MEASUREMENT OF THE MIXING TEMPERATURE OF
MODERATELY DENSE GASES

Yu. I. Popov and L. S. Kotousov UDC 533.27

The mixing temperature was measured at constant volume with pressures of 2-25
bar and temperature of 294°K, The excess enthalpy of mixtures CO,~He and
Ny—He was determined; it was found in this region to be only weakly dependent
on the pressure.

The mixing temperature with specified pressure and temperature, i.e., the excess
enthalpy, has been studied very insufficiently in the past in regard to moderately rarefied
and moderately dense gases. For dense gases it was determined in an isothermal flow calorim-
eter [1-9] at pressures of more than 10 or 20, sometimes 30 bar, and also in an adiabatic
flow calorimeter {8, 9]. The flow-calorimeter method was used in verifying the correctness
of the concept of the mixed second virial coefficient in calculating the mixing temperature
of moderately rarefied gases [10].

The authors of the works above extrapolated the mixing temperatures on the basis of a
direct proportional dependence on the pressure in the region of lower pressures in accor-
dance with only the second virial coefficient in the equation of state of the mixtures being
taken into account. Altunin et al. [10] measured the excess enthalpy of the mixtures Ar—He
and CO;—He in the regions 0.6~2 and 0.2-2 bar, respectively, at 295°K. And though the
experimental data from a flow calorimeter for CO,—He indicate an even greater drop of the
mixing temperature than would correspond to direct proportionality, the authors of [10] con~
cluded that the law of direct proportionality may be used.

The articles {11, 12] present the results of measurements of the excess enthalpy in a
closed calorimeter for gases in the regions 0.15-0.9 and 2-15 bar, respectively. These data
show that the excess enthalpy is only weakly dependent on the pressure in the range 0.15-

15 bar. At pressures of a few bar or less it is much higher than the value calculated by
the equation of state with the second virial coefficient, and this is particularly character-
istic of mixtures of He and H, with heavier gases.

Below we present the results of measuring the excess enthalpy of the mixtures CO,~He
and N,—He at 294°K, the mole fraction of the heavy component being 56% in the range 2-25
bar.

We used a thick-walled closed copper calorimeter whose design and dimensions, as well
as the arrangement and method of measurements on it, were described in [12]., The principle
of measurement consists in recording the changes in the temperature of three microthermistors
STZ-18 glued to certain points of the calorimeter walls for finding the mean cooling effect
of the bomb upon mixing of the gases originally filling its two parts and separated by a
movable shutoff device. The nonuniform cooling of the calorimeter at the initial stage
of mixing is caused by the non-steady-state diffusion thermoeffect, which, throughout the
entire calorimeter and during the entire mixing time, also integrally gives rise to the
effect of the mixing temperature (see [13]).

After the separating valve has been opened, the cooling of the bomb attains its maximum
after 1-6 min, depending on the gas pressure. However, heat exchange with the enviromment
then causes a gradual drop in the temperature effects. Checking the end of mixing was
possible to carry out after the pressure ceased to change in this process, the changes
being registered by a reference manometer class 0.6; the cessation of change in pressure was
fairly noticeable at pressures exceeding 10 bar. Mixing practically ended at the instant
following the attainment of the extremum of the temperature effect after 1-4 min, depending
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Fig. 1. Dependence of the reduced excess enthalpy on
pressure at 294°K and mole fraction of the heavier
component 567%., Mixture CO,—He (a) and N,—He (b):
1) our measurementsj 2) nonequilibrium thermodynamic
calculation [14]; 3) calculation by the equation of
state with the second and third virial coefficients.
p, bar,

on the pressure. From the course of the temperature effect, the rate of its drop due to
heat exchange was determined. This rate was multiplied by the time from the beginning of
mixing, and the given correction of the mixing temperature was taken into account in the
final result according to the heat capacity of the calorimeter. The correction calculated
according to the rate of drop of the effect at later instants was always somewhat lower,
which indicates that the method of calculating it is correct.

In the given calorimeter, direct measurements yield the mixing temperature at constant
volume and temperature. This last is correct because the temperature effects always satis-
fied the condition AT« T. To go over to the excess enthalpy, we use the general thermody-

namic relationship
oU __( au ) %_( ou ) ( oV ) ' (1)
( 0X1 ,)T,p axl T,V ov T,x, axi T,p

If we integrate from X; =0 to X; =Xi.e in one part of the calorimeter containing initial-
ly the pure gas 2, and correspondingly from x; =1 to xX; =X e in the other part, we obtain

