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SECTI ON 22 33 30.00 10

SCLAR WATER HEATI NG EQUI PMENT
04/08

NOTE: This gui de specification covers the
requi renents for solar domestic and service water
heati ng equi pnent.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR).

PART 1
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GENERAL
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NOTE: I n accordance with the design guidance
presented in UFC 3-440-01, the systemis designed
around the properties of a particular collector

The desi gner should indicate the desi gn nethodol ogy
used on the drawi ngs. This ensures that equi pnent
shown on detail drawings (if different fromthe
equi prent assuned by the designer) is properly
sized. It is particularly inmportant for the
designer to indicate on the drawi ngs the coll ector
paranmeters used in the design. Detail draw ngs
returned should al so be so noted, particularly if
the coll ector chosen has properties different from
those used in the original design. UFC 3-440-01
provi des the designer, project nanager, and quality
assurance personnel a checklist of required draw ngs
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and information called out by this guide
specification to appear on the draw ngs.
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1.1 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANS| Z21.22/CSA 4.4 (2015) Relief Valves for Hot Water Supply
Systems

AMERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 93 (2010; Errata 2013l Errata 2014) Met hods
of Testing to Determ ne the Thermal
Performance of Solar Collectors
AVERI CAN WATER WORKS ASSOCI ATI ON ( AWAA)
AWM C606 (2015) G ooved and Shoul dered Joints

AMERI CAN VELDI NG SCCI ETY ( AWS)

AWS B2.1/B2. 1M (2014; Errata 2015) Specification for
Wl di ng Procedure and Performance
Qualification

AWS D1. 2/ D1. 2M (2014) Structural Welding Code - Al um num

ASME | NTERNATI ONAL ( ASME)

ASME Bl. 20.1 (2013) Pi pe Threads, General Purpose (Inch)
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ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

B1. 20. 2M

B16. 15

B16. 18

B16. 22

B16. 24

B16. 26

B16. 39

B31.1

B40. 100

BPVC SEC VI1l D1

PTC 19.3 TW

(2006; R 2011) Pipe Threads, 60 Deg.
CGeneral Purpose (Metric)

(2013) Cast Copper Alloy Threaded Fittings
Classes 125 and 250

(2018) Cast Copper All oy Sol der Joint
Pressure Fittings

(2013) Standard for Wought Copper and
Copper Alloy Sol der Joint Pressure Fittings

(2011) Cast Copper Alloy Pipe Flanges and
Fl anged Fittings: C asses 150, 300, 600,
900, 1500, and 2500

(2013) Standard for Cast Copper Alloy
Fittings for Flared Copper Tubes

(2014) Standard for Mlleable Iron
Threaded Pi pe Unions; Casses 150, 250,
and 300

(2016; Errata 2016) Power Piping

(2013) Pressure Gauges and Gauge
Attachments

(2017) BPVC Section VIII-Rules for
Construction of Pressure Vessels Division 1

(2016) Thernowel I s Performance Test Codes

ASTM | NTERNATI ONAL (ASTM

ASTM A183

ASTM A536

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

B152/ B152M

B209

B209M

B32

B62

B75/ B75M

(2014) Standard Specification for Carbon
Steel Track Bolts and Nuts

(1984; R 2014) Standard Specification for
Ductile Iron Castings

(2013) Standard Specification for Copper
Sheet, Strip, Plate, and Roll ed Bar

(2014) sStandard Specification for Al um num
and Al unmi num Al |l oy Sheet and Pl ate

(2014) Standard Specification for Al um num
and Al umi num Al |l oy Sheet and Plate (Metric)

(2008; R 2014) Standard Specification for
Sol der Met al

(2017) Standard Specification for
Conposition Bronze or Qunce Metal Castings

(2011) Standard Specification for Seaml ess
Copper Tube
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ASTM B828

ASTM B88

ASTM B88M

ASTM C1048

ASTM D2000

ASTM F1199

(2016) Standard Practice for Making
Capillary Joints by Sol dering of Copper
and Copper Alloy Tube and Fittings

(2016) Standard Specification for Seanl ess
Copper Water Tube

(2018) Standard Specification for Seaml ess
Copper Water Tube (Metric)

(2012; E 2012) Standard Specification for
Heat - St rengt hened and Fully Tenpered Fl at
Glass

(2012; R 2017) Standard C assification
System for Rubber Products in Autonotive
Applications

(1988; R 2015) Cast (Al Tenperatures and
Pressures) and Wel ded Pipe Line Strainers
(150 psig and 150 degrees F Maxi mun)

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)

M5S SP-110

M5S SP-58

M5S SP-72

M5S SP- 80

(2010) Ball Valves Threaded,
Socket - Wl di ng, Sol der Joint, G ooved and
Fl ared Ends

(2009) Pi pe Hangers and Supports -
Material s, Design and Manufacture,
Sel ection, Application, and Installation

(2010a) Ball Valves with Flanged or
Butt-Wel di ng Ends for General Service

(2013) Bronze Gate, d obe, Angle and Check
Valves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEVA MG 1 (2016; SUPP 2016) Mdtors and Generators
U. S. DEPARTMENT OF DEFENSE ( DOD)
UFC 3-310-04 (2013; with Change 1) Seisnic Design of
Buildings
1.2 SOLAR ENERGY SYSTEM
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NOTE: For systens located in an area subject to
freezing, the closed-loop antifreeze systemis to be
used. This systemrequires the propyl ene-glyco
based heat transfer fluid, two punps, a heat
exchanger, and an expansion tank. For systens at

| ocations in which freezing tenperatures do not
occur, the direct circulation system may be used.
UFC 3-440-01 provides further information on these
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3

systemtypes and their appropriate uses.
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Provi de a sol ar energy system arranged for preheating of service
(donestic and/or process) water using flat plate liquid solar
collectors. Include in the system conponents a solar collector array,
storage tank, punp[s], automatic controls, instrunentation

i nterconnecting piping and fittings, [uninhibited food-grade

propyl ene-gl ycol and water heat transfer fluid in a closed |oop],

[ potabl e water heat transfer fluid in an open |oop], [heat exchanger],
[ expansi on tank], and accessories required for the operation of the
system.

Subnmit manufacturer's descriptive and technical literature; perfornance
chart and curves; catalog cuts; and installation instructions.

Proposed di agrans, instructions, and other sheets, prior to posting. A
copy of the posted instructions proposed to be used, including a system
schematic, wiring and control diagrans, and a conplete |ayout of the
entire system Include with the instructions, in typed form condensed
operating instructions explaining preventive mai nt enance procedures,

net hods of checking the system for normal safe operation and procedures
for safely starting and stopping the system nethods of bal ancing and
testing flowin the system and nethods of testing for control failure
and proper system operation.

Submit drawi ngs containing a system schematic; a collector I[ayout and
roof plan noting reverse-return piping for the collector array; a
system el evation; an equi pment room | ayout; a schedul e of operation and
installation instructions; and a schedul e of design infornmation

i ncluding collector height and wi dth, recommended flow rate and
pressure drop at that flow rate, and nunber of collectors to be grouped
per bank.

I ncl ude on the drawi ngs conplete wiring and schematic diagrams and any
other details required to denonstrate that the system has been

coordi nated and will properly function as a unit. Draw ngs shall show
proposed | ayout and anchorage of equi pnent and appurtenances, and

equi prent relationship to other parts of the work, including clearances
for maintenance and operation

SUBMITTALS

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnitta
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
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1.

the submttal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenent System (RMS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandat ed sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG Locate the "S" subnittal
under the SD nunber that best describes the
subnmittal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

*% *% *% *% *% *% *% *%%

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Sol ar Energy System
As-Built Draw ngs

SD- 03 Product Data
Spare Parts
Sol ar Energy System
Wel der Qualifications
SD-06 Test Reports
I nspection and Testing
SD-10 Operation and Mai ntenance Data
Operation and Mii ntenance Procedures; C[, | 11
4  WELDER QUALI FI CATI ONS
Qualify procedures and wel ders in accordance with the code under which the
wel ding is specified to be acconplished. Subnit, prior to welding

operations, [__ ] copies of qualified procedures and |ists of nanes and
identification synbols of qualified welders and wel di ng operators.
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1

5 DELI VERY, STORAGE, AND HANDLI NG

Protect all equiprent delivered and placed in storage fromthe weather,
excessive hunidity and excessive tenmperature variation, and dirt and dust
or other contamn nants.

