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PREFACE

The efforts reported herein were conducted by a project
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for Nonresidential Buildings, Contract No. EX-76-C-01-2375.
This work, sponsored by the Department of Enerqgy (DOE), was
managed by the National Aeronautics and Space Administration
(NASA) , Marshall Space Flight Center, Huntsville, Alabama. The
NASA Program Managers were Mr, Chet May from July 1976 through
December 1977 and Mr. Douglas W. Westrope from January 1978 through
contract completion. This report covers work conducted during
the period from July 1976 through November 1979.

The author, Mr. Richard G. Coy, University of Dayton Research
Institute, would like to acknowledge the cooperation and con-
tributions of all of the project team whose members are: Troy-
Miami County Public Library, project director, Mr. W. E. Panlinski,
and former director, Mr. J. Dennis Day; Levin, Porter, Smith, Inc.,
architects, Mr. L. G. Davis; Heapy and Associates, mechanical
engineering consultants, Mr. R. J. Pearson, Mr. G. Walls, and
Mr. R. Strawser; University of Dayton Research Institute, solar
system design consultants, Dr. J. E. Minardi, Mr. R. K. Newman,

Mr. D. H. Whitford, and Mr. G. J. Roth; Owens-Illinois, Inc.,
solar collector manufacturers, Mr. V. R. Daiga and Mr. R, E. Ford;
and Starco, Inc., general contractors, Mr. F. Ossenberg and

Mr. B. Krisher.

We want to especcially acknowledge the financial support
provided to the project by the: Dayton Association of Plumbinqg
Contractor; City of Troy, Concord Township; and the Troy Foundation.
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SECTION 1
INTRODUCTION AND SUMMARY

In July 1976 the Troy-Miami County Public Library was
selected as one of 34 recipients of the nonresidential solar
energy demonstration contracts awarded by the Department of
Energy (DOE). There were 308 proposals submitted in response
to Program Opportunity Notice DSE-~75--2, and Troy was the only
library in the United States and the only facility in Ohio to
receive one of _hese contracts.

The city of Troy, Ohio, which is the county seat of Miami
County, is situated on the Great Miami River, 21 miles north
of Dayton, Ohio. Troy's location in Ohio, shown in Figure 1-1,
is immediately east of Interstate 75 and 15 miles north of
Interstate 70, The library building, located in the downtown
area of the city,has a floor area of over 23,000 square feet and
houses over 115,000 books and nonprint materials. The location
of the building within the city and the library building prior
to installation of the solar system are shown in Figures 1-2
and 1-3, respectively.

This project was directed towards the design, development,
installation, and demonstration of a solar heating system in a
nonrasidential building. The overall program was managed by the
National Zoronautics and Space Administration (NASA) at the
Marshall Space riight Center, Alabama, and was sponsored by
DOE. The efforts discussed in this report were conducted by a
project team, whose members were: Troy-Miami County Public
Library, project director; Levin, Porter, Smith, Inc., architects;
Heapy and Associates, w2chanical engineering consultants; Univer-
sity of Dayton Research Institute, solar system desiqgn consultants;
Owens-Illinois, Inc., solar collector manufacturer; and Starco,
Inc., general contractor. Major subcontractors included: Honey-
well Automation, system controls; Dayton Fabricated Steel, solar
collector mounts; and the Design Display Company, lolby display.




Figure 1-1. location of Troy, Ohio.
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The solar heating system which was interfaced with the
original Heating, Ventilating, and Air Conditionina (HVAC)
systems consists of 3,164 gross square-feet of solar collector
ccllecter modules. The collector modules were interconnected
to form six arrays with 11 modules in each array and six arrays
with six modules in each array as shown in Figqure 1-4. A front
view of the building with all 12 arrays is shown in Piqure 3-1,
Also incorporated in the system is a 5,000-gallon insulated ste
tank for storage of water and a distribution and controcl sub-
system including the required piping, pumpinag, and heat transfe

components.
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In addition, this demonstration site includes a compre-
hensive instrumentation system, supplied by DOE, for monitoring
and evaluating the system's performance. This instrumentation
system is part of the National Solar Data Network and serves to
meet the data collection performance evaluation and data
dissimination goals of the National Program for Solar Heating
and Cooling. Also included at this site is an attractive lobby
display which shows, in animated schematic form, the functioning
of the solar heating system and provides real time operational
data on the performance of the system.

Installation of the solar heating system was completed in
late March 1978. However, several problems were encountered
during and subsequent to the system checkout. These problems
included conventional air binding problems that may have been
aggravated by low flow rates in the collector; improper adjustment
of air flow dampers; leaking control valves, improperly installed
valves; and failure of space thermostats. Following a detailed
analysis and after approval by DOE, the system was reconfigured in
order to ensure a more balanced flow within tle system. System
reconfiguration was completed and the system activated in late
November 1978.

System performance information during the 1978-1979 heating
season was not available because of sensor failure and inaccurate
calibration data in the instrumentation monitoring system. Visual
observations would indicate low performance of the system because
of. 1low tank temperature at the beginning of the heating season;
excessive cloud cover in November and December 1978; and excessive
wet snow which stuck on the collectors in the January and February
1979 period. It is also believed that total system control prob-
lems existed during this period but were not identified.

Final system acceptance testing was conducted by Heapy
and Associates in conjunction with NASA/DOE in early June 1979.
During this period NASDA/DOE replaced and recalibrated all site
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instrumentation associated with the National Solar Lata Network.
It is anticipated that system performance data will be avail-
able from DOE for the 1979-1980 heating season.
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SECTION 2
SITE DESCRIPTION

The new Troy-Miami County Public Library, officially occupied
in February 1976, is located on the four hundred block of West Main
Street, Troy, Ohio, 40" North Latitude and 84° 10' West Longitude.
The library is a one-story building with basement, having a total
fl. r area 23,200 square feet. Drawings of the site and building
are presented in Figures 2-1 through 2-5,.

The Troy-Miami County Library Board had made energy conservatioh
a top priority in the design and development of the new library and
had made preliminary plans to include a solar energy component in
the total energy program for the facility. The roof on the south
and north sides of the building slopes at about 23.5° downward from
the center of the buvilding with the building oriented such that the
sloping south roof, where solar collectors would be installed, faces
about 23° west of south. This orientation of west of south as
stated in the reference, "Solar Collector Performance Evaluation
with the NASA-LEWIS Solar Simulator - Results for an All-Glass-
Evacuated-Tubular Selectively-Coated Collector with a Diffuse
Reflector," NASA TM X-71695, April 1975, Frederick Simon, would
actually result in higher collector efficiencies.

A description of energy conservation provisions incorporated
into the building are listed below.

1. The building was oriented such that the maximum roof
area could be used for the location of solar collectors without

sacrificing efficiency.

2. A portion of the building was constructed in effect
below grade. Some of the usable areas are in a sub-level completely
enclosed for making use of the constant ground temperature. The
ground has been used to equalize the differential between indoor
and outdoor temperature in as many instances as possible, as
witnessed by the fact that the Reading Areas are from 50 to 70
percent below grade along the south side of the building.
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Main Floor Plan.

Figure 2-4,
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3. Building insulation was used extensively. A considerable
amount of time was spent improving the original recommendations
regarding insulation.

