1} 7% / & sel
'LLL'J DOE/NASA CONTRACTOR REPORT
A STER

DOE/NASA CR-15052]

SYSTEM DESIGN PACKAGE FOR SIMS PROTOTYPE SYSTEM 2,
2 SOLAR HOT WATER

Prepared from documents furnished by
IBM Corporation

Federal Systems Division

150 Sparkman Drive

Huntsville, Alabama 35805

Under Contract NAS8-32036 with

National Aeronautics and Space Administration
George C. Marshall Space Flight Center, Alabama 35812

For the U.S. Department of Energy

e N
S ——

T EE————

U.S. Department of Energy

‘; Solar Energy




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NOTICE

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
States National Aercnautics and Space Administratiomn, nor any
federal employees, nor any of their contractors, subcontractors
or their employees, make any warranty, express or implied, or
assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.




TECHNICAL REPORT STANDARD TITLE PAG%

1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIPIENT’S CATALOG NO
DOE/NASA CR-150521
4 TITLE AND SUBTITLE S. REPORT DATE
System Design Package for SIMS Prototype System 2, Solar December 1977
- G ORGANIZATION CUDE
Hot.Wa.ter 6. PERFORM‘N 0
7. AUTHOR-(S) ‘S,PERFORMlNG ORGANIZATION REPORT #
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.
- IBM Corporation, Federal Systems Division

150 Sparkman Drive 11. CONTRACT OR GRANT NO.
P : S NAS8-32036

Huntsville, Alabama- 35805

12. SPONSORING AGENCY NAME AND ADDRESS

. ~ Contractor Report
National Aeronautics and Space Administration ontractor Fepo

13. TYPE OF REPOR7 & PERIOD COVERED}’

Washington, D. C. 2.0546 14. spénsomnc AGENCY CODE -

15. SUPPLEMENTARY NOTES

This work was done under the technical management of Mr. Earle G. Harris, George C.

Marshall Space Flight Center, Alabama.

16, ABSTRACT

This report is a collection of documents and drawings that describe a solar
. hot water system, The report contains the necessary information to evaluate the
design and with information sufficient to assemble a similar system.

The International Business Machines Corporation, under NASA/MSFC
.Contract- NAS8-32036, developed prototype system 2 solar hot water for use in
a single family dwelling, The system has been installed in Building Number 20,
which is a single family residence on the grounds of the Veterans Administration
Hospital at Togus, Maine. It consists of the following subsystems: collector,
storage, energy transport, and comprel. It is a design with wide-spread
application potential with only slight adjustments necessary in system size.

A. small amount of retyping and reformatting has been done to publish this
document, ‘in the mterest of clarity.

17. KEY WORDS ) 1A, DISTRIBUTION STATEMENT

Unclassified—Uﬁlimited

WILLIAM A BROOKSBANK, JR.

ing ProiQfc

19, SECURITY CLASSIF. (of this report) 20. SECURITY CLASSIF. (of tﬁ- page) 21, Ng. OF PAGES | 22, PRICE

MBFC - Form 3292 (May 1969)

. Unclassified Unclassified 110 NTIS

For laie by National Technical in(ormation Service, Springfield, Virginia

22161



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



TABLE OF CONTENTS

Page
System 2 Description : 1
System Performance Specification for Sﬁ\/IS Prototype
System Design No. 2‘- 7933449 Revision A 34
System 2 Design Description - 7933631D | 51
Verification Pla.n/Pro:cedure - 7933448 ) 52
Vefifiqation Status Summary System 2 82
Hazard Analysis | 108

RCOTICE

PORTIONS OF TH!S REPORT ARE ILLEGIBLE, It

~ has been reproduced from the Sast available

copy to permit the broadest passible avail-
ability. _

NOTICE

This report was prepared as an account of work ‘
sponsored by the United States Government. Neither the |
Undied Riates nor the Uruted States Department of
Energy, nor any of their employees, nor any of their

b or their employees, makes
any warranty, express or implied, or assumes any legal
1 navility or ihility for the p
or usefulness of any informutiun, upparatus, product or |
[ process disclosed, or represents that its use would not
infringe privately owned rights.

-iid

DISTRIBUTION OF THIS DOCUMENT I8 UNLIMITED .




'SYSTEM DESCRIPTION

1.0 INTRODUCTION

A-solar energy system for supplying domestic hot water to single family residences

has been designed by IBM under contract NA58-32036“to the National Aeronautics and
Space Administration's Marshall Space ?1ight Center. The prototype system illustrated
pictorially in Figure 1-1, is an integration of currént]y markétedvsubsystems and

has been built and demohstratéd as part of the gbvernment's National Program for the
Solar Heating and Cooling of Buildings. '
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Figure 1-1. System Illustration



2.0 SYSTEM FUNCTIONAL DESCRIPTION AND OPERATION

SIMS Prototype System 2 is a 1iquid, closed loop, non-draining solar energy
system for supplying domestic hot water to single family residences. As
shown schematically in Figure 2-1, it consists of solar coI]ectors, storage
tank, pumps, heat exchanger and associated p1umb1ng and controls. A silicone
fluid circu1ated through the collector absorbs energy which is transferred-
by way of a heat exchanger to potab1e water stored in a preheat tank, The =
.preheat tank, which is used to store solar energy. serv1ces a standard )
domestic hot water (dhw) heater tank which maintains the supp1y water at a
preset temperature level, typica11y 140°F. City water replenishes that '
‘flowing from the preheat tank as water is drawn at the service outlets.

Thus solar energy is used to preheat water for the standard domestic hot
water system, which is presumed to exist or be supplied separately and is
not part of the solar energy system. The_standard dhw system serves as the
- auxiliary energy source and can supp1y-a11 hot water needs in the event of
extended inclement weather. It is the primary functional interface with
the solar energy system. .
General features or characteristics of the system.design=are:

(] Single family residence app1icatioh‘

] Continental U.S. location -

° Liquid flat plate collectors

() Silicone heat transfer fluid (non-toxic)

0 Fai]-safe double wall heat exchanger

° Automatic operation
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) Codventiona1 auxiliary energy dhw syétem
e Over-temperature protection
° Freeze protected .

The baseline system accommodates nominal domestic hot water requirements of
50 to 120 gallons per day at 140°F This range is sufficient to cover the
predominance of American househo1ds The system can be scaled up or down,
however, for a wide range of hot water requirements for s1ng1e family,

multi-family, or 11ght commercial: app11cation without s1gn1f1cant ‘change to
the design concept.

The detailed System 2 design is defined by IBM Drawihg 7933631-D, SYSTEM 2
(LOF) DESIGN DESCRIPTION; and Drawing 7933449, SYSTEM PERFORMANCE SPECIFICATION
FOR SIMS PROTOTYPE SYSTEM NO. 2.

The elements of the system are arranged into sdbsystems which are described
in Section 3. System performance and sizing is addressed in Section 4.0,
w1th an example case for a specific s1te/app11cation ‘Vendor data brochures
_ for the major system components are included in Appendix



3.0 SUBSYSTEM DESCRIPTION

_ The major subsystems .comprising the solar hot water syéte@ ére:

Collector
. Storage -

Control.

Energy Transport

A summary of the general characteristics of the subsystems is presented in

Table 3-1, with a more detailed description in subsequent paragraphs.

Table 3-1. Sdbsystem Characteristic Summary

Control

(2) Thermoswitch -

Subsystem Description Maufacturer/Model*
Collector 84" x 36" x 5.5" flatplate | Libbey-Owens-Ford/1112
type, liquid, double glazed,| Sun Panel
non-selective, copper
absorber and tubes
Storage 80-120 gallon preheat tank Ford Products Co.
Energy (1) Circulating pumps Grundfos/UP25-42SF and
Transport ' . , UP26-64 .
(2) Heat Exchanger solar Shop/HEl
(3) Expansidﬁ Tank, 3 gal. Ace/X8-0
(4) Silicone Heat Transfer Dow Corning/Q2-1132
Fluid
(5) Piping, Fittings, --
Valves
(1) Differential Thermostat | Rho Sigma/106

Elmwood/3100

* or approved equivalent




3.1 COLLECTOR SUBSYSTEM

" The Libbey-Owens-Ford (LOF) Company Sun Panel Model 1112 liquid solar
collector is shown pictorially in Figure 3-1. The basic collector module
isa7 x 3 rectangular unit housed in an aluminum frame and weighing

150 pounds. The absorber plate is an embossed copper sheet 0.021 inches in
thickness with 3/8" diameter copper fluid tubing soldered to the back side.
The absorber coating is non-selective flat black paint. Three inches of
treated fiber glass insulation under the absorber plate, and side insulation
is used to reduce heat loss. The module has two 1/8" thick tempered safety
glass covers.

Typically, five (5) collectors are arrayed together with approg "iate piping

to form the collector subsyster. Section 4.0 describes how to size the

array for specific app]ications: Collector mounting and installation guidelines
are addressed in Section 5.0.

The liquid system has a para11e1 flow pattern designed to provide uniform
flow through all tubes. The absorber pIate tubes are 3/8" 0.D. copper.
The internal supply and return manifolds at the upper and lower end of the
. module are 5/8" 0.D. copper. Inlet and outlet fluid connections are 1/2"
~male NPTF,

The performance of the LOF collector in terms of collector efficiency 1s as
described by Figure 3-2. The parameters are defined as follows:

n = Collector Efficiency

Tin % Inlet F1u1d Temperature, OF .
| Tout = Qutlet F)uid Temperature, °?

Tamb = Ambient Air Temperature, Of

1 = Insoletion, Btu/Hr./Ft2
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3.2 STORAGE SUBSYSTEM

The baseline energy storage unit consists of a 120 gallon preheat tank, 28
inches in diameter and 68 inches in height. The unit, Ford Products Model

AB 120S, is stone-lined and of standard domestic hot water tank construction.
The tank is insulated with 2 inches of fiber glass. A1l fittings are 3/4 inch
NPT. The integral thermostat will be utilized to provide over-temperature
protection.

Smaller standard sized units of 80 or 100 gallon capacity may be used if site
or application sizing requirements (discussed in Section 4.0) dictate.



3.3 ENERGY TRANSPORT SUBSYSTEM |

The energy transport subsystem is comprised'of circu1afing bumps. a 1fquid-to-
1iquid heat exchanger, expansion tank, silicone heat transfer fluid and
associated plumb1ng (p1p1ng, f1tt1ngs and valves) -7

o Two pumps_are ut1lized 1n the System 2 des1gn In the collector

loop the fluid is c1rcu1ated by a Grundfos Model UP26-64 pump,
1/12 horsepower capacity, 110 volts AC. The water loop uses a
Grundfos Model UP25-42SF unit of stainless steel construction
with 1/20 horsepower, capacity, 110 volts AC. Both units have
internal bearings lubricated by the pumped fluid. Fluid line
connection at the pumps are by 1 inch female pipe thread fittings.
Ball type {solation valves are included at inlet.and outlet ports
as an integral part of the pumps.

o The heat exchanger between the collector and water loops is all copper
and of "fail-safe" double wall construction to preclude leakage of the
silicone fluid into the potable water. Overall dimensions are 3 inches
diameter by 31 inches long, with 1 inch diameter inlet and outlet con-
nections for the silicone loop and 1/2 inch inlet and outlet connections
for the water loop. The heat exchanger is manufactured by Solar Shop,
"TRANSOLATOR" Model HET.

. To compensate for thermal expansion and contraction of the collector
fluid, a 3-gallon A.S.M.E. expansion tank is included in the
primary loop. The tank is galvanized steel with 3/4 and 1/2 inch
pipe thread fittings. Manufacturer is ACE, Model X 8-0.

] The heat transfer fluid used in the col]ector'loop is a dimethy!l
silicone, Dow-Corning Q2-1132. Characteristics are:

- - Non-toxic
- Inert, stable
- Low freezing point (<-120 F)
- High boiling point (>400°F)
- Dielectric .
- Acceptable heat transfer and fluid flow properties.

9



The silicone fluid has a higher propensity for leakage than such
T1quids as water or ethylene glycol, requiring more stringent
design control of fittings and joints.

Piping is standard Type L copper tubing, one inch diameter in the
collector loop and 3/4 inch-in the water loop. Flexible couplings,
H&dro-Flex Model 904, are used to connect the collectors to the supply
and return headers. All valves are of type common to the building
~construction trades. Sweat joints (soldered) are preferred for the
piping system,. to minimize the potentia] for fluid leakage, althodgh
threaded fittings are acceptable when necessary. Compression or

flare fittings are avoided. '

10



3.4 CONTROL SUBSYSTEM
The eontro} subsystem‘prQVﬁdes fpr the folfbhﬁng control_mode[functions.

A. Norma] (Automat1c)ﬁCo11ect1on - Th1s mode prov1des contro1 for
.the collect1on of so]ar energy when co]1ectab1e in sufficient
quant1ty to add to the energy state of the preheat tank. This is
accomplished with a Rho-Sigma Model 106 d1fferent1a1 thermostat,
including fluid SP type temperature sensors at the collector

o “outlet and the (1ower) preheat tank exit. C1rcu1ator Pumps P1

| and P2 (See Figure 2- 1) are s1mu1taneously turned on when the

collector temperature exceeds the tank temperature by 20 F degrees
Pump P2 c1rcu1ates silicone f1u1d to transfer absorbed solar
energy ‘from the collectors to the pr1mary side of 'the heat exchanger.
Pump P1 c1rcu1ates preheat tank water through the secondary side
of the heat exchanger where it is heated and returned to the
tank. Both The pumps are shut off when the d1fferent1a1 temperature
drops below 3 F degrees.

As domestic hot water is used, city water at line pressure is
supplied to the bottom of the preheat tank. Solar heated water
from the top of the preheat tank flows into the conventional
domestic hot water heater. The latter operates in the conventional
fashion, adding auxiliary energy as'required to maintain the
temperature in the dhw tank at the set point.

B. Over-Temperature Protection - The control subsystem removes power
from the controller and hence the coolant pumps when the temperature
in the preheat tank exceeds a safe or desirable preset temperature
level. This is generally the control temperature of the conventional
dhw tank, typically 140°F. The adjustable, normally closed
thermostat provided with the preheat tank will provide the sensing
and switching for this function.

N



C. Manual Operation - To support solar system activation, checkout
and maintenance operations, a mode of control is prbvidéd in
which the pumps are ‘powered up continuously regardless of the )
temperature difference between collector and preheat tank. Note't
that the solar preheat tank can gain or lose heat depend1ng on
the relative co11ector and tank temperatures. Th1s mode is
provided also by the Rho-Sigma differential thermostat via the ON
switch.

D. Low Temperature Protection - The control subsystem includes a
provision to insure against freezing of the water in the preheat
tank ‘under all possible normal operating modes . Such‘a'condition
can be envisioned only if the contro]]er is 1nadvertent1y left in
the Manual Operation ON mode under severe cold weather conditions
or if the control system fails. A thermoswitch (Elmwood Co.,

Model 3100) is mounted to the water pipe between the heat exchanger
outlet and the preheat tank.  The snap action switch is set to

open at 40%F on decreasing temperature, removing power from the
controller and thus shutting down the pumps.

" The Control Subsystem wiring diagram is shown in Figure 3-3.

12
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Figure 3-3. Control Subsystem'vWirﬁing Diagram
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4.0 SYSTEM PERFORMANCE AND SIZING

The primary systeh parameters which determine the overé11 performance of

the System 2 design for any given site/application are thg collector unit
performance,* collector areatand,'fo a much 1es$er.extent,/the'preheat
storage. tank size. The sizés,selecfed for a givén’app]ication-of this
design are influenced primérj]y by the local insolation, the cost of auxiliary
fuel, and the hot water load (consumption rate). System 2 was designed for
nominal values of these conditions applicable to the most statistically
significant portions pf‘the'tontinental United States. It thus represents.
a design with wide-spread application potential with only slight. adjustments
necessary in system size. The "nominal" conditions as used herein are
defined as: ‘ ‘

e Insolation, mean daily total, ~ ~  1200-1700 Btu/Ft’
. Auxiliary Fuel Cost (Elec.) 0.02-0.04 $/KWH
. Hot water consumption 50-120 gallons/day

A. Collector

Evaluation has shown that the opt1mum'cb1]ector area for this system design
is one collector panel (19.7 th) for each 15 galions per day of hot water
consumption. This approximate relationship holds for the rahge of nominal
conditions and results in a solar contribution of from 45 to 65% of the
annual dhw load. (For applications where the hot water consumption rate is
unknown, a typical single family residence with an automatic washer is some-

* The collector unit performance is fixed since System 2 specifies the LOF
collector. Subsequent discussion of system sizes is therefore applicable
specifically only to the use of this collector.

