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ABSTRACT

According to the revisions of the Montreal Protocol, CFCs and
HCFCs will be phased out. Trifluoroiodomethane (CF;1) is consid-
ered as a promising refrigerant, especially as an important compo-
nent of mixtures, to replace CFC — 12, while the available data of its
thermophysical properties are very limited. Difluoromethane
(CH,F, ,HFC—32) is considered as the most important alternative
to HCFC - 22, by mixing with other HFCs. The research on ther-
mophysical properties of CF;1 and HFC — 32, including accurate ex-
periments of thermophysical properties and theoretical analyses, are
introduced in this dissertation.

The pressure measurement and control system in pvT measure-
ment apparatus was improved. The vapor pressure of CF;] was mea-
sured with temperature ranging from below the normal boiling point
to the critical point,and a vapor pressure equation of CF,1 was prop-
osed, then the normal boiling point and Pitzer factor of CF,I were
determined. The Principle of Burnett/Isochoric method for puvT
measurement was discussed and a new data process method derived
from thermodynamic theory was put forward. The gaseous pvT
properties of CF,1 were measured, and on the basis of the experi-
ment,a gaseous equation of state for CF;1 was developed.

A new apparatus for critical parameters and saturated — density
measurements was developed. The vapor — liquid coexistence curve
of CF;1 was measured by a visual observation of the meniscus. Not

only the level where the meniscus disappeared but also the intensity



2 ABSTRACT

of the critical opalescence were considered for the determination of
the critical temperature and the critical density of CF;1. The corre-
lation of the saturated — density in the critical region was developed
and the exponent of the power law 8 was determined. Correlations
of the saturated vapor and liquid densities and the enthalpy — vapor-
ization for CF;1 were also developed. The surface tension of CF;I
was measured using differential capillary rise method (DCRM) and a
surface tension correlation was proposed.

A new measurement method of capillary viscometer for saturat-
ed liquid viscosity measurement was put forward. The methods of
determining viscometer parameters and calibrating viscometer con-
stants were discussed. The saturated liquid viscosity of CF;1 was
measured and was correlated as a function of temperature. A tran-
sient hot — wire instrument with two hot — wires for measuring ther-
mal conductivity of fluids was improved so that it could be used in
the whole range of gaseous phase. A new data acquisition system
was also developed. The thermal conductivity of N, was measured to
test the precision of the instrument. The thermal conductivity of
gaseous CF; | was measured, and the experimental data were corre-
lated as a function of temperature and density. The values of the
thermal conductivities of the dilute gas and the saturated vapor were
obtained by extrapolation.

The speed of sound measurement apparatus was improved to
extend the measuring range and minimize the error in ideal — gas
heat capacity determination. Based on the theory of acoustics and
thermodynamics, the correcting formulas for diffraction and guided
mode dispersion, Kirchhoff — Helmholtz absorption and classical ab-

sorption dispersion and vibrational relaxation dispersion, were de-
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rived. The speed of sound for gaseous HFC — 32 and CF;1 were
measured, and then the ideal — gas heat capacities and the second
acoustic virial coefficients were calculated, respectively. The correla-
tions of the second virial coefficient for HFC — 32 and CF;1 were ob-
tained by a semi — empirical method using the square — well potential
for the intermolecular force and were compared with results based on
pvT measurements, respectively.

The critical parameters and triple — point pressure of HFC — 32
were determined. A vapor pressure equation and a correlation of the
saturated liquid density for HFC — 32 in the temperature range from
the triple point to the critical point were also presented. A crossover
equation of state for HFC — 32 was developed, which incorporates
singular thermodynamic behavior in the vicinity of the critical point
with regular thermodynamic behavior far away from the critical
point. The equation of state is effective over the entire region and is
capable of representing all the updated measurements of thermody-
namic properties precisely. The formulas of thermodynamic proper-
ties calculation, thermodynamic properties charts and tables for HFC
— 32 were also presented.

In this dissertation, the thermodynamic properties of CF,1 are
systematically studied for the first time in the world and the thermo-
dynamic properties of HFC — 32 are comprehensively and accurately
described on the basis of available experimental results. The present-

ed results can be used in the new refrigerant applications.

Keywords: thermodynamic properties, transport properties, refrig-

erant alternatives, trifluoroiodomethane, difluoromethane
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