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Development and Flow Evaluation of Electro-Rheological
Nano-Suspensions
HH sasixy, SKkE o HEr, iy et
RIRE IMICES i iy NEYNE = M B | WNE SN VR == I
THEEE, TIPS EE
1. HRE/M

TLs halAa T —ER I, RN ES AR - Bt 5 = Lic ko Tk
P2 BT ORI - EHEAIS Tl 5. ER S8R S A FAIE R Fifk L Frah
THY, BRI L L OISR ST, KB A J B A —F—d—F—D[H
TR, U7 BR TR e LCRIBIVT D75, FKOZIENE, BB~
DRSO A ST B,

RWIGETHL, KIENT ) A — S DRI (7 HF) 2= 580R BR ik B
R L, WROBMIHES R ORI 51 5 B OHIEAT 5 & & bIT, WilkoEtk
DRI AITS = & % B LTS,

2. HIEBRREORAR

BT H T R/ ) a = A A NREHILE LT, F R ORCRETEE L. O
DB, 15nm— 5 nm OFPH CEIRI7EE (2a) DRI DRIAIZOWT, [k FRE (IR
YY) TEREZFEEL, A7V —= 7% To0-. R RS RIT, 8.8 vol%a Huls
ELCHEE L7z, FHEE LT BR FiRICOWT, ERHEOFHlZ T 72, OB, FiikoDiK
WSSOI 2B Y TiTo 7. BARRNICIE, EECICRW TR L= ER AR DEBIRIC R
U DURENREE, EEISEME, KON, WRERZEENME R L.

K748 2a= 80 nm DFEFOUNTG DNV EEILOWTENRFE CIE, IR ARREERIZ I T
S SIOEHERSy (AT ORRIGT)) AR B, TOMIL, 2a =15 nm OFEIOME & I1FIE
—H ARERNELN. L L7 D, 16 kV/mm OB TR 7750 /713 300 Pa FREE
THY, BRBREHROIINE, BHREVINETOPIE X 0 K& 2l 2 R~ E Sz,

T T e 105

10% ¢

£ @ T0,300nm 88O f® Ti0], 300 nm
) N TiO, 15 nm 8.8 vol% (Ref.) 4 16
A10 E [l TiO, 15nm 2.4vol% (Ref.) 3 = 10 8.0 kV/mm
S F O TiO, 15nm 1.2vol% (Ref.) NS ‘P a 4.0 kV/mm —
510k 5 don & qom O o 110 20 KVmMm o E
N N handedes . DO\:@ @ 10 kimm g% o e ©
B0k o oogd 1 K 10°F inm g i .
|_
n
(2 1 "~ . w - ﬁ
10" F E 10 \ h
10'2. 1 1 1 1 100 .............................
102 10" 10° 10" 102 10° 0 100 200 300 400 500 600
SHEAR RATE (S'1) TIME (s)

1:2a =300 nm FEEDREHIOWTIE BB OWERE (£), BB (F)



—77, 2a = 300 nm FREOFEHZOWTIL, L EN:, BHINERHEICR O TR
/aaS TN E oY gl el 1 (Z£) 1Z1%, 2a = 300 nm FREOEH OV T LN BB O
TREMREE, X1 ) IQITESSEREE T HAWNE, 50 um OFHFRRICIWVT,
AWHEE 1.88 s T{To7-. 1 (&) 2%, 2a =15 nm OREHZHOWTHE LRSS %,
SfEE LTAOY R (A, T,0) TRLTWA. K1 () IZBWT, 2 =300 nm
DFEHZ DT S LT ORRIGSIDFRO HAVDH A, ZDIES 1% 2a= 15 nm, ¢ = 8.8 vol%
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HERAT D LR OB EOm EARE IS, K1 ) (RTINS OB E R
DOWTIE, EHHE 1 kV/mn (ZBW T HISIOEGINVENRBO LIS, £z, 16 kV/m 128
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Simulation of Magnetic Dynamic Process of Magnetic Layers in Grain Boundary due to Fatigue
for Material Degradation
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Etching Technique with Bio—templating
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NANOSCALE RESEARCH LETTERS., 4 (2009), pp.1389-1394.

2) ER%E - BRFR - RS - OERERF

[2] Chi-Hsien Huang, Makoto Igarashi, Maju Tomura, Masaki Takeguchi, Susumu Horita,
Yukiharu Uraoka, Takashi Fuyuki, Ichiro Yamashita, and Seiji Samukawa: A New
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Direct Numerical Simulation on the Effects of Free-stream Turbulence
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Fig. 1 : The diffuse reflectivity of TiO, coating
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Investigation of Supersonic Hybrid-stabilized Argon-water Arc for
Biomass Gasification
Jiri Jenista*y, Hidemasa Takana**, Hideya Nishiyama**¥t, Milan Hrabovsky*,
Tetyana Kavka*
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1. Purpose of the project

Integrated parametric study of hybrid-stabilized argon-water electric arc under
subsonic and supersonic regimes: numerical investigation of characteristics and
processes in the hybrid arc especially at high currents and argon mass flow rates with
supersonic plasma flow regimes; and a detailed comparison of the calculated results
with experiments.

2. Details of program implement

Two basic improvements in the existing numerical model have been adopted:
1) transport and thermodynamic properties for argon-water plasma mixture are
calculated rigorously from the kinetic theory as a function temperature and pressure,
2) radiation from the arc is dependent on temperature and pressure, radiation
transitions of H20 molecule are considered.

Calculations have been carried out for the currents 300, 400, 500 and 600 A. Argon mass

flow rate was varied in agreement with experiments from 22.5 slm (standard liters per

minute) to 40 slm.

3. Achievements

a) Velocity, 400 A, 4y b) Velocity, 600 A, 4
40 slm of argon 40 sim of argon

nozzle

nozzle
water vapor boundary >

water vapor boundary

iapno

radius (mm)
radius (mm)

e e A B
0 20 40 60
arc axis (mm) arc axis (mm)
Figure 1: Velocity contours (m-s?) for (a) 400 A and (b) 600 A discharges, partial
characteristics model. The transonic flow field for 400 A converts to a supersonic flow
structure with clearly distinguished shock diamonds at the outlet for 600 A. Contour
increment is 500 m- s’?

The main goals of the project have been successfully completed:

1) It was proved that plasma flow in the near-outlet region of the hybrid arc is
supersonic for currents higher than 500 A with argon mass flow rate higher or equal to
27.5 slm. The maximum velocity 10 100 m- s'! and the Mach number 1.6 occurs for 600 A
and 40 slm of argon.



2) The partial characteristics radiation model gives slightly lower temperatures but
higher outlet velocities than the net emission model. The reabsorption of radiation
ranges between 31-45%.

3) Comparison with available experimental data carried out at IPP AS CR, v.v.i., for
broad range of currents and argon mass flow rates proved very good agreement for
temperature profiles and good agreement for velocity profiles 2 mm downstream of the
nozzle exit.

4. Summaries and future plans
The present numerical model built up in the framework of the current project enabled to
clarify flow structure and temperature field in the near-outlet region of the hybrid arc.
The existence of subsonic, transonic and supersonic flow regimes was proved for the
range of operational parameters studied in this research. The supersonic structure with
shock diamonds occurs in the central parts of the discharge at the outlet region.
Calculated and experimental radial temperature and velocity profiles at the nozzle
outlet exhibit very good agreement for all flow regimes. The existence of the supersonic
flow regime was also confirmed experimentally through evaluation of the Mach number
from measured data.

Future plans include:
1) Further clarification of differences in output plasma parameters under the net
emission and partial characteristics radiation models for turbulent and laminar flow
regimes.
2) Investigation of mixing of plasma species within the hybrid arc discharge using the
binary diffusion coefficients method, i.e. further extension of the existing numerical
model for species equations and diffusion terms, and obtaining results and comparison
with available experiments.

5. Research results (x reprint included)

1) Journal (included international conference with peer review and tutorial paper)
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2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)
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Proceedings of the 19th International Symposium on Plasma Chemistry (ISPC
2009), Bochum, Germany, (2009), 4 pages (on CD-ROM).

*[2] J. Jenista, H. Takana, H. Nishiyama, and M. Hrabovsky: Modelling of Supersonic
and Turbulent Hybrid Arc for Biomass Gasification, Proceedings of the Ninth
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Fluid Integration, Sendai, (2009), pp. 40-41.
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Proceedings of the Sixth International Conference on Flow Dynamics, Sendai,
(2009), pp. 156-157.
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Experimental Analysis of Droplet Impact Process onto Rough Substrate
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Purpose of the project

The project aims at understanding the spreading and receding dynamics of
molten liquid drops onto rough target substrates comprising micron sized
asperities under the presence of liquid solidification.

Details of program implement

The experiments of molten tin droplet impacts were carried out inside a closed
chamber filled with argon gas. Droplets of molten tin were generated using a
stainless steel container comprising an orifice. The container was partly filled with
tin pellets and was heated using by a ring heater element. The container was kept at
a temperature well beyond the melting point of tin using a heat controller unit. The
high-speed camera system along with a high intensity light source in backlighting
mode was used to capture the spreading and receding dynamics of the impacting
droplet. For a given impacting droplet conditions, the image recordings of droplet
1impact on the grooved surfaces were obtained independently by viewing the droplet
spreading perpendicular and parallel to the groove direction. The solid surfaces
patterned with unidirectional grooves were fabricated via chemical based etching
process. The base material was mirror polished stainless steel. An optical based
surface profilometer was used to characterize the surface topography of the groove
texture. The geometrical parameters of the grooved surfaces are given in Table 1.