14



‘times assumed to consume an average of 75 gallons/day, théreby requiring
‘five (5) solar panels.) For locations with higher auxiliary fuel cost, an
additional collector panel is cost-justified.. Similarly for a site with
exceptionally high solar insclation one less panel is recommended.

B. Storage

The optimum preheat tank size is approximately 24 gallons per collector
panel. This 1s based on producing the highest performance return per
initial (tank) cost and assumes the use of a preheat tank of a.size common
to standard domestic hot water tank manufacturer. Sizes 1n this category
in the genera1 range of interest are typically 80, 100 and 120 gallons.

The tank size selected shoy1d be based on the above criteria, considering

these incremental tank siies'and any physical restrictions or limitations
that might be imposed by the site.

C. Performance For An Example Site

.

The initial site for the System 2 baseline design is a single family residence
located in Bangor, Maine. Pertinent system/site parameters including
collector area and tank sizes are compiled in Table 4-1.

5



Table 4-1.

Exampie‘Case Site and Sy;tem'Pakemeters,

Parameter

Value

o Site Conditions
' Locetion'i*:A
A._App11cat1on
N ;‘Hot Nater Consumpt1on

De11very Temperature

o Inso]at1on
Auxiliary Fuel Cost

e System Design
Number of Collectors
Collector, Area
Tilt: Ang]e '
-Azimuth Angle . .
Storage Size

Supp]y water Temperature

:Bangor, Maine
" DHW, Swng]e Family Res1dence
°75 ga]lons per day*

140°%F

55F, mean

1300 Btu/Ft , mean da11y** .
0.0268 $/KwH

5

98.5 Ft.2

459

AO? (due south)

120 Gallons

Domestic Hot Water Systems".

** On horizontal plane

*Recommended design value for typical residence with automatic washer per NBS
76-1059 "Intermediate Minimum Property Standards for Solar Heating and

For the above conditions the System 2 design will supply annually approximately
10.89 x 10% Btu to the total hot water load of 19.44 x 10° Btu.

cent solar contribution of 56%.

16
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Features

High-Performance Materials
‘Throughout

Internal temperatures up to 400°F,
can occur with no-flow conditions on
a sunny day. All materials used in a
solar collector must have high perfor-
mance characteristics to withstand
these extreme temperatures. Ordinary
materials at high temperatures may
break down and emit gases, which will
gradually coat the inside of the glass
cover plates, reducing their trans-
mittance and the operating efficiency
of the collector. The SunPanel
collector materials have been chosen
or treated to prevent offgasing, even at
internal temperatures up to 400°F,

Aluminum Housing

Heavily ribbed extruded frame
construction gives the SunPanel solar
collector sufficient strength to be used
as part of the actual roof. Top and
bottom panels are sealed against the
elements, yet can be removed if
necessary. Insulated support of
absorber plate and cover plates
minimizes heat loss through the frame.
Aluminum frame and bottom cover
protect against rust staining. .

All-Copper Absorber Plate

For long term reliability and good
performance, copper is without equal.
Its heat transfer characteristic is twice
that of aluminum, and eight times that
of steel. With excelient corrosion
resistance, copper tubing has been
used in domestic and commercial
plumbing systems for decades.

Fluid Tubing Integral With Absorber
Plate

" An all-copper liquid system is soldered

to the embossed copper absorber plate
for maximum heat transfer. A parallel

.tube pattern provides uniform flow

through each panel, and the panels can
be connected in either series or parallel
arrangements. Inlet and outlet
connections are in the same plane as
the absorber plate, to prevent vapor
blocks and fluid entrapment. The
SunPanel collector is designed for an
average flow of 0.5 gallons per minute,
with pressures up to 100 psi. Pressure
drop at this flow is less than 0.5 psi, with
a 50% glycol-water solution at 140°F.

Insulation

Three inches of treated fiber glass
insulation under the absorber plate,
and a special side insulation keep the
heat where it belongs, both for
minimum loss from the system, and
protection of building interior when
the SunPanel solar collector functions
as a roof component. Fiber glass
insulation meets all fire codes. 19

euass) 13.25/Li

Tempered Glass Cover Plates

Tempered glass is impervious to the
ultraviolet rays of the sun, and retains
its strength even when exposed to the
high temperatures generated inside the
collector. Two layers of glass, with an
air space between them, give superior
thermal insulation, retaining heat in
cool ambient situations.

Integral Mounting Supports

Permanently attached mounting
supports simplify handling of
SunPanel during shipping and
installation, then function as brackets
for attaching the collector to its
framing.

Fluid Connections
Inlet and outlet connections are V{2

male NPT® . Optional flexible
connections, with custom-designed
Aeroquip hoses, made of Teflon with
stainless steel braided covers, are
available.

Vented for Moisture Relief

Desiccants are not required with the
SunPanel collector design. Pressure
equalization passages eliminate
condensation, even during idle periods.
Any maisture that might collect will
be dissipated rapidly during collector
operation.

Flat Plate Design

Research shows a flat plate collector
provides high overall heat collection
with direct and diffuse light, and it
need not be critically oriented in
relation to the sun. Motor drives and
rotation mechanisms are not required
for high performance.
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Specifications

Cover glass (2) (fully tempered)
Exposed absorber plate area
Absurber plate
Heat transfer fluid system
Frame and back panel
Back insulation
Recommended fluid flow rate
Pressure drop at recom. flow (glycol/water)
Design pressure
Test pressure
" Burst pressure (calculated)
No-flow protection required
Maximum internal temperature (no-flow)
Performance test specification
Environmental conditions
Maximum wind or snow load
Fluid connections
Installation orientation
Min. tilt angle to allow complete draining of panel
Maximum tilt
Mounting
Panel weight (filled)
Installed load
Shipping weight

Warranty

-1/8" TUF-FLEX ® tempered safety glass
—19.47 sq. ft.

—all copper

-all copper
—aluminum

—3" treated fiber glass
=0.5 gpm

-0.5 psi

=100 psi

—200 psi

=450 psi

—none

—450° F

—NBSIR 74-635
—=40°F. to +120°F.
~30#/SF

- Y2t wale NPTE
—short side horizontal
—5° (from horizontal)
-90°

—4-point, on brackets
- 150 Ibs.

-7.5#/SF

- 160 Ibs.

Wg. warrant that our SunPanel™ solar collector panel will meet our published specifications and
will be free of defects in the material and workmanship for a period of one year from the date
of manufacture. This warranty shall not apply to solar collectors which have not been handled,
installed, or used in accordance with our published instructions, or to the replacement parts or
panels beyond the warranty period applicable to the original solar panels. Our liability under
thls.mrranty shall be limited to replacement of the material, FOB, the shipping point nearest
the instailation, or at our option to refund the purchase price, and we shall not be liable for
cost of removal or installation of or any consequential damages or other damages in connection

with such collector panel,

We make no warranty of merchantability, no warranty that SunPanel is fit for any perticular
purpose or use and no other warranty is expressed or implied.

Applications

The SunPanel solar collector is
designed to generate heat energy from
sunlight, in systems operating at
temperatures over 200°F. The actual
amount of heat which can be
produced depends upon geographic
location, season and climatic
conditions, sun angle and panel
orientation, and system variables such
as the specific heat value of the heat
transfer fluid, fluid inlet temperature
and rate of flow through the collector.

The applications described below
represent typical systems using
SunPanel collectors. Specific
applications should be designed with
the help of a professional heating
engineer, using data and
recommendations from the following
pages.

Pump Control

LOF will mount a specified
temperature sensor to the absorber
plate with 12 inch leads through

the housing as an optional accessory.

Hot Water Application

A very simple system in which the hot
water supply for the household is
heated through a heat exchanger from
the solar collectors on the ranf,
Operation of the pump is controlled
by a thermostat, stopping circulation
of heat transfer fluid when the water
in the tank reaches the desired
temperature, or when the temperature
of the collectors drops below that of
the stored water, A back-up heating
element can be installed in the storage
tank if necessary.

If freezing temperatures occur, an
antifreeze solution is recommended
for the heat transfer fluid circulating
through the collectors. Local codes
should be consulted concerning the
type of heat exchanger to be used with
antifreeze solutions.

Combination Heating and Hot Water
Application

This system contains an additional
heat exchanger, a storage tank with a
closed liquid circuit to a coil in the
plenum of the furnace, and a separate
hot water heater.
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Collector lnstal lation

Mounting

SunPanel cullector is 36" x 84" in size,

and requires a nominal 5 wide space
at the top and bottom, for mounting,

pipe fittings and pipe insulation. Allow

1/8'" — 1/4" clearance between
side-by-side panels for thermal
expansion. In designing layout,
provide for collector. servicing,
including removal and replacement of
individual collectors if required. Cover
glass may be replaced without
removing entire panel.

Position panels with vent opening at
bottom. For adequate draining,
collectors must be tilted at least 5
degrees from horizontal, with the
short side level.

SunPanel is designed to be supported
from the four mounting brackets,
permitting a variety of mounting
arrangements without disturbing the
watertight integrity of the collector
housing. However, direct contact of
the collector housing with dissimilar
metals must be avoided to prevent
galvanic corrosion.

If the panel is mounted on an asphalt
roof, support it a minimum of 1-1/2"
above the surface to allow water
runoff. The collector can become an
integral part of the roof. The collector

must be supported by the roof framing.

An asphalt roof surface is not intended
for structural support due to asphalt’s
softening characteristics during warm
weather.

For other types of roofing consult
specific roofing manufacturers.

Piping

SunPanel collectors can be connected

in series or parallel arrangements.
Follow good piping practice, with
connections to be as short and direct
as possible, and aiso allow for pipe
expansion and contraction. Include
balancing valves in multiple panel
circuits to permit equalization of flow
through each collector. Provide air
vents at high points in the piping’
system, and include an expansion tank
ir! any closed loop system. Insulate all
piping to minimize heat loss and to
improve system performance.

Select pumps, valves and heat
exchangers to be compatible with heat
transfer fluid or antifreeze to be used
in system. Isolate dissimilar metals in
system to prevent galvanic action.

NOTE: If mounted on
an asphait roof, locate
collector 1-1/2° above
roof.

5" CLEARANCE

Handling

Store SunPanel collectors in a dry,
protected place prior to installation,
and handle with care. The cover plates
are fully tempered glass which is
resistant to some impact loads.
However, they can be broken by
mishandling. i

If a cover glass is broken, replacements
are available for immediate shipping.
To replace the glass, cut the caulking
beads around the edge of the frame.
Release the glass retaining member

from the frame with a thin screwdriver.

The lower glass is held in place with a
spacer, which can be lifted out. Be
sure the glass support gasket is smooth,
clean and flat before replacing
retainers. Recaulk around the glass
with LOF recommended glazing
material, along the raised edge of the
frame, and along the diagonal seams
at the corners.

Protect the collectors during
construction activity in the area.
Sparks from welding operations can
damage the glass and the aluminum
housing. Run-off from alkaline
materials or oxidizing steel, if allowed
to remain on the collector surfaces,
can cause stains. It may be necessary
to clean the panels frequently during
construction and for a period after
completion. Dirt, dust and deposits
will reduce collector performance.

Usually during normal operation the
collector panels are self-cleaning

through rain and wind. In especially
dusty locations, however, they may

. require periodic inspection and

cleaning to retain high performance.

Caution: Before handling or cleaning
collectors that have been exposed to
sunlight, make sure they are not too
hot to touch. Glass and metal surfaces

. [eass) 13.25/Li

above 150 degrees F. will burn
unprotected skin.

Support Structure

Support structure for ground or roof
installation must be properly
anchored. Ground collector supports
must extend below the frost line. All
supports must be designed to
structurally support the collectors and
resist design snow and wind loads.

The structural design of the support
structure should be sufficient to
prevent deflection, racking or twisting
of the individual collectors for dead
and live loads. Local building codes
must be consulted to determine the
design snow and wind loads. If the
collectors are to be installed on or near
large buildings or other geographical
features which may have unusual
shapes and affect the normal wind
velocity, additional design factors may
be required.

Any support system used should be
designed to last the life of the
collectors, and should be constructed
or treated so it will not rust or cause
staining of adjacent materials. The
system should also be materially
compatible with the collector housing.

The mounting and tie-down system for
support racks can be accomplished by
the four (4) mounting brackets which
are also used as handles during
installation. {See illustration.)

Support hardware is available for
pitched roofs, to allow mounting the
collectors at the roof pitch or various
angles.

Further detailed installation
information is available in our Solar
Collector Installation brochure,
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e IMPORTANT: INSTALL WITH RELIEF VALVE

e+ Stone ar glass lined steel tank with
fiberglass insulation HOT WATER 10
« fiberglass insu : "m"'\_ et i

VALVE

« Water temperature adjustable from

1207 to 180° TO ELECTRIC

unvucl}
e Easy to install—factory wired and

. piped, requires no chimney cannection "%}E”

G

_ & Corrosion-proof bronze circulator:

" e. Sparkling: enamel: jacket—easy to

.~ keep cleanr
antuATaR] >
SPECIFICATIONS
= THERMOSTAT ACCESS
STONE LINED MODELS s
10 YEAR STRAIGHT GUARANTEE , COMBINATION ORAIN i HEATING BOILER
(Do Not Require Anode) o
Modei AB40S | AB65S | ABSOS | AB120S AQUA BOOSTER
Capacity Gallons 40 65 80 120
Height 53%" | s5%" | 69%" | 68"
Datsll Diametsi 20" " %" 28" The Ford Aqua Booster i; a reserve storage tank that uses the
— - - - present boiler and burner to supply abundant hot water. [t
Floor to Drain - L s SR L " hooks up to the tankless coil of a boiler and stores 30 to 120 gal-
Circ. Disch. to Floor | 12%" | 13%” | 13%" | 13%" lons (depending on tank size) of constant temperature hot water.
o L R W The Aqua Booster solves one of your toughest customer com-
Water Connections X" %" % %" plaints: not enough hot water from an undersized boiler coil.
e e 20 L8 ) Commercial accounts and other high-volume hot water users
GLASS LINED MODELS are also prospects.
5 YEAR STRAIGHT GUARANTEE
Mods! AB30GM AB4OGM
<Capacity Gallons 30 40
———
Height 50" 60"
Overall Diameter 16 16"
Floor to Drain 6" 6"
Circ. Disch. to Floor 12° g LIBERAL WARRANTY
Max. Width 23" ¥ g A new storage tank; including the casing, but less the circulating pump, will be fur-
; ,, o nished if tank lsakage occurs within five years on glasslined models and within ten
Water C % %
e years on stone-lined models. Unit must be installed with a relief valve. All other parts
Weight, Lbs. 100 115 are covered under one yesr warranty. Labor, freight or delivery charges are not in-
cluded.

. [m=FORD

' | -. ¥slproducts
corporation

Ford Products Road, Valley Cottage, New York 10989 / Phone: (914) 358-8282

; ' PRODUCT EXCELLENCE: AQUA BOOSTERS, AQUA COILS, FUPMATES AND WATE




, STAINLESS STE" L e
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INFORMATION: Stainless steel circulator pump —UP 25-42 SF

The UP 25-42 SF is a revolutionary circulator pump. The water passing through the pump touches nothing
but high quality fabricated stainless steel. The volute section, for example, is constructed of type 316 stainless.
As with all Grundfos circulators, the UP 25-42 SF is engineered to be interchangeable with the pumps of all
other major manufacturers.

CONSTRUCTION

The UP 25-42 SF is a water lubricated pump. However, in order to protect the rotor and bearings from damaging
impurities which may be present in the circulating water, they are separated from the stator and the pump
chamber by a liquid filled rotor can. The motor shaft extends out from the rotor can, into the pump chamber
through the aluminum oxide bearing, which also functions as a seal. During initial operation, the pump is auto-
matically self-vented; however, due to the isostatic principle, there is no further recirculation of water into the
closed rotor can.

The pump’s ‘‘diamond-hard’’ aluminum oxide bearing construction, combined with the high starting torque of
the motor, ensures re-start after shutdown.

MATERIALS

Stainlesssteel: ................ ...... Pump chamber, rotor can, shaft, rotor cladding, bearing plate, im-
peller, thrust bearing cover.