4. Wherever possible, windows were installed in deep recesses
so as to eliminate as much of the direct heat buildup as possible
during the summer months and, insofar as possible, were located
away from seated persons to eliminate cold drafts.

5. The area of glass was held to a minimum. The ratio of -
glass to masonary wall being less than 20 percent.

6. The design also takes into account that the population
is on the interior of the building so that the comfort, particularly
in the winter, can be maintained more draft-free without sacrificing
windows located in the Stack Area.

7. Existing trees were trimmed in accordance with sun exposure
for the various seasons by the landscaper after instructions
regarding the intended installation of solar collectors. After
careful study, the trees were trimmed to promote the maximum
exposure to solar collector and maintain maximum shading to -the
south-west during the summer months.

Building construction was initiated in late November 1974
and completed in early February 1976 prior to the award of the
solar energy demonstration contract. The majority of the required
funds for the construction of the library were raised through a
public subscription drive. The balance of the funds were raised
from the Library Service ané Construction Act, the City of Troy,
and the Concord Township.

14
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SECTION 3
SOLAR HEATING SYSTEM DESCRIPTION AND INSTALLATION

The installed solar energy heating system provides an
attractive addition to the library building and is highly visible
to the public as can be seen in Figure 3-1. The completed system
is composed of three basic subsystems: the collector system con-
sisting of 3,264 gross square feet of solar collector area; the
storage system which includes a 5,000-gallon insulated steel tank;
and the distribution and control system which includes the piping,
pumping, and heat transfer components as well as the solenoid-
activated valves and control logic for the efficient and safe
operation of the entire system. This solar heating system was
installed in an existing facility and is, therefore, a retrofit
system.

Ag indicated previously, preliminary plans were made, during
design and deveIOpment of the library, to include a solar energy
component in the total enerqgy program for the facility. This
approach minimized the amount of building modification and simpli-
fied the interfacing of the solar heating system with the existing
Heating, Ventilating, and Air Conditioning (HVAC) system. The
existing HVAC system in the building consists of five single zone
air handling units, each with an electric heating coil and a
chilled water cooling coil to condition the various spaces in the
building. Chilled water is provided by a central chilled water
piping system connected to a single packaged electric air-cooled
chiller located on the roof of the building. Auxiliary heat
in the form of electric baseboard and electric unit heaters is
provided near entry ways in the bookmobile garage.

Interfacing the solar heating system with the standard HVAC
system was accomplished by adding changeover valves to utilize the
existing chilled water piping and cooling coils in each of the
five air handling units fnr solar heat transfer. A schematic of
the solar heating system which shows the interfacing to the HVAC
system and the additional piping, pumping, and major components is
presented in Figure 3-2,

15
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In this systems operation,the solar insolation (radiation)
captured by the solar collector heats water that is circulated
through the collectors. The heated water is then channeled to
the building heating loop if heat is required, to the storage tank
for later use in the building heating loop, or through the purge
(heat rejection) unit if excessive temperatures are encountered.
Although this basically explains the system operation, there are
actually several operating modes for the efficient and safe
operztion of the entire system. The various operating flow paths
for ummer and winter operations (see Figure 3-2) are listed below.

Summer Operation
Collector + Storage + Collector
Collector + Purge (Operating)} -+ Collector

Winter Operation
Collector -+ Building leating + Collector
Collector + Building Heating - Storage + Collector
Storage + Building Heating + Storage
Collector - Purge (Operating, - Collector

Collector + Storage -+ Collector (Energy storaqge or
freeze protection)

Collector + Purge (Off) + Collector (Freeze protection)

i A brief description of the solar system components, equip-
ment, installation and physical locations, are discussed in the
following paragraphs. System drawings, manuals, and vendor items
are presented in Appendices A through D,

3.1 SOLAR COLLECTOR SUBSYSTEM

One-huyndred-two SUNPI\KTM solar collector modules with
shaped reflectors were v>-4 on this project. These collectors
are the advanced, high-po:formance, evacuated, tubular collectors
manufactured by Owens-Illinois, Inc. Each module consists of 24
individual collector tubes with an integral manifold as shown in
Fiqure 3-3 and occupies 32-square-feet in the assembled configura-

tion. The effective collector area of the standard SUNPAK‘M

18
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module is 27.4-square-feet which is used as the basis for des-
cribing the collector performance. Therefore, the effective
collection area available on this project, with 102 collector
modules, is 2,794.8-square feet. A complete description of the
Owens-Illinois, Inc. cellector is presented in Appendix B, SUNPAKTM

Solar Collector Installation Service and Operating Manual.

The solar collector modules were interconnected to form
12 arrays and were mounted on 12 steel trusses which were bolted
on the south-facing sloping rcof. The steel trusses were
fabricated such as to provide a collector angle of 40° above the
horizontal. 1Installation details of the mounts and solar collector
modules are shown in Figure 3-4 and 2-5. Structural details are
shown in Appendix A, drawing numbers S-1, S-2, S-3, and M-2. Six
arrays containing six modules per array were mounted on the south-
east slo.ping roof as shown in Figure 3-5. The remaining six arrays
contained 11 modules per array and were similarly mounted on the

south-west sloring roof.

Figure 3-4. Solar Collector Instaliation - West Roof Area.
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3.2 STORAGE SUBSYSTEM

The capability of storing excess collected enerqgy was
provided by incorporating a 5,000-gallon steel tank into the
total system. 1In an effort to minimize heat loss the storage
tank was insulated with 3-inches of polyurethane and a minimum
of 1/8-inches of fiberglass waterproof jacket. Tank cradles
were welded to the tank so the weight of the tank would be
transferred to the cradles and not to the polyurethane and fiber-
glass. The assembly was buried on top of a concrete slab to the
west of the building and south (adjacent) to the service entrance
to the bookmobile room (see Figure 2-2). Construction and
installation details of the storage facilities are shown in
Appendix A, drawing number M-4. Details of the storage tank and
insulating materials are presented in Appendix D, Vendor Items.

3.3 DISTRIBUTION AND CONTROL SUBSYSTEM

This subsystem includes all piping, pumping, and heat
transfer components as well as the required control logic for
the efficient operation of the entire system. The system
schematic presented in Figure 3-2 shows all major components of
the distribution subsystem as well as the control valves and
sensors. In should be noted that the original HVAC system
included, in addition to the piping identified in Figure 3-2,
the heat transfer components AH-1 through AH-5, the control
valves V-1 through V-5, pump CP-1, and the electric chiller.
Heat transfer component AH-1 and corresponding control valve
V-1,located in the lower level mechanical room, are shown in
Figure 3-6. Circulating pump CP-1, also in the mechanical
room, and the electric chiller, located in the north-west corner
of the roocf, are shown in Figures 3-7 and 3-8, respectively.

All piping in the distribution system was installed within
the building with the exception of the short below-grade piping
to the storage tank and that piping integral to the solar collector
manifold assembly which is extremely well-insulated with expanded

22
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Figure

Circulating Pump, CP-1 and Control Valve V-¢6—
Mechanical Rocm.