Table 1. Geometrical details of the grooved surfaces

Surfaces Groove depth, h Groove width, w Pillar width, b
(pm) (pm) (pm)
GR1 53 231 17
GR2 53 236 65
GR3 77 251 49

Figure 1 shows three image

sequences  illustrating  the =i Se—w" . Sosen. e,
impact of molten tin droplets | e I IS M

with We = 44.9 on different

substrates. The time lapse, ¢ *____

5 mm

from the start of impact is —_—

increasing from the left to right  Rigure 1: The impact of molten tin droplets with
and is almost identical between  y, = 44.9 on the grooved surfaces GRI (second
any two image sequences. The 1ow) and GR2 (third row). The first correspond

top most image sequence  the impact case on the smooth surface.
corresponds to the impact

dynamics on the smooth stainless steel surface. The second and third image
sequences correspond to the dynamics on the grooved surfaces GRI and GRZ2



5.
1
2)

respectively. The droplet spreads during 2.5
the early stages of impact process,

reaches a maximum and then recedes. 2.04 ¢
Figure 2 shows the temporal
variation of impacting droplet contact 1547
diameter, D obtained from the digital e
images. The impacting droplet reaches O 1.04f
the maximum spreading diameter at Smooth surface
almost comparable time levels however 054 o GR1
drastic changes are seen in terms of s GR2
solidification process. The solidification 00 . . B GIR3 .
of the impacting droplet on the grooved 0 2 4 6 8 10 12
surfaces occurs at a slower rate T-tU/D,

compared to that on the smooth surface.
Similar trends are observed for the
droplet spreading along the direction
parallel to the groove direction except
that a lesser intense receding is seen
compared to that in the direction
perpendicular to the groove direction.
The free edge of the impacting droplet solidified on the grooved surface GAI at 20.4
msec from the start of impact process which is much larger compared to that (5.8
msec) on the smooth surface.

Figure 2 : Temporal variation of D
measured in the direction
perpendicular to the groove direction
during the impact of molten tin
droplets with U, = 1.29 m/sec on the
grooved surfaces.

Achievements

The temporal variation on the spreading and receding diameter of impacting drops
with solidification is obtained for the impact of molten tin drops on grooved surfaces
kept at ambient temperature.
Microscopic contact angle dynamics of molten liquid with solidification -
Experiments need to be conducted with higher surface temperatures.

Summaries and future plans

The impact process of molten tin droplets on the stainless steel surface comprising
micro grooves 1s presented. The grooved surface GRI exhibits a low solid fraction
which results in a reduced contact between the substrate and the impacting tin
droplet. This explains the behavior of poor droplet solidification on GR1. A detailed
experimental study on the impact of tin droplets with varying surface temperature
will be carried out. This study would provide measurements to understand the
contact angle dynamics of molten tin drops on the grooved surfaces.

Research results (x reprint included)

Journal (included international conference with peer review and tutorial paper)
Not applicable

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)
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Investigations of Reacting Flow in Micro Channels Directed to Development of
Eco-friendly Technologies of Energy Conversion
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1. Purpose of the project
Theoretical clarification of reacting wave dynamics in micro channel with controlled
temperature profile, which is expected to realize high-exergy-efficiency combustion

2. Details of program implement
Researches directed to development of micro burners, have allowed researchers from
IFS Tohoku University to distinguish a key problem of micro combustion — a problem
of flame stabilization in the channel with a temperature gradient in the walls. The
characteristics of premixed flames in radial and straight micro channels with
controlled temperature profile were experimentally and theoretically investigated
[1-3]. New regimes of combustion were found and model of flame evolution in micro
channels with non-uniform temperature of the walls was developed. The
mechanisms of flame patterns formation in fibrous porous media with gas
combustion obtained in experiments of Prof. K. Maruta (IFS) were theoretically
clarified. The physical model of gas combustion in fibrous porous media was
developed and the numerical simulations were performed to model the flame
structure (Figure 1.) It was demonstrated advantages of use of radiative burners
with regular packing of microchannels as effective heat sources. The results obtained

were submitted for publication in scientific journals and they were presented at
ICFD, ASPACC and ICDERS conferences as mutual papers.

Figure 1. Temperature distribution evaluated for the flame propagating in high
porosity (porosity=0.96) microfibrous (fibers diameter=4 pm) media.



3. Achievements

The interesting phenomenon — flame repetitive ignition and extinction (FREID) was
revealed in experiments on gas combustion in micro channel.  Numerical
simulations of FREI phenomenon have found interesting peculiarity of flame ignition
at which the simultaneous formation of two flame fronts (splitting flames) is possible.
Later a formation of splitting flames has been found in experiments. The effect of
splitting flames can play an essential role at turbulent combustion and can be
connected with noise generation by turbulent flame. Experiments and the numerical
simulations conducted in IFS Tohoku University, have shown that the micro channel
with controllable temperature of walls in which gas burning occurs, can be applied to
verification of existing kinetic models of combustion. The investigation of radiation
from microchannel with gas combustion demonstrated advantages of use of radiative
burners with regular packing of microchannels as effective heat sources.

4. Summaries and future plans

Continuation of theoretical modeling and clarification of mechanism of flame
patterns formation in micro channels with controlled temperature profiles.
Investigations of radiative heat fluxes from micro channels with gas combustion
directed to developments of effective infra red heat sources. These problems will be
solved within frame of mutual research that continue developed forms of the existing
collaborations between two research teams. We believe that cooperation between two
research groups will proceed in the future and will promote development of new
non-polluting methods of energy.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] A. Fan, S. Minaev, E. Sereshchenko, R. Fursenko, S. Kumar, W. Liu, and K. Maruta,
Proceedings of Combust.Inst., Vol. 32, (2009), pp.3059-3066.
[2] S. S. Minaev, E. V. Sereshchenko, R. V. Fursenko, A. Fan, and K. Maruta,
Combustion, Explosion, and Shock Waves, Vol. 45, (2009), pp.119-125.
[3] A. Fan, S. S. Minaev, E. V. Sereshchenko, Y. Tsuboi, H. Oshibe, H. Nakamura, and
K. Maruta, Combustion, Explosion, and Shock Waves, Vol.45, (2009), pp.1-7.
[4] H. Yang, S. Minaev, E. Geynce, H. Nakamura, and K. Maruta, Combustion Science
and Technology, Vol.181, (2009), pp. 654- 669.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[5] S. S. Minaev and K. Maruta, Investigations of Reacting Flow in Micro Channels
Directed to Development of Eco-friendly Technologies of Energy Conversion,
Proceedings of the Ninth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2009), pp.46-47.

[6] E. Sereshchenko, S. Minaev, R. Fursenko, A. Fan, and K. Maruta, Proceedings of
Seventh Asia-Pacific Conference on Combustion, Taipei, Taiwan, (2009), p.131.

[7] R. Fursenko, S. Minaev, and K. Maruta, Proceedings of the Sixth International
Conference on Flow Dynamics (ICFD), Sendai, (2009), pp.196-197.

[8] S. Minaev and R. Fursenko, Proceedings of ICDERS Conference, Minsk, (2009),
CD-ROM.
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Simulations of Convection-Enhanced Delivery in Rat Brain
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Purpose of the project

The delivery of therapeutic drugs into the brain is impeded by the blood-brain
barrier, preventing adequate treatment of tumors and other diseases of the central
nervous system. Convection-enhanced delivery (CED) was developed as a means to
deliver therapeutic agents directly to the brain. It is challenging to measure the
resulting convective velocity in vivo, so mathematical models have been developed
to simulate CED. The purpose of this project is to develop a model that includes
geometric and material nonlinearities, transvascular fluid exchange, and transport
of the infused agent. With this model, we plan to simulate infusion in realistic
brain geometry and to compare numerical results with experimental infusions
conducted in rat brain.

Details of program implement

This i1s a new research collaboration between Professors Smith and Funamoto.
During Summer 2009, Prof. Funamoto reconstructed a geometric model of a rat
brain from MR images provided by collaborators at Tohoku University Hospital. In
July/August 2009, Prof. Smith and Mr. Racenis visited Prof. Funamoto’s laboratory
for two weeks to begin their initial work on this project. During this visit, a
parametric computational mesh with spherical infusion cavity was developed using
TrueGrid. Beginning in January 2010, Prof. Smith and Mr. Lefever improved an
existing, self-written finite element code for transport in deformable porous media.
The code development is ongoing.

Achievements

The first main achievement during April 2009 to March 2010 was the construction
of the geometric model of rat brain from MR images, as shown in Fig. 1.

Figure 1. Rat brain geometry reconstructed from MR images.



The second main achievement was the development of an approach using TrueGrid
to construct a computational mesh for this rat brain geometry that includes a
spherical infusion cavity, as shown in Fig 2.

LT
A
e
I.I i,

Figure 2. Finite element mesh created for the reconstructed rat brain geometry.
The right image shows the more refined mesh around the spherical infusion cavity.

In addition, the existing finite element code had to be modified to be compatible with
the mesh produced by TrueGrid.

4. Summaries and future plans

The mathematical model and finite element code development is ongoing. The
primary plans for the future are centered on improving our existing linear, finite
element code by incorporating geometric and material nonlinearities. At the same
time, we will explore the use of publically and commercially-available software
programs, such as ABAQUS, FLUENT, and FEBio (University of Utah), that may be
suitable for modeling deformation of and transport in biphasic media.

Professors Smith and Funamoto have been awarded an extension of their
Collaborative Research Project, and Prof. Smith will visit Prof. Funamoto’s
laboratory in July 2010 for two weeks.

5. Research results
1) Journal (included international conference with peer review and tutorial paper)

Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] J. H. Smith, K. Funamoto, M. V. Racenis, and T. Hayase: Fundamental Study of
Convection-Enhanced Delivery Simulation in Rat Brain, Proceedings of the Ninth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2009), pp.70-71.

3) Patent, award, press release etc.
(Press release)
Lafayette College Campus News. “Professor Joshua Smith receives grant to
research techniques for medication delivery to the brain.” July 7, 2009.

