Section 3: Solar Water Heating
System Installation covers the steps
involved in installing a solar water heating
system.
• Module: Collector Mounting
describes methods for properly placing
and installing solar collectors.
• Module: Component Installation,
provides guidelines for the proper and
safe placement and connection of the
remainder of solar system components.
• Module: System Installation
Checkout and Start-Up presents
start-up and checkout procedures for
systems being installed.

Collector Mounting

Section 3
Module: Collector Mounting
Introduction
This chapter addresses where and how to mount flat-plate collectors that are most often
used in solar water heating systems.
Collector Positioning
Flat-plate collectors for solar water heating are generally mounted on a building or the
ground in a fixed position at prescribed angles. The angle will vary according to
geographic location, collector type and use of the absorbed heat.
Since residential hot water demand is generally greater in the winter than in the summer,
the collector ideally should be positioned to maximize wintertime energy collection,
receiving sunshine during the middle six to eight daylight hours of each day. Minimize
shading from other buildings, trees or other collectors. Plan for lengthening winter
shadows, as the sun's path changes significantly with the seasons (Figure 1).

Figure 1 Solar window
Ideally, the collector should face directly south in the northern hemisphere and directly
north in the southern hemisphere. However, facing the collector within 30° to 45° either
east or west of due south or north reduces performance by only about 10 percent. A
compass may be used to determine true south or north. The closer to the equator, the less
the need to maintain the orientation and direction of the collector, but be aware of the
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seasonal position of the sun in the sky and how it may affect the seasonal performance of
the system.
The optimum tilt angle for the collector is about the same as the site's latitude plus or
minus 15°. An inexpensive inclinometer will aid in determining tilt angles. If collectors
will be mounted on a sloped roof, check the roof's inclination to determine whether the
collectors should be mounted parallel to the roof or at a different tilt. In general,
collectors should be mounted parallel to the plane of a sloped roof unless the performance
penalty is more than 30 percent. The mounted collector should not detract from the
appearance of the roof.
Total length of piping from collector to storage should not exceed 100 feet. The longer
the pipe run, the greater the heat loss. If a greater length is necessary, an increase in
piping diameter or pump size may be required.
If the collectors will be roof-mounted, they should not block drainage or keep the roof
surface from properly shedding rain. Water should not gather or pool around roof
penetrations. Roof curbs may be required.
Wind Loading
A mounted collector is exposed not only to sunlight and the rigors of ultraviolet light but
also to wind forces. For example, in parts of the world that are vulnerable to hurricanes or
extreme wind storms, the collector and its mounting structure need to be able to
withstand intermittent wind loads up to 146 miles per hour (Figure 2). This corresponds
to a pressure of about 75 pounds per square foot. Winds, and thermal contraction and
expansion may cause improperly installed bolts and roof seals to loosen over time. As
always, follow local code requirements for wind loading.

Figure 2 Conceptual drawing of wind loading
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Do not mount collectors near the ridge of a roof or other places where the wind load may
be unusually high. Figure 3 shows a desirable location for a roof-mounted collector.
Mounting collectors parallel to the roof plane helps reduce wind loads and heat loss.

Figure 3 Collector mounted down from
roof ridge to reduce wind loading and heat losses

Determining the actual wind-load effect on collector anchors and fasteners is difficult,
and most collector suppliers employ professional engineers to approve collectormounting details. This may be required by some local code jurisdictions.
Ground Mounting
In an alternative to roof mounting, the collector for a solar water heating system may be
mounted at ground level. The lower edge of the collector should be at least one foot
above the ground so it will not be obstructed by vegetation or soaked by standing water.
Figure 4 depicts ground-mounting details.

Figure 4 Ground mount
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Important points to keep in mind when using ground mounting include:
1. Keep threads protected with masking tape when setting anchor bolts in concrete.
2. Avoid the use of dissimilar metals. If they must be used, isolate them with
neoprene pads or silicone.
3. Coat threads with durable elastic material before tightening the nuts to prevent
rusting.
4. When possible, use galvanized anchors, which are very durable. Before installing
these bolts, check the threads – hot dip galvanizing sometimes puddles in the
grooves.
Roof Mounted Collectors
There are four ways to mount flat-plate collectors on roofs:
1. Rack Mounting. This method is used on homes with flat roofs. Collectors are
mounted at the prescribed angle on a structural frame (Figure 5). The structural
connection between the collector and frame and between the frame and building,
or site must be adequate to resist maximum potential wind loads.

Figure 5 Rack-mounted collector
2.

Standoff Mounting. Standoffs separate the collector from the finished roof
surface; they allow air and rainwater to pass under the collector and minimize
problems of mildew and water retention (Figure 6). Standoffs must have adequate
structural properties. They are sometimes used to support collectors at slopes that
differ from that of the roof angle. This is the most common mounting method
used.
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Figure 6 Standoff-mounted collector
3.

Direct Mounting. Collectors can be mounted directly on the roof surface (Figure
7). Generally, they are placed on a waterproof membrane covering the roof
sheathing. Then the finished roof surface, the collector's structural attachments,
and waterproof flashing are built up around the collector. A weatherproof seal
must be maintained between the collector and the roof to avoid leaks, mildew and
rotting.

Figure 7 Direct- or flush-mounted collector
4.

Integral Mounting. Integral mounting places the collector within the roof
construction itself. The collector is attached to and supported by the structural
framing members (Figure 8). The top of the collector serves as the finished roof
surface. Weather tightness is crucial in avoiding water damage and mildew. Only
collectors designed by the manufacturer to be integrated into the roof should be
installed as the water/moisture barrier of buildings. The roofing materials and
solar collectors expand and contract at different rates and have the potential for
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leaks. A well sealed flashing material allows the expansion and contraction of the
materials to maintain a water seal.

