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WAIP: Winged Air Induction Pipe
Wcompressor= WO— WL ~+ WD

(Murai & Takahashi, 2008)
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(b)

linear servomotor digital
actuator camera

high speed
video camera

e (8

telecentric
lense

metal
light sheet halide

500 mm__ 5000 mm amp

o
Fig 2 Experimental equipment (a) side wiew (b)) front wiew.
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Flow past a cylinder close to a free surface
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Regime diagram for bubble generation

bubble formation [R5 d e ZAR-kI) X077
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SISk 5Z=E% : Angle of attack

air-water interface

Uy=580 mm/s
h=5mm




WAIPHI/K# =72 FH M= 5%




FEEROIRSFEN

Effective Froude number Fr, 0.57~5.9 Velocity U ~ 100~1000
Reynolds number Re 2.6x103~2.8x 104 Thicknesss  7[mm]
Gap ratio a 1,2, 4 Chord Iength | 40[mm]

Angle of attack 6 5° ,15° , 30° Hydrofoil ~ NACA65;-

model 618
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(Fluid dynamic scaling)
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Effect of gap ratio
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WAIPIZEE 95 538z

X AFEERE A (FTFH5 2010)
NVI—(EE, BREEE, RERNERERES

RERICKSIREE

LEEN  REARICKOBINEIR
BRENAFHICISEBERTHBNROBFILE U

Coa— (L /A€, smd

Bl ZIE£. NACA6 5—4 1 0% AL\ =188
0=10° Cp=1.50 Cd=0.015 o=5% L=50mm h=20mm
ET5HE.
B2k 2 T 10.3 knots B2JK5mT 16.6 knots
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Filia Ariea with WAIP
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Bk 74 =L ol e
hERkDREMNSHABRESINSE:46 TW

BARDEN
98 GW

EXREBIN RS IDEERE:
1600~2000 kcal/day
~87.5 W

HAODAO 1.27 x108 A

HARADEBINT—(?)
11.1 GW

Lay et al. (2008)



343,

Asthenicthes
aseismotathes

Fig. 4. Alternative to the mantle plume theory ‘(based on an ancient Japanese

legend).

Holden, J.C. & PR. Vodt,

EOS Trans. AGU, 58,
573-580, 1977.

ORI — L7

Plumes, antiplumes, and propagat-
ing fractures are certainly not the
only possible explanations for features
such as the Hawaiian chain. Ancient
legend has it that the island of Japan

is s1tuated atop a giant carp and th&t

Mount Fuji erupts. As mnst legendb

have some basig in fact, we propose
that this creature also finds its home
throughout the viscous asthenosphere
(Figure 4). Could it be that as it
swims, at a rate of only a few cen-
timeters per year within the mantle, it
leaves behind a buoyant trail of
tholeiitic bubbles which rise pon-
derously to create aseismic ridges?
We name this fish Asthenicthes
aseismotathes, or the asthenospheric
fish that makes aseismic ridges. No
doubt there are some who would ques-
tion our taxonomy and would want to
call the species a form of crappie.
Readers may find something fishy
about this theory, but then there is at
least something fishy about the other
theories as well.
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World Map of Velcanoes
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Mantle Plume?
Viscosity ~ 10°1-10%? Pa s
Density ~ 4 x 103 kg/m?3

Velocity ~ 10 cm/yr

Plume size ~ 104-10°3 km

Re = UD/v ~102%<<1

A‘vA'»ﬁ.

/)

t scientific Comic: iﬂﬁikj(ﬁ'll: (NHK)



EERETHAOERDEALEFHET )L —L
(laminar thermal starting plume)




a ULVY: red - observed, blue - not observed

Lay et al.,1998

Compositionall Heterogeneity.
In the lowermost mantle

lower mantle

core rigidity zone (CRZ)

outer core fuzzy CMB

Figure 12 Schematic cartoon of the possible constituent CMB features beneath a warmer than
average D" region. This includes an ultra-low velocity zone of partial melt and chemical hetero-
geneity, a transitional or fuzzyVery go CMB with underside pockets of nonzero rigidity. chem-
ical and melt scatterers throughout D", alignment of crystals, heterogeneity or melt in D" to pro-
duce D" anisotropy, and possibly roots of plumes.

Garnero, 2000




Thermo-chemical plume experiments

FKEREE S 0.15x0.15x 0.2 m3

laser, 532nm

=

¢ 50 mm heater

Schematic diagram showing our experimental tank containing sugar syrups (~4 Pa s, Re << 1).

