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Thesis Title:
Hydrogen Permeation with Flat Sheet Pd/Ag Membrane for
Compact Methanol Steam Reformer

The performance of a compact methanol steam reformer with a Palladium/Argentum (Pd/Ag) membrane was
investigated experimentally. The experiments have been done by changing S/C ratio from 0.8 to 1.6, reference
catalyst zone temperature from 589K to 689K and upstream pressure from 0.20MPa to 0.50MPa. The results show
that the higher hydrogen permeation rate is obtained when the S/C ratio is around 1 at higher reference
temperature and higher pressure. In addition, it is shown that the compact methanol steam reformer with a Pd/Ag
membrane is able to produce high purity hydrogen with very low CO contamination, which fulfills the Polymer
Electrolyte Fuel Cell (PEFC) requirement (<10ppm). It was found that the experimentally obtained H, permeation
rate is much lower than the prediction by Sieverts’ equation.

The H, permeation for flat sheet Pd/Ag membrane was investigated experimentally to make clear the difference
between the experimental result and predicted result by Sieverts’ equation. H,:N, mixture was used to neglect the
surface adsorption effect of non-H; species. The results demonstrated that when the feed flow rate is decreased,
the H, permeation rate decreases, which cannot be predicted by the Sieverts’ equation. When the H, permeation
through the membrane is taken into account for the Sieverts’ equation, the variation in the H, permeation mole
flux as a function of the feed flow rate can be predicted quantitatively. The effect of H, permeation is more
significant when the feed flow rate is decreased.

The numerical results demonstrate the decrease in H, mole fraction towards the membrane surface, that is the
concentration polarization occurs, which induces the diffusion of H, towards the membrane. It was found that the
diffusive effect is more significant when the upstream pressure is increased or binary mixture with higher

diffusivity is used.
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Dynamics of Laminar Premixed Flame under Equivalence Ratio Oscillations

Dynamics of laminar-premixed flames of CHg/air mixture under equivalence ratio oscillations were
experimentally and numerically investigated for stagnation flame and conical flame by focusing on the oscillation
wavelength is larger than the nominal flame thickness. In an experimental work, lean region is focused because
flame moves monotonically in equivalence ratio variations. It was observed that the flame moves periodically
following the variation of the equivalence ratio. This movement is primarily due to the equivalence ratio
oscillations, since the velocity perturbation is significantly suppressed. Furthermore, it was observed that the
flame dynamics is influenced by the characteristic of the piston type oscillator at the quasi-steady regime (St <
1.0) by an increase in amplitude of the flame motion with an increase in the frequency of the equivalence ratio
variation. On the other hand, an increase in the oscillation frequency of the equivalence ratio variation decreases
the flame motion amplitude as it was influenced by the oscillation frequency at the unsteady regime (St > 1.0).
The numerical work for the stagnation flame was focused at St > 1.0 in the lean, rich and lean rich crossover cases
and the results are agreed with the experimental works. Moreover, numerical work demonstrated that, the back
support effect influences the dynamic response of the flame movement, in that, the direction of the cycles of the
dynamic response in the lean and the rich conditions are different. In addition, hysteresis of the flame movement
is seen in the numerical and experimental works. An explanation of this hysteresis was done by introduces concept
of the non-uniform scalar value profile and was clarified by development of simplified qualitative mathematical
model. For conical flame, the quasi-steady manner of the flame tip movement was observed at St < 1.0. At St >
1.0, we found that the attenuation of the flame tip motion is affected by the wrinkling of the flame surface in
addition to the attenuation of the equivalence ratio oscillation amplitude. Overall, a ratio between the
characteristics time of the flow and the characteristics time of the oscillation called Strouhal number is an
important parameter to categories the dynamics of the laminar premixed flame in quasi-steady (St < 1.0) or

unsteady (St > 1.0) manner either the stagnation or conical flame configurations.
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New Insights in Molecular Mechanism under Progression of Liver Fibrosis
(HFBRMESE S DT Lo RS AR )
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fie LC MDY 7NV ETEE S, IHREEOERIZEH G L TnD Z L AVRIZ ST,

(2) e S HkIETER TGF-B & L7 il Lt
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e AT R OFSE C o Do-SMA OIS, a5 —4 L a3 A7 X VBT
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FIEFICIEEERO TGF-B NE&EICEHEEN TR Y . £ 603 HSCs ORI IZ 3 TIH MR~ & 25
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A Study on an Eco-friendly and High-performance Cooling System

using Evapo-transpiration

According to International Energy Agency, buildings contribute nearly about 40 % total world
energy consumption. Most of the consumption is used during their operational phase, especially for
air conditioning, which causes peak-load in electricity demand in summer. Urban heat island
recently has become a big issue for human’s lives. Tokyo temperature has increased about 3.5°C in

the past one hundred years, while global temperature increases about 0.7 °C.