6 WARRANTY

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkik

NOTE: Most flat plate collector nmanufacturers
provide a 10-year warranty. 1In the past, the solar
energy field attracted a | arge nunber of

di sreput abl e manuf acturers, nany of whom were out of
busi ness |1 ong before their warranty expired. Any
manuf acturer that nmeets this collector specification
shoul d provide a quality collector that is capable
of surviving the warranty.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide a mini num 10-year warranty against the followi ng: failure of

mani fold or riser tubing, joints or fittings; degradation of absorber plate
sel ective surface; rusting or discoloration of collector hardware; and
enbrittl enent of header manifold seals. Include in the warranty ful

repair or replacenent of defective materials or equipnent.

.7 SPARE PARTS

Subnmit data for each different itemof material and equi pnent |isted,
including a conplete list of parts and supplies, with current unit prices
and source of supply; a list of parts and supplies that are either nornally
furni shed at no extra cost with the purchase of equipnent, or specified to
be furnished as part of the contract; and a list of additional itemns
recomrended by the manufacturer to ensure efficient operation for a period
of 120 days.

PART 2 PRODUCTS

2.

2.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: To conply with Public Law 109-58 (Energy
Policy Act of 2005) design new federal buildings to
achi eve energy consunption levels that are at | east
30 percent below the level required by ASHRAE
90.1-2004. As a mininum all energy consuning
products and systens shall neet or exceed the

requi renents of ASHRAE 90. 1.
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1 GENERAL EQUI PMENT REQUI REMENTS
1.1 St andard Products

Provide material s and equi prent which are the standard products of a

manuf acturer regularly engaged in the manufacture of such products and that
essentially duplicate itens that have been in satisfactory use for at |east
2 years prior to bid opening. Equipnent shall be supported by a service
organi zation that is, in the opinion of the Contracting O ficer, reasonably
convenient to the site.
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2.

1.2 Nameplates

Each maj or item of equi pnent shall have the nmanufacturer's name, address,
type or style, nodel or serial nunmber, and catal og nunber on a plate
secured to the item of equi pnent.

.1.3 Identical Itens

Items of the same classification shall be identical, including equipnent,
assenblies, parts, and conponents.

.1.4 Equi prent Quards [and Access]

Fully enclose or guard belts, pulleys, chains, gears, couplings, projecting
set-screws, keys, and other rotating parts so |ocated that any person nmay
come in close proximty. High-tenperature equi pnent and piping so | ocated
as to endanger personnel or where it creates a potential fire hazard shal
be properly guarded or covered with insulation of a type specified.

[ Provide catwal k, | adder, and guard rails where shown and i n accordance
with Section 05 50 13 M SCELLANEQUS METAL FABRI CATI ONS. ]

.1.5 Special Tools

Provi de one set of special tools, calibration devices, and instrunents
required for operation, calibration, and nmai ntenance of the equi pnent.

.2 Pl PI NG SYSTEM

Pi pi ng system shall be conplete with pipe, pipe fittings, valves,
strai ners, expansion |oops, hangers, inserts, supports, anchors, guides,
sl eeves, and accessories. Systemmaterials shall conformto the follow ng:

2.1 Copper Tubi ng

ASTM B88N ASTM B88, Type K where buried, Type L otherwise. Collector
risers Type L or M

.2.2 Solder

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The sol ders referenced are necessary for
conpatibility with the fluids and netal s contained
in solar energy systens and al so required for piping
cont ai ni ng potable water.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

ASTM B32, Type Sh5, Sn94, Sn95, or Sn96

. 2.3 Joints and Fittings for Copper Tubing

W ought copper and bronze sol der-joint pressure fittings shall conformto
ASME B16. 22 and ASTM B75/B75N. Cast copper alloy sol der-joint pressure
fittings shall conformto ASME B16. 18 and ASTM B828. Cast copper all oy
fittings for flared copper tube shall conformto ASME B16.26 and ASTM B62
Brass or bronze adapters for brazed tubing may be used for connecting
tubing to flanges and to threaded ends of valves and equi pnent. Cast
bronze threaded fittings shall conformto ASME B16.15. Extracted brazed
tee joints produced with an acceptable tool and installed as recommended by
the manufacturer may be used. G ooved nechanical joints and fittings shal
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2.

2.

2.

2.

be designed for not |ess than 862 kPa 125 psig service and shall be the
product of the same manufacturer. G ooved fitting and nechanical coupling
housi ng shall be ductile iron conforming to ASTM A536. Gaskets for use in
grooved joints shall be nolded synthetic polyner of pressure responsive
design and shall conformto ASTM D2000 for circulating mediumup to 110
degrees C 230 degrees F. Gooved joints shall conformto AWM C606

Coupling nuts and bolts for use in grooved joints shall be steel and shal
conformto ASTM A183.

.2.4 Flanges

Bronze, Class 125 or 150 as applicable, ASME B16. 24.

2.5 Di el ectric Waterways and Fl anges

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Since all wetted surfaces are required to be
nonferrous, the only location for dielectric

wat erways to be considered is the penetrations to

t he storage tank.

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkk
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Wat erways and flanges shall conformto the requirenents of ASME B16. 39

Di el ectric waterways shall have nmetal connections at both ends suited to
mat ch connecting piping. Ends shall be threaded or soldered to match

adj acent piping. Dielectric waterways shall be internally lined with an

i nsul ator specifically designed to prevent current flow between dissinilar
metals. Dielectric waterways and flanges shall be suitable for the
tenperatures, pressures, and antifreeze encountered. Dielectric flanges

shal | neet the performance requirenents described herein for dielectric
waterways.

2.6 Bronze Gate, d obe, Angle, and Check Val ves

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: MSS SP-80 shows standard practice for check
valves. O the check valves listed, only the netal
to metal lift check valve (Type 1) may be used.
However, spring | oaded check valves (also called
"nonsl ant' check val ves) are available and are
simlar to the Iift check valve referenced. These
spring | oaded check val ves are preferred and shoul d
be used whenever practical

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhhkkkkkk

*kkkkkkkkkkkkkkkkkkk

MSS SP-80, Type 1 (or nonslam spring type), Cass 125 or 150.
2.7 Bal | Val ves

[MSS SP-72] [or] [MsSS SP-110], dass 125 or 150.

2.8 Rel i ef Val ves, Pressure and Tenperature

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The system shoul d be used with 862 kPa 125
psig pressure relief and 99 degrees C 210 degree F
tenperature relief whenever possible. |In the event
of overpressure, the pressure relief valves |ocated
at the low points in the system (usually on the
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expansi on tank in the equi pnent roon) should open
first due to the elevation head of the system This
prevents fluid release at the collector Ievel and
serves to alert maintenance personnel of a problem

*% *% *% *% *% *% *% *% *% *% *% *% *%%

ANS| Z721.22/CSA 4.4. Pressure relief valves |ocated on the solar collector
array upper nmani fold and on the expansion tank shall open and di scharge the
collector fluid [into drain indicated] [into drain tank] when fluid
pressure rises above 862 kPa 125 psig. Pressure and tenperature relief

val ves | ocated on the solar storage tank shall open and di scharge water
[into drain indicated] [into drain tank] when fluid pressure rises above
[862] [ ] kPa [125] [ ] psig or when fluid tenperature rises above
_____ ] degrees F.

