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A:Animal,Agriculture

e Daly
e Meat
e Cheese
e Yogurt
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B:Biology

e Gene
e Bio technology
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C:Cryogenic

e Cryogenic
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- D:Development

e Devlopment
e Tunnel

e Subway

e New technolgy
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> E:Envelopment, Fis
explosive

e Explosives
* Envelopments
e Global heating
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F:Food,fluid

e Food processing
e Soften

e Extraction

e Coffee Powder




G:Gas

e Gas Dynamics

e Turbine Flows
e Shock Tube
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H:Hyper velocity

e Metal Jet
e Water Jet
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:Kumamoto
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L:Life science

e Gene
e Medicine
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- M:Metal processing

e Explosive welding
e Explosive forming
e Powder compaction
» Coating

o : " » 8=
. et L E P 5 . 1 "
g r i oy i 5 . ¥ . “m
i = '-.'. g > ol P . S v ! — — . =i at ek - o axl ] LE
IR I L L L L e 1) b R A N e ey LT - = Ny g = g
J L | e e e e e T e e e e e i o e oy e e iy Tl o Fr et E s ey




\ _1;::

i ;

e Thunder

e Earth Quick
e Meteorite

e K-T boundary

N:Nature
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~ 0:0zone depletion

Ozone Sterilization
Ozone layer
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P:Pharmacy

e Extraction

e New Phermacy
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- Q:Quasi state

e Quas Steady Phenomena
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R:Risk,recycle

e Risk management
e Risk Inspection

* Recyclefor Glass
e Recycle
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~ S:Soil,sterilization

e Improvement of Soill
« Sterilization
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T:Textile

e Jute
 (Cotton
 Permeability
e Stain
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- U:UV.underwater

e Underwater Shock wave
e Devices

e Principle
o Application
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- V:Visualization

e High speed Camera
e High speed Video
o Streak Camera
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W:Wood

e Permeability
e Flame retardant
e |nsulation







e Yacht
e Yield point
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Z.Zoology

e Shock and Zoo
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Whgal!nderwater shock waves are used 2

The sound velocity of water is about 1500m/s in room
temperature, the strength of underwater shock wave is easy up
to about 100Mpa.

The strength of underwater shock waves are very easy
controlled using reflection ,diffraction or refraction or
concentration.

The duration time of underwater shock wave is also controlled
by the configuration design of water container.
o - : ; a
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c(fﬂ?ﬁl of the Strength of Shock wave =

= By combination the shock reflection or diffraction,
the strength of underwater shock wave can be well controlled.

= Also the underwater shock wave well concentrated in a point using
a suitable pressure vessels which has an ellipsoid configuration.

= In foIIowLngs | will show the example processmg such as ;

L . - e
n owder 0 n paction, ivietal 101 aa ng, WWood treat an 2Nt ana
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_wShock wave treatment for food = -

m Generation methods
— Under water explosion
— High voltage electric discharge in water
m Properties
— High pressure, very short duration of action

Transmission
wave

surface

|ncident wave Reflected wave




_Gondenser bank for Food processing

. o s

LT

Diameter: 0.1mm, 0.3mm, 0.5mm

|
Condenser bank : S L
V, . o
SRRl | —1— —m Damped Oscillation
M aximum voltage: 40 kV | m R2 < 4L /C
Electrical capacitance: 12.5uF . cT R
(constant) | % ; V, R :
: 3 | = exp| ———t |9n a)o'[
Maximum energy: 10 kJ | w,L 2L
£ . ErEd
D e e i Do s Basic circuit of acondenser
Oscillation .
Metal:'wire
o _ Electrical ) Thertnal Coefficient of
. Composition Density o Ilelting o . .
Iletal wire o N Fesistivity ot conductivity linear expansion
%) CrO N aeram | P wmiky (106 K1)
Copper Cu (99.0y {0 1.67 1356 401 16.5
Alurmninuem AL799.0 2690 265 033 237 23.00
Alumel Mg 1.8, Si01.7), AL 2), N9 5) 5150 K 1400 30 12
Titatiuem Ti(99.5) 45410 432 1933 21.9 8.5
SUIS304 Cr( 183, Nif&), Fe(74) 7093 71 1693 3f 14.7
Michrome Mi 803, Crr20) 8052 109 1673 17 11.7
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Flash light
Trigger pin
out
Condensar
A 4 >
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. Power supply
=

interframe times 10ns to 1ms
in 10ns steps independently S ', Out-put supply; $0-200J/F

variable, number of channels Half-amplitude level of
framing:4 streak:1 luminescene; 156-350us



