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Phenomenologically
verified computation

For the development of sustainable
multiphase fluid machinery system which
contributes to the green innovation.

Research focus of our laboratory is

Development
frontier

Development Frontier multiphase flow system.
(Application) Solid N, spray nano-device cleaning

Atomization and interfacial

phenomena

IIERIEIEOE  Cryogenic spray heat transfer, multi
SinltlENlelgl  scale tsunami simulation
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Core research representative:

Interface tracking simulation of capillary phenomenon of “Tears of wine”
L e—

Interface tracking simulation by marangoni effects due to the spacial gradient of surface tension
coefficient as functions of temperature and density (due to evaporation effect of alcohol).

(Taking into account the effect of surface tension coefficient o variation.
Application to the interfacial phenomenon of “Tears of wine”)

. mE, BKERD
Computation of #2881~ 5 B
Marangoni force f_

Capillary flow of

f = VG_(VG. n)n “Tears of wine”
f =|Vo-| L ve | YL | vy
Vi)V
Vy
=\Vy|-Vo—-| ——-Vo |-Vy

o is included to the differential Eq.

Vector of marangoni force around the interface Supercomputing of marangoni capillary flow

of “Tears of wine
D



Computational Prediction of the Effect of Micro-cavitation on an Atomization Mechanism in a
Gasoline Injector Nozzle

Trans. ASME, Journal of Engineering for Gas Turbines and Power, Vol. 132, Issue 8 (2010) 082801 doi:10.1115/1.4000264.

Numerical results quantitatively reproduces the actual Spray formation ~ 0.58[ms] : 100,000 FPS
atomization behavior

Measurement

Computational result
result

Initial

surface “_

1 mm

Comparison between numerical and experimental results




Super Computational Study of High-Speed Droplet-Yapor Flow and
LDY Erosion (R —HBEZE/TRITOREHN)

(b) Actual image of LDI erosion phenomena

Figure 5 Numerical result of LDI erosion rate and
actual image of LDI erosion phenomena.

it is found that the aspect of LDI erosion reasonably

agree with both the numerical results and the actual
fact.

(a) Numerical result

The magnitude of erosion rate extensively increases around the elbow central of bent portion. The large size particle
(about 2.0 mm) causes the LDI erosion by high-speed impact pressure of its inertia force. The erosion is also caused by
the rebounded liquid-droplets flow around the bent section.

Furthermore, erosion rate increases just downstream region of the orifice throat. It is considered that the erosion is
caused by the liquid-droplets impinging which follow to the counterflow of the steam flow downstream the orifice.
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Jun ISHIMOTO, U Oh and Daisuke Tan,

Integrated Computational Study of Ultra-High Heat Flux Cooling Using Cryogenic Micro-Solid Nitrogen Spray, Cryogenics, Vol. 52 (2012) [Accepted]

‘Vacuum pump

LN, Storage

Cooler for
subcooled LN,

production
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\/\ Micro-slush particle production nozzle is
arranged to several portion
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Long distance HTSvcable (1.0 - 3.0 [km]) \‘/

\M.icro-slush particle
production system

3 &
/ \ Preventing the quench phenomena by slush / \
multiphase cooling effect (usage of latent
heat for melting)
Homogeneous superconducting cooling is |
possible for log distance HTS

Homogeneous cryogen particle dispersion in HTS cable cooling is
possible by using micro-slush flow

To accomplish the effective cooling performance in slush two-phase cooling system, the
homogeneous dispersion and homogeneous two-phase flow pattern are extensively required.
For the realization of these requirements, the research on the continuous production method
for finer slush particles is very important.

Main Research Theme:

1. Continuous production and atomization mechanism of micro-slush particles.

2. Two-phase thermal flow characteristics of micro slush flow in a superconducting
cable.

Vorticity, |@|

Integrated super-computation for cryogenic
Superadiabatic two-fluid nozzle for solid nitrogen particle production in a nozzle
cryogenic solid nitrogen particle
production
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Jun ISHIMOTO, U Oh and Daisuke Tan, Integrated Computational Study of Ultra-High Heat Flux Cooling Using Cryogenic Micro-Solid Nitrogen Spray,
Cryogenics, Vol. 52 (2012) [Accepted] http://dx.doi.org/10.1016/j.cryogenics.2012.07.002
International collaboration: Hanyang Univ., Korea (Prof. Jin-Goo Park, NEMPL), Northeastern Univ. (Prof. Ahmed A. Busnaina, NSEC)

SN, particle production by Laval nozzle
Objectives: (Computational)

*  To develop wafer resist removal and cleaning technology using micro-nano solid
nitrogen spray (SN,) which becomes applicable to the special device whose plasma
damage becomes serious problem, and applicable to the device that the reactivity of

the O, radical is high such as CCD or photovoltaic passive device.

New physical wafer resist removal and cleaning technology which is not required O,
plasma or UV ashing. Chemical free, damage-less cleaning system should be
developed.

. . . About 90% resist removal
Micro-solid particle 7 S
impingement performance is attained by

enhancement of solid
—_ Thermomechanical

resist shrinking

nucleation

5i0,/81
: : ; Stress profile while SN, particle
90% resist removal performance has been achieved by impingement to resist (Computational)
Thermomechanical effect of resist micro-nano SN, spray cleaning without use of plasma : ’ _
contraction by SN, particle impingement ashing The magnitude of pressure in SN, particle and

wafer resist increases with SN, impingement
and fragmentation.
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Integrated measurement coupled super computation

Integrated computation coupled with PIA (Particle Image Analyzer) laser optical measurement and parallel super computation

Macroscopic

U Magnitude
15.26985

d, um

SN2 particle diameter distribution

Correction of particle impinge I
. and coalescence model based on  EEEVAES
Micro-SN2 production system PIA measurement results
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; - & Microscopic
High-speed measurement data is ﬂ P
stored to small database Data
acquisitio

n and
> reload

Measurement data of
unsteady heat flux,
temperature profile

Renewal of
thermal
boundary
condition
Scalar parallel super computation for micro-SN2 between Integrated computation of thermal stress
particle impingement to the resist and its plastic par_ticle and and thermal contraction rate of resist
deformation mm resist I
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