Figure 8 Integral-mounted collector
Roof Work Considerations
The most demanding aspects of installing roof-mounted collectors are the actual
mounting and roof penetrations. Standards and codes are sometimes ambiguous about
what can and cannot be done to a roof. Always follow accepted roofing practices, be
familiar with local building codes, and communicate with the local building inspector.
These are prime roof work considerations:
1. Perform the installation in a safe manner.
2. Take precautions to avoid (or minimize) damage to the roof area.
3. Position collectors for the maximum performance compatible with acceptable
mounting practices.
4. Seal and flash pipe and sensor penetrations in accordance with good roofing
practices. Use permanent sealants such as silicone, urethane or butyl rubber.
5. Locate collectors so they are accessible for needed maintenance.
Site Preparation
Roof-mounted collectors often are placed on supports or brackets. Preparation of the roof
area and procedures for anchoring to the roof members must be done carefully to avoid
causing leaks or weakening the roof. In a new home installation, much of the mounting
work can be performed after the roof has been framed and sheathed, but before the
waterproof membrane is applied.
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The best position for a collector is over the roof rafters or trusses (Figure 9). Avoid
placing it at the roof ridge and areas where the roof slope changes, as wind loading and
heat loss are greater there.

Figure 9 Roof structures
The collector or its supports should be anchored to the roof rafters or trusses, not the
sheathing. Following are recommended procedures:
1. Choose an appropriate site for the collector.
2. Locate the specific rafters to be used for mounting.
3. Measure and mark the roof penetration points for the anchor bolts.
4. Prepare the roof surface and install proper flashing or other waterproofing devices.
5. Properly anchor the mounting brackets to the rafters.
6. Reseal the roof (retrofit) or complete the installation of the roof (new construction).
In retrofit situations, rafters or roof trusses may be located from inside an attic if the
space is large enough to permit access. Very small galvanized nails may be driven up
beside the rafter at the desired anchoring points; this locates the points for the workers on
the roof, and roof preparation can begin.
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If access to the attic is not adequate, trusses can be located by looking for nails in the
fascia board. They indicate the location and spacing of the trusses. Locate the mounting
points by measuring across the roof ridge and popping a chalk line between the ridge and
the fascia along the run of the truss (Figure 10). The truss may not be perfectly straight,
so the chalk line will be close to (but not precisely on) the truss run. Many installers use
the variation in tone associated with external hammer blows to locate the run of the truss.
A mechanical or digital truss finder can also be used to locate the position of the truss.
After the anchoring points have been selected, prepare the roof for penetration.

Figure 10 A method of locating mounting points
Roof Penetration
Modern roof finish materials cover a wide range. The most commonly used materials are
asphalt or fiberglass shingles, clay or concrete tile, and tar and gravel.
Shingles are applied in an overlapping pattern, nailed, or stapled to the roof sheathing
below. Old, brittle shingles may break underfoot. Use care until the condition of the
shingles is ascertained. Brackets can be mounted directly over pliable shingles; no special
preparation is necessary. Holes for the mounting bolts may be drilled through the
shingles. The entire penetration must then be sealed.
Tile roofs require extensive preparation. When walking on these roofs, care must be
taken not to break the tiles or slip on loose tiles. On barrel tiles, never walk on the
crowns. Broken tiles must be replaced, increasing installation time and cost. Tiles in the
area of the anchoring spots should be sawed out. Remove as few tiles as possible,
because the area must be sealed later to protect the underlying watertight membrane.
When the tiles are removed, the exposed waterproof membrane may be treated as if it
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were an asphalt shingle roof. The area where tile was removed may be filled with cement
that is colored and molded to correspond to the undamaged roof configuration.
There are many ways to penetrate tile roofs. Most methods used to seal the tile will
depend on the type, shape and base material of the tile. Cement, clay, ceramic rounded, or
flat tiles may require different methods of attaching the collector to the structure and
sealing the roof penetrations.
For example, installation methods can include penetrating the tile and attaching the
mounting hardware to the roof truss assembly and flashing the riser as shown in Figure
11 or attaching the mounting hardware to the roof and using a flashing that allows
installation of the tile around the mounting hardware.

Figure 11 Tile roof mount

Or, the solar collectors may be supported above the tile on a rack or bracket as shown in
Figure 12.
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Figure 12 Tile roof-bracket mounting

Yet another method may include using lead roof vent stack flashing that can be shaped to
the style and contour of the tile and sealed on the top with a cap or the mounting
hardware support base as shown in Figure 13.

Figure 13 Vent stack flashing

A built-up, roof is composed of alternating layers of weather-resistant membrane (such as
roofing felt) and tar, which is covered with loosely bound gravel that reinforces the
semi-viscous roof tar and protects it from excessive heat and ultraviolet rays. This roof
finish is typically used on flat roofs. The rafters in this case can be located by hammering
on the roof surface – the roof pebbles will not jump when a rafter is struck.
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Remove all of the gravel under the mounting bracket and for a space of at least four
inches in each direction from its edges. When bolts penetrate the waterproof membrane,
pitch pans will be required. Pitch pans can be made from six-ounce sheet copper,
galvanized iron or lead. Figure 14 shows a pitch pan.