= ). Pressureconverter = -7 =
- e o
Stressin tungsten bar ; Pg
PB :Z—E ) Kl .Vout
300 Protective pipe G .VC

Tungsten bar Pressure of underwater shock wave; P,

Semi-conductor gauge O, - G
P = B RD B
2
Tungsten bar

pp=19088kg/m3, C,=4650m/s, E=412.7GPa
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Imp%ed current measurement to metal wire

~z PMMA tank Electric resistance of metal wire

- 140 | . : .
terminal [~ [| ] . r: Electrical resistance of metal wire
L
R= p— L: length (140mm)
Metal Wire A _ ;
A: cross-section area of metal wire
35
- ¢ Copper
$0.5mm Aluminium
High-voltage cable < 25 W Alumel
X O Titanium
Experimental setup in this study R A SUS304
40 % 15 + Nichrome
30 =
20 O 10
2 10 /’—\\ | $0.1mm
E 0 L L | 5
3 10 20 40 o mgpe— 0
-20 0.01 0.1 1 10 100
-30 . . Resistance of metal wire (Q
“~wire explosion ()

Time (ps)

Relation between resistance of met§ wire and
Typical waveform of current (Cu, $0.3mm) current value
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%al observation of underwater "shc')ck ’
wave produced by wire explosion

StreaMd dlit

l
Ous

shock wave

Streak photograph of underwater shock wave produced by wire explosion
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M Rapidity of underwater shock =~~~ -
wave produced by wire explosion

. 1900 a0
S & Copper 7

n Aluminium s & Copper
5 u ® Alumel 2 a0 | ® Aluminium
T ‘31800 - N o Titanium E - = Alurel
g e 1750 . . A %?04 2 o O Titanium
s §1700 | e © Ay 3 + Nichrome
> . =
g 1650 - A % 20

o
+
~ 1600 ‘ &
Zm L L L
0.01 0.1 1 10 100 001 0.1 1 10 100
Resstance of metal wire (QQ) Resistance of metal wire (Q2)

e e e ey e e = ol e e,
Saf R SRR o P P e

Thermitereaction

Thereisadifferent tendency By the reaction betwee
In the wire of aluminium. H20) and Al, alarge amount of geat is

L]

generated.
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-)Hisual observation of underwater >
shock wave produced by DF

W PMM A tark :
= . :JA‘\-{ DF: Detonating fuse

produced by Nippon Kayaku Co. LTD.
Detonation Velocity: 6308m/s
Diameter: 5.4mm

ED: No.6 Electric Detonator
produced by ASAHIKASEI Chemicals Co.
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_#Visual observation of underwater —ay
shock wave produced by DF

Ous

Pr odu@‘s

40us
DF Product gas

/P
Shock Wave

Framing photographs of underwater shock wave

generated by the detonating fuse generated by the detonating fuse
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Becay of the underwater shock wave %

60
50 | o Optical observation | & g
E, 40 | %
)
é zz f -~ E
a 2
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Relation between the time and the distance of
underwater shock wave generated by the

detonating fuse



Photograph of the vessel Experimental in the vessdl

Schematic illustration of the vessel
for food processing
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%= Numerical SSmulation
Adr ﬁuid-Structurelnteraction \
= U504 . The Euler method was applied to fluid
Water . (DF,Water,Air), and the Lagrange
] method was applied to structure
Silicon Rubber ﬂ_l""“l————__, ¥ (SUS304,Silicon rubber).
&
Water 051 The interaction calculation was done to
DF 'IFE-THU“I'_______. I both by the FSI(Fluid Structure
Interaction) algorithm.
L wlllifsd .|1M Bl 3 k ) alg /
- 570 .
PART METHOD MATERIAL E.O.S.
DF Euler High _Explosive Burn JWL
iz Water Euler Null Mie-Grlineisen
Air Euler Null Linear Polynomial
SUS304 L agrange Elastic Plastic Hydro Mie-Grlineisen
Silicon rubber L agrange Elastic -




Gover ning equation

structure (SUS304,Silicon rubber).

