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I. POREWORD

The Ixis Images, Inc., film processing lab was the firat commercial
solar application in its geographic area. It was one of the first solar
systems completed under the national solar demonstration program and was
among the first systems completely instrumented and monitored under the
national solar data network.

The film processing laboratory served as a prototype not only for
solar utilization but for the interaction of government and the private
sector in the development of the demonstration program and, to some
extent, the solar industry.

The readexr should be cautioned not to consider the design as the
state-of-the-art. 1t is important to note the sections on lessons learned
and to keep in mind the time frame of the installation and the subsequent
rapid growth of the solar industry.

John Cofrin, the owner of the film processing lab, must be commended
for his pioneering spirit and commitment toward solar utilization. The
solar installation was planned with or without government support.

Other key participants in the project included Interactive Resources,
Inc., Point Richmond, California, who provided architecture, engineering
and construction management services as well as the contracting for the
installation of the solar system. NASA's solar cemonstration cffice in
Huntsville, Alabama, provided project management for the government under
ERDA/DOE, and IBM, Huntsville, was responsible for the instrumentation
program, also under contract to DOE.
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II. EXECUTIVE SUMMARY

The following is a brief summary of the Iris Images, Inc., solar
installation. Major features of this system include:

sCollector type: Site~fabricated, flat plate, liquid

-Freeze protection: Civculation, draindown (Changed to draindown scheme
after freeze.)
*Application: Photographic process water heating

*Storage type: Glass-lined steel tank

«New or retrofit: New

The solar energy is used to heat photographic process water in a
commercial photo processing laboratory located in Mill Valley, California.
The solar system was installed in the new building during the spring of 1976.

Two collector banks are mounted on the flat roof of the building with
a total apertuvre area of 649 square feet. Both banks were site fabricated.
The absorber plates for one bank are aluminum, as manufactured by Sunburst
Solar Energy, ILic. The other absorber plates are copper and were manu-
factured by Sclar Devclopment, Inc. Copper tubing is used for the fluid
passages in both collectors.

Both banks are connected in parallel with rigid copper connections
to the risers. Water is pumped between the collectors and three 120-gallon
insulated storage tanks {one hour's load) located on the floor of the mechanical
room. All ancillary equipment and controls are also located in the mechanical
room near the storage tanks.

Filtered cold water is first preheated in the solar storage {anks and
then flows to the auxiliary heater. Auxiliary heating of the process water
is provided by a gas-fired storage-type water heater.

A low-temperature (under 120°F} industrial process such as a film
processing laboratory is perhaps the ideal application for solar utilization.
With a constant year round daytime load, storage requirements are minimized
and solar utilization is maximized. High collector efficiencies can be
expected with the low operating temperature.

The most unique aspect of this project is the use of low-cost site-
fabricated collectors--an ideal solution where low~cost, skilled labor is
available.

The major lesson learned was the importance of fail-safe freeze
protection. Relying on pumped circulation in this mild climate did not
work when the electric power (to the pump) failed during a freeze. Sub-
sequently, the system was modified to drain down in the event of a power
failure.
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I11. SITE AND BUILDING DESCRIPTION

A. Site Description

The slightly sloping site is located in Miil-Valley, California, close

to the San Francisco Bay, at 38°N. latitude. The climate is mild with 3,077
annual neating and 280 annual cooling degree days. (See Figure 111.2 for

Mean Daily Temperatures; Figure 1II.3 for Mean Daily Insolation; and Figure
I11.4 for Water Temperature Data.)

B. Building Description (See Figure III.1)

The Iris Images, Inc., Film Processing Laboratory is a simple, 3,900-
square-foot, one-story, industrial building designed for maximum flexibility--
no internal load-bearing walls. Clean air and no light were important
requirements and therefore minimal windows were used (only on the front).

Walls. The walls are of standard wood frame construction with fiberglass
batt insulation, stucco and wood exterior, and gypsum wall board interiors.

Roof. The flat, built-up roof is supported by plywood and truss joists
spanning from the easi to west walls. The trusses are deep enough to allow
for access between the ceiling and roof. This "attic" space is insulated
with fiberglass batt insulation and ventilated. Board walkways were installed
around the collector support sheds to protect the roofing from foot traffic.

Floor. The floor is generally a painted concrete slab with carpeting in
the gallery and office areas.

C. Space and Water Heating Systems

Space heating is provided by two gas-fired hot air furnaces (two zones).
Each furnace is coupled to an electronic air cleaner aad cooling coil. Con-
sidering the mild c¢limate and substantial internal heat, the space heating
requirements arc minimal. A major process water heating i1oad of 6 GPM (3}
peak) for eight hours per day at 100°F is idecally suited for solar utilization.

Backup water heating is provided by a conventional tank-type gas water
heater. Mixing/temperature control valves are utilized at each processor and
sink for accurate temperature control.
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Figure IIf.1

Site Plan

Madrona Street

Figure 1II.2

Mean Daily Temperatures*

Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec

Max. 55.2 60.2 64.5 69.4 74.2 79.6 83.4 82.1 82.1

74.6 64.9 57.3
Min. 38.3 39.2 38.9 42.7 45.0 47.9 48.3 47.7 47.6

44.9 40.3 37.6

*The project site is within five miles of Kentfield, California, from
which this data was derived.




Figure II1.3
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Average Horizontal Insolation*

Month : . BTU/Sq. Ft.

January 722.872
February . 969.146
March 1,565.65
April 2,051,55
May 2,250,91
June 2,416.27
July 2,313.82
August 2,105.45
September 1,729.25
October 1,340.01
November 1,014.34
December 767.539

*Mean daily insolation for a 10-yecar period (1957-67) on a horizontal
surface. Data was collected at the University of California, Richmond Field
Station Salt Water Conversion Laboratory, 10 miles from the project site.

Figure III.4

Wiater Temperature Data*

Month Incoming Water Temperature (°F)

January 55.5
February 53.5
March 54.6
April 57
May 64
June 68
July 68
Auqgqust 70
September 68
October 66
Novcember 58
December 56.5

*Marin Municipal Water District data (average 1974).
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IV. SOLAR SYSTEM DESCRIPTION

A, General Overview

The solar heating and cooling demonstration system used at Iris Images,
Inc., is represented in Figures IV.1 and IV.2. The major components in the solar
energy system include 640 square feet of site fabricated collectors, three .
120-gallon storage tanks and a conventional gas~-fired auxiliary water heater.

Subsequ nt sections describe the collector, storage, energy to load .
and control subsystems.

B. Collector Subsystem (See Figure IV.3)

1. General Description

The cnllector array faces due south and is tilted 36° from the
horizontal. The array has one bank of 12 collector panels and another
bank of four collector panels, each 4' x 10'. Each collector bank
consists of a different collector type. The first bank has an aluminum
absorber plate that is mechanically bonded to copper tubing. The
second bank has a copper absorber plate that is soldered to copper
tubing. Both absorber plates are coated with flat black paint. A
single glazing of tedlar-coated, fiberglass reinforced panel covers
the collectors. The collectors are supported by 2 x 6's and are
insulated by 11" of isocyanurate insulation. The collector backing
is 3/8" plywood. All collectors were fabricated at the site.

Two freeze protection systems are used. A pumped freeze
protection system circulates warm water through the collector array
whenever the temperature on either collector bank absorber plate is
below 36°F. The water stops circulating when the absorber plate
temperature is above 37.5°F. In the event of a power failure, a
solenoid valve will turn off make-up water and depressurize the solar
system. A second solenoid valve will open a valve in the collector
piping and drain the collectors and exterior piping.

2. Collector Support (See Figure IV.4)

A support structure was built on the flat roof facing exactly
south (actual, not magnetic) at a 36° tilt from the horizontal for
optimum year round collector performance. Normal 2 x 4 stud framing
was used with redwood plywood siding. The two support structures
measure 11.5' x 50' and 11.5' x 18' on the tilted plane. The collector
is trimmed out with redwood and duct boards were constructed to allow
for inspection without damaging the built-up roof.

-12-




Figure 1V..

Legend
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Figure IV.2

Overall System Schematic
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The support system was designmed-for good architectural integration
and low fabrication cost, wtilizing conventional materials and construction
techniques. It was installed by the general cortractor (union). It is

important to ncte that the roof structure (truss joists) was designed .

for the additional loads (primarily wind) of the collector arrays. If
this had not been tae case, substantial additional costs would have been
made for carrying the loads out to the bearing walis. In other retrofit
flat roof projects, the collector support costs have been equal to or
greater than the collectors themselves. Another successful detail was
the use of roof curbs integrated into the roof during its installation.
All penetrations through the roof membrane are therefore made several
inches above the roof level, ensuring a water-tight, trouble-free
ingtallatic... Again, roof penetration details on existing flat roof
solar projects are a major source of high costs and/vr potential problems.

In summary, planning ahcad for solar with an adequately structured
roof and the integratior of curbs (built into the roof) combired with a
support design utilizing conventional wood frame construction, has
yielded a most satisfactory, low cost, aesthetically pleasing, and
trouble free collector support system.

For detailed construction drawings, see the collector construction
section and the as-built drawings. For cost infcrmation, see the cost
breakdown.

3. Collector Construction (See Figures IV.5 through IV.13)

The collector consists of a blackened metal plate that absorbes
the sunlight, converts it to heat, and transfers the heat to the water
circulating through tubes that are connected to the plate. The heat
is trapped in the collector by glazing on top chat is transparent to
the incoming light, but opaque to heat, and Ly insulation under the
collector plate preventing heat loss from the back.

a. Site Fabrication. The unusual aspect of the collector construction
at the Iris Images Film Lab is that they were site fabricated. The
support structure (described earlier) was constructed as a shed with

an inclining plywood deck. This deck also serves as the collector back.
A rigid insulation, suitable for soclar cullectors yet commonly used on
roofs, was nailed divectly to the plywood. Wooden runners were installed
to mount the absorber plates and provide a reflective air space (the
insulation was foil-faced). Aadditional runners were wcunted atop the
absorber plates to receive the glazing. See drawings and photographs
for details. The manifolding of the absorber plates was done within the
collector, where they were painted black, therefore adding to the actual
absorber area.

Site fabrication offers a number of distinct advantages as well as
some potential problems. Among them are:

15—
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‘More efficiency: No line losses associated with external
manifolds; an actual increase in absorber area. Less edge
losses due to a substantial decrezse in perimeter length (no
edges between collector absorher plates).

+Less materials: No insulation for the manifolds. Less frame
wall and edge insulation (none required between absorber plates).
*Less handling: Insulation, abacrber plates, and glazing
delivered directly to the site; no manufacturer (middleman).
‘Less labor: Resulting from less materials and handling.
-Less space: Absorber plates can be mounted side by side with
no frame walls, insulation, or space for manitolding.

With all these advantages it is interesting to note whay the
designer/builder has not used site fabricated collectors on any other
projects in the San Francisco Bay Area. Successful, low-cost site
fabrication depends on low-cost, knowledgeable construction work:ars.
The construction crew on the Iris Images Film Lab solar system was
comprised of college graduates with construction experience, working
for one-fourth the union wage scale with an intimate knowledge of
solar utilization and system design. It would be difficult if not
impossible to continue working under these circumstances, especially
in a highly unionized area. High labor costs are, in fact, pointing
solar utilization (active systems) in another direction: towards
prefabrication of entire collector arrays and mechanical/control
mcdules. These not ouly cut down site labor, but minimize uncertainties
of quality control.

b. Insulation. R-13 (new!, 14" foil face isocyanurate foam, manu-
factured by U. S. Gypsum. This insulation system, besides being
extremely efficient as an insulator, is moisture-resistant and capable
of withstanding the stagnation temperatures encountered in this solar
collector when the sun is shining but the water is not circulating
{estimated at 250°F). It was a standard, readily available product
commonly used for roof insulation.

c. Abscrber Plate - Bank A (12 of the 16 plates). Half-inch, 0.D.
copper tubes are clamped between two 25 mil. aluminum sheets by a high-
pressure riveting system; rivets are on 3" maximum centers. The tubes
are spaced at 4.56" in a parallei. flow configuration and are silver
soldered to 3/4" copper headers. The aluminum plate is factory finished
with a flat black epoxy coating commonly used on aircraft nose cones.
Manufactured by Sunburst. See Figure IV.6, and manufacturer's
specifications in the operation and maintcnance manual.

This plate was initially sclected for its low cost, availability,
and compatibility with domestic hot water. To allow for expansion and
contraction, the plates are not rigidly fastened, but allowed to float
within the enclosure.

-17~-
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Figure IV.6

Collector Bank A Absorbexr Plate Construction Details

%* 0.D. COPPER. TUBING WITH ¥ HEADER

PIPE AT BOTH ENDS
(NINE ROWS RIVETED VERTICALLY ON

ABSORBFR PLATE}

0.028" ALUMINUM ABSORBER PLATE
.0025” ALUMIUNM STRIPS 1%7 WIDE

Fiqure IV.7

Collector Bank B Absorber Plate Construction Details

100% SOLDER CAPILLARY BOND
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d. Absorber Plate - Bank B (4 of the 16 plates). Half-inch 0.D.

copper tubes are set in .N12" grooved copper plates at 4.6" centers and
are 100 pex cent capillary flow solder bonded. The tubes are brazed

to 3/4" copper headers. The plates are finished with a flat black

paint (Sherwin Williams P2H40 Super Combo Primer). Manufactured by

Solar Development Inc. See Figure IV.7, and manufacturer's specifications
in the operation and maintenance manual.

Construction of Bank B is similar to Bank A except that, following
the freeze and subsequent removal of four Sunburst panels (as described
above), these all-copper units were installed for potential higher
long=-term performance and the opportunity to monitor and compare the
performance of the two plates simultaneously. See Performance Analysis.

e. Glazing. Four-ounce/sq. ft., corrugated tedlar-bonded, fiberglass
and nylon-reinforced, acrylic-fortified polyester. Manufactured by
Filon Division of Vistron Corp.

This glazing system was selected for the following reasons:

*Low cost relative to glass.

«Durability (hail and rock resistant).

-Efficiency - 86 per cent transmittant.

Note: With the tedlar coating, Filon guarantees the transmittance
in greenhouse applications for 20 years. In a solar application,
it is probable that its transmissivity can degrade and should be
checked every few years for possible replacement or repair.
*Strength and rigidity (along its length).

+Light weight.

*Ease of handling; one man per 4 x 12 panel.

-Ease of installation; flashing and sealing facilitated by standard
corrugated roof components.

-Availability; all accessories available from Filon, including
flashing, closures and special gasketed washers and nails for a

no leak installation.

See the manufacturer's specifications in the operation and maintenance
manual.

The 4' x 12' fiberglass panels are mounted on redwood closure strips
and sealed with silicone scalant at all the joints., Aluminum roofing
nails with rubber gaskets were used for mounting and additional gasketed
washers were used to ensure weatherproofing. One panel was screwed down
instead of nailed to facilitate removal for easy inspection and possible
addition of sensors. Adjacent panels are pop-riveted together with
aluminum rivets with rubber gaskets. Aluminum flashing designed to fit
the corrugated pattern was usced throughout.

~]19-
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4. Collector Plumbing (See Figures IV.14 through 1V.16)

Each 3/4% panel header is manifolded (at opposite and diagonal
corrers of the panel) to a larger (1" in the small array; 11" in the
larger array) copper header. (Sce Figure IV.14, Collector Manifolding.)
All these joints are sweat-soldered with high tempcratura 95/5 solder.
Only the headers are clamped to the support structure with felt=-lined -
clamps to allow for considerabhle expansion and contraction within the
collector as it heats a1 1 cocls. To ensure equal flow, the headers
are plumbed in a reverse/return configuration. Each collector plate
is tilted to allow the escape of :ny entrained air. Furthermore, the
headers are also slanted for air escape and complete draining. All
headers are internal (under glazing) and therefore are not insulated.