Figure 14 Pitch pan detail

Use high quality roof cement and four-inch strips of asphalt-impregnated roofing to
waterproof the penetration. Also, avoid creating any “pools” in the pitch pan sealing
material where water can accumulate. Then cover it with gravel.
Bracket Mounting and Sealing
Brackets attach the collector to the roof. The brackets themselves must be securely
attached to the underlying rafters or trusses.
If the site has working room in an attic or crawl space, wood or angle iron spanners can
be used to secure the mounting brackets, acting as an anchor for a threaded rod. Spacers
must be pre-drilled and placed directly under the threaded rod to relieve any tension
pulling down on the roof deck. A clip angle or collector mounting bracket is attached on
the "roof" end of the threaded rod. Figure 15 illustrates spanner mounting.
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Figure 15 Spanner mounting

If under-roof access is not available, J-bolts or lag bolts may be required. J-bolts must be
long enough to grip under a rafter and still leave enough threading outside the roof
sheathing for easy bracket and nut installation. (Follow the collector manufacturer's
length and diameter recommendation to the letter.)
To mount a lag bolt:
1. Drill a pilot hole of 50-75% of the bolt diameter into the centerline of the truss to
the actual length of bolt penetration.
2. Liberally apply a high quality sealant around the pilot hole opening.
3. Place the pre-drilled sealing pad and mounting bracket angle on the roof.
4. Apply the flat washer, lock washer and bolt with a high quality sealant between
the bracket and flat washer.
Figure 16 shows an acceptable sequence in lag bolt mountings.
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Figure 16 Lag-bolted mounting assembly

For J-bolt mounting as illustrated in Figure 17:
1. Drill a hole directly beside the rafter; the hole size must be slightly larger than the
bolt diameter.
2. Fit the bolt through the mounting bracket (angle).
3. Insert the bolt (hook side first) through the hole in the roof.
4. Work the hook underneath the rafter.
5. Pull the hook snug against the rafter before tightening the nut.
6. Use double nuts or lock washers to securely fasten the mounting bracket to the
J-bolt.
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Figure 17 J-bolt mounting
Collector Attachment
If the collector is to be rack-mounted make sure the rack (if adjustable) is tilted to the
desired angle and the collector (when mounted) will drain by gravity. Follow the
collector manufacturer's guidelines regarding rack adjustment and attachment. Make sure
the rack is structurally sound and firmly secured and not skewed. If it is skewed,
tightening the collector in place may break its glass cover. If collector and rack are made
of dissimilar metals, provisions must be made to prevent galvanic corrosion.
If the collector is to be mounted with standoffs, allow at least one inch of clearance
between the collector bottom and roof surface to prevent water or material build-up. The
bracket-to-collector attachment must be strong enough to withstand the maximum
expected wind loads. Follow the manufacturer's instructions.
After the collector has been mounted, check the entire assembly for rigidity. As a rule of
thumb, if you can shake it by hand, it is not fastened securely enough.
Roof Piping and Penetrations
Select the spots to penetrate the roof for the piping runs close to the mounted collector. In
some cases it may be necessary to pipe both the feed and the return lines through the
same penetration. In gravity drain systems, the feed line should penetrate the roof below
the collector. Pitch all lines at least 1/4 inch per foot of pipe run to allow proper drainage.
Make roof penetrations between trusses to allow for thermal expansion and slight flexing
of the pipe from wind buffeting.
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There are several methods of roof penetration that comply with accepted practices of the
U.S. National Roofing Contractor's Association (NRCA) as well as local building codes.
If there are any conflicts between the recommendations made here and those of local
building codes, follow the building codes.
One method of providing a watertight penetration uses a standard plumbing roof vent
stack flashing (Figure 18). Remember to protect the rubber or plastic boot from the sun.

Figure 18 Penetration with vent stack flashing
Another method is to make a flat copper flashing with an oversize collar that is
penetrated by the fluid line (Figures 19 thru 21). Note the base of the flashing should be
mounted under the shingle above. A flashing cap is then soldered to the pipe at their
junction. This type of flashing is available for both pipe only (Figure 20), and pipe and
wire penetrations (Figure 21).

Figure 19 Penetration with flat flashing
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Figure 20 Copper flashing for pipe only

Figure 21 Copper flashing for both pipe and wiring

A less desirable method brings both pipes up through a pitch pocket (Figure 22). Such an
open bottom pitch pocket requires periodic maintenance and inspections over the life of
the solar system.

3-16

Collector Mounting

Figure 22 Penetration with pitch pocket

For larger commercial installations on flat, built-up roofs, the installer should follow
specific recommendations of the most current NRCA Roofing and Waterproofing
Manual.
Valves
Most solar systems may have valves on the roof for venting, filling, freeze protection and
other aspects of operation. In order to eliminate air traps, air-vent valves must be at all
high points in the system where air is most likely to accumulate (Figure 23).

Figure 23 Elimination of an air trap with an automatic air vent
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If multiple collector arrays are used, an air vent should be installed on each array. The
system must be piped to prevent air traps and allow for gravity draining (Figure 24).

Figure 24 Piped and vented collector array

By code, a pressure relief valve is required in any portion of the system that can be
isolated that contains a pressure producing fixture. For example, a circulating pump
might have isolation valves so it can be removed for maintenance, but it is not considered
a pressure producing fixture from the standpoint of the risk of bursting the system, so you
don’t need a pressure relief valve on this part of the system. However, the collector, or
tanks with heater elements (connected or not), and even tankless water heaters are
pressure producing fixtures, so if any can be isolated, there must be a pressure relief
valve somewhere in that portion of the isolated loop that contain them. Most solar water
heaters have the pressure relief valve for the collector loop installed at the collector.
Special care should be taken to ensure the hot overflow from this valve does not come
into contact with people or pets; some codes specify how this should be accomplished.
The discharge pipe must be large enough to safely handle the overflow volume from
indirect antifreeze systems, which usually operate at low pressure. Special low-pressure
relief valves are often used on these systems.
Piping Collector Arrays
Cover all roof piping with insulation. Protect the insulation from degradation through
exposure to ultra violet (UV) light by completely covering it with UV-resistant paint, or
metallic or vinyl tape. Painted insulation will need to be repainted periodically, as the
paint will deteriorate over time.
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Slip the pipe through the insulation sleeve before soldering, or slit and re-glue insulation
in difficult areas. Insulation that has been slit must be glued or taped properly because it
will shrink from the pipe as it ages. Insulate joints only after the entire system has been
pressure-tested for leaks.