Aluminumoxide: .................... Top bearing, shaft ends, bottom bearing.

Carbo.n/aluminum oxide: ., ..o ... Thrust bearing.

Aluminum: .. . n sl S L Motor housing, pump housing cover.

Ethylene/propylene rubber: ......... O-rings, gasket.

Silicon-rubber: .. ..o T Sl Winding Protection.

APPLICATIONS

The UP 2542 SF is particularly suited for open and potable systems. The stainless steel
construction protects the pump from the corrosion that has plagued cast iron and bronze-

lineq pumps 'in these types of applications. The pump is intended for circulation and booster
applications in domestic water systems.

24



PERFORMANCE CURVE UP 25-4Z SF

Feet Meter
head head

1s

1 UP 25-42 SF .
18 ;

18 2620 RPM
LE R | ELECTRICAL AND PERFORMANCE DATA
“: Il The UP 25-42 SF is operated by an energy-conserving
12 1/20th HP (0.85 amp) motor which has built-in overload
10 . 3 protaction. However, because of advanced engineering

e design, the pump produces up to 14 feet of head or a flow
8 of up to 23GPM. The pump'’s smali size and high efficiency
642 make it suitable for many varied applications and greatly
)] ‘ reduces installation problems.

41 —
. N

0 1 2 : 4 5 6 7 m3/h

S b L L R A g 7 M 0, WL S R 2 i P ) 080 (0 20 T

o 5 10 15 22 5 USGem

DIMENSIONS UP 25-42 SF

|
& | T !
| g
e L H
ki I"_‘__i_’_"‘.._ o B0 ‘
G p ‘
ey .
Y A o
A B c D E H Packing Ship. vol. Weight
Type mm mm mm mm mm mm Txwxh m3 Kg
inches | inches | inches | inches | inches | inches mm/"”’ Cbht. Lbs.
UP 2542 SF 165 109.5 33.5 106 82 129 200 x 180 x 160 0.005 3
(w/flanges) 6 1/2 3 3/4 1173 4 1/4 3 1/4 5 1/8 77/8x7x6 1/4 1/5 6 1/2

ISOLATION VALVES

GRUNDFOS recommends the use of isolation valves with circulation pumps in all systems.

Flange Isolation Valve

ORDER NUMBERS
Broﬁzo Flanges ' Flange Valves
Type Ordet No. Dim. Qrder No, Dim. Otder No.
3/4” | 5198 81 s 51.97 72
UP 2542 SF §1.06 21 13 1 51.98 52
with flanges 1%” | 6196 63

GRUNDFOS PUMPS CORP. » 2555 CLOVIS AVE., CLOVIS, CALIF. 83612 ¢ (209) 299-9741 TELEX: 35-5353 08 01
25




CRUNDFOS VARIABLE HEAD

CIRCULATOR PUMP

INFORMATION Variable Head Circulator Pump—UP 26-64

The UP 26-64 is fitted with variable-head-control. This innovative mechanism, which controls both the head
and the flow produced by the pump, allows the installer, by a simple hand adjustment, to precisely match
the UP 26-64 to the demands of many varying systems.

CONSTRUCTION

The UP 26-64 is a water lubricated pump. However, in order to protect the rotor and bearings from damaging
impurities which may be present in the circulating water, they are separated from the stator and the pump
chamber by a liquid filled rotor can. The motor shaft extends out from the rotor can, into the pump chamber
through the aluminum oxide bearing, which also functions as a seal. During initial operation, the pump is auto-
matically self-vented; however, due to the isostatic principle, there is no further recirculation of water into the
closed rotor can.

The pump’s ““diamond-hard’’ aluminum oxide bearing construction, combined with the high starting torque of
the motor, ensures re-start after shutdown.

MATERIALS

Stainless steel: ..... g e TR Rotor can, shaft, rotor cladding, bearing plate, im-
peller, variable flow adjustment plate, thrust bearing cover.

Aluminumoxide: ............ .. ... Top bearing, shaft ends, bottom bearing.

Carbon/aluminum oxide:. .. ... « . ... Thrust bearing.

Castiron ........ O Pt e R A o R Pump housing.

Ethylene/propylene rubber: ........ O-rings, gasket.

Siltconrobber: ... o i o i s e s Winding Protection.

APPLICATIONS

The UP 26-64 should only be used in closed systems (i.e. solar, hydronic). The pump is
intended only for the circulation of water. However, solutions such as ethylene glycol can
be used without hindering pump performance. For open system applications ask for
Grundfos’ stainless steel volute circulator pumps. 6

2




RFORMANCE CURVES UP 26-6

Feet Meter
head head : ; b
2 UP 26-64 Sl
1816 3200 RP.M.
16- 5 ELECTRICAL AND PERFORMANCE DATA
141 The UP 26-64 is operated by an energy-conserving 1/12th
1214 HP (1.65amp) motor, which has built-in overload
7 protection. However, because of its advanced design,
104 3 the pump produces heads from 8 to 20 feet or flows from
8: 16 to 30 GPM. The pump'’s small size and high efficiency
= make it suitable for many varied applications and greatly
6: z - reduces installation problems.
4, st S : Contact Grundfos for information regarding the complete
2_-_ : line of circulator pumps and twin pumps.
& o T (RN F 5 6 7mh
B L T A U Tt R L L R L S L o )
0 5 10 15 20 25 USGpm A
/
DIMENSIONS UP 26-64 U UP 26-64 F
—E— oAl R R
@ 1 | e :
| ! | gl
| ! 8
£ o a8 Wi
! ! -C—
: Y5 ey
s ——] ’ i
A B £ D E H Packing . Ship. vol. Weight
Type mm mm mm mm mm mm 1xwxh M3 kg
inches | inches | inches | inches | inches | inches mm/’’ Cbft. Lbs.
UP 26-64U 180 236 32 102 80 165 195 x 200 x 200 0.008 55
with unions | 7 1/16 | 9 1/4 7 3/4x7 7/8x7 7/8 V7 i 12 1/8
UP 26-64F 165 128 i 195 x 200 x 200 ; :
with flanges | 6 1/2 51/16| 13/8 | 4 1/4 314 | 63/8 |73/4x7 7/8x7 7/8 1/4 : 12 1/8

ISOLATION VALVES
GRUNDFOS recommends the use of isolation valves with circulation pumps in all systems.

Union Isolation Valve Flange Isolation Valve

ORDER NUMBERS -

4 Unions Fianges Ui Vohves
Type Order No. Dim. Order No. Dim. Order No. Dim. Order No.
UP 26-64F 3/4" 51.95 21 3/4” 51.96 01 - 5197 72
with flanges 52.22 30 13 3 51.9522 1" 51.96 02 ;
UP 26-84U 11/4" | 61.9803 3
withunions | 52.252013 11/2" | 519604 ; RIS 72

GRUNDFOS PUMPS CORP. ¢ 2555 Clovis Avenue, Clovis, Ca. ® 93612 g (%oo) 299-9741 TELEX: 35-5353 o8 01 76] ,




~ SILICONE HEAT
TRANSFER LIQUIDS
e GEER 0

'SOLAR INDUSTRY
- APPLICATIONS
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HEAT TRANSFEH LIQUID

" Typical P;op.r’ﬁa
Flash point, bpen cﬁp
Fire point

32 Silicone Heat Transfer Liquidis a’

Dow Comingo Q2-11
water clear liquid having a viscosity of 20 centistokes
" (77°F). Itis fluid from = 50°F to 600°F, exhibits heat stability, ks
oxidation resistance, very low vapor pressure and a high

flash point. It is essentially noncorrosive to common en- .~
gineering metals and is virtually nontoxic. This fluid has a

high dielectric strength and as such wm not promote gal-

. Spéciﬂc heat'.
vanic corroslon _ BUT’ lld @

o 1'-.

' ‘Dow Corning® Q2-1132 Silicone Heat Transfer Liquid is
intended for use in the collection loop of liquid solar sys-
tems to take energy from the solar collector paneis and
carry itto the thermal load or thermal storage. It is intended

“Thermal conductivity
- BTUMNH2 Fift @

for operation in the temperature range of —50°F to 400°F . beﬁsi& @ '
: with intermittent exposure to 450'F in systems that are TR, £
- essentially closed - Tk e e

- Pour point ‘

+7 ~~ Coefficient of Exbanslon
- eeleePC L

T ‘Corporm Test Mmum

: DOW CORNING® Q2-1132 SILICONE :

3aspm g

vApor pressure 400'F mm Hg

. 450°F 0021
500=F . 0052

. 0.946

0.918

-0.898

0.880

$0.842
—121°F 0133

Py

oomo] 0420
sl o 080

'-',. e Lo

.m .._-_.',t..-- ---.-----9. tedna o 4. secqpecediac cpencgoacte EER LREE B .,..J
200,000 |- — <« .- e R e T ,.. NI e T ',.. +...§.. -
X : 3 Mt
. + -
...-.?-..,....'.._.'.-.---.,-‘.’-. ,.-" o - T"" ,..'-
i . ' RS
> --..;-.'.'-......:l--J.-..--4'--..--‘-..-..,... 4_.¢-
! v T v T %
- -..»..-.-.-.-. R e "‘f""""" Lraa .‘;...*A.f..?.. .
p—-- v------‘---f B R i = .'.-.,. -.?..?-_.'-«-’p.
-_y---p e R T IE T EEEY R -....-_..-’.-.4- P SEE e
v . () ’ . . . -

¢
i
‘ .
.'r-.-'...._..-.1..-,.'_....-..'.- s e 3
\ G . Sy e e
8524 3 M s
 — . t t T T + * M
*---...-.-. P T IR I IETNNE AP SRR IR AP S SRR R R il SR
v ~ PR I : v s 5% v
SRR N X iy S ] GRS ERORE TR SR ol e ¢ A W e AL SRR o8
. . . K I .
L : < R ot ey “» PR e .
Aot e s i 'f":.?_!‘."!"-f --:...L-.
T PSR b 8 AR ‘;;4..:-... =5
L e e HLgiS $d e
[l $ESL i '
H N
v - v &
- “be ¥ ok
X

. KINEMATIC VISCOSITY, CENTISTOKES . : .

r;-‘;,

'I?O 140 1‘

TEMPERATURE DEGREES °F . 's o

180 200 720 240 260 280 300 20 340380 380 400 &

LT



Solar System Design
' Consuderatlons
Physical Properties

Corning® Q2-1132 Silicone Heat Transfer Liquid allows for
the fluid to be pumped at

treeze protection through system draining procedures. The

low vapor pressure allows for a simple closed loop design '
_ with no provisions for stagnation conditions. When the

system load and storage capacity have been satisfied, the
solar panels simply sit with the fluid in them. Compared to

~.. solar systems using other fluid this can eliminate an expen-
. sive network of high temperature sensors, control valves.

and “excess-heat” exhaust systems.
Fluid Stability :

The thermal stability of Dow Commg’ Q2-1132 Silicone
- Heat Transfer Liquid was studied in closed systems at

600°F and 650°F. Based on these studies and extrapolat-

" ing back, the data indicates the thermal degradation in

closed systems to be negligible at 400°F.

The oxidative stability of Dow Corning® Q2-1132 Silicone
Heat Transfer Liquid was studied at 392°F by aging the fiuid
in combination with various metals including magnesium,
copper, tin, aluminum and brass. After 1000 hours in es-

sentially open systems the fluid exhlbrted excellent viscos-
ity stability.

Table 1 Dow Corning® Q2-1132 Silicone Heat Transfer
Liquid. Aged 1000 hr/392°F With Various Materials in Fluid.

Viscosity  Speclfic % Wt. Loss,

Material Cs. @ 73°F  Gravity Fluid

Control 200 0962  (NotAged)
Aluminum 234 0.966 5.30
Copper 22.0 ©0.952 4.37
Tin 28 4 0.957 185
Brass* - 40.0 g9z - - 1.8/
Magnesium * 40.5 0964 043

* The viscosity drift after 1000 hours under these conditions is likely due
to the high activity of magnesium and the zinc in the brass.

Flammability

The flash and fire points of Dow Corning® Q2-1132 Silicone
Heat Transfer Liquid are 450°F and 500°F respectively and
as such are above the maximum stagnation temperature of

- most nonconcentrating solar collectors.

Toxieity :
Extensive testing has shown Dow Corning® Q2-1132

Silicone Heat Transfer Liquid to be among the least toxic
chemicals available. Copies of several studies in this re-
gard are available on request.

Corrosion Characteristlcs

Based on over 30 years in the manufacture of this basic
silicone fluid with processing temperatures reaching
600°F, our experience indicates Dow Corning® Q2-1132
Silicone Heat Transfer Liquid is essentially noncorrosive to
common engineering metals. Specific corrosion tests on
this polydimethyisiloxane fluid as part of Dow Corning's
brake fluid and electrical transformer fluid program further

. confirm the noncorrosive nature of Dow Corning® Q2-1132

Silicone Heat Transfer Liquid at temperatures as high as

—50°F and it generates essen- _ :
tially no vapor pressure at 400°F. This obviates the needfor

":; Copper 0.2

“392°F. Typical test results from the humidified fluid corro-
_soon test as per SAE XJ 1705 are Ilsted below LS

Seves

Table 2 Humrdrfled Fluid Corrosron Test
The relatively flat temperature- vrscosnty slope for Dow

<" 'Max. Wt. Change = Actual Wt. Change

<5 Metzl g mg/cm? mg/cm?
Tinned Iron .~ 0.1 0.01 Bright
~ Aluminum - " - 0.1 0.01 Bright
- Sigell et TR 0.01 Bright
- Cast Iron ke 0.1 0.01 Bright
Brags - v 02 0.02 Light Stain
0.02 Medium Stain

! ‘Resideratlal Construction Materials

Preliminary testing on Dow Corning® Q2-1132 Silicone
Heat Transfer Liquid was conducted to determine the effect
of spills or system leaks on common materials of home
construction such as rooting shingles, painted wood, as-
phalt floor tile and foam-backed carpet. No permanent
damage was noted and normal cleaning methods are
effective in clean-up.

'Competitlve Fluids

Any one or more of the following characteristics can be

experienced with other heat transfer fluids.

Freezing Sludge Formation
High pressure Scale Buildup
Corrosion- Property Damage

Corrosion Inhibitor Depletion Low Flash Point
Frequent Fluid Replacement Periodic Maintenance
Fluid Breakdown to Tars

and Acids

‘Mostof these shortcomings can be effectively designed for

by employing more expensive metals, more sophisticated
controls, pressure relief systems, and “excess-heat”

.exhaust hardware while requiring periodic fluid quality

checks and more frequent fluid replacement.

When looking at total solar system costs, itis often the case
that a simple on-off collection loop using Dow Corning®
Q2-1132 Silicone Heat Transfer Liquid is the least expen-
sive from both an initial cost and operation standpoint.

Low maintenance costs and long life further add to the cost
effectiveness and reliability of a solar system utilizing Dow
Corning® Q2-1132 Silicone Heat Transfer Liquid.

Field Testing

Solar systems that utilized a Dow Corning silicone heat
transfer liquid have been installed and tested (ERDA con-
tract W-7405-ENG. 36). These tests confirm the system
effectiveness and stability of thls ﬂund even under stagna-
tion conditions. ‘

A solar hot water system specifically designed for rapid
recovery was installed in Vermont utilizing 240 {t? of solar
panels with two series connected 80 gallon water tanks.
This system uses Dow Corning”® Q2-1132 Silicone Heat
Transter Liquid and has been in operation for over 12
months. As the residence was unoccupied for eight months

of the first year, the total stagnation time is estimated at
over 1000 hours. The pane!s are aluminum Rollbond® and
no mechanical provisions are made for freezing or high
temperature stagnation. To date the system is meeting all
the performance expectations. Analysis of the fluid shows

no degradation or breakdown.

