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The Fuzzball
Rating System

To find out the level
of difficulty for
each of these
projects, turn to
Fuzzball for
the answers,

The scale is from
-4, with four
Fuzzballs being
the more difficult
or advanced
projects. Just look
for the Fuzzballs in
the opening header.

You’ll also find
information included
in each article on
any special tools
or skills you’ ||
need to complete
the project.

Let the
soldering begin!
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Java Power

Building a Thermoelectric Mug

e the envy of your colleagues with this
Buber-nerd coffee mug that generates

power from heat using the same
energy converters that are used on deep
space probes! Equipping a mug with
thermoelectric energy converters and
heatsinks will allow you to drive a small
motor or other electrical device. You can
even claim to be environmentally responsible
by extracting useful work out of heat that
would otherwise just go to waste.

Deep space probes like Cassini or
Voyager are too far from the sun to use solar
cells. They derive their energy instead from
RTGs (Radioisotope Thermoelectric
Generators), which are basically armored
canisters holding plutonium dioxide fuel,
which stays hot due to radioactive decay.
Because these generators must work reliably
for decades in space with no intervention for
adjustment or lubrication, NASA needed a no-
moving-parts way of generating electricity,
instead of some kind of piston engine. The
answer is thermoelectric converters —
semiconductor junction devices that generate
a current as heat flows through them.
Although they are not very efficient, they are
robust and reliable.

Thermoelectric devices were once rather
exotic and difficult to obtain, but the perform-
ance of modern microprocessors is such that
they produce enormous amounts of heat,
which must be removed efficiently to prevent
overheating of the chip. So, little thermoelec-
tric plates have become widely available.
Here, I will show how you can use these in
reverse to generate electrical power.

Thermoelectric Devices

The thermoelectric effect is the genera-
tion of an electrical current at the junctions of
two dissimilar materials (originally metals, but
the effect is larger for certain semiconductors
like silicon-germanium and lead telluride) if
the junctions are at different temperatures. It
is quite a small effect — only a few microvolts
per degree Centigrade. The effect is reversible
— if the temperatures of the two junctions are
switched, the voltage reverses. It is also
reversible in that if a current is supplied to the
junctions, one will become cold and the other
warm — heat is being transported by the
electrical current.

The thermoelectric cooling modules we'll
use in this project are an array of around 100
pairs of p-n junctions, wired in

Close-up of the Thermoelectric mug. The blue enameled steel mug has
been hammered flat in places. Five thermoelectric modules are strapped
on with their heatsinks using bare tinned copper wire. The output of
the modules is wired to a small motor with a balsa wood propeller.

series. They are sandwiched
between two thin ceramic
plates to make it easy to
mount them with good thermal

contact to a heatsink. This also
allows the device to be cooled.
Typically, these are supplied
with a few amps of current at
12-15 V and they can transport
several tens of watts of heat.
Note that the heatsink and fan
on a typical CPU installation
must reject not only the heat
transported from the CPU by
the cooling plate, but also the
additional heat produced by
the plate — that 12 V, times
several amps, is another
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several tens of watts of heat.

In this project, we’ll supply heat to the converter and
draw a current from it. When heat is flowing through the
converter (which will have an efficiency of typically 1% if
the temperature difference across it is about 30° C),
negative charge appears at the heatsink side (the “cold
end”) of the converter in the N-type legs. Note that an
effective heatsink is crucial — it is no use making
the whole converter hot: one side must be hot and the
other cold.

Improving Performance

Converters wired
in series

Switch
(optional) .
7

Q)

Motor
or other
load

Thermal conduction is like electrical conduction —
the flow of heat is like a current and temperature is like

voltage. The thermal circuit is a chain of resistances

Circuit diagram. Five converters are wired in series (note polarity!).
They are in thermal parallel (i.e., the same temperature difference is
driving them all). Heatsinks are omitted for clarity.

from the high voltage (the hot liquid) to “ground” — the
cool air. If the thermal resistance is low, then the “current”
or heat flow will be highest.

One of the resistances in the circuit is the thermal
converter itself. Ideally, this is the largest resistance in the
circuit, so that most of the power is dissipated in the
converter and not in useless resistances elsewhere.

So, the other resistances (thickness divided by ther-
mal conductivity) should be minimized — this means a
thin-walled mug made of a thermally-conducting material
like metal. Similarly, the heatsink should be effective. The
better the heatsink, the cooler it will be and, thus, the
temperature difference across the converter will be
maximized.

Poor contacts between surfaces can introduce very
high thermal resistances — unless surfaces are ground
exceptionally flat and perfectly aligned, a lot of airgaps fill
the contact area with contact being made only through
little bumps in the surfaces. The way to minimize these
resistances and the temperature drops they cause is to use
a thermal grease or heatsink compound that fills these
little gaps with a relatively conductive material.

The voltage produced by the converter is proportional
to the temperature across it — this is, after all, the way
thermocouples are used as temperature sensors. The
current produced by the converter is proportional to the
heat flow through it. The heat flow through the converter is

Resources

Thermoelectric Cooling Modules can now be found in many
electronic parts stores and catalogs. One manufacturer/vendor is
Magaland Technology, Inc. (www.leadingtechnologysales.com).
| used several of their ICE-IT TEC 1-12705S cooling modules (40
x 40 x 3.8 mm, rated max 15.4V at 5.2 A for cooling).

Another manufacturer is TE Technology (www.tetech.com)
with a wide range of modules ($100.00 minimum order). | have also
used their TM-TB-127-1.4-1.05(P) modules (40 x 40 x 3.8 mm, rated
15.7V 8.6 A).TE Tech’s website also has a lot of technical papers you
can download.

SEPTEMBER 2004

proportional to the temperature difference across it. So,
the power produced by the converter (current times
voltage) is, therefore, proportional to the square of the
temperature difference. This is why it is vital to maximize
the temperature difference by hot liquid, conductive mug
and contacts, and a good heatsink.

To extract the most electrical power from the convert-
er, it is important to choose the load impedance carefully

THE ELECTRONIC HOARD

We offer a wide variety of low-cost,
high-quality components.
WE HAVE PELTIER JUNCTIONS IN STOCK!

Five sizes of these thermoelectric modules to
choose from!

10mm x 10mm Thermocouple Modules —
$3.50 each or $30.00 for. 10

www.electronichoard.com
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