. 2.9 Cal i brating Bal anci ng Val ves

Cal i brat ed bal ancing val ves shall be suitable for 862 kPa 125 psig and 121
degrees C 250 degrees F service. Calibrated bal ancing val ves shall be of
bronze body/brass ball construction with seat rings conpatible with system
fluid and shall have differential readout ports across val ve seat area.
Readout ports shall be fitted with internal insert of conpatible materi al
and check valve. Calibrated bal ancing val ves shall have nmenory stop
feature to allow valve to be closed for service and reopened to set point
wi t hout di sturbing bal ance position, and shall have calibrated naneplate to
assure specific valve settings.

.2.10 Air Vents

Brass or bronze val ves or cocks suitable for 862 kPa 125 psig service. Air
vents shall be provided with threaded plugs or caps.

.2.11 Strainers

ASTM F1199, renovabl e basket and screen, Y pattern, cast iron strainer with
pressures to 862 kPa 125 psig, sinplex type; or a conbination

el bow strai ner with strai ghtening vanes and strainer arranged for

hori zontal flow

.2.12 Pressure Gauges

ASME B40. 100. Pressure gauges shall be provided with throttling type

needl e val ve or a pul sation danpener and shutoff valve. Mninumdial size
shall be 90 nm 3-1/2 inch.

.2.13 Thermometers

ASME PTC 19.3 TW, Type |, Cass 3. Thernoneters shall be supplied with
wel | s and separabl e bronze sockets.

.2.14 Pi pe Threads
ASME B1.20. 2MASME BL. 20. 1.
.2.15 Pi pe Supports

MSS SP-58. Metal insulation shield shall be stainless steel.
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2.2.16 Al um num Sheets
ASTM B209NM ASTM B209, All oy 3003.
2.2.17 Copper Sheets Copper Alloy 110
ASTM B152/ B152N
2.3 ELECTRI CAL WORK

El ectric notor-driven equi pnent specified shall be provided conplete with
nmotor, notor starters, and controls. Electrical equipnent and wiring shal
be in accordance with Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

El ectrical characteristics shall be as specified or indicated. Motor
starters shall be provided conplete with thermal overload protection and
ot her appurtenances necessary for the notor control specified. Each notor
shall be of sufficient size to drive the equi pnment at the specified
capacity wi thout exceeding the nameplate rating of the notor. Manual or
automatic control and protective or signal devices required for the
operation specified, and any control wiring required for controls and

devi ces, but not shown, shall be provided. Integral size notors shall be
the premiumefficiency type in accordance with NEMA MG 1.

2.4 COLLECTOR SUBSYSTEM

2.4.1 Sol ar Col |l ector Construction

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: As discussed in UFC 3-440-01, the design of a
sol ar energy systemis heavily dependent on the
choice of a collector. The mninmm area per
collector is 2.6 square nmeters 28 square feet and it
is inmportant that the collector around which the
systemis designed be described as thoroughly as
possi bl e on the designer's drawings. O particular
interest are the length and width of the collector
(for spacing and roof |ayout reasons), the
recomended flow rate of the collector, and the
rated pressure drop at that flow rate. The designer
shoul d verify that the values of the follow ng
paranmeters are indicated in schedules on the

drawings:

a. Nunber of collectors

b. Goss area and net aperture area

c. Collector height and wi dth

d. Collector fluid volune

e. Collector filled weight

f. Collector nanufacturer's warranty period
g. Recommended collector flow rate

h. Pressure drop across the collector at

recomended fl ow rate

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Col l ectors shall be of the flat plate, liquid, internally manifol ded type
Each coll ector shall be provided with cover glazing, an absorber plate,
heat transfer liquid flow tubes, internal headers, weep holes, insulation
and a casing. Collectors shall be of weather-tight construction. Solar
collectors shall withstand a stagnation tenperature of 177 degrees C 350
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2.

degrees F and a working pressure of 862 kPa 125 psig wi thout degrading,

out -gassing, or warping. Collector net aperture area shall be as shown and
shall be a minimumof 2.6 square nmeters 28 square feet. Collector |ength,
wi dt h, and vol une shall be as shown.

.4.2 Absor ber Plate and Fl ow Tubes

Absorber sheet or plate shall be copper. Top of absorber plate shall be
coated with selective surface of black chrone and shall have an emissivity
|l ess than 0.2 and absorptivity greater than 0.9. Flow tubes shall be Type
L or Type M copper, and shall be sol dered, brazed, or nechanically bonded
to the absorber plate. Tubes shall be installed on the absorber plate so
that they drain by gravity.

. 4.3 Cover d azing

Each collector shall have a single |layer of cover glazing nmade of clear
float, water white or lowiron type tenpered glass. d ass shall neet
ASTM C1048. Cover glazing shall be conpletely replaceable fromthe front
of the collector w thout disturbing the piping or adjacent collectors.
Cover gl azing shall be separated fromthe collector by a continuous gasket
made of EPDM rubber.

.4.4 Insulation

Back and sides of the absorber plate shall be insulated. Insulation shal
fill space between absorber plate and casing and shall have an R val ue of 4
m nimum I nsulation shall conformto EPA requirenents in accordance with

Section 01 33 29 SUSTAI NABI LI TY REPORTI NG and shall be fibrous gl ass,
pol yi socyanurate, urethane foam or other nmaterial suitable for the

i nt ended purpose, and shall withstand the npoisture, sun exposure, and
stagnation tenperature linitations of the solar collector

Pol yi socyanurate insulation shall not cone in contact with the absorber
plate.

.4.5 Casing

Casing shall be aluminum Finish shall be mll finish or factory applied
baked enanel, enbossed or bronze anodi zed al uni num Cover gl azing shall be
separated fromthe casing by an EPDM rubber gasket or equival ent material

Al l onance shall be nade for thernal expansion between the cover and
absorber plates and the casing, and for drainage of noisture through weep
holes.

.4.6 Mounting and Assenbly Hardware

Mounting brackets and hinges shall be al um num or stainless steel
Assenbly hardware including all bolts, washers, and nuts shall be stainless
steel.

4.7 Sol ar Col | ector Performance

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The naxi mum nunber of collectors per bank

al l owed by the manufacturer should be investigated.
Thi s nunber is dependent on the header and riser

di aneters, flow rates, and thermal expansion
characteristics of the collector. It is expected
that nost 1.2 m4 foot wide collectors can be
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2.

grouped into banks of at |east seven, and this is
the | argest bank size all owed.
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Thermal performance shall be plotted on the thermal efficiency curve in
accordance with ASHRAE 93. The y-intercept shall be equal to or greater
than 0.68, and the nunerical value of the slope of the curve (FRUL) shal

be between 0 and mnus 5.7 watts per square neter per degree K (0 and ni nus
1.0 Btu per hour per square foot per degree F) 0 and minus 1.0 Btu per hour
per square foot per degree F. Manufacturer's recommended volunetric flow
rate and the design pressure drop at the recommended flow rate shall be as
shown. Manufacturer's recommendations shall allow at | east seven
collectors to be joined per bank while providing for balanced flow and for
t hermal expansi on consi derati ons.