At the highest point of cach collector array an automatic air
vent, vacuum breaker and pressurc/temperature relief valve are mounted
for safety and efficient operation. A hose bibb was installed for
easy rinsing of the collector glazing. This is recommended twice a
year.

The collectors are arranged in two banks. One is three times the
size of the other. Therefore, the branch lines, to and from the smaller
array, were reduced to 1" copper. Balancing valves wire pleced in the
return lines of each array along with a temperature gauge. The flow is
adjusted until the temperatures are equivalent. Once this is accom—
plished, the valve settings can be locked and the handles removed.

Collector transfer fluid (potable water) comes in contact with
only code-approved copper pipe. Considering the high water guality
at the site, no hecat exchanger was warranted so potable water circulates
directly through the solar collectors.

26~
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Figure IV.15

Automatic air vent, vacuum breaker, ad pressure/temperature
relief valve at each array.

Figure IV.16

Hose bibb for collector cleaning.
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5. Collector Transfer Loop (See Figures IV.17 and 1IV.18)

Although water enters the system in a 1" line, water is circulated
through 14" copper lines to minimize the pressure drop. A balancing
valve was installed following the pump to allow for experimentation of
flow rates and to isolate the pump if necessary. Normally this valve
should remain completely open.

The pipes to and from the collectors are insulated with 1" rigid
fiberglass. Gate valves and hose bibbs were installed in the supply
and return line to facilitate isolating and draining of the collectors,
and to allow for purging of the collectors in the event of excessive
scale accumulation (this is not expected with the present water quality).

The bronze circulating pump (March No. B82l1) is a magnetic drive,
1/20 horse power unit that draws 110 watts (close to a light bulb's
energy requirements). The pump is installed with 1}" flanges in a
vertical position. Its maximum head is 8.5', and with a 6' head it
circulates 12 gallons per minute. The pump operates so quietly that
it is difficult to tell when it's on. (See manufacturer's specifications
in the operation and maintenance manual.)

Once the pump has stopped circulating, it is possible for warm
sclar-heated water to rise into the collector where it will cool. To
prevent this reverse circulation and heat loss, a check valve was
installed in the return line. Temperature gauges were installed in
the supply and return lines for quick visual monitoring of the system.

All equipment described above is located in the mechanical room
adjacent to the storage tanks. See as-built drawings.

A



Figure IV.17

Collector Circulating Pump

Figure 1IV.13

Collector Loop Balancing Valve
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c.

Storage Subsystem (see Figures IV.19 through 1IV.21)

The stcorage subsystem is composed of three 120-gallon, glass-lined
storage tanks, connected in parallel for a total capacity of 120 gallons.
These tanks act as a buffer between solar energy collection and hot water
supply, and were not designed for long term storage.

The storage tanks are equipped with magnesium anode rods, hand-hole
cleanouts, and hose bibbs at each drain. The tanks are insulated with
fiberqglass blanket and encased in baked enamel steel jackets. The tanks
are connected with 11" copper manifolds designed to ensure even pressure
drop and temperature distribution. (See performance analysis.) At every
connection dielectric unions are installed to allow for removal of the
manifolds. Additional unions were installed so that the entire manifold
sections can be removed, thus allowing for remcval and/or replacement of
individual storage tanks.

Cold water enters and/or is drawn from the lower-most manifold. Warm
water from the collector is returned to the middle manifold, several inches
above the supply. The warmest water rises to the top where it is drawn off
by the upper manifold. This prcheated water enters the cold side of a
conventional gas-fired tank-type heatcr.

The sizing of the storage system was based on one hour of operation
to serve as a buffer over slow operational periods such as lunch. It is
important to understand that this system was designed to serve only as a
preheater to a process need that corresponds to the sun lit hours (a daytime
load). Therefore, a minimal storage reservoir was called for.

Pre-insulated and jacketed storage tanks complete with pre-cut copper
manifolds, manufactured by American Hydro Power, were chosen for their:

‘Low cost.

+BEase of handling.

*Availability (off the shelf).

-1abor savings (pre-insulated and jacketed, and pre-cut manifolds).
*Ability to fit within the mechanical room layout and through the door.
-Proven commercial use with external tankless-type water heaters (now
solar collectors).

See the manufacturer's specifications in the owner's operation and
maintenance marnual.

-31-




Figure 1IV.19

Storage Subsystem

>
gE

Figure 1IV.20

Storage Tank Detail
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Figure 1V.21

Storage Tank Manifold
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D. Energy to lLoad Subsystem (See Figures IV.22 and 1IV,23)

Water enters the system in a 1" copper line after passing through a
sophisticated sand filter. A brass swing check valve prevents hot water
from syphoning back into the city lines. The cold water is diverted trom
entering the cold gide of a conventional water heater by a normally~cloged
1" brass gate valve.

The watar is thus diverted through a normally-open 1" valve to the
golar water heating system. Presumedly warm water returns from the solar
system through a third gate valve normally open and into the "cold® inlet
of the water heater.

The auxiliary energy required to heat the £ilm processing water is
provided by a 100-gallon, 220,000 BTU/hour, gas-fired domestic water heater,
manufactured by American Hydro Power. The solar-heated water from the
storage tanks feeds through the auxiliary gas~fired heater, where, if
necessary, additional thermal energy is added to raise the water temperature
to the desired lavel of 120°F. The hot water then services the film
processors, as well as six sinks and two bathrooms.

The film processors reguire water varying in temperature from 75°F to
100°F, depending on the type of film that is being developed. The hot water
from the auxiliary heater is mixed with cold water to the desired temperature
automatically at each unit.

The solar storage tanks were designed only as a buffer between solar
energy collection and use. These tanks were not intended to provide long-term
storage for peak loads or for periods of inclement weather.

In the event that the solar water heating system must be shut down, the
position of the three valves, as described above, are reversed, allowing the
system to function normally without solar assistance. That is, cold city
water enters the conventional water heater directly and the solar water
heating system is isolated.

wWhen the solar water heating system is functioning and collecting solar
energy, entering cold water is pumped through the collectors, heated several
degrees and returned to the storage tanks. The hottest wator in the storage
is then drawn from the top and supplies the conventional water heater with
pre-heated water, as described above.
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Figure 1IV.22

Energy to Lcad Subsystem

i

N

"o
|
i
r
]
-

Fijure IV.23

Diverting Valves at Solar/Backur. Interface
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E. Control Subsystem (See Figures IV.24 through 1IV.27)

Tvo solid state differential temperature controllers, manufactured
by Heliotrope General (Model No. DTT2(0), DT~-A and DT-B, activate and
deactivate pump P-1 in the sn.iar collector subsystem. (Sce Figure IV.24.)
Controller OT-A is connected to sensors on collector bank A and the bottom
of the storage tank. Contrxoiler DT-B is connected to a sensor on collector
bank B. These two controllers are mounted in the mechanical room. Pump
P-1 performs the dual function of circulating water through the collectors
to collect solar energy, and of circulating warm water from the storage tanks
to prevent freezing in the collectors.

1. Solar Energy Collection

General description: Controller DT-A comparcs the temperature
differential between the top of collector bank A and the bottom of
the storage tank. When the water in the collector is 9°F warmer than
the water in the storage tank, pump P-1 is cnergized. Pump P-1 is
de-energized if the collector water is less than 3°F warmer than the
gtorage water.

2. Collector i'recze Protection

General description: Two frecze protection aystems are used
to prevent potential damage to the collecters and exterior piping.
In the first system, warm water is circulated through the collectors.
A second system operates whenever there is a power failure. Solenoid
valves turn off the make-up watcr, depressurize the solar system and
drain the collectors and exterior piping.

Intermittent circulation: Both of the differential temperature
controllers, NT-A and DT-B, are cquipped with freeze cycles. The
sensors for these controllers are mounted on both cellector banks. If
the water temperature at the collector for either sensor is lower than
36°F, pump P-1 is energized and circulates warm water through the
collectors. When the scnsor temperature riscs above 37.5°F, pump P-1
is de-energized.

Drain down: To guard against freezing during a powecr failure,
a backup system is provided to drain water from the collectors. Solcnoid
valves, V-1 and V-2, manufactured by Skinner, are respectively "normally"
closed and normally open. In the event of a power failure, these valves
are de-energized, sceeking their “normal® position. Valve V-1 shuts off
the water supply to the solar system, and V-2 drains the water from the
collector banks into a waste line. Note that the valves' general
positions during normal system operation are not their "normal” (no
power) position. A manual switch was provided to allow for checking the
drain down system. Sec the manufacturer's specifications for the
differential tcemperatuvn controls as well as the solenoid valves,
in the operations and maintcnance manual,
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Figure IV.24

Control Subsystem
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To monitor the operation of the system, several temperature gauges
installed. They were located in the cold and hot water supply lines

woeroe
in the supply and return lines to the collector, and at the bottom and top
in one of the storage tanks. These last two had to be removed for IBM/

NASA/DOE instrumentation.

Figure IV.25

Solenoid valve used for power=failure freeze protection
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Figure 1IV.25

Dual Differential Temperature Controllers, DT-A ard DT-B

Figure IV.27

Typical Temperature Gauge
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V.

AS-PILT DRAWINGS
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VI. COST BREAKDOWN AND ECONOMIC ANALYSIS

(See also Appendix D for a complete Solar Project Cost Report
prepared by Mueller Associates, Inc.)

A. Cost Summary

Original
Estimate Actual
Interactive Resources, Inc.
Materials $ 5,880 $ 5,072
Labor 2,560 2,697
Subtotal 8,440 7,769
Cortingency 960 1,567+
Profit and overhead 1,840 1,904
Subtotal (contract amount) 11,240 11,240
Support structure by
general contractor 3,220 3,220
Electrical 220 220
Construction management fee 1,120 1,120
Total $15,800 $15,800

*Rapzir and modifications following freeze damage; does not include
$297 for building repair and over $6,000 in damaged photographic equipment
and materials.
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B. Cost Breakdown: Interactive Resources, Inc.

1. Initial Constxruction

Labor
In-house (250 hours @ $7) $1,750
Outside (approx. 136 hours) 947
$2,697
Materials
Permit 4
General plumbing 1,129
Storage tanks 766
Collector components:
Absorber plates 1,712
Glazing and accessorics 583
Insulation 347
Hardware 145
Controller 40
Pump 96
Tool rental and purchase ___250
5,072
Total labor and materials $7,769

2, Repair and Modifications to Solar System

Following a freeze and csubsequent substantial damage, the
solar system was repaired and modified as follows:

‘Byrst panels in Bank B were replaced with all copper
absorbers.

+A sccond controller was added.

*Automatic valves were installed to drain system in the
cvent of a power failure.

Labor
In-house (101 hours @ $7) $ 707
Outside (14 hours) 98
S 805
Materials
Absorber plates 566
Plumbing 94
Controller and auto valves 102
762

Total labor and materials $1,567
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c. Cost Analysis

The installed cost of the Iris Images Photo Lab solar systam was
approximately $25 per square foot of collector area. Th« collector-
dependent cost was approximately $11 per square foot of collector,
including support and manifolding.

These costs will seem low, but it is important to realize thac
besides being inexpensive, the collactor is relatively inefficient.
A more expensive and efficient model would require less area for the
same output. The system cost as a frinction of area for this collector
would be considerably greater since the fixed system cost would be
divided by a smaller area. For example, consider a coliector system
costing 315 per square foot installed — perhaps similar to the Iris
Images collector, but with a slightly better absorcer and white water
tempered g.azing. This coilector's performance curve (efficiency vs.
temperature difference/input) would probably be parallel but higher
than the one used. At normal operating conditions we might expect the
Iris Images collector to be 36 per cent efficient (annual predicted
average, per IBM System Performance Evaluation) while the highexr perfor-
mance model would be ahout 50 per cent efficient. Therefore, for the
same output the more efficient collector can be 18 per cent smaller.
In the case of the photo lab, 461 square feet of this collector would
yield the same output as the 640 square feet existing. At $15 per square
foot, it would cost $6,915 compared to $7,04C (643 sg. ft. @ $11).
Obviously, the more expensive per square foot collector — $15 vs, $11 —
would yield a less expensive, more cost-effective system.

The problem of a square foot analysis is compounded when congidering
system costs. Assumino that the collector-dependent cost for Iris Images
was $7,040, the fixed system cost would be $8,760 or about $14 per
square foot of collector area. This cost (total) does not change when a
smaller, more efficient ~collector is used, but the square foot unit cost
does. In the case of our example, the fixed system cost would be $19
per square foot of collector area ($8,760/4€1 sq. ft.). The less expensive,
more cost-effective, smaller system with equal output would cost $34 per
square foot compared to our system at $25.

Clearly, collector or system cost per square foot of collector area
is not a good method for evaluation or comparison of collectors or systems.

A cost analysis must be tied to performance — for example, cost
per BTU. 1In this case, IBM predicted the annual delivered output at 97.8
million BTU (see System Performance Evaluation). Assuming the value of the
money to install the solar system was 10 per cent per year, the cost of
delivered solar heat would be $16 per million BTU*. This compares favorably
with the cost of other solar systems. With the new 10 per cent solar tax
credit, the cost drops to $13 per million BTU, competitive with electricity.
With the government sharing 70 per cent of the cost in this demonstration
project, the cost to the owner dropped to $2-$5 (depending on the tax
credit) per miilion BTU, which is competitive with natural gas.

*This simplified economic analysis assumes that the r. sale value of
the solar system equels its initial cost to the owner plus accumulated costs

of maintenance, insurance and taxes and ignors the tax benefits of depreciation.
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This analysis does not account for the inevitable increase in gas
and elactricity costs; however, few businesses will make an investment
yielding a negative cash flow when they have other alternatives. They
will wait until golar is campetitive in year one before considering
its uge (at lecast on ar cconomic basis).
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Vii. PERFORMANCE ANALYSIS

{(For a description of the on-site instrumentation and the national
asolar data network, ses the IEN SBolar Project Description in the Appendix.
For the results, see the IBM Solar Enargy System Performance Evaluation
also in the Appendix.

sl M s Rt

The System Porformance Evaluation predicts that the solar system
will operate at an annuval collector efficiency of 36 per cent and will
provide 97.8 million BIU for a savings of 139.8 million BTU in natural gas
{assuming a 70 per cent conversion «fficlency). This relates to 3% per
cent of the estimated load (demand).

A. Comparison of Collector Banks A and B

Pollowing a freece which damaged collectors located in Bank B, the
opportunity was taken to install absorber plates of a different design to
allow for simultaneous testing and evaluation. The new absorber plates
were of all-copper construction while the others, in Bark A, were copper
tubes mechanically fastaned to aluminum shecets (see Solar Syster Description
and operations and maintenance manual, for details). It was anticipated that
the new all-copper panels would perform better than the copper/aluminum
combination. The glazing and insulation remained the same. Much to our
surprise, test data as presented in the System Performance Evaluation Report,
indicated Bank A's performance six percentage points higher with the same
pexformance curve slope {(1.1).

Although part of the reason may be that collector bank B has more
edge losses (four panels cowmpared with 12 in Bank A), and slightly les.
absorber area per panel, we believe the major reason for poorer performance
is reduced ground reflection. Only one pyronometer was installed (in the L
plane of Bank A) so the magnitude of the reflective component cannot be
determinsd; however, a large expanzc of gravelled roof lies in front of
Bank A while the roof in front of Bank B is shaded by Bank A.

It scems reflection of light from the ground on to a collecror can

have a significant impact on its performance. A sawtooth collector array
cannot take full advantage of this potential.

B. Storage System Flow Distribution

Considerable offort was made to monitor the performance of the storage
tank system -~ to the degree that all on-site monitoring (thermometers) had
to be removed to accommodate the sensors. FEach of the threc tanks was equipped
with tempecrature sensors at the top and bottom. “The object of the test was
to confirm the manufacturer's claim that the manifold system distributed
water equally to and from each tank, thus performing as a single unit.
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Thoe temperature profiles in the test indicate fairly good distribution.
During the period of collector operation, Tank 2 (middle) receives slightly
more flow than the other two.