?Rollbond is a Registered Trademark of Olin Corp.
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.. Over sixty residential solar hot water systems utilizing
-+ Q2-1132 silicons heat transfer fluid hace been instalied

systems utilizing Dow Corning® Q2-1132 are expected to -
.- beinstalled by mid-1977. Performance data from this level

" of field usage can be made available to solar systems
-~ suppliers interested in supplying warrantable and cost .
" effective resrdentral solar systems AR oo

" Design Conslderatlons

. Dow Corning Q2-1132 Slllcone Heat Transfer quurd |s

- designed to last for the life of your solar system. Therefore :
- careful consideration must be given to system design, *
materials of construction and field installation in orde to )
- insure long lived, malntenance free operatron I

i Pumps

. Canned hot water crrculating pumps are recommended for
. pumping Dow Corning Q2-1132 Silicone Heat Transfer.
. -~ Liquid. Good field experience with Grundfos® variable
- head circulator pump model, UP 26-64, is available. Cur-
rently the model UP 26-64, a 1/12 H.P. size, is the largest
7 ‘canned pump available in the United States from
"7 Grundfos®, although models up to 3 H.P. are available in
... Europe. Grundfos® Pump Corporation plans to manufac- ~ :-
* - ture by April of 1977 additional models of ¥s, V2, %, 1%,2 &
-~ 3 H.P.in the United States in the same canned configura-
- tions. Other manufacturer's canned pumps are expectedto .
. besuitable for Dow Coming 02-1 132 Silicone Heat Trans- o
‘- fer Liquid pumping. LT

~ Good field experrence with hot water crrculatmg pumps
" using external motors is not yet available in silicone Ilqurd
solar loops. Dow Corning’s Technical Service and De- -
velopment Department is currently working with leading
- pump & packing manufacturers to test and specify the
< proper shaft seals and body gaskets for this application.

~. The sizing of the pump for the requirements of the job
=", should be done with the help of the specific pump manufac- . .
-, turer. He will need to know head requirements, flow rates, - ..
and liquid properties. Dow Coming Q2-1132 has a lower
. specific heat than water.and the flow rate must be in- -
-~ creased by a factor of 2 to 2.5. This will increase the
" pumping head. The capacity of the pump wnll be lowered
.. dueto 02-1132'3 hrgher vrscoslty o

L '?'Heat Exchangers “and Tanks

.- Dow Corning Q2- 1132 Silicone Heat Transfer quurd can
_ . be used with copper, brass, bronze, aluminum, black iron, ..
- . and galvanized tanks, tubing, and collectors. Dissimilar
- metals may be used in any combination within the system ___ .

‘as Q2-1132 silicone heat transfer liquid is inert to these

" metals. When joining dissimilar metals, external corrosion

. eanrosult under humid oondmons and thie should be taken o
into consideration. _"‘.; LTt Ny

- -The question is frequently asked as to whether double "
- walled heat exchangers are needed between silicone lig-
. uids and potable water. Dow Corning feels that the systems .

" manufacturer should make this decision and refers the

commerciaily to date. Several thousand solar hot water i Heat exchanger and tank sizings to meetthe requrrements

¢ of the 1ob should be done wrth the help of the manufacturer

: Mechanical Constructlon - U
< Mechanical |ornts must be carefully made. Sweat copper

. 'manufacturer to the publrcatlon "Toxrcology of the N

."Silicones", Publication Number 22 379

. Plplng.Jolnts, Valves. Vents and Anclllary Equlpment

" Common high quality plumbing and heating equipment
- appears to work satisfactorily with Dow Corning Q2-1132

.. Silicone Heat Transfer Liquid systems according to current
.- field experience. All seals and gaskets should be chosen

-.for high temperature operation. Viton and ethylene prop-
“'ylene rubbers are ‘generally acceptable. Copper, black - -
ron, aluminum and galvanized piping may be used. Plastic

" piping should be avoided. Viton and EPDM high tempera-
- lure hose is generally satisfactory for flexible connections.

. joints are the most preferablé as threaded joints are a

" potential source of leaks and should be kept to a minimum.

" All threaded joints should either be made with Teflon tape
" plus Teflon pipe dope or with Dow Corning Flurosilicone

"~ Sealant. Standard silicone sealants cannot be used.
- Fluxes should be non-acidic, non-aggressive types. Gross

contamination with dope and fluxes will color the fluid.

" Quality mechanical construction is essential for leak pre-
- ‘vention. After construction is completed, the system should
. be air pressure tested for 24 hours. The system must be
. clean and free of water. Upon frlhng. the system should be

carefully purged of air.

PR

Packaglng Sy =
" Dow Cornlng® Q2-1132 Slllcone Heat Transfer quurd is

', * available in 55 gallon drums [440 Ibs (200 Kg ) net]
Shlpplng leltatlons '," I U

.None . .: .-
Storage and Shelf Llfe ',;

~ Dow Corning® Q2-1132 Srlrcone Heat Transfer qumd has
"an unllmlted useful lrfe when stored at 77°F e

Warranty

) ". This product is presently avallable onan rntroductory basis

to solar original equipment manufacturers and future
availability is dependent on industry acceptance.

The information and data contained herein are based on
information we believe reliabie. You should thoroughly test

. any application, and independently conclude satisfactory

" performance before commercialization. Suggestions of

" uses should not be taken as mducements to infringe any

- particular patent. R

- . Specification writers, please contact Dow Corning Corpo-
. “ration, Midland, Ml 48640 before wrltrng specrfrcatlons on
. ‘-’thrs product. - ~ -

* For further rnformatron contact Technrcal Servnce and
Development (517) 496 5823 : =

The mformobon lnd catn contamod heuun are bued on infor we bel

.01 uses shouid not be taken as inducements to intringe any particular patent.

LR g e e et

Vou lhould moroughly
test any spplication, and independantly conclude satisfactory performance before commorcmrunon Suogutrom

DOW CORNING

-DOW CORNING CORPORATION, MIDLAND, MICHIGAN 48640 °
Atlents Boston * Brusseis - Chicago - Clevetand Dallas .~ Dotrcn - Greensboro T .
K . lu.o:v'Ango'ln 5 o:vYortr San Francisco Sydn'y. Tokyo 'l’oronl.o . o _ L _«
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Differential Thermostat
Input: 120 VAG
Standard Output:
SPDT Relay rated at 10 amps.
% hp at 120 YAC
% hp at 240 VAC
Switch with manual ON-OFF-AUTO posi-
tions.
Relay contacts make when
AT on = T(collector) - T(storage) > 20°
+ 3°
Rclay contacts break when
AT off = T(collector) - T(storage) <
+ 1°F
Housed in standard NEMA box to assure
compatibility with standard electrical trade

* hardware.

Wiring connections made by standard
electrical trade procedurés.
Qptional outputs:

2PDT relay, 10 amp per contact.

3PDT retay, 10 amp per contact.
Factory adjustment of T on and T off can
be made to customer specifications.

32
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SENSORS

.
Y]

All Rho Sigma sensors are electricelly
identical and interchangeable and dre de:
signed to withstand stagnation tempera-
tures of solar collectors. Two and only two
sensors are required with sach differential
thermostat.

The SP Sensor is epoxied into a rugged
brass housing with standard %2” pipe
threads for easy installation into standard
plumbing fixtures.



SOLAR DOMESTIC WATER HEATER SYSTEMS

HEAT EXCHANGERS

SOLAR SHOP’s “TRANSOLATOR” MODEL HE!

DESIGNED AND BUILT SPECIFICALLY FOR SOLAR WATER HEATING SYSTEMS

ALL~COPPER CONSTRUCTION ENSURES CORROSION—FREE LONG LIFE AND EFFICIENT HEAT
TRANSFER

DOUBLE-WALL CONSTRUCTION PROTECTS DOMESTIC HOT WATER FROM CONTAMINATION
LARGE SHELL SIDE HEAT TRANSFER AREA AND LOW PRESSURE DROP
MEETS ALL U. S. PLUMBING CODES . .

CONFORMS TO THE SOLAR HEATING SYSTEM INTERIM PERFORMANCE CRITERIA ESTABLISHED
BY HUD AND ERDA REQUIRING DOUBLE-WALL CONSTRUCTION OF HEAT EXCHANGERS USED
FOR DOMESTIC HOT WATER HEATING

SIZED TO OPERATE EFFICIENTLY WITH UP TO 100 ft OF SOLAR COLLECTORS
DESIGNED FOR USE WITH VISCOUS HEAT-TRANSFER FLUIDS SUCH AS SILICONE OIL
OPERATES EFFICIENTLY WITH WATER AND ANTIFREEZE SOLUTIONS ‘
ALL CONNECTIONS ARE 1/2—in. NOMINAL STANDARD COPPER TUBING

(OTHER SIZES AVAILABLE UPON REQUEST)

|l 33in. — - rll

Stock No. HEOQ1

33
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1.0 INTRODUCTION

'This performance specification establishes the requirements for the &esign Aﬁd
performance of the solar domestic hot water system. It designates Ehe Interim
Performance Critoria applicable to this type system and defines the deviations.
The appeédices specify the system performance for each defined site location

. and system size, the installation drawings, and the detailed configuration

diagrams and drawings.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent speci-
fied herein. Specific document reference made in subsequent shall be by basic

‘title or reference number only.

2.1 Government Documents

Interim Performance Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dwellings, January 1, 1976, U. S. Department of Housing and Urban

Development.

Intermediate Minimum Property Standards for Solar Heating anA Domestic Hot
Water Systems, April, 1976, NBSIR 76-1059, U. S. Department of Housing and
Urban Development.

SIMS Contract Statement of Work, NAS8-30236, April 4, 1976 (with current
modifications),

2.2 1IBM Documents

The following document i8 referenced for information only:

System Two Design Descriptiom, 7933631

-
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.3.0 APPLICAiION OF iNTBRIM PERFORMANCE CRITERIA BY TYPE OF SYSTEM .

The application of each paragraph of the Interim Performance Criteria (IPC) to
this type of system is provided inm Table I.. Sipée this system provides oumly
domestic hot water, system type "HW" designates the IPC application to this

. mtm. , -

4.0 DEVIATION FROM INTERIM PERFORMANCE CRITERIA

The IPC deviations identifiéd by subsystem evaluation are listed 1n'£he follow-
ing paragraph. ‘ ‘ ' ' '

3

4.1 Deviations to Residential IPC

The collector subsystem evaluation has identified several areas of non~-conform-
abce as tabulated below.  No vendor analysis or test data was available to

substantiate that these requiréments can be met,

Paragraph - ADescrigtioR
3.1.2 ~ Service loads
3.2.1 . Ultimate load combinations
3.2.4 Load capacity
3.3.1 - Resistance to damage
13.3.2 " Glazing design
5.1.1 . Solar degradation

5.2.1 ~ Thermal degradation
4.2 Deviations to Commgrcial IPC o

Not applicabla.

37
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......................

" RESIPENTTAL SYSTEMS JINTERIM PERFORMANCE CRITERIA SUMMARY

.............. Sheet _1 of _7
--APPLICATION . -~ - . ' TYPE SYSTEMS -
v A = APPLICABLE TO SYSTEMS INDICATED H -~ HEATING )
RY I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
[ R NA - NOT APPLICABLE . : ; -HW - HOT WATER ONLY
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYfE
PERFORMANCE CRITERIA . | SYSTEM . PERFORMANCE CRITERIA » SYSTEM
......... PARAGRAPH - i ' HW . PARAGRAPH HW
1.1 H and HC System NA 1.3.1 Collector Efficiency A
Performance o . _
A 1.4 Thermal Storage NA
1.1.1 Heating Design  NA
Temperatures o 1.4.1 Storage Capacity and | ~ NA
: S e T ‘ Rate .
1.1.2 Cooling Design- -~ .- | = NA . .
Temperatures 1.5 Habitability of A

Occupied Spaces
1.1.3 Relative Humid- NA :
ity and Water Vapor Pressure

1.5.1 Heat or Humidity 1
Transfer Effects

1.1.4 Solar Contribution NA
1.6 Energy Transport A
1.1.5 Operation NA | Efficiency
Impairment ‘
1.6.1 Thermal Losses and A
1.2 HW System A Blectrical Power
Subsystem Performance .
- 1.7 Control A
"Je2e1l Water Design I Operation Instructions
Temperature
: 1 1.7.1 1Installation and A
1.2.2 Storage Design A - Maintenance
Capacity N
1.7.2 Manual Adjusrment A
1.2.3 Solar Contribution A .
1.7.3 1Inhabited Space NA
1.2.4 Operational ~ A | Temperature.
Impairment :
i : 1.7.4 Hot Water Tempera- A
1.3 .Collector Performance A ture '
i S 1.8 Auxiliary Energy A
1.8.1 Design Loads A

38
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TABLE I (CONTINUED) ' .
. ’ 3
— ' .f‘:. '3
M - . RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY .
Al .'w;_ ,- . ] ; .
Wi Sheet .2 of _7_ ’
el ok 10
o APPLICATION TYPE SYSTEMS 1
. < 1
A = APPLICABLE TO SYSTEMS INDICATED H - HEATING o 13
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING 14
NA - NOT APPLICABLE HW - HOT WATER 13
— 16
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE n
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM 18
PARAGRAPH HW PARAGRAPH HW 19
. ' 20
' 21
2.1 System Design A 2.3 Leakage Prevention A 1
, _ 2.3.1 Pressure Test A o9
2.1.1 Equipment Capabilities A Nonpotable Fluids oy
2.1.2 Noise or Erosion- A 2.3.2 Pressure Test: A )
Corrosion - Potable Water =
29
2,1.3 Operating Conditions A 2.3.3 Air Transport NA »
: Systens ' n
.2,1.4 Fluid Flow in A n
Collectors 2.4 Collector Adjust- A »
. ment [}
2.1.5 Entrapped Air A s
2.4.1 Orientation and Tilt A 3
2.1.6 Thermal Expansion A : : 3
of Fluids 2.4.2 Mutual Shadowing A »
R hY
2.1.7 Pressure Drops A 2.5 Subsystem Isolation A ““’
2.1.8 . Condensate Removal A 2.5.1 Shutdown in Multi- A @
family Housing ::
2.2 Mechanical Stresses A ' o
: 2.6 Heat Transfer Fluid A -
2.2.1 Vibration Stress A Quality p
Levels _ “
' 2.6.1 Liquid Quality A o
2.2.2 Vibration from Moving A 50
] Parts 2.6.2 Air Quality NA st
. 2
2.2.3 Water Hammer A 2.6.3 Pluid Quality A s
: 3¢
2.2.4. " Vacuum Relief A 2.6.4 Freezing Protection A s
-— | Protection ' ' "
. : 2.7 _ Piping Supporta " A o
2.2.5 Thermal Changes A se
v 2.7.1 Applicable Plumbing A »
2.2.6 Flexible Joints A Standards - “
CL T : : @
4
39 Cet 1T
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TABLE I (CONTINUED).