5 Solar Collector Array

5.1 Net Absorber Area and Array Layout
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NOTE: The mininmum array aperture area allowed for
the project is that collector array area associ ated
wi th the highest LCC savings by the SOLFEAS sol ar
feasibility study conputer program The array

| ayout shoul d be conpl eted according to the nethods
di scussed in UFC 3-440-01. For flow bal ancing

pur poses, each bank nust have the sane nunber of

col l ectors. Banks nust contain between 4 and 7
collectors each. Generally, the array should foll ow
building lines, but nust keep within 20 degrees of
due south. Care should be taken to distinguish

bet ween magnetic and due south for the project

| ocation. Row spacing is a function of the
col l ector height and projection |ocation;

nmet hodol ogy for determning this spacing is given in
UFC 3-440-01. It is inmperative to proper
construction of the systemthat the array |ayout be
accurately shown on the drawings. Itens to be shown
on the draw ngs nust include:

a. SOLFEAS result for mninumarray size

b. Total array size to be installed

c. Bank size (4, 5, 6, or 7 collectors) and nunber
of banks

d. Mnimmrow spacing in event of nmultiple rows of
collection

e. Array orientation with respect to true south.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Array shall consist of an assenbly of solar collectors as shown with a
mninmumtotal array aperture area of [__ ] square meters square feet.
Sol ar collectors shall be assenbl ed as shown in banks of equal nunber of
collectors. Banks shall consist of no less than 4 and no nore than 7
collectors each. Collector array shall be oriented so that all collectors
face the sane direction and are oriented within 20 degrees of true south
and with respect to true south as indicated. Collectors arranged in

multi ple rows shall be spaced so that no shading fromother collectors is
evi dent between 1000 hours and 1400 hours solar tine on Decenber 21

M ni mum spaci ng between rows shall be as shown.
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5.2 Piping
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NOTE: The reverse-return strategy is inportant to
proper array operation. Because this strategy
results in what may be initially perceived by the
Contractor as excess piping, it is inportant that
the array piping be shown and indicated on the
drawi ng as satisfying this requirenent. Rules,

nmet hodol ogy, and exanples of the reverse-return
strategy are given in UFC 3-440-01. Collector |oop
flow rate should be determ ned by nultiplying the
reconmended flow rate per collector by the nunmber of
collectors to be installed. Collector headers nust
be | ocated such that there is no possibility of air
pockets. Itens to be shown on the draw ngs nust
include:

a. Flowrate through collector |oop based on
reconmended fl ow per collector

b. Reverse-return piping shown and noted

c. Valves, strainers, automatic controls, and al
accessories

d. Pipe pitch for draining.
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The array pi ping shall include interconnecting piping between solar
collectors, and shall be connected in a reverse-return configuration as
indicated with approxi mately equal pipe length for any possible flow path.
Flow rate through the collector array shall be as indicated. Automatic
pressure relief valves shall be provided in the array piping system as

i ndi cated, and shall be adjusted to open when the pressure within the solar
array rises above 862 kPa 125 psig. Each collector bank shall be capable
of being isolated by val ves, and each bank capabl e of bei ng separated shal
have a pressure relief valve installed and shall be capable of being
drained. Manually operated air vents shall be |located at system high
points, and all array piping shall be pitched a m ni mumof 21 nm nmeter 0.25
i nch/foot as shown so that piping can be drained by gravity. Calibrated
bal anci ng val ves shall be supplied at the outlet of each collector bank as
indicated.

5.3 Supports for Solar Collector Array
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NOTE: The support structure for the solar array is
to be constructed fromalum numto elimnate cost
and nmai ntenance of a painting system For the
majority of solar projects, this structure will be
constructed as a support rack on a flat roof.
Design |l oads for solar arrays include the filled
wei ght of the collectors, weight of filled piping,
wi nd, seismc and snow | oads, and the wei ght of the
support structure itself. O these, the w nd

i nposed on solar collector arrays may require the
nost attention. Provide seisnmic details, if a
Gover nnent designer (either Corps office or AJE) is
t he Engi neer of Record, and show on the draw ngs.
Del ete the bracketed phrase if seismc details are
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not provided. Pertinent portions of UFC 3-310-04
and Sections 13 48 00 and 23 05 48.19 nust be
included in the contract documents. Support
structures provided by the collector manufacturer
may be used if they neet the stated specification

*% *% *% *% *% *% *% *% *% *% *% *%%

Support structure for collector array shall be alum numand shall be in
accordance with Section [05 50 13 M SCELLANEQUS METAL FABRI CATI ONS][05 50 14
STRUCTURAL METAL FABRI CATI ONS]. Support structure shall secure collector
array at the tilt angle with respect to horizontal and orientation with
respect to true south as shown. Support structure shall withstand static
wei ght of filled collectors and piping, wind, snow, seisnic, and other

| oads as indicated. Seismic details shall [conformto UFC 3-310-04 and
Sections 13 48 00 [ SEI SM C] BRACI NG FOR M SCELLANEQUS EQUI PMENT and

23 05 48.19 [SEI SM C] BRACI NG FOR HVAC] [be as shown on the draw ngs].
Support structure shall allow access to all equi pnent for nmintenance,
repair, and repl acenent.

2.6 STORAGE TANK
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NOTE: Storage tank vol une should be between 61 to
81 liters per square neter 1.5 to 2 gallons per
square foot of collector area. This range of
accept abl e val ues should be inserted in the blanks
provi ded based on the array area inserted in

par agraph Net Absorber Area and Array Layout.

St orage vol une outside of this range becones
undesirable froma system perfornmance point of
view. Itens to be shown on the draw ngs nust
include:

a. Range of acceptable storage tank vol unes

b. Nunber of liters gallons of storage provided per
square neter square foot of collector area for given
tank

c. Mnimm R value of tank insulation

d. Type of lining in tank.
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Sol ar system hot water storage tank shall have a storage vol une between
[ ] and [ ] liters gallons and shall be as shown. Solar system
storage tank shall conformto specifications for hot water storage tanks in
Section 22 00 00 PLUMBI NG GENERAL PURPCSE. Insulation shall be in
accordance with Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS,
except that insulation shall have an R value of not |less than 30. Tank
penetrations shall be designed to allow for connections to copper piping

wi thout risk of corrosion due to dissimlar netals, and shall be factory
installed as indicated.

2.7 TRANSPORT SUBSYSTEM

2.7.1 Heat Exchanger
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NOTE: Although sol ar energy system perfornance is
not strongly dependent on the effectiveness of the
particul ar heat exchanger used, it is very inportant
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to ensure that it is sized properly. Use of the
approach and return tenperatures stated in this

par agraph ensures that the effectiveness of the heat
exchanger is within acceptable Iimts. The hot side
return tenperature can be less than 49 degrees C 120
degrees F if the designer feels that the

ef fecti veness should be greater than 0.5. When

mul ti pl ate heat exchangers are used, the

ef fecti veness can be significantly increased above
0.5 for a small increase in heat exchanger cost.
Bot h shel | -and-tube and nultiplate or

pl at e-and-frane heat exchangers are allowable for
sol ar systems. Although the shell-and-tube
exchangers are nore common, nultipl ate heat
exchangers are becoming readily available froma
variety of manufacturers. The nultiplate heat
exchanger has the advant ages over shell-and-tube of
bei ng nore conpact, nore efficient, easier to clean
and it is commonly produced from superi or

materials. They can al so be easily expanded to

| arger sizes if necessary, and nany require little
or no insulation. The designer should consider use
of these exchangers whenever practical. Because of
the wide variety of configurations used by these
heat exchangers, they nmust often be sized by the

i ndi vi dual manufacturers. In accordance with UFC
3-440-01, the flow rate on the storage side of the
heat exchanger should be 1.25 tines that on the
collector side. Itens to be shown on the draw ngs
nmust i ncl ude:

a. Type of heat exchanger and heat exchanger
materials

b. Flowrates on both sides of heat exchanger
c. Plate or tube heat transfer area.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The heat exchanger construction and testing shall be in accordance with
ASME BPVC SEC VIII D1. M nimum design pressure rating shall be 862 kPa 125
psig. Heat exchanger shall be capable of returning a hot-side exit
tenperature of [49] [ ] degrees C [120] | ] degrees F or |less given
a hot-side approach tenperature of 60 degrees C 140 degrees F and a

col d-si de approach tenperature of 38 degrees C 100 degrees F. Heat
exchanger shall be capable of withstanding tenperatures of at |east 116
degrees C 240 degrees F. Heat exchanger shall be capabl e of operation at
the flow rates as shown.