Good tank stratification was also noted even during collection hours
when the circulating pump was on. This is probably attributed to the
oversizing of the manifold pipes and tank fittings (13") reducing flow
velocities to a minimum, and the location of the collector supply and
return ports at and near the bottom of the tank, seven and 11 inches from
the floor (above the drain).

C. Anticipated vg. Actual Collector Performance

Based on an analysis of collector performance curves of similarly s
constructed prefabricated units, we anticipated better performance than
indicated in the Performance Evaluation. Specifically, Y intercepts
(collector efficiency at inlet temperature equal to ambient) of .56 and
.50 for Banks A and B, respectively, seemed low.

All data poirts were taken at high operating temperatures in a small
range of the curve. Therefore, the extrapolated curve's accuracy is
highly suspicious.

If the collector performance curves are correct, a large discrepancy
seems to exist between single unit test data and actual system performance.
Either the components deteriorated rapidly (not indicated by visual ]
inspection) or performance of site-fabricated collectors cannot be predicted
based on test results of similarly ccnstructed modules, or actual system
operating performance cannot be compared to performance during contrived
component tests.

Assuming the performance curve developed by IBM in the System Perfor-
mance Evaluation was generated from data collected in August, several
percentage points could be attributed to dust/dirt accumulation on the
glazing. Furthermore, the shading effect of the 11" wide glazing support
runners (four total) would have the effect of reducing absorber area five
per cent below that assumed in the calculations.

D. Controller Set Points

Included in the Performance Evaluation was the determination that the
controller set points of on at 9°F dGalta T and off at 3°F delta T were too
close. Although we disagree with IBM's conclusion that this was the major
cause of the pump cycling (the storage tank sensor was misplaced during
instrumentation installation to the collector return rather than supply
port) the advantages of adjustable controller set points can certainly be
substantiated. (NOTE: IBM believes the control sensor to have been
properly installed when the set point conclusions were drawn.)
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VIII. PROBLEMS AND MODIFICATIONS (LESSONS LEARNED)

1. The biggest problem encountered and lesson learned centers
around a freeze coupled to an electrical power failure. In this mild
climate in close proximity to the San Francisco Bay, freezes are rare.
Therefore, the least expensive automatic freeze control system was
chosen, i.e., a controller equipped with a circuit that would turn on
the pump in the event of a freeze. Tkis type. of system is still widely
used and accepted in the Bay Area. The chances of a coucurrent freeze
and power failure rendering the pump useless is remote; howewver, it
‘happened in the first year of operation.

When the collector thawed out, water began to leak under city water
pressure through large slits in the pipes caused by expansion of water
as it turned to ice., It is interesting to note that the leaks occurred
in the middle of risers —not at the bottom of the collectors or at the
soldered joints. Water leaked through the collector enclosure to the
space underneath. Unfortunately, the roof scuppers that were designed
were never installed, so the water filled to the top of the curb. The
curb height was above the lip of the jackets that surround the supply
and return lines as they penetrated the roof membrane. The space between
the metal jackets and the pipes were not sealed so that water could leak
down to the ceiling and room below.

The doors to each room and between areas are designed to be light
tight and are well weatherstripped. As it turned out, they were essen-
tially water tight. Much of the lab was under several inches of water
before it began to reach the exterior where someone would notice it.
Unfortunately it occurred over a weekend. When the leak was finally
discovered, there was so much water in the lab that the fire department
had to be called to pump it out. While damage to the solar system was
less than $2,000 and damage to the building just several hundred dollars,
damage to photographic equipment and materials amounted to over $6,000.
Water, for example, was founddripping from the bellows of a large room-
sized enlarger. Needless to say, the existing freeze control system
was deemed inadequate.

Several alternatives were considered and two primary actions were
taken:

—An additional controller with a freeze circuit was added and the
sensor was placed on the second bank. Therefore, the pump would be
activated if either or both controller/sensors indicated a freeze.

—A drain down system was installed to prevent freezing in the event
of a power failure. Two solenoid valves were installed. One is normally
{no power) closed to isolate the system, the other is normally open to
drain the water. Vacuum breakers (two) were added to the collector banks
to facilitate rapid and complete draining. The solenoid valves were
connected to a switch to allow maintenance perscnnel to shut off power
and check for proper operation.
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We would never again design this type of freeze control system,
Even with the modifications it is not a fail-safe system. For example,
we have vigited the site and found the -controller turned off. In thia
case, if no power failure occurred, the collectors would not be protected.
Even a normal drain Gown system that operates whanever the pump is off
runs a'chance of an automatic valve failure. For these reasons our
current designs (1979 vs. 197€) involve drain back systems where the
collector loop is separated from the domestic water supply by a heat
exchanger and the collector drains by gravity into a sump tank whenever
the pump is off. No mechanical/electrxcal devices are employed.

- 2. Initially, cold and hot water were mixed twice: first in the
mechanical room to prevent scalding, and second at each processor or sink
to the desired temperature (75°F to 100°F depending on the process). Each
mixing valve requires the hot.side to be approximately 20°F warmer than
the desired mixed temperature because the cold side cannot be coqpletely

" shut off.

Therefore, to be mixed twice required the initial water to be heated
tc about 140°F. This is not ideal for solar utilization where lower
temperatures are preferred. Consideringy that only the bathroom sinks ,
were without their own automatic mixing system, it was decided to eliminate
the one in the mechanical room, allowing the back up water heater set
temperature to be lowered to 120°F,

3. Several of the initial panels had leaks at the silver soldered
joints. Quality control at the factory (in fabrication and testing) was
lacking. The leaks were discovered during our pressure test just prior
to collector glazing. It was not practical to remove, return, and replace
the defective units. Corrective action had tobe made at the site. A
pipe fitter with special tools and materials was called in to do the
negessary repair work.,

4. To ensure a water tight insulation, the Filon glazing panels
were overlapped two corrugations and sealed with silicone sealant. Once
set, the silicone seal is as strong as the fiberglass panels themselves.
Therefore, instead of individual panels, there is now one big panel.
This was identified as a problem when repair work was required (see
collector freeze section) on one bank. Subsequently, sealants are not
used and leaking, at least on steep slopes, has not been a problem.

5. On several occasions we have returned to the site to find the
controls have been tampered with, i.e., the solar controller is on or
off but not in the automatic position, or the backup heater is set at
180°F, etc. This seems to be an unavoidable problem; however, all
equipment should be well labeled, key equipment might be locked, and
certainly system simplicity is essential, On-site monitors that allow
for a quick check of proper system operation are ideal.
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6. Butterfly valves (two) were inatalled on this system for
collector balancing. They are not ideal as they seem to move. Ball
valves have proven more satisfactory.

7. A potential problem was encountered due to non-union workers
being employed on a commercial project. Since our firm was tho architect,
engineer and construction manager for the entire job, little commotion
was raised. But the problem is likely to become more serious. One
solution is to design the solar system for retrofit, i.e., have the solar
subcontractor come to the site when all other trades have finished.

Even this “solution" will not work on larger systems. This is one reason
why larger solar systems cost more than smaller systems, contrary to the
economy of scale theory.

8. As anticipated, there is consideralble expansion and contraction
of the headers within the collectors. The felt lining of the clamps has
slipped out of place and in recent inspections we have found that the
panels have worked the clamps loose and have slipped down in the collector
enclousre. It should be noted that the building has been vacant and th=
collectors have keen stagnating every day for about two years. It is
possible that some collectors may have slipped tc the degree of hampering
or preventing proper draining. Once operation is resumed; a thorough
inspection and necessary repairs must be made.

9. Initially, no vacuum breakers were installed on the collectors
and the relief valves were constantly used for manual venting. With
this abnormal use (opening and closing, they began to leak. Manmal air
vents or vacuum breakers should always be installed.

10. The storage tanks were so-called "off the shelf” products
{non-solar); however, they were delivered late and delayed the project
several weeks. The fittings supplied by the manufacturer (American
Appliance) were copper with no provision for dielectric separation
from the steel tanks.

We have found continually that solar specialty products have not
been the longest lead items and are not on the critical path. It is
helpful for the designers to indicate to the contractor the known
long-lead items.

11. Not uncommon with any project, solar or not, there was not
enough space in the mechanical room to comfortably house all the
equipment. Architects should work with the solar designers early in
the design to ensure adequate space.
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Generally, the design and installation of the solar water heating system 3
at the Iris Images Custom Color Lab followed the intent of the Interim =
Performance Criteria initially developed by NASA and revised by NBS as =
NBSIR76-1187. However, several discrepancies or potential discrepancies
have been identified and are discussed below; referenced and ordered by -
IPC paragraph number,

1.3.1 Criterion Thermal performance of discrcte collectors. The solar collectors
shall collect or dissipite cnergy at their design values,

Fvaluation Engineering review of drawings, calculations, and test data.
Solar collector panel performance datu shall be generated using 3
the method described in ASHRAE Standard 93-P (in preparation) [19] 2
or any other comparable methed demonstrated to have an overall
limit of error of less than + 5X.

Comment ary Typical slope intercept curves for flat black and selective coated
absorber panels with one and two covers are shown in Figures 1.3-1
and 1,3-2 for air and water heat tranzfer fluids, respectively,

The 93-P test method will provide the efficiency as a functinﬂ;of
operating temperature, ambient temperature, and insolation for
collectors with a definahle aperture or interception area. The
collector must have n sinple heat transfer fluid inlet and outlet
and must he separate from the thermal storage device. Collectors
with other geometric, optical, or thermal characteristics may
require additional or other tests to fully describe their thermal
performance for al) environmental and operating conditions,
Additional information on collector design, performance, and
operation 1s presented in reference j10, 15, 20, 21].

The flat plate collectors installed at the Iris Images Custom Color Lab
were site fabricated with all manifolding internal to the collector. Pre-
testing this type of collector is not practical. Performance curves of
modual collectors with similar cross sections can be used as a guide in .
sizing and estimating system performance, however an overall limit of R
error of less than 5% can not be sukstantiated.

1.7.4 Criterien Hot water temperature. Potable water storage tanks providing
hot domestic water directly to the hot water distribution system
shall be equipped with instantaneous automatic temperature con-
trols capable of adjustment from the lowest to the highest
acceptable temperature settings for the intended use.

Evaluation Review of drawings and specifications.

Commentary Location and adjustment of the HW controls can influence the use
of auxiliary energy.

Originally a mixing or tempering valve was installed on the hot water
distribution system. In addition, each processor and lab sink was individu-
ally equiped with automatic temperature controls. Therefore, hot water was
tempered twice before use. Although the maximum end use temperature was
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only 100°F, this system required hot water temperatures, before mixing,
of 130°F to 140°F,

The primary (less expensive and accurate) mixing valve was subsequently
removed to increase the solar system's performance by decreasing the minimum
temperature requirement. This modification allows untempered hot water to

_feed the bathroom sinks. If a problem develops, the owner will install additional

automatic mixing valves at these sinks.

2.1.6 Criterion Thermal expansion of fluids. Adequate provisions for the thermal
cxpansion of heat transafer fluids that can occur over the service
temperature range shall be incorporated into the system design,
Expansion tanks shall be sized in accordance with the recommendations

of ASHRAE.
Fvaluation Review of drawings, specifications, and design calculationa.
Commentary Water expands about 4% in volume when heated from 40°F to 200°F.

Other heat transfer {lulds will have differsnt coefficients of
volume expansion. Means should he provided in the system design
to contain this additienal fluld velume without exceeding the
operating pressurc of the system or resulting in spillage. -,

Expansion tanks are uncommon in open (flow through) domestic hot
water systems where additional pressure caused by fluid expansion normally
is relieved through the distribution system. Likewise, no expansion tank
was provided in this system. An operational precsure relief valve located in
the mechanicalroom relieves any pressure accumulated over a long period
of time with no use (le. a weekend) before the pressure reaches that required

for release through the system's safety pressure relief valves. Therefore
a small spillage can result.

22 triterion Awtomatic pressure teliel devices,  Adequately sized and respon-
sive adtomatic predsuve reifel devices such as valves and venting
systemi shall be provided in those parts of the energy transport
subsystem containing pressurfzed fluids.  Automatic pressure
relict valves shall be set to open at not less than 25 percent in
CROURS o working pressure and At pot more than maaimum pressure
tor which the subsystem §s designed. Vented non-combustible,
potable Tigulds shall be piped to suitable drains, Non-potable

or combutitible Tiguids shall be hawdled in accordance with
Criterion 4.4.1.,

Keliel valves sball drain to locations acceptable to the local
administrative code authority.

FEvaluat ion Review of drawings oad specifications and/or determination that

methods, devices, and matertials to be used are approved by a

recognized testing aud evaluation apgency a4s being suitable for
the proposed use,
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Commantaty For large systems, special consideration should be givan to
venting the excesaive pressures caused by exposure fives.
Guidelines for calculacing vent sise are contained in NFPA 30
{3).

The pressure relief valves located on each of the two collector arrays
are vented above the roof and are not piped to drains. Pressure is not vented
from these valves unless the collectors are full and mistakenly isolated from
the system. Normally pressure is vented from relief valves suitably piped
to the mechanical roomdrain.

4.3.4 Criterion Protection against auto-ignition of combustibles. COnbultizie
solids used in solar equipment ahall not be exposed to elevated
temperatures which may cause fgnition.

Evaluation Review of calculations, drawings, and r..'cificatione. Testing to
show compliance where necessary.

Commentary Exposure of cellulosic materinls as well as other combustible
materials over an extended period of time result in the material
reaching and surpassing {tr auto-{gnition temperature., The most
comonly accepted ignition temperature of wood is 392°F.

However, atudies have i{ndicated that wood may fJgnite when
exposed to a temperature of 212°F for prolonged periods of time.
The ignitinn temperatures of plastics may he ahove or below those
of cellulosic materials.

With the single glazed flat black collector installed on this project stag-
nation temperatures are not expected over 2500F, well within the accepted
ignition temperature of wood but certainly greater than 212°F, Both Douglas
Fir and Redwood were used in the construction of this collector to support
the absorber plate and glazing.

Why were the studies in the Commentary not referenced?

CHAPTER S5 - DURABILITY/RELIABILITY

Durability 2 1 reliability were not tested prior to construction. Materials
in the design were selected with these factors in mind. Whether or not
individual components were tested as specified in the I,P.C. is not known,
Specifications on each component including some test data can be found in
other sections of this report and/or in the opsration and maintenance manual,
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6.1.1 Criterion Access for system muintenance, All individual items of equip-
ment and components of the H/C/HW systams which may require
periodic examination, adjusting, servicing and/or maintenance
shall be accessible for inspection, service, repair, removal or
replacement without dismantling of any adjoining major plece of
vquipment or subaystem., Individual collectors in an array shall
be replaceable or repairable without disturbing non-adjacent
collectors in the array.

Evaluation Raview of drawings and specifications.

Commentary Accensibility as a function of component life {s an important
consideration, Some mapufsctured collector systems and many
individually designed mystcas are done in such a way that
sequential installation is necassatry. This can make it very
difficult to replace an individual collector without disturbing
the entire array.

The collectors on the Iris Images Custom Color Lab were site fabricated
in two major arrays. A uniform glazing system (corrugated fiberglass)
covers each array. Silicone was used to seal laps between the fiberglass
panels. Subsequently it was found that individua) glazing panels cannot
be removed for replacement or repair of themselves or the individual absorber
plates below. This design detail is not recommended. A less permanent
sealent would have been preferred.

Following the design and construction of the solar DHW system, a large
(unanticipated) filtration system (not solar related) was installed in the
mechancial room, rendering one of the three 120 gallon solar storage tanks
inaccessible. Servicing this tank may require removal of the sand filter
or the adjacent storage tank,

6.1.2 Criterion Acceds for system monitoring. Appropriate access for sensors
shall be provided for inspecting and checking essential system
parameters, e.g. temperaturs, pressure, and critical voltages.

tvaluation Review of Jdrawings and specifications for the location of test
fittings and electrical contacts.