The Euler method was applied to fluid (DF,Water,Air), and the L agrange method was applied to

Eulerian method

L agragian method

Equation of mass conservation

op : op
_ = — . d — [
il iv(v)-v, ~

Equation of momentum conservation

Equation of momentum conservation




Chutatlonal method & Equatlon of state

Lagrangian formulation & Multi Material Eulerian formulation

EES——
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Detonating fuse : JWL

we

e RN
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3. Burn technique ; C-Jvolume burn

@ @
P = A{l— VRjexp( -RV) + B{l— VR, exp( —RV) + V2
A(GPa) B(GPa) R, R, w
DF 452.35 8.85 5.485 1.425 0.28
Water & SUS304; Mie-Grineisen poCo2n .
e + 1,0,
(1-sn) [ 2 }
0 o(kg/md) Co(M/s) S [
WATER 1000 1490 1.79 1.65
SUS304 7900 4570 1.49 2.17
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A ~ Comparison of pressure

g 8 38 8

Peal pressure of underwater shock wave
(MPa)
=
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Standoff
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B Numerical analysis ---

—— Bxperiment

omparison between experimenta

for the underwater shock pressure
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)k Pressure distribution < gt

The reflected wave can be confirmed by boundary (A) of SUS304 and water.
The reflected wave spreads as a shock wave because the impedance of
SUS304 is higher than that of water.

(GPa)

Z.0na-01
2.500a-01
2.5008-01
27001
2EMA-01
250001
240001
2.5008-01
2200801
2. 1a-i1
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1800601
1.3008-01
1.70ie-01
1.80i08-01
1.50ie-01
 Ldibe0d
~ 1Fie-0d

1.2008-01

1. a-01

1.1

B.inine-02

B.imie-02

7.imine-02

B.imie-02

S.0ie-02
4002
3.000e-02
2.000n-02
1.000e-032
.00+ 00
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—~Pressure applied on food

FOOD CONTAINER

0.05

] Distance

_A 100mm
_B_150mm
1 _C 200mm
0 250mm
_E 300mm
F 350mm
_G _400mm

0.04

S h
Pressure (GPa)

Time {ms)
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Mquipments of the Centre :

Control Room -5

Image converter camera Plasma Acoustic Blast

1x108frames/'s

PitA §

DC Max Voltage:22kV
: Capacitance:200uF
6m¢ Explosive:10kg Summit Current:75kA
Max Energy:50kdJ



P Explosion Chamber ;

K

| — N 1 Y] —
Observation Room1 C c
— Observation Room2 L e et
Chamber 1 Test Sample ﬂ ‘ ‘ 7 Observation Room1
C Pre- //—\\
Processing Chamber 1 |/ /, Chamber 2 \
Room ) f ]
Room y N Underwater
1 I.. -I _" o - ; EXpIOSIon R .':'-.-..-l
Ny Measurement Room |[CONtrol Room) | gy heriment
Room
[ g L g

: Underwater Explosion
Control Room Experiment Room
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) - Examples of food processing - = =
" by shock waves
Effect Food example Comment
Softening Pineapple Edible part can be double
|mprovement of
exploitation ApEE Easy to squeeze
|mprovement of . .
oenetration Japanese radish Decrease penetrating time
L Improvement el Coffee beans Decrease extracting time
extractability
Pulverization Tealeaves Pulverize without friction heat
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R ; Featur es of food processing by,.—— -
= shock waves s

1. Shock wave processing for food is heatless.

2. Food processed by shock waveisalmost in the raw

3. Shock wavesis generated by explosive and electricpulse. The pressureis
very high and reaches several MPato several hundred.