.7.1.1 Pl at e Heat Exchanger

Heat exchanger shall be constructed of nultiple plates of 316 stainless
steel, titanium copper, copper-nickel, or brass. Plates shall be

franme- nount ed, mechanically bonded, wel ded, or brazed at edges. Plate-type
heat exchanger shall be able to be cleaned. Gaskets shall be of EPDM
rubber or Viton. Al plate heat exchanger characteristics shall be as
indicated.

.7.1.2 Tube-in-Shell Heat Exchanger

Heat exchanger shall be [fixed] [renovabl e] bundle, shell-and-tube type.
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Shel |, tube sheets, and end plates shall be constructed of nonferrous,
brass, copper-nickel, or 316 stainless steel. Shell insulation shall be in
accordance with Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS,
except that insulation shall have a mininum R value of not |ess than 12
Tubes shall be seanl ess copper or copper alloy and shall be nechanically
bonded, wel ded, or brazed to the end tube plates. Tubes shall be straight
and supported by tube sheets which naintain the tubes in alignnent.

[ Straight tube heat exchanger shall be arranged for nechani cal cleaning.]
Al'l tube-in-shell heat exchanger characteristics shall be as indicated.

2.7.2 Pumps

Circul ating punps shall be electrically-driven, single-stage, centrifuga
type. The punps shall be supported [on a concrete foundation] [or] [by the
pi ping on which installed]. The punps shall have a capacity not |ess than
that indicated and shall be either integrally-nmounted with the nmotor or
direct-connected by a flexible-shaft coupling on a cast-iron or stee
subbase. The punp shaft shall be constructed of corrosion resistant alloy
steel, sleeve bearings and gl ands of bronze designed to accommbdate a
mechani cal seal. Punps shall have stainless steel inpellers and casi ngs of
bronze. The motors shall have sufficient power for the service required
shall be of a type approved by the nmanufacturer of the punp, shall be
suitable for the available electric service and for the heat transfer fluid
used, and shall conformto the requirenents specified in Section 26 20 00

I NTERI OR DI STRI BUTI ON SYSTEM The notors shall be controlled by suitable
switches that can be activated by either the differential tenperature
controller or by manual override (Hand-Of-Automatic). Each punp suction
and di scharge connection shall be provided with a pressure gauge as

specified.

2.7.3 Pi pe Insul ation

Pi pe insul ation and coverings shall be applied in accordance with Section
23 07 00 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS as called out for steam
piping to 103 kPa 15 psig. Array piping insulation shall be capable of

wi t hstandi ng 121 degrees C 250 degrees F, except that piping within 450 mMm
1.5 feet of collector connections shall be capable of withstanding 204
degrees C 400 degrees F.

2.7. 4 Expansi on Tank

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Care should be taken by the designer to
properly size the expansion tank according to the
gui dance in UFC 3 440-01. This expansion tank
sizing criteria requires the expansion tank to be
able to accept an amount of fluid equal to the fluid
vol unme of the collectors plus piping at the sane

hei ght or above the collectors. This is in contrast
to the conventional method of sizing the expansion
tank to account for thernmal expansion of the heat
transfer fluid. The nethod descri bed above all ows
for the large volunme increase corresponding to the
vaporization of fluid in the collectors during
stagnation. This "oversizing" provides a fail-safe
nmeans of system pressure control during stagnation
conditions, and prevents heat transfer fluid

di scharge by keeping the system pressure bel ow t he
maxi mum 862 kPa 125 psig relief value. A
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bl adder-type expansion tank is required to separate
the heat transfer fluid fromthe netal tank
material. Use of a precharged tank allows the
overall tank size to be snaller. Care should be
taken to ensure that the expansion tank precharge
pressure is less than the fill pressure at the
expansion tank. Itens to be shown on the draw ngs
nmust i ncl ude:

a. Expansion tank acceptance and total vol unme

b. Expansion tank and bl adder naterials

c. Mximumrelief, systemcold fill, and precharge
pressures.
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Expansi on tank shall be constructed and tested in accordance with

ASME BPVC SEC VIII D1 and as applicable for a working pressure of 862 kPa
125 psig. Tank shall be provided with an el astoneric EPDM bl adder which
separates the systemfluid fromthe tank walls and is suitable for a

maxi mum operating tenperature of 116 degrees C 240 degrees F. Expansion
tank acceptance volunme shall be a minimumof [ ] liters gallons as
shown. Total tank size and arrangenent shall be as shown. Tank shall be
provided with 862 kPa 125 psi pressure relief valve. Tank shall be
provided with precharge pressure of | ] kPa psi as shown.

2.7.5 Heat Transfer Fluid
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NOTE: |In nost instances, freezing tenperatures at
the project location dictate the use of an

uni nhi bi ted propyl ene-gl ycol /water solution

USP/ f ood- gr ade uni nhi bited propyl ene-glycol is a
nont oxi ¢, noncorrosive fluid used by the food

i ndustry, and has been approved for use with single
i sol ati on heat exchangers in closed-loop mlitary
sol ar energy systens by the Ofice of the Surgeon
General (DASG in coordination with the Toxicol ogy
Di vision of the Arny Environnmental Hygi ene Agency.
The concentration to be used is a function of the
climate where the systemis to be located. The
concentration should be either 30 or 50 percent,
with clinmates that comonly attain freezing
tenperatures (those above approxi mately 2,222
heati ng Kel vin days 4000 heating degree F days)
receiving the 50 percent solution. Although

i nhi bited propyl ene-glycol is often used in
mechani cal systens, uninhi bited propyl ene-glycol is
specified for solar systens to elimnate fluid

mai nt enance requirenents. Indicate in equi pnent
schedul es on drawi ngs the heat transfer fluid used,
the concentration, and the maxi mum operating
tenperature to assure proper equipnent and materials
conpatibility. Water should only be used as a heat
transfer fluid when the direct circulation systemis

specified. Itens to be shown on the draw ngs
regarding the heat transfer fluid nust include, if
applicable:

a. Use of uninhibited, food-grade propyl ene- glyco

SECTION 22 33 30.00 10 Page 21



2.

2.

and distilled water solution
b. 30 or 50 percent concentration
c. Note of tanper resistant seal requirenent.
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[ Solar collector loop fluid shall be uninhibited USP/food-grade

propyl ene-glycol and shall be mixed with distilled or demineralized water
to forma [30] [50] percent by volune propyl ene-glycol solution as shown].
[ Sol ar collector loop fluid shall be potable water.]

8 CONTROL AND | NSTRUMENTATI ON SUBSYSTEM

8.1 Differential Tenperature Control Equi prment
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NOTE: At the tine of preparation of this

speci fication, few manufacturers were producing
controllers specifically for solar energy systens.
The gui dance contained in UFC 3-440-01 di scusses
desired diagnostic capabilities of controllers that
are presently not available. As these controllers
agai n beconme nore w despread, it is anticipated that
manuf acturers will include such diagnostic
capabilities. Until that tinme, paragraph
Differential Tenperature Control Equi pnent may be
consi dered sufficient. The designer should check
updates to this guide specification for additions or
refinements to this and ot her equi pment covered
under this guidance.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Differential tenperature control equipnent shall be supplied as a system by
a single manufacturer. Controller shall be solid-state electronic type
conplete with an integral transforner to supply |low voltage, shall allow a
m ni num adj ust abl e tenperature differential (on) of 4 to 11 degrees C8 to
20 degrees F, a mininum adjustable tenperature differential (off) of 2 to 3
degrees C 3 to 5 degrees F, and shall include a switching relay or solid
state output device for punp control. Thernostat shall operate in the
on-of f nmode. Controller accuracy shall be plus or nminus 0.5 degree C 1
degree F. Controller shall be conpatible with 10-kOhm t herni stor
tenperature sensors. Differential control shall provide direct digita
tenperature readings of all tenperatures sensed. Control shall indicate

vi sual Iy when punps are energized. Control anbient operating range shal

be a minimnumof O to 49 degrees C 32 to 120 degrees F.