RESIDENTTIAL SYSTE!‘(S, INTERIM PERFORMANCE CRITERTA SUMMARY
Sheet _3 of 7

APPLICATION : ‘ "~ TYPE SYSTEMS
A = APPLICABLE TO SYSTEMS INDICATED H -~ HEATING )
I - APPLICABLE TO SYSTEM AND BUILDING HC -~ HEATING AND COOLING
NA - NOT APPLICABLE HW - HOT WATER
RESIDENTIAL INTERIM , TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA .SYSTEM PERFORMANCE CRITERIA SYSTEMS
PARAGRAPH ) B PARAGRAPH HW
2.8 Excessive Pressure A 3.5.1 Design Provisions 1
and Temperature Protection
' 3.6 Creep and Residual ¢
2.8.1 Relief Valtes and A Deflection
Vents ' .
3.601 Deflection Limita- I
3.1 Structural Design Y tions
Basis
b . 3.7 Hail Resistance A
3.1.1 Applicable Standards A
' . 3.7.1 Hail Size and A
3.1.2 Service Loads A Loading -
3.2 Failure Loads and A 3.8 Constraint Loads 1
Load Capacity
3.8.1 Foundation Settle- I
3.2.1 Ultimate Load A - ment
Combinations )
3.8.2 Constrain Loads A
3.2.2 Ice Luads A '
- 3.9 Ponding Condition A
3.2.3 Vehicular Loads 1
3.9.1 Design Provisions A
3.2.4 Load Capacity A :
4.1 Plumbing and A
3.3 Damage Control A Electrical Installation
3.3.1 Resistance to Damage A 4.1.1 Plumbing Codes A
3.3.2 Glazing Design A 4.1.2 Electrical Codes A
3.4 Cyclic Loads A 4.2 ° Fail-Safe Controls A
—~1 3.4.1 Deflection Limitations ' A 4.2,1 System Failure A
- Prevention
3.5 Cutting of Structural I
Elements - 4.2.2 Automatic Pressure A
s Relief Valves
o 5
40
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TABLE I (CONTINUED)
S RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
- Sheet 4 of 7
. APPLICATION " TYPE SYSTEMS
A - APPLICABLE TO SYSTEMS INDICATED ' H - HEATING °
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
NA - NOT APPLICABLE HW - HOT WATER
- RBSIDENTIAL INTERIM TYPE | RESIDENTIAL INTERIM TYPE
z PERFORMANCE CRITERIA SYSTEM.' PERFORMANCE CRITERIA SYSTEM
PARAGRAPH - HW PARAGRAPH HW
4.3 Fire Safety A 4.7 Excessive Surface A
Temperatures
§4.3.1 Applicable Fire A
Standards 4,7.1 Protection from A
: Heated Components
4.3.2 Penetrations through 1 .
Fire Rated Assemblies ‘ 5.1 Effects of External A
Environment
474  Toxic A -
S.1.1 Solar Degradation A
4.4.1 Provisions of Catch I |
Basins 5.1.2 Soil Corrosion A
4.4.2 Detection of Toxic and A 5.1.3 Airborne Pollutants A
Flammable Fluids
' S.1.4 Dirt Retention A
4.5 Safety I on Cover Plate Surface
4.5.1 Emergency Egress I 5.1.5 Abrasive Wear A
and Access '
S.1.6 Fluttering by Wind A
4 5.2 Identification and A '
Location of Controls 5.2 Temperature and . A
: : ‘ Pressure Resistance
4.6 Protection and Potable A
Water and Circulated Air 5.2.1 Thermal Degradation A
4.6.1 Contamination by A 5.2.2 Deterioration of A
Materials Heat Transfer Fluids
4.6.2 Separation of A 5.2.3 Thermal Cycling A
01rculation‘Loops Stresses
-l &, 6.3 Backflov Prevention A 5.2.4 Leakage A
14. 6«6 Growth of Pungi A 5.2.3 Deterioration of A
g - Gaskets and Sealants

41
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TABLE I (CONTINUED)

RESIDENTIAL SYSTEMS, INTERTM PERFORMANCE CRITERIA SUMMARY

Sheet 5 of .7

APPLICATION

-/
A - APPLICABLE TO SYSTEMS INDICATED

* TYPE SYSTEMS

H - HEATING

HC - HEATING AND COOLING

1 - APPLICABLE TO SYSTEM AND BUILDING
_____NA - NOT APPLICABLE HW - HOT WATER
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM
PARAGRAPH HW PARAGRAPH HW
5.2.6 Transmission Losses T A 6.1.5 Filters A
Due to Outgassing
' 6.1.6 Potable Water A
5.3 Chemical and Compati- A Shutoff
bility of Components
U _— 6.2 Installation, A
5.3.1 Materials/Transfer A Operation and Mainte-
Fiuid Compatibility nance Manual
5.3.2 Corrosion of A 6.2.1 1Installation A
Dissimilar Materials ®| Imstructions
5.3.3 Corrosion by A 6.2.2 Maintenance and A
Leachable Substnace ' Operation Instructions
5.3.4 Effects of Decom- A .. 6.2.3 Maintenance Plan A
position Products - : '
T 6.2.4 Replacement Parts A
5.4 Components Involving A :
Moving Parts 6.3 Repair and Service A
Personnel
5.4.1 Wear and Fatigue A
6.3.1 Maintenance of H NA
6.1 Accessibility for I and HC Systems
Maintenaace :
: ’ 6.3.2 Maintenance of DHW A
6.1.1 Access for System I System '
Maintenance .
: A RS ¢ Design I
6.1.2 Access for System I
Monitoring 7.1.1 Dwelling Design 1
6.1.3 " Draining and - A 7.1.2 Mobile Home Design I
Filling of Liquids - '
- . ’ 7.1.3 Site DESigﬂ I
6.1j4 Flushing of Liquids A '
Subgystems < B ' 7.1.4 Passive Use of ‘ 1
ooy s tres = leme, e o1 oo et e o o« "“-J"j Solar Energy — P
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_TABLE I (CONTINUED)

RBSIDENTIAL SYSTEMS INTERIM PERFORMANCE CRITERIA SUMMARY
‘ Sheet 6 of 7

'APPLICATION © . TyPE SysteMs

‘A = APPLICABLE TO SYSTEMS INDICATED H - HEATING
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
NA - NOT APPLICABLE ) S HW - HOT WATER
" RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA ' | SYSTEM-. PERFORMANCE CRITERIA "~ |.SYSTEM
PARAGRAPH ) HW ' ~ PARAGRAPH . "~ HW
7.2  Adequate Space 1 8.3 Mechanical and ‘1
. : : 1 .- [ BRlectrical Functioning
"7.2.1 Collector Area A of Connections
'1/7.2.2 Storage Area S ¢ '8.3.1 Plumbing 1
1 o Connections
7.2.3 Utility Chases 1 -
' - 8.3.2 Electrical I
7.3 Functioning of 1 Connections
Dwelling Site :
g : . 9.1 Structures I
7.3.1 Space Use : ‘ I - Integrity
7.3.2 ‘Shading of Adjacent 1 9.1.1 Movement in 1
Structures . Adjacent Structures
7.3.3 Impact on Enviromment 1 9.2 Structural h
) Integrity of Dwelling
7.3.4 View I ;
: 9.2.1 Loads ) 1
8.1 Interference with I
Mechanical Operation . ' 9.2.2 Penetration of I
Structural Members
8.1.1 Blockage of Solar : I - .
Subsystem , : 9.3 Structural 1
Connections
8.1.2 Shading of Collector 1 '
‘ 9.3.1 Structural I
8.1.3 Sensor Location I . Connections,
8.2 . Mechanical and 1 . 9.3.2 Brittle Sub- I
Electrical Functioning of _ aystem .
Dwelling Site . ' o - Cee .
- ‘ ' 9. 3 3 Strength and : 1
82251' Exhaust and Venting . I | Sstiffness y
8.2.-2 Utilities - 1 10.1 Safety -of Dwelling 1

. : ' and Site
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TABLE I (CONTINUED)

'ﬁESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY

Sheet 7 of __Z__

APPLICATION

A -~ APPLICABLE .TO SYSTEMS INDICATED

I - APPLICABLE TO SYSTEM AND BUILDING

~NA - NOT APPLICABLE

TYPE SYSTEMS

B - HEATING
HC - HEATING AND COOLING
BW - HOT WATER

Dwelling and Site

RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM _ TYPE-
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA ' SYSTEM
PARAGRAPH : HW PARAGRAPH g HW
'10.1.1 Fire I 12.2.1 Accessibility I
"10.1.2 Accidents 1 12.2.2 Ice Dams . 1
11,1 Durability 1 12.3 Connections 1
11.1.1 Vegetation 1 12.3.1 Accessibility ' 1
n.2 Durability and 1 13.1 Visual Character- I
. Reliability of Dwelling . istics of Dwelling and Site
and Site .
13.1.1 Dwelling I
11,2.1 Chemical Corrosion A
, 13.1.2 Neighborhood I
11,2.2 Heat and Moisture I
11.,2.3 Exterior Penetra- I
tions ‘ )
11.3 Durability and A
Reliability of Connections
11.3.1 Material Compatibility A
12.1 Maintainability of H, I
HC, HW Systems
12,1.1 Accessibility 1
12.1.2 Misuse ) S
12.1.3 Permanent Maintenance I .
Accessories ' :
12,2 Maintainability of I
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' 5.0 . GOVERNMENT FURNISHED PROPERTY .

The following items shall be provided by the Government:

ey

. (1) _Collector subsystem: Five (5) Libbey—nwéns-Ford,Soiaf Collectors
© . (Model 1110) | s ‘
- /
o
.3 - ’
1088-1 45
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. 6.0 GOVERNMENT DIRECT REQUIREMENTS

< The following requirements are apecified 1n NA38-32036 and by verbal direction

from the contract officer:

(a) IBEM shall deliver one (1) system of the following type:

o  Sipgle Family Building
o “Solar Domestic Hp: Water

+ (b) All hardware and subsystems, except collectors, shall be purchased by IBM

‘to good commercial practices as off-the-shelf hardware.

(c) Collector and storage.sizing may be adjusfed for each specific site.

46
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7.0 GEOGRAPHICAL AREA

ihis hot water system 1is designgd for a single family residence located in the
United States. Areas of applicétion include all regions of the U. S. for ‘

.

which freezing temperatures are common. .
o / )

7.1 7Typical Geographical Locations

The system design accommodates variation in insolation within the following

range:
Mean Daily Insolation _ 400 to 1900 BTU/F:2

Typical Standard Metropolitan Statistical Areas (SMSA's) within these ranges

are:

. Augtin, TX
Phoenix, AZ
Sacramento, CA
Columbia, SC
Memphis, TN

Seattle, WA
Cincinnati, OH
St. Louis, MO
Philadelphia, PA
Omaha, NEB
Fargo, ND
Portland, ME
Minneapolis, MN

-

il

© 0 000000 O O O o0 o0 o
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and installation

The system shall be installed in a single family residence in the city of

Togus, State of Maine. This location has an annual average insolation
of 0. 472 X 106 BTU/FT measured on the horizontal. System performance
is based on collector orientation.of 45° tilt and due south azimuth.

-, "-._

l".‘

Space Heating Capaci;y -

'1 6 X 10

»
LA
e

.’.- .

Gt
IR LA

3~The system will provide solar energy for N/A percent of the space heating
Afload during the heating season based on an average annual space heating

%fload of ( BTU and a peak space heating load of N/A BTU/Hr.

"DHW ﬁsaéing'CapaCity -

ee

‘Thé system will provide solar energy for 56 peroenc of the average

hot water heating load, based on an average hot water heating load of
6 B’I'U/Month (75 gallon/day at a AT of 85 F).

N
e e

.-' .'."_. i)

ASpacs Coollng Caoaoity - jlf .1 :'_' ) o L

Ay

.'~--\.‘,-'.'.__ B P
. L e -~‘:.~T

Lo

N

total cool ng during the cooling season, based on an average total
cooling load of N/A BTU/Month and a peak cooling load of N/A BUT/Hr.

1S5 of 17
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{ffﬁé ﬁg;imum'eiectrical power required to drive the solar portion of the .
:apjéfem at its rated capacity shall be no greater than 3201watts. The A L
ﬁﬁaxiﬁgm electrical power required to drive the complete system shall be '
biBAéééater“than 4.7 K.W, The Aaverage yearly electrical energy required
;to drive the gystem shall be no greater than 515 K.W.H. Water require-
?ments for cooling condensers and/or air humidification shall be no o

;greater than N/A gal/hr.
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?hysi;:al Dat;a -~ Table III | |
The fqlic;wing subs_ysFems ghall have:

Design life‘no i We:l;ght (filled) Installation*

’ - ” less than | no greater than dimensions
Heﬁting N/A _ years E/_A_ 1bs
Cooling - _N/A ye;:s _ __y_@_ ibs.
Auxiliary Energy ;0 srg.‘a.ﬁ | ', _502 1bs
s:orége ' 10 ye'_afs . 1300 1bs
Collector | 20 years 1500 1bs
Energy Transport 20 years __100 1bs
Controls - ~20_ ‘yea.rs .10 1bs
%*See Installation Drawings
A-3
50 J7k 17
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HEAT
EXCHANGER]]

rneamoswrrcn}t NO.