The collectors in multiple-collector arrays should be plumbed in parallel unless the
manufacturer specifies otherwise. Parallel, reverse-return piping (Figure 25) ensures a
fairly uniform flow in a collector array with no more than four collectors. Use 3/4-inch
(ID) pipe for the interconnections. A parallel connection without reverse return leads to
uneven flow throughout the collector array.
If the array cannot be piped in parallel with reverse return, use flow-balancing valves to
reduce the flow in the collector of least resistance, equalizing the flow rate through the
entire array (Figure 25 b). A balancing valve is a fairly expensive valve with which
accurate flow adjustment may be made. Gate valves should not be used for this purpose,
as they will not allow accurate flow equalization over time, but ball valves have been
used successfully for balancing.

Figure 25 Multiple collector piping arrangements

Avoid flexible connectors from the array header to the individual collectors, as they have
been shown to fail or leak over time. However, flexible hoses may be acceptable in
indirect antifreeze systems, which are not subject to high operating pressures.
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Section 3
Module: Component Installation
Collector-to-Storage Piping Installation
Piping from the tank to the collectors should be as short as possible and insulated to
reduce heat loss. Increase the pipe insulation if the collectors are a long distance from the
storage tank.
For direct residential systems, use 1/2- or 3/4-inch (ID) copper pipe. Smaller sizes tend to
become constricted by boiler scale when the water contains salts with reversed solubility
characteristics. Use 3/4-inch (ID) or larger feed and return lines for multiple collector
systems containing three or more collectors piped in parallel to prevent unwanted
pressure drops between collector connections.
Copper tubing, like all piping materials, expands and contracts with temperature changes
(about 100°F in most solar systems). Using expansion loops or offsets can accommodate
this expansion. A typical piping run (for a domestic water heater) will increase in length
about 1/2 inch when hot. This expansion can be absorbed by a one foot in diameter loop
on each run, a U-bend, or an offset of the same length for each run (Figure 1). An
alternative is to use soft copper tubing in each line. Prevent air traps or low spots in
systems when installing expansion loops, and allow for thermal expansion of the pipes.

Figure 1 Expansion loops – systems must be able to drain
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The following installation practices should be observed:
1. If possible, utilize an electric-operated (motorized) check valve to prevent backsiphoning. As a second choice, use a vertical spring-check valve with a high
temperature (e.g., Teflon, not neoprene) seal. Use of a horizontal swing-check
valve is not highly recommended.
2. The solar system must have isolation valves – one on each side of the solar loop.
An isolation valve should be provided between the pump and the tank on the feed
line and between the check valve and the tank on the return line.
3. Drain valves should be provided on both sides of the collector loop. Drain valves
should always be readily accessible. When installed above the check valve it can
be used to back flush the collector and when installed below the pump it can be
used to drain the pump for service.
4. If a vertical spring-check valve is utilized, the drain valve placed between the
check valve and the tank can be used to test the check valve at low pressure to
determine if it closes properly. In order to back flush the collector loop, the drain
valve must be above the check valve. The location used for the drain valve is
based on installer preference.
5. Use only nontoxic heat transfer fluids with single-walled heat exchanger systems.
Label the heat exchanger so that it can be identified as a single-walled unit.
6. Thermometer wells on both the inlet and outlet sides of the solar loop are
desirable.
7. Before leaving the premises, check the flow through the collector loop to make
sure there are no major obstructions. Recommended flow rate: about 1/2 gallon
per minute (gpm) for each 40 ft2 of panel area (unless the manufacturer specifies
to the contrary).
8. For residential forced circulation systems, use a minimum of 1/2-inch (ID) pipe
for total runs over 100 feet, or when the flow requirement is greater than one gpm
and the pump is less than 1/20 hp, use 3/4-inch pipe. For a thermosiphon system,
use of 3/4-inch (ID) piping helps eliminate undesirable resistance to fluid flow. If
two or more collectors are to be connected in parallel, use 3/4-inch pipe for
interconnections.
9. Use 1/2-inch thickness (minimum) rubber type insulation on all piping and make
sure the insulation is protected from environmental degradation, especially
ultraviolet rays.
10. Minimize piping distances wherever possible.
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11. Install all piping with a continuous slope of 1/4 inch per foot toward the drains.
12. Pipe runs should use hangers to maintain their slope and stability. When
constructing hangers, use wide plumbing straps. (Do not use wire.) Follow
plumbing code requirements for hanger spacing.
13. Install collectors so internal piping will drain itself completely by gravity.
14. Use lead-free solder for soldering system joints and components. Follow local
code requirements.
15. If piping requires high points, install air vents at those locations.
Storage Tank Installation
Because of their size and weight, solar storage tanks must be carefully sited in new
installations, and finding suitable locations sometimes challenges the solar contractor's
ingenuity on retrofit installations. A 100-gallon tank full of water weighs about 1,000
pounds, and should be located on a well-braced area if it is above grade. Since it will
eventually require replacement, locate the tank so it can be removed with the least
possible effort. Make sure it is placed where a leak will not cause damage, there is
adequate working room for making piping connections, and it is protected from
detrimental environmental conditions.
New wiring is a job for the electrical contractor, but the solar installer will want to tell the
electrician whether 110 VAC, 220 VAC or both are needed for operating the pump,
controller and electric water heater. Amperage information can be found in the
installation brochures for the pump and the tank controller.
Configurations for two-tank system piping with electrical backup are shown in Figure 2.
Gas water heaters should be used with the system shown in Figure 3. Gas water heaters
do not work well in single-tank solar systems because the gas tank’s burner heats the
entire tank of stored water from the bottom up. Gas water heaters should be used with
passive solar systems which preheat water or with auxiliary solar storage tanks (See
Figure 3). (By contrast, electric tanks can be configured to heat only the top portion of
the stored water.)
The following installation practices should be observed:
1. If possible, provide a separate switch, conveniently located, to turn on and off the
hot water heating element(s) on the tank. (This will require a double pole, 220
VAC switch.) Also point out to the homeowner the hot water heater circuit
breaker switch.
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2. If a dual element tank is used for solar storage, disconnect the lower tank
element wires at the upper thermostat. Or, turn the bottom thermostat to its
lowest setting.
3. Maintain enough clearance to the tank's heating element/thermostat plate(s) so
the thermostat setting device can be accessed and the heating element can be
replaced.
4. Install a heat trap on the cold-water inlet line and the hot water line to the
building, as required.
5. Add an insulating blanket to a conventional electric water heater tank (a
minimum of 2 to 3 inches of fiberglass equivalent is needed). Do not cover the
thermostat access doors. To prevent heat loss, set all tanks on 1/2- to 3/4-inch
plywood (preferably with a layer of insulation board between the plywood and
the floor).
6. Add insulation to the temperature and pressure relief valve and any other tank
mounted pipe or fittings. (Don't restrict the pressure temperature relief valve test
lever movement.)
7. The solar return on a standard electric water heater should have a dip tube to
return heated water approximately 6" below the upper element's thermostat.
8. If a standard “mixing” valve is to be installed, be sure it is below the top of the
tank. Remove the element when soldering if the valve utilizes soldered fittings.
Specific models of "anti-scald" valves can be installed in the piping above the
tank.
9. Pressure temperature relief valve piping should be piped to the outside and/or
into a suitable drain six inches above ground level. Follow local code
requirements.
10. For thermosiphon systems the hot water storage tank should be located at least
one foot above the solar panel (except in the case of factory-made unitized
systems).
11. Insulate both the hot water fixture line and the cold water supply line at the top
of the tank.
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Figure 2 Multiple tank connection