LA VA "j(l
{
\\\\\\\\

Experlment of shock wave Ioadmg Experiment of shock wave loading
by explosives by éectric pulse
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_»Eunctions of shock waves for food ™ .~ -
— L
Generation source of shock waves Transparent Wave‘
Under water shock waves ' Food - dens" v sde
Density interface
' 00& Reflected wave
\ High density side jy//
| ncidence wave //

The shock wave isa momentary very high pressure at the MPa level (1M Pa=100 atnpospheric
pressure) spreads at the speed that exceeds speed of sound. The heat denatur atiegeéetior] for food is
almost none and only the pressure acts on food.

Shock waves cause the expansion wave and the reflection wave on food and it’s possible to process
food by taking this advantage.
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H’ﬁ,&pmerocessed by underwater shock wave wave " -
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max. -

- (MPa) Peel side

Control - 80
DF 50 13
WE 50 20




Softening rate of gpple (%)

Food is soften because the cell walls (membrane) are destroyed by expansion of
cell and bubbles which can be expanded by areflected wave in the cellular tissue.

W o e

(0] 50 100 150 200
Pressure of underwater shock wave (MPa)
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%Ing by shock Waveloadlng .‘épples e

i

Experiment of shockwave loading for apple

| S 80 72.30
Shock wave treated 8 90
L S
60
1 B
g 50
S 40
- B
T 30
8 20
% 10
g 0.00
< 0

The appleflesh becofne soft by shock wave loading, and it’svery easy to
gain juice from the apple by putting weight on it and squeezing by hand
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= Mechanism of softening e

cell membrane

Mitochondria cell




M echanism of softening

ol K 8700 5 I 22 66

HAM 1 P CULS)

_||

Shock waves spreads at the more than 1500m /s and destroy cellsin the apple.

!
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)nErepar ation before process ng‘ -

i

V acuum-Packed food

Detonating fuse as generation
source of shock waves

Polycar bonate bottle provides

High clarity
- High crashproof
- High heat tolerance
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ﬁjore and after shock wave loading ™~

Shoc reated

gz 3 4

~ Cross section of ¢ apples

It's easy to gain apple juice

after shock wave loading

- D= L 5
e a0 L e e M melaad P e

Y . ' By shock wave loading it becomes
ey like a sponge, and spills out easily.
‘ Moreover, it’s possible to put a straw
into the apple and drink directly.
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+ %ftemng principle of Apple 2

Food is soften because the cell walls (membrane) are destroyed by expansion of
cell and bubbles which can be expanded by areflected wave in the cellular tissue.

W o e

®
o
T

2}
o
T

40 |-

Softening rate of gpple (%)

20 r

(0] 50 100 150 200
Pressure of underwater shock wave (MPa)
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+ Har dness variation of apples by
under water shock waves
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Juice extraction by pressurization
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o | m Result of the pressurization"

99MPa

Amount of juice 58.3g

. -

Amount of juice 45.99

e

37MPa
" Pressure of Amount of Weight of Weight
shock wave juice (g) flesh (Q) size(g)

3/MPa

45.9 85.1

S5MPa

58.3 46.2

A F -,

"
- __ i |]- i-

-




r _-.---.-._*. - - -
i J = e ——— =

'E_])Qa_lysisofthenutrien:'t'é'offhééppl'e. g

0.30%
0.25% O Shock
@ Con
0.20%
0.15%
0.10%
0.05%
0.05%
° ﬁ-o‘% 0.01%0.00%
0.00% : : :
Acid degree Total pectine Water—soluble
pectine
120 10938
O Shock
. 100 n
e . 83.6 W Con
L Sl ; - e : . : . 80 75.2

1

Total pectine
Water-soluble pectine
Phenolics

Natrium
Kalium III
Calcium

Phenolics Natrium Kalium Calcium
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ardness determination of pineapples
Untreated

Shock wave treated (50M Pa)

By shock waves loading, pineapple become completely soft and can be
eaten with spoon easlly.