Lafayette College Campus News. “Would you like some research with your sushi?”
August 27, 2009.



AR 5 J09022
X7 —fxIL[EIIFSE

e TR

eI 2009.4 ~2010.3

A AF v RILRIZE T MBS OEFREETRIZE T 8%
A Study of Precise Measurement Method of Diffusion Field in Micro Channel
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1 : Concentration and pH value dependencies of the mass diffusion coefficient in case of lysozyme in
buffer solution.
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Eprk, 55 24 28 1 %5 (2010), pp.15-20.
*2] A. Komiya, J. F. Torres and S. Maruyama: Measurement of Mass Diffusion Coefficient of
Multi-Component System in Aqueous Media by Phase Shifting Interferometer, Defect and Diffusion
Forum, Vol.297-301 (2010), pp.624-630.
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[4] A. Komiya, J. F. Torres, J. Okajima and S. Maruyama: Measurement of Mass Diffusion Coefficient of
Multi-Component Systems in Aqueous Media by Phase Shifting Interferometer, The 5th International
Conference on Diffusion in Solids and Liquids, Rome, (2009), p.153.
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[6] A. Komiya, J. F. Torres, J. Okajima and S. Maruyama: Experimental Trial to Determine Mass
Diffusion Coefficients in Multi-component System, The 7th Pacific Symposium on Flow Visualization
and Image Processing, Taiwan, (2009), CD-ROM 066.
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*[1] S. Chae, C. Yang, S. Jeong, T. Aoyama, S. Obayashi and K. Lee: Blade Shape
Optimization for Aero-Acoustic Performance Improvement of Helicopter in Hover,
Proceedings of the Second Forum on Rotorcraft Multidisciplinary Technology, Seoul,
(2009), CD-ROM.

*[2] T. Sasaki, S. Jeong, S. Chae, K. Lee and T. Aoyama: Blade Shape Optimization and Data
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Fluid Integration, Sendai, (2009), pp. 28-29.
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A Study of Hydraulic Fracturing in Unconsol idated Sediments and its Application to Methane
Hydrate Development
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Unconsolidated Deformable Rocks, Proceedings of the Fourth Biot Conference on
Poromechanics, (2009), pp.1001-1006.
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Analysis of Reactive Species in a Plasma Flow for Medical Treatment
Gregor E Morfill*}, Takehiko Sato**¥t, and Tetsuji Shimizu*
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1. Purpose of the project

In the field of “Plasma-Medicine” (plasma treatment for medical applications), it is
important to understand the generation and transport of chemically reactive species
because they are mainly responsible for bactericidal effect. In this project, we aim to
observe a profile of reactive species in Ar plasma flow by means of optical emission
spectroscopy.

2. Details of program implement

A small microwave plasma torch has been developed for the purpose of disinfection of
biological tissues. The plasma was produced between the tip of the powered electrode
and the surface of the quartz tube in the torch as shown in fig. 1 (a) by microwave power
of 1.7 W at 2.45 GHz and Ar flow of 500 sccm. The plasma produced inside the torch
flows out from the nozzle of 2 mm in diameter.

A side view of the plasma flow below the torch and optical spectra from the plasma
flow are shown in fig. (b) and (c), respectively. The exposure time of the photo in fig. (b)
was 30 seconds and the circles show the field of view in the spectroscopic measurements
shown in fig. (c). The shape of the plasma out from the torch looks almost conical. From
the spectra, Ar dominates in the vicinity of the nozzle (lines in the long wavelengths).
The line at 309 nm indicates presence of OH in this region. As z (distance from the
opening of the nozzle) increases, the light intensity decreases. The presence of reactive

(a) (b) ()
SMA connector Ty
A
Teflon support
Al torch body o
[ i s
| | E > J
A0 3 3 w
electrode |_- § | z=5mm I |
!' £ z=7mm (x3)
quartz tube |
.- i z=10mm (x3)
z=15mm (x3)
nozzle o Y

200 400 600 800

lasma flow
P Y wavelength (nm)

Figure 1: (a) Sketch of the plasma torch. Plasma is produced between the tip of the
electrode and the surface of the quartz tube. (b) Side view of the plasma flow. The circles
show the field of view for the optical spectroscopy measurements. (c) Optical spectra in
the plasma flow.



species is evident in the plasma flow even at z= 15 mm according to the lines in UV.

The reactive species were produced through the mixing between the Ar plasma flow
and the ambient air. The produced reactive species were transported to the downstream
following the Ar flow. Such reactive species is very important for plasma applications in
medicine because it has a bactericidal property.

3. Achievements

By the measurements in Institute of Fluid Science, Tohoku University, we could
identify the reactive species (OH line in the UV) in the plasma flow. Moreover, according
to the optical measurements, it is shown how the production mechanism of such
reactive species is produced through the mixing between the Ar plasma from the torch
and the ambient air.

4. Summaries and future plans

In order to design plasma depending on the purpose, the reactive species produced
in the plasma flow were investigated by means of the optical emission spectroscopy. The
optical measurements show that OH is produced in the plasma flow through the mixing
between the Ar plasma flow from the torch and the ambient air.

In the next step, with the optical band-pass filter photos of the plasma flow can be
taken to see the profile of the reactive species. Moreover, we would like to combine this
reactive species profile with a profile of charged particles, which can be measured by an
ion-counter as well as a Langmuir probe. The charged particles, especially electrons are
responsible for a generation of the reactive species and they themselves could have a
bactericidal effect through charging, etc.

5. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)

*[1] T. Shimizu, T. Nosenko, G. E. Morfill, T. Sato, H.-U. Schmidt, and T. Urayama:
Characterization of Low-Temperature Microwave Plasma Treatment with and
without UV Light for Disinfection, Plasma Process. Polym., Vol.7, Nos.3-4, (2010),
pp. 288-293.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] T. Shimizu, T. Sato, and G. E. Morfill: Analysis of Reactive Species in a Plasma
Flow for Medical Treatment, Proceedings of the Ninth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2009), pp.66-67.

3) Patent, award, press release etc
Not applicable.
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Mechanism of Radical Generation and Sterilization by a Plasma Flow at Atmospheric Pressure
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*[1] T. Miyahara, S. Ochiai and T. Sato: Interaction Mechanism between a Post-Discharge
Flow and Water Surface, Europhysics Letters, Vol.86, No.4 (2009), pp.45001-1-45001-6.
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*[2] T. Miyahara, S. Ochiai, and T. Sato: Mechanism of Radical Generation and Sterilization
by a Plasma Flow at Atmospheric Pressure, Proceedings of the Ninth International
Symposium on Advanced Fluid Information and Transdisciplinary Fluid Integration,
Sendai, (2009), pp.60-61.
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3) T (FEF FE YRIIERH)
(B5EF) 72 L

(ZH) 2L

(RROZHER) 2L



AR J09027
X453 — LRI
e ) Y TF e~ A 7 ahly
WS E AR 2009.4 ~2010.3

1. BIRBM

HIREEEERE ARTEE AVE SR ORE
Fabrication of Composite Material by Compression Revolution Shearing Method
under Room Temperature
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1. Purpose of the project

One of the members of this project, Vladimir Saveliev, presented the Boltzmann
collision integral in a divergence form in exact manner. Therefore, the collision integral
can be treated as a force term with collision force Feon (Kinetic Force). This allows
considering a distribution function f(v) as a density of quasiparticles which are moving
under influence of the sum of external force F' and kinetic force Fion along smooth
trajectories in the phase space (Kinetic Force Method).

The DSMC method has been dominant numerical method for solution of the
Boltzmann equation for the last 40 years. But, the DSMC method requires huge
computational load, that is, a huge number of simulation particles to decrease
fluctuations and a very small time step to treat molecular collisions. In Kinetic Force
Method, there is no collision integral in the governing equation, and hence, the
computational load can become much smaller and the distribution function is much
smoother.

The target of this project is to develop Kinetic Force Method and to obtain the new
effective algorithm for 2D/3D numerical simulations of rarefied gas flows.

2. Details of program implement

We have carried out the theoretical and numerical analysis of the Kinetic Force
properties and have studied ways to apply Kinetic Force Method for numerical
simulations of some rarefied gas dynamics problems. We have obtained the most
appropriate form of analytical expression for the Kinetic Force. This form is convenient
for numerical simulations. Also we have found the effective way of necessary energy
compensation. We have studied ways to improve the level of accuracy by using different
cubature formulas for sphere in calculation of the multi dimensional integrals. Finally
we have decided to use some special points of icosahedrons for the numerical averaging
over directions of axis of rotations. This approach provided improvement of the accuracy
and efficiency of the Kinetic Force Method. We have obtained the formulas for
distribution function moments and quasiparticles accelerations. We have tested the
Kinetic Force Method by performing numerical simulations of the 3D relaxation of
slightly divergent molecular beams. We have arrived at the important physical
conclusion: It is possible to considerably simplify a microdynamics of the gas dynamic
system while the evolution of a distribution function remains unchanged.
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Figure 1: 3D relaxation of two slightly divergent antiparallel molecular beams with
equal densities: a) graph of the time dependence of kinetic force Feon b), c),
d) graphs of the dimensionless moments of the distribution function for
Maxwell’s molecules in the 3D relaxation problem: — exact, ... calculated

3. Achievements
This collaborative research project is planed to achieve its objective in 3 years. In
the first year, this project has been practiced successfully.

4. Summaries and future plans

The first variants of the algorithm of Kinetic Force Method have been developed and
the principal correctness of the approach had been shown.
In the future we will do:
1. Further theoretical substantiation of the Kinetic Force Method for 2D/3D numerical
simulations of rarefied gas flows.
2. The development and testing of the algorithm.
3. We will solve the several practical problems of 2D/3D rarefied gas flows in order to
illustrate capabilities of Kinetic Force Method.
4. We will perform the DSMC simulations of the same problems to compare with the
Kinetic Force Method. We will feedback results and improve the Kinetic Force Method.