Commentary Adequately located test fittings will permit system monitoring
and expedite the maintenance and repair of equipment,

Originally meters were installed to monitor the lower and upper storage
tank temperatures., The government's subsequent instrumentation system
required the use of all available tank connections. Unfortunately this system

does not allow for site readout and therefore monitoring the storage tank tem-
peratures is not possible.
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6.2.1 Criterion

Evaluation

Commantary

Installation instructions, The instructions shall include
phyeical, functional, and procedural requirements for H/C/HW
subassembly and component installation.

Thess instructions shall describa the interconnection require-
ments of the various subsystems and components and their inter-
face requirsments with the building ana site.

Reviev of installation instructions.

It 18 pot the intent of this criterion to require the provision
of complete, detailed system {nstallation specifications. Such
specifications would normally be project specific and part of
the procurement process.

Design plans and specifications of the solar DWH system were adequate
for building permit approval, however complete instaliation instructions were
not compiled due to the design/build nature of this project. If the design
firm was not the builder, more detailed contract documents and/or {nstallation
instructions would have been required and prepared.

12.1.1 Criterion

Evaluation

Commentary

Accessibility. Tho design shall make adequate provision for
accessible maintenance.

Reviev of site and building drawings.

Solar components should be accessible without trespassing on
adjoining property and should not be located unnecessarily under
buildings or rouds, behind mechanical equipment or in other
places which are inaccessible for maintenance without disassem-
bling any major structural or machanical elements. There should
be sufficient room around components to permit their examination,
adjustinc, servicing, and/or maintenance. Accessibility for
repair, maintenance and replacement should reflect the expected
life of the component and frequency of routine maintensnce
required, An element with a shorter maintenance cycle or life
expectancy should be more accessible than one that has a longer
maintenance cycrle or life expectancy.

See discussion regarding IPC - 6.1.1, Access for system maintenance.
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II.

SYSTEM OPERATION

Summary Description

The Iris Images solar water heating system is designed to
provide process hot water for film processing. It is a pre-heat
system intended to supply approximately 60 per cent of the annnal
water heating based on a load of six gallons per minute, nine
hours a day, five days a week, at 100°F.

The solar system is designed to meet loads as they occur
during the daylight hours on working days, and to meet the average
low temperature demands of the system—not to meet peak loads. A
simplified system schematic is shown in Figure 1.

Potable water enters the system from the city water main.
It may enter the storage tanks or the collectors, depending on
the load from the processors and operation of the pump.

A differential temperature controller compares the temperature
at the bottom of the storage tanks and at the top of the collectors.
When the collectors are warmer, the controller activates the pump
and circulates water through the solar collectors, transferring
enexgy in the form of heat to the water storage tanks. The
controller will automatically turn the system off when energy
is not collected.

The storage tanks in this system are designed only as a buffer
between energy collection and use. They are not intended to provide
storage for peak loads or over periods of bad weather. The tanks
store solar pre-heated water. This water feeds to the backup gas
heater, where, if necessary, additional energy is added to bring the
water to the desired temperature. From here, hot water is supplied
to the film processors as well as six sinks and two bathrooms.

Make~up Water Supply

Water to the solar system is supplied from the city water main,
Before entering the solar heating system, it passes through a filter
located in the mechanical room. This filter is not a part of and is
not necessary to the operation of the solar system. The filter was
installed to ensure that only very clean water is sapplied to the
film processors.

A bypass line is provided from the make-up water to the backup
heater. The solar system can be completely bypassed, allowing
continued lab use while maintcnance or repairs are made on t.2 solar
system. See Figure 2.
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III.

Solar Collection Loop

The collection loop transfers heat froﬁ;the solar collectors

to the storage tanks. Potable water is the transfer fluid which
flows through the collectorxs and is the storage medium in the tanks.

A.

Control System

To ensure reliability, two differential temperature
controller. activate and deactivate the pump in the solar
collection loop. The pump performs the dual functions of
(1) circulating water through the collectors to collect
solar energy, and (2) circulating warm water from the solar
storage tanks to prevent water in the collectors from freezing.
The two controllers are mounted on the south wall of the
mechanical room. See Figure 3. )

1. Solar Energy Collection. Remote sensors are located
in the top manifold pipe of collector bank A and at
the bottom of storage tank 1. Controller A compares
the temperature at the two sensors by measuring
resistance to a low-voltage electric current. When
the collector sensor is 9°F warmer than the storage
tank sensor, the controller activates the pump. When
the collector sensor is less than 3°F warmer than the
storage tank sensor, the controller turns the pump off.

2. Collector Frecze Protection. If the water in the
collector freezes, it will expand into ice and burst
the pipes. There are two freeze protection systems
at Iris Images:

a. Pumped Freeze Protection. Both controllers are
equipped with freeze protection cycles. Controller A
is connected to a freeze sensor on collector bank A
and controller B is connected to a freeze sensor on
collector bank B. The freeze sensors are located
on an absorber plate. If the temperature at either
sensor drops below 36°F, the pump is activated and
warm water is circulated through the collectors.
When both sensors are heated up to 37.5°F, the pump
is turned off.

b. Drain Down Freeze Protection. The pumped freeze
protection does not work during a power failure.
To guard@ against the possibility of a simultaneous
freeze and power failure, a system is provided which
will drain water from the collectors during a power
failure. 1If a power failure occurs, two solenoid
valves will move. One (V4) will close, cutting off
make-up water and depressurizing the solar system.
Another solenoid valve (V7) will open, allowing
water to drain out of the collectors.
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For normal solar operation, both temperature
differential controllers should be placed in the
"automatic operation® position. In this position,
the pump will automatically activate and deactivate
as required to collect energy and prevent freezing.
The pump will activate if either or both controllers
so command.

Controllexr 1
Switch Position Function :
Manual On Pump will constantly operate regardless of

temperature differentials.

Off Pump will never operate regardless of
temperature differentials.

Automatic Operation Pump will operate in response to temperature §
differentials as required to collect energy and !
prevent freezing.

B. Balancing Flow Through Collector Banks

Collector Bank A is equipped with twelve 4' x 10' absorber
plates by Sunburst Solar Energy, Inc. Collector Bank B is
equipped with four 4' x 10' absorber plates by Solar Development,
Inc. The absorber plates in each bank are manifolded to equally
distribute flow within each bank. Flow to each bank, however,
must be adjusted with a balancing valve to ensure equal flow to
all 16 absorber plates. This can be accomplished by adjusting
the balancing valves (V8 and V9) and reading the thermometers
which are located inside the support structures at the collector
outlets.

Balancing can only be accomplished with the pump on. With
both valves completely open, the exit temperature from Bank A (T3)
will be higher than from Bank B(T4). The balancing valve at
Bank A(V8) should be left completely open and the balancing valve
at Bank B (V9) should be closed slightly. This will bring the
exit temperatures and the flow rates per collector closer together.
If Bank A is still warmer, the balancing valve at Bank B should
be closed slightly more. If Bank B is warmer, then its balancing
valve should be opened slightly. The adjustments should continue
until the exit temperatures are the same from each bank. Several
minutes should be allowed between each adjustment so the full
effect of the change can be registered by the thermometers.

An additional balancing valve is located in the mechanical
room in the supply line to the collectors in the event a reduction
in the overall flow rate is desired, but for normal operation it
should ke fully opencd. A check valve in the return line from
the collectors prevents back~syphoning at night.




VI.

C. Collector Temperature and Pressure Relief

If there is no flow through the collectors on a sunny day,
the temperature and pressure could go to undesirable highs.
To prevent excessive conditions, temperature/pressure relief
valves (V10 and V11) are located at the high point of each
collector bank. -

An additional temperature/pressure relief valve is located
on the backup water heater and an additional pressure relief
valve is connected in series with the pressure reducer on the
cold water supply to the entire building.

Storage

The storage system consists of three 120-gallon pressurized
water tanks. They are manifolded to provide equal flow to each tank.
Make-up water enters at the bottom of the tank. This is also where
water is drawn from the tank to the collectors. Water returns to
the tank from the collectors a few inches above the supply. Water
is drawn off the top of the tank to feed the bottom of the backup
heater.

Backup Heater

The natural gas backup heater is a conventional hot water
heater. Its minimum temperature should be set at 120°F.

Processors and Sinks

Water is removed from the backup heater by four independently
operated film processors. The required temperature varies according
to the type of film being processed. Temperature is controlled by
tempering valves located at each processor which mix hot water from
the solar system with cold water. Required temperatures range from
75°F to 100°F. Bathroom and laboratory sinks are also served with
hot water.
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ViI.

VIII.

jSolar System Start-up

To start the solar system, make sure all hose bibbs
in the gystem are closed., Valve V1 should be closed, and
valves V2 and V3 open. (See Figure 7.) This will fill tha
storage tanks and collectors with water and pressurize the
system. Automatic air vents, located at the high point of
each collector bank, allow air to escape the plumbing system.
For normal operation of the solar system, both temperature
differential controllers should be switches to “automatic
operation.* In this position, the pump will automatically

activate and deactivate as requlred to cc*lect energy and
prevent freezing.

Solar System Shut Down

To shut the solar system down and switch to the backup,
valve V1 should be open and V2 and V3 closed (see Figure 7).
This will unpressurize the storage tanks and co. .ectors, but
will allow lab operations to continue with the backup heater.:
Both temperature differential controllers should be switched
to "Off." This position will keep the pump off at all times.

If the system is shut down for more than a few hours—
and especially if there is a possibility of freezing temperatures—
the solar collectors should be drained. Hose bibbs are located
on the supply and return lines between the collectors and storage
tanks. A hose can be attached to them to drain the collectors.
If it is also necessary to drain the storage tanks, hose bibbs
are located at the bottom of them. Vacuum breakers are located

at the high point of each collector bank to allow air to enter
the system when draining.
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II.

III.

PERIODIC MAINTENANCE

Summary

The following inspections and maintenance should be done every
four months. If properly adhered to, the solar system will perform
more efficiently and the components will last much longer. More
importantly, some of these tests are absolutely necessary to prevent
damage to the system. For instance, if the freeze protection systems
are not operating properly, the water in the collectors might freeze,
expand and burst the pipes.

These tests take only a few minutes to complete and can greatly

extend the life of the system. It is in future years, when fuel prices

have greatly escalated, that the solar system will make its biggest
economic contribution.

Wash Collectors

Every four months the collectors should be inspected for dirt
and pollutants on the translucent fiberglass glazing. Dirt on the
collector will block sunlight and pollutants will degrade the trans-
parent cover. Rainfall will usually do a satisfactory job of keeping
the collectors clean, but when months go by without rain, they should
be rinsed off. A hose bibb is located on the roof for this purpose.
It is located on the east side of collector bank A near the bottom.

Inspect for Leaks

The solar collectors are exposed to extreme temperatures.
Excessive expansion and contraction or freezing can cause a pipe
to break. If on the roof, a leak might go unnoticed for a long time.
It is, thercfore, important that the collectors be periodically
inspected for leaks.

If a leak is found, the solar system should be immediately shut
down, the collectors drained, and the hot water system switched to
the natural gas backup system. (See "System Operation" section,
Part VIII, "Solar System Shut Down.")
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VI.

Check Balancing of Collector Banks

A thermometer (T3 and T4) is located inside each collector
support structure. It measures the temperatiure of the water as
it leaves each collector bank. The exit temperature from both
banks should be the same. (This should only be done when the pump
is on and collecting energy.) If they are not the same, then the
balancing valve at collector bank B should be adjusted. The
balancing valve ig located next to the thermometer under the
collector support structure.

Check Controllers

By looking at the water temperature going to the collectors (T1)
#-d returning to the storage tank (T2), the controller can bhe checked.
wnen the pump is operating, the returning temperature should never
be less than or equal to the supply temperature. These temperatures
should be checked periodically in the morning and late afternoon to
make sure the pump is activated and deactivated at the proper
temperature differentials.

For normal solar operation, beth temperature differential
controllers should be placed in the "automatic operation” position.

Check Drain Down Freeze Protection System

In the event of a power failure and simultansous freeze, it
becomes absolutely necessary to drain the collectors. A system is
provided which will automatically drain the collectors whenever
there is a power failure.

The drain down system employes two solenoid valves, V4 and V7,
When a power failure occurs, V4 closes, cutting off the water
pressure to the hot water system. At the same time, V7 opens,
allowing water in the collectors to drain to the flooxr drain.

During the regular maintenance check, every four months, the
proper opesi:ation of these solenoid valves should be checked. Above
the differential temperature controllers is an electrical switch.
Turning this switch to the "off" position will cut off power to the
solenoid valves, simulating a power failure. The movement of the
solenoid valves and the draining of water can be heard. If in doubt,
touch the solenoid valves while someone else turns the switch. You
will be able to distinctly feel the movement of valves. After
testing, the electrical switch should be returned to the "on"
position. For proper operation of this system, V17, located near
the floor drain, should always be open.
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ViI.

VIII.

e

Oil Pump

Every four months, place a fewAdxops of oil in each of the

two ports. Use 20-weight, non-detergent oil. This will greatly
increase the life of the pump. ‘

Drain Sediment Out of Storage Tanks

Every four months the drain valve at the bottom of each

storage tank should be opened. The water should Le allowed to
run uniil it flows clean.

This will keep sediment from building
up in the tank bottom.
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COMPONENT SPECIFICATIONS

Components
Solar collector absorber plate
{(Collector Bank A)

Solar collecter absorber plate
(Collector Bank B)

Solar collector glazing
Solar collector insulation
Pump

Differential temperature
controllers

Storage tanks

Solcneid valves

_ Manufacturer

Surburst Solar Energy, Inc.

Solar Development, Inc.
Filon, Division of Vistron Corp.
U. S. Gypsum

March Manufacturing Co.

Helictrope General
American Appliance Co.

Skinner Co.
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SUNBURST

Solar Energy, Inc.

SOLAR ENERGY ABSORBER PANELS

METAL ABSORBER PLATE SPECIFICATION SHEET TEXT

Thinking about solar energy?

. It you've examined the options and penciled out the economics, you know that modular solar collectors — those boxed,
glazed, ‘‘ieady to connect’ units — are expensive.

. You know that solar collectors aren’t so ‘ready to connect”. Properly insulated connective piping may cost as much as 20%
above the price of the collectors; not to mention your labor costs!

. You're aware that modular, pre-boxed collectors limit your design options and are difficult to install aesthetically.
. And clearly, you don’t want to pay the ma.ufacturer’s markup on the collector hoxing and glazing.

Now there is alow cost, quality manufactured, high efficiency absorber panel available to you. The SUNBURST SOLAR ENERGY
ABSORBER PANEL.

ORIGINAL PAGE &

POOR QUALITY,
The Sunburst Method oF w

Sunburst Solar Energy Pancls can be mounted in a unitary array. Severdl panels are easily headered together and boxea within
1 single surtound. Glazing and framing is done by the installer on the jobsite. The expensive, insulated connection piping is no
lorger losing heat; the bare pipe painted black within the collector surtound acts a5 additional absorber surface.

Such a cost-effective installation provides an attractive sales apportunity to your enetrgy conscious client.

