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Energy Note

Solar water heating
options in Florida

John Harrison FSEC-EN-9-85
Tom Tiedemann February 1985
Florida Solar Energy Center
Introduction can be manually drained by closing the isolation valves

This document is intended to acquaint Florida’s (logatecl above the storage tank) and opening the
general public with typical methods of heating house- drain valves.
hold water by means of the sun. The types of solar Automatic recirculation is another means of freeze
systems discussed are pumped (both direct and indi- protection for this type of system. When the water in
rect), thermosiphon and intearal collector storage. the collector reaches a temperature near freezing, the
The systems illustrated in Figures 1 - 6 can be seen controller turns the pump on for a few minutes to
at the Florida Solar Enerqy Center's Solar Training warm the collector with water from the tank.
and Education Project facility.
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This is the type of system most commeon in Florida. Sensar
As illustrated in Figure 1, it has one or more solar
energy collectors installed on the roof and a
storage tank somewhere below, usually in the
garage or a utility room. A pump circu- Freese
lates the water from the tank up to the prevention
collector and back again. This is called a ralve
direct {or open loop) system because the
sun's heat is transferred directly to the

T, Salar collector

potable water circulating through the col- Hot water
lector tubing and storage tank; no anti- from eollecior — S
freeze solution or heat exchanger is Hot water N
involved. ' 1o house S \/
This system has a differential con- Drain valve X ,
troller, which senses temperature differ- isolation valve \ Cold water B Drain valve
ences between water leaving the solar Flow indicalor ] s"ppl?
collector and the coldest water in the . [~ Drain valve
storage tank. When the water in the col- CD::::::::I — Isolation valve
lector is about 20°F warmer than the controller Flow indicator Cold water
water in the tank, the pump is turned on Pump - Check valve to collectar
by the controller. When the temperature |
difference drops to about 5°F, the pump ' Iiptes:;:;t:a?:emure
is turned off. In this way, the water ~ D |
always gains heat from the collector L J
when the pump operates. Flow ndica- ' Storage tank
tors mounted in the pipes indicate when ,
the pump is operating. J
Sensor

A valve installed near the callector | | x..1| !
provides freeze protection. Whenever \—y iJ
temperatures approach freezing, the |

valve opens 1o let warm water flow
through the collector. The callectar also Figure 1. Typical ditect pumped system.
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The system shown in Figure 2 differs from
other direct pumped systems in that the
energy to power the pumnp is provided by a
photovoltaic panel. The photovoltaic panel
converts sunlight into electricity, which
drives the direct current {dc) pump. In this
way, water flows through the collector only
when the sun is shining.

The dc pump and photovoltaic panel are
suitably matched ta ensure proper perfor-
mance. The pump starts when there is suffi-
cient solar radiation available to heat the
therma) collector panel. It shuts off later
in the day when the available solar energy
diminishes. As in the previous system, a ther-
mally operated valve provides freeze protection.

Common appliance timers also may control
system operation. The timer is set to operate
during a period of the day when solar insola-
tion is available to heat the potable water. In
order to avoid loss of energy from the tank
during aovercast days, the collector feed and
return lines are both connected at the bottom
of the storage tank. During normal operation,
natural stratification allows the warmer water
to rise to the top part of the tank.
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Figure 2. Direct system with photovoltaic-powered pump.

Figure 3. Indirect pumped systern using antifreeze solution.

Indirect Pumped System

This system design i$ common in northern
climales, where freezing weather occurs more
trequently. An antifreeze solution circulates
through the collector, and a heat exchanger
transfers the heat from the antifreeze solution
to the tank water. When toxic heat-exchange
fluids are used, a double-walled exchanger is
required. Generally, if the heat exchanger is
installed in the storage tank, it should be in the
lower half of the tank where the cooler water is.