5. Research results (k reprint included)

1) Journal (included international conference with peer review and tutorial paper)
Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] V.L.Saveliev, S.A.Filko, K. Tomarikawa and S.Yonemura: Kinetic force method for
rarefied gas flows, Proceedings of the Ninth International Symposium on Advanced
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2009),
pp.104-105.

3) Patent, award, press release etc.

Not applicable
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Real-time Numerical Simulation of Reactive Non-equilibrium Plasma Jet
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Numerical Studies of the Reacting Rarefied Flows in Tubes
Mikhail Ivanov*t, Kaoru Maruta**++,
Yevgeniy Bondar*
*Khristianovich Institute of Theoretical and Applied Mechanics
**Institute of Fluid Science, Tohoku University
tApplicant, TIFS responsible member

1. Purpose of the project

The main challenge of the present project is to study numerically the shock, detonation and
deflagration waves in narrow tubes and channels mainly for low Reynolds number when kinetic
description of the flow is required. The simulations are performed mainly by the Direct Simulation
Monte Carlo (DSMC) method, which can be considered as the method of the numerical solution of
kinetic Boltzmann equation. This problem requires the further development and numerical
implementation of collision models and algorithms for the description of the non-equilibrium
chemical reactions in the DSMC method. Additionally the conventional CFD methods based on the
solution of Navier-Stokes equations are used.

2. Details of program implement

The ONERA kinetic mechanism for six species, i.e., H, O, H,, O,, OH, and H,O, was implemented
in the DSMC SMILE software system on the basis of the effective collision chemical models. This
statistical realization of the ONERA chemical kinetic mechanism was verified in for the case of
homogeneous autoignition of a stoichiometric hydrogen-oxygen mixture diluted by argon
(Hy/Oo/Ar= 4/2/9) at an initial pressure Py=240 kPa and a temperature 7,=7903.6 K. The DSMC
simulation results were found to be in good agreement with the numerical solution of the equations
of chemical kinetics.

This kinetic mechanism was applied to DSMC simulations of detonation-wave propagation over an
H,/O, mixture system in a one-dimensional formulation. Conditions of specular reflection were
imposed on the left and right boundaries of the computational domain. The detonation wave was
initiated by the breakdown of a diaphragm (discontinuity decay) at the point X=0 between the
channels of low (0 < X < X)) and high (X; < X < 0) pressure. At the initial time, both channels were
filled with the H,/O, = 2/1 mixture under the following conditions: P= P; and 7=300 K in the
low-pressure channel; P=P,=33.35 P;and 7= 2000 K in the high-pressure channel (two pressure
conditions were considered: P; equals /0 kPa and /00 kPa).

The non-stationary DSMC computation showed that the detonation wave moves with a velocity that
accurately coincides with the theoretical value of the Chapman-Jouguet velocity. The DSMC results
were compared to detonation-wave structure calculated on the basis of the ZND theory by the
Cantera code. The results of DSMC simulations agree qualitatively with the ZND solution in terms
of pressure, temperature, and other parameters. Quantitative differences of the DSMC results from
the ZND theory are observed both in the front structure proper and in the values of parameters
behind the wave front .These differences can be attributed, in particular, to the effect of thermal
nonequilibrium, which is not taken into account in the ZND theory, and to the inconsistence of the
thermodynamic properties of the gas, which are based on the DSMC molecular models, and the
thermodynamic properties from the Cantera database. It is planned to continue verification and
validation studies on applicability of the DSMC method to detonation processes, in particular, it
seems important to perform comparisons with results obtained by the continuum approach (Euler
and Navier-Stokes equations).

The simulations of the detonation-wave structure by the DSMC method in two-dimensional
(constant-section channel) formulations were performed. The detonation is initiated by the



instantaneous heating of the end face of the channel. The computations were based on the simplified
chemical kinetics for unstructured particles. The influence of rarefaction effects and of viscous and
heat losses on the wall on the detonation wave structure and on its propagation process was
examined. For Knudsen numbers Kn=0.022, in particular, the detonation wave was found to decay
during its propagation along the channel, but for Kn=0.0022 the decaying regime is not realized. For
Knudsen number Kn=0.0022 the non-monotonic behavior of the flow parameters is observed inside
the wave. For Kn=0.022 all this features are smoothed due to the rarefaction effects. The influence of
losses on the wall is manifested as the change in the wave structure and as a significant (twofold for
Kn=0.0022) decrease in temperature inside the detonation wave.

3. Achievements

The expected results stated in the application form of the project proposal were achieved completely.
1. A chemical mechanism that describes combustion in the hydrogen-oxygen mixture was realized at
the level of collision models of the DSMC method and used for the DSMC detonation studies.

2. The influence of rarefaction effects and of viscous and heat losses on the wall on the detonation
wave structure and on its propagation process in a narrow channel was numerically examined by the
DSMC method.

4.  Summaries and future plans

A chemical mechanism that describes combustion in the hydrogen-oxygen mixture was realized at
the level of collision models of the DSMC method. The DSMC simulations of autoignition of
hydrogen-oxygen mixture in an adiabatic bath were performed and results are found to be in a good
agreement with the solution of the equations of chemical kinetics.

DSMC method was applied to numerical study of detonation in H,/O, mixture at the molecular level.
The results of the DSMC modeling yield the velocity of detonation, which coincides with the
Chapman-Jouguet velocity. The internal structure of the detonation wave obtained in the DSMC
simulation is in good qualitative agreement with the detonation-wave structure calculated on the
basis of the Zeldovich — von Neumann — Doring (ZND) theory.

The two dimensional studies of the detonation wave propagation in the channel were performed
using the model chemical kinetics for unstructured particles. The effects of the losses on the wall
were assessed by comparison of the results with the different boundary conditions on the channel
walls.

Research plan.

1. Further development of the DSMC collision models in order to obtain a set of molecular collision
models with the data completely consistent with the H,/O, chemical kinetic mechanism for accurate
detonation modeling at the molecular kinetic level.

2. Numerical study of the H,/O, flow in a micro flowreactor with controlled temperature profile and
comparison with the experimental results of Professor Maruta’s team.

3. Numerical study of the shock wave entering the microchannel.

5. Research results (x reprint included)
1) Journal (included international conference with peer review and tutorial paper)
Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] Ye. Bondar, K. Maruta, and M. Ivanov: Numerical Studies of the Reacting Rarefied
Flows in Tubes, Proceedings of the Ninth International Symposium of the Advanced
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2009), pp.
84-85.

3) Patent, award, press release etc

Not applicable
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*[1] Jun Ishimoto: Integrated Computation of Micro-Cavitation in Gasoline Injector
Atomization, Proceedings of the 11th ICLASS International Conference on Liquid
Atomization and Spray Systems, Colorado, (2009), [in CD-ROM].
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[2] Jun Ishimoto, Fuminori Sato and Gaku Sato: Integrated Computation of Primary
Atomization with Micro-Cavitation in Injector Nozzle, Proceedings of the 6th
International Conference on Flow Dynamics (ICFD2009), (2009), pp. 596-597.
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[1] Ryuta Saito, Yukihiko Sonoda, Toshihiro Kumabe, Teiji Tominaga: CED of ACNU, First
International Meeting of the Society for CNS Interstitial Delivery of Therapeutics
(SCIDOT), Cleveland, USA, (2009).

[2] Ryuta Saito, Yukihiko Sonoda, Shin-ichiro Sugiyama, Yoji Yamashita, Ken-ichi
Nagamatsu, Masayuki Kanamori, Toshihiro Kumabe, Teiji Tominaga: Image Guided
Convection-enhanced Delivery of Nimustine Hydrochloride (ACNU) in Recurrent
Glioma Patients, The 3rd World Federation of Neuro-Oncology, Yokohama, (2009).

*[3] Ryuta Saito, Yukihiko Sonoda, Toshihiro Kumabe, Ken-ichi Funamoto, Toshiyuki
Hayase, Teiji Tominaga: Convection-enhanced Delivery of ACNU Under MRI Monitoring
Against Recurrent Gliomas- Development of Computational Simulation of Drug
Distribution, Proceedings of the Ninth International Symposium on Advanced Fluid
Information and Transdisciplinary Fluid Integration, Sendai, (2009), pp. 72-73.
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Numerical and Experimental Research on Active Control of the
Hole-tone Feedback Problem

Mikael A. Langthjem*f, ## E&**
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The purpose of the present project is:

(a) To obtain a simple and fast, yet precise and rigorous, numerical procedure for
simulating the hole-tone feedback problem.

(b) To find effective flow control strategies which can limit, or cancel, the hole-tone
sound generation.

(¢) To understand the physics underlying these flow control strategies in terms of flow
structures and flow stability.

(d) To verify the theoreticalmumerical findings by experiments and - conversely - to
discover new flow phenomena via the experiments - and to follow-up these findings by
theory and simulations.

HREREDAE

Principally, the theoretical/numerical part of the project is separated into two parallel
branches. The fundamental dynamics of the unperturbed (non-controlled) system is
axisymmetric. However, the proposed control system makes use of three-dimensional
flow perturbations. Thus the theoretical and numerical work is split up into @)
axisymmetric (i.e. two-dimensional) modeling, and (ii) fully three-dimensional modeling.

R BROZRIRR

As to the axisymmetric model, a mathematically rigorous acoustic model has been
developed, based on the Powell-Howe theory of vortex sound and the boundary element
method. The formulation is based on axisymmetric spherical coordinates, which provides
a 'natural’' multi-pole expansion. This research has been reported in Refs. 1. 3. and 5.

