TEMPERATURE COEFFICIENT OF ADIABATIC COMPRESSION FOR PURE WATER

A. A. Aleksandrov UDC 536.416-34

Data on the speed of sound are used to obtain values of the temperature coeffi-
cient of adiabatic compression for water at pressures to 1000 bar.

The tempeature coefficient of adiabatic compression
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is a partial derivative of a function, knowledge of which allows good definition of the
thermodynamic surface in composing an equation of state for a liquid. Data on derivatives
is specially important for water because of the very anomalous changes in its properties.
On the other hand, By values are used in the thermodynamic method of calculating hydraulic
machine efficiency [1], which demands high accuracy. However, as was shown in [2], calcula-
tions of state possible for water yield significantly different Bg values, and to obtain
reliable values [2] carried out an experimental measurement of the temperature coefficients
of adiabatic compression over the temperature range 2.74-80°C at pressures to 840 bar.

In the technique used in [2], finite temperature and pressure differences are measured,
and their substitution into Eq. (1) leads to some averaging of the Bg values obtained, which
can prove significant in the region of the water anomaly. This shortcoming can be avoided
if to calculate Bg we utilize data on the speed of sound propagation.

In the present study Bg values were calculated with Eq. (1), in which the quantities
Cp and (9v/aT)p were defined from data on the speed of sound, as given by an equation in
[3]. To do this step-by-step iteration was used to obtain the equation of state proposed
in [4]. The calculated Bg values are presented in Table 1,

A comparison of the calculated values with data of [2] is shown in Fig. 1. For tem~
peratures from 20 to 80°C the divergence is basically no more than 0,5%, which was the esti-
mate made in [2] of the experimental uncertainty in this parameter range. With decrease in
temperature the relative divergence increases, since the Bg values themselves decrease (at
the maximum density point the value of Bg passes through zero). However, in absolute value
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Fig. 1. Divergence of experi-~
mental and calculated values
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1984. Original article submitted January 26, 1983.

846 0022-0841/84/4701-0846508.50 @ 1985 Plenum Publishing Corporation



L978'S

0L98°g 67067 198% ‘v 0810°‘% gg8e‘e 9681°¢ | 0BYL'T | 16v8‘G | 8g0o6‘l | 088¢°1 899%°1 0001
2556 g V25" L6¥6' Y L98Y ‘¥ 2080°% 9185°¢ gler‘e | 6889°'C | €093°Gc | 810811 GQIGy'I vege‘1 006
6£00°9 €667 G 6166V 6916°y 870 08.5°€ oFI1‘e | ¥ESO'C | ¥I81°G | ¥969°1 | LPIE'l 6GL1°1 008
S160°9 0295'g 86¥0°S 8085 ‘Y $090°% 6vL9'€ 6060°C | 9909'G | €011°Z | 688G°1 | 86911 L3101 06L
gg81‘ 9 6989'¢ L9018 9.89'V 8L0‘¥ £5.9°¢€ 2990‘c | lege‘z | 68z0°‘ | 8€9%‘1 | €S10°! #1¥8°0 009
69829 LAV 1991°g 8139y L260‘Y ¥0L4°€ g070'e | 180¢‘G | €€¥6'l | 9.8€°1 | 60098°0 02490 00
¥96€°9 or08‘g ¥1€3°‘g 81L9‘% 8611y G696°¢ €P10°C | LOVPG | €€98°1 | 680%‘1 ) €VEL9°0 £6007°0 00¥
0815‘9 0868°¢g 150€‘¢g L6iL'Y SPPT‘% 1699°¢€ 9/86°c | €688°% | 06aL°l | €890‘1 | G¥S8Y 0 921920 00€
0/¥9°9 6666°S 16/8'S 612L'% 8IL1'Y 1128°¢ 0196°% | Boee‘'s | ¥099‘Y | 88zI6'0 | 80.8Z°0 8L650°0 002
96L.°9 8011°9 6595 ¢ 6828 % 030Z‘¥% 17.8'€ 6¥€6°c | 103G | ¥.99°1 | €09S.‘0 | S0080°0 16108'0— 001
ges8‘9 6691'9 9.08°S 6987 €g1g‘y €9,9°€ 35G6° | 96£5°C | Sh0S‘l | 80SL9°0 | €vYg0'0— | 291ge0— 08
98269 10€2°9 yege‘s 6068 ¥ GSEG ¥ 1626'€ 1606'G | S60G‘G | BISK‘I | Le¥65‘0 | GI€C1‘0— | 80GHY'0— 1
L1411 06 08 02 09 09 (134 og 0% o1 ¥.'% 0 1eq .m
D, Pinjeiadwag
aeq /i, .no.n.mm 123eM Jo uofssaadwon OTIBRGERIPY JO IJUITOIFIF0) aanieradway T ATEVL

847



the divergence is not high, comprising 4.5°107° deg K/bar at the lowest temperature pre-
sented in [2], 2.74°C. All the divergences are significantly less than those noted in [1]
for values calculated with equations of state, which again illustrates the fact that in the
liquid region equations of state based on P, v, T data which describe density well can lead
to significantly diverging values of derivative properties.

We note that in our calculation experimental data on density and isobaric heat capacity
are necessary only at atmospheric pressure. For the high-pressure region only data on the
speed of sound are required [4]. The results obtained indicate the possibility of accurate
calculation of Bg from acoustical studies without performing complex experimental measure-
ments of 'this quantity.

NOTATION

Bg, temperature coefficient of adiabatic compression; T, absolute temperature; Cps
isobaric heat capacity; v, specific volume; s, entropy; p, pressure.
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VOLT~AMPERE CHARACTERISTICS OF AN AC ARC IN A TRANSVERSE GAS FLOW

N. V. Pashatskii and S. G. Lisitsyn UDC 537.523.5

An analytical dependence of the volt—ampere characteristic of an arc on the
velocity of the incoming transverse gas flow is obtained. The stability thres-
hold of arc combustion is determined. '

The ac electric arc is widely used as an intense heat source in various devices: steel-
smelting furnaces,welding instruments, plasmotrons, etc. The existing theoretical investi-
gations in the literature are basically calculations of an arc without a gas flow [1] and
with a cotraveling flow {2]. There are practically no data on an arc in a transverse flow.
Only in [3] was the experimental volt—ampere characteristic (VAC) of an arc moving in air
under the action of a rotating magnetic field investigated.

In deriving the theoretical equations for an arc in a transverse gas flow, the follow~
ing assumptions are made: the form of the arc is cylindrical; the axis Ox is parallel to the
direction of the incoming flow; the axis 0z coincides with the arc axis; the influence of
the intrinsic magnetic field of the arc and the pressure gradients in the gas flow is
neglected processes occurring close to the electrodes are neglected; a constant mass ve-
locity 4 = oV is assumed inside the arc; and the pulsations of enthalpy and gas velocity
following the arc are not taken into account,

First consider the enthalpy distribution in the arc. The energy equation for the given
arc model is written in the form
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