Technical Description

The Sunburst Scolar Enerqy Absorber Panel is constructed of long life corrosion resistant copper tu , clamped between
sheets of 25 mil aluminum by a high pressure riveting system. All joints in the copper tubing are silver soldered and have a melt-

ing point of 1200°F. The flat black epoxy coating has been used for years as an extenior paint for jet aircraft
Materials selection for this absorber panel has been based on long life and lowest cost pet delivered BTU.
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ABSORBER PANEL CROSS SECTION
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, 4. N
% I 25 @il aluminum ,
r'—""_ '.5 L“_‘—“"".I /’,
! 1/2" 0.D. copper tube . .
rivets on 3" centers ———
Applications
Domestic Water Heating
To provide the hot water for an average California family of 5 requires
SUNBURST SOLAR COLLECTOR roughly 60 square feet of Sunburst Solar Energy Absorber Panels. They may be
L i instalted on a root, garage, hillside or freestanding. By piping to a storage tank in
’ series with yout existing water heater, considerable energy is saved with no
SURRUA LS SULAN CLLISCRR . .
R danger of insuthicient hot water.
- o Insclation 240w KN .
Tiw Rate P Space Heating
-~ The demand tor near total energy self-sufficiency is increasing. Solar space
*{”\‘\ heating cuts utility bills up to 80". Individualized plans are available to aid in
\ N the design of your solar project.
SN \\\ Swimming Poo! Heating
\ One ot the most attractive uses ot Sunburst Solar Energy Absorber Panels is
SR “ for pool heating. Rising natural gas costs and unavaitability of new hookups
\\ ‘ make solar beating the best avaitable option. The existing pool filtration pump
Bow® and piping are generally usable tor a Sunburst installation. With a single glazing,
H ~ isted . . .
i b w, the Sunburst Panels will provide steady heat year round. Performance is not as
L3 ‘\ ‘ subyect to ambient weather conditions as are unglazed systems,
(R : wngises!
\< " Understanding the subject of solar collector efticiency requites more in-
Lo ) formation than is genrrally presented. The temperatuie differential between
C reeres oy the incoming weter and thie collector surtace is the “force™ by which heat
\ Selar 901ic1ns Compeny N 1s drawn 2o the water,
. . Sen Dyegy, MIAfivase NITIU o ) . O (T B T‘ ‘ x R
\ Collector cticiency is detined as “col = out in
\ 40 201 ,,_.‘.,,_6 b e
Lo sof sol
P R P L where Qm! is the heat output of the solar collector (BTU hour)
TS oSNNS LoD VLUUNNS S L L S LA D P ! . !
Q_,; 15 the heat available trom the sun (BTU/hour)
T(‘m 15 the tempeirature of the water leaving the collector (°F)
T.,, is the temperature of the water enteting the coliector (VF)
R inthe water flow rate (Lbs/hour . GPM x 60 x 8.3)
ABSORBER PANEL DIMENSIONAL DATA SUNBURST SOLAR COLLECTOR
L 12m - ) T T T T s e e s
i ar lonr penel
- ahnst pacel -
1P e e
i
Y ‘,;‘ t
Nk il
PECY § AU |
i i .
| o .
L I .
Al I
] ST on . S - - ”.i
Ul e P
1" 1.D, copper headnr *ube
riiver molterat $o1ute 1 . 1
Cotlector efficiency is also a function of the outside ambient temperatare (T ”m‘\ A pecformance curve represanting collector of
ficiency s the parameter Tin T'amh shows true collector petformanee and sllows comparison of coltectors reqardless of size,

muaterials, vater temperature or test tocation,

.

Wind conditions signiticantly affect the performance of an unglazed woiar coltecto:.

SUNBURST SOLAR ENERGY, INC., P.O. Box 816, Menlo Park, California 94025 — Tele. (415) 326-6101
G0
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4—% 1.D. COPPER TUBE 46 100% SOLOER CAPILLARY BOND
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ALL COPPER SOLAR ABSORBER PLATE

012" COPPER

it el

SD! copper absorber plates are normally manufactured in the following configurations:

4' x 10’ sinusoidal (45 Ibs.)
4' x 10’ parallel with %"’ headers

4’ x 10’ parallel with 1"’ headers

Other lengths (under 10 ft.) and widths are readily available on special order. Plates are normally
supplied unpainted but can be provided with a high quality flat black paint.

ADVANTAGES

pEeN WitUmns P2 10 Suwrer CovaoRivae R

* time proven design
¢ excellent heat transfer

o low cost

no thermal warping or stress concentrations;

plate/tube design not subject to low cycle fatigue failure.

SOLAR DEVELOPMENT, INC. .

4180 Westroads Drive
West Paim Beach, Florida 33407

(308) 842-8036
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gl [ECHNIGAL BULLETIN jge

TECHNICAL SERVICES OEPARTMENT e 12333 S0. VAN NESS AVENUE = HAWTHORNE, CALIFORNIA 90250

Solar Energy Bulletin

The following general information and data is presented in response to the many
inquiries we have received relating to the use of Filon® Fiberglass Reinforced
Panels (FRP) in solar collectors. The attached solar Adata is based on prelimi-
nary tests conducted by Filon and independent laboratu.ies. Additional tests
are presently under way. Others are planned to provide more complete and spe-
cific information on Filon panels and their useful function as covers for solar
collectors. As this information is documented, additional bulletins will be
issued.

Justification for the use of Filon panels as covers for flat plate collectors
is extremely strong even though a complete and thorough investigation of the
use of FRP for this application has not Seen completed.

Filon panels are manufactured with acrylic fortified polyester resin reinforced
with fiberglass. All Filon panels contain UV absorbers to reduce color degrada-
tion. Two types of Filon panels are suggested for solar applications. The first
has a protective film of DuPont's polyvinyl fluoride Tedlar® on one surface.
This gives added U.V. protection plus protection from surface degradation. Ted-
lar is virtualiy impervious to erosive and corrosive atmospheric conditions.

The second product sugpested for covers has Filon's exclusive Filoplated® sur-
face on one side. I he Filoplated surface protects against degradation in much
the same manner as Tedlar through use of an acrylic modified gel coat. Standard
Filon panels are not recommended for long-term efficiency due to the lack of a
protective surface.

SPECTRAL

Comparative spectral transmittance graphs for various weights of Filon panels and
types of glass are included with this report. This data was compiled by E.1. Du-
Pont Laboratories. Additional spectrophotometer data provided by Pittsburgh Plate
Glass Laboratories is also included for comparison purposes. All panel data pre-
sented is for the Tedlar-coated quality. Test data on Filoplated and standard
types of panels will be available at a later date.

Solar energy transmission of Filon panels in the ultraviolet portion of the spec-
trum is very low, as indicated by the data. DBased on tne follcwing academically
accepted information, this siould not significantly effect the performance of a
collector. The percentage of U.V. radiation reaching the earth's surface is gener-
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ally less than 7% of the total useful solar energy (0.2 microns to 25.0 mi-
crons). The portion of the solar energy received on the ground and effective
in solar applications is substantially ir the range of 0.29 microns to 3.0
microns.

The following tables give the percent tranzimission and reflectance in the

U,V., visible, and infrared portions of the spectrum for various Tedlar-clad
Filon panels. A comparison is also made with clear float glass:

RADIANT ENERGY TRANSMITTANCE

Flat panels Type 748 (approx. 4 oz. paf); Type 558 (approx. 5 oz. psf);
Type 568 (approx. 6 oz. psf); Clear Float Glass (approx. 2.45 lbs psf/.188" thick)

Total

Type u.v. Visible Infraved Solar Energy
£58 9.4% 89.2% 86.42 86.2%
568 7.4% §8.7% 85.52 85.5%
*748 14.07% 86.7% 86.62 85.32
Glass 74.07% 89.0% 73.0% 81.0%

RADIANT ENERGY REFLECTANCE

Flat panels Type 748 (aoprox. 4 oz. psf); Type 558 (approx. 5 oz. psf);
Type 568 ( approx. 6 oz. psf)

Total

Type u.v. Visible In{rared Solar Energy
558 5.4% 7.6% 6.8% 7.3%
568 5.4% 7.9% 6.0% 7.0%
*748 5.7% 8.4% 7.1% 7.8%

*(Type 748 had one year outdoor weathering exposure prior to test).
Above tests conducted by PPG Industries. Data taken firom IBM 526 Datex,

Beckman DK2A.
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i
SOLAR and DIFFUSE TRANSMISSION 3.
Solar Energyl Diffuse Lightz

Filen Weight Transmission Transmission
Type 388 Flat approx. 8 oz, psf 822 93%
Type 608 Flat approx. 10 oz. psf 77% 922
Type 546 2'" corr. approx. 4 oz. psf 787, 90%
Type 548 2%" corr.  approx. 4 oz. psf 847 95%
Type 558 24" corr. approx. 5 oz, psf 762 95%

Glaus
Single Strerngth approx. 1.22 1bs psf 86% 967%
IASTM #E-424 (B) 2ASTM #1-1494
Neger: Sunshine Exposure Tests, Inc. Filon Research Laboratory

HEAT DISTORTION

The heat distortion temperature of Filon panels (ASTM D648) {s approximately
220°F @ 264 psi and 319° F @ 66 psi. Therefore, Filon panels should remain struc-
turally sound when used as covers on most flat plate collectors. Prolonged ex-
posure at elevated temperatures in excess of those indicated above will cause

some discoloration of the panels and possibly some gradual deformafion; however,
Filon panels will not collapse.

OPEN AQUEOUS COLLECTORS

Filon panels are not currently recommended as covers fer collectors having direct
exposure to aqueous fluids. Under these conditions, the panels can develop in-
ternal blooming, a conditica brought about by absorption of moisture which weakens
the glass-resin bond in the panels. The result is a reduction in light trans-
mission and ultimately a wecakening of the panel structure, It may be possikle to
use FRP in this type of application when a non-aqueous fluid is used. To the best
of our knowledge, specific data is not availahle relative to the use of other
fluids, and their long-term effect on FRP. However, tests are being conducted on
various commercially available products,

FASTENING

Filon FRP, aluminum and steel have similar thermal expansion coefficients., This
allows Filon panels to be fastened divectlv to these materials when proper prep-
arations are made. Due to short lengths normally involved in solar collec-
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tors any difference in expansfon coeffi-ients can be accommodated by pre-

drilling fastener holes 1/32" - 3/64" larger than the diameter of the fas-
tener. Fasteners should be %" to 1" from the panel edge and approximately
6" - 8" apart. Filon panels predrilled as above may be nailed directly to
wood frames using aluminum spiral shank natils.

Silicone adhesives provide an excellent hond to Filon panel surfaces and may
prove to be a satigfactory alternate for mechanical fastening techniques.
In addition to the silicones several other adhesives have been evaluated for
their bonding strength and found to be very effective; however, their use in
solar applicationg has not been evaluated., Tf additional i{nformation is de~
+ gired for these products, we suggest contacting one of the following manufac-

turers or a local adhesives distributor:

?

A. Dymax - #830 w/#530 primer - Conap Inc., Div. of M.P.B. Cerp.,

1405 Luffalo Street, Olean, NY 14760.

Product not recommended for continuous use at temperatures above
260° F.

B. vVersilok - #506 w/#4 primer - Hughscn Chemicals, Div. of Lord Co.,
Frie, PA 165]2.

Product will perform continuously at clevated temperatures up to
250° F.

CHEMICAL RESISTANCE

Filon FRP products are extremely stable, have high resistance to most chemicals
and acids normally found in industrial atmospheres and may be used in the pres-
ence of hydrocarbons, alrohols, peroxides, carbonates, and diluted halogens.
For specific recommendations in high corrosion atmospheres, consult Technical
Services Department.

HATL

Generally, hall only causcs cosmetic damage. Under the impact of most hail
stones, a small clouding or "starring® area will appear. This is an internal
fracture of the glass {lbers and will not significantly reduce light trans-
mission values.

MAINTENANCE RECOMMENDATIONS

Super-smooth surfaces are usuilly washed clean by rain. During dry periods,
hose or wash to remove accumulated dirt.

LOAD and_DEFLECTION DATA

Filon  pand! TR TR R AL SPU NI IPRELE IS BCE B B N NS SRS FEN R VAP TS SLINE KO I B AVERENY) VY B o SPRTEN
that would crack glass or detorm metal.  Filon panels will snap back without
Jamage when the load is removed.

In order to Yeep load-carrving capacity at a maximum, use 4 minimum number of
fasteners at the mid=span support. U'nder wind and snow loads, the panel is
ander its greatest stress at this point.  FExcess fastening simply pertorates
and weakens the panel at the maximum st ress point (see {igure 1).  Load-bearing
capaclity varies with panel configuration and pauge (see figures 2, 3, § 4).
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6.

WIND LOADS

For wind resistance, a 4' x 8' collector cover should have one cross support
in the center. The panel should be fastened to the center cross support

15" -~ 18" o.c. to prevent rattles. This cross support will normally prevent
the panel from touching the black body under heavy wind loads. Flat Filon
Type 388 fastened as indicated above (2-46 3/8" x 46 3/8" spans) will support,
in a horizontal position, a load of 10 lbs. per square foot with a one-inch
deflection at midpoint of each span. (S.P.I. load and deflection test).

This 10 1b. load may be translated into a wind load of approximately 55 mph
based on the following formula:

* MPH = (300.3) X) (Where, X = Load in 1lbs. psf)

The most severe wind load would be on a vertical installation. Therefore,
wind loads calculated for this condition should be safe for other angles. For
vertical Filon panels installations, to calculate the uniform load on the pan-
els in 1bs. per square foot, given the wind velocity in miles per hour, the
following formula may be used:

2
* X = —§%§§%~ (X represents load in lbs. psf)

*The formulas presented above are for estimating only. Wind loads must take into
consideration many factors including height, shape and size of application, as
well as the angles of installation, and cther design criteria. Proper engineer-
ing sources, as well as building code requirements, should be consulted in order
to develop specific design data.

APPROVALS

Product Standard: Filon panels exceed applicable specifications of U.S. Dept. of
Commerce National Bureau of Standards Product Standard, "Glass-Fiber Reinforced
Polyester Structural Plastic Panels,”" PS 53-72.

Code Approvals: Filon panels meet requirements of the major model building codes
and most state, county and municipal building departments, as well as fire under-
writers.

Federal Specifications: Filon panels meet Military and Federal Specifications
for "Plastic Panels, Corrugated, Translucent, Glazing" (L-P-505C GSA-FSS).
Refer to Federal Supplv Numher 9330-282-83132,
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This page has been deleted because of copyright information,

For information on FILON solar panels, physical properties, contact
FILON, Hawthorne, California 90250,
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Twelve (12) pages have been deleted because of copyright information,
For information on FILON solar products, accessories, '"How to
Design with Daylight' and sales offices contact FILON, Hawthorne,
California 90250,
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March Circulators are designed for closed and open
yoiler or domestic hot water systems, and as replace-
ments for hydronic zone valves. Eight models with three
capacities are offered. Bronze head pumps are recom-
mended for open systems to resist rust and foreign
deposit build-up. Cast iron volutes should be used only
on closed circuits where the water is circulated con-
sta' ''v and mineral deposits are minimized.

March's proven magnetic drive eliminates the trouble-
some, old-fashioned shaft seal. There can be no seal
wear, power-robbing friction
or leakage thru the seal.
Impeller and drive magnets
are permanent ceramic
type. They prevent slip-

page and insure that full B

motor horsepower is con-veTon £
verted into pumping power.

OUTLET

IMPELLER MAGNET

y ] *

———d
- INLET
e

Energy requirements are
lowered as all the energy
produced by the motor is
utilized, especially import- R IENALIN

ant in solar energy systems.

Seal-less drive also provides for faster, easier motor
=ervice, as the motor can be removed without draining,
refiiling and reheating the system.

SPINDLE

March circulators are easily installed, either vertically
or horizontally, with a choice of standard flanges on the
€21 series. Whisper-quiet operation is assured by micro-
balanced motor fan and dynamically balanced magnets.
Just two more reasons why March should be your first
choice for most every application!

Model 821-BR

IMPELLER

Model 821-VBR

Vertica! mount bronze unit ideal for hot water heaters
and aquastat boosters. %" FPT inlet and outlet are 90
apart and in a horizontal plane, permitting fast and
easy corner installation.

809

The compact, bronze head
Model 809 is ideal for domes-
tic and commercial loops, pro-
viding instantaneous hot water
at every outlet. Compared with
standard circulators, the 3
gpm 809 is smaller, lighter and
more economical to buy and
operate.