.8.2 Therm stor Tenperature Sensors

Tenperature sensors shall be 10-kOhmtherm stors supplied by the
differential tenperature controller manufacturer, with an accuracy of plus
or minus 1 percent at 25 degrees C 77 degrees F. Mbodel supplied nmust have
passed an accelerated life test conducted by subjecting thermni stor
assenblies to a constant tenperature of 204 degrees C 400 degrees F or
greater for a period of 1000 hours mninmum Accuracy shall have renai ned
within plus or mnus 1 percent as stated above. Thernmistors shall be
hermetically seal ed glass type. Operating range shall be mnus 22 to plus
204 degrees C minus 40 to plus 400 degrees F. Imersion wells or
watertight threaded fittings shall be provided for tenperature sensors
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2.8.3 Sensor and Control Wring
18 AWG mi ni mumtwi sted and shielded 2, 3, or 4 conductor to match anal og
function hardware. Control wiring shall have 600 volt insulation.
Mul ticonductor wire shall have an outer jacket of PVC

2.8.4 Flowmeters
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NOTE: Venturi pressure differential is dependent on
the flowrates to be nmeasured. Systemflow rates
are dependent on recommended col |l ector flow rates.
UFC 3 440-01 and paragraphs Pi pi ng and Heat
Exchanger shoul d be used to deternine both the

coll ector side and storage side flow rates.
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FIl ownet ers shall consist of a venturi, 150 mm 6 inch dial differentia
pressure neter, valved pressure taps, and bar stock needl e valves. Venturi
fl ow nozzl e shall have threaded bronze ends for pipe sizes up to 50 nm 2

i nches and fl anged ends for pipe sizes 65 mm 2-1/2 inches and above.

Venturi length shall not be less than 1.6 times the pipe size. Venturi
shal |l be selected to read differential pressure corresponding to 0.5 to 1.5
times the systemflow rate. Venturi shall have an accuracy of plus or

m nus 1 percent of the range. Meter shall have an accuracy of plus or
mnus 2 percent of the full scale range.

2.8.5 Sight Flow Indicators

Sight flow indicators shall consist of a clear glass w ndow or cylinder and
a nonferrous or 316 stainless steel body and inpeller. Indicator shall
have t hreaded ends for pipe sizes up to 50 mMm 2 inches and flanged ends for
pi pe sizes 65 mm 2-1/2 inches and above. Maxi num operating pressure shall
be no less than 862 kPa 125 psi. Maxi mum operating tenperature shall be no
| ess than 121 degrees C 250 degrees F.

2.9 PAI NTI NG AND FI NI SHI NG
Equi pment and conponent itenms, when fabricated fromferrous netal and
| ocated inside the building, shall be factory finished with the
manuf acturer's standard finish.

PART 3 EXECUTI ON

3.1 EXAMINATION
After becomi ng thoroughly famliar with all details of the work, verify all
dimensions in the field, and advise the Contracting Oficer of any
di screpancy before perfornm ng any work.

3.2 INSTALLATION

3.2.1 Col | ect or Subsystem

3.2.1.1 Col I ector Array
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NOTE: UFC 3-440-01 discusses installation design
gui delines for solar collector arrays. The tilt
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3.

3.

angl e of the collectors off horizontal should be

near the site latitude within plus or minus 10
degrees. Itens to be shown on the drawings with
regard to the installation of the array nust include:

a. Tilt angle of collectors fromhorizonta

b. Elevation of bottom or back of collectors off of
flat or pitched roof

c. Location and el evation of piping with regard to
array supply and return

*% *% *% *% *% *% *% *% *% *% *% *%%

Sol ar collector array shall be installed at the tilt angle, orientation
and el evati on above roof as indicated. [For installation on flat roofs
with rack type collector nounting or for ground nounted collectors, bottom
of collector shall be a nininmmof 450 mm 18 i nches from roof or ground
surface.] [For nmounting on pitched roofs, back of collectors shall be
installed a m nimum of 50 mm 2 i nches above roof surface.] Each solar
col l ector shall be renovable for maintenance, repair, or replacenent.

Sol ar collector array shall not inpose additional |oads on the structure
beyond the | oads schedul ed on the structural draw ngs.

.2.1.2 Array Piping

Col l ector array piping shall be installed in a reverse-return configuration
so that path lengths of collector supply and return are of approxi mately
equal length. Al piping nmust be coded with fluid type and flow direction
| abel s in accordance with Section 09 90 00 PAINTS AND COATI NGS

.2.1.3 Array Support

Array support shall be installed in accordance with the recomendati ons of

the coll ector manufacturer. Structural nembers requiring welding shall be

wel ded in accordance with AWS D1.2/D1. 2N for al umi num and wel ders shoul d be
qualified according to AWs B2. 1/ B2. 1\

. 2.2 St orage Subsystem

Sol ar storage tank penetrations shall be installed as shown so that cold
water inlet to storage tank and outlet fromstorage tank to collector array
are located near the bottomof the tank, and inlet fromcollector array and
outlet to load are |located near the top of the tank

2.3 Transport Subsystem

2.3.1 Fl ow Rat es

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The reverse-return strategy is inportant to
proper array operation. Because this strategy
results in what may be initially perceived by the
Contractor as excess piping, it is inportant that
the array piping be shown and indicated on the
drawi ng as satisfying this requirenent. Rules,

nmet hodol ogy, and exanples of the reverse-return
strategy are given in UFC 3 440-01. Collector |oop
flow rate should be determined by nultiplying the
reconmended flow rate per collector by the nunmber of
collectors to be installed. Collector headers nust
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be | ocated such that there is no possibility of air
pockets. Itens to be shown on the draw ngs nust
include:

a. Flowrate through collector |oop based on
recommended fl ow per coll ector

b. Reverse-return piping shown and noted

c. Valves, strainers, automatic controls, and al
accessories

d. Pipe pitch for draining.

Al t hough sol ar energy system perfornmance i s not
strongly dependent on the effectiveness of the
particul ar heat exchanger used, it is very inportant
to ensure that it is sized properly. Use of the
approach and return tenperatures stated in this

par agraph ensures that the effectiveness of the heat
exchanger is within acceptable Iinits. The hot side
return tenperature can be less than 49 degrees C 120
degrees F if the designer feels that the

ef fecti veness should be greater than 0.5. Wen

mul ti pl ate heat exchangers are used, the

ef fectiveness can be significantly increased above
0.5 for a small increase in heat exchanger cost.
Bot h shel |l -and-tube and nultiplate or

pl at e-and-frane heat exchangers are allowable for
sol ar systems. Although the shell-and-tube
exchangers are nore common, mnultipl ate heat
exchangers are becoming readily available froma
vari ety of manufacturers. The nultiplate heat
exchanger has the advantages over shell-and-tube of
bei ng nore conmpact, nore efficient, easier to clean
and it is conmonly produced from superi or

materials. They can also be easily expanded to

| arger sizes if necessary, and nany require little
or no insulation. The designer should consider use
of these exchangers whenever practical. Because of
the wide variety of configurations used by these
heat exchangers, they rmust often be sized by the

i ndi vi dual manufacturers. |n accordance with UFC
3-440-01, the flow rate on the storage side of the
heat exchanger should be 1.25 tines that on the
collector side. Itens to be shown on the draw ngs
nmust i ncl ude:

a. Type of heat exchanger and heat exchanger
materials

b. Flow rates on both sides of heat exchanger
c. Plate or tube heat transfer area.
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[Flow rate in the collector |oop shall be based on recommended coll ector
flowrate, and shall be as shown. Storage |loop flow rate shall be 1.25
times the collector loop flowrate.] [Systemflow rate shall be based on
recomended col lector flowrate, and shall be as indicated.] Al flow
rates shall be below 1.5 neters/second 5 feet/second.
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3.2.3.2 Pumps

[ Punps shall be installed on foundations, |eveled, grouted, and realigned
before operation in accordance wi th manufacturers instructions.]

