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Abstract

Secondary working fluids (secondary refrigerants, heat transfer fluids,
antifreezes, brines) have long been used in various indirect re-frigeration
and heat pump systems. Aqueous solutions (water solu-tions) have long
been used as single phase (liquid only) secondary working fluids for cooling
in supermarkets, ice rinks, heat recovery systems, heat pumps and other
applications. However, aqueous solutions are increasingly used also for freezers
in supermarkets and other applications in low temperature refrigeration.

Of importance when comparing different secondary working fluids for
indirect systems are the following basic thermophysical properties: freezing
point, density, viscosity, specific heat, and thermal conductivity. Reliable data
of these properties are needed to choose suitable fluid and to make technical
calculations of an indirect refrigeration or heat pump system.

The main intention of this work has been to select thermophysical property
data with good or acceptable technical accuracy of a number of aqueous
solutions that can be used by the refrigeration and heat pump industry, rather
than focusing on a limited number of property values or scientifically very
accurate measuring techniques.

A thorough literature search was in view of this made to find the most
reliable property values of aqueous solutions. Detailed literature references
are given for thermo-physical properties of the following aqueous solutions,
without other additives: Ethylene and propylene glycol, ethyl and methyl
alcohol, glycerol, ammonia, potassium carbonate, calcium, lithium, magnesium
and sodium chlorides as well as potassium acetate and potassium formate.
Some laboratory measurements were made of most of the fluid types when
literature values were incomplete or deemed unreliable. Methods used are
briefly described and results are given.

Much of the work was reported on in the Engineering Licentiate Thesis:
Thermophysical properties of liquid secondary refrigerants, A Critical Review
on Literature References and Laboratory Measure-ments (Melinder 1998a).
That material forms the basis for the charts and tables used in the IIR-
publication Thermophysical properties of liquid secondary refrigerants
(Melinder, 1997). The present thesis reports on an update made since 1998,
including re-view work done on two additional fluids not covered in Melinder
(1998a).

The thesis describes how the selection of property values results in tables
and charts intended for the industry. Coefficients for poly-nomial equations are
generated from these property values using a Matlab program and this material
is intended as a useful tool for computer treatment. Aqueous solution of ethyl
alcohol is used as example to see how this process is made. This choice of fluid
can also be seen as a test of this method, as the basic thermophysical properties
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of aqueous solutions of ethyl alcohol present more chal-lenges than the other
fluids examined.

A comparison is made of a few types of aqueous solutions used as secondary
working fluids for two types of applications. The first example is bedrock heat
pumps and the second is cooling cabinets in a supermarket. An effort is made
to see how the additive con-centration affects the thermal performance.

Most aqueous solutions used as single-phase secondary fluids can also be
used as ice slurry, a fluid consisting of liquid and ice where small ice crystals
are produced, usually with some type of ice generator. The ice crystals are then
transported to the cooling object from which heat is removed when ice crystals
melt. This results in less temperature change in the cooling object and makes it
also possible to reduce the volume flow rate and to use smaller pipe dimensions
in the system.

In order to choose a secondary fluid for ice slurry use and to make correct
technical calculations of the ice slurry system there is a need to examine and
evaluate thermo-physical properties and other aspects of ice and of the aqueous
solution used. For dimensioning purposes it is of interest to estimate ice
mass fraction and enthalpy values and enthalpy-phase diagrams can serve
that purpose. This thesis presents enthalpy-phase diagrams made by author
that besides isotherms contain lines with ice fraction and lines connecting
enthalpies at freezing point and 1, 2, etc. to 10 K below the freezing point curve.
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