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This paper describes the construction, operating principle, and tech-
nical specifications of an automatic apparatus for determining the
thermal diffusivity of heat insulators, The automatically determined
temperature dependences of the thermal diffusivities of asbestos ce-
ment, textolite, micarta, and polystyrene are discussed.

The principle of mathematical simulation was used
to solve the problem of automatic determination of
thermal diffusivity. The design of the computer was
based on a simulation formula [1] connecting the mea-
sured physical parameters—the heating temperature
and the temperature drop on the investigated plates.
These parameters, which vary continuously during
the experiment, are converted to a direct voltage and
fed into the computer.

The result of the computation—the thermal diffu-
sivity—is obtained almost immediately after the input
of the initial data and is recorded on graph tape of an
electronic recorder.

This apparatus (Fig. 1) is free from the faults in-
herent to the apparatus in [1, 2], since it has an elec-
tronic computer. The determination of the thermal
diffusivity in a wide temperature range entails three
operations: differentiation, multiplication by a con-
stant factor, and division.

The sensors for the initial values—the heating tem-
perature tp of the specimen and the temperature drop
At on the specimen—consist.of chromel-copel thermo-
couples T, and T,, the latter being of the differential
type. The thermo-emf of these thermocouples is con~
verted to a proportional direct current by the electronic
converters CCy; and CC,. The signal proportional to
the temperature drop At is fed directly into the division
circuit and the signal proportional to the heating tem-
perature ty of the external side faces of the specimen
is first differentiated and then amplified by the con-
verter CC,.

The division circuitis based on a EPP-09 automatic
millivoltmeter with a uniform scale. The circuit con-
sists of a slide wire, connected up in a particular
manner, and a servo system. Currents proportional
to the derivative of the heating temperature with re-
spect to the time dty,/d; and the temperature drop At
are fed to the two inputs of the slide wire. The voltage
applied to the input of the null indicator of the servo
system from the slide wire is proportional to the dif-
ference

dfy
ky T kAL

The scale readings on the millivoltmeter are pro-

portional to

n=2—1iyl,,

where n is the ratio of the pointer reading to the whole
scale, I; is the output current of CC4, which is pro-
portional to dtp/d7; I, is the output current, which is
proportional to At.
Thus
dty
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from which
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The formula for calculating the thermal diffusivity
has the form

a=(2—n)*43.6R, (1)

where [ is the thickness of the specimen plate in mm;
R is the resistance (in ohm) in the differentiating cir-
cuit, which determines the range of measurement of
the thermal diffusivity 4. From this formula a is ob-
tained in m%/h.

It follows from expression (1) that a reduction in
the thermal diffusivity corresponds to an increase in
the scale reading of the instrument. The scale is cal-
culated for each specific expression for the thickness
of the specimen plate.

The apparatus can be used for automatic measure-
ment of the thermal diffusivity of heat insulators in the
range 0.6—5+10"7 m?/sec. This range is divided into
three subranges. Changeover from one to the other is
effected by switching the resistorsin thedifferentiating
circuit. The specimens consist of 100 x 100 mm piates,
3—10 mm thick. The contacting surfaces of the plates
are polished for good thermal contact.

Quasi-stationary thermal conditions are produced
in the plates by an automatic programmed regulating
system in which the regulating device is a EP-T-59
electronic regulator {3]. The prescribed rate of heat-
ing is fixed by a programmed controller consisting of
a device producing a linearly increasing voltage. The
temperature sensor for the regulating system is a
chromel -copel thermocouple T3. By means of two RKN
electromagnetic relays the regulator controls a re-
versible motor RM, which is connected through a re-
ducing gear to the slider of an autotransformer. The
latter alters the current through the heaters H; and
H, so that the temperature on the outer faces of the
specimens varies linearly.

The range of variation of the heating temperature
is 20%-400° C. The upper limit can be increased to
600°—800° C; it depends on the design of the heaters
and the electrical circuit of the current converters.
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Fig. 1. Block diagram of apparatus. CC;, CC, CCj Current con-

verters; Hy, H,) flat heaters; T,) differential thermocouple; T,,

T 3 ) thermocouples; S) specimens; SS) servo system of electronic

millivoltmeter; ER) electronic regulator; PC) programmed con-

troller; RM) reversible motor with reducing gear; VR) voltage
regulator; SW) slide wire of electronic millivoltmeter.
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Fig. 2. Plots of thermal diffusivity a(m?- sec™) of tex-

tolite (1), asbestos cement (2), polystyrene (3), and

micarta (4) against temperature t (°C): a) Determined

by automatic device; b) by manual method; c) from data
of [5]; d and e) from data of [6] and [4].
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Figure 2 compares the data obtained on the auto-
matic apparatus with data obtained manually by the
quasi-stationary heat-regime method, and also with
published data. An examination of the temperature
dependences of the thermal diffusivity of heat insulators
indicates a satisfactory agreement to a redsonable
degree of accuracy. There is a systematic error of
1.7—2% due to the higher values given by the automatic
device in the first stage of the experiment and the
lower values in the second stage in comparison with
the manually obtained results. We think that the auto-
matically obtained results are the more accurate. The
automatic device continuously follows the linearity of
the thermogram. In the first stage of the experiment,
despite the generally good linearity of the thermo-
gram, there is a relatively small static regulation
error. In this case the varying value of the tempera-
ture lags a little behind, and in the second stage is
in advance of, the assigned temperature. In view of
this, the derivative of the temperature with respect
to time changes and so does the nature of the tempera-
ture dependence of the thermal diffusivity.

The obtained temperature dependences of the ther-
mal diffusivity of heat insulators are curves which
descend with temperature increase. Several of them
are in good agreement with published values of a [4, 5].

We estimate the experimental error as follows:

1. The error due to the nonlinearity of heating of
the specimen plates is 1.5-2%.

2. The error due to incomplete thermal contact
between the heaters and plates is reducedto a minimum
by the use of a specially designed pneumatic clamp,
which produces a specific pressure of more than 196 -
-10* N/m?on 100 x 100 mm plates, and of more than
764.10% N/m2 on 50 x 50 mm plates. Moreover, since
the plates are polished and the thermocouples are
flattened this error obviously cannot be more than
1.5—2%.

3. The error due to nonlinearity of conversion of
the measured thermo-emf to direct current at the out-
put of the current converters is not more than 0.5%.
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The linearity of the amplitude characteristics of the
current converters ensures anerror of about 0.1—0.2%.
4. The error due to automatic control of the re~
sult of solution of the simulation formula by means

of the servo system is not more than 0.5%.

5. The error due to inequality of the heating tem-
perature on the outer side faces of the plates is not
more than 0.2—0.3%, since the heating of the two sides
is equalized before the experiment.

6. The error due to inaccuracy of the simulation
formula is not more than 0.5%.

Thus, the total error in the automatic determina-
tion of the temperature dependence of the thermal dif-
fusivity by means of the electric computer is not more
than 5-6%.

NOTATION

Here a denotes the thermal diffusivity; t; is the tem-
perature of heating of the outer side faces of speci-
mens; At is the temperature drop on the specimen;
is the thickness of specimen; 7 is the time; I is the out-
put current of the converter.
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