‘lectric Chiller— Yorthwest Roof Area.




g e £ s PR e

urethane foam. The majority of the new piping, including major
interfaces with the existing HVAC system, was installed on the south
wall of the bookmobile room located at ground level in the north-
west corner of the building as shown in Figure 3-9, Additional
piping interfaces for by-passina the existing pump CP-1 and for the
automatic filling functions were installed in the mechanical room
located at the west end of the lower level as shown in Figures

3-7 and 3-10, respectively. Piping from the bookmobile room to

the collectors was suspended beneath the ceiling of the adult
reference reading area and painted to match the internal wood

beam trusses, see Figure 3-11. This piping was then routed above
the false ceiling in the stack area and then into external boxes
resting on the roof, called roof curbs which were constructed
adjacent to each collector array as shown in Figure 3-5. Each roof
curb was well-insulated and was vented to the warm air inside the
building. Piping from adjacent collector arrays was joined inside
each roof curb as shown in Figure 3-12. Details of the piping and
roof curb installation are presented in Appendix A, Drawing Numbers
M-1, M-2, M-3, and M-4.

Two additional pumps, CP-2 and CP-3 (see Figure 3-2), were
installed in parallel so that failure of one pump would permit
continued system operation at a reduced but satisfactory flow rate
of approximately 30 gpm. The existing pump CP-1 would only be used
when building heat is being supplied directly from storage or when
the chiller is operating in the normal HVAC cooling mode. The
additional pumps were installed on the south wall of the bookmobile
room as shown in Figure 3-9. A close-up view of these circulating
pumps with st~rters, check valves, and isolating mechanical valves
is shown in Figure 3-13. A detailed description of these pumps,
starters, and valves is presented in Appendix D, Vendor Items.

The main heat transfer components, AH-1 through AH-5, were
part of the original HVAC system and were incorporated into the
overall system as shown in Figure 3-2. However, an additional
heat transfer component, "purge unit," was installed to reject
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Figure 3-13. Circulating Pumj CP-2 and CP=-3— Bookmobile
Room.




excess heat which cannot be used by the system. This heat rejection
unit will be used primarily in the summer until suitable solar
energy equipment can be obtained for summer cooling. Since the
library had no use for heat in the summer, heat rejection v.s
necessary because the collector tubes could not be drained
conveniently and because their limiting stagnation temperature of
600°F could be reached or exceeded during the summer months. This
purge unit installed on the north wall of the bookmobile building
(see Figures 3-14 and 3-15) utilizes outdoor air to cool the
system hot water if it exceeds 220°F., Installation details of the
purge unit are presented in Appendix A, drawing number 101 and M-4.
A detailed description and specifications for the purge unit and
damper is presented in Appendix D-Vendor Items.

A pneumatic control system was provided by Honeywell Inc.,
Honeywell Automation. The system control panels containing the
system control logic with the associated timers, controllers,
relays, and switches are located on the west wall of the storage
room adjacent to the bookmobile room (see Figures 3-16 and 3-17).

—

Figure 3-14. Purage Unit— Bookmobile Ronm.
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All system control valves are installed in the distribution piping
as shown in Figure 3-2. Valves V-1 through V-5 are part of the
original HVAC system and are located with the existing heat transfer
units AH-1 through AH-5 a. shown in Figure 3-6. Valve V-6 which
by-passes circulating pump CP-1 is located in the mechanical room

on the lower-level of the building (see Figure 3-7). Valves V-7
through V-14 are all located on the north wall of the bookmobile
room as shown in Figure 3-9. Valves V-15 and V-16 are located

in the space above the false ceiling in the south-west stack area

of the building. All other system control sensors (temperature,
pressure, and flow) were installed in the distribution piping,
storage tank, and solar collector tubes with the exception of the
outside aii temperature sensor which is located on the outside north
wall of the building. Valves and sensor locations are also shown in
Appendix A, drawing M-4. A detailed description of the control
system with specifications is presented in Appendix C— Engineering
Data for Troy Library-Honeywell Automation. Specification sheets
for the system control valves is presented in Appendix D— Vendors

Items.

Other components installed in the distribution and control
system included: an 850-gallon expansion tank to provide the
required air cushion to maintain system pressures between 20
to 30 psi while the entire volume of water (approximately 6,000
gallons) varies from 70°F to 220°F; an air separator to remove
air from the system, and a by-pass chemical feeder for use
if water conditioning were required. 1In addition, standard
mechanical valves and water system specialties were installed as
required to complete the system considering system installation,
maintenance, checkout, and operational requiremcnts. Most of these
components are located on the south wall of the bookmobile room.
A few of the mechanical valves, relief valves, and water vents
are located in the mechanical room and in the extended roof curbs
between each collector array. Descriptions and specifications
for these various components are presented in Appendix D— Vendor

Items.

36

T

i
j
E
;
E
!

T




SECTION 4
DATA COLLECTION AND LOBBY DISPLAY INSTRUMENTATION

The Troy-Miami County Public Library Solar Heating Demonstra-
tion Program was selected by the Department of Energy for the
installation of a comprehensive instrumentation system in order
to meet the data collection, performance evaluation, and data
dissemination goals of the National Program for Solar Heating
and Cooling. This instrumentation system is part of the National
Solar Data Network which includes: a Site Data Acquisition
Subsystem (SDAS); a Data Access Arrangement; a Central Data
Processing System (CDPS) and Host Computer; and a Technical
Information Center. The sensors, SDAS, and communication link
are located at the demonstration site. The CDPS and Host Computer
are located at Vitro Engineering Laboratory, Silver Springs, Mary-
land, where the data is retrieved, evaluated, analyzed, and
system evaluation reports are produced. These reports will be
made available to the demonstration site and to others through
the DOE Technical Information Center, P. O. Box 62, Oak Ridge,

Tennessee 37820.

In addition to the above, an attractive lobby display was
installed on the north wall of the main floor lobby. This dis-
play was designed to attract attention of the library patrons
and to explain the concept of the solar system operation. The
display shows, in an animated schematic form, the functioning of
the solar heating system and provides, in real-time, operational

data of the performance of the system.

A brief description of these instrumentation systems, as
well as their installation and physical locations, are discussed

in the following paragraphs.

4.1 DATA COLLECTION/MONITORING SYSTEM

The data collection system requirements are described in
DOE Report, "Instrumentation Installation Guidelines," dated 1976.

This report was used to select the type, number, and location of
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the required sensors. A total of 43 sensors, listed in Table 4-1,
were approved and supplied by DOE for installation in the system.
All sensors installed are independent from those installed for the
control system and for the 16bby display, Details of the instrumen-
tation wiring and the transducer connections are presented in
Appendix A, drawing number M-2.

The majority of the 13 temperature and four flow-rate trans-
ducers, listed in Table 4-1, were installed in the distribution
system (located in the bookmobile room) at locations shown in
Figures 4-1 and 4-2. Ambient air temperature sensor T00l is
located on the west end of the building as shown in Figure 4-3,.
The return air temparature sensor T006 was installed inside the
return air chamber of Air Handling Unit AH-5 located in the attic
area north of the janitor room in the south side of the building.

The total and diffuse insolation sensors (pyranometers)
were mounted on special fixtures at an angle of 40° above the
horizontal which is in the same plane as the collector arrays.
These fixtures were installed above the roof line on the north
wall of the center of the building as shown in Figure 4-4. It
should be noted that the lower total insolation sensor shcwn in
Figure 4-4 is used only for the lobby display.