Mode jumps (sudden changes in sound frequencies) are however not well represented
in the model. These are believed to be governed by the flow stability characteristics.
Stability analyses are a part of the new project for the fiscal year 2010-2011.

As to the three-dimensional model, a method for controlling (limiting or cancelling) the
sound generation, based on non-axisymmetric flow perturbations, has been investigated.
The basic approach is, in principle, the same as that of the axisymmetric model, but fully
three-dimensional. This research has been reported in Refs. 2, 4, and 6.



4 FLHLESHROEFE

The developed numerical procedures and computer codes form a good basis for
continuing studies related to the hole-tone feedback problem. These will focus on the
influence of a housing (cavity) enclosing the jet, a tailpipe (continuing beyond the
end-plate), and a combination of these two.

Another focal point will be the relations between forced acoustic excitation (via
loudspeakers at the nozzle exit) and flow structures / flow stability. In the experiments
the acoustic pressure (i.e. the hole-tone sound pressure spectrum) can display lock-in or
non-lock-in to the acoustic excitations, depending on excitation frequency and amplitude.
[More complicated phenomena, such as lock-in to one-half of the excitation frequency, do
also occur.] We wish to understand the circumstances under which lock-in (or otherwise)
occurs in relation to the stability characteristics of the flow. An appealing approach is the
Floquet stability analysis.

5. HWARREER KIEREIRIHY)

1) ZFiiies & OEERRE MBRFZET)

*[1] M. Langthjem and M. Nakano: Numerical study of the hole-tone feedback cycle
based on an axisymmetric formulation, Fluid Dynamics Research, 41 (2009), pp.1-26.

[2] M. Langthjem and M. Nakano: A three-dimensional study into non-axisymmetric

perturbations of the hole-tone feedback cycle, Proceedings of the IUTAM Symposium on
Unsteady Separated Flows and their Control, Corfu, Greece 18-22 June 2007, Springer
(2009), pp. 581-586.
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[3] M. Langthjem and M. Nakano: Sound generation in the hole-tone feedback problem. In:
Mathematical Physics and Applications of Nonlinear Wave Phenomena, RIMS, Kyoto
University, 21-23 Oct. 2008 (Ed. T. Yano) RIMS Kokyuroku 1645, Research Institute for
Mathematical Sciences, Kyoto University, (2009), pp. 221-230.

[4] M. Langthjem and M. Nakano' Numerical study on sound generation from the
three-dimensional hole-tone jet subjected to non-axisymmetric flow perturbations,
Proceedings of the Sixth International Conference on Flow Dynamics, Sendai, (2009), pp.
128-129.

*[5] M. Langthjem and M. Nakano: Numerical and Experimental Analysis of the Hole-Tone
Feedback Problem, Proceedings of the Ninth International Symposium on Advanced
Fluid Information and Transdisciplinary Fluid Integration, Sendai, (2009), pp. 108-109.

[6] M. Langthjem and M. Nakano: A Three-dimensional Study of the Hole-tone Feedback
Problem, RIMS Symposium on Euler's Equations: 150 Years of Vortex Motion and Sound,
Research Institute for Mathematical Sciences, Kyoto University, 21-23 July 2009.
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Nondestructive Evaluation of Surface/Sub-surface Material Properties of
Structural Components in NPP using Ultrasonic and Electromagnetic Method
Sung-Jin Song*}, Tohiyuki Takagi **+7, Tetsuya Uchimoto**, Sung-Duk Kwon***,
Hak-Joon Kim** , Dong-Yeol Kim**, Ryota Oikawa**, Keitaro Ohtaki**
*School of Mechanical Engineering, Sungkyunkwan University,
**Institute of Fluid Science, Tohoku University
***Department of Physics, Andong National University
tApplicant, FIFS responsible member

1. Purpose of the project

In major components of nuclear power plants, micro cracks are initiated and their
growth is driven by the surface degradation caused by environmental factors or surface
treatments. The growth of micro cracks into larger cracks is a crucial problem and a
contributor to the failure of the major components. However, using conventional
nondestructive testing methods such as bulk wave ultrasonic testing, eddy current
testing, etc, it may not be possible to quantitatively detect and evaluate micro cracks.

Thus, objective of this project is developing ultrasonic and electromagnetic
nondestructive evaluation methods for evaluation of variation in surface/sub-surface
material properties used for major components of nuclear power plants by surface
treatments and degradation in order to improve reliability of those components

2. Details of program implement

From the multiple reflected ultrasonic signals, attenuation coefficients and sound
velocity of the decarburized alloys were calculated. As shown Figure 1 (a), attenuation
of ultrasound increases as increasing decarburized time. Also, comparing two specimens
with different Chromium contents, the more Chromium added specimens show smaller
attenuation compare with other one. Also, as shown Figure 1 (b), velocity of ultrasound
increases as increasing decarburized time. But relation between sound velocity and
decarburized time show less relationship compare to the attenuation.
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Figure 1: Measured attenuation coefficients and velocity for the decarburized specimens
with different Chromium contents

Using the measured depth of decarburized layers and impedance, realation between
eddy current measurements and decarburization layers were investigated. Figure. 2



shows relation between impedance change and depth of decarburizing layer for the
decarburizing layer for the decarburized specimen. As shown Figure. 2 linear
correlation between impedance change and depth of decarburized layers were observed.
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Figure 2: Relation between impedance change and depth of decarburizing layer for the
decarburized specimen: (a) low Chromium content and (b) high Chromium content

3. Achievements

Through this study, we established nondestructive techniques for evaluation of
surface/sub-surface material properties using ultrasound and eddy current testing. And
we have exchanged core techniques for characterization of surface/sub-surface material
properties between IFS(eddy current testing) and SKKU(ultrasonic testing).

4. Summaries and future plans

In this study, we found out the relation of decarburization and chromium alloying on
ultrasonic attenuation and velocity and impedance change of eddy current signal using
SA-106 steel specimens. From the experimental results, attenuation of ultrasonic signal
and impedance changes of eddy current signals can be good nondestructive evaluation
methods for characterization of decarburized layer of steels with different alloying

5. Research results (¢ reprint included)
1) Journal (included international conference with peer review and tutorial paper)
[1] Dong-Yeol Kim, Hak-Joon Kim, Sung-Jin Song, Sung-Duk Kwon, Toshiyuki Takagi,
Tetsuya Uchimoto: Nondestructive evaluation of CVD diamond coating with
various deposition condition, New Physics:Sae Mulli(The Korean Physical Society),
Vol. 60, No. 2, (2010), pp. 195-200 (In Korean).

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] Hak-Joon Kim, Ho-Sang Shin, Dong-Yeol Kim, Sung-Jin Song, Sung-Duk Kwon,
Toshiyuki Takagi, Tetsuya Uchimoto: Development of Nondestructive Evaluation
Method for Characterization of Surface/Sub-surface Material Properties,
Proceedings of the Ninth International Symposium on Advanced Fluid Information
and Transdisciplinary Fluid Integration, Sendai, (2009), pp. 58-59.

[3] Dong-Yeol Kim, Hak-Joon Kim, Sung-Jin Song, Sung-Duk Kwon, Toshiyuki Takagi,
Tetsuya Uchimoto, Hiroyuki Miki: Ultrasonic Nondestructive Evaluation of CVD
Diamond Coating with Various Deposition Condition, Proceedings of the Sixth
International Conference on Flow Dynamics, Sendai, (2009), pp. 106-107.

3) Patent, award, press release etc
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Purpose of the project

We have proposed to prepare smart polymer composites for development of micromotors, based
on the phenomenon, called Quincke rotation.

Quincke rotation is the rotation of non-conducting objects immersed in liquid dielectrics and
subjected to a strong homogeneous DC electric field. The rotation is spontaneous when the field
exceeds a threshold value. Based on the polymer Quincke rotor, a totally new class of material is
expected to be designed for micromechanical and microfluidic applications. Electrorotation of
disk shaped polymer composites is studied as a function of electric field intensity. Our intention
is to fabricate rotors, which could be used as main building blocks of micro-motors.

Details of program implement

We have prepared FeO(OH) loaded
polymer composites using polyvinylalcohol,

PVA (Merck PVA 72000). The orthorhombic Microscope
FeO(OH) particles were dispersed in the Polymerdisk () es
polymer solution such a way, that the mass .
ratio of the filling material and the dried
polymer was varied between 0.36 and 10.4.
Polymer disks, as rotors, were prepared with -

. . High voltage
a diameter of 0.57 mm and heights of 0.19 power supply
mm. Figure 1 shows an experimental device
to apply electric field to the disks. Two
parallel copper plates with heights of 1.5 mm
were fixed onto a glass by insulation stripe.  Fig.l Experimental device to apply electric field to
The gap distance between the electrodes was polymer composite disk
3 mm. The space between the electrodes was
filled up with linseed oil. The electric field was supplied by a high voltage DC power supply
(TREC, USA). We have increased the electric field intensity up to 1.6-10° kV/m. A polymer disk
was immersed in the linseed oil (Festékipari Kutatéintézet, Hungary). DC and AC electric field
was applied perpendicularly to the axis of the disk. The Quincke rotation was followed by optical
microscope (OLYMPUS, Japan) equipped by a high speed camera (Photron, Japan).

In order to visualize the rotation and to determine the angular frequency, a visible sign close
to the edge of the disk was used. The angular frequency of the rotation was determined by
recording the spinning motion of the disk. The observation was carried out at room temperature.
Both the threshold field and the angular frequency of rotation were determined in both DC and
AC fields.

Achievements

We have studied the angular motion of our composite disks and have concluded that
dynamics of the rotor is very complex. If the strength of static DC field is accounted for, three
regimes have been observed.
1. Below a threshold value, Ec of the electric field, the disk does not show any motion.



4.

