The follow are excerpts from the Solar Heating Materials Handbook, AnaChem, Inc,
1981, and are presented as a reference aid for those people studying for the CoSEIA Solar
Thermal Certification test.

DESCRIPTIONS AND PROPERTIES

The transfer of heat is a major function of any solar system.
In many systems, a heat transfer fluid transports the thermal
energy collected at the absorber plate to a useful load or to an
area where the heat is stored for later use. As it moves from the
collector to the load or storage and back to collector, the heat
transfer fluid interacts with different materials. The
interactions that occur will determine, to a large degree, the need
for future maintenance requirements. Many problems that occur in
solar systems can be traced directly or indirectly to the heat
transfer fluid.

Liquid heat transfer fluids can be classified under four broad
headings: water, glycols, hydrocarbon oils, and silicone fluids.
They often contain additives that are designed to inhibit corrosion
and degradation. Two other fluids are used in solar heating
systems. Chlorofluorocarbons, also referred to as CFCs or Freons,
while put into systems as liquids, function by cycling between the
liquid and the gas phases. Air is a gaseous heat transfer fluid.
Because these widely varied types of compounds may have
significantly different values for one or more of the properties
important to their functioning in a solar system, interchanging
heat transfer fluids in an existing system can lead to problems.

The ideal 1iquid heat transfer fluid will possess the
following properties:

high heat capacity

low density or specific gravity

high thermal conductivity

good viscosity characteristics

high boiling point and low freezing point

Heat capacity - The thermal capacity of a given weight of
fluid is directly proportional to the heat capacity. Equal weights
of two fluids of different heat capacities raised to the same
temperature will contain different amounts of heat. This means
that in a system where heat is transferred from the solar collector
to the place of utilization, the rate at which the fluid must be
circulated will be less for the fluid with higher heat capacity,
all other things being equal.

Heat Water Glycols Silicones Hydrocarbons
Capacity 1.00 0.85 0.38 0.48
(Btu/1b/°F

at 180°F)



Density - Density is the weight per unit volume of the fluid;
specific gravity is the density of the fluid relative to that of
water at the same temperature. Density, along with viscosity,
needs to be considered in determining the pumping requirements for
the system.

Specific Water Glycols Silicones Hydrocarbons
Gravity 1.00 1.02 0.93 0.88
(at 180°F)

Thermal conductivity - Because only a small portion of the
heat transfer fluid is in contact with the surface of the absorber
plate or heat exchanger, heat must flow through the fluid when it
is absorbed or released. The thermal conductivity of the fluid is
a measure of how fast the heat flows. The higher the thermal
conductivity, the more efficient the heat flow.

Thermal Water Glycols Silicones Hydrocarbons
Conductivity 0.37 0.24 0.081 0.07
(Btu/h/ft/CF
at 180°F)

Viscosity - The viscosity of a fluid is a measure of the

resistance to flow caused by friction. The higher the viscosity,
the more work is required to move the fluid through the system. In
practical applications a solar system using a high viscosity fluid
will require a larger pump motor consuming more power than one
using a low viscosity fluid. As the temperature increases, the
viscosity decreases, thus requiring less pumping energy. As the
temperature decreases, hydrocarbon and silicone fluids become
viscogs to the point where they will no longer flow (the pour
point).

Viscosity Water Glycols Silicones Hydrocarbons
(Centistokes 0.35 1-2 5-10 1-10
at 180°F)

Boiling and freezing points - The boiling point and freezing
point (or in the case of hydrocarbon and silicone fluids, the pour
point) are important factors in determining the useful operating
range of a heat transfer fluid. If the boiling point of the fluid
is exceeded, pressure will build up in a closed system and could
result in broken pipes. |[f the fluid is exposed to an ambient
temperature below the freezing or pour point for an extended period
of time, it will no longer flow and pumping problems may occur.
Aqueous fluids expand upon freezing and this could lead to broken
pipes.