The 24 electrical power sensors (wattmeters) were installed
in two special enclosures near the existing main power panels.
The enclosure in the main floor janitor room contains all watt-
meters to measure the electrical energy used in the east half
of the building. The remaining electrical energy use is measured
by wattmeters installed in the enclosure located in the lower
level mechanical room (see Figures 4-5 and 4-6) beside the SDAS.
Detailed wiring and connection diagrams are presented in Appendix
A, drawing number M-2. Enclosure/panel specifications are

presented in Appendix D - Vendor Items.

Data collection and transmission is accomplished through
the SDAS which was installed in the lower level mechanical room.
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LIST OF INSTRUMENTATION FOR DATA COLLECTION/MONITORING

Identification
Number

e T T g S AT TR R PR

Temperature Sensors

001
100
180
182
601
403
483
401
481
451
201
202
203

HeEE39 333334

W 100
W 403
W 401
W 402

Insulation {Sensors

I 001
I 002

EP 101
Ep 402
EP 103
EP 411
EP 421
EP 412

EP 431

TABLE 4-1

o On-Site Monito
Description Channel Number

(1)

r

(Monitor reads in °F)

Ambient
Collector Inlet
Collector Outlet
Purge Outlet
Load Return Air (Bldg)
Load Inlet

Load Return
Storage Inlet
Storage Bypass
Storage Outlet
Storage Top
Storage Mid
Storage Bottom

Flow Sensors (Display reads in gpm)

Collector

Load

Storage (Load Return)
Storage Bypass

Monitors reads in Btu/hr/sq.ft.)

Total
Diffuse

Power (Sensors Monitor reads in kW)

Solar Pumps CP-2 and CP-3

Load Pump CP-3

Purge

AH-1 Fan (Basement)

AH-1 Heat

AH-2 Fan (Services and multi-
purpose’

Reheat No. 1 (Services)

(continued next page)
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1800
1002
1202
0202
3200
2602
0802
2402
0402
1102
2002
2202
3002

0361
3562
0562
3362

0725
3423

1344
1646*
1446*
1746*
2847
0946*

2746*



TABLE 4-1 (Concluded)
LIST OF INSTRUMENTATION FOR DATA COLLECTION/MONITORING

Identafication On-~Site Monitor
Number Description Channel Number

Power Sensors (Monitor reads in kW)

EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP

(1)

432 Reheat No. 2 (Services) 3646*
433 Reheat No. 3 (Multipurpose) 3747
413 AH-3 Fan (West)

423 AK-3 Heat 2947
414 AH-4 Fan (East) 2146*
424 AH-4 Heat 2347
415 AH-5 Fan (Stacks) 2547
434 Reheat No. 4 (Adult Stacks) 3847
435 Reheat No. 5 (Child Stacks) 3947
441 EUH 1 (S Vestibule) 4047
442 EUH 2 (Garage) 4247
443 EUH 3 (N. Vestibule) 4347
451 EC-1 (East) 4446*
452 EC-1 (West) 4546*
453 EC-~2 (Men) 4643
454 EC-2 (Women) 4743
455 EC-3 (Mobile Storage) 4843

If reading exceeds 12 kW, change last digit to 7.

The on-site monitor is currently available on-site and

can be used by the system operator to obtain instantaneous
displays of all sensor outputs for system evaluation. This
device is temporary and can be removed by DOE when neaded
for system checkout at other installations. Use of the
monitor is as follows.

Power on = Scan switch up into "Scan" Position— all points
should up date continuously. 1If scan switch is pressed

down and then positioned at its mid-position, all readings
taken should be as of the moment that the switch was pressed
down—-no updating will occur until switch is returned to
"Scan" position.

Channel Number Code, XXYZ

where:
XX = Channel Number
Y = Type of Sensor
Z = Assigned Range of Sensor
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Sensors.

Figure 4-1.
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Figure 4-3. Ambient Air Temperture Sensor Location
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All instrumentation wires from the various sensors were terminated
in a special prewired junction box (provided by DOE) which was
located above the SDAS. Final connections of the interface cables
and system checkout was accomplished by DOE. An on-gite monitor
is currently available to allow a direct readout of the system
measuremenis and thereby verify that the solar system and SDAS

is performing correctly. The SDAS and an internal view of the
prewired junction box are shown in Figures 4-5 and 4-7, respectively.
The four-digit identification code, XXYZ, for the various parameters
listed in Table 4~-1 ir for use with the on-site monitor. This

code refers to the channel number, XX, the type of sensor, Y, and
the assigned sensor range, 2.

4.2 LOBBY DISPLAY SYSTEM

The lobby display was installed in the Troy Library to
serve as a public educational function which is one of the primary
objectives of this demonstration program; that is, to disseminate
to the public, information on the design, installation, and
operation of solar systems. This display, shovwn in Figure 4-8
and 4-9, is located on the north wall of the main floor lobby.
The left-hand portion of the display presents a three-dimensional
representation of the solar heating system showing the major com-
ponents, their location in the building, and the interconnecting
piping. By pressing a button, visitors can see, in an animated
schematic form, the functioning of the solar system in its three
basic modes of operation. The iight-hand portion of the display
alsno contains a series of digital numeric readouts which provide
in real time, operational data on the performance of the system.
These digital readouts show cost of energy saved in dollars and
other measurements in familiar units such as °F, kilowatts, and
kilowatt-hours,

The lobby display instrumentation is independent from the
control system and the data collection/monitoring system. A total
of nine sensors were installed in the system, seven in the distri-
bution system as shown in Figure 4-10, one inside a collector tube
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to measure collector output temperature, and the solar insolation
sensor shown in Figure 4-4, Details of the installation and wiring
are presented in Appendix A, drawing number 101, I-1, M-2, M-3,

and M-4.
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SECTION 5
SYSTEM OPERATION

The solar heating system operational controls have been
interfaced with the standard HVAC controls. The operation of this
combined solar heating— HVAC system is keyed to the solar collector
output temperature; the ambient air temperature; temperature within
the solar distribution system and standard air handling units; and
the building space thermostats. Operation of the combined system
is automatic and should require no action by the operator except
for adjusting or setting building space thermostats, changing from
the heating mode to the cooling mode,or in emergency conditions
such as power or component failures and system leaks or freezing.

A detailed description of the sequence of operation and the
associated wiring schematic and diagram for the combined system
is presented in Appendix C: Engineering Data for Troy Library—
Honeywell Automation. Detailed system drawings and information on
the solar collectors are presented in Appendices A and B,
respectively.

Presented in this section is general information to assist
the system operators and HVAC consultants in the operation, main-
tenance, and evaluation of the operational status of the overall
system. Also included in this section is information describing
the system operators actions for normal operating (automatic)
conditions, energency conditions, and data collection requirements
as well as system safety considerations. In addition, the system
filling/draining functions are discussed and simulated operating
conditions for summer and winter modes are presented to assist
the HVAC consultants in evaluating the system status.

5.1 GENERAL INFORMATION

..1 subsequent paragraphs numerous references are made to
various control panel switch settings, control valves and sensors,
and valve action which control the direction of flow within the

system. A discussion of these items is summarized below to assist
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the operators in locating the various components within the system
and generate an understanding of the operation of the system con-
trol valves. 2dditional informacion on the installation and loca-
tion of the system components is presented in Section 3.