A thermal starting plume 1s generated by operating a circular plate heater (=50 mm, 6.2-25.6
W) placed at the bottom of the tank.
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Thermochromic
Liquid Crystals
TLCs
ULy,
T HCY S (b) BELZEyFOEL
3.1 avAT Yy 7 EHORE \ .
Ra~2x10°

46 mPas (glycerol + water)

Thickness 23mm

R e —

-
s

T,,:=30, T

top

=15, TLCs 23-28

Yanagisawa, 2003
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Temperature Calibration
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Temperature & composition

Heater
(6=50mm)

Evolution of thermochemical plume (B=0.83).

t is time normalized by the onset time of doming
(ter =191 sec). The isotherms are 25.3. 31.4, and
37.5 ° C. The compositionally dense material
(CDM) is colored by Rhodamine B.




Visualization technigue
composition & temperature

Original Image

Temperature field Compositional field
Isothermal lines

(TLCs + band pass filter) (Fluorescent dye + cut-off filter)



Fluid properties
(sugar syrup + water)

—y=1.391-0.00080431x R=0.99811 ——y =1.3302e-13 * e*(8950.9x) R=0.99799

o )
£ ©
S g
g =2
2 @
o o
c (]
© 2
Do >

0.1

26 27 28 0.00325 0.00335

Temperature (Centigrade)

High T



Anatomy of thermo-chemical plume

original AT viscosity Biocal

Initial B, = 0 30 O 5 0 1 2
0.54 [K] LE)

BI(X 5 }r.". z }:A p X (X*}T* z }’ p o [T (X 5 }Tﬂ Z) -Tﬂ]



Particle Image Velocimetry (PLV)

Principle of PIV
Cross-correlation of a pair of two fields

highest correlation field

Al: displacement

low correlation field of the pattern

Fluid velocity U=Al/At
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Buckingham’s Pi theorem

T1

Lle=D/x<<1
Prr.=v,/x>>1
Ra,=agATH? /v
y=v0/ vl

a=H/d

B = Apc/ApT

Re=UR/v <<1
b=1/d



Parameters

Table 1: Dynamics parameters for the laboratory experiments and for the Earth’s mantle.

Parameters Laboratory experiments Mantle

Ra = 0gAT.sH / kv 22x10°-9.6x10° =10°
1P = Vn/ Vhot 5-150 1-10° 2
Vret = Vi / Vit 0.4-1.8 12
a=H/ hepy 17-169 >10?
Bo 0—1.30 0-107

hrsr / hepu 1-420 1-10

Apx/ p 0.0-2.35% 0—10%?




Buoyancy Ratio: Bo=Ap,/p,aAT

Large B, (1.25)

Stratified mode

Small B, (0.47)
Doming mode




Initial Buoyancy ratio  By=Ap,/poaAT




Time dependence

B,=0.67,t., = 66 sec
t=2.5 t=33 t=4.0 t=4.7 t=5.0 t=6.7

LR = e T e N -\ - e E Sl VSR
A i\ o {-‘ i v Y - - . o - s’ . ‘,, Y‘ 1
\ b4 » -
N t
: :

=74 t=7.8 t=8.1
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=SE MDA T ) — BB DA

maximum height of the chemical dome

BX = (px — po) / py o AT



T IV — LD AES

W
A N1 Le Bars and Davaille, 2004% 4 &(Z
A
161 ﬁ@jtjﬁb\ m % ~ (apt — Ap, )g
u"_]
p(t)
AP O mmomE
p(0) =0
81 apg AT S? t
v plt) = C, s ! (1 —exp(—t/t)— B)
K 'I']] T

P(te) DEE W=0

g AT 57
- m—l{l — B+ BIn(B))

ﬁ}{ Tmax ] — I[f—--]

K11



R ITT =

normalized maximum height of the chemical dome

p_max_norm

P
=
e
=5 =
S
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Bz & SmDELH R T I — L EEERAY,

R FEC2IET HT=0DIZ(Z. ..

normalized maximum height of the chemical dome

P(ta) ~ 3000 [km]

a~ 3 X 10-° [1/K]
g~ 10 [m/s?]
AT~500 [K]
5,~100 [km]
k~10° [m?/s]
v~1018 [m?/s]

—
e
=
L=,
=
|:_ j:
=
S
=
=
A
e

Bx = (p, — po) / po o AT ~ 0.5
(Px = Po) / po ~0.75%



s Initial B ratio

m [IMe

R
CO gow 20N

Li & Lomanovicz (1996)
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