OPERATIONAL AND COMPATIBILITY CONSIDERATIONS

The manufacturers' suggested operating ranges and conditions
for use of heat transfer fluids in solar applications take into
account not only the boiling and freezing (pour) points of the
fluid but other factors as well. Of particular concern 1is the
chemical stability. At elevated temperatures fluids may degrade to
produce volatile products or nonvolatile polymeric or carbon
compounds. In the absence of air, most heat transfer fluids do not
degrade appreciably to volatile products, even at 450°F
temperatures (Arnold and Trujillo 1979). However, in many systems
the heat transfer fluid will be in contact with air, either because
of the original design (open system) or because of leaks (closed
system originally containing an inert gas). In the presence of
air, oxidation of the fluid may occur at elevated temperatures,
particularly for the hydrocarbon oils. The chemical stability of
the fluids is also influenced by the contact with system materials
or contaminants which act as catalysts for chemical reaction. For
example, copper, which is often a piping material in solar heating
systems, acts as a catalyst for the chemical degradation of some
hydrocarbon fluids.

The other materials in a solar heating system not only affect
the heat transfer fluid but are also affected by the fluid.
Plastics and metals in the various parts of the plumbing system are
the materials most likely to come in contact with fluid under
normal operating conditions. Seals in pumps must not react with or
be degraded by the heat transfer fluid. Plastic piping |is
compatible with many heat transfer fluids, but silicone fluids can
cause stiffening and hardening of polyvinyl chloride pipes. Metal
piping is also compatible with many fluids, but particular
attention must be paid to the problem of corrosion. Corrosion,
once started, usually cannot be stopped, and if it is not stopped,
it will ultimately lead to system failure. A general discussion of
the types of corrosion is given in the Compatibility Section of
Chapter 2 Basic Concepts. Unfortunately, it is very difficult to
eliminate corrosion from a metal-containing system, but there are a
number of ways to slow the process. The following guidelines will
aid in creating a system for which the rate of corrosion of the
interior portion is minimal:

Use a minimum number of metals in the system. |If there
is only one metal, the problem of galvanic corrosion is
eliminated.

In multimetal systems, use a getter, that is, pieces of
the anodic metal strategically located in the system so
that they will dissolve prior to the dissolving ofother
anodic components. This is known as cathoagic protection.



Use a heat transfer fluid that is compatible with the
metals in the system, The manufacturer of the fluid
should be able to provide this information.

With aqueous solutions, use fluids which contain
anticorrosion additives for the specific metals in the
system.

Purge air from the system when adding the heat
transfer fluid.

Design the fluid-containing system so that there are no
areas where gases can be trapped.

Use distilled or deionized water for diluting
glycol-based heat transfer fluids.

Use fluid velocities of less than 2 feet/second.

Additional considerations for the use of specific metals in contact
with heat transfer fluids are presented in Table 3-1.

The heat transfer fluid will be supplied to the system at
about 75°F but will be at about 180°F under normal operating
conditions. Since the fluid expands as the temperature increases,
there must be adequate volume in the system to accommodate this.
The coefficient of thermal expansion is the parameter to use in
calculating the volume of the expansion tank included in the
plumbing system. In a closed system, the pressures can increase
sufficiently to cause pipes to rupture if an adequate expansion
volume 1is not allowed. It is desirable to have a low coefficient
of thermal expansion.

Coefficient Water Glycols Silicones Hydrocarbons
of Thermal 0.01 0.03 0.06 0.03-0.08
Expansion

(3/°F)

The cost of a heat transfer fluid is also an important factor
in determining its selection. It is the lifetime cost, which
includes the initial cost plus the cost of replacing the fluid at
regular time intervals, which must be calculated. Different fluids
require replacement at different intervals.



- R R R N AL S 2 B T T e M LW W W mrw
1.

polluting materia A material that does not readily degrade may
remain in the environment for many years.

When a liquid is released into the environment, many transport
and reactive processes can occur. In soils, a 1liquid may be
strongly adsorbed to soil particles and remain immobile (unless
eroded away), it may diffuse through the soil, or it may be carried
along (leached) with water that is moving through the soil. In
water, a substance may be uniformly dissolved. It may also be
immiscible with water and float (perhaps with foaming), settle to
the bottom, or be dispersed as droplets. Liquids can easily move
between environmental soil and water systems by many different
mechan i sms.

Living organisms can be agents in the transport of released
materials. Bacteria, plants, and animals can bioaccumulate some
materials and, thereby, introduce solar system pollutants into
various food chains. Some waste liquids (especially oils) can
adsorb on animal bodies and be transported directly by the animal.

The numerous transport paths available to a liquid that is
released into the environment are strongly dependent on local
conditions such as temperature, terrain, and water movement. Every
release is unique and individual, and no general model is available
to accurately predict the route taken.








































