(a) Solar System Control Panels

The solar system control panels (see Figure 3-16) for
the pneumatic control systems are located on the west wall of the
storage room adjacent to the bookmobile room. The main control
panel contains five toggle switches and two warning lights, indi-
cated below, in addition to an internal audible alarm which signals
a collector leak or low temperature (equal to or less than 38°F).

Toggle Switch Function

V-15 Open/V-15 Closed

V-16 Open/V-16 Closed

Collector Filled/Collector Drained
Solar Heat/off/Electric Chilling
T-1 Main/T-1 Backup

Warning Light Function

Collector Leak Light
Collector Low Temperature Light

(b) Building Space Thermostats

The demand for heating or cooling is controlled by
the building space thermostats. The location of these thermostats
within the building is indicated in Table 5-1. Also indicated in
Table 5-1 is the type and location of the electric heating devices
controlled and the main circuit breaker panel designation. <te
main power panel locations which contain these circuit breakers

are shown in Appendix A: Drawings M-1 and M-3.
(c) System omponents/Piping/Control Valves/Sensors

The majority cf the solar system piping, control
valves, and control sen: .rs are installed in the bookmobile room

as shown in Figure 5-1. A schematic of the system, prepared to
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emphasize the piping arrangement in the bookmobile room, is
presented in Figure 5-2. This schematic which «lso includes the
general piping arrangement to all other control valves and system
components can be used by the operator to locate those components,
valves, and sensors which are referenced in subsequent paragraphs.

(d) System Control Valves/Pneumatic Controller

The system control valves identified in Figure 5-2 are
either single--seated valves (normally open or normally closed) or
three-way valves used to divert and control the direction of flow
within the system. Actuation of these control valves is accomplished
through the use of pneumatic controllers. 1In this system two con-
figurations of pneumatic controllers are used and have been identi-
fied as Configuration A and Configuration B as shown in Figure 5-3
in the unactivated (power off) position.

In the power off position for Confiquration A (see Fig-
ure 5-3) the lower collar on the controller spring is fixed to the
control valve stem. When Configuration A is activated (power on)
the controller spring is compressed upward which pulls the valve
stem up. The action can be visually observed and is shown in
Figure 5-4,

In the power off position for Confiquration B (see Fig-
ure 5-3) the upper collar on the controller spring is fixed to the
control valve stem. When Configuration B is activated (power on)
the controller spring is compressed downward which pushes the valve
stem down. This valve action can also be visually observed and
is depicted in the drawing presented in Figure 5-5 which shows both
the power on and power off positions of the Confiquration B
controller.

A complete listing of all system control valves by
controller configuration, valve type, and direction of flow, with
the controller in the power on and power off conditions, is
presented in Table 5-2, Thus, with this information and the
schematic in Fiqure 5-2 it is possible to determine, visually,
the control valve status and direction of flow within the entire
system for all operating conditions.
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Configquration "A"
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Fiagure 5-3., Control Valve Controller Configuration — Power
"Off" Condition.




Figure 5-4. Control Valve Controller, Confiaurat. 1 "A"—
Power On Condition,




POWER OFF
CONDITION

Figure 5-5.

\—

Drawing of Control Valve Controller, Configuration "B",

LISTING OF SYSTEM CONTROL VALVES BY
CONFIGURATION AND DIRECTION OF FLOW

TABLE 5-2

POWER ON
CONDITION

Control Controller
Valve Con- Valve Direction of Flow
Number figuration Type Power Off Power On
1 b 3-Way B-AB A-AB
2 B 3-Way B-AB A-AR
3 B 3-Way B-AB A-AR
4 B 3-Way B-AB A-AB
5 B 3-Way B-AB A-AB
6 B Single Seated Open Closed
7 B 3-Way B-AB A-AB
8 B Single Secated Open Closed
9 A 3-way A-AB B-AB
10 A 3-way AB-A AB-R
11 B 3-Way B-AB A-AB
12 B 3-Way B-AB A-AB
13 A 3-Way A-AB B-AB
14 A Single Scated Closed Open
15 B Single Seated Open Closed
16 B Single Seated Open Closed
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5.2 NO:MAL OPERATING (AUTOMATIC) CONDITIONS

Operation of the combined system, as indicated previously,
is automatic. The operator actions described below will normally
be limited to adjustinjy or setting the building space thermostats,
changing the operation of the system from the heating mode to the
cooling mode, and performing nertain functions under emergency
conditions such as power or component failures and system lecaks
or freezing. 1In addition, minor adjustments are required in the

data collection system to assist the Departmeut of Energy in
meeting the data collection, performance evaluation, and dissimina- A

tion goals of the National Program for Solar Heating and Cooling.

5.2.1 Building Space Thermostat Settings

Operation of the combined system requires that the

total system controls be properly adjusted and maintained in order
to optimize the use of the solar system, During the heating and ﬁ

cooli. g season the system operatcr should set the control thermo-
stats for all electric heating devices (see Table :5-1) to operate

at a temperature lower than those designated as AH-~1, AH-3,

AH-4, ERH-3, and ERH-4. Properly set thermostats will optimize

the use of solar heat in the heating season and prevent the activa-
tion of electric reheat units during the cooling season.

.

In addition to the above the system operator could
turn off some of the noncritical electric heatina devices in
moderate weather to ensure the use of the solar system to heat
the building.

5.2.2 System Mode Change

Changing the mode of operation from cooling to
heating and from heating to cooling must be accomplished in sequen-

tial steps in order to prevent damage tc the solar system and the
existing electric chiller. The system operator actions required
for changing the mode of operation of the system are discussed

below.
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a. Solar Heating to Electric Chilling Mode

When the system is operating in the Solar Heat-

ing Mode, the Solar System Control Panel Toggle Switches are set

as follows:

V=15 Open

V=16 Open

Solar Heat
Collector rilled
e T-1 Main

The following steps must be accomplishea by the

system operator to change the mode of operation to electric chilling.

The system operator should contact the HVAC serviceman to resolve
any problem that might occur during this changeover process.

Step
{1)

(2)

(3)

(4)

Action Required

Move the system mode slector toggle switch on the
Solar Control Panel to "Electric Chilling."

NOTE: Make certain that the chiller power is "on"
for 72 hours before positioning switch for Electric
Chilling to prevent damage to the chiller.

Open the mechanical valve adjacent to V-7 to allow
chiller bypass flow until water in the chilled system
is below 90°F. This mechanical valve can be left
open until cbanging the system back to solar heating.

Check position of control valves V-7, V-8, and V-9.
Valve V-7 should be positioned for flow from port

A to AB (power on) only if the air handier system
water temperature at T-3 is below 90°F. The system
water temperature can be checked visually on the dial
gauge located in the return line from AH-1. Valve V-8
should be closed (power on) and valve V-9 should be
positioned for flow from port B to AB (power on).
NOTE: Circulating pump CP-1 should be "On" at all
occupied times when in this mode and will circulate
water through the building loop by-passing the elec-
tric chiller until the water temperature at T-3 is
below 90°F.