The system illustrated in Figure 3 is an
example of this system type. Here a heat
transfer solution is pumped through the collec-
tor in a closed leap. The loap includes the cal-
lector, connecting piping, the pump, an
expansion tank and a heat exchanger. A heat
exchanger coil in the lower half of the storage
tank transfers heat from the heat transfer
solution to the potable water in the solar stor-
age tank. In this design the large heat
exchanger wraps around the tank, which
keeps it from contact with petable water,

The brain of this system is a differential
controller. In conjunction with collector and
tank temperature sensors, the controller
determines when the pump should be acti-
vated to pump the heat transfer fluid through
the collector.



Energy Note

Solar eoleciors
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Thermosiphon System

Thermosiphon systems were widely
used in the early days of solar water
heating in Florida. They are automatc,
simple and reliable. A typical system is
illustrated in Figure 5.

As the sun shines on the coliector, the
water inside is heated. It expands
slightly and becomes lighter than the
cold water in the tank. Gravity then
pulls heavier, cold water down from the
tank and into the collector inlet. The
cold water pushes the heated water
through the collector outlet and into the
top of the tank. This continuous heating
and flowing action provides a tank full of
hot water at the end of the day.

Fill conneciion
Drainback reserven

Sight glass . .
A thermosiphon system requires

neither pump nor controller. Cold water
from the city water line flows directly to
the tank on the roof. Solar heated water
flows from the rooftop tank to the auxil-
jary tank installed at ground level when-
Pump ever water is used within the residence.

Cald water supply

Figure 4. Indirect system using distilled water.

A fail-safe method of ensuring that collec-
tors and collector pipe lines never freeze is to
remove all water from the collectors and
piping when the system is not collecting heat.
This is @ major feature of the drain-back sys-
tem illustrated in Figure 4. Freeze protection
is provided when the system is in the drain
mode. Water in the collectors and exposed
piping drains into the insulated reservoir tank
gach time the pump shuts off. The slight tilt of
the collectors allows complete drainage. A
sight glass attached to the reservoir tank
shows when the reservoir tank is full and the
collectors have been drained.

When the sun shines again, the pump is
activated by a differential controller. Water is
pumped from the reservoir to the collectors,
allowing heat to be collected. The water
stared in the reservoir tank circulates in a
closed loop through the collectors and a heat
exchanger coil in the bottom of the solar tank.
The heat exchanger transfers heat from the
collector loop fluid to the potable water in the
solar tank.

The fluid used in this system is a mixture of
distilled water and antifreeze similar to that
used in automobiles. This type of fluid freezes
only at exfremelv low temperatures so the
system is protected from damage caused by
severe ¢old.

This system features a thermally oper-
ated valve that protects the collector
from freezing. It also includes isolation
valves, which allow the solar system to
be bypassed completely.
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Figure 5. Thermosiphon system.
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Integral Collector Storage (ICS) System

This system predates the thermosiphon system,
Although in its simplest form it cannot produce as
much heat as more canventional systems, it can pro-
vide reasonably hot water, or it can serve as a cost-
effective preheater for a canventional electric or
gas heater. Figure 6 is an dlustration of this
type of system.

Irn this solar system, the hat water storage system
is part of the collector. Cold water flows progressively
through four stainless steel tanks where it is heated
by the sun. Hot water is drawn from the hottest tank
at the top, and replacement water is contained in the
lower tanks. Pumps and controllers are not required.
On demand, hot water from the collector flows 1o a

standard hot water auxiliary tank within the structure.

A solar bypass valve can isolate the solar collector,
50 the auxiliary tank can be used as a standard
water heater.

prevention
valve

Hot waler te house }

Pressure-temperature relief valve -

A freeze protechion valve is installed in the plumbing
ime near the collector. Whenever temperatures neay
freezing, this valve opens to allow relatively warm
water 10 flow through the collector to prevent freezing.
The collector also may be draned manually with col-
lector drain valves.

For More Information

FSEC has other publications on solar heating of
household water and swimming pools. Topics include
economics, installation, tax incentives and sizing, To
obtain these publications contact FSEC’s Public
Information Office.

% Copyright 1985 by Florida Solar Energy Center.
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Figure 6. Integral collector storage system.
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