Model 809 HS

3500 RPM model for almost
twice the capacity and nearly
three times the head.

Model 809 -24

24 volt version to replace
troublesome hydronic zone
valves. Eliminates the need for
a main boiler circulator.

SERIES

821

Model 821 is a high capacity, 22 gpm, cast iron circu-
lator for closed systems not requiring bronze construc-
tion. The March design drastically reduces weight and
bulk and costs less than conventional circulators.
Common flange sizes of 3", 1", 1%", and 1%2" plus a
standard 63%" flange to flange dimension makes the
821 a perfect replacement pump.

Same as above except for bronze pump head and
flanges. The right one for domestic hot water systems.
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2" MPT

Single

B09HS S3gpm| 116 50 12" MPT 12 60 Single 80 of 8.0 Ibs

821 ——— | |
82088 [220om | 85 | 34 |\ f 120 | 1600 | 11sor| 60 | Single | 110 | 18 [11ms
{869 R B
B21-VBR |22gpm | 85 | 34 | toeaded | 120 | 1600 | 115or | 60 |Single | 110 | 1.8 |11 s
869-V %" FPT | 230

* 0On flanged models, please specify flange size desired
** Continuous duty motor, thermal overload protected 230 volt and ball bearing motors available- consult factory.
*** Pumping room temperature water

-

¥ MODEL 869 |
Applications Include french-fry cookers, hot oll filters, and {
all high-temperature locationa. Cast iron body with porcelain
ceramic spindle, nylon impelier and teflon gaskets are all
quality components designed for continuous oll circulation
ll to 400°F. Motor protected by a thick heat shield and furiher
cooled by dual motor fans.
MODEL 0868-V

IRCULATORS ===

MODEL 809

r—r—— vy -

MODELS 821 AND 869

PERFORMANCE L

RATINGS 3500 R.P M MOTOR
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LIMITED WARRANTY

March pumps are guaranteed only aqainst defects in ws "kmanship or materials for a period of
onc year from date of manufacture. Warranty will be e.‘cnded up to one year from date of
purchase, providing the warranty card is returned to the factory within 10 days of purchase date.
Liability in all events is limited to the purchase price pad and is limited to replasing or repair-
ing any pump or parts which are defective in materials or workmanship. All warranty pumps must
be returned to our factory, shipping cosis prepaid. This guarantoe shall not be eflective if the
pump hat been subjected to misuse. negligence, or if the electric cords have been cut off. This
guaiantce pertains only to pumps used to pump waler. For ali other solutions contact tho factory
for prior written approval before pump is instailed.

g OFFICES IN PRINCIPAL CITII & :’m PAGE s
PoOR QUALRTY

1819 PICKWICK AVENUE
GLENVIEW, ILLINOIS 60025
MANUFACTURING CO..INC. (312) 729-5300 TELEX 72-4378
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MODEL 821 PUMP INSTALLATION
INSTRUCTION, SERVICE
"& REPAIR PARTS

The Model 821 Pump is sssembled and ready for installa: tact the factory for instructions,

tion. The Pump should be mountsd with the Electrical

Conduit Box (item 4) on the top snd the pump in a The Pump Volute has flange connections with 8-5/18
horizontsl position. The oil ports will then be on top. inches between flange faces. Volute also aveilable with E
The motor should be oiled upon instaliation and st least %-14 interns! pipe threads in pisce of flange connec: |
onice a yesr thereafter. The Pump Volute (item 1) may tions. The motor is 115 volt, 60 cycle, 1 Phase, A.C., 1.8 2
be rotated at random in any one of 4 positions if desired. amps, 110 Watts, thermal overioad protected, and is U.L. :
Remove the 4 screws (item 3) and rotate the Volute Yeillow Card Listed. i
with respect to the Motor Assembly {item 4) then re- |
sssemble the screws. The Pump may be operated with The flange gaskets and screws and nuts are packed with

the Volute down and the motor vertical without any esch pump, The flanges come packed separate and custo-
problems. If you wish t0 operate the Pump with the mer must specify the size required i.e. %”, 17, 1%"” or

Volute up and the motor vertically down you must con- 1%" size.
@ 2 O]
|

j /
/

| et -
o l»—« -

e B et

(A) TO REMOVE MOTOR ASSEMBLY

The model 821 Pump is made up of 2 basic subassemblies. They are the Pump Volute and Impeller
Assembly (item 1); and the Drive Magnet, Fan, Motor, Conduit Box Assembly (item 4). To separate the
2 assemblies, simply remove 4 hex head screws (item 3). The Pump will then separate into the 2 assem-
blies plus the Heat Shield (item 2) «hizh is the glass filled plastic disk between the two assemblies.

If the motor has failed, the motor assembly can be removed from the Pump Volute without having to
drain the water out of the system. The Pump Volute flange connections do not have to be removed.
The water cannot escape from the Volute unless the flange connections are loosened. Remove the 4
screws (item 3) as described above and simply slide the Motor Assembly (item 4) backwards. Replace
the defective motor assembly with a new unit and re-attach to the Volute. Be gure the Heat Shield
(item 2) is placed back between the 2 assemblies. ;

MARCH MANUFACTURING CO. |

INCORPORATED

1819 PICKWICK ST. OLENVIEW, HLINOIS
AREA CODE o 312  PHONE: 729.5300
S . mosiom




‘s o, (BIgT OJREMOVE, IMPELLER: ASSEMBLY Wi i bk Atk it 185 - bl

If the motor assembly operates, but the pump does not push any water, the impeller assembly may be
jammed or otherwise defective. Remove the Motor Assembly and the Heat Shield as in section A, Then
remove the 4 flat head screws (item 11), A 6/32 Allen wrench is required.The water will now drain out
of the system. The balance of the parts can then be removed by hand in the sequence as shown in the
sketch. Check the Impeller-Magnet Assembly (item 7) and the Pump Volute (item 1) for any dirt or
foreign particles. Check the bustiing inside the Impelier-Magnet Assembly for wear, Check the Shaft
(iten: 6) for wear. Check the Housing Gaskot (item 8) for cuts or flatness. If repair parts are needed,

see Repsir Parts Chart below. Re-assemble the pump and bleed air out of the system.
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ITEM DESCRIPTION PART NUMBER OUANT.
1 Pump Volute, Flanged, Rronse 821.084-10 '
1 Pump Volute, Flanged, Cast Lran 82102510 1
1 Pump Volute, Theoaded, Bronse 82107810 1
] Pump Volute, Threaded, Cast lion ] 821-040-10 1

2 Heat Shigld o 1 BoA02110 K
3 %20 Hex_Hi Screws . 804-052-10 4
4 __Drive Magnet & Motor Ass'y 8210140 \
s Thrust Washer, Coramic 82107910 1
s  Shatt o $21.036-10 V
7 Impelier Magnet Ass'y 82102302 '
s Mousing Gaskat 804.050.10 1
9 impeiier Magnet Housing 82103501 1

10 Housing Connacting Ring 82104410 1

n %20 Flat Md. Screws 80405110 4

12 Flange Aubiher Goke: " 804087 10 F]

13 " Steet Flanges, %115 1y T 7 seecity Sire 2

| 14 ] BeonseFlanges WU AT ANT AN Specity Size 2
15 Drive Magnet Ass'y. Oniy 821037901 1

MARCH MANUFACTURING CO.
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1819 PICKWICK ST.
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Mr.Plumber and Homeowner

PLEASE READ

Thank you for buying a March Hot Water Circulating Pump.
I will work many years for you and for the home or apartment
where I'm installed, but I need a little drink of oil once in

avhile.

Approximately every 120 days, I need a few drops of oil in
each of my two ports. Please use a 20 wt. non-detergent oil.

I was last oiled when I left the factory on .

Maint inence Schedule:

Please hang me near the hot water heater.

CAUTION: DO NOT OVER OIL.

o~

P.S. Please mail my warranty card to activate the warrantyl

Pump Mode! Serial No:
Date Purchased: Purchased From:
Pump Application;
Solution__
Type Concentration Pressure
Customer
Name Address
MARCH PUMP WARRANTY

March pumps are guaranteed only against defects in workmanship or materials for a pariod
of one year from date of manufacture. Warranty will be extended up 1o ong year from date
of purchase, p_rovjding this warranty card is returned 1o the factory within 10 days of pyr-
chu’ date. cht‘:ility in all events is limited 10 the purchase price paid and is limited 1o re-
placing or repairing any pump or parts which are defective in materials or workmanship, All
warranty pumps n)ust. be returned to our factory, shipping costs prepaid. This guan'ntn
shall not be effective if the pump has heen subjected to misuse, negligence, or if the electric
cords have t?un cut off. This guarantee pertains only to pumps used 10 pump water. For all
other solutions contact the factory for prior wnitten spproval, before pump is instalied.
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DIFFERENTIAL R
TEMPERATURE THERMOSTA

. . . for solar heating and

solar hot water system control

DELTA-T.

The DELTA-T* Differential Temperature Thermostat is
8n automatic motor control which turns on and off the -
circulation pump/blower in a solar heating or solar hot .-
water system when the collector temperature exceeds il
the storage temperature by preset differentials.

Also, in reverse, the DELTA-T™ may be utilized in solar
nocturnal cooling systems to control summer night cold
pick-up. By reversing the sensaor locations (high tempera-
ture sensor at storage and low temperature sensor at Enclosure is standerd 4-11/18° by
cool exterior location), the pump or blower will go on vshen 4-11/16" UL Listad eiectrical outiet
the exterior is colder than storage. box (11.8mm x 11 Smeml.

The DTT-80, 290 and 690 Series are designed to be hooked-up without the need to
hire an electrician as they are equipped with a grounded power supply cord and a
receptacie outlet in the box cover. The 630 series has two receptacles, one for the
pump and one for the freeze protection valves.

A feature of the DTT-100 series is an AUTOMATIC OFF condition when the collec-
tor temperature is below 80°F. This feature prevents the pump turning on at night
when a large amount of heat has been extracted from storage. — MODE 1

A circuit to turn the pump on during freezing temperatures is incorporated into the
DTT-200 series. This feature prevents damage to the collector from freezing by circu-
lating the warmer storage water. The pump turns on at 36°F and off when the collec-
tor is heated up to 37.5°F. — MODE 2

The DTT-400 series is designed with a high limit control of the storage temperature.
When the storage tank 1s 160°F or higher, the pump will not run. By keeping the water
temperature below 160°F, the fear of scalding is elimineted and a precautionary
mixing/tempering valve is not needed. — MODE 4 (Other temperatures are available
upon special order.)

For the Freeze-Fail-Safe™ system the DTT-690 series is available which incorpo-
rates a second 120V receptatie output to hold electric valves in position to allow
water flow through system. (The motor control is also a receptacle outlet and the box
is equipped with a 120V line cord input.) Upon power failure or freezing conditions,
42°F, the valve circuit turns off allowing the valves to return to their normal position
which causes the collector to drain. The sensor for the Freeze-Fail-Safe™ systemis a
low voltage, hermetically sealed bi-metalic element designed for military/space applica-
tions under U.S. Government Spec. MIL-S-24236. — MODE 6

To add versatility and more accurate control of functions the DTT-70 and OTT-790
series offer an externally adjustable Turn-On Differential with a fixed Tum-Off of
1.5°F. Another adjustable model is the DTT-3410 series which incorporates an exter-
nal adjustment far the High Limit, MODE 4, off temperature.

All models without receptacles have a bypass switch which allows the pump to be
turned OFF or ON, bypassing the thermostat.

Construction is all solid state electronics except the UL Listed 10 Amp, 1/3 HP,
120V relay which is designed for 10 million mechanical cycles. 240V is also available.

All models are optionally available with a Normally Closed relay function by specifying
"NC" after the part number.

For applications requiring higher than 1/3 HP, or 24V AC output, compatible relays
and transformers are shown on the reverse side.

An indicator light on the front plate of the DELTA-T shows when the temperature
differentials are in an ON condition. '

(over)

MELIOTROPE GENERAL, 3733 kenora drive, spring valley, ca. 92077
(714) 460-3930
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wstaliation is easily accomplished by running 115V to the box and from the box to
the motor. Thermistor Ends for the sensor leads are furnished with the unit. The
customer provides the interconnecting 18/2-lead wire which connects tha low voitage
DC sensor leads to the Tharmistor Ends for which connectors are furnished. Hard-
ware to attach Thermistor Ends to pipes. flat surfaces or curved surfaces is also

furnished.
SPECIFICATIONS, PRICING
DIFFERENTIAL TEMPERATURE THERMOSTATS Output Control Vs HP @ 120 VAC (for higher HP use with R-120)
" PN aitfersn- DFF dittersn Electrical Eisctrical MODE 1| Moot 2 [MODE o moDE & sRICE
tisl @ S0'C Jtisi @ 80C Hookup OFF ON OFF  lvsive facp UL | Includes
MODEL Selow Selow Above OFg Listed istor
*F ReC | °F 1€ KknockoutsCowr Recn 8O'F 36'F | 160°F Beiowa2T Ends
oTT80 | 90] S0 3.0} V.7 x x Yes $38.00
OYT8t 48] 28§ 18 ] 08 ® x Yo 38.00
OTT-82 [160] 83 | 50 ] 2.8 L] x Y& 38.00
80, 100,200,400, ] OTT-83 16.0| 83 ] 1.5 | 08 ® x Yes 38.00
and 500 Sares.
OTT-90 | 9.0] 5.0} 3.0} 1.7 3 x 41.80
orre | as] 25] 15} o8 x x 1 a0
oTr-92 |15.0]| 83} so0] 28 x x f 41.50
oTT93 |15.0] 83] 1.5 o8 x x 4150
90 and 280 Series.]! prri00| 9.0 s5.0] 30 17 x x x Yo 43.00
DTT101 | 45] 25] 18§ o8 x ® 3 Yo 43.00
oTT102 {15.0] 83] so0] 28 x x x Yo 43.00
oTT103 {15.0] 83] 15| o8 x x x Yes 43.00
OTT200| 9.0f 8.0] 30| .7 » x ® Yas 43.00
OTT201 ] 45 2.5 15 0.8 x x x Yeos 43.00
DTT202 {15.0] 83§ 50] 28 x x x Yes 43,00
OTT203 j15.0] 83| 15] 08 x x x Yes 43.00
DTT290] 9.0] 50| 30] 1.7 x x x 486.50
DTT291| 4.5] 2.5 1.5 08 x ® x \"’ 48,50
DTT292115.0f 83§ 50] 28 x x x f 48.50
OTT293 |15.0 8.3 1.8 0.8 x x ® 48.50
DT :400] 9.6} S0} 30 1.7 x x x Yo 43.00
oirt401} 45) 25) 15] 08 x x x Yes 43.00
DTT402{15.0{ 8.3 50§ 28 x x 3 Yes 43.00
DOTTF403 15.0] 8.3 1.5 o8 x x x Yeos 43.00
OTTS500] 9.0] 50| 30 1.7 x E No 38.00
DTT501| 45] 25| 1.6 08 x x No 38.00
OTT502|15.0f§ 83 5.0 28 x x No 35.00
DTT803§15.0] 8.3 1.5 [+X:] x x No 35.00
DT¥690 ! 9.0f 50] 3.0 1.7 x x x x 68.00
orveer | 45| 25| 15] o x x x x 1 es.00
DTT692 [15.0] 83| 50] 28 x x » x o'(‘b 68.00
DTT693 {15.0 8.3 1.5 0.8 x x 3 x 68.00
DTT300 | Cust. Spec.] Cust. Spec.] Customaer Specity |Customer Specity Cust. Spec., One Only No $3.00
For normaily closed relay contact function specify *"NC’* atter part number. Add $5.00 to price.
For 240 VAC Input with 240 VAC Doubte Pole Qutput Control spacity "240V* after part nurnber, add $7.50 to price.
DIFFERENTIAL TEMPERATURE THERMOSTATS ADJUSTABLE, Output Controt Ya HP @ 120 VAC
DN ditteren-JOFF gifferen Electrical Electrical MODE 1] MODE 2 [MODE 4] MODE 6 PRICE
mopeL |ris @ 50°¢ | vat @ 50C Hookup tnput OFF ON OFF |lvaieftecp. | UL { incluaes
Thru poxLina Coird/] T20VACTTZ VAL} Below Below Abovs OFF Listed|Thermittor
*F -C “F C knockoutsiCover Recp.| 50/60 Hz§12 vDC | 8O°F 36'F 160°F Enas
OTY 70 | Adjustanis{ 1.5] o8 x x Yas $48.00
oTT M Adjustabie] 1.5] 08 x x x Yes §3.00
OTT 72 | Adiustanie] 15} o8 x x x Yor 63.00
OTT 74 | Adgjustable] 15} 08 x x x Yeos 83.00
©TT?290 | Adjustahie] 18 0.8 x ® s 51.80
DTT791 ] Adiustanie} 1.5} 08 x x x 5‘(‘ 58.50
p717792 | Adustabie] t5] o8 » x x Q.“ 56.50
OTT704 | Adjustable} 1.5} 08 x x x 56.50
O1T3410] apl50] 301 1.7 x x » Yes $3.00
OTT34n| as5]26] 15| o8 x x & Yos £3.00
OTT3412} 150]82| 50| 28 * * e Yes 83.00
DTT3413} 150)83| 15} 08 x x v Yeos 63.00

For normally closed relay contact function specify "NC' after part number. Add $5.00 to price.
For 240 VAC input with 240 VAC Double Pole Qutput Control spacity “'240V°’ after part number, aud $7 .50 to price.
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THERMHGYOR END SENSOR (included with DTT-senies)
TES-1 $4.00 T, S5 et

10" iong, tetion wire, 3000 nhm « 25C. includes wire nuts for electrinal
hookup and sdicona fiherglass tape for surface mounting. (For replacerront
use with DT T-geres or with Electronie Tharmomater ET-0/350.)