Uty — US — Uy = U (1) — N (et + Xoot13) = AU. (2)
Hence
U oU
UE=(AU)r,, = (AU)r,v + (_GT/—)T . VE=Qr,v-+ (—5‘7—>T . VE, (3)

where (aﬁ/BV)T’x1 is the mean value according to the lawrof the mean. But

oU \ (U U as>=_ T(_ap__ “
(W)T“(av)s+(as)v(avy i aT)V

It is obvious that

6p=—p+T<—§$—)v<<p )
with the given conditions of measurement.
Finally, _ (6)
UE = Qr,y + O0pVE,
and for excess enthalpy we have
HE = Qr,y + 8pVE + pVE = Qr,v + pVE. @

1358



The correction pUE is negligibly small at pressures not exceeding a few bar according
to the data for the magnitude of UE. However, at pressures exceeding 5 or 10 bar, especially
when the mixture CO,—~He is involved, this correction must not be neglected any more., In the
first approximation

pVE = VAp. (8)

Expression (7) was used in [11], and it was noted that for the investigated mixtures
at pressures of the order of magnitude 1 bar or less, the excess internal energy and the
excess enthalpy differ only negligibly little from each other.

Figure 1 shows the results of the determination of excess enthalpy. These data are com~
pared with the theoretical values obtained by amalysis of the equation of state with the
second and third (for the mixture CO,—He) wvirial coefficients, and also with the values
calculated in accordance with the phenomenological approximation [14] at a pressure of about

~ JVE
1 bar with the addition of the integral.AhE(p)zzS (UE~—7"~5f—) dp for higher pressures.

A comparison with the data of [15] shows that at a pressure of 25 bar, our results are
about one-half higher than the values of excess enthalpy obtained in [15] at a pressure
exceeding 35 bar in the vicinity of this pressure. However, these data were obtained at
313°K, Previously [12], it had been discovered that our data at a pressure of about 20 bar
and a temperature of 294°K for the mixture Ar—He are also higher than the results of [2].

NOTATION

T, absolute temperature; AT, change in the temperature of the calorimetric bomb: p,
pressure of the mixture; Ap, change in pressure during mixingy V, volume of the mixture;
VE, excess volume] vE, mole excess volume; U, internal energy of the mixture; Ug’z, internal
energy of the pure gases 1 and 2, respectively; ul ., mole internal energy of the pure gases;
(AU)T,V==QT,V, mixing temperature with constant volume and temperature; UY, excess internal
energy; HY, excess enthalpy; hE, mole excess enthalpy; R, universal gas constant; N, total
number of moles of gases 1 and 2j x,, mole fraction of gas 1; x;o, equilibrium mole fraction
after mixing.,
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ANALYSIS AND CORRELATION OF NEW DATA ON THE THERMOPHYSICAL
PROPERTIES OF MERCURY VAPOR

A. I, Ivanov, V. E., Lyusternik, UDC 546.49+533.1
and L. R, Fokin.

The article contains a critical analysis of the experimental data concerning the
thermophysical properties of mercury vapor and the coordination on the basis of
the simultaneous processing of the data on saturation pressure, viscosity, and
heat conductivity.

In the preparation of reference data on the thermophysical properties of mercury vapors
for the monograph [1], the properties at temperatures up to 2000°K and pressures of 10 MPa
were generalized on the basis of a single potential of interatomic interaction of atoms,
chiefly in the 6'S, state. We implemented the method of simultaneous determination of the
sublimation temperature AH and two parameters of the selected potential: the potential well
depth ¢ and the collision diameter d with joint approximation of the experimental data on the
saturation pressures Pg-Tg, and also viscosity n(T) and heat conductivity A(T) of the rare~-
fied vapor. The main calculations of the reference data were carried out with the aid of
the Morse potential (B=4.5), and later [2], the Lennard-Jomes (L.-J.) potential (9-6) was
also successfully applied.

At the same time, the following problems in the investigation of the properties of mer-
cury were discovered. i

1. The experimental data on the heat capacity of the solid phase at 4~20°K contain a
considerable error, making the principal contribution to the error in determining the sublima-
tion temperature A(AHS) =60 J/mole, and they are, as noted in [2], probably exaggeratedly
high. ’

2. On the basis of a critical analysis of the data on the viscosity and heat conduc~-
tivity of the vapor, preference was given to the results of Braune, Basch, and Wentzel [3]
regarding viscosity in the interval 490-880°K, and this work was the basis for determining
the potential. Like any single work, it needed confirmation.

3. In joint processing of the data, it was dicovered [1, 2] that the only results of
measuring saturation pressure in the interval 600-800°C [4] claiming very good accuracy
were in effect 1.5-27 too high.

At present we are in possession of the results of new measurements of the properties
of mercury vapor which, on the whole, confirmed the earlier generalizations [1, 2]. Part
of this work [5, 6] was carried out upon the initiative of the Section of Liquid Metals,
Scientific Council "Thermophysics' of the Academy of Sciences of the USSR with the object
of verifying existing data. Then we give a brief analysis of the new experimental data, a
selection of the errors for calculating the weights, an algorithm for and the results of
repeated joint processing.
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