2)

2. At the threshold value and slightly above, the disk begin to rotate, but the angular
displacement was found to be less than2z . The angular displacement occurred either in
clockwise or counter-clockwise direction.

3. At DC field intensities much higher than the threshold value continuous rotation was
observed.

We have determined the dependence of rate of spinning on the electric field intensity. This
dependence is shown in Fig.2. It can be seen in the figure that with increasing electric field
intensity, the rate of spinning significantly increases. It is also seen that this dependence is not
linear as it was predicted for solid spherical particles. It is also seen in the figure that, the

threshold value of the static electric field, £ is close to 1 kV/mm. The rotating disk acts like

micro sized motors with tunable angular frequency. DC and AC electric field induced rotation of
polymer composites has also been studied experimentally.
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Fig. 2 Dependence of rotation speed on the DC electric field.
The figure shows only one rotation direction.

Summaries and future plans
We have reported the development of smart polymer composites that show spinning in static
uniform field and are good candidates for ultraprecision manufacturing. A microscopic motor of
which operation is based on the principle of Quincke rotation is just one step away.
The future plans include:
- Theoretical interpretation of the dynamics of Quincke rotation is based on the conservation
of angular momentum of the disk.
- Experimental study of the influence of size (diameter and thickness), and composition of the
polymer disk on the angular frequencies.
- To develop prototype of Quincke rotation-based micromotor.

Research results
Journal (included international conference with peer review and tutorial paper)
Not applicable

International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)
*[1] M. Zrinyi, M. Nakano, T. Tsujita: Development of Micro-motor for MEMS utilizing Novel
Smart Polymers, Proceedings of the Sixth International Conference on Flow Dynamics (6t
ICFD 2009), Sendai Japan, (2009-11), pp.114-115.

3) Patent, award, press release etc.
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1. Purpose of the project

In the framework of the present project the phenomena of hypersonic flow about the
leading edges of the small bluntness are studied. Such leading edges are the elements of
the advanced hypersonic aircraft design. Feature of the high-speed flow about such
edges is significant effect of the rarefaction and thermal non-equilibrium even for such
parts of the flight trajectory where the flow about the air/spacecraft is continuum as a
whole. The main objective of the present project is to establish the limits of applicability
of continuum models for such flows. In the present project the extensive numerical
studies based on the kinetic (Direct Simulation Monte Carlo method, DSMC) and
continuum (Navier-Stokes equations, NS) approaches are conducted. In our opinion
fulfillment of the project permits to obtain the new information on the complicated
processes typical for the high-speed flow aerothermodynamics.

2. Details of program implement

In the present project the extensive numerical studies based on the kinetic (DSMC) and
continuum (NS equations) approaches are conducted. The use of such combined numerical strategy
allows to investigate the rarefaction and thermal non-equilibrium effects in the vicinity of the leading
edge and to assess the area of applicability of the continuum approach.

The time-explicit shock-capturing code based on 4th order MUSCL TVD scheme for the
convective terms and the second-order central difference approximation of the diffusive terms was
used for solving the NS equations with velocity slip and temperature jump boundary conditions. The
DSMC computations were performed with the SMILE software system.

At first stage of the study the M=5 monatomic gas 2D flow about the edge of the cylindrically
blunted thick plate at a zero angle of attack was conducted by both NS and DSMC codes for the
Knudsen numbers based on the edge radius of curvature Kn¢=0.1-0.5. The plate was assumed to be
isothermal with the temperature equal to free-stream value. The length of the plate is 10R.. Note,
that Knudsen number based on plate length is within the range Kn~0.01-0.05, which is believed to
be within the area of applicability of NS equations. The hard sphere collision model was used in the
DSMC simulations, which is consistent with the square root viscosity-temperature dependence used
in the NS computations.

The distribution of the pressure coefficient C,, friction coefficient Cyand Stanton number St over
the plate surface for Knudsen number Kn¢=0.1 is given in Fig. 1. For this Knudsen number kinetic
and continuum approach predicts similar distribution of all the parameters, namely, non-dimensional
pressure, friction, and heat flux. The distributions of surface parameters for higher Knudsen number
Kn=0.5 are also shown in Fig. 1. For this case the pressure coefficient distributions obtained by the
both methods are again in good agreement. The NS friction coefficient values are more than 10 %
greater than DSMC values in some parts of the surface. The heat flux obtained in NS computations
is also higher than DSMC one (more than 20 % for some parts of the surface).

The observed difference in surface parameter distributions demonstrates the significant rarefaction
and non-equilibrium effects. They will be analyzed in more detail in the future. The numerical studies



for high Mach number M=10 flow will be conducted for which the more pronounced non-equilibrium
effects are expected. Also the air flow will be simulated to assess the effects of
translation-rotation-vibration non-equilibrium and other real gas effects.

cp CE, 3t 155 cE, st
20T 0.28 zooTE —0.50
= ® Cp DSMC — Cp HS ® Cp D3MC — Cp NS
€ Cf D3MC —---Cf N3 € Cf D3MC ---Cf N3
0 3t DSMC ==-3t H3 0 3t DSMC =="3t NS

qo.10

-----

X/ R

Fig. 1. Surface parameters. Kn=0.1 (left) and Kn=0.5 (rlght)

3. Achievements

The expected results stated in the application form of the project proposal were
achieved completely.

The flow structure and surface parameters distribution for the flow in the vicinity of
the leading edge were computationally studied in the wide range of the flow parameters,
namely, Knudsen and Mach numbers. The detailed comparison of the computational
results obtained with continuum and kinetic approaches allowed determining the area
of applicability of the continuum models to such flows.

4. Summaries and future plans
The rarefaction effects in the vicinity of the leading edge on the heat loss and flow structure is

assessed by the comparison of the results obtained by continuum and kinetic approaches at a level of

flowfields and surface parameters for monatomic gas flow. The computations were performed for the

moderate values of Mach number (M=5) and for the range of Knudsen numbers (Kn~0.1-0.5)

defined by the radius of curvature of the leading edge. It was shown, that for Kn>0.5 the continuum

approach is inapplicable even with account for rarefaction effects with the velocity slip and

temperature jump boundary conditions.

Future research plan.

(1) Numerical study of the applicability of the continuum approach for high Mach numbers
(M~10 and greater) for the flow in the vicinity of the blunted leading edge.

2) Numerical study of the effects of the vibrational non-equilibrium on the flow structure and
heat loads in the vicinity of the leading edge in the wide range of the flow conditions.

5. Research results (k reprint included)

1) Journal (included international conference with peer review and tutorial paper)
Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] M. Ivanov, S. Yonemura, Ye.Bondar, and D. Khotyanovsky: Investigation of
Hypersonic Flows about Leading Edges of Small Bluntness, Proceedings of the
Ninth International Symposium of the Advanced Fluid Information and
Transdisciplinary Fluid Integration, Sendai, (2009), pp. 36-37.

3) Patent, award, press release etc
Not applicable
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TRV BEIREREL D, Zo—HMPAENICHEINTZ. BATBICEENLEA
W3 b BRI WVIREZHEL TV D EBEZLNDIN, ZhEIRZ T 47
Z A D136 i O TR 2380m (281 S MBI E TH 5 300°C (=4 e & I B JE K
N th, 9ON-24P MAMATIMEE) KD bRV, FE7 Seki (1991, Geochem. J., 25,
245-265) TRV HME SN TWDHH AN LM T 2 ZHH5 B O HBGRIK L v bR
Enm<, BRRPRHTHD.
3. HIRBRDERKR
AT PN I THENAR O 2SN FOER S VTR Y, HIE M 02 2 {235 ECaamOfs
WadfaE £l FIABICE L O 2 EOBMMETH LN EE A2 5. — T, IFEEOHFMER
126 L TR E T 5720120F, TRBLETHD.
4 FLOHLESHRORRE
TEMZEENDIREDA T HEIC LD S ORDERPVETHD. EEAEICEEN
HEAMDOKKNZONWTIIAATH D Z L bA%, BRDPRETHS.
5. WAREER IEREIRIHY)
1) Ffiijis EROTERRE BREFELED)
L
2) EF=E - BNESR - RS - QERKRSE
*[1] K. Sekine, M. Adachi, H. Ozeki and B. Rusk.: Use of Fluid Inclusions in Sludge Sample
for the Estimation of Thermal History of Geothermal Fields, Proceedings of the Ninth
International Symposium on Advanced Fluid Information and Transdisciplinary Fluid
Integration, Sendai, (2009), pp.48-49.
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Production of Complex Plasma at Atmospheric Pressure
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1. Purpose of the project

Max-Planck-Institute for Extraterrestrial Physics is the world center of the research
in “complex plasma”, which consists of plasma and charged fine particles. These
particles interact each other under certain experimental conditions. They can form a
crystal like structure under low pressure. The particles’ behaviors at atmospheric
pressure have not been clarified yet, although the knowledge is important for industrial
applications. The aim of this project is production of complex plasma at atmospheric
pressure and analyses of its mechanism.

2. Details of program implement
2.1 Experimental setup and methods

To develop the complex plasma system, a plasma flow generated by a dielectric
barrier discharge (DBD) was adopted in this study. Figure 1 shows the schematic of
experimental setup. Kapton tape of 0.08 mm-thick and 50 mm-diameter was affixed on
the plate ground electrode for insulation. Above it, a stainless steel mesh electrode
whose diameter was 35 mm with 80 mesh/inch was placed. This electrode was fixed to
the bottom of cylindrical glass chamber, the size of which is 50 mm in diameter and 22
mm in height. Two glass tubes were attached on the side of chamber as an inlet and an
outlet of gas and droplets. Droplets were generated by a smoke machine and injected
into the chamber through the glass tube. Plasma is generated by applying a sinusoidal
voltage to the mesh electrode. Here, peak-to-peak applied voltage Vpp is 4 kV and
frequency fis 6 kHz.

