless eruptions by using heated syrup and soda. The basic
procedure is similar to that in bekkouame (candy) and karumeyaki (honeycomb toffee) recipe. The starting
materials are syrup and baking soda (sodium bicarbonate) and a small transparent container. We first
heated syrup around 130°C and poured it on several types of substrate such as sugar and soda mixture so
as to cover the surface of them completely. Break down of the baking soda by the heat of syrup produces
CO, gas, which causes bubble flow in the overlying syrup. As a result, tens of petit eruptions occurred
during experiments. The cellularly divided conduits were formed by stable explosions which had not
changed its location. Those cells might be comparable to the repelled distribution pattern which has been
interpreted in Hamilton et al., 2010. We verified the relationships between explosion styles and the
amounts/ratio of soda and heated syrup. In the presentation, we show changes of explosion
characteristics in different conditions. Furthermore, we focus on morphology of solidified syrup (as
bekkouame) then compare with those of natural rootless cones.

F—T7—R:b— ML REA, KEA IBH
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Flow visualization experiments on “Pele’ s hair” formation
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In the session of the kitchen Earth Science last year, we presented an analog experiment on “Pele’ s
hair” which could be observed in the volcanic products in Hawaii Islands. We’ d succeeded in
producing similar texture of “Pele’ s hair” by using a cotton candy machine we had invented, and
showed that the texture of the sugar fibers (e.g. their thickness and length) depends on several important
parameters such as rheological properties of the melted sugar, initial temperature at the outlet of the
melted sugar jet, and its ejection speed. Recently we have conducted flow visualization regarding this
analog experiment to understand the flow behavior around the melted sugar jet. The experimental setup
for flow visualization consists of the cotton candy machine, commercial humidifiers for the flow tracers,
and a LCD projector to generate multi-color light sheets. The flow behavior was recorded by a high-speed
video camera; the eddies and vortices were clearly observed around the rotating dishes, which affect the
formation process of the analog “Pele’ s hair” . We also examined effect of the following parameters
such as the rotating speed, heating temperature, diameter of the outlets, which cause a variation in the
texture of the cotton candy as reported the last presentation.
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Analogu experiment on interdiciplinary education of science and
disaster mitigation

e

*Miwa Kuri'

1. R RZE K ERZE R RAT
1. International Research Institute of Disaster Science, Tohoku University

1.8%

FRIGICE T B HBETIE EREAEE =+ROZ] IKHHRENTWSE L DI, THH - Reg2E4EE
ISSERT 2] ODERNKRDLNT WS, BFKIEEDERPHKIEZBERICKE 2EHBEREDOEE A TThhTW
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