8r.25 $8.50

3000 ohm @ 25°C, Thermstor Sensor with %" MPT,

8RS0 $7.00  ——pe

3000 obm @ 25°C, Thermstor Sensor with 2 MPT,

REP.30 $7.00 ( Jrmmm—— -

Same as BP-50 except leads extend from revarsa end. For direct. immarsion
into tenks. Utilize customer furnished Y2" coupling and any length of pipe. Wire
connections are enclosed inside pipe.

FREEZE SENSOR (inciuded with DTT.690 saries)
FS-1 $20.00 Ommpzmre
“ON" sbove 42°F + 5°F. "OFF" below 52F rising temperature  Hermatically

saaled non-adjustable bimetalic type. Includes strap hardwarn for attachment -

to pipe. {(May also be used in conjunction w+h DTT-400 and HELIO-MATI
senes to provide additional feature of freere recirculation protection )

WEATHERPROOF CASE
27511 GA $1430

INTERMATIC, NEMA type |, hasp tor lock, hinged door
with rubber seal. (For use as enclosire when the DTT-
semes 1S to be mounted outside )

T-120/24. knockout mounted $4.50
T-120/24P, plug mounted $5.00

120V AC Primar,; 24V AC Secondary. 20 VA
UL bsted. (Use when DTT signal output. needs to be
24V AC)

T-240/12, knockout mounted $7.50
240V AC Primary, 12V AC Secondary, 20 VA
RELAYS with ENCLOSURES

R-120 $14.30 R-24 $1430 R12 $18.20

AC Coil Voltage indicated in part number. All Are
DPOT, 25 Amp, 1 HP. UL hsted. Two piece encio-
sure has four Y2" condut knockouts

FREEZE-FAIL-SAFEtm VALVE PACKAGE
VP-1 $72.50

Lise n conjunction with DTT-630 semes. Five connections (tn and from collec-
tors, to and from storage tank, and dran). Collector will isutomatically drain

upon removal of electrical signal.
l

N

VACUUM RELIEF VALVE
VRV-36A $6.95

Valve required on all draimng type systems. Y
MPT. Mount at highest location above collector. (Al
lows atmospheric air to enter collector so that col-
fector will drain.)

AIR VENTING VALVES, Fioat Type

AV-426, Ya" MPT, 150 Max PSI $11.90
AV-87, %" MPT, 35MaxPSI § 7.60

Vaive required on all draning type systems. Mount. at. high
est point above collector {Alinws trapped air o be released
from system when pump 1s started.)

STOREXcm TANK with double-wall heat-exchanger.

arch ~d loop systems where solar heated antifreeze solutions heat watar in
rank through integral heat exchanqger.
Al tanks have auxiliary 4. 5 KW heater.

65Galln__105q f Exchanger
_BOGailon 15 sq. It Exchanger

120 Gatlon 20 sq ft Exchanger

TossEow  $o28
TCB0EDW  $263
TCIEDW  §d

Separate data sheet avadalde npon eogoe

EXPANSION TANK
ET-442 32080

Tank requred on &l closad loop systems. Ye"MPT, B dis, x
13" high for aystems up to 20 galinns of Hast Exchanga
Fhad capacity, diaphragm type captive ar. (Whaen Heat Ex-
changn Flad becomes heated tha expansion is absorbad by
the Expantion Tank ) :

TEMPERING VALVE
TV-326 81190

Extornally adjustabie from 120-180°F, 3" swest fittings,
complately non-ferrous construction, thermostatic els-
ment replaceabla without. removing vaive. (For use with
domaestic hot water tank. Cold water 15 mixad with hot to
reguiata exit water temperature at volve setting, prevent-
ng scaking wator temperatures at the faucet. Lengthens
out. the dehvery of hot water from tank hy mixing cold at the
tank, not the faucet. Necossary for off solar systems.)

TEMPERATURE AND PRESSURS NELIEF VALVE
TEP100XL $512

WMPT. 150 ths . 210F.

GRUNDFOS CIRCULATION PUMPS

CAST IRON, Closed loop systams only, including two vaives.

UPS-20-42F $60.20

1/20HP «1 115V AC. S-posttion variable flow control
by external adjustrment plus two-speed motor control.

UP-26-64F $6B 60 Same as above except 1/12 HP and without two speed
STAINLESS STEEL, Openioop, potable water systems. nciuding two vaives.

UM-25-1a51) $75.15
135 HP o 115V, AC, Single speed without flow contro!

UP.0'5-425F $91.00 Same as above except 1/20 HP.
UpP.25.64F $107.70 Same as above except 1/12 HP.

LINE CORD with pump, add $3.00 to pump price.
Specrty “'with hine cord” after any pump part number
andt the punp will be pre-wired with a line cord to
smply plug into the DTT-80, 280, 690 and 790
Seres.

ELECTRONIC THERMOMETER

ET-0/350 $74.50 ‘m'

Temperatura range 0" to 350° displayed on a four nch wide dial. Dial shows
temperature in hoth Fahrenheit and Celcius. Thermistor sensors may be
lonated up to 1,000 feet away from thermometer. Customer provides inter-
connecting two-conductor wires (18 to 24 ga. recommended) which are at-
tached tn the electroric thermometer terminal strp and to the Thermustor
End Sensors Twelva position rotary switch allows temperature sensing at up
to 11 different Incations plus an "OFF” position. Response time s immediate
upon changing switch focation, Thermometer comes with three Thermistor
End Sensnrs. For sensing at additional locations, purchase one TES-1, isted
above, for each additional location. 115V AC nput with three-wire line cord
Dimensions: 11" wide x 4” tugh x 84" deep. Separate data sheet availabie upon
request.

Asik ahout, our two location strp chart recorder and a hand-held battery pow-

ernd dtgital

SOLAR HEATED SWIMMING POOL CONTROL SYSTEM

HELIO-MATIC 1y,

Asgembly of Delta-T. 12V transformer, Weatherproof
Case, and 12V Electric Valves with complete instructions
ABoth 120 and 240 Voltage inputs avalable. Separate dats

sheet. available upon request

AlE e shown are dekversd prices withn the U 5 A pxrept STOREX TANK S which are
shipped Fromht Collect. C O 1) or check must accompany order uniess credit has heen
eatabhshnd Forenn customers add 7% to cover freght and handing

Frue yeiw rmitord warrioty satesfacton guarantee on all 7T products  One year trom date

INSOLATION METER

M5 35750
Hind hodd metar, ndicates solar intensity

tf peare e bty o e Lo peptacemon, of defocton merchandiae witd: o Lonted o
plidenent. Attar con yest and hefees teas years oo date of poechane katality i et £
replacrment of detoctive mmerchande ¢ w2th o Lested replacement, for a that, norvicn ol g
ot BN ERanaage doe Lo Weather nxporre on grutes oot desgned for outoade matafaton ¢

et pauered byt warrant.y

ORDER DIRECTLY FROM: HELIOTROPE GENERAL 3733 Kenora Drive, Spring Valley, CA 92077 e (714) 460-3930
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lmMumm

Almﬁotmpeprwm whether manufactured by us or for us, are of the highest
quality available consistent with sensibie cost considerations.

For instance: Every Deita-T unit is electrically and h-at forom‘lmt-.mh

onrder to precipitate prematura slectronic component part fallures. / Another burm-in is

true for the Thermistor End Sensors to stabilize their characteristics and assure

consistent diffarentials. / Inside the. Deita-T you will nate that svery unit is identified
with an inspaction label which shows its own test reading number. We can relata this

nmmmmon&mmofndmefm { And field rejections are

and the inspection report for aach one is reported to the
president of the company. / Underwriters Laboratories Listing has obtainad on

many products assuring the customer of safety and code compliance.

Mofmn%mwmmmawmmmm
mgmadfa-dapu\dableparfmw:ocmm avery time, ail the

™

\.

ORDER FORM to

HELIOTROPE GENERAL, 3733 Kenora Drive,

Spring Valley, CA. 92077  (714) 460-3930
Date._
Name
C .mpany Name
Address.__
City
State Zip Phone.
QUANTITY DESCRIPTION AND PART NUMBER PRICE TOTAL

California 6% Sales Tax

Ship: C.0.D. O or Check Enclosed O

Go shead and use this order form, you will be sent our latest data sheet and order form with the
shipment to you.
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PATENT PENDING

TEMPERATURE THERMOSTAT

LY

solar hot water system control

ELTA-T.

DESCRIPTION

»

FFERENTIAL

. for solar héating and

Enctosure s standard 4.11/167 by
4-11418° UL Listed elactrcal outist

bua {11 Omm = 11 Smm)

The DEL "A-T' Differential Temperature Thermostat is an automatic motor control
which turns on and off the circulation pump in a solar heating ur solar hot water
system when the coliector temperature exceeds the storage temperature by preset
differentials.

The DYT-30 is designed to be hooked-up without the need to hire an electrician as it
is equipped with a grounded power supply cord and a receptacle outlet in the box cover,

A feature of the OTT-100 is an AUTOMATIC OFF condition when the collector
temperature is below B0° F. This feature prevents the pump turning on at night when a
large amount of heat has been extracted from storage.

A circuit to turn the pump on during freezing temperatures is incorporated into the
DTT-200. This feature prevents damage to the collector from freezing by circulating
the warmer storage water. The pump turns on at 36°F and off when the collector is
heated up to 37°F.

For complete treedom in selecting any desired ON angd OFF differentials. as low as
an OFF differential of 2°F, the Mode!l DTT-300 is available.

All models except the DTT-80 have a bypass switch on the side of the unit which
allows the pump to be turned OFF or ON. bypassing the thermostat.

Construction is all solid state electronics except one UL Listed 10 Amp, Y HP,
115V relay which i1s designed for 10 million mechanical cycles.

INSTALLATION

Installation is easily accomplished by running 115V to the box and from the box to
the motor. Thermistor Ends for the sensor leads are furnished with the unit. The
customer provides the interconnecting 18-2 lead wire which connects the low voitage
DC sensor leads to the Thernustor Ends for which connectors are furnished. Hard-
ware to attach Thermistor Ends to pipes. flat surfaces or curved surfaces is also
furnished.

SPECIFICATIONS, PRICING

NEW->
NEW->

NEW-»>

NEW—>

INPUT: 105135V AC. 50 B0 cycle, ungle phase QUTPUT: 115V AU 10 Anye, % HP

T T T T T o]
| ON OIFFERENTIAL | OFF DIFFERENTIAL| ADDITIONAL |[BYPASS |AC WIRING
MODEL F i L _c fl}l'l;rﬂgﬂ ) SW_HCH “DOK;({! VPRI‘EE )
DYT80 i 912 [50¢+11 ] 341 174086 None Yes | tnside Bux | §29.50
oT7-90 §+2 150+ 3 17408 Non't No 8t Jwie | $31.00
* plug and 3
prang te-
weptacle
on hux
B ) ) o ) tuver. B
DTT-106| 9+ 50:061 31 1.7 406 |OFF whencollector]  Yes | lowde Bux | $34.50
at BOF urless !
;l’li.’ ¥} . i
OIT200f 9«1 |50+06 ] 31 1.7 206 |ON when clletor Yes | tosade Bux | $34.50
‘ at 36" F o less
SN IS I NN L N DUNY SN SR
DYT-300 7 Customer Specity  § Custinnes Specity Castemer Spotdy Yes foaade Bax $44 50
JURNRINE Y SN ondes o0 o4 [N F DS S
Ada B3 S tor postane and hamnng oo i contomers ankd % sl Lax
Chack must aecampisty o e atdess o redit Fas been e dabilebwed
Dutvery from stork e year sl Qacban guarant o
Q1 der dhrectly team

HELIOTROPE GENERAL, 1863 tudden mesa rd.. ¢l cojon, ca 12020
(71414471600

.
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“‘Mount Dok on inside wall closs to an elne:ria source lnd "the moter to bc eentrelitﬂ..

The 115V service noes directly to the PTT box and then to the motor.

i SENSOR HOOK-NP: 'All sensor wirea carry 10 VDG, The 24 qauqu win cord senser

leads which are stubbed ocut of the box .are to bhe attached to any two-conductor lead
wire which will run from the box to the storane and frem the box te the collactor.
{An 18 aaune =ip or hell lead wice is recommeanded and no longer factory-furaished.)
Size 718 Yire-Nuts are provided for these attachmenta., At the terminatinn of :ht-
1sad wires at the collector and storaae, attach the 4" Thermistor ®nds. VEATHER™
INSULATING PROCEDURES SHOULD BE EXERCISE“ if the Wire-Nut connesctions are exposed to
outside conditions.

The clear lead wire is to he attached to a storage location where a low temper~
ature will be sensed. The white and arey wires are to be attached near the collec~
tor discharge where a higher temnerature will he sensed. {Cexrtain models of the
NELTA-T do not have the arey wire.)

CAUTION SHOULD RE EXERCISED WHEN HANDLING THE THFRMISTOR ENNS as the internal
construction is of glass which is hrittle and could crack if roughlv handled.
Attach the Thermiator Fnds to the surface to he sensed with the silicon/figerglass
tape included. Use anvnroximately 14" tare and secure to a clean surface. The tape
included is rated to 350°F, 1t may also he advisahle to mechanically secure the
lead wire just hefore the tane connection hy tyina the lead wire to a secure portion
of the collector and tank.

After installation of the Thermistor Fnds, cover the tare and thermistors with
any kind of thermal insulation so that the sensors will pick us only the tamrerature
of the surface, not the amhijent air,

Shanld it de necessarvy te nlace the m*torafde gonsor into a linuid, it is recomn-
mended to utilize a closed-end plastic or copper nine to hermetically seal the
sensor from the liguid. The Thermistor Tnd should be enoxy-attached inside the vipe
at the end heina sensed. The purnose of the enoxv is to create as qood a thermal
bond with the nipe as vassihle. (If susvended in air inside a pipe, the true liquia
temperature would not he sensed.)