The number of charged particles was measured at the exit of chamber using an ion
counter. The measuring conditions are
as follows: CASE I) without droplets and

a

N 5383 plasma, CASE II) with droplets and
without plasma, CASE III) without

7 e 1 droplets and with plasma, and CASE IV)
= > with droplets and plasma. To analyze

behaviors of the droplets in a plasma
flow, a high speed camera with a zoom
Droplet supply [\ =N lens equipped was utilized to record the

o) o o : 7 [ TL behaviors by illuminating a laser sheet
L @ ® ® Il_ e from the side of the chamber. Then, the
aser sheet displacement distances of droplets were

generator, 2. Amplifier, 3. Oscilloscope, 4. High speed .?lnalyzed ?{y comp?l ring t}11e5two klp(ils of
camera, 5. Zoom lens, 6. Chamber, 7. Mesh electrode, 8. 1mages taken at interva ] ms with or
Electrical insulated tape, 9. Ground electrode, 10. Laser without plasma generation. The frame

Fig. 1 Schematic of experimental setup. 1. Function
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Fig. 3 Displacement distances of droplets position
Fig. 2 Images of droplets dispersion after 5 ms.

rate, shatter speed and resolution of the high speed camera comparing the two kinds of
images taken at intervals of 5 ms with or without plasma generation. The frame rate,
shatter speed and resolution of the high speed camera were 2000 fps, 1/4000 s, and 256
x 128 pixels, respectively. Magnification of zoom lens was 200 x.

2.2 Results

Figure 2 shows images of droplets dispersion. White spots in the high speed camera
images show an appearance of droplet dispersion. Those particles moved in the plasma
flow with keeping the similar dispersion pattern between the initial photograph and the
photograph after 5 ms. Figure 3 shows the averaged displacement distance of droplets
position after 5 ms. Measured displacements are 4.97 pum when plasma is generated and
5.70 um when it is not generated. There is a possibility that the displacement distance
between the nearest two droplets could be smaller when plasma is generated, although
the difference is not significant. The difference might be caused by the Coulomb
interaction between charged droplets in plasma affecting the movement.

3. Achievements

The planned steps which were “1. Generation of plasma at atmospheric pressure. 2.
Levitation and confinement of fine particles in the plasma, 3. Analysis of particle
behaviors, 4. Diagnosis of the particles’ behaviors,” had been almost completed. We
also tried the formation of complex plasma on a water surface by using fine particles.

4. Summaries and future plans

We couldn’t conclude whether those particle behaviors are caused by the complex
plasma or not. We will continue to clarify the particle behaviors on the water surface
through the IFS collaborative research project 2010 which 1s to understand an
interaction between a plasma flow and water.

5. Research results (x reprint included)

*[1] T. Sato, Y. Iwafuchi, T. Shimizu and G. E. Morfill: Production of Complex Plasma at
Atmospheric Pressure, Proceedings of the Ninth International Symposium on
Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2009), pp.92-93.

*[2] P 1EKELE], Gregor Morfill, YL Z: KIEITEHIZIER LT KR&AJE T 7 A<k
DRI REN LR, B AR 7S HALSE S 45 Wik - SRS CE, 1IE,
(2010), pp.230-231.
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1. Purpose of the project

Cavitation phenomenon, which denotes the formation within a liquid of bubbles filled
with vapour and gas due to pressure decrease, is a challenging issue from fundamental
point of view as well as a variety of industrial applications. The research groups led by
Prof. Sato (Tohoku University) and Prof. Farhat (EPFL-LMH), sat a up a joined
program to investigate this phenomenon with a special focus on chemical reactions
involved in the collapse of a single cavitation bubble. To this end, a specific experimental
setup was built to allow for a bubble generation with the help of pulsed focused laser
and underwater electric spark.

2. Details of program implement

Figure 1 shows an experimental apparatus which consists of a vessel, electrodes and a
power supply for discharge, a laser source and an optical system for focusing, a delay
generator for adjusting the start of bubble generations, and a high speed camera and a
lens. The vessel is filled with ultra pure water. The platinum electrode is set with a gap
of 0.075 mm. A high voltage was applied to the electrode to generate a discharge, which
in turn results in generation of bubbles. A bubble was generated by the laser which is
focused on the point located at 13 mm from the tip of electrodes. Both bubble behaviors
are observed simultaneously at 75,000 fps and 1 i s of an exposure time by a high speed

camera with a flush xenon lamp. To generate both bubbles simultaneously, the timing of
laser pulse was adjusted by the delay generator and the discharge power.

Figure 2 shows the generation of concurrent bubble by laser and discharge at t =0 -
734 u s, which bubble maximum diameter is around 2.3 mm. The left and right bubbles

are generated by the laser and the discharge, respectively. The both bubbles expand to
the maximum until around ¢ = 147 us

and then they started to shrink. The Sync signal
bubbles repeated expansion and collapse Bubbles g: lash lamp
several times with decreasing of the — Electrodes
bubble size, especially in the case of the Laser g&

discharge. The time dependence of Power
bubble sizes derived by theoretical Water {SUDPIY

analysis agrees with experimental
results. Vessel []

Delay
Camera 4@
3. Achievements generator

In 2009, Prof. Sato and Mr. Oizumi
visited EPFL to clarify the chemical
reaction mechanism by analysis of water

Figure 1: Experimental setup.



characteristics and optical emission spectroscopy with Prof. Farhat and Mr. Tinguely.
Prof. Sato stayed for one month as a visiting professor and Mr. Oizumi stayed for two
months to analyze the results. We already clarified the bubble generation and
disappearance process by plasma and the effect of the chemical reaction in the
process of the bubble generation and collapse.
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Figure 2: Process of concurrent bubble generation and collapse. The left bubble is
generated by the laser focus and the right bubble is generated by the discharge.

4. Summaries and future plans

(1) Concluding the effect of the chemical reaction and submitting a journal paper.

(2) Analyze the collapse and disappearance process of micro bubbles after collapse of
millimeter bubble generated by the laser and discharge.

(3) Enhance exchange of researchers between EPFL and Tohoku Universities.

. Research results (* reprint included)

1) Journal (included international conference with peer review and tutorial paper)
Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[1] T. Sato, M. Oizumi, M. Tinguely and M. Farhat: Mechanism of Bubble Generation
and Disappearance by Plasma, Proceedings of the Ninth International Symposium
on Advanced Fluid Information and Transdisciplinary Fluid Integration, Sendai,
(2009), pp.90-91.

3) Patent, award, press release etc. (patent, award, press release, note should be
|isted here if applicable)

Not applicable
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1. Purpose of the project

In lubricated contacts, when the lubricant supply is not sufficient to fill the gap
between the solid surfaces, or when the wettability conditions are bad, the film can
fractionate into disjointed liquid bridges. This phenomenon occurs at many places in
industry and the analysis of the lubrication phenomena in liquid bridge is very
important. Especially, if the width of liquid bridge, or the gap between surfaces, is
nanometer, interfacial regions cannot be neglected and therefore the characteristics
of liquid bridge cannot be analyzed on a macroscopic point of view. It is the aim of
this work to investigate the dynamic behavior of liquid bridges by Molecular
Dynamics method, and to focus on the nanoscale phenomena occurring in the
interfacial regions.

2. Details of program implement

In this year, the simulation system is constructed. 1152 Si atoms were used as the
surface and water was used as the lubricant. The number of water molecules were
changed according to the width of the liquid bridge. The simulation system was
shown in Fig. 1. The velocity of Si wall was controlled to V=100 m/s. Stillinger and
Weber potential was used as the Si surface and SPC/E potential was used as the
interaction between water molecule. Firstly, a simulation was performed to reach the
steady state of the system. It is confirmed that the properties of the system keep
constant. After reaching the steady state, the velocity gradient of the system, density
contour and forces acted on the surface from the water molecules were sampled and
viscosity coefficient of the liquid bridge was estimated from these values. It was
found out that the viscosity coefficient was decreased with the increase in the width
of the liquid bridge.

Temperature, T

X

Number of
Molecule, N

Ax=65.4 A _
Fig. 1. Schematic diagram of the simulation system.



3. Achievements

In this year we can make the program to calculate the viscosity coefficient of liquid
bridge and the dependence of the width of the liquid bridge on viscosity coefficient
can be analyzed according to the application form. However, the detailed analysis of
the viscosity coefficient, in which the momentum flux is divided into two parts, the
one which passes through bulk of the liquid bridge and the other which passes
through its interfacial region, cannot be analyzed.

This year we invited Philippe Vergne, a professor in INSA-Lyon three days for
discussion about our collaborative research and he attended the GCOE/AFI/TFI
conference.

4. Summaries and future plans
Next year we make a program to analyze the momentum flux in the liquid bridge in
detail. We think that we have to analyze the phenomena without surfaces firstly
because the surface make the shape of the liquid bridge complicated (like a barrel)
and it makes the detailed analysis difficult. After the detailed analysis, we extend
our method to the hydrophobic and hydrophilic surface (SiO:2 surface) and the
dependence of the surface on viscosity of liquid bridge will be investigated.

. Research results (* reprint included)
1) Journal (included international conference with peer review and tutorial paper)

Not applicable

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

[1] T. Tokumasu, M-H, Meurisse, N. Fillot and P. Vergne: Lubrication Phenomena of
Nanoscale Liquid Bridges by Molecular Dynamics Method, Proceedings of the
World Tribology Congress 2009, (2009), pp.620.

[2] H. Bello, N. Fillot, P. Vergne, T. Tokumasu, T. Ohara and G. Kikugawa,: The Effect
of Different Thermostating Techniques on Friction and Dissipation in Molecular
Dynamics Simulations of Confined Lubrication Films, Proceedings of the World
Tribology Congress 2009, (2009), pp.622.