Check with pressure gauge for flow in the Solar
Collector lcop. (In the event that flow should be
restricted in the solar system, open the center cabinet
of the Solar Control system in the bookmobile storage
room and position the pneumatic toggle switch SP-3

to open V-14 to give short loop flow through the
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(5}

(6)

Action Required

collectors until the problem causing interrupted
flow can be corrected. Return toggle switch to
original position after problem is corrected.)

Rotate the lever on the Mechanical Valve, next to
port A of control valve V-9, 90° from the positicn
shown in Figure 5-6 (perpendicular to the systen
piping).

NOTE: This action is performed as a preventive
measure. If valve V-9 does not seat properly, which
apparently is common, solar water will leak into the
chiller system through the original piping from the
automatic fill valve (not shown in Figure 5-2) which
completes the flow path. Thus, the chiller will cool
the solar system water.

If chiller fails to operate after V-7 positions for
flow A to AB and the water is between 90°F and 50°F,
check power to the chiller, ensure that the chiller
control panel switch is "on" and ensure that the
flow switch is indicatinqg flow if there is flow
through the chiller. If the chiller still fails to
operate, call the KVAC serviceman.

b. FElectric Chilling to Solar Heating Mode

When the system is operating in the Electric

Chilling Mode, the Solar System Control Panel Toggle switches
are set as follows:

V-15 Open
V-16 Open
Electric Chilling
Collector Filled
® T-1 Main

The following steps must be accomplished by the

system operator to change the mode of operation to solar heat.
The system operators should contact the HVAC serviceman to resolve

any problems that might occur during this changeover process.

Step
(1)

(2)

Action Required

Rotate the lever on the Mechanical Valve, next to
port A of control valve V-9 90°. The final position
of this valve should be parallel to the system pipinng
as shown in Figure 5-6.

Marual Gate Valve located directly above V-8 should
be opened.
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with little or no insolation, during a major power interruption
or failure of both solar circulating pumps.

Steps Action Required
(1) Open the makeup water bypass (mechanical f£ill)

valve full open.

(2) Place the hanale on the main drain valve and open
it only far enough to ensure full flow through the
collectors. Proper flow can be determined by
placing a pressure gauge in the "PT" plug immediately
adjacent to the expansion tank in the supply lire to
the collectors. Adjust flow through the drain valve .
to maintain approximately 20 1lb on the gauge.

WARNING: Do not open this valve fully, as the
collectors may become air-hound.

(3) If collector arrays are exposed to sunshine it may
be desirable to shade them with an opaque material
such as thin black polyethylene sheets.

(4) After pump operation is re-established, close the
main drain valve, remove the handle, and close the
makeup water bypass (mechanical fill) valve.

(5) Collector operation should be closely watched for
a period after operating the system under the
"Emergency Function" since much air will be introduced
into the system with the introduction of city water
and air can cause restricted flow and boiling of
the collectors.

A system leak detection device has been incorporated
into the system and is located on the building side of the automatic
fill valve. If a leak occurs, the device will activate the collector
leak light located on the Solar Control Panel as well as the audible
alarm within the panel. If this condition occurs, the following
action should be initiated by the system operator.

Step Action Required
(1) Visually inspect and locate the damaged or leaking
collector array.
(2) Shade the affected array with an opaque material if

exposed to the sunshine, as well as the array located
on the opposite side of the roof curb (the entire
row).

(3) Isolate the entire row from the system by closing the
supply and return valves in the rcof curb.
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Step Action Required

(4) Complete repair when water has cooled.

(5) Open the vent valve and water supply valve in the
roof curb.

(6) Open the makeup water bypass (mechanical fill) valve
full open.

(7) When water is flowing freely, with no air bubbles,

from the vent drain line at the roof curb, close
the mechanical fill valve.

(8) Then close the vent valve and open the water return
valve in the roof curb.

(9) Remove cover if used.

(10) Collector operation should be closely watched for a

period after operating the system under the "Emergency
Function”" since much air will be introduced into

the system with the introduction of city water and

air can cause restricted flow and boiling of the
collectors.

5.2.4 Data Collection and Lobby Display

The basic operation of the data collection/monitoring
system is automatic. The Site Data Acquisition System automatically
scans the sensor inputs at preselected time intervals and stores
the raw data on a cassette tape. Data is then transferred, through
a commercial telephone network, each day or on demand to the Central
Data Processing System and Host Computer for processing, analysis,

and documentation.

In order to evaluate the diffuse insolation data, it
will be necessary for the on-site operators to reset the shadow
band (see Fiqure 4-4) along the polar axis in accordance with the
changing solar declination. Generally, the shadow cast on the
radiometer should be checked daily (no less than twice a week) when
the sun is unobscured by clouds. This is easily acccomplished by
loosening the two wing nuts clamping the side bars and resetting
the band to maintain the shadow on the radiometer. These adjust-
ments should be made at noon, and records indicating the date of
adjustment, time of day, and declination angle indicated on the
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side bars must be kept. The DOE representative should have
access to these records for system documentation.

The lobby display is a self-contained unit with
instrumentation that is independent from the control system and
dz=ta collection/monitoring system, The system is operated by
library patrons and delivers to them the concept of solar heating.

5.3 SAFETY CONSIDERATION

System safety was a prime consideration in the design and
installation of the solar heating system in the Troy-Miami County
Public Library. All work was performed in accordance with the
Occupational Safety and Health Act (OSHA) and all other state and
local laws, ordnances, rules, and regulations relating to the work
and in accordance with the "Specifications for Solar Heating
Demonstration Project, Troy-Miami County Public Library," prepared
by Levin, Porter, Smith, Inc., and Heapy and Assoclates.

There are, in addition, specific safety considerations
regarding the operation and maintenance of the collector system
which should be followed by all assigned operating personnel.
These safety considerations are documented in Appendix B--SUNPAKTM
Solar Collector Installation, Service, and Operating Manual. Some
of these safety considerations are repeated below because of their
importance.

a. Extreme caution should be exercised when performing
maintenance on the collector. Accidental breakage of a tube in
a system operating under pressure at temperatures above 140°F could
result in serious burns to personnel. Tubes should not be removed
from an array during periods of bright sunlight if there is a
possibility that the module being serviced could be air locked.
This could lead to the release of pressurized steam, even tnough
the inlet and outlet headers may be at atmospheric pressure.

b. Care should be exercised in handling partially filled
tubes which have reached elevated stagnation temperatures in
the unfilled portion of the tube. Pouring water from the tube
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could causec flashing of the water as it contacts the high tempera-

ture region of the tube and in some cases this may result in break-
age of the tube,

c. Personnel handling the evacuated collector tubes should
wear gloves and safety glasses. This is standard procedure for
any routine glass handling work. Failure of a tube due to rcugh
handling results in an implosion and does not generate a sericus
problem due to flying glass.

d. Persons servicing the collector array should wear nonslip
sole shoes. Care should be exercised because of the sloping roof,
23° above the horizontal, where the collector arrays are located.