Recognizing that heat released from outdoor unit of the air conditioning is one of the causes of
heat island in the city, the objective of the study is to create a cooling system that does not exhaust
heat to the environment. From the thermodynamic viewpoint, temperature is free from energy
conservation. As the leaves of trees, they can keep the temperature or even make the air cooler
while absorbing solar insolation, by evapo-transpiration. Learning from that phenomenon, an
air-conditioning system that not only cools the indoor space but also can create comfortable space
outdoor by using evapo-transpiration is proposed in this study. With the fact that latent heat of
water vaporization gives high potential of cooling capacity, e.g., 1g water evaporation in 1 second
can absorb about 2.43 kW heat at a temperature of 30°C, it is expected that exhaust air from
outdoor unit can reach to wet-bulb temperature, which is lower than that of ambient or dry-bulb

temperature by 7°C at dry-bulb temperature of 30°C and the relative humidity of 50 %.

Evapo-transpiration is applied to the condenser in the outdoor unit of the air conditioning
system. Proposed condenser is copper-tubing covered by porous ceramics with tiny open holes,
which can automatically spread water by the capillary phenomenon. The heat transfer coefficient is
higher than that of the conventional air-cooled condenser from 3.5 up to 10 times. In addition, it
also helps to reduce the condensing temperature; in consequence, reduce the work for compressor

and energy consumption for air conditioning.

Experiments of an existing air conditioning system using air-cooled condenser, an air
conditioning system with water-cooled condenser, and an air conditioning system with the proposed
evapo-transpiration condenser have been done. Existing system is used as a baseline; while air
conditioning system with water-cooled condenser is used to test the ability to reduce condenser
temperature; and finally, the proposed system is to confirm the possibility of apply

evapo-transpiration principle to air-conditioning system.

The result confirms that condenser temperature is reduced to ambient air from the water-cooled
condenser. From simulation result, it is expected that any system, which has condenser

temperature near to outdoor temperature, can increase its Coefficient of Performance (COP) up to
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30 %.

For the prototype air conditioning system with evapo-transpiration condenser, it shows that the
air outlet from the outdoor unit has almost the same temperature as that of the outdoor air. Since
there is no spray of water in the system and the air just passes the wet surface of ceramics, the
relative humidity of the outlet air is just slightly higher than that of the ambient, at an average of
5%. Therefore, the proposed outdoor unit does not release any heat to the environment. Hence, the

problem of heat island can be reduced.

In addition, for the energy consumption at the specific case of experiment, the proposed system
was confirmed to reduce the energy consumption up to 30%. Last but not least, water condensed

indoor can be utilized to cool the condenser outdoor.

In conclusion, the study has figured out the originality to create an air-conditioning system
which can cool a space without release higher heat to the environment. The proposed system can
help to reduce urban heat island problem by using the evapo-transpiration phenomenon. Moreover,
it is also confirmed the possibility to save energy consumption using the proposed system compared

to conventional air conditioning system.
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A Study on Power Saving and Latency Reduction Methods for Wireless 3D Network on Chips

By the development of semiconductor technology, we can combine various IP cores such as processors,
caches, and I/0O modules on a chip. To connect a large number of cores, Network-on-Chip (NoC) that
introduces a packet switched network has been widely studied. NoCs have been utilized in cost-effective
embedded devices. Such applications often demand very tight design constraints in terms of cost and
performance; thus the silicon budget available for their on-chip network should be modest.

Due to the increasing design cost of custom System-on-Chips (SoCs) in recent process technologies,
System-in-Packages (SiPs) or 3D ICs that can select and stack necessary known-good-dies in response to
given application requirements have become one of hopeful design choices. The three-dimensional
Network-on-Chip (3D NoC) also becomes an emerging research topic. The 3D NoC architecture has been
extensively studied in terms of its network topology, router architecture, and routing strategy.

We pay more attention to inductive coupling among variety 3D interconnection technology, because we
believe it provides the flexibility to build the target 3D ICs by adding, removing, and swapping chips in a
package after the chips have been fabricated, like building blocks.

However, two issues emerge: considerable huge power consumption and routing scheme for
topology-agnostic characteristic. Only a few inductors can be embedded on the chip, because the total power
consumption will be unacceptable. This issue effects the scale of wireless 3D NoC. For the routing scheme,
the previous works never involve this issue for inductive coupling based wireless 3D NoC. The above
problems must be solved, otherwise the inductive coupling based wireless 3D NoC will not be competitive.

For the above aim, this thesis explores an effective low power technology for ring and irregular based
networks, respectively. The vertical links can be dynamically shut down according to the run-time vertical link
utilization. Two suitable routing schemes for topology-agnostic wireless 3D NoC are also proposed that
enable the chip could be replaced or removed after fabrication. The first one collects topology information at
the chip boot stage. The topology will be considered as irregular topology. The Up*/Down* routing is used for
transferring packets; Then second one identifies mesh topology from the whole network which is considered
as irregular topology by the first routing scheme, automatically. It uses dimension ordered routing in the
extracted mesh structure as far as possible. Other parts of the network is treated as an irregular
network and Up*/Down* routing is applied. These above technologies can enhance the competence of
inductive coupling based wireless 3D NoC.

Finally, we summarize our proposed methods, utilizing the on/off vertical link technique for saving power
and employing improved Up*/Down* routing and mixed routing as routing scheme. Based on the above, we

discuss how the current work could be explored further in order to develop power efficient wireless 3D NoC.
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