+
: RELEASED FOR ASM QTY TECHNICAL APPROVAL SYM DATE CHANGE NO SYM DATE CHANGE NO 7 9 3 3 6 3 l
’ ELEC | = | 7-28-77 | 66233 vM
METAL ’ )
DEVELOPMENT NO | @/M
PLASTIC
=), SENSOR
SENSOR WIRING TO COLLECTORS
SENSOR WIRING TO STORAGE TANK ° . -
COLLECTOR SENSOR GENERAL NOTES COMPONENT SCHEDULE CONT-ROL SEQUENCE
& PIPING: One Inch type L copper tubing shall be used In CONTROLLER:  Packaged differentlal thermostast pump  The solar system is activated by moving the controfler mod
o Z the collector loop with /4 Inch copper tublng In the wats' control with two temperature sensons capable of switching  gwitch m,,y;, OFF 1o venlher :'he Amg_o e‘; 8,:, :,_::“,one
foop, Total piplng length n each loop cannot excoed 50 fee 10 nm;u st 110 vac. Pump to tum ON when the collector
AUTO s thé normal mode for poth summer and winter
d All piping runs should be made with a mintmum of mmx, nsor temporature excoeds the storsge sensar EMPeratUre  ...omavic oneration. ON mode is used only for main-
firtings and plping lengths. All piping must. be Installed In by 20 + 2°F and revert to OFF when storage sensor tempera- “ ) back. 1, Y ?
ri‘i;hh :emwav that the lvn;‘m c;g%b'e’ com drained.  ture 15 within 3 & 2°F of collector sensor temperature, [cn2nce or manual back-up control.
persture solder such o3 n, 5% siiver or equive- Switch points must be fleld adjustable. UL ed. Rh
STORAGE CONTROLLER tent must be used for sweat fittings In the collector loop,  Sigma I:odel 108 with SP tyl:e senesorx A'witch guerd  AUTOMATIC OPERATION: In the AUTO position the
TANK For the lower tempereture water loop, 50% tin/50% lead rized f “ON" mode should contrbller, a differential thermostai between the collec-
. THERMOSWITCH solder should be used. A mHd flux such as Nokorode (paste be added. tor discharge and the bottom of the pre-heat tank, de-
> > [5] flux) mEngbeﬂ;sdw?m@rm# Vlehsl;oMuied firtings T TRANSFER FLUID termines when the solar energy is available.
2 - PUMP ure fequi eflon 3 Tefton plpe dope must be used, HEA A UID: Dimethy) silicone liquid which
SOLAR ARRAY MANIFOLD PIPE AND FLEXIBLE CONNECTORS COLLECTOR M[T"S' ITCN' Compresslon and/or flare fittings should be avoided. ﬁ“ remsin anv:hhouId siate over a temperature range 0; Circulator pumps P and P2 are turned on when the col-
. M YELLOW to +4 t abrupt changes in the temperatu
SOLAR ARRAY PUMP Eronse . INSULATION: AN sling snd pumps shll be Inatod  viconty o, Opun cu,Hash S5n sah e shoue AO0UF. v 55 <pesons scoms o woco i 1o s
- GRCY! ’ A with a minimum R vitue of 5. Tanks and heat exchenger Chemlqal stability up to + F Is required. Dow Cornlng i bsorbed ol § h 0 4 s
autl | Fa) shall be Insulated with a minimum R vatua of 11, Q2.1132 or approved equivalent. : er absorbed solar enryy from the collectar to the heat
(TYP'CAL) o1 M N ) exchanger primary. Pump Pl circulates storage tank
8] INSTALLATION REQUIREMENTS: Untess otherwise SOLAR STORAGE TANK: The tank must be either stone.  Water through tne heat excnanger secondary where it is
stated, standard buflding and plumbing prectice must be lined or glasslined. At least one (preferably two) solar  heated and returned to the tank.
SENSOR, A used throughout. connections must be avallable on the side of the tank. A 120
g gailon size tank Is'mpecifled; however, smailer standard sizes  The pumps are cycled OFF when the collector tempera-
CODES AND STANDARDS: System Installation must are permissable upon approval. Ford Products or epproved  ture exceeds the preheat tank water temperature by less
mﬁly M(?rhuﬂ bullding and T_hhzmu':ods: for the equivatent with ostat, than 3°F.
on. 8 system must comply. the Interlm
Pert, for both and As domestic hot water is used, city water enters the
I 105-120 VAC commerclal solar hot watar haating. SIZE(Get) ' EQRD PRODUCTS.  bottom of the stara 3
ge tank. Sofar heated water from
CONTROLLER . . .
WIRING DIAGRAM L, rower COLLECTOR ORIENTATION AND INSTALLATION: 1204 AB120S the top of e storage tank flows into the conventional
. . . The coflectors must be mountsd whth tilt sngle equal to 100°* - s domestic hot water heater.
— " ” the latltude and facing due south. Deviations in otien- I AB8BOS e .
WIRING TABRKE. taton wlﬂ mn tn_ decreassd mm and must be i The hot :al;hvr\;ealev adds auxiliary heat as required to
\ Rt H prior The col- A Specified tze maintain the temperature set point.
- lector ﬂ?::rwl‘ndudhs the manifods must be h;n':ml‘: * Permissible slternte sizes with approvat {100 gallon " OPERATIO
- a wea t available from Ford Products.. ANUAL ATION: With the mod itch in ON
) CIRCUIT/COMPONENT |POWER | RATING WIRE NOTES connectors must bo Inswlled betwr;gen the collectors and size no a:ln abie from vt position, Pumps P1 and P2 operate canl‘i:nms?v rI:gard-
. AMPS vous . the manifold tubing. r less of the temperature difference. The sofar storage
. , : k will gai eal dependin; nnflec
COMPONENT LOCATIONS: All wete plng, the hest ox:  SOLAR COLLECTOR PANELS:  Fiet plote liuid solor  pan e 920 o1 Jose oot depending an the callestar and
COLLECTOR SE A 18.GA. TWISTED PAIR | 200 FT. MAX changer and preheat tank must be located in a heated ares 84 x 36 x 5% inches size .
- COLLECTOR SENSO - FT. MAX. to prevent froezing. end 160 md""l" mﬁn Z‘”‘""’,’g,::‘;;ﬂ:fgr‘f;‘nm;'g‘f LOW TEMPERATURE LIMIT:  System operation is
" STORAGE SENSOR 18 GA. TWISTED PAIR | 200 FT, MAX. COL;EkC;TOR ungOP CHARGING: Prior to cherging with  Libbey-Owens-Ford Company - Sun Panels. ::"“‘"aleﬁ "';‘de'h any (;‘peralinlg condi(tjions bl'llal :3“05:
L . . the collector piplng must be free. o water in the heat exchanger loop to drop below .
COLLECTOR PUMP .86 | 120AC YELLOW CONTROLLER WIRES of molsture and troe of leaks. Dry air or dry nitrogen shall  THERMOSWITCH:  Snap-action switch, @ open at 40 This is accomplished by the the megmamulch opening
R oy . M N be used to purge the loop. After the loop b8 purged the. ‘¢ E°F on decreasing temperature. UL 5 amp at 120 VAC. at water loop termperatures betow 40%F, - which removes
WATER CIRCULATOR PUMP | | U85 120AC YELLOW CONTROLLER WIRES dry ar or nitrogen shall be ussd to pretsurlze the loop Etwood Comp:ny nsgvoo with B208 Bracket or equivalent,  power from the controfler, thereby cycting pumps P1
SUPPLY . . : K to spproximately 75 psi, |f the leak down rate is measur- 1 and P2 off.
IN - CONTROLLER 0.05 120AC BLACK AND WHITE CONTROLLER sbie after 1 day, oll fittings must be chobked for leaks and  CIRCULATING PUMPS: Single stage, centrifugal design,
SOLAR | EXISTING ’ POWER WIRES. CONNECT TO ropalrod, i necsszary. unluio' servica listed. Suction and discharge shall be Hanged ™
ADDITION | SYSTEM 120 VAC THROUGH THERMOSWITCH th integra Ilation veives, For 110 VAC speration and
& | AND MAX. TEMP. LIMIT SWITCH The diicone fiuid can be pumped Into the collector loop wlm of rotating parts steet
N.C. CONTACTS AS SHOWN. from the drain st the low polnt In the loop orf poured Into  tien and potable rated. P2 conmuulon compatible with
I the collector retumn plping at the high point in the loop.  sficone Q2-1132 service between -60° F and F. Grund-
TR The pump should be run briefly after the loop is fillad to  fos or approved equivatent.
| . remove any trapped air and more fluld added iIf necessary. N
T COLD WATER The plug at the top qf the loop must then be closed tightly, ‘
| Pump Pldd 'Fl'h . Hesd Fr. :{Aomf Grundfos
ow P
N.C.. — _GPM
@ NO. I P wewr -¥E W2 120  UP25-425F
{3 HOT WATER: P2 1132 . 112 UP26-64
: 1 .
: 80';7 55 8
| @ - EXPANSION TANK: Gshanized stos! thros gallon A.S.M.E
tank. Ace X 8-0 or spproved equivelent.
' RELATED DOCUMENTS -
FLEXIBLE CONNECTORS: Five ‘to ten inch fiexible
y CONNBCtOrs. ro-flox 904 7 inch solar connec-
| Dsta Collection Systom ~ 2A 7933832 bbbl L
| Pefoumince Spodtarion 38 * 7835440 '
ormance cation 9 "TMMAXN. TEMP. LIMIT SWITOM: The storsge tank is pur-
o ' r.fotmlma Specification g: . 78334481 chamed with an integrel“N.G,: hermostat. Rewire thermo-
LAR netafl . shown to remove controlier power wh . temp,
WATER | s b tnstallstion " B 7933834 .I:‘h: nxa-du:io * T when max. teme
WATER IHOT WATER .
STORAGE | [TANK HEAT EXCHANGER:- led to liquid design compat-
TANK ible with silicons fluid in the primary side and city water
l in' the secondary A “fuil safe™ double wail design is
required. Sliicona fiuld ﬂow roto in primary side of 4 gpm at
I 1mPFMImm‘m.MMMun66fm(Hzol
ﬁ | :ﬁ While s water fiow rate in the ssoondery tide of 1.5 gpm
- Ml_mm-wmmzfm(r%"
SENSOR | Haistead and Mitchell Model HX-1 or epproved eguivalent.
1 | .
SYSTEM 2 DIAGRAM .
nave | SYSTEM 2
DESIGN DESCRIPTION
DESIGNER M. Jlocklond 2-7-77
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) DETAILER %ﬂ/@ i 7
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1. PURPOSE

1.1 The purpose of this document 1is to present the plan/procedure for verify-

ing the requirements of prototype solar energy hot water system Model No. 2 perfor-

mance specification.
2. . SCOPE

2,1 This document describes the plan/procedure for performing prototype sys-
tems verification and includes development, qualification, and acceptance verifica-
tion. Requirements for analysis verification‘and/or test verification are included

in this plan/procedure.
3. APPLICABLE DOCUMENTS

3.1 The following documents form a part of this plan to the extent specified
herein:

o Interim Performance Criteria for Solar Heating and Combined Heating/
Cooling Systems and Dwellings, HUD - January 1, 1975

] Performance Specification for Prototype Hot Water System Model No. 2.

4. * VERIFICATION APPROACH

4,1 Prototype system verification to the requirements of the system perform—
ance specification and interim performance criteria will be accomplished in three
verification phases —-development, qualification, and acceptance. The verification

methods utilized for system verification will be similarity, analysis, inspection,
demonstration and test. v T '

Prototype system verification will commence with a detailed analysis of all system

hardware, components, and subsystems and progress through system evaluation and

testing. Figure II of this plan depicta a summary flow for system verification.
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A detailed system test procedure for performing the test requirements of this docu-
ment will be prepared and submitted to MSFC for review and approval; This procedure
w111~describe the methods and procedures for conducting prototype system test on the
MSFC system test breadboard facility.

Following completion of verification program, a final system verification report
will be prepared and submitted to MSFC. Report will contain all information perti-
nent to system verification.

5. DEVELOPMENT VERIFICATION REQUIREMENTS

5.1 Hardware/Component/Subsystem Verification - All hardware, components and

subsystems that comprise the prototype system shall be verified to be in accordance
with the requirements of the prototype system performance spacification and the
interim performance criteria. Verification of hardware, components, and subsystems

will be accomplished by engineering analysis, similarity, inspection, demonstration
and/or testing methods. ‘ '

Subsyétgm test evaluation will be conducted on the system collectors, controller,
and data acquisition system. All other prototypé system subsystems, hardware and

éomponencs will be verified individually by analysis and/or during prototype system
verification.

5.2 System Development Verification - Development verification will be con-
ducted on prototype system M/N 2 to ensure that system will perform to the require-
ments of the system performance specification and interim performance criteria.

Development verification will consist of the following:

] Analysis of hatdware, component, and subsystem evaluation data for com-

pliance to system performance specification.and interim performance cri-

teria requirements.

® Analysis of system design for compliance to system performance specifi-

cation and interim performance criteria requirements.
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) System testing on MSFC System Test Breadboard Facility. Tests to -be

conduétgd are as follows:
- System operational functional test

- System capacity for control, energy collection, storage, and distri-

bution to load at outside ambient weather conditioms.

5.2.1' System Operational Functional Test - A system operational functional

test shall be conducted on prototype system M/N 2, Operational functional test

shall consist of the following:

955-0088-1

° System pressure/leakage test

° Operation of system pumps

° Operation of system controller

° Measurement of system flow rate and pressure drop-across collector array.
e Meéeurement of solar system pump Pressurg drop and dead head pressure.

° Measurement of pressure drop across heat éxchanger (o1l and watér side).

5.,2.1.1 8System Operational Functional Procedure

(a) Install prototype system on breadboard test stand in accordance with test

setup schematics and system drawings. Figure I of this document depicts

the system test setup configuration.

~(b) Connect domestic hot water system (water side) to City water supply and

fill system pre-heat tank, domestic hot water tank, heat exchanger, pump .

and water lines.
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it

iﬂc) Prcasurize system (water side) to 140 + 5 psi for one hour and check’ sys-'

ﬁlncu-l

)

e

(£)

()

focv-1

(1)

&P
focn-1

ten for leaks. Special emphasis shall be placed on leak testing soldared .

joints and mechanical connections. There shall be no 1eaks.

.
,.y

Connect solar portion (collectors, heat exchanger, expansion tank, pump

.nﬂ transport lines) of system to a pneumatic supply and pressurize to: 70

4+ .5 psi for a minimum of two hours and check system for leaks. 'Leak ;eat

all soldered and mechanical joints with soap solution and measure pressure

decay on system to ve;ify no system leakage.

Fplloﬁing step (d) and when the system is free of leakage, Chérge tbe;
solar portion of the system with the transfer £luid specified in syatem_(
M/N 2 design documentation. 4 ‘
Verify operation of the system pumps.

Verify operation of the system controller.

Activate system pumps and adjust flow rate of solar fluid loop to 425 i 204

" pounds per hour per solar panel.

Measure pressure drop across collector array, pump and heat exchéngét (oil

side). . ' 5{':

Measure flow rate and pressure drop of heat exchanger .(water side). Flow

rate should be 800 1lbs/hr + 10%. ' : ~V§fw5’

(k) Conduct dead head pressure test on pump (solar side).

5.2.2 System Test at Outside Weather Conditions - Prototype system M/NVZ‘éhall ‘

be tested to evaluate system capacity for control, energy collection, storage and

distribution to load at outside ambient weather conditions.

955-0088-1
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Prototype system M/N 2 shall be tested at outside weather conditions the maximum

number of days possible contingent on system delivery schedule and breadboard faci-

lity.workload; Primary intent of this test is to obtain as much data as possible

prior to installing system at demonstration site. The following evaluations shall

be made during system testing at outside weather conditions.

955-0088-1

(a)

(b)

(c)

(d)

(e)

’

Complete records of weather data (solar radiation, ambient temperature,

" wind speed and direction, relative humidity, and cloud cover). (Weather

‘measurements vs. time of day)

Total energy collected by solar system per day (BTU vs. time in hours)
Total energy supplied to hot water load per day (BTU vs. time of‘day)
Power required to operate system per day (watts vs. time of déy)

System control functions (manual observations)

5.2.2.1 Procedure for System Test at Outside Weather Conditions

- (a).

(b)

With prototype system M/N 2 configured én test breadboard (simulating
actual installation as best practical), apply power to system and allow
system to operate in accordance with systém control functions (actual
intended operation). Allow system to operate under No Load demand fof a

minimum of 24 hours.

Following completion of step (a), impose the following daily hot water
load demand on system M/N 2.

[y

Time + 30 Minutes Amount + 107% Rate + 10%
0800 ‘hrs. .4 gal, 2 GPM for 2 minutes
0900 hrs. 8 gal. 2 GPM for 4 minutes
1100 hrs. 30 gal. 2 GPM for 15 minutes
1200 hrs. 5 gal. 2 GPM for 2.5 minutes
1800 hrs. 8 gal. 2 GPM for 4 minutes
2100 hrs. 20 gal. 2 GPM for 10 minutes
57
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(c) The load requirements of step (b) shall be imposed each day for the total

duration of system test at outside weather conditions.
(d) Allow system to operate the maximum number of days practical. Duration of
testing will be determined by the test conductor with direction from MSFC

SIMS contract COR or his designated representative.

(e) The following data measurements shall be made and recorded during system

testing:

Measurement . . Parameter

~ Solar radiation _ «Btu/hour/ftiz vs., time of day
- Ambient temperature °F vs. timerf day ‘

- Wind speed/direction mph/direction vs. time of day
- Relative humidity . % vs. time of day

- Cloud cover cloud cover vs. time of day

-~ Collector inlet températuré } °F vs. time of day in hours

- Collector outlet temperature ' °F vs. time of day in hours

~ Collector absorber temperature °F vs. time of day in hours

- Collector delta temperature o . °F vs. time of day in hours

- Heat exchanger inlet temperature (water) °F vs. time of day in hours

°

- Heat exchanger outlet temperature (water) °F vs. time of day in hours
- Heat exchanger delta temperature (water) °F vs. time of day in hours
- City water supply temperature °F vs. time'of day in hours
- Hot water system outlet temperature °F vs. time of day in hours
(to load)
-~ Gystem tcmporary checlter tomperature °F vg, time nf day in hours
- 0il flow thru collectors GPM vs. time of day in hours
- Heat exchanger flow (water) GPM vs. time of day in hours
- Hot water flow to load GPM vs. time of day in hours
- Collector pump power ) Watts vs. time of day in hrs
- Preheat tank pump power Watts vs. time of day in hrs

- Domestic hot water heating Watts vs. Llmwe of day in hrs

element power

58
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- Solar pump outlet pressure o PSI vs. time of day in hours
~ Collector outlet pressure PSI vs. time of day in hours
- Heat exchanger outlet pressure PSI vs. time of day 'in hours

. (01l side)

(f) Test data taken from the measurements identified in step (e) shall be pro-
vided in plot form.

"NOTE: Iﬁstrumentation locations for measurements'
identified in step (e) will be supplied in
test setup schematics for prototype system

2 verification test procedure.

5.3" System Deveiopment Verifiation Hardware -~ System development verification

analysis will be performed on the total system design. System development verifi-
cation t?sting will be conducted on the total system with the exception of system
piping and datq acquisition system, System piping and insulation will simulate

actual installation as best practical.

System dévelopment_verification testing will be conducted utilizing the following

system cpnfigured hardware and subsystems:

: Libbey Owen Ford M/N 1112 (5 collectors)
E Heat exchanger

{oen-1

System pump (oil)
. System pump (water)
Preheat tank (120 gal.)
.- Domestic hot water tank
Systeﬁ_controller
System cutoff valves
System'aengnra

. System pressure/temperature relief valves

System expansion tank

59
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During system test the above prototype system hardware (excluding solar collectors)
shall be housed in a temporary shelter with the shelter ambient temperature main-
tained between 35° and 100°F. This will prevent the solar system from being exposed
to harsh environments and will provide an approximate simulation of the service use

environment.

’

5.4 System Development Verification Test Procedures - Test procedures for

conducting prototype system verification testing will be prepared and submitted to
MSFC for approval. These procedures will describe the hardware configuration. for
testing, detailed test methods and procedures, sketches of test setup, test time,
limits, data and report requirements, and all other procedural infogpation pertinent

to test evaluation program.

5.5 System Design Chsnges During Development Verification - Any design changes

occurring during develdpment verification will be verified by engineering analysis
or test evaluation. Ample data will be provided for each design change to verify
that the resultant change meets performance criteria requirements and that the

resultant change has no adverse effects on the total system performance.

5.6 Development Verification Data - Test data accumulated during the early

stages of development testing will be thoroughly evaluated and assessments will be
performed on necessary system design changes. This will assure early design matur-

ity of prototype system M/N 2.

5.7 Development Verification Extent/Level - Development verification program

will be conducted to the extent necessary to verify that the final prototype system
design meets or exceeds the requirements of the system performance specification and
the interim performance criteria or that any requirement which has not been met has
been properly dispositioned and MSFC approved'by a deviation approval request. Any
such deviation from the specified requirements will be documented in the final
verification report and will becomg a part of the prototype system performance
specification.