J15V HOOK-1iP; ALL MODELS EXCEPT NTT-00: With customer-furnished Wire-Nuts,
attach toqether the two incoming white wires to the wire from the transfermer,
Also attach incomina service black wire to the yellow wire connected to the PC
Board. Also attach outgoing nump hlack wire to the hblack wire connected to thre
PC BRoard. FOR MODNEL PTT-9N: plug the cord into any 115V outlet and plua the
pump cord into the recepticle on the box cover,

WIRING DIAGRAM:

nsv ot Kyit 1 Khite 15y 1w

COLLECTNP - White

COLLECTOR -~ Grey*
STORAGE - Clear

*NOTE . Certain
models do not
utilize arev wire.

MELIOTROPE GENERAL
1869 hidden mesa road
el cajon, california 82020
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Rheemglas Storage Systems consist of one or more insulated and jucketed tanks (2, 3, 4), perfectly mani-
, folded, 10 aupply the stored water demunds of wll commercial, industrinl and institutional applications,
‘ This system takes the guesswork out of draw-off efficiencies and manifokt pressure drops.

The Rheemplas Stornge System (tanks and maaifolds ), combined with a Riweem Commercial Water Heater,

gives a systemn with all major components warranteed by Rheem Manufacturing Company.

RHEEMGLA
STORAGE

singlas or multiples
of
insulated storage tank

WARRANTY — The Rheemplas Storage Systems varries o fult § vear warranty against tank failure. Local
delivery and costs of removal. winstallation, tabor and materials e not covered. The complete terms of
the warranty are available a: our sales office. '

GENERAL SPECIFICATIONS

room doors,

]

‘R T T | - s
S s - ! System Galions No. of Manifold |
- | Modet No. Stored Tonks Suppiied l
N A % | RSS§-120 120 1 _—
R$S-240 240 2 1208S-2L {

| RSS-360 380 3 12088-3L
ggsggo 480 4 12055-5!. |
Note: Single Insulated and Jacketed Glasslined Tank Weiphs

400 Ibs.

MANIFOLD APPLICATION INFORMATION
1208S-2L Duplex For Two Units
12088-3L Triplex For Three Units
12085-4L Quadruplex For Four Units

MODEL APPLICATIONS
5 s This system can be installed wherever the demand
Ty utilizes stored water from 120 gallons to 480 gallons
‘ ) or mare. Unlike other storage tanks, this system can
. pass through a 30” opening—ideal for small hoiler

No saddles are necessary as tanks stand vertically

on the floor.

CONSTRUCTION FEATURES

STORAGE TANK—The tank is lined with a double 4. HAND-HOLE CLEANOUT--Large hand-hole clean-
coating of a high temperature glass formula, It onf is standard equipment. Opening is used for
is built for long life under any water condition. A removal of scale (lime), salt, sand, and other
magnesium anode rod is factory installed. Fach forein material that might accumulate. Opening
tank is designed for 300 psi test pressre --150 psi is equipned with a glass coated cover plate and
working pressure. is sealed with a replaceable gasket. ]

? 5. TANK OPENINGS-—Circulating line connections are
FIBER GLASS INSULATION—A heavy blanket of 115" NPT, Other openings are provided for hot
Fiber Glass insulation completely surrounds the water outlet, relief valve, temperature control and
tank. The eflectivencss of this material in prevent- drain valve,
ing heat loss is well known and its use assures 6. COPPER MANIFOLDS—Copper sweat fittings and

minimum losses,

STEEL JACKET—Complete unit is encased in baked
cnamel steel jacket. With minimum eare. jacket
will remain attractive and colorful for vears.

tubing are precut and packaged at the factory.
Fach component is identified for ease of assembly
and installation, This method will assure that tanks
will perform as a single unit and give the advantage
of extreme flexibility,

OPTIONAL EQUIPMENT

—
M

210

4. Drain valve

Shut-off valves for manifolds
Temperature and pressure relief valve
Tank temperature confrol

RHEEM MANUFACTURING COMPANY

WATER HEATING PRODUCTS DIVISION/Cnicago, lilinois 60852
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DIMENSIONS AND INSTALLATION SPECIFICATIONS

RHEEMGLAS STORAQGE SYSTEMS
FI.OOI SPACEK RIQI"IIHKNT'

At 1
}
RI3120
et i
DIMENSIONS EQUIVALENT PRESSURE DROP CHNART
FOR CIRCULATING MANIFOLDS
I HOT OUTLET 14"
OF STRAIGNT MPE N FEEY
WITH EQUIVALENT PRESSURE BAOP* Flow
——en=y Cooflislant}
INSULATION PAD premeraew
! 1" NPT, ol | oeemtion | e W w0 | &
i RELIEF VALVE OPENING 12038-2L | Largs Duplex 10| & o120 2200 )
LT
SR 1208830 | LargaTrisiex | 2.0 6 |11 |36] % |30 ] 86
120534L | Lorge Ouatrupiex |05 | 2 | 8 (18| 47 [ | ®
wer o cuaswon * For mantfolds with Shelof vaives mulliply 1ongth of siraight pige by 1.10,
' IACKET RHEEM WATER HEATER WITH R$S-240
aw” " STORAGE SYSTEM -~
14" NAT. |
NN For
3* NPT, FOR / CIRCULATING L
AGUASTAT | —
/mmmoc.t st
@/__. 1x AN
” _q“j e
BRAINGOCK OPENING
o - i
@A_./_‘.s_'
"
N
OR‘G'NAL PME ls "L BONIE CMCULATOR®
o 284" DIA, e OF POOR QUALITY

SAMPLE SPECIFICATION

Hot water storage shall be provided by a Rheemglas
Storage System, Model No._____ .-with insulated and
jacketed tank (s) perfectly manifolded tostore .
gallons maintained at_____ -°F. This system shall
utilize tank (s) that have a double coating of a high tem-
peruture glass formula and are equipped with a mag-
nesium anode rod. Tank(s) shall be designed for 300 psi
test preasure — 150 psi working pressure and shall be

equipped with a boiler type hand-hole cleanout. Unit(s)
shall be insulated with heavy blanket of Fiberglas that
completely surrounds tank and be encased in baked
enamel steel jacket. Manifold shall be pre-cut copper and
packaged at factory with necessary sweat fittings to insure
component tanks performing as a single unit. Tank(s)
shall be covered by a 5 year manufacturer warranty
against corrosion.

RHEEM MANUFACTURING COMPANY

WATER HEATING PRODUCTS DIVISION/Chicago, lllinols 60682

. Rheem aiso makes other Environmental Control Products/Residential Heating and Air Conditioning Equipment/
Commercial and imstml Hesting — Cooling and Air Trestment Products.

“In boeping with its pelity of continvaus progren and p

PRINTED IN US.A, H-GC-BP

ment, Rhaem Manuvlacturing Company revprens the right to mote changes witheu! netice.’
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SKINNER STAINLESS STEEL, TWO-WAY

SOLENOID VALVES—V3 AND X35 SERIES
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THE MOST VERSATILE TWO.WAY STAINLESS STEEL SOLENOID VALVES AVAILABLE

The dasign of these valves is so flexible that the bosic
valve can be modified to provide almost any arrangement
of porting, mounting, flow control, voltages and frequencies
to meet olmost any applicotion,

Each valve is 100%, tested to specifications similor to those of
the aerospace industry, and quality control procedures cover
every mamnvfacturing and assembly operation. The highest
standards of the Underwriters' Loboratories Inc. are used os

minimum operating specifications.

in eaplosion-proof comstruction,

Most explosion-proof comstruction valves are UL approved
for use under Class |, Groups C ond D, hazordous locotions,
gosoline vopors, eic.; Class I, hazordous locations; Grovp F,
cocl aond coke dust, and Group G, groin dust.

APPLICATIONS
o Aircraft - instrumentation » Oit Bumers
» Automation « Loundry Equipment o Tromsportotion

V5 Series valves are ovailoble two-way normally open, - Dehumidifiers - LPG Equipment s Vending
two-way normally closed ond two-way normally closed dual = Dispensing ¢ Machine Tools » Dental Equip-
purpose. All ore availoble in stondard construction and most ment
SPECIFICATIONS
7ALVE TYPES Normolly closed low pressure
Generol Purpose V52 %
Normally open types V51, X51 Flsw k. =Refer to C, focter in Catelog listings and
Normally closed types V52, X52 flow chorts in Section |
Normally closed duo! purpose type V57 ] ) Ref |
Special Purpose v tACI v —Refer to cotolog listings

Normaolly closed, high pressure types V52H, X524
Nc..mally closed, low pressure type V52 3%

ORIFICE DIAMETER

Normally open
V51, X51 ¥4, Ue'!, ¥a"'

Normolly closed
V52, X52 %', Y, Ya'', W, $, WL W, e

Normaolly closed dual purpose
V57 Yo', %, WL % N
Normaolly closed high pressure
V52H, X52H %", ¥a'', A", %"

V=X$ SERNS ~TWO-WAY STAINLESS STEEL VALVES

PAOE 4.} 118

Pl sil =7, %, W NPT (W avoilable with 3 orifice
only) 4" ond %" BSP for most volves

vit..  ~—Most AC ond DC voltages ond frequencies
including wide voltoge ranges ond frequencies vsed
overseas. See coil listings, Section 14

RESPID, . =AC—4 to 8 milliseconds 10 open or close
DC =10 1o 15 milliseconds fo open
4 10 12 milliseconds to close
OFeRANIENG rrd—  Up 10 600 cycles per minute
CURKENT L#tte—Refer 10 tables in Section 16
POW._ N Ok N=—10 watts

Skinner Pracision Industries, inc.

New Britein, Connectisyt, U.S.A.




SPECIFICATIONS (Centinued)
AeAT #iSC = 185°F (85°C) moximum for continvous duty

MAniIM OFFRATING PRESSURE UIFFERENTIAL=-Up 1o
3000 PSL, see cutalog lstings
vatniadown 10 § microm—all types hoving o manis
mum operating pressure of 15 PSI or higher except types
_V52H, X52M.

v dOF PRESSURE= 1Y4 times maxiowm operafing pressure
diferential

P ol PRESSUKE==10,000 PSIG

airviA-=ALL common media including oir, inert gases,
hydroviic fluids, petroleum products, freom, water, steam
ond mony corrosive media. NOTE: Use with steom, water

and some petrolevm products normolly requires plunger
assembly insert modification. Refer 1o Section 1.

He. 2 TION=Filtration of contominonts down to 100

TWO-WAY NORMALLY OPEN GENERAL PURPOSE VALVES, TYPES V581, “l

Two-way normally open volves are ovailoble in stondard
construction, Type V51, and explosion-proof construction,
Type X51.

The valves ore direct acting and have only two moving ports,
the stainiess steel spring and the stainiess steel plunger,

The stainless steel plunger contains o molded soft synthetic
insert which provides bubbletight sealing. This imsert is
molded into the top of the plunger ond seals off the orifice
machined in the ileeve.

There are many opplications that require speciol insert
material becauss of water, high heat, dead end oir applica-
tion or other medio conditions. These conditioms couse
swolling or shrinking of the insert moterial ond interfere with
volve operation. For these conditions, on AC operation o
fioating top ol is employed imteod of the stondord
plunger. This design compensates for any swelling or shrinking
ond helps secl the orifice. For further informotion see
Section 1 under insert and media specifications.

FEATURES

D e e

Uil ¢ APCT s

Coll housing, zine .n‘ cbnm codod—con be ro-
toted 380". A NPT conduit shown, wide selection of
other types avoiloble. Refer to S¢ .tion 16,

Coils for mest veltages end frequencies——wide choice
with low wettoge consumption. See Section 16, .

Copper shading ring—used in AC voltage volves only,

Refer 1o Section 1 for detoils. {

Orifice does net cut insert—highly finished well.-rounded ;

surface provides long insert life. 'S,
tb«
by

Steinless steel sleeve prevents leskage end corretion -
precision welded, hos over 10,000 PSI burst strength.

Plunger is stainless steel—has molded soft synthetic
Buna-N insert for bubbletight sealing.

Spring provides pesitive plunger return—mode of “\(
stanlon uocl pomnu valvc to be mounted in ony pmlﬁoﬂ. ‘

microns is recommended for VS2H, X52M valves. All other
types, none required,

LUBPICATION—None required
NOTE: Air line lvbrication wifl substantiolly increase veive

life on high-cycle air applications.

INTERNAL ?La’ﬂx.au:;_mmw. Note: ¥ VS2H ond
XS2H types ore operated of lower than roled presure
slight leokage on goses shovid be expected.

ERTit itmi 3l 0 i E =NONS

TEMr2a,t 200 o G EamMinus 40°F [ —40°C) 10 Plue 180°F "
(482.2°C)

». ‘-"-m' d t,“l
VIBI e Sadir UK =10 G's ond cbove

Arpassy semMost models ore UL ond CSA Approved.
Conwit Skinner for complete informotion. ’

B e o o St hig
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V3=XS SERNS—TWO-WAY STANLESS STREL VALVES

PAOE 4.3



PRINCIPLES OF OPERATION Two-woy mormoi'v open, Generol Purpose Valves Types V5I, X$1

k-
W NERUAZED T N - e

When the two-way normally open valve is de-energized,
fluid flow is from the IN port located in the body up tiveunh
the sleeve, A, around the plunger, B, and through the onitie,
T, Jocated in the sieevs, ond through the sleeve adapier, D,
+s the OUT port. :

]
il ot O i

eNLrGIZED

When current is opplied 10 the coil, E, 0 magnetic finld
astoblished that moves the plunger, B, vpward agoimt the
stop, F. The soft synthetic insert, G, in the plunger seals the
orifice, C, which stops the flow through the volve,

2

CATALOG LISTINGS

for ordering information see Section 1.
Note: Bold type and color indicate valves carried in focrory stock,

TWO-WAY iiORMALLY OPEN GENERAL PURPOSE VALVES, Type VS1

CATALOG NUMBER
option £S5 g FC

g T
f ' ) - ‘{ Y
! |\ i ' 4
$ s [
* mas.wwm oprrating 4, " f.
provwre diffeiontut v 3 Corommet " NP ot £
trs) +3¥ 3 wipe vire W war L] :

AC - V) W ey %' ey "N ' W : f 'f
200238 2001278 W G52 VSI0ALN0 V51HAZHN V51181200 Vi o - !
150i7S) 13012001 ‘w093 VeI DBt SH 12 o 1] !

12507400 17501600 % .17 ?u

Y5l D82 1285
TWO-WAY NORMALLY OPEN EXPLOSION-PROOF, GENERAL PURPOSE VALVES, Type X51

CATALOG NUMBER

- HE
opton F( L i ‘
6o
+ $
.
4 NPT, onduit
* mosimum ope-gting prewwre
ditterentiaf (P8I} g wre
oriige din wereght
AC Dne {incher!  Co focine ‘a NPT te ' NPT nounds
200(23%) 200 {275} Y 052 XAIDRY 200 XA DRZ 200 L)
15n{175) 150 {2000 " 095 XNIDREIAN L PARTH L}
125 11400 175 (180) 1y A7 KSIDRE! 24 18

* Figurrs in Porentho s mdiute Righee thon sandard pesare rotings avindibde wah sight moddu ution
2 Waight hown are for volves with condust houtings  whtiot | sun - for vilves mith gresnet houvnsg

VS-S SERHES—TWO-WAY STAMAESS STEEL VALVES ) Skinnor Procision Industnes, ing
PAGE 43 120
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APPENDIX B

PRC SOLAR PROJECT DESCRIPTION
(S0LAR/2005 ~ 78/50)

Available through the National Technical
Information Service, Springfield, VA 22151
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(BOLAR/2005 « 77/14)

Available through the National Technical
Information Service, Springfield, VA 22151




APPENDIX D

MUELLER SOLAR PROJECT COST REPORT

(SOLAR/2005 - 78/60)

Available through the National Technical
Information Service, Springfield, VA 22151
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