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Report on the 13th International
Stirling Engine Conference (ISEC
2007)

Matheu Laures
(Special Military School of SAINT-CYR, France)

Introduction

Succeeding to the 12th ISEC which was held
in Durham University in UK, the 13th ISEC took
place in Waseda University in Tokyo, from
September the 23rd to September the 26th.
Organized by the Japanese Society of

Mechanical Engineers, this international
conference gathered more than 160 persons
coming from 20 countries. Although most of
these participants were scientist in activity, here
it appears important to notice that an increasing
number of students followed the whole
conference: efforts done to develop the interest
of young people about Stirling engine, such as
the Stirling techno rally, are reaching their goals.
The conference really started with the opening
ceremony, a beautiful reception hold in a famous
hotel in the center of Tokyo. There, all
participants have discovered some forms of the
local culture and have spoken to each other.

Information got during panel discussions

As the topic of my study is the regeneration
in a Stirling engine, I have decided to attend to
all the speeches which were linked with my
future work. A schematic way to represent a
Stirling engine can be considered to set where
the regeneration happens. (Fig. 2) Having a
look at this scheme, it is obvious that heat

regeneralor
cooler
heater
o dbacs I COMmp on space
Fig. 2
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Fig. 1 Author

transfer is not only located in the regenerator
but also in the heater and cooler. As a
consequence, the first panel discussion which
has caught my attention was the design of Pin-
fin arrays heat exchangers to replace the
complicated network of pipes usually used.

The experimental study of atmospheric Stirling
engines using Pin-fin arrays’ heat exchangers
The heat exchangers consist of aluminum
alloy circular disk with large scale Pin-fin arrays
carved into the surface. Two engines have been
designed to be run with Pin-fin arrays. (Fig. 3)
Although improvements have to be done to
match the performance of a conventional Stirling

Main shaft

Bearing holder

1.
™ Lincar slider

1 il shape plate
™ Lincar slider's rail
= Displacer rod

S 1™ Main frame

—= Power piston
) Rase plate

== Cooling water
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= Displacer hat
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= ~ Cover ring
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Insulator

~N
-\ Backup heater

Fig. 3 Cross-sectional veiw of B type large pin-fin Stirling engine
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engine, I think this scientific approach closely
follows the engineer work's aim: it is important
to keep in mind that not only the performances
obtained are essential, but also the price of the
product and the time to make it.

Development of a compact 3kW Stirling engine
generator

Focusing on the regeneration, Pr. Kagawa has
presented the new type of engine he developed
called SERENUM 5 for Super Energy
Regenerative (Stirling) engine with Unique
Mechanisms. Serenum'’s regenerator is made of
mesh sheet, thin metal sheet built by etching
technology. The performance of mesh sheet
depends on the way you stack it and is
evaluated by using the friction coefficient, the
Nusselt and Reynolds numbers. Figure 4
compares calculated performance of mesh sheet
number 2 and number 3 (MS2 and MS3), two
different types of mesh sheet with different grid,
by using the finite-element-method fluid analysis
program. MS3 (Fig. 5) is more efficient than
MS2. Indeed for a same Reynolds number (Re),
that is to say for a same speed of the working
fluid, the friction coefficient(f) is lower and
Nusselt number (Nux) is higher. f//Nu decreases
when Re increase as the growth of Nu is faster
than friction number’s one.

If we fix Re,

)l
Nu)yss \Nu)ys

That means that MS3 permits a better heat
transfer with lower losses. This is very
interesting as the regenerator is one of the most

7147

Fig. 5 Mesh sheet (MS)

important items to realize high performance
engines.

The regenerator has to be designed to foster
heat transfers with the expansion space in its
upper side and with the compression space in its
lower side. One of the difficulties to consider is
that the density of the working fluid changes
during compression and expansion inside the
engine. This is the reason why, in my opinion,
mesh sheets’ modifiable structure is

indispensable.

3-D Numerical Analysis of Thermal
characteristics of mesh structures as heat
regenerators

A three dimensional numerical analysis has
shown the importance to find the right balance
between a large contact area offered by the
regenerator structure to the working fluid and
sufficient space not to reduce dramatically the
working fluid flow speed.

By adopting such design (Fig. 6), thermal
efficiency of the regenerator with incorporated
longitudinal wires is increased. However,
pressure drop becomes larger in each periods of
heating and cooling.

Personal comments on the Stirling techno rally

Japanese students’ education in the
engineering field presents important differences
with the French educational system. A lot of
hours are devoted to develop manual skills, even
for future engineers, to increase the interest of
young people about mechanic studies. The
results obtained are very satisfying: more than
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unit cell

Fig. 6 3-D stacked weave unit cell

150 students have participated at this contest
running their own engine they designed by
themselves. (Fig. 7)

Figure 8 is one of the small vehicles designed
by students and powered by an alpha-type
Stirling engine. The piston is a glass syringe
which permits to limit frictions losses. Balls play
the role of a displacer, leading the air to the hot
top or to the cold bottom of the glass tube. A
hood-winked wire of steel is used as regenerator.
By heating the top of the tube with a burner
and pushing the back of the small car, the
successive compression and expansion of the
piston drive the vehicle.

Conclusions of the closing ceremony

All the scientist have shared their ideas to
draw a conclusion about the state of the Stirling
engine development and the means we have to
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Fig. 7 The V6 Stirling-Beta car, winner of the Stirling
techno rally race

Fig. 8

use to foster the marketing of devices powered
by Stirling technology.

Four principles seem to be essential:

1. To focus on the areas of application where

the Stirling engine has obvious advantages.

2. To design rather than to invent.

3. To lean on knowledge, not on belief.

4. To experiment financial challenges more

than technical ones.

“We have the technology the world needs but
nobody knows that!” and “We have to build
useful things and integrate Sitrling engine
powering systems on existing devices belonging
to brands people use to buy  are two sentences
pronounced which justify the previous principles.

In my opinion, to counterbalance with the
growing threat of global warming, governments
have to take measures in favor of the
development of Stirling engine driven products.
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