Figure 3 Gas heater connection
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Pump Installation
In many solar water-heating applications, inexpensive, low-horsepower pumps will
circulate enough liquid through the heat collectors for efficient operation. When the
entire circulation loop of a collector system is full of liquid, as is the case with most
pressurized systems, only the friction resistance of the piping and valves must be
overcome.
Drain-back systems must use higher head pumps to lift the water (overcome the static
head) between the storage water level and the highest point in the system. That same
pump must have enough reserve pressure capacity to overcome the friction head.
Fortunately, the friction head is usually very low when compared to the static head.
The location of the pump is also important in a drain-back system. Since most solar
pumps are not self-priming, the impellers must be below liquid level at all times. Pumps
may be mounted in any orientation unless the position prevents air from escaping from
the volute (pump cavity). Pump rotation must push the fluid in the right direction. Some
pump motors may require lubrication, and the homeowner should be shown how and
when to lubricate the pump motor.
Minimize noise and vibration by mounting the base solidly or allowing the pump to be
supported by its mounting flanges from a secured section of pipe. All pumps and motors
must be UL-listed.
Controls and Sensor Installation
Differential Controller
The differential controller is usually boxed and mounted inside the building to protect it
from the weather and tampering. It often is connected directly to the pump with preformed conduit and equipped with 110 VAC wire and a wall plug.
The low-temperature sensor of the differential control is usually attached near the bottom
of the storage tank.
The high-temperature sensor may be placed:
1. On the outlet pipe of the solar collector.
2. In the air space between the collector absorber and the transparent cover.
3. Against the absorber surface.
Follow the instructions from the controller manufacturers. In any one of the three sensor
locations, the basic on-off modes are the same. When the collector sensor senses
temperatures 5-20°F hotter than the tank sensor, the pump is turned on. When that
difference is reduced to about 3°F, the pump is turned off.
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This method of controlling the pump's operation guarantees water circulates through the
collectors only when such circulation will result in an energy gain to the storage tank.
There is no guarantee water returning to the tank will be hotter than the water stratified at
the top of the tank; therefore, solar tanks introduce the returning water about one-third of
the way down the side of the tank. This is done with a sideported tank or with a short dip
tube, as shown in Figure 4.

Figure 4 Side port and “dip tube” arrangement of collector return port
The following installation practices should be observed:
1. The tank sensor should be located on the storage tank as close as possible to the
bottom. If the tank is not accessible, it should be located on the collector supply
pipe as close as possible to the tank outlet. All sensors should be insulated from
the surrounding air.
2. Perform a controller checkout procedure before leaving to be sure collector and
tank sensors are calibrated. This procedure should utilize a digital ohm meter
and/or a controller tester.
3. Check all freeze sensors before installation. This can be done by placing them in
an ice water bath. They must activate the pump or freeze control strategy above
32°F (usually 38-42°F).
4. For adequate freeze protection, use at least two methods of freeze protection.
Connect the collector sensor and freeze sensor in parallel if the freeze sensor
closes on temperature fall, series if it opens on temperature fall. (The sensors must
be used with a controller that responds to a closing or opening freeze signal as
required.)
5. A collector sensor mounted on piping should be well covered with insulation and
thermally in contact with the piping.
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6. All sensors must be mounted according to manufacturer's specifications.
7. Connections for sensors should be made with silicone-filled wire nuts or
telephone style waterproof connections. They should be coated weather tight with
sealant and protected from exposure to sunlight.
8. Use Teflon (or other high-temperature insulation) insulated wire within or close to
the solar collector.
9. Do not run low voltage sensor lines near higher voltage 110 VAC lines. The
controller may be affected by induced voltage fluctuations. When running sensor
wiring in the attic, secure it at regular intervals overhead, stringing it from one
rafter to the next or along piping insulation to prevent potential damage by people
moving about or storing objects in the attic. Near the tank, run sensor wiring
along piping insulation and tape it in place. Do not leave any wire dangling
anywhere.
10. Do not stretch sensor wires taut before securing them to supports. Thermal
expansion and contraction may cause premature failure of the circuit because of
damaged insulation and the resulting short circuits.
11. Check completed circuits for unwanted grounding. Some controller sensor's
circuits contain one grounded leg. Observe proper polarity in such cases.
12. It is recommended that 24 VDC or less be used for all sensor circuits. If 120 VAC
circuits must be used, follow local electrical codes.
Timer Controller
1.

