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Environmental Thermofluids Engineering Laboratory (EnvTF)
In search of particles of all sizes and their motion in industrial and biomedical systems
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This laboratory (EnvTF) was founded as one of the founding laboratories in the Mechanical Engineering Department at the
same time of the University’s birth (1987), entitled as the Particle Technology Laboratory (PTL). Name of the lab was
changed to the Environmental Thermofluids Engineering Laboratory in 1996, and was designated as the National research
Lab (NRL) in 2008.

Research efforts are mainly divided into two different fields, Aerosol Science and Bio Fluids Engineering, and a variety of
researches have been performed in other areas, too. Numerical simulation is widely used, ranging from FDM and FEM to
Monte Carlo and MD, and this laboratory is well known for the analysis of flow and particles in the human lung airways and
also in the cyclones.

Research topics are summarized as:

1) Particle Technology
- nano contamination control
- generation of aerosols and fine/ultra-fine particles with various properties
- modeling particle motion in turbulent flow fields

2) Air Pollution Control
- dust collectors ; ESP (electrostatic precipitators), cyclones, special dust collectors for industrial applications
- vortex vent
- vortex tube
- vortex scrubber for CO2 capture

3) Biofluids Engineering
- air flow and particle deposition in the human lung airway
- optimality principles in the living organs

4) Other topics in fluids and heat transfer
- flow and heat transfer in porous media
- inverse heat transfer
- micro supersonic nozzle to be used in micro satellites
- vacuum technology

This laboratory holds two world records ; i) removal of 10nm contaminant particles using the supersonic particle beam
and ii) 5D ventilation depth using the vortex vent.
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Aerosol Science
Generation and analysis of aerosol motion MD simulation of nano particles
Nano contamination control with particle beam

Ventilation and Air Pollution Control
Pollution control : dispersion, deposition Filtration technology : cyclone, EP, filter
etc Ventilation techniques : vortex vent

Biofluids Engineering
Flow and Particle dispersion / deposition in lung Morphology modeling of
human bronchial tree Breathing dynamics of alveoli

Micro Supersonic Flow
Micro thruster nozzle design Satellite contamination control Nano particle
generation

Two Phase Flow Laboratory (TPFL)
Researches into two-phase flow and phase change heat transfer

This laboratory was founded in 1987. Since then, we have researched into the two phase flow and phase change heat
transfer by using experiments and numerical analysis. In1999, this laboratory was selected as a National Research
Laboratory (NRL). In 2007, this laboratory established Fuel-cell Water management Global Research Center (FWGRC).

Principal research area
- Phase change heat transfer : condensation and boiling
- Heat transfer with nano-fluid, nano/micro structured surface
- Study on heat exchangers
- Nuclear power plant thermal-hydraulics 
- Nuclear safety and Severe accident management
- Study of reduction in Sodium reactivity
- Study on fuel cell : water management
- Measurement technique using Neutron-Radiography and X-ray Radiography

The thermal system with nano/micro structures has many merits on its performance. There are several nano & micro
structured surface bring about a breakthrough in the boiling heat transfer and critical heat flux. However, analysis and
interpretation of those effect on to boiling is limited, and it need to be researched. This study may help not only the
enhancment of the boilng performance but also understanding nano/micro scaled two phase system. In addition, we a new
method for fabricating 3D structured graphene was developed with simple boiling method. This simply made graphene surface
can be utilized in various industrial fields with superior properties such as thermal conductivity, transparency, and etc.

The issue of heat transfer at an area of nuclear power plants is very important to nuclear safety. Nuclear power plants use
nuclear fuel like uranium oxide with high temperature to 2000℃; therefore, nuclear heat has to be transferred to coolant
effectively because the heat is generated continuously at operation and decay heat remains at even an accident situation. We
study heat transfer phenomena of film boiling and severe accidents in nuclear power plants, such as quenching of a nuclear
fuel clad, external reactor vessel cooling, debris bed coolability, and steam explosion.

As Sodium-cooled Fast Reactor (SFR) has been considered for a new generation nuclear reactor, many reseachers have
focused on the sodium characteristic. In TPFL, we tried to control (reduce) the reacitivty of sodium using nano particle. It
may bring about the advance in SFR nuclear reactor development. 

Because the fuel-cell system attract as next generation energy system, fuel-cell system was developed on world-wide. The
low-temperature fuel-cell systems (PEMFC, DMFC), which are applicable to portable system (e.g. cellular phone) and car.
The water management in PEMFC is bottle-neck technique for high performance and commercial PEMFC. We study on water
management in PEMFC with numerical and experiment. We use Neutron-Radiography and X-ray Radiography which is best
technique to observe the phenomena in actual operating PEMFC. 
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