[ Addi ti onal pipe supports shall be provided for close-coupled in-line
punps.] [All base nounted punps shall have a straight pipe between the
suction side of the punp and the first elbow. The Iength of this pipe
shall be a minimumof five times the dianeter of the pipe on the suction
side of the punp, or a suction diffuser of the proper size shall be
attached to the suction side of the punp.] [Al in-line punps shall have
strai ght pipe between the suction side of the punp and the first el bow
The I ength of this pipe shall be a mninmumof five tines the dianeter of
the pipe size on the suction side of the punp.] Drain line sizes fromthe
punps shall not be less than the drain trap or the punp dirt pocket, but in
no case shall the drain line be less than 13 nm 1/2 inch iron pipe size.
Drain lines shall terninate to spill over the nearest floor or open sight
drain.

3.2.3.3 Expansi on Tank
Expansi on tank shall be installed on suction side of punp as shown.

3.2.3.4 Pi pi ng, Val ves, and Accessories

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: I n nost instances, freezing tenperatures at
the project location dictate the use of an

uni nhi bi ted propyl ene-gl ycol /water sol ution

USP/ f ood- gr ade uni nhi bited propyl ene-glycol is a
nont oxi ¢, noncorrosive fluid used by the food

i ndustry, and has been approved for use with single
i sol ati on heat exchangers in closed-loop nmilitary
sol ar energy systems by the Ofice of the Surgeon
General (DASG in coordination with the Toxicol ogy
Di vision of the Arny Environnental Hygi ene Agency.
The concentration to be used is a function of the
climte where the systemis to be located. The
concentration should be either 30 or 50 percent,
with climtes that conmonly attain freezing
tenperatures (those above approxi mately 2,222
heati ng Kel vin days 4000 heating degree F days)
recei ving the 50 percent solution. Although

i nhi bited propyl ene-glycol is often used in
nmechani cal systens, uninhibited propyl ene-glycol is
specified for solar systens to elimnate fluid

mai nt enance requirenments. |ndicate in equipnent
schedul es on draw ngs the heat transfer fluid used,
the concentration, and the naxi mum operating
tenperature to assure proper equipnent and materials
conpatibility. Wter should only be used as a heat
transfer fluid when the direct circulation systemis

specified. Items to be shown on the draw ngs
regardi ng the heat transfer fluid nust include, if
applicable:

a. Use of uninhibited, food-grade propylene- glyco
and distilled water solution

b. 30 or 50 percent concentration

c. Note of tanper resistant seal requirenent.
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Pi ping shall be installed in accordance with Section 22 00 00 PLUMBI NG
GENERAL PURPGCSE, except where noted otherw se. Solders used on piping
shall be as shown. Piping shall be coded with fluid type and fl ow
direction labels in accordance with Section 09 90 00 PAINTS AND CQATI NGS
When a food-grade uninhi bited propyl ene-glycol solution is used to heat

pot abl e service water, tanper resistant seals nust be attached to all fil
ports. All propylene-glycol circuits nust be | abel ed "CONTAI NS UNI NH Bl TED
FOOD- GRADE PROPYLENE- GLYCOL: | NTRODUCTI ON OF ANY NONAPPROVED FLUI D MAY
CONSTI TUTE A HEALTH HAZARD." Al tanper resistant seals nust carry the
nane of the registered engineer or licensed plunber who certifies that only
a [30] [50] percent food-grade uninhibited propyl ene-glycol and water
solution has been installed in the system Air vents shall be installed at
the high points of the collector array and in the equi pnent room

3.2.3.5 Pi pe Expansion

Expansi on of supply and return pipes shall be provided for by changes in
the direction of the run of pipe or by expansion |oops as indicated.
Expansi on | oops shall provi de adequate expansion of the main straight runs
of the systemwithin the stress linmts specified in ASME B31.1. Loops

shal | be col d-sprung and installed where indicated. Pipe guides shall be
provi ded as indicated. Expansion joints shall not be used in system piping.

3.2.3.6 Valves
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NOTE: Calibrated bal anci ng val ves are required at
the outl et of each bank in addition to the bal

valve required at this outlet. |If the
reverse-return piping strategy is properly adhered
to, this valve may prove unnecessary. It is

specified, however, to allow the array to be fl ow
bal anced in the event of inproper construction or
nodi fication of the array at sone later tinme. The
ball valves are required to enable the array to be
di sconnected for maintenance or repair. Check

val ves at punp discharges are required to prevent
back flow into punps and are required on the
collector loop to prevent fluid cooled in the
collectors at night frommgrating around the | oop
to the heat exchanger
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Val ves shall be installed at the | ocations indicated and where required for
the proper functioning of the system Valves shall be installed with their
stens horizontal or above. Gate or ball valves shall be installed at the
inlet and outl et of each bank of internally manifol ded collectors.

Cal i brated bal ancing valves with integral pressure taps shall be installed
at the outlet of each bank and at the punp discharge. Final setting for
each val ve shall be marked on each valve. Ball valves shall be installed
with a union immedi ately adjacent. Gate valves shall be installed at the
inlet and outlet of each punp and also at the inlet and outlet of each heat
exchanger. A check valve shall be installed at punp discharges.

Di scharges of relief valves shall be piped to the nearest floor drain or as
i ndi cated on system draw ngs.
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3.2.3.7 Foundations

Concrete foundations or pads for storage tanks, heat exchangers, punps, and
ot her equi pnment covered by this specification shall be constructed in
accordance with manufacturer's recomrendations and be a mnimum of 150 mm 6
i nches high with chanfered edges

3.2.3.8 G ooved Mechani cal Joints

Grooves shall be prepared according to the coupling manufacturer's
instructions. Gooved fittings, couplings, and grooving tools shall be the
products of the same manufacturer. Pipe and groove di nensions shall conply
with the tol erances specified by the coupling manufacturer. The dianeter
of grooves made in the field shall be neasured using a "go/no-go" gauge,
vernier or dial caliper, narrowland mcroneter, or other nethod
specifically approved by the coupling manufacturer for the intended
application. G ooved width and di nmension of groove fromend of pipe shal
be neasured and recorded for each change in grooving tool setup to verify
conmpliance with the coupling manufacturer's tol erances. Gooved joints
shal |l not be used in conceal ed | ocations.

3.2. 4 Control Subsystem
3.2.4.1 Differential Tenmperature Controller

Automatic control equiprment shall be installed at the |l ocation shown in
accordance with the manufacturer's instructions. Control wring and sensor
wiring shall be installed in conduit. [Collector tenperature sensor shal
be nounted in a tenperature sensor well in the fluid streamalong the top
mani fol d of a bank between two adjacent collector units.] [Collector
tenperature sensor shall be provided by differential tenperature controller
manuf acturer and nounted directly on the absorber plate by the

manuf acturer.] Unless otherw se indicated, operators, controllers,
sensors, indicators, and |ike devices when installed on equi pnent casings
and pipe lines shall be provided with stand-off nounting brackets, bases,

ni ppl es, adapters, or extended tubes to provide clearance, not |ess than
the thickness of the insulation, between the surface and the device. These
stand-of f mounting itens shall be integral with the devices or standard
accessories of the controls manufacturer unless otherw se approved.

Cl anp-on devices or instruments where direct contact with pipe surface is
required shall be exenpted fromthe use of the above nmounting itens. Al
control wiring shall be color coded and identified with permanent nuneric
or al phabetic codes.

3.2.4.2 Sequence of Operation

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The followi ng on/off set differentials are
common for liquid systens:

Purmp on 7 to 11 degrees C 12 to 20 degrees F.
Pump of f 2 to 4 degrees C 3 to 8 degrees F.

