
MEASUREMENTS WITH THE HUNGARIAN HEAT-FLOW CALORIMETER

L. Bod"

This calorimeter, like the others, consists of three
essential parts:

1) the calorimetric sample; the. radiation energy absorbed therein
is to be determined;

2) the jacket; a well defined environment which includes the
calorimetric «ample;

'3) the heat transfer medium, separating the former two.

The measurement with this calorimeter consists of the
determination of the equilibrium temperature difference between the
calorimetric sample and the jacket of the calorimeter in the radiation
field. From this the radiation energy absorbed in the calorimetric
sample can be evaluated.

This type of calorimeter is frequently described as an
isothermal calorimeter on the basis that after the equilibrium
temperature has been reached, the temperature of the sample does
not change, i, e. it remains isothermal. But measuring the
temperature of the sample from the instant of placing it in the radiation
field we find that this temperature changes, in the way determined
by the well-known differential equation

_ _ _ k ( T_T > ) .
dt me x j

Here w = the heating power (the rate of energy deposition)

m = the mass of the calorimefcric sample

c - specific heat of the substance of the calorimetric
sample

T = temperature of the calorimetric sample

T. = the constant temperature of fche jacket

k = heat conduction coefficient.
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It can be seen from [, 1] that when the sample
temperature is constant, i. e.

then the heat energy deposited in the sample equals that which flows
out i, e.

'.,

[2] -^- = k(T - T.)1 J me e j

and this is why we prefer the terminology: heat flow calorimeter.
In [2] T = the equilibrium temperature of the sample. It is
apparent from [ 2] that the heating power or rate of energy deposition
is

[3] v/ = mck(T - T.) = mck ATe j

The factor mck is determined in a calibration procedure making use
of the electrical heater built into the sample.

Energy from the radiation field is absorbed not only by
the sample, b'ut also by the structural materials of the calorimeter.
Therefore not one, but two calorimeters are constructed. The
second calorimeter is the same as the first one, except that it has
no sample. This second calorimeter, called as the "empty calorimeter"
serves for the measuring of the "back-ground". The two calorimeters
together form a differential calorimeter that has to be used in two steps.

The Hungarian calorimeter (Fig. 7) is a version of the
Vinca calorimeter [ 1] adapted to the core of the Hungarian WWR-SM
reactor. The jacket of the calorimeter is a stainless steel tube,
outer diameter 28 mm and wall thickness 0. 4 mm. The sample is a
graphite cylinder, outer diameter 13 mm, 55 mm long and 2 mm wall
thickness. The calibration heater, with a resistance of 250 Q mounted
on a thin film of mica, is set inside the sample. The graphite sample
with the calibration heater is contained by a thin aluminum capsule
(0.2 mm wall thickness). This capsule is needed to ensure that the
surface temperature of the calorimetric sample is uniform. The
capsule is suspended in the center of an aluminum cylinder, 0. 2 mm
wall thickness, which fits tightly into the stainless steel jacket. The
two thermocouples (copper constantan) shown in Figure 7 are connected
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so as to give the difference in temperature between the sample and
the jacket.
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Figure 7 - HUNGARIAN HEAT FLOW CALORIMETER
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?rhe thermocouple and the heater are connected to
glass-insulated lead-throughs. The purpose of the small tube built
into the bottom of the jacket is to evacuate the absorbed gases after
connecting the calorimeter to a vacuum pump and making use of the
calibration heater. This out-gassing increases the stability of the
sensitivity of the calorimeter. Finally the calorimeter is filled
with N2 at atmospheric pressure and the small tube is sealed. This
Ns is the hea<- transfer medium of thr calorimeter.

The completed calorimeter is calibrated. The
calibration, heater of the calorimeter is fed from a stabilized power
supply. The power is determined by using a precision microammeter
and a digital D. C.-voltmeter. The resulting temperature "difference
is registered by a recording millivoltmeter. Dividing the temperature
difference measured in microvolts by fche power measured in milliwatts
gives the sensitivity of the calorimeter S in [TV/mW at the given
temperature difference. In. Figures 8 and 9 the calibration curves
of our calorimeters used in the reactor MELUSINE are plotted.

The measurement in the reactor MELUSINE was done as
follows: First the empty calorimeter was inserted in position 82, which
had the smallest dose rate of the positions to be used for the measure-
ments. The temperature difference due to radiation heating was
registered by a recording millivoltmeter. After the temperature
difference reached equilibrium this calorimeter was placed into
position 72, in which the dose rate was higher. The graphite
calorimeter was then inserted into position 82. In the next step the
empty calorimeter was placed in position 62 and fche graphite calori-
meter in position 72. The graphite calorimeter was finally placed- in
position 62. From ibe measured values the energy absorbed by the
unit mass of the graphite in the different positions was determined as
follows: The temperature differences measured in fxV by the empty
and the graphite calorimeter s respectively were divided by the
sensitivity S taken from the curves. From the heating power obtained
in this way for the graphite, I'.ie empl/ calorimeter heating power was
subtracted. The difference was divided by the mass of the
graphite sample and we obtained the following resulcs:

MELUSINE position_____________82_______72______62_____

absorbed dose in graphite
(mW/g)* 104 196 435

* The results are normalized to 160 nnW/g monitor value.
The mass of the graphite calorimetric body: 3. 9502 g
The total mass of Al-capsule + heater: 2. 3525 g
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To sum up it can be staked that this type of calorimeter
is advantageous because

1) its construction is relatively simple;

2) it can be calibrated in advance, therefore the evaluation of the
measurement data is simple;

3) it can be recalibrated after the measurements, thus it can be
corrected if there is any change in the sensitivity of the
calorimeter;

4) the differential measuring principle makes unnecessary any
correction in {he evaluation of the measurement results.

A drawback of the calorimeter resulting from the
differential measuring principle is that in one position and at one
reactor power two measurements have to be accomplished instead of
one.
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