5.4 SYSTEM FILLING/DRAINING

These critical functions should not be performed routinely and

should, therefore, be accomplished by or under the direction of an

HVAC consultant or his representative. This approach is recommended

because the solar system is more complex than a conventional system
and because of: the potential for operator injury due high tempera-
tures within the collector tubes (600°F); nossible damage to the
collector tubes due to thermal shock; and possible system damage

due to a2ir entrapment or low flow conditions. Detailed information
concerning the operation of the solar collector system and safety
considerations are presented in Appendix B-—SUNPAKTM Solar Collector
Installation, Service and Operating Manual, which should be read

by all personnel assigned to operate and maintain the collector

system.

WARNING: Improper procedures 1n draining the system
could result in severe steam burns received by the
system operator.

5.5 SIMULATED OPERATING CONDITIONS

During the early phases of system operation the HVAC con-
sultant may be required to adjust both the standard HVAC and solar

system controls for proper sequencing in order to optimize the
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use of the combined system, To assist the HVAC consultant in these
efforts, as well as for trouble shooting and evaluating the system
operational status, ten simulated operating conditions were developed
which functionally demonstrate actual operating conditions that

may be encountered.

Three of the simulated operating conditions were developed
for the summer (cooling) mode and the remaining seven conditions
for the winter (heating) mode. The system functions demonstrated
while operating under these simulated conditions are identified in
Table 5-3. Presented in Table 5-4, for each condition listed in
Table 5-3, is the corresponding simulated system, control tempera-
tures, valve and equipment status, system control panel switch
settings.

The system operational ranges for each of the ten simulated
operating conditions, along with diagnostic comments, are presented
in the following paragraphs. It should be noted that these operating
conditions can be demonstrated by simulating the various system
control and building temperatures and setting building thermostats
as indicated in Table 5-4, ‘

5.5.1 Summer Mode —Condition 1 — Solar Heat
to Storage and Bullding Cooling

This condition will be maintained under the following
system control temperature ranges, building temperatures and

thermostat settings.

- System Operating Ranges

80°F < T-1 220°F

T-3 90°F

A

T-5 > (T-6 + 5°F)

Building Temperature > (IVAC pneumatic thermostat
setting + 3°F)
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TABLE 5-4

ORIGINAL p
SIMULATED SOLAR SYSTEM OPERATING CONDITIONS AGE 18

OF POOR QUALITY

THITTRTED OCERATTONS COMBTTION NUFHER
Bummer Meadv Wintar Hoda
1 4 3 q k1 [ 7 ¥ 9y A
System Control Temperatures, °P
T-1 Collector Outlet 195 220 140 170 180 7% 320 125 63 38
T-2 Ambient Air 20 20 73 40 40 40 30 (1) 3 30
T-3 Chiller Inlet 0 80 ki) 145 1580 128 198 123 4 74
T4 :n:ldinq Load Inlet or Storage 193 193 138 169 i7s 7 208 124 73 p L
nlet
T-5 Building Load Return or Storage 192 192 136 144 157 125 195 123 73 .39
; Inlet ..,
T-6 Storage Tank 100 199 100 150 150 130 180 100 ¢ 73
Valve Statue *
V-1 through v-$ M N ] n ] [ ] B-AB B-AB B-AD
- V-6 [ [ c [+] -] c [+] -] o [+
* V-7 A-AB A=-AS A=-AB B-AB B-AR B-AB B-AB B-AB B-AB B-AB
v-8 [ c c ) [+] [+] [+] C c [~4
v~-9 8-AD B=AD 3-AB A~AB A-AB A-AD A-AB B-AB B=-AD B-AD
v-10 AR-A ABD~-A AB-A AB-B AB~A AB~B AB-A AB-A AB-B AB-D
v-11 A-AB B-AB A-AD B=AB A-AB B-AB B-AB A-AB B-AD B-AB
v-12 a-AB A=-AB B-AB A~AB B~AB B~-AB B-AR B-AB B-A} B-AB
V=13 A=AB A=AB  A-AB A=AB A-AB B-AR B-AB B-A3 B-AB A-AB
3 V=14 c (-] C [ C c [ c o c
' L2231 o o 4] o [+] ] o (+] o (]
3 v-16 o -] (] [+] o ] (4] (-] (] o
Equipment Status
Circulating Pusp CP~1 on on Oon otg Off Om oft off off oft
Circulating punp CP-2 ¥ ¥ on on on Oon On Off On On *On/ On
oft
Circulating Pump cp-3 * ¥ on on on en On Off On On .*m/ Oa
ofe
purge Unit of¢ on oft oftg off oft On oge ot oft
2lectric Chiller On On oft off off off Off off oft oft
Air Handling Units AH-1 through On on ofe on on On on off On On
AR-5
Building
HVAC Electric Thermostat Settings, 58 11 58 L1 58 59 53 £ ] s 1]
op )
HVAC Pneumatic Theimostat Settings, ;75 75 75 65 11 (13 11 1] S €S
.' .
s?lu Pneumatic Thermostat Settings, 78 78 7 (1] (1] (1) (1) (1 (1 I 1 ]
4
Building Temparature Reading, °FP 02 82 70 (11 [11 (53 (19 70 (%] 63
Solar Control Panel Switch Settings/
____!n?ﬁ‘citon .
v-15 Open/Closed (] (-] o [« o (] (-] o 1+ [+
v-16 Open/Closed ] (4] (] . [+ 0 [+] ] [+] [+] o
Solar lleat/0ff/Elect.Chilling e.C. e.C. E.C. S.H. S.H. 8.H, S.AR. B8.BH., $.4. S8.H4.
’ Collectors Filled/Drained r r r r r r r r. r r
T~1 Main/Backup ] ] N [ ] " K N o [ ] .
Collector Leak Light oft oft ofe oft oft oft 14 4 off oft oft
Collector leak/Low Temperature oft off oft off oft off off off off Om |
Alarm (Internal)
Collector Low Temparature Light oft ot ort off Off off offt off Off onm
Notes: &. See Table 5.2 for svetem functions demonstrated, '

See Pigure 5-1 for .ocations at major system control components.

N - Modulating Valves .- Mainy C -~ Closed; O - Opens R.C. - Electric Chilling,

s.B. - 801::10“! R.H. - ®lectric Heat; ¥- Pilled.

Notations A-B, AB-A, etc. refer to direction of flow through the thres-way control valves.
Pumps run for 10 minutes out of every four hours.

CPr -3 and CP-) are stopped by photocells during periods of low insolation, except

for freese protection operation, indicated by *.
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Diagnostic Comments
a. If T-1 < B0°F, CP-2 and CP-3 will stop and will
restart when T-1 > 90°F. CP-2 and CP-3 are also stopped by photo-
cells during periods of low insoluation. If T-1 > 220°F the purge
unit will start and continue operation until T-1 < 190°F,

b. If T-3 > 90°F, the electric chiller will stop to
prevent damage to the chiller and will restart when T=-3 < 90°F,

c. If T-5 < (T-6 + 5°F) valve V-12 will index for
flow from port A to AB thereby bypassing the storage tank.

d. If the building temperature < (HVAC pneumatic
thermostat setting +3°F), the electric chiller will stop,
AH-1 through AH-5 circulating fans will stop, and modulating
valves V-1 through V-5 will index for flow from port AB to B.