Use a UL listed timer incorporating battery back-up capability.

2.

Provide the homeowner with the timer instruction booklet. This will become very
important during battery changes and if the homeowner ever has to reset the timer.

Photovoltaic Controller
1.

Follow the photovoltaic manufacturer's recommendations for gauge size of wiring.

2.

Follow the differential controller wiring guidelines regarding securing wiring runs
and stretching of wiring.

3.

The photovoltaic module should be covered before the DC pump is connected to
avoid an electrical spike to the motor.
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Section 3
Module: System Installation Checkout and Start-Up
Procedures
Introduction
This chapter presents recommended steps for checking out and starting up a newly
installed solar water heating system. In most cases, the manufacturer of the system will
have included specific instructions. If the following recommendations differ, follow the
manufacturer’s instructions. The general steps for activation and start-up include pressure
testing and flushing the system, testing the operation of individual components, cleaning
up the work area, and instructing the owner on system operation and maintenance.
Pressure Testing
Direct systems should be pressurized to the maximum pressure they will encounter plus
the safety factor specified by any local codes. Indirect systems should be pressurized to
their design pressure. Use a charging or testing kit that includes a tank of compressed gas,
charging fittings, charging liquid and a pressure gauge.
Some indirect systems require pressurization and testing with a liquid other than water.
Follow the manufacturer’s recommended procedure.
When the system is full of liquid and pressurized, check for any leaks. Check the
collector, joints and valve stem seals. If any leaks are detected, correct them and then
retest before applying insulation over those areas.
Flushing the System
Once the system is leak-free it should be flushed to remove flux, solder droplets and
debris from the piping. In most direct systems, faucet water pressure may be used for
flushing. Flush the collector loop first and the storage tank second. In indirect systems
with expensive heat-transfer fluids, flush the system with water first.
An important factor to note after flushing and checking the collector loop with water is
that some heat-transfer fluids, such as silicone and synthetic oils, must not be mixed with
water. Ensure that all water has been removed from the system piping and that the piping
is dry before adding the oils. Blowing dry compressed air through the system for a time
can do this. Most glycols can be mixed with water, thereby, the system piping does not
have to be dry before introducing the glycols.
Isolate and flush the collector loop, preferably in the reverse direction of normal flow. If
the check valve is located on the collector supply, use the cold-water service pressure to
back flush the collector return. If the check valve is located below the collector return
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hose bib drain, use a garden hose with a double female adaptor connected to both an
outside faucet and the collector return drain.
In both cases, force water out the collector supply drain through an attached hose leading
to a point of safe discharge. Check this water for dirt, scale or other signs of blockage.
Stop when the discharge no longer contains any debris.
Except in the case of drain-back systems, it is important that all air be vented out of the
collection loop; otherwise, it may accumulate in a column of sufficient height to stop or
seriously impede circulation. The air vent at the high point in the piping is installed for
this purpose. When water reaches the air vent, the vent should close quickly, without
leaking. Many vent valves have a stem that can be depressed to allow fluid to escape,
flushing the valve seat clean.
Manual air vents should be used to purge air from the collector loop in indirect systems
using glycol or oil heat transfer solutions. Once the air has been purged, the air vent
should be sealed tightly to prevent loss of fluid or fluid vapors.
Testing the Pump and Controls
1.

Check the operation of the pump. Confirm it is plugged in or wired correctly and
power is available. If the system’s controller has an on/off automatic switch,
manually place the switch “on” to activate the pump. In systems so equipped, an
LED will signal if the pump is on. In systems without such an indicator, check for
other signs of pump operation, as an audible hum, motor fan rotation, slight
vibration, or temperature differences in the feed and return piping.
a. Sunny day. On a sunny day, the pump should run most of the time. If the system
has a differential or direct PV controller, passing clouds may cause the pump to
cycle on and off occasionally.
b. Cloudy day. On a heavily overcast day or at night, the pump should not run. To
determine if a pump powered by 110V residential power is working, unplug it
from the controller and plug it directly into a wall outlet. If the pump does not
have its own plug, direct wire the pump to power (bypassing the controller and/or
switches).
CAUTION: Do not attempt this procedure if you
are not familiar with safe electrical practices.
It is generally easier and safer to “fool” the controller into turning on the pump.
See item 3c, Differential controller test.

2.

Check for flow in the collector loop. If there is a flow meter or indicator in the
collector loop, determine if fluid is actually moving. If the system has no flow
indicator, use the following methods:
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a.

