
MEASUREMENTS WITH THE HUNGARIAN CALORIMETER

L. Bods:

The calorimeter is of the heat-flow type, frequently
described also as an isothermal and steady state temperature difference
type calorimeter. In it the graphite sample is suspended axially in
a stainless steel jacket and the temperature difference between the
sample and jacket is measured by copper-constantan thermocouples.
Knowing the equilibrium temperature difference at the calorimeter in
the radiation field, the radiation energy absorbed in the calorimetric
body can be evaluated, making use of the calibration curve determined
with the use of the calibration heater wound on the surface of the
sample.

The graphite sample is a right cylinder 50 mm long and 8 mm
in diameter. The density of the graphite is 1. 79 g cm"3. The silk
coated fine gauge (0, 1 mm) constantan calibration heater with a
resistance of 70 ohms is wound in a helical spiral groove cut into the
sample surface. One copper-constantan thermocouple, insulated in
alumina tubing 1.0 mm in diameter is located in a vertical groove on
the surface of the sample. The sample is suspended with fine gauge
copper wire in the axis of an aluminum cylinder, 0. 4 mm wall thickness.
This cylinder fits tightly into the stainless steel jacket. The second
thermocouple, also insulated in alumina tubing, is located in a vertical
groove cut into the outer surface of the aluminum cylinder. The
constantan wires of the thermocouples are connected establishing a
thermopile, which measures the temperature difference between
sample and jacket.

The stainless steel jacket is 100 mm long, 22 mm outer
diameter and 0. 5 mm wall thickness. Into the upper end cap four
glas s-insulated lead-throughs are brazed. The lower end cap has a
small tube through which the absorbed gases are evacuated connecting
the calorimeter to a vacuum pump and making use of the calibration
heater. The two stainless steel end caps are brazed to the jacket.
After outgassing the calorimeter is filled with N2 at atmospheric
pressura and the small tube is sealed by crimping and external brazing.
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Then the vacuum tightness of the seal is checked.

The calorimeter is sheathed in an aluminum can 130 mm
long, 24 mm outer diameter and 1.0 mm wall thickness. This can is
extended with an aluminum tube 190 cm long, 6 mm outer diameter
and 0.6 mm wall thickness. This tube sheaths the four-bore alumina
tubing, insulator of the four copper wires connecting the calorimeter
to the four-core shielded cable. The alumina tubing is needed here,
because normal cables cannot withstand the high level of the radiation.
At the joints of the copper wires and the cable double water sealing is
provided.

The details of the calorimeter are shown in Figure 1.

The completed calorimeter is calibrated. The calibration
heater is fed from a stabilized power supply. The power is determined
by measuring the voltage at the output of the power supply and the
voltage drop at an 1 ohm precision-resistance by a digital D. C. -volt-
meter. The energy dissipated in the cables is taken into account.
The resulting temperature difference is measured and recorded on the
chart paper of a millivoltmeter. Dividing the temperature difference
measured in microvolts, by the power measured in milliwatts gives
the sensitivity of the calorimeter S in |iV/mWat the given temperature
difference. In Figure 2 the calibration curve of the calorimeter is
plotted.

The calorimeter described above is a modified version of the
differential heat-flow calorimeter with which we participated in the
International Intercomparison of Calorimeters at C.E.N., Grenoble
in 1970 (1). The differential and the modified calorimeters were inter-
calibrated in the Hungarian WWR-SM reactor and complete agreement
was found (2). We participated in the International Seminar on In-Pile
Calonmetry, held in May this year at Swierk, Poland, with this
modified calorimeter (3).

For a tank type reactor, to which during operation without a
special instrument no access is possible, only the heat-flow type of
calorimeter can be used.

The dose rate measurements were made in two positions,
A-6 and B-7, in the N. R.C. "Democritos" research reactor. After
placing the calorimeter into the first position the temperature difference
due to radiation heating was measured and recorded continuously on the
chart paper of a millivoltmeter. When the temperature difference
reached equilibrium the calorimeter was moved to the second position
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Figure 1 - The Hungarian Heat Flow Calorimeter
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Figure 2 - Calibration Curve for the Hungarian Heat Flow Calorimeter
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where the temperature difference reached a new equilibrium. From
the measured values the energy absorbed by unit mass of the graphite
in the different positions was determined as follows: The division of the
temperature differences measured in |xV by the sensitivity S in (j.V/mW
taken from the •• alibration curve gives the heating power in mW, which
is then divided by the mass of the graphite, 3.805 g. The contribution
due to the mass of construction materials attached to the sample-
thermocouple, wire suspension, calibration heater- was taken into
account. No other corrections have been applied. Two measure-
ments v are made in each position. These gave the following averages.

Dose rate in graphite due to gamma rays and fast neutrons in
N.R.C. "Democritos" research reactor:

Position

B-7

A - 6

M rad h ' i

80. 5 ± 5 %

183. 1 ± 5 %
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