60
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5.8 Additional Development Testing - Additional testing and evaluations othér
than those speéifjed herein may be accomplished. Additional testing and evaluations
will be coordinated with MSFC SIMS contracting officer or his designated representa-
tivé. Additional testing and evaluation will be properly controlle&, documented and
;eported. '

’

6. QUALIFICATION VERIFICATION REQUIREMENTS/PROCEDURE

6.1 Qualification Verification Requirements - Requireﬁents for qualification

verification are as follows:

- Verification that the prototype system meets or exceeds the require-

ments of system performance specification. These requirements are:

Interim Performance Criteria Requirements
Government_Directed Requirements

System Identification Requirement

Site Identification Requirement

Auxiliary Energy Requirement

Hbt Water Requirement

Operating Requirements

System Physicai Requirements (Design Life, Weight, Dimensions)

6.2 Qualification Verification Procedures - Procedures for verification of

each qualification verification requirement are contained in the following sub-

paragraphs.

' 6.2.1 Interim Performance Criteria Requirement - An. analysis will be conducted

on prototype system M/N 2 to satisfy this requirement. Each interim performance
~ criteria requirement will be analyzed individually and recorded on an interim per-
formance criteria certification form. This form will indicate compliance or non~-

compliance to the requirement and will identify the evaluation method utilized to

; satiéfy the requirement. A sample copy of the interim'performance criteria certifi-

cation form is contained in Appendix I of this document. The certification form

when completed will become a part of the final verification report.
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6.2.2 Government Directed Requirements - This requirement will be satisfied by

an analysis of the directed requirement, prototype system and the system performance

specification to verify that the directed requirements have been satisfied.

6.2.3 System Identification Requirement - This requirement will be satisfied

by review of performance specification and the prototype system to verify that the

system is properly identified (type, contractor name, system model no.).

6.2.4 Site Identification Requirement - This requirement will be satisfied by

review of performance specification to verify that the site for the prototype system

is properly identified and described.

6.2.5 Auxiliary Energy Requirement - This requirement will be satisfied by an

anal&sia of the prototype system load requirements and the prototype system auxiliary

energy subsystem design.

6.2.6 Hot Water Requirement - This requirement will be satisfied by an analy-

sis of the prototype syétem design and the hot water load reﬁuirements specified for
the prototype system. Test data obtained during system developmeht testing will be
utilized to verify the design models for the hot water subsystem.

6.2.7 Operating Requirementé —>Thi§)féquirement will be satisfied by an anal-

ysis of the prototype system design and the system operating tequirements (maximum
power to drive system, average yearly electrical power, water requirements). Test
data obtained during system development testing will be utilized to verify the

design models for the prototype system.

6.2.8 System Physical Requirements - This requirement will be satisfied by an

analysis of the prototype system design and the system physical requirements (design

life, weight, dimenciona).

6.3 Prototype System Qualification
6.3.1 Qualification verification will consist of a critical analysis of the

prototype system design at the start of development verification versus the system

design at completion of development verification. An assessment of all changes
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implémented during development verification will be made. All test, analysis, and

evaluation data Qriginating prior to and during development verification will be

analyzed and evaluated to the requirements of the prototype systém performance

specification and interim performance criteria,

'6.3;2 .The prototype system will be considered qualification verified when it
is determined that the final system design and hardware has met or exceeded the
requirements of the system performance specifigation and the interim performance
criteria or that any requirement which has not been met has'Been properly disposi-

tioned and MSFC approved by a deviation aﬁproval request.

6.3.3 The results of qualification verification will be documented and sub-
mitted to MSFC in the prototype system verification report. ‘

7. ACCEPTANCE VERIFICATION REQUIREMENTS/PROCEDURE
7.1 Acceptance verification will be conducted on prototype system M/N 2 to

verify that the system meets all specified requirements. Acceptance verification
will consist of the following. ‘

) Inspection of system to verify performance specification and workmanship
standards ’ '

) Inspection of operational test data and evaluations to:verify system
performance '

o Inspection of acceptance data package

° Inspection of shipping 1ist versus hardware to be delivered

o Inspection of shipping instructions and precautions

° Inspection of documentation required for syétem (installation, operation,

maintenance manuals, system drawings and specifications, etc., in accord-
ance with prototype system performance specification and data package

requirements).
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7.2 The results of acceptance verificéfion_will be documented and submitted to
MSFC in the prototype system verification report.

A

8. PROTOTYPE SYSTEM VERIFICATION HARDWARE DISPOSITION

Following the completion'of prototype system development, qualification and
acceptance verification program, the system hardware shall be removed from the MSFC
breadboard facility. The system collectors, expansion tank, heat exchanger, pumps,
valves, pfe-heat ténk, controller, and system‘sensofs shall be prepared for shipment
to a designated demonstratibn site. Shipping instructions shall be in aécordance

with prototype system M/N 2 shipping instructions.

NOTE: The system components and subsystems shall be thoroughly
drained of fiuid and all ports shall be sealed and taped
to prevent contcmination. ) '
Simulated piping.insulafion and miscellaneous hardware used during system test will

be retained at the MSFC breadboard faciiity for possible future_Qtilization.(

9. PROTOTYPE SYSTEM VERIFICATION DOCUMENTATION

—

9.1 Prototype System Test Procedure -~ Prototype system test ptocedure for

prototype system M/N 2 will be generated utilizing the requireméntsAof this docu-
ment, prototype system performance specification, and drawings. Test procedure will.
be submitted to MSFC for approval prior to the start of system verification testing.

Test procedure shall contain at a minimum the following information.

(a) Identification of hardware/system to be verified (model number, serial

number, wanufacturer, sizc, description, ete.)
(b) Test requirements
(¢) Development verification .test methods/procedures

(d) Instrumentation and data requirements
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generated following completion of system verification. Final report will be

(e)

(£)

(g)

(h)

(1)

9.2

Location of tests to be conducted

Test limits and tolerances

Test equipment to be utilized

v

Detailed test setup and system configuration sketches

‘Test reporting procedures

Verification Report - A final prototype system verification report will be

to MSFC and shall contain at a minimum the following:

ass NNAR 1

(a)

(b)

(c)

(d)

‘(e)A

(£)

(8)

(h)

(1)

1)

(k) .

Summary - resumé of verification results

Pﬁrpose of verification and requirements to be verified

submitted

Hardware/system identification (model number, serial number, manufacturer,

size, description, etc.)

Summary of

Results of

Results of

Results of
Definition
Definition

Definition

verification.procedqreé
development verificagion'
qualification verific#tion '
acceptance ve;ification

of analysis conducted

of inspect;ons conduc;ed

of tests cbnducted

Photographs and/or detailed sketches of test setups
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(1)

" (m)

(n)

10.

Crose reference matrix for prototype system M/N 2 verifignﬁié
Apprndix II of this document. This matrix is applicable to systes
physical testing.

955-0088-1

Test data (data sheets, charts, graphs, plots, etc.). T

Equipment and facilities used for test

Conclusions and recommendations

’

VERIFICATION MATRIX

e comtained. in
‘.glgctédﬁfor"
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PROTOTYPE SYSTEM 2
TEST SET UP CONFIGURATION

PUMP - EXPANSION TANK
& PRESSURE RELIEF
VALVE

PUMP

L T E
FAILSAFE GATE VALV

HEAT
EXCHANGER

Fig. I
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INTERIM - PERFORMANCE CRITERIA
CERTIFICATION FORMS
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INTERIM PERFORMANCE CRITERIA
CERTIFICATION

System Type

System Model No.

System Mfg.

Certified by

Authorized Representative

Date
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INTERIM PERFORMANCE CRITERIA CERTIFICATION INSTRUCTIONS

I. Evaluate system for each IPC requirement listed on IPC Certification
Sheets. A1l requirements are to be in accordance with HUD Interim
Performance Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dwellings. HUD - January 1, 1975.

II. Check each requirement status

Yes - Meets IPC requirement ‘
No - Does not meet.IPC requirement
N/A - Requirement not applicable

III. List IPC requirement eva]ﬁat1on4method utilized

Analysis

Test .
Inspection
Demonstration
QOther

IV. A1l requirements which are not met shall be defined and recorded on
IPC Deviation Approval Request (form attached).
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MEETS IPC

IPC N/A EVALUATION
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Heating and Heating ];]
and Cooling System
Performance
Hot Water System 1.2
Subsystem Performance
Collector Performance | 1.3
Thermal Storage 1.4
Habitability of 1.5
Occupied Space
Energy Transoort 1.6
Efficiency
Control 1.7
Auxiliary Energy 1.8
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MEETS IPC

. 1PC N/A | EVALUATION
IPC REQUIREMENT : qu.“v _“YAES ‘ NQ METHOD ° . COMMENTS
System Design 2.1
Conditions :
Mechanical Stresses | 2.2
Leakage Prevention 2.3

Collector Adjustment 2.4
" Subsystem Isolation 2.5

Heat Transfer Fluid 2.6
Quality :

Piping Supports 2.7

Excessive Pressure and| 2.8
Temperature Protection
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Cyclic Loads

Cutting of Structura
Elements

Creep and Residual
Deflection

Hail Resistance

Constraint Loads

Ponding Conditions

3.4

11 3.5

3.6

3.7

3.8

3.9

.| MEETS _IPC N
» IPC ~} ' nN/A | EVALUATION :
.PC REQUIREMENT NO. YES NO | "/ METHOD COMMENTS
Structural Design - 3.1

Basis

Failure Loads and 3.2

Load Capacity
Damage Control 3.3
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tpe |l X | EVALUATION
no. [ves | wo | MA | werhoo

90WNal

IPC REQUIREMENT

COMMENTS

Plumbing and Electrical 4.1
Installation

Fail Safe Controls 4.2

Fire Safety’ 4.3

Toxic and Flammable 4.4
Fluids

Safety 4.5

Protectibn of Potable

Water and Circulated

4.6
1 Air

Excessive Surface 4.7
Temperatures : _

Effects of External 5.1
Environment
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- tee LR C | evaLuaTion
IPC REQUIREMENT NO. YES | NO METHOD COMMENTS
5.2

Temperature and
Pressure Resistance

Chemical Compatibility
of Components

Components Involving
Moving Parts

-

« Accessibility for
Matntenance

Installation,
- Operation and
Maintenance Manual

- Repair and Servige
Personnel

Owellings/Facility
and Site

5.3

5.4

6.1

6.2

6.3
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MEETS IPC

EVALUATION

of Dwelling

: IPC N/A :
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Design 7.1
Adequate Space 7.2
Functioning of 7.3
Dwelling/Facility Site
Interference with 8.1
Mechanical Operation
Mechanical and 8.2
Electrical Functioning
of Dwelling and Site
Mechanical and 8.3
Electrical Functioning
of Connections
Structural Integrity = |9.1
Structural Integrity 9,2
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MEETS IPC

13.1

IPC n/a | EVALUATION
IPC REQUIREMENT NO. YES | NO METHOD COMMENTS
Structural Connections]| 9.3
Safety of Dwellings 10.1
and Site
Durability 11.1
Durability and 11.2
Reliability of
Dwelling and Site
Durability and 11.3
Reliability of
Connections
Maintainability of H, [12.1
HC, HW Systems
Maintatnability of - [12.2
Dwelling and Site
Connections 12.3
Visual Characteristics
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INTERIM PERFORMANCE CRITERIA DEVIATION APPROVAL REQUEST

1. Report Number 2, Date

3. Prepared By

4. Organization

5. System Type

6. -System Modal No. 7. System S/N

8. System Contractor

9. IPC Deviation

'10. 1PC Number 11. IPC Paragraph

I
f

12. Approved By [IBM)

13. Approved By (MSFC).

14. Date Approved (MSFC)

. 15. Description of Deviation

16. Probable Cause

17. Remarks

18. Deviation Disposition
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ENGINEERING SPECIFICATION

CODE 20234

1<

ITEM (Mame & Part No.) VERIFICATION CROSS
. . : -  REFERENCE MATRIX

1 Prototype Systom t/1; 2

VERIFICATION FMETHOD:

1. Similarity 3. Inspection " N/N Not Applicable
2. Anolysis 4, Test '

|
VERIFICATION PHASE ,
PERFORMANCE SPECIFICATION : :
REQUIREMENT o _ ; . REIMARKS

Development]Qualification]| Aceeptance

‘Interim Performance Criteria 2 - 2

- Government Directed. 2, 3 2, 3 3
Requirements ‘ . ;
~System Ident1f1cat10n 2, 3 2,3 3
Requirements ' ’ ‘ ‘ ,
‘Site Identification : ‘ ' 3
Requirement '

‘Auxiliary Energy Requirement 2, 4 2

Hot Water Requirement 2, 4 2
Operating Requirements 2, 4 2

System Physical Requirements 2 -2 '3
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CONTRACT NO. NAS8-32036

N

| VERIFICATION STATUS SUMMARY
R |
 SYSTEM N0. 2
PROTOTYPE SOLAR HOT WATER SYSTEM

" FIRST ARTICLE REVIEW DATA PACKAGE
REQUIREMENT PARAGRAPH 4.3.3(a)
. APPENDIX B

SEPTEMBER 30, 1977

PREPARED BY 977, Q. huidtlent

APPROVED BY 5}«)2%;L,°C,zé;;____

vk
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1.0

1.1

2.0

2.1

3.0

3.1

3.2

PURPOSE

The purpose of this document is to present a summary of the verifi-
cation status for Prototype Solar Energy Hot Water System No. 2. -

SCOPE

This document provides a summary of Prototype System No. 2 verification

‘which includes verification of performance specification requ1rements and

acceptance verification requirements. Regquirements of the‘performance
specification will be satisfied by analysis and test.

VERIFICATION REQUIREMENTS

Performance Specification Requirements

Prototype System No. 2 shall be 1n accordance with the requirements of
Performance Specification (IBM Document No. 7933449). A1l requirements
will be verified by test or analysis. Requirements are as follows:

Interim Performance Criteria Requirements
Government Directed Requirements |
System Identification Requirement

System Hot Water Requirement

Operating Requirements

System Physical Requirements

c O O O O ©O

Acceptance Verification Requirements

Prototype System No. 2 shall be in accordance with the acceptance veri-
fication requirements paragraph 7.0 of IBM Document No. 7933448. Require-
ments are as follows: '
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b Inspection of system to verify performance specification
and workmanship standards. ' '

0 Inspection of acceptance data package

- Shipping and handling instructions

- Warranty and Test Agency Certification

- "Final Acceptance" and Shipping Form (DD250) including
forms fqr all ship-separate items :

4.0 VERIFICATION SUMMARY ..

4,1 Narrative Abstract - Prototype Solar Energy Hot Water System No. 2 was sub-
jected to a test and analysﬁs verification to verify the requirements of per-
formance specification No. IBM 7933449. Verification was conducted in
accordance with the requirements of IBM Document No. 7933448 (Verification™
Plan/Procedure for Prototype Solar Energy Hot Water System Model No. 2)
Acceptance verification will be conducted dur1ng final acceptance of
Prototype System Model No. 2.

Prototype System'No. 2 meets all requifements of Performance Specification No.
7933449 with the exception of seven (7) interim performance criteria deviations
on the system collectors. Deviations are identified in Appendix I of this
document. | '

Verification of Prototype System No. 2 will be considered completed with
MSFC approval of deviation approval request for system collectors and with
the successful completion of acceptance verification to be conducted dur1ng
final system acceptance.

4.2 !erificatiqn Results

4.2.1 Performance Specification Verification
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4.2.1.1 Interim Performance Criteria - Prototype System No. 2 meets a]]
interim performance criteria requirements with the" exception of col="
lectors. Seven deviations were requ1red for the c011ectors A
deviation from these requirements is requested by IBM sinceé the"
subject collectors are Government furnished to IBM. Detailed" 1nter"1m"f
performance criteria evaluation is contained in"Appendix I of this dbCUf

ment.

4.2.1.2 Government Directed Requirements - These requirements have been
- satisfied by review of performance specification requirements and system

design drawing. System 2 meets requirements.

4.2.1.3 System Identification Requirement - Requirement has been satisfied by
identification of system in the performance specification (system type and
system model number). System 2 meets requirements.

4,2.1.4 Site Identification Requirement - Requirement has been satisfied by
identification of the geographical areas which the design accommodates
as listed in the performance specification. System 2 meets requirements.

4,2.1.5 Hot Water Requirement - Requirement has been satisfied by test and
analysis of system design. System 2 meets requirements.

4.2.1.6 Operating Requirements - Requirement has been satisfied by test and
analysis of system design. System 2 meets requirements.

4,2.1.7 System Physical Requirements - Requirement has been satisfied by
analysis of system design. System 2 meets requirements.