Sunny day. If it is a sunny day and the pump is running, pull back a portion of
the insulation on both the collector supply and return pipes (at points a few feet
from the tank). Carefully feel (or measure with a thermometer) the pipes to
make sure that the return line from the collector is hotter than the supply line
going to the collector. On a sunny day, such a temperature difference (usually 515°F) indicates fluid is flowing in the collector loop.
If you cannot detect a temperature difference, turn the pump off by
disconnecting its power supply. Leave the pump off for a few minutes – long
enough for the fluid in the collector to heat up. Then restart the pump and feel
the pipes again. Within several seconds, you should feel the hotter fluid from the
collector pass through the collector return line into the tank. If you do not feel
this surge of hot fluid on a sunny day, there is probably some blockage in the
collector, the pump, the valves or the pipes.

b.

Cloudy day or at night. On a very cloudy day or at night, you can still use the
above procedure to check for flow in the collector loop. However, make sure the
pump has been off for a long time, so the fluid in the collector is relatively cool.
Then, when you turn on the pump again, you should feel a surge of cool fluid
pass from the collector into the tank. Note that this method works best on colder
nights.
To determine the actual flow rate through the solar collectors, use a flow meter
or one of the methods discussed in Appendix: Solar System Flow Rates.

3. Test control system operation. Conduct the following tests to check the control
system.
WARNING! For any procedure involving electrical equipment,
always turn off or disconnect the unit from the power supply
before making any adjustments or resistance measurements.
a.

b.

Detailed controller test. A complete method of checking the controller involves
the use of a differential controller test set. Containing fixed and/or variable
resistances, the test set is generally calibrated for a specific manufacturer's line
of controllers, though it can be adapted to test other brands of controllers.
Instructions for its use are usually supplied with the tester.
The test set enables you to determine the exact “turn-on” and “turn-off”
temperatures of the controller. Compare these differential temperatures to the
manufacturer's specifications. If the measured temperatures do not match the
specifications, and if the setting is adjustable, you can change the setting to
match the manufacturer’s recommendations.
Sensor test. To check the temperature sensors of a differential controller,
measure their resistance. Disconnect the sensors from the controller terminals or
lead wires and use a volt-ohmmeter to measure the resistance across the sensor
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wires. (See Appendix: Volt-Ohmmeter or VOM) or Multimeter Operation for
instructions on use of a volt-ohm-meter.) For thermistors and metal film
sensors, compare their resistance to the manufacturer’s temperature-versusresistance specifications.
Temperature
(°F)
Thermistor open
Thermistor
shorted
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
77
78
80
82
84
86
88
90

3000-Ω
Thermist
or
Infinite
0

10,000-Ω
Thermisto
r
Infinite
0

Temperat
ure
(°F)
92
94

3000-Ω
Thermistor

10,000-Ω
Thermistor

2,100
2,010

7,000
6,683

10,400
9,790
9,260
8,700
8,280
7,830
7,410
7,020
6,650
6,300
5,970
5,660
5,370
5,100
4,840
4,590
4,360
4,150
3,940
3,750
3,570
3,390
3,230
3,080
3,000
2,930
2,790
2,660
2,530
2,420
2,310
2,200

32,660
30,864
29,179
27,597
26,109
24,712
23,399
22,163
21,000
19,906
18,876
17,905
16,990
16,128
15,315
14,548
13,823
13,140
12,494
11,885
11,308
10,764
10,248
10,000
9,760
9,299
8,862
8,449
8,057
7,685
7,333

96
98
100
102
104
106
108
110
112
114
116
118
120
124
128
132
136
140
144
148
152
156
160
165
170
175
180
185
190
195
200
210

1,920
1,830
1,750
1,670
1,600
1,530
1,460
1,400
1,340
1,280
1,230
1,180
1,130
1,040
953
877
809
746
689
637
589
546
506
461
420
383
351
321
294
270
248
210

6,383
6,098
5,827
5,570
5,326
5,094
4,873
4,663
4,464
4,274
4,094
3,922
3,758
3,453
3,177
2,925
2,697
2,488
2,298
2,124
1,966
1,820
1,688
1,537
1,402
1,280
1,170
1,071
982
901
828
702

Table 1 Temperature and Thermistor Resistance
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Generally, differential controllers now have 10,000 ohm thermistor sensors or an
RTD. In the past, 3,000 ohm sensors were more prevalent. Sensor resistance
should match the measured temperature as closely as possible, as shown in
Table 1. Refer to the manufacturer’s installation guide for specific instructions
and specifications.
For example, the table shows that when the environment temperature is 77°F,
the 3,000 ohm sensor should read 3,000 ohms, and the 10,000 ohm sensor
should read 10,000 ohms. As the temperature increases, the resistance decreases.
At 90°F, a 3,000 ohm sensor reads 2,200 ohms and a 10,000 ohm sensor reads
7,333 ohms.
The general range of solar system temperatures is 70-140°F for the tank sensor
and 100-150°F for the collector sensor, depending on the time and conditions of
day. If an “open” or “short” condition is indicated, check the wiring between the
controller and sensor.
A common cause for an “open” condition is a broken connection between the
wiring and the sensor. A “short” may be caused by a piece of metal pinching the
sensor wire and conducting it to ground.
For temperature-actuated switches, such as freeze sensors and upper limit
sensors, you can also check the switch position with a volt-ohmmeter. The
switch is either normally open or normally closed and changes position at a
particular temperature. Check the freeze sensor by placing it in ice water and
determining that the switch changes position.
c.

Differential controller test. Follow the manufacturer’s checkout procedures if
they are provided. However, if the procedure is unavailable, follow these steps
to check differential controllers with thermistor sensors that have a negative
temperature coefficient in which resistance decreases as the temperature
increases.
i.

Disconnect and separate all sensor inputs. Identify the sensor wires for
proper reconnection.

ii.

With the controller in its normal operation or automatic switch position,
short the collector sensor input wires or terminals together. This simulates
a very hot collector. The control should turn on (indicated by the LED
and/or pump operation).

iii.