Moreover, edible part of the pineapple become double comparing to
untreated one. The flesh isfresh!




et : Hardness deter mination of -~ <=2 -

< |

pineapple flesh “

110

100
90 \
80 ®
o \
60 o\
50 \

Hardness

30
20

0 20 40 60 80 100 120
Pressure (MPa)

har dness variation by shock wave pressure (%) and the approximation
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= P . Har dness deter mination - e
= of pineapple core

100

95

Hardness
©
o

85

40 60 80
Pressure (MPa)

har dness variation by shock wave pressure (%) and the approximation




B -
. - 7
5 TR TVERL L

B |.'? m

\"# - LN AL L L i L A - ia .
aht_t_ening by shock waveloading: = .~
Japanese radish

Experiment of red food
colouring infiltration

e e I

Hard Very soft like stewed
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Aok

Coloured water

S

¥ v
it Pressure of shock wave on

Japanese Radish \ surface of the bottle
Polycarbonate bottle —72MPa

Water



> Analysis of the ex
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periment
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M Icrogram of surface of theradish

Jock wave tr eated 10mm

After shock wave loading for theradish, red food F-'f/
colouring infiltratesvery well and a lot of air bubble
are confirmed by microgram
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P verization by underwater shock. Wé.—\l-% - i
walnuts .

'H ‘IF’IIHI\

JFIII|H \IEIII|HH|iIII|HH‘ | |

.HHI‘“ITH“”H’ } It ‘ i i il l IHW 3 ‘u’
B0, ~50. 30 40 5D 2 B

Low< Shock wave loading > High

r 1

10~20 30 40 50

a
,.i_“ a .l-:".-i"-'“"ﬁ'-;t.-'"i"'"'-i-l'" :.‘l,.:.a._'.,ﬁ zea:
theload pressure.

~ Untreated It’ seasy to divide walnuts and

T husk by the moder ate loading
. pressure.
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Pd%zatlon by underwater shock waves
tea leaves

Untreated Shock wave tr eated
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o | * Particle size distribution data i
 of tea leaves (ratio by weight) .

=

i

(Ratio by weight)

Grain size (mm)
0 <0.15
00.15~03
00.3~0.6
H06~1.19
M119~238
W 238~4.76
W 476<
184MPa 100MPa 50MPa 126MPa S5MPa OMP [

L
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7 m Particle size distribution data~ "~ =
of red beans (ratio by weight)

(Ratio by weight)
100% [ =m = ]

o Grain size (mm)
W <0.15

607% 00.15~0.3

e B0.3~0.6
00.6~1.19

- B119~238

002.38~4.76

W 476<

184MPa 100MPa 50MPa 126MPa 5MPa OMPa ,4‘/ l
LY

: i l .
- - i e o
. o I:"‘r‘::! . -
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'%-Partlcle size distribution data &
of wheat (ratio by weight)
(Ratio by weight)
100%
Grain size (mm)
80% 0<0.15
00.15~0.3
60% HM03~06
00.6~1.19
40% 0 1.19~2.38
0 238~4.76
g2 () l4.76<f

184MPa  100MPa  12.6MPa SM Pa OM Pa(qg)
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ah-rprovement of coffee extractab lity = = 3

Untreated

Untreated Shock wave treated '
'Shock wave
(50M Pa) treated
' (50MPa)

~ (50MPa)
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. Particle size distribution data -~
of coffee beans (ratio by weight)

(Ratio by weight)
100%
80%
. . Grain size (mm)

60% W <0.15
00.15~0.3
003~06

w21 006~1.19

i 01.19~238)

0238~476 T
W 4.76<

31.2MPa 26.5MPa 12.6MPa OMPa
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28885 6.5558
126290  28.6629 prmemmamEE——
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Peak No.[ Time

Area

Conc.

