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THERMOCOUPLES
(Continued from page 73)

voltage source and used for heating the junction, (see Fig.
6). The two circuits are completely independent and will
not interfere with each other. The heating voltage is increased
until the desired output from the thermocouple is obtained.
The pre-heated junction is placed directly in the air flow (as
shown in Fig. 7). As more air flows by the junction and
cools it, less output voltage is read on the meter.

A small-gauge wire junction will respond quite rapidly
to minute changes of air flowing around it.

Remember that different gases have different cooling abili-
ties, so if you are measuring the flow rate of a gas other than
air, and accuracy is required, the thermocouple unit will
have to be calibrated for the gas used. The output of the
junction can be directly calibrated in air-flow units.

Junctions can be pre-heated without making a special junc-
tion by using an oscillator and a power amplifier generating
a radio frequency as shown in Figs. 7 and 8. The RF is
induced across the joint on the same two lines as the DC
output. The radio frequency is high enough so that the meter
will not respond to it, but it will still provide heating to the
junction. That method is used in many commercial units.
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Fig. 6—Thermocouples can be better used to detect certain
changing conditions if they are heated while in operation.
Ganging two of them together allows one of them to act as a
sensor and the other as the needed heating element.
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Fig. 7—A thermocouple can be used to detect gas flow if
it is heated. Sending it RF signals that the meter cannot
respond to is one way to heat a thermocouple.

Vacuum and Cold Measurements

Another use of the pre-heated thermocouple sensor is to
measure vacuum, or rather the absence of air. Placing the
thermocouple junction in a vacuum inhibits its ability to
cool itself with surrounding air. That makes the output of
the junction produce a voltage that is proportional to the
available air inside the chamber. The output voltage will
increase as the air left in the chamber is exhausted. By cali-
brating the pressure against the output produced by the ther-

mocouple, pressure in the hundredths of an atmosphere can
be measured. See Fig. 8.

Another interesting fact about thermocouples is that they
also work in reverse. That is to say, that they are able to
measure cold as well as heat. When the thermocouple junc-
tion is cooled beyond the point where it produces a positive
voltage, the thermocouple junction crosses zero volts and
starts producing a reverse or negative voltage that can be
calibrated to hundreds of degrees below zero.

VACUUM
CHAMBER
THERMOCOUPLE
JUNCTION

|_

W

Fig. 8—Thermocouples heated with RF signals can be used to
detect the presence/absence of air which would cool it.

That makes them useful in cryogenic measurements. When
used to measure the temperature of cryogenic liquids like
nitrogen or helium, pre-heating the junction is necessary to
keep it warm in its super-cold environment. When the liquid
is surrounding the junction, it is kept cold and produces a
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Fig. 9—Thermocouples can be joined in mass to either
provide or extract heat. This is an example of one such
unit with the polarities marked for clarity. The top view
of the unit is shown in A; a side view is shown in B.

reverse voltage. As the junction is brought out of the liquid,
the current quickly heats the junction and the reverse voltage
drops to the crossover point and moves in the positive direc-
tion. By controlling the small heating current, any crossover
temperatures may be selected.

Temperature Control

The other aspect of the thermocouple is its ability to di-
rectly convert electricity into heat or cold. As was mentioned
earlier, inducing current into the thermocouple junction will
cause the junction to get hot or cold depending on the direc-
tion of the current flowing through the junction.

That means that thermocouples have applications in heat-
ing and cooling. Let's look a little more closely at that.

Thermoelectric cooling panels are composed of small cubes
of the two thermocouple materials. The junctions are made
by bridging the cubes with small rectangular conducting
plates. Since the actual materials are not in direct contact
with each other, that type of junction can be compared to
the junction shown in Fig. 4. As can be seen in Fig. 9B, on
the bottom side the current flow is from the plus material to
the minus material, while on top side it is minus to plus.
That means that with that configuration, all the heat-
producing junctions are on one side of the plate, while the
cold producing junctions are on the other. The cubes are
arranged and bridged on the top and bottom so that they form
a large number of junctions connected in series (see Figs.
9A and 9B). The panels are made in a variety of sizes by
changing the number of junctions. The junctions are large
and a lot of current is required to operate the units. As current
flows in the device, one side of the device gets hot while the
other side of the device gets cold.

Try it Yourself

When making a thermocouple junction, make certain that
the junction is twisted together very tightly. Variations in
output voltages from two identical thermocouples can result
from bad junctions caused by oxide formations between the
materials. The best method for making a junction is to twist
the two wires together and fuse the wire tips with a flame.
Thermocouple wires from any common metals can be fused
over an open flame from the kitchen stove. Once the junction
is made, you have a small energy producer that will work
virtually forever.

Thermocouples are easy to make and inexpensive to ex-
periment with. All that is needed to get started is a length
of thermocouple wire and a voltmeter capable of reading
millivolts. Get some wire and build yourself a micro-power
supply. Who knows? You could be the one to solve the
energy crisis by discovering a new thermoelectric material
or technique. [ |