4.3 Acceptance Verification Requirements

4.3.1 Inspection of System - This requirement will be satisfied during
~ final acceptance of System 2.

4.3.2 Inspection of Acceptance Data Package - This requirement will be satisfied
" during final acceptance of System 2.
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5.0 VERIFICATION REPORT -
5.1 A final verification report for Péototype System 2'w111 be prepared and

submitted to MSFC thirty days folldwfng'system acceptance. Report will
. be prepared in accordance with paragraph 9.2 of IBM Document No. 7933448,
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APPENDIX I

PROTOTYPE_SYSTEM MODEL NO. 2

INTERIM PERFORMANCE CRITERIA EVALUATION . ...
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INTERIM PERFORMANCE CRITERIA
CERTIFICATION

‘System Type S Hot Water Only

" System Model No.._ Prototype System 2 °

SystemMfg. _1BM "

Analysis Conducted by M. A. Strickland

Date September 30, 1977
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I1.

III.

Iv.

INTERIM PERFORMANCE CRITERIA CERTIFICATION INSTRUCTIONS

Evaluate system for each IPC requirement l1isted on IPCYCertification
Sheets. Al1 requirements are to be in accordance with HUD Interim
Performance.Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dwellings. HUD - Januaary 1, 1975.

Check each requirement status

Yes - Meets IPC requirement

No - Does not meet IPC requirement

N/A - Requirement not app]icabie"

List IPC requirement evaluation method utilized .

Analysis

Test

Inspection

Demonstration

Other

A1l requirements which are not mét shall be defined and recorded on

 IPC Deviation Approval Request (form attached).
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MEETS IPC

IPC N/A | EVALUATION
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Heating and Heating 1.1 X
and Cooling System :
Performance
Hot Water System 1.2 | x Test &
Subsystem Performance Analysis
Collector Performance |1.3 X ] Test &
' Analysis
Thermal Storage 11.4 X Test &
Analysis
Habitability of 1.5 X Design
Occupied Space Review
Energy Trahsport 1.6 X Test &
Efficiency Analysis
Control 1.7 | X Test &
Analysis
Auxiliary Energy - 1.8 X Analysis
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e peeln e | evaLuaTION
IPC REQUIREMENT NO. YES NO 1 METHOD ~ COMMENTS
Syétem Design 2.1 X Design
Conditions Analysis
Mechanical Stresses 2.2 X Test
Leakage Prevention 2.3 X Test ‘Applicable portions of
» ' system will be pressure
tested during system
installation
Collector Adjustment | 2.4 X - .| Analysis
Subsystem Isolation | 2.5 X ~ | Design
Review
Heat Transfer Fluid | 2.6 X Test &
Quality Analysis
Piping Supports 2.7 X Design
- Review
Excessive Pressure 2.8 X Test
and Temperature '
Protection
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MEETS IPC

_ 1PC- N/A | EVALUATION
! IPC REQUIREMENT NO. | YES | NO. 1 METHOD COMMENTS
1 Structural Design 3.1
i Basis
ﬂ Service Loads 3.1.2 X Ipata Review| No data available to sub-
7 stantiate collector
meets requirements
3 Failure Loads and 3.2
é Load Capacity
Ultimate Load 3.2. X Data Review] No data available to sub-
Combination 3.2.4 - X stantiate collector
' meets requirements
Damage Control 3.3
Resistance to Damage |3.3. X iData‘Review No data available to sub-
t stantiate collector
i meets requirements
|
. Glazing Design 3.3.2 X No data available to sub-
stantiate collector
' o meets requirements
. {yelic Loads 3.4 X Design
a Review
;g Cytting of Structural |3.5 X
Creep and Residual 3.6 X
Deflection
Hail Resistlance 3.7 X iDesign
Review
Constraint Loads 3.8 X Design
Review
Ponding Conditions 3.9 X Design
‘ Review
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e |l Bt | evaLuaTION]
IPC REQUIREMENT NO. YES NO . METHOD COMMENTS
Plumbing and Electrical] 4.1 X Design
Installation Review
Fail Safe Controls 4.2 X Design
) : Review
Fire Safety 4.3 X | Design
‘ Review
Toxic and Flammable 4.4 X | .| Test Fluid temperature will
Fluids - ' not exceed 3500F in the
: LOF collectors.
Safety 4.5 X Design
Review
Protection of Potable 4.6 X Design A double wall heét
Water and Circulated Review exchanger 1s used to
Air . : seperate the water and
' silicone fluid.
Excessive Surface 4.7 X ‘ Tests With the spec1f1ed
Temperatures ' : insulation
Effects of External 5.1 There is no data to
Environment _ ' : substantiate that the
collectors meet these
_ . requirements.
Solar Degradation 5.1.1 X

93




e [EER TS| evacuation]
IPC REQUIREMENT NO. YES NO | METHOD ~ COMMENTS
"{ Temperature and 5.2 X Test &
i Pressure Resistance ; Analysis
Transmission losses 5.2.1 X No data available to sub-
due to outgassing ' stantiate collector
i meets requirements
Chemical compatibility 5.3 X Design
of Components . Analysis
Components involving 5.4 X Test &
moving parts : Design
o | Review
Accessibility for 6.1 X Design
{maintenance Review
"Installation, 6.2 X Design
:Operation and Data
|Maintepance Brochure
‘Manual Review
Repair and Service 6.3 X Design
Personnel Review
Dwellings/Facility X
and Site

94




MEETS IPC

'EVALUATION

of. Dwelling

IPC N/A - ‘ '
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Design 7.1 X
Adequate‘Space 7.2 X Design -
- Review
Functioning of 7.3 X
Dwelling/Facility Site
Interference with 8.1 X
Mechanical Operation
‘Mechanical and 8.2 X
Electrical Functioning
of Dwelling and Site
Mechanical and 8.3 X
Electricdl Functioning '
of Connectors :
Structural Integrity 9.1 X
Structural Integrity 9.2 X
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-1 MEETS IPC

) T pe™ “n/a | EVALUATION
IPC REQUIREMENT NO. - | YES NO METHOD COMMENTS
Structural Connections | 9.3 X
Safety of Dwellings 10.1 X
Durability 11.1 X
Durability and 1.2 X Design
Reliability of Review
Dwelling and Site
Durability and 1.3 X Design
Reliability of Review
Connections
Maintainability of 12.1 X
H, HC, HW Systems
Maintainability of  [12.2 X
Dwelling and Site :
Connections 12.3 X
Visual Characteristics |13.1 X
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. ' INTERIM ‘PERFORMANCE' CRITE_'RIA DEVIATION RERORT. , . B .“:;3\‘
i N Report Number . Date 3. Prepared By - : . Qrganization . Item Name '
_ : 9/29/76 D. Linton . Flat Plate Collector
" |6. 1tem Part Number [7. Item S/N - ﬁ Item Mfg. By 9. 1PC Deviation
4 o ' | Libby Owen Ford ' Ser?ice Loads : _
10. IPC Number ~___ [11.IPC Paragraph 12. Approved By ('BM]} 13. Approved By (MSFC) o 4. Date Approved (MSFC)|
1.2 |

15. Description of Deviation

iVendor indicates collector can withstand wind loads of 30 #/ftz. Per ANSI AS58.1 load for severe wind ¢onditions
at 30 ft. elevations is 32 #/ft2: ‘ '

6. Prob Probable Cause

.. [17. Remarks

18. Deviation Disposition

18M07




| INTERIN PERFLLVANCE CRITERIA DEVIATION RiPii “EC
: . N
1. Report Number Z. Date 3. Preparzz By 4. Organization’ 5. izem Namae RN
- . ' 9/29/76 " 0. Linton | Flat Plate Collector h
6. item Part Number 7. Item S/N 8. Item Mfg. By 9. IPC Deviation ’ ‘{
, | . A‘ - Libby Owen Forc Ultimate load comb_iha;ions i
[10. TPC Number TT.1PC Paragraph [12. App;oved By (i8] [13. Approved By (MSFCf 14, Date Approved (MSFC)é
: 3.2.4 o | ool
»15 Descnptlon of Dev:anon | | -
Most of the ultimate load combinations exceed the vendor's stated capability of 30 ¢ /ft y
Tlﬁgba_bl.e f:;ﬁsp |
ghv e e - l- ‘
mfemarks_'
1
18. Deviation Disposition |
' 3




INTERIM PERFORMANCE CRITEREA DEVIATION REPORT

ii. Report Number 2. Date . |3. Prepared By 4. Organization “item Name ‘
: - | : o D. Linton | - Flat Plate Collector
6. Item Part Number 7. Item S/N I8. item Mfg. By - ' 9, IPC Deviation .
A -Libby Owen Ford Resistance to Damage »
10. IPC Number 1. 1PC Paragraph [12. Approved By (IBM) 13. Apprayed By {MSFC) 4. Date Approved {MSFC)
: _ 3.3.1 ' ' -
15. Description of Deviation

Vendor indicates collector can withstand wind loads of 30 #/ft". Ultimate load combinatious exceed tais load.

'1.6. Probable Cause
e
O
L
17 Remarks

18. Deviation Disposition

h 18M07
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INTERIM PERFOKNANCE CRITERIA DEVIATIUN RiPORT

‘;;., R o
\\\\LOﬁm

7. Item S/N ‘

Libby Jwen Ford

"Glazing design

T. Report Number 2. Date" 2, Prepared By . Organization 5. {tem Name
o D. Linton ' Flat Plate Collector \\\\
6. Item Part Number 8. Item Mlg. By 9. IPC Deviation , e ol

4, Date Approved (MSFC)

‘110, IPC Number

11. IPC Paragraph

2. Approved By (IBM)

13. ‘Approvéd By [MSFC)

15. Description of Deviation

Glazing is not permanently marked in accordaﬁce with IPC.

16. Probable Cause

00 1.7

17. Remarks

18, Deviation Disposition

- IX R




L4
&

INTERIY PERFORMANCE CRITERIA DEVIATION REPORT

[T Report Number |2 Date B 3. Prepared B.y — R, Orgamization 5. lt(;m Name
' - 9/29/76 . | D. Linton N ~ | Flat Plate Collector
6. Item Part Number 7.item S/N - [8. item Miig. By _ 9. iPC Deviation .
‘ - Libby Owen Ford .| ‘Solar and thermal degradation
10. IPC Number T1.1PC Paragraph [12. Approved By (IBM] - 13. Approved By (MSEC] . 4. Date Approved (MSFC)
a 5.1.1 : S .,
5.2.1 ‘
" 115, Description of Deviation o : A K

‘The vendor states his collactor is capable of sustaining a minimum of 1,000 hours cumulative period of solar
exposure with no coclant and full daily solar insulation without damage. It is expected that the collector will:

be exposed to considerably more than its rated exposure over its service life. There is no data in the data package
to substantiate the vendors claim. ’

16. Probable Gause
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17. Remarks

18. Deviation Disposition
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APPENDIX II

SYSTEM 2 PERFORMANCE ANALYSIS SUMMARY
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SYSTEM 2 TEST AND- ANALYSIS PERFORMANCE SUMMARY
Initial evaluation of thé System 2 design was accomplished using an f-chart
simulation model. Three weeks of testing have been.completed to date verifying
the earlier analysis. To date, the system has worked satisfactorily with no

problems. The test report will be submitted 30 days after completion of testing.

The following paragraphs.sumﬁarfze'the anaiysii of the system. The system sche-
matic is shown in Figure 1. The major components are listed below.

0 | 'c;11ectors
- 98.5 ft2
- ‘45°'t1]t angle
-‘-  0° azimuth
0 Preheat Tank (;torage)
- 120'ga1.
- R-22 insulation =
o Heat Exchanger (Double wall)
- Approx1mate1y‘50% efficiency
o Circulator Pgmpg
- (1) .1/291HP-Ss'circu1atbfAfor watef:

- (1) 1712 HP circulator for collector fluid

103



PORT

-2 .

g Gy SENSOR -
== ey r———-———— —

~LEGEND- = °
cHECK VALVE N

" cuUTOFF VALVE PR

" GATE VALVE s

| TEMPERATURE/ . 4,
PRESSURE RELIEF @@
: .- VALVE - .

DRAIN VALVE ' [

S

® CONTROL SENSORS
SHALL BE LOCATED
NEXT TO EXIT PORTS
AS SHOWN.,

WATER _
SUPPLY
. N
EXISTING
SYSTEM

. > C0LD WATEN
: . %N.C. .
N.O. :

: N.O. ———@—L—- : e HOT WATER
HEAT o @ :
EXCHANGER| . .o\ |

SOLAR
ADDITION

}
1

‘ | ekaen oo DOMESTIC
1" weateo vt
.TNERMOMTCHﬁ WATER HOT WATER
STORAGE: TANK
N.O. | - vank
P ﬁ
~ SENSOR

Figure 1. System 2 Functional Schematic
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. SYSTEM PERFORMANCE

The primary system parameters which determine the overall performance of -the

System 2 design for any given site/application are the collector unit performance,*

‘collector area and, to a much lesser extent, the preheat storage tank size. The
sizes selected for a given application of this design are influenced primarily by

~ the local insolation, the cost of auxiliary fuel, and the hot water load (con-
sumption rate). System 2 was designed for nominal values of these conditions
applicable to the most statistically significant portions of the continental

‘United States. It thus represents a design with wide-spread application poten-
tial with only slight adjustments necessary 1in system'size; The "nominal" con-
ditions as used herein are defined és: ‘

o  Insolation, mean daily total, - = 1200-1700 Btu/Ft’
o  Auxiliary Fuel Cost (Elec.) 0.02-0.04 $/KWH
0 Hot water consumption 50-120 gallons/day

- A.  Collector

Evaluation has shown that the optimum collector area for this system design is
one collector panel (19.7 th) for each 15 gallons per day of hot water con-
sumption. This approximate relationship holds for the range of nominal con-
ditions and results in a solar contribution of from 45 to 65% of the annual

dhw load. For applications where the hot water consumption rate is unknown,

a typical single family residence with an automatic washer is sometimes assumed
to consume an average of 75 gallons/day, thereby requiring five (5) solar panels.

* The collector unit performance is fixed since System 2 specifies the LOF
collector. Subsequént discussion of system sizes 1s therefore applicable
specifically only to .the use of this collector.
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B. Storage

The optimum preheat tank‘size is approximately 24 gallons per collector panel.
This is based on producing the highest performance return per initial (tank)
cost and assumes the use of a preheat tank of a size common to standard do-

mestic hot water tank manufacturer. Sizes in this category in the general

range of 1nterest are typicaIly 80, 100 and 120 ga]lons For five (5) collectors,
the 120 ‘gallon tank is near optimum. ' '

c. Performance'for Bangor Site

The initial-site for the System 2 baseline design is a single family residence
located near Bangor, Maine. Pertinent system/site parameters including collector
area and tank sizes are compi]ed in Table 1. For the conditions 1isted in Table 1,
System 2 design will supply annually approximately 10.89 x 106 Btu to the total
hot water load of 19.44 x 106'Btu} This 1s a percent solar contribution of 56%.
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~ Table 1. Site and System Parameters

Parameter

Vaihe

o Site Conditions
Location . ~
Application
Hot Water Consumption
Delivery Temperature
Supply Water Temperathre

- Insolation :

Auxiliary Fuel Cost:

0 System Design _
Number of Collectors
Co]1ector'Aped
Tilt Angle
Azimuth Angle
Storage Slze

Togus, Maine .
DHW, Single Family Residence
75 gallons per day* '
140°F

"55°F, mean

1300 Btu/FtZ, mean daily
0.0268 $/KWH

5

98.5 Ft.
a5° o
0° (due south)
120 Gallons

2

Domestic Hot Water Systems".

* Recommended design value for typical residence with automatic washer per NBS
76-1059 "Intermediate Minimum Property Standards for Solar Heating and




PROTOTYPE SYSTEM NO, 2 HAZARDS ANALYSIS

A hazards analysis was ﬁe;formed to define potential hazards or undesired events
relative to the System 2 design, to identify the safety requirement to elimi-
nate the hazard, and to indicate the means of compliance with each safety require-

ment. A summary of the hazards analysis results follows.

'Ail potential-ﬁazards'identified are minor levéifhazgrds and'no rajor hazard
levels have been found. No residual hazards hé#e béen identified and no failure
modes have been iden:ified“whiéh would contfiﬁd:e to the occurrence of a hazard.
The use of s:an&ard off-ihefshelf hardware minimizeg potential hazards.
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