1 0.573

4

0.467

4028

116048

126290

0.9143

26.3384




Caffeine

11

13

2.555

11.292

19.445

Peak No.| Time Area Conc.
1 0.573 4028 0.9143
3 1.192 1469 0.333
0.467 116048 26.3384
2.238 14977 3.3993

28885
126290

5370

2987

6.5558
28.6629

1.2188

0.678

Tota

440605

100
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Peak No.| Time Area Conc.
0.573 4028 0.9143
1.192 1469 0.333
4 0.467 116048 26.3384
5 2.238 14977 3.3993

11

13

2.555

11.292

19.445

28885
126290

5370

2987

6.5558
28.6629

1.2188

0.678

Total

440605

100

J"' pud

d)



-r--—l-lll-n-..
e ¥

-""

).‘ Peak data(mocha cofféé) e i'“ x

Control Treated (53MPa) Treated (116MPa)
F;jf)lk Time Area Conc. Area Conc. Area Conc.
______ [ 0.855-0.857 5713 0.4937 2320 03758 2995 0.289/5/
______ 2 1.173-1.188 10293 0.8896 25476 ~10.6062 18643 | ,81523
3 1.458-1.463 2803 0.2422 - - 1564 /6 1512

18.707-18.712
21.742-21.847

10.9793

308673

12.2803

T iﬁ3§:472 ........ 27261 23293 | 30731 1 22109 2.1375
______ 7 6.122-6.282 38405 44925 7.2773 | 44344 4.2871
8 6.888-6.983 16482 7513 1.2169 11724 | 1.1334

| 10624

10.6949

107526 | 17.4178 |

10.9885

199669 32.3437

25.185-25.26
27.583-27.633

~0.5796

1.411

1555

10579

226293

'J

41042

21.8777

Y a

40.319

1.5226

TOTAL

100

617335

1034358
F

=

100
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Peak data(blended coffeé) g ';.“‘“

Control Treated (53MPa) Treated (116MPa)
Pea
k Time Area Conc. Area Conc. Area Conc.
No.
| 0.192-0.198 1139 0.1016 1105 0.1122 - -
2 0.853-0.857 3609 0322 | 4401 0.4467 12202 0.2898
3 1.173-1.177 7517 0.6706 13602 1.3806 5485 0.7,7/1@
4 1.445-1.455 1994 0.1779 2224 0.2258 1442 ,0/1 898
6 2.222-2. 233 53295 i 095 .
7 4.758-4.792 25908 23112 33775 3.4282 21057 2.7713
8 6.337-6.458 61842 5.7844 53286 54086 | 38662 5.0882
9 6.983 - - 1 - - 17111 2.2519
10 9.915-9.97 53875 4.8061 294948 299372 | 46458 6.1143
1l 12.248 - - - S 40553 | 53371
12 13.192-13.66 125190 11.168 | 70340 7.1395 53399 7.0277
12 16.402_16 63 35600 3 1758 _ _ 7005 () 022
15 21.828-22.127 34963 38.8024 222466 22.5802 96652 12.7204
16 25.3 - - - - 93_25\ ______ 1.2931
17 27.643-27.707 19]106 1.7044 14562 1.478 21279 2.8005
TOTAL 1120970 100 985223 100 759824 100
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Chlorogenic acid Niacin Chlorogenic acid Niacin

=

: Caffeine

M ocha coffee Blended coffee
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. Dissolution curve (53M Pa on 2y
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Chlorogenic acid Niacin Chlorogenic acid =Niacin

Caffeine

g5 i9:30
A8id6: 18

M ocha coffee Blended coffee
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Chloragenic acid Niacin Chlorogenic acid Niacin

M ocha coffee Blend coffee
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Bakuha Range Y ST
%rﬁrose of cooking range by shock waves-

Shock wave processing by explosive Shock waves by electricity-based

\ »
= __ Using explosive 9
?:’ requires f

Llcentlate and facilities

processed by »
shock wave — =

*No heating for softening™=

(patent 2005-077735 PCT/JP2006/305460)

Development of food processing device using

electricity—based shock waves
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original Bakuha range New Bakuharange
(explosi) (electricity)
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New model

Original model
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- -MUC'{IOH by Japanese TV program 8 o

Food processing technology by underwater shock wave was introduced.

World Business Satellite by TV Tokyo
broadcasted on April 28, 2008
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Intreduction by Japaneée TV pfofj‘“ra‘m o o

“Jekyll & Hyde” -Forecasting near-future- by TV Asahi
broadcasted on June 8, 2008

“Shock wave cooking range”
-Revolutionary future cooking device-
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Introduction by Japanese TV program

Hi! Hel Say!
Broadcasted on August 2th 2008
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