Remove the short and the control should turn off. Be aware that some
controllers may utilize a time delay circuit to keep the pump from cycling
on and off too often.
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iv.

The controller is (probably) in good condition if it responds correctly to
these steps. Test the temperature sensors next before proceeding to a more
detailed test of the controller.

For the differential controllers that use resistance temperature devices (RTDs),
which are positive temperature coefficient sensors, the tank sensor input should
be shorted in Steps iii and iv above. Shorting the collector sensor indicates a low
temperature, and the pump should stay off. Shorting the tank should turn the
pump on. If freeze protection and the collector sensor functions are combined,
shorting the collector terminals simulates a freeze condition. The pump should
again turn on. Use a volt-ohmmeter to ensure that temperature matches
resistance as shown in Table 2.

Temperature
(°F)
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210

Resistance

Temperature (°F)

Resistance

861.8
890.5
919.2
948.7
978.2
1008.7
1039.0
1070.3
1101.5
1133.6
1165.6
1198.7
1231.5
1265.4
1299.1
1333.9
1368.5
1404.1
1439.5

35
45
55
65
75
85
95
105
115
125
135
145
155
165
175
185
195
205
215

876.1
905.1
933.9
963.7
993.4
1024.0
1054.6
1086.1
1117.5
1149.9
1182.1
1215.4
1248.4
1282.5
1316.5
1351.4
1386.2
1422.0
1457.7

Table 2 Temperature and RTD Resistance
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d.

Photovoltaic (PV) controller test. Use the following procedure to check the
voltage and current output of the photovoltaic module on a sunny day:
i.

Disconnect the pump from the wires coming from the PV module or
pump starter box.

ii.

With a volt-ohmmeter, check the voltage between the positive and
negative terminals of the PV module. Given almost any amount of
sunlight, this open-circuit voltage should be between 14 and 22 volts.
You should also check the PV module’s short-circuit current with a voltohmmeter that has milliamp measurement capability. Under sunny
conditions, the short-circuit current should be between 200 and 1000
milliamps, depending on the voltage rating of the PV module.

iii.

e.

If there is no amperage at good sun conditions, the PV module or the
connecting wiring may be defective. In this case, check the amperage of
the module at its roof location to eliminate the effect of connecting
wiring.
To check the DC-powered pump, use a 12-volt power supply or two 6volt lantern batteries connected in series (12V). Disconnect the PV panel
from the pump and connect the pump to the proper terminals of the
batteries. If the pump does not operate off the batteries, the pump is
defective. If the pump does run off the batteries, the PV module or
connecting wire is defective.

Check valve test. Use the hose bib drains and service water pressure to check
these two valves: a horizontal swing check valve or a vertical in-line ring check
valve.
Send water against the normal flow direction. Water flowing past the valve
indicates a faulty seat or stuck hinge that will not seal under the low back flow
of unwanted thermosiphoning.
Check a solenoid-actuated or motorized ball valve by using the manual lever (if
it is present) to open and close the valve while checking for flow. Some
motorized valves are not designed to close off against municipal water pressure.
After you have tested these valves, verify their normal operation by listening to
and watching the valve open and close as the pump turns on and off. Check
valves are prone to problems from sedimentation build-up, so they should be
inspected periodically.
If the check valve cannot be tested by the above back flow procedure and it is
suspected it might cause nighttime thermosiphoning, examine the system at
night. When the fluid in the collector has cooled to a temperature sufficiently
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below that of the fluid in the tank, feel the collector supply and return pipes a
few feet from the heat of the tank. If one pipe is warm, the check valve might
not be sealing.
Sometimes a leaking check valve can cause the differential control to cycle the
pump at night. To confirm this speculation, unplug the pump from the
differential controller and plug a clock into the controller instead. Note the
clock’s time. Note the time again the next morning before the solar system
would normally start. If the clock has advanced because the controller supplied
power to it, the check valve is not sealing and needs to be replaced.
f. Mixing valve test. To check a mixing valve, feel or measure the temperature of the
service hot water at the closest hot water faucet. As you measure, adjust the
mixing valve over its range of motion, moving it to the desired temperature
setting. These valves may stick open or closed after prolonged use, in which case
they must be repaired, replaced or eliminated.
Cleaning Up
Collect and remove all tools. Dispose of any debris created during the installation. Make
sure arrangements have been made to repair any damage that may have occurred during
installation (such as broken roof tiles). Ask the owner to look things over and approve the
installation and clean up.
Instructing the Homeowner
Carefully instruct the owner on the operation of the solar water heater. This reduces
“false alarm” callbacks and enables the owner to make minor adjustments. With active
systems, the owner should understand the pump and “pump operating” indicator on the
control system.
Carefully explain any freeze protection devices. Demonstrate the steps for manually
draining the collectors and piping, if that is a freeze protection mechanism for the system.
Also, show them how to reactivate the system.
Show the owner how the back-up electric element may be turned off during warm
months. Explain that the system should provide some hot water on its own. If the system
shortly runs out of hot water, consider if it could have been subjected to a temporary
abnormal load or lack of sunshine. Otherwise, it may need service.
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Demonstrate how to isolate the storage tank from the collector loop. Then show the
owner how to drain several gallons of water from the tank to remove built-up
sedimentation. Instruct the owner to follow this procedure at least annually. Advise the
owner that hot water use patterns can affect system efficiency. Let them know the system
will provide the hottest water during late afternoon and early evening. Suggest they adjust
their hot water use to accommodate the solar cycle.
Affix the name and contact information of the installing firm and installation mechanic to
the tank or controller so the homeowner can contact the right people quickly if service is
required. If possible, make arrangements with the owner for periodic professional
inspection and maintenance of the system. Make sure that the owner has a copy of the
system manual and that the manual is kept in an accessible location for future reference.
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