THERMAL CONDUCTIVITY OF D,0 VAPOR

N. B. Vargaftik, N. A. Vanicheva, UDC 536.23
and .. V. Yakush

Results are shown of an experiment in which the thermal conductivity of D,O vapor was mea-
sured and the 7‘D20/ Mg,0 ratio was determined at temperatures up to 760°C under a pressure
of about 1 bar.

This report follows earlier ones and concerns the thermal conductivity of D,0 vapor.

The first tests had been performed under atmospheric pressure by the hot-wire method over the 100-
500°C temperature range by N. B. Vargaftik and L. S. Zaitseva [1], then over the 108-250°C temperature
range by C. E. Bekker and R. S. Brockaw [2]. The values in [1] and [2] differed by up to 3% for }‘DQO and
up to 1% for AH,0 at the lower temperatures.

The thermal conductivity of D,O vapor was measured by N. B. Vargaftik and O. N. Oleshchuk [3] by
the hot-wire method under pressures from 1 to 250 bars over the 145-500°C temperature range, and by
B. LeNeidre [4] by the coaxial-cylinders method under pressures from 1 to 125 bars over the 100-330°C
temperature range. All these authors measured the thermal conductivity of D,O vapor and of H,O vapor in
the same apparatus. It appears from all these tests that the >‘D2O/ My,0 ratio for the vapors is a function
of the temperature,

It was of interest to study the thermal conductivity of D,O at higher temperatures and, especially,
close to the range where the thermal conductivity of H,0 vapor had already been determined,

= The thermal conductivity of D,O vapor was measured by
the hot-wire method in an apparatus shown in Fig. 1. This tube
was placed inside a quartz case 6. The rest of the apparatus
was made of glass. The quartz case was connected to the glass
part through a special quartz-to-glass adapter tube 5. The
quartz case 6 and the test tube 7 were both placed inside a ther-
mostat 8. The test tube 7 was connected to a vapor generator
2. The vapor pressure was set according to the temperature in
boiler 3. 1In order to prevent vapor condensation, the entire
system from boiler to thermostat was heated in an oven 4.

TN,
LB
caaw

MARRAAN LN,

SASY

The tube had an inside diameter D; = 4.07 mm and an out-
side diameter Dy = 5.67 mm, the diameter of the platinum heater
wire along the tube axis was dh = 0.157 mm, and the test seg-
ment was I = 160 mm long. The resistance thermometer on the
outer surface of the test tube was made of platinum wire d = 0.1
mm in diameter. This platinum wire was of high-purity grade
PL-1 material with a resistance ratio Ry(/R, = 1.3923.

SRR ;
ASSNNRY N
N
&

oS
i e O
SURNS S LR LA URNLIINANNY

‘ Fig. 1. Schematic diagram of the test

apparatus: 1) manometer; 2) vapor The thermal conductivity was determined according to the

generator; 3) boiler; 4) oven; 5) relation
adapter; 6) quartz case; 7)test tube; 5= QIn (Dy/dy) 4 Q ’
8) thermostat; 9) weight of 4 g. 2nlAtv Af,

Translated from Inzhenerno~Fizicheskii Zhurnal, Vol. 25, No. 2, pp. 336-340, August, 1973. Origi-
nal article submitted March 27, 1973,
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Fig. 2. Thermal conductivity A of gaseous argbn as a function of the tem~
perature t: the dots represent our data, the curve represents data in [6].

Fig. 3. Thermal conductivity A of D,O vapor as a function of the tempera-
ture: 1) our data; 2) data from [3]; 3) data from [1}; 4) data from [2]; 5)
data from [H4].

with the instrument constant A depending on the apparatus geometry and on the operating temperature, Q
denoting the amount of heat transmitted from the wire to the vapor by conduction, and At denoting the tem-
perature drop across the vapor layer from wire to wall.

The calculations were corrected for heat radiation from the heater to the tube wall, for heat leakage
through the heater ends, for the temperature drop across the tube wall, and for a temperature jump.

In order to account for the effect of a temperature jump, the tests were performed under various va-
por pressures about the 1 bar level from 100 to 600 mm Hg). The correction for a temperature jump did
not exceed 3% under the highest pressure. There was no heat convection, inasmuch as Gr‘Pr < 1000 in all
tests.

Prior to measuring the thermal conductivity of heavy water, we had measured the already well known
thermal conductivity of argon in the same apparatus. The results are shown in Fig. 2, along with the val-
ues recommended in [6]; the deviation of our values from those recommended ones are within the limits of
measurement error, i.e., do not exceed 1.0~1.5%.

The tests were performed with D,O containing 99.8% deuterium isotope.

Our test results pertaining to the thermal conductivity of DO vapor are shown in Table 1 and Fig. 3.
In Fig. 3 are also shown data according to other authors. Deviations from the averaging curve do not ex-
ceed +2%,.

It seemed worthwhile, as had been in earlier studies, to measure in the same apparatus also the
thermal conductivity of normal water vapor. This would eliminate any systematic error and would yield
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Fig. 4. Thermal conductivity A of HyO vapor as a function of the
temperature: 1) recommended values [6]; 2) data from [7]; 3) our
data; 4) data from H].

Fig. 5. Ratio Ap,0/Ay,0 as a function of the temperature: 1) our
data; 2) data from [1}; 3) data from [4]; 4) data from [2]; 5) data
from [3]. ' :
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accurate values for the Ap, 0/7\H o ratio. Our test data for H,O vapor are shown in Table 2 and Fig, 4.
The deviations of our values from those in Ay, tables [6] does not exceed 1%. On the same diagram are
also shown values recently obtained by other authors. They agree with those for M1,0 in [6] within +2%,

In Fig. 5 are shown values of the AD o/ M,0 ratio, according to our tests and those by other authors
under a pressure of about 1 bar.

It is characteristic that, although the values of Xy,0 and Ap 20 according to various authors deviate
by up to 2% from the respective averaging curves, the values of the AD 0/7\H20 ratio according to all avail-
able data agree within 1%. This is so, because all the authors measured the thermal conductivity of D,O
and H,0 vapors with exactly the same apparatus and thus eliminated any systematic errors,

NOTATION
P is the pressure, mm Hg;
Q is the thermal flux transmitted by the hot platinum wire, W;
twi is the wire temperature, °C;
twa is the wall temperature, °C;
tm is the mean temperature, °C;
5tqu is the temperature drop across the wall of the quartz tube, °C;
ot; is the correction for a temperature jump, °C;
Aty is the temperature difference across the vapor layer, °C;
drad is the amount of heat radiated from the hot wire, W;
is the thermal conductivity, W/m - °C;
Al is the thermal conductivity of vapor without considering the heat leakage through the tube ends,
W/m - °C;
oA is the correction for heat leakage through the tube ends, W/m " °C.
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