*% *% *% *% *% *% *% *% *% *% *% *%%

The differential tenperature controller sensing tenperature difference
between the fluid in a solar collector and water in the storage tank shal
start solar collector |oop [and storage |oop] punps[s] when the tenperature
differential (Delta T - ON) rises above [8] [___ ] degrees C[15] [__ ]
degrees F, and shall stop the punp when the differential (Delta T - OFF)
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falls below [3] | ] degrees C[5] | ] degrees F.

.3 I NSPECTI ON AND TESTI NG

Subnmit an independent testing agency's certified reports of inspections and
| aboratory tests, including analysis, position of flow balancing equi pnent,
and interpretation of test results. Each report shall be properly
identified. Describe test methods used and conpliance with recogni zed test
standards.

. 3.1 Inspection

Make system available for inspection at all tines.
.3.2 Testing Prior to Conceal ment

.3.2.1 Hydrostatic Test

Denonstrate to Contracting O ficer that all piping has been hydrostatically
tested, at a pressure of 862 kPa 125 psi for a period of time sufficient
for inspection of every joint in the systemand in no case |less than 2
hours, prior to installation of insulation. Expansion tank and relief

val ves shall be isolated fromtest pressure. No |loss of pressure shall be
al | oned. Leaks found during tests shall be repaired by replacing pipe or
fittings and the systemretested. Caulking of joints shall not be

permitted.

.3.2.2 Cl eani ng of Piping

System pi pi ng shall be flushed with clean, fresh water prior to conceal nent
of any individual section and prior to final operating tests. Prior to
flushing piping, relief valves shall be isolated or renoved. Sol ar

coll ectors shall be covered to prevent heating of cleaning fluid, unless
cleaning is perforned during hours of darkness. The solution shall be
circulated through the section to be cleaned at the design flowrate for a
m ni mum of 2 hours.

.3.3 Posting Framed Instructions

Framed instructions under glass or in lamnated plastic shall be posted
where directed. These instructions shall include a system schematic, and

wi ring and control diagrans showi ng the conplete |layout of the entire
system Condensed operating instructions explaining preventative

mai nt enance procedures, bal anced fl ow rates, methods of checking the system
for normal safe operation, and procedures for safely starting and stopping
the system shall be prepared in typed form framed as specified above, and
posted beside the diagrans. Proposed diagrans, instructions, and other
sheets shall be submitted for approval prior to posting. The franed
instructions shall be posted before acceptance testing of the system

.3.4 Acceptance Testing and Final |nspection

Notify the Contracting O ficer 7 cal endar days before the performance and
acceptance tests are to be conducted. Tests shall be perfornmed in the
presence of the Contracting Oficer. Furnish all instrunents and personne
required for the tests. FElectricity and water will be furnished by the
Government. A written record of the results of all acceptance tests shal
be maintained, to be submitted in booklet form The tests shall be as
follows:
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3.3.4.1 As-Bui It Draw ngs

Subnmit, as a condition of final acceptance, a conplete set of as-built
system drawi ngs. Drawi ngs shall clearly indicate the actual condition of
the installed solar energy systemat the time of the final test.

3.3.4.2 Fi nal Hydrostatic Test

Denonstrate to Contracting Officer that all piping has been hydrostatically
tested at a pressure of 862 kPa 125 pounds per square inch for a period of
time sufficient for inspection of every joint in the systemand in no case
|l ess than 2 hours. Expansion tank and relief valves shall be isolated from
test pressure. Gauges used in the test shall have been calibrated within
the 6-nmonth period preceding the test. Test shall be witnessed by
Contracting Officer. No |loss of pressure shall be allowed. Leaks found
during tests shall be repaired by replacing pipe or fittings and the system
retested. Caulking of joints shall not be permtted.

3.3.4.3 Syst em Fl ushi ng

For the final inspection, the systemshall be thoroughly flushed, in no
case for less than 2 hours,of all foreign matter until a white |linen bag
installed in a strainer basket shows no evidence of contanination. The
white linen bag shall be in the strainer basket during the entire flushing
operation prior to its being presented to the Contracting O ficer for
approval. The Contracting Oficer will inspect the linen bag prior to
compl etion of flushing and approve the flushing operation. System shall be
drained prior to final filling.

3.3.4.4 System Filling

System shall be filled through indicated connections with [propyl ene-glyco
solution. Solution shall be mxed externally to the solar system and
consi st of [30] [50] percent propylene-glycol and [70] [50] percent
distilled water by volunme] [distilled water]. Air shall be vented fromthe
systemafter filling. System pressure at the high point on the roof shal
be 69 kPa 10 psig m ni mum

3.3.4.5 (perational Test

Qperational test shall occur over a period of 48 consecutive hours with
sufficient solar insulation to cause activation of the solar energy system
during daylight hours. Wth systemfully charged so that pressure at the
hi gh point on the roof or the | owest systempressure is a mininmmof 69 kPa
10 psig and with fluid and punp[s] energized, [sight flow indicator nust
indicate flow] [flowreter nust indicate flow as indicated]. Calibrated

bal ancing valves with pressure taps shall indicate bank flow rate as shown.

3.3.4.6 Control Logic
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NOTE: The followi ng on/off set differentials are
common for liquid systens:

Purmp on 7 to 11 degrees C 12 to 20 degrees F.
Pump of f 2 to 4 degrees C 3 to 8 degrees F.
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By substituting variable resistors for collector and storage tank
temperature sensors, denonstrate the differential tenperature controller
correctly energi zes the system punp[s] when the collector sensor indicates
a tenperature of [8] [__ ] degrees C [15] [ ] degrees F greater than
the storage tank tenperature, as indicated on the controller display
panel. The differential tenperature controller shall de-energize the
system punp[s] when the displayed tenperature of the solar collectors is
[3] [ ] degrees C[5] [___ ] degrees F greater than the displayed
temperature of the storage tank

.3.4.7 Tenperature Sensor Di agnostics

Denonstrate that the controller will correctly identify open and short
circuits on both the solar collector tenperature sensor circuit and the
storage tank sensor circuit.

.3.4.8 Overal |l System Qperations

Denonstrate that the solar energy systemw || operate properly while
unattended for a period of at least 72 hours and that the controller wll
start punp[s] after being warmed by the sun, and that it will properly shut
down during cloudy weather or in the evening over a mininumof three
conplete cycles. Contractor is pernmitted to manipulate the tenperature of
the storage tank by the introduction of cold water at |ocal groundwater
temperature.

.4 FI ELD TRAI NI NG

Provide a field training course for designated operating and nai nt enance
staff nenbers. Training shall be provided for a minimumperiod of [ ]
hours of normal working tine and shall start after the systemis
functionally conplete but prior to final acceptance tests. The training
shal | include discussion of the systemdesign and | ayout and denonstrations
of routine operation and nmai ntenance procedures. This training shal
include: normal system operation and control; flow bal ancing; detection of
a nonfunctioning systemdue to sensor, controller, and/or nechanica
failure; filling, draining, and venting of the collector array; replacenent
of sensors, collectors, and coll ector conponents; collector cleaning and

i nspection for |eaks; and heat exchanger cleaning and expansi on tank
charging if applicable. Submt [6] [__ ] copies of operation and [ 6]
[ ] copi es of mmintenance nanuals for the equi pnent furnished. One
conplete set prior to performance testing and the renmi nder upon
acceptance. Manuals shall be approved prior to the field training course.
Operating manual s shall detail the step-by-step procedures required for
systemfilling, startup, operation, and shutdown. Operating nanual s shal

i nclude the manufacturer's name, nodel nunber, service manual, parts list,
and brief descriptions of all equipnent and their basic operating

features. Maintenance manuals shall |ist routine maintenance procedures,
possi bl e breakdowns and repairs, troubl eshooting guides, piping and

equi prent | ayout, balanced fluid flow rates, and sinplified wring and
control diagrans of the systemas installed.

-- End of Section --
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