
Introduction of Adachi lab. (Fluid Flow and Heat Transfer)
Fluid flow of water and air, and transport of heat and energy are investigated from 
visualizations to numerical calculations using a super computer in our laboratory. 

Facebook is available (many interesting movies)    https://www.facebook.com/Adachi.lab
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Renewable energy

Plate-type heat exchanger
Heat transfer is enhanced by
setting a disturbance promoters
on plate surface. Ocean Thermal
Energy Conversion system adopts
the plate-type heat exchanger!

Development of
cold energy
We develop a new
method how to
use cold energy
such as snow, ice,
cold outside air

Local energy of nature

Applications

Atomization of liquid
Study for making an
efficient device to
generate small water
droplets and its
applications



Introduction of Bio Fluid Eng lab. (Akinaga)
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Bifurcation tree
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The Sequence of Bifurcation approach for the analysis of transitions from simple to complex forms of fluid 
flow and (eventually) turbulence will be formulated for fluid systems with external conditions that are 
homogeneous in two spatial dimensions and in time, via the introduction of three-dimensional 
infinitesimal disturbances, as a function of the angle of inclination of the flow (under a constant pressure 
or constant flux).

(a)
(b)

Figure 1: Examples of sequence of bifurcations approach to turbulence in incompressible shear flow: (a) 
Hierarchical bifurcation sequence as a function of the Rayleigh number (Ra), en route to turbulence, in 
unventilated differentially heated flow, as applied to double glazing for molten metals (Pr~0); (b) Higher 
order fully non-linear solutions in the hierarchical bifurcation sequence for the Taylor-Couette flow (TCF) 
between co-rotating concentric cylinders, as a function of the Reynolds number (Re) for fixed relative 
angular velocity (top of figure [b]) of the co-rotating cylinders. Both cases [a,b] show solutions that interact 
to produce higher order states en route to turbulence (see complicated state in bottom of figure [b]). The 
corresponding unstable states are not shown for this case. For case (a) Re=0 and as we see nature 
selects the bifurcation to the ‘best’ (dominant) states with respect to change in Ra. The sequence of 
bifurcation approach to turbulence derives from the proverb “the straw that broke the camel’s back”. 
Figure 1b) is the result of recent collaborative work with Professor Friedrich Busse, under a currently 
active Leverhulme Trust Visiting Professorship Grant.

This pathway will be used to establish the transitions of the basic flow and to provide a benchmark to 
allow the development of a linear theory including a variety of values for the angle of inclination. Using 
this information we will identify the two-dimensional secondary flow that bifurcates from the linear neutral 
curve, which will provide the first non-linear state in the bifurcation tree. We will analyse the linear stability 
of the secondary flow against the general type of three-dimensional disturbances in order to identify 
possible bifurcation points for the tertiary flow and from this we will obtain the tertiary and higher order 
bifurcating flows that arise at the bifurcation points. Finally we will analyse the stability of the tertiary flows 
obtained here so that we can identify possible bifurcation points for the quaternary and higher order flows 
via a numerical study. This step will provide sequential ‘snapshots’ of the transitions to turbulence. It will 
enable us to capture states that are intermittent or lead to connection branches between the states that 
have been identified as secondary, tertiary and so on via the other two methods that are available to us. 
For higher order states this procedure will become more and more computationally time-consuming. 
Thus the linear stability analysis of higher order states will be based on the established Newton-Raphson 
method for the nonlinear eigenvalue problem instead of solving full eigenvalue problem points. This will 
be done sequentially in the toolbox depending on the state of the bifurcation tree analysis.
This research will be disseminated via Journal publications in high impact factor journals, and conference 
dissemination, for example at European Fluid Mechanics, IUTAM (invitation) conferences. In addition, a 

Bio-Fluid: microcirculation Heat & Mass transfer: 
Sustainable agriculture in horn of Africa

Validation of turbulence obtained by experiments: 
Sequential bifurcation approach

Andereck et.al: 
Taylor-Couette flow 
(Phys. Fluids 1983)



Introduction of Hirayama lab.

Astrodynamics, Spacecraft System Design, 
Space Robotics and Planetary Exploration.

Micro Satellite

Solar Power Satellite

Space Debris

Moon and Planetary Exploration

Space Structures

Space Robotics



Which feature makes the product attractive?

Easy-to-disassemble                                              New recycling process

design Proposal of a resource-

efficiency index

Texture?Battery life?

Disassemble experiment

Proposal of remote recycling

Introduction of Mishima lab.
Research topics are “eco-efficient design focusing on 
both visual design and functions,” “easy-to-disassemble 
design,” “proposal of remote recycling,” etc.



Introduction of Takahashi lab.
Diamond has excellent properties, namely, high hardness and high wear 

resistance. The flame combustion method enables the synthesis of diamond 

in ambient air. If diamond films can be directly synthesized on the material 

surface and good adhesion can be achieved, surface improvement in terms of 

the high hardness and ultimately in terms of wear resistance can be realized. 

We have synthesized diamond films on materials surface of cutting tool, 

artificial hip joint and dental implant by the flame combustion method.
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Introduction of (Kinoshita, Nano-surface science)
Development of novel quantitative method to measure
the surface electric/magnetic quantity on nano-scale
surfaces using atomic force microscopy(AFM).

Resonance
oscillation

Nano-surface

Nano-structure

Tip

Physical prosperities

100nm

Interaction force

Atomic force microscopy Surface Imaging

Electronic/magnetic devices, 
nano materials

Cantilever

100nm