*[3] T. Tokumasu, M-H, Meurisse, N. Fillot and P. Vergne: Molecular Dynamics Study
about Lubrication Phenomena of Liquid Bridges, Proceedings of the Ninth
International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2009), pp.88-89.

3) Patent, award, press release etc.

Not applicable
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*[2] H. Nagashima, T. Tokumasu, S. Tsuda, N. Tsuboi and A. K. Hayashi, Proceedings of the
Ninth International Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2009), pp.96-97.

*[3] H. Nagashima, T. Tokumasu, S. Tsuda, N. Tsuboi and A. K. Hayashi, 48 AIAA
Aerospace Science Meeting, AIAA 2010-994.
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Purpose of the project

Electrically conductive hard carbon films, Me-DLCs, will be indispensable smart
materials for innovative mechanical elements because their mechanical and elec-
trical properties can be controlled by the type and quantity of additional elements. In
this study, innovative Me-DLC films having good electrical conductivity, exhibiting
low friction and wear characteristics, and improved durability under extreme envi-
ronment will be developed and characterized.

Details of program implement

Me-DLC nanocomposite coatings have been deposited thanks to a hybrid process,
combining rf~-PECVD for DLC matrix and magnetron sputtering for metal inclusions.
Several metals were considered: copper, iridium and tungsten. The size and distri-
bution of clusters varied significantly with metal sputtering rate and DLC deposition
rate, leading to various mechanical and electrical properties. Tribological behavior of
these coatings was characterized with a ball-on-flat reciprocating tribometer oper-
ating in ambient air, using 52100 bearing steel balls (diameter: 6 mm) under a nor-
mal load of 0.5 N, with a stroke length of 3 mm at a sliding speed of 2 mm/s. This
tribometer is besides allowing electrical contact resistance measurements.

For a hard metal like tungsten, the wear was mild for the coating even at high
metal contents. However, the friction was increasing with increased metal content,
reaching values larger than 0.3, with large wear of the ball. Although the electrical
contact resistance was reaching 10 Q range, it was always very noisy and increased
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Figure 1: Two typical evolutions of friction coefficient during sliding of Ir-DLC plate
against steel pin (left), and optical micrographs of corresponding pin wear scars
(right).



towards the end of experiments, probably due to abundant oxidized wear debris. In
the case of iridium [1], a hard and inoxidizable metal, two types of tribological beha-
vior were observed, even on same sample (Fig. 1). After running-in, either friction
remained at low values (< 0.1) or it became high and unstable (> 0.15). Thanks to
experiments of shorter duration, we could establish that an Ir-rich tribofilm was
formed on the ball during running-in. In the case of low friction, this tribofilm re-
mained on the ball wear scar. However, when friction was high, the tribofilm was
removed, with large wear of the ball. In both cases, the electrical contact resistance
was low (~ 10 Q), and especially stable in case of low frictional behavior.

3. Achievements
Innovative Me-DLC films having good electrical conductivity, good tribological be-
havior and improved durability are developed and characterized. The material de-
sign concept for such smart coatings was established.

4. Summaries and future plans

Some optimal deposition conditions have been found for Ir- and Cu-containing DLC,
which allow the build-up of tribofilm on counterface. Such tribofilm controls the
evolution of friction coefficient, and allow here to get a low friction with some elec-
trical conductivity. These collaborative activities will continue in 2010 and later as
follows: 1) To develop of innovative Me-DLCs (in IFS), 2) To investigate the tribofilm
build-up process and the further control of the tribological and the electrical beha-
viors of Me-DLCs (in LTDS, ECL)

5. Research results (¢ reprint included)

1) Journal (included international conference with peer review and tutorial paper)

*[1] H. Miki, K. Ito, T. Sugawara, J. Fontaine, T. Takeno, M. Ruet, M. Belin, K. Adachi,
T. Takagi: Friction and Electrical Contact Resistance of Iridium-Containing DLC
Coatings for Electrically Conductive Tribo-Elements, Tribology Online, 4(2009), pp.
60-65.

2) International and domestic conferences, meeting, oral presentation etc. (included
international conference without peer review)

*[2] J. Fontaine, H. Miki, T. Takeno, K. Ito, M. Ruet, M. Belin, K. Adachi, T. Takagi:
Tribological Behavior and Electrical Contact Resistance of Metal-Containing DLC
Coating for Electrically Conductive Tribo-elements, Proceedings of the Ninth In-
ternational Symposium on Advanced Fluid Information and Transdisciplinary
Fluid Integration, Sendai, (2009), pp.98-99.

[3] J. Fontaine, H. Miki, M. Ruet, T. Sugawara, T. Takeno, K. Ito, M. Belin, K. Adachi,
T. Takagi: Tribological behavior of metal-DL.C nanocomposite coatings: the critical
role of tribofilm build-up, World Tribology congress 2009, (2009), p.676.

[4] Julien Fontaine, M. Ruet, S. Bec, C. Guerret-Piécourt, M. Belin, H. Miki, T. Takeno:
Tribological Properties of Nanocomposite Metal-Containing DLC Coatings: the
Key-Role of Metal Flow Between Sliding Surfaces, Proceedings of the Sixth Inter-
national Conference on Flow Dynamics, Sendai, (2009), pp.100-101.

[5] H. Miki, J. Fontaine, T. Sugawara, T. Takagi, T. Takeno, K. Adachi, K. Ito, M. Ruet,
S. Bec, C. Guerret-Pi&eacute;court, M. Belin: CarbonCoat: Tribologically-based
Design Strategies for Advanced Carbon Coatings, 2010 Annual ELyT lab Workshop,
(2010).

[6] J. Fontaine, H. Miki, T. Takeno, M. Ruet, K. Adachi, T. Takagi: Carbon-Metal Na-
nocomposite Coatings for Smart Tribological Interface Control, 2010 Annual ELyT
Iab Workshop, (2010).
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Development of Bubble Generation Method by Plasma
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Figure 1: Schematic of experimental set up.
Figure 2: Effect of pulse polarity and

discharge time on H202 concentration.
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Flow and Heat Transfer Characteristics of Cryogenic Gas—|iquid Two—phase Flow in a Pipe
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Optimization of Droplet Formation of Continuous Ink Jet
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Purpose of the project

Recently, based on the basic physics of viscosity, the collaborative researcher Prof.
Tao developed a new technology, which utilizes an electric or magnetic field to change
the rheology of complex fluid to reduce its viscosity, while keeping the temperature
unchanged. The method will be universal and applicable to all complex fluids with
suspended particles in nano-meters, sub-micrometers, or micrometers.

In this research, we propose to apply this novel technology to reduce the viscosity
of diesel / bio-diesel fuel to improve the fuel injection. Small devices will be
introduced just before the fuel injection for the diesel engine, producing strong
electric or magnetic field to reduce the fuel viscosity. It will result in much smaller
fuel droplets in atomization and also will lead to cleaner and more efficient
combustion.

Details of program implement
This research project covers the following three different aspects of rheology and
engineering.

(1) Preparative work, which includes the production of the diesel / bio diesel fuel and
characterization of the polymer networks.

(2) Study the reducing viscosity of the diesel fuel under strong electric field by using
a high precision rheometer of two parallel disks type, which has strong electric
field producing devices and a temperature control unit. Proper application of
eletrorheology can reduce the viscosity of liquid suspensions.

(3) Study on improving fuel atomization by applying strong electric field. Reducing
the fuel viscosity greatly improves the fuel atomization. The injected fuel has a
pressure higher than that in the combustion chamber. The droplets are thus
split, becoming smaller and smaller after they are emitted from the nozzle.

Achievements

Here we extend the physics principle of reducing viscosity to refinery fuels. In fact,
refinery fuels, such as diesel / bio-diesel fuel and gasoline, are made of many
different molecules. They can be regarded as liquid suspensions if we take the large
molecules as suspended particles and the base liquid is made of small molecules.
Under a strong electric field, the induced dipolar interaction makes the large
molecules aggregate into small clusters. As a result, this change reduces the effective
viscosity of refinery fuels. The above theory was verified by our experiment. As
shown in Fig. 1, after application of an electric field of 1kV/mm for about 2 seconds,
the diesel oil’s viscosity i1s reduced by about 9%. While this reduction is not
permanent, it provides the opportunity to improve fuel atomization.

In our spray experiment, we used a fuel injector to simulate fuel injection at engine
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chambers and a device in which the fuel flows through two metallic meshes before it
reaches the fuel injector. A voltage is applied on the two meshes to produce an
electric field. When the device was on, the fuel took about 5 seconds to pass the
electric field. The spray lasted for 4 milliseconds. The droplets were collected and
analyzed for both cases, with the field and without the field. The statistical results
for diesel fuel are in Fig.2. All of them are averaged over 50 tests. The repeatability
was quite good with an error less than 5%. In the experiments with diesel fuel, the
current was less than 10pA, i.e. the electric power consumption is below 0.1W. For
diesel fuel, the fuel pressure was 13.79 bar and the electric field was about 1.0kV/mm
in the experiment. The electric field increased the number of droplets with diameter
less than 40 pm dramatically. The number of droplets of diameter below 5 pm was
increased from 5.3% to 15.3% when the device was on. The effect on diesel fuel is very
significant.

Summaries and future plans

After application of an electric field of 1kV/mm for about 2 seconds, the diesel oil’s
viscosity is reduced by about 9%. While this reduction is not permanent, it provides
the opportunity to improve fuel atomization. In the spray experiments, the electric
field increased the number of droplets with diameter less than 40 pm dramatically.
The number of droplets of diameter below 5 pm was increased from 5.3% to 15.3%
when the device was on. The effect on diesel fuel is very significant.

By adjusting the values for the electric field and time duration, we could make
this technology work effectively for other fuels, such as bio-diesel, and gasoline.
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