5.5.2 Summer Mode - Condition 2- Heat Purged
and Building Cooling

This condition will be maintained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Ranges

T-1 > 220°F
T-3 < 90°F
T=-5 < (T-6 + S5°F)

Building temperature > (HVAC pneumatic thermostat
setting +3°F)

Diaonostic Cormants

a. If T-1 < 190°F the purge fan will stop and will
restart when T-1 > 220°F.

b. If T-3 > 90°F, the electric chiller will stop to
prevent damage to the chiller and will restart when T-3 ¢ 90°F.

c. If T-5> (T-6 + 5°F) valve V-12 will index for
flow from port B to AB for flow through the storage tank.
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d. If the building temperature < (HVAC pneumatic
thermostat setting +3°F), the electric chiller will stop, AH-1
through AH-5 circulating fans will stop, and modulating valves
V-1 through V-5 will index for flow from port AB to B.

5.5.3 Summer Mode - Condition 3 - Solar Heat to Storage

This condition will be maintained under the follow-
ing system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Ranges

80°F < T=1 < 220°F

T-3 < 90°F

(T-6 + 5°F)

Building temperature < (HVAC pneumatic thermostat
setting +3°F)

=5

7

: i . Diagnostic Comments

a. If T-1 < 80°F, CP-2 and CP-3 will stop and will
restart when T-1 > 90°F. CP-2 and CP-3 are also stopped by photo-
cells during periods of low insolation. If T-1 > 220°F, the purge
unit will start and continue operation until T-1 < 190°F.

b. If T-3 > 90°F, the chiller will stop te prevent
damage and restart when T-3 < 90°F.

c. If T-5< (T-6 4+ S5°F), valve V-12 will index for
flow from port A to AB therehy bypassing the storage tank.

d. If the building temperature > (HVAC pneumatic
thermostat setting +3°F), the electric chiller will start,
AH-1 through AH-5 circulating fan will start, and valves V-1
through V-5 will modulate flow through the air handlers until
the desired building temperatures are achieved.

5.5.4 Winter Mode - Condition 4 - Solar Heat to Building

This condition will be maintained under the following

system control temperature ranges, building temperaturecs, and
thermostat settings.
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80°F < T=1 < 220°F
T=5 < (T=6 + 5°F)

Building temperature < (solar pneumatic thermostat
setting =2°F).

Diagnostic Commentrs

a. If T-1 < 80°F, CP-2 ard CP-3 will stop and will
restart when T-1 > 90°F. CP-2 and CP-3 are also stopped by photo-
cells during periods of low insolation. If T-1 > 220°F the purge
unit will start and continue operation until T-1 < 190°F. ]

b. If T-5 > (T-6 + 5°F), valve V-12 will index for
flow from port B to AB for flow through the storage tank.

c. If the building temperature < (HVAC pneumatic
thermostat setting =-2°F) the electric heat will be energized.
When the electric heat is energized in AH-1, 3, and 4, valves
V-1, 3, and 4 will be indexed for flow from port AB to B since
the electric coil is first in the air stream and should not be
used to warm up the solar heated water.

d. If the building temperature > (solar pneumatic
thermostat setting -2°F) the circulating fans AH-1 through AH-5

will stop and valves V-1 through V-5 will index for flow from
port AB to B.

5.5.5 Winter Mode -_pondition 5 - Solar Feat to
Building and Storage

This conditiun will be maintained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Kanges

BO°F < T-1 < 220°F
T-5 > (T=-6 +5°F)

Building Temperature < (solar pneumatic thermostat
setting -2°F)
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Diagnostic Comments

a. If T-1 < 80°F, CP-2 and CP-3 will stop and will
restart when T-1 > 90°F. CP-2 and CP-3 are also stopped by photo-
cells during periods of low insolation. If T-1 > 220°F the purge
unit will start and continue operation until T-1 < 190°F.

b. If T-5 < (T-6 + 5°F), valve V-12 will index for
flow from port A to AB thereby bypassing the storage tank.

c. If the building temperature < (HVAC pneumatic
thermostat setting ~2°F), the electric heat will be energized.
When the electric heat is energized in AH-1l, 3, and 4, valves
V-1, 3, and 4 will be indexed for flow from port aR to B since
the electric coil is first in the air stream and should not be
used to warm up the solar heated water.

d. If the building temperature > (solar pneumatic
thermostat setting =-2°F), the circulating fans AH-1 through AH-5
will stop and valves V-1 through V-5 will index for flow from
port AR to B,

5.5.6 Winter Mode - Condition 6 - Building Heat from
Storage

This condition will be maintained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

1 System Operating Ranges
T-1 < 80°F
! T-4 > 75°F

Building Temperature < (solar pneumatic thermostat
setting -2°F).

Diagriostic Comments

a. If T-1 > 120°F, CP-1 will stop, CP-2 and CP-3
F will start, and valve V-13 will index for flow from port A to AB.

T
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b. If T-4 < 75°F, CP-1 will stop, Valve V-8 will close,
and valve V-9 will index for flow from port B to AB. 1In this
condition, conventional electric heat will be used to satisfy tho

heating load.

c. If the building temperature < (HVAC pneumatic
thermostat setting -2°F), the electric heat will be energized.
When the electric heat is energized AH~-1, 3, and 4, valves
V-1, 3, and 4, will be indexed for flow from port AB to B since
the electric coil is first in the air stream and should not be

used to warm up the solar heated water.

d. 1If the buildin~ temperature > (solar pneumatic
thermostat setting =-2°F), the circulating fans AH-1 through AH-5
will stop and valves V-1 through V-5 will index for flow from
port AB to B.

5.5.7 Winter Mode ~ Condition 7 - Solar Heat
to Building and Storage and Heat Purged

This condition will be maintained under the following
system control temperature ranqes, building temperatures, and

thermostat settings.

System Operating Ranges

T-1 > 220°F

v

T-5 (T-6 + 5°F)

Building temperature  (solar pneumatic setting
-2°F).

Diagnostiz Comments

a. TIf T-1 < 190°F, the purqe fan will stop and will

restart wheon T-1 > 220°[.

h., If T-5-(T-6 + 5°F), valve V-12 will index for
flow from port A to AR thcereby bypassing the storaqe tank.

c. 1If the building temperature < (HVAC pneumatic
the. "ostat setting -2°F), the electric heat will be energized.
when the electric heat is enerqized in AH-1, 131, and 4, valves

v-1, 3, and 4 will be indexed for flow from port AB to B .ince
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the electric coil is first in the air stream and should not be
used to warm up the solar heated water.

d. 1If the building temperature > (solar pneumatic
thermostat setting -2°F), the circulating fans AH-1 through
AH-5 will stop and valves V-1 through V-5 will index for flow
from port AB to B.

5.5.8 Winter Mode - Condition 8 - Solar Heat to Storage

This condition will be maintained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Ranges

80°F < T-1 < 220°F
T-5 > (T-6 + 5°F)

Building Temperature < (solar pneumatic thermostat
setting -2°F).

Ciagnostic Comments

a. If T-1 < BO°F, CP-2 and CP~3 will stop and will
restart when T-1 > 90°F. If T-1 > 220°F the purge unit will
start and continue operaticn until T-1 < 190°F. '

b. If T-5 < {T-6 + 5°F), valve V-12 will index for
flow from port A to AB thereby bypassing the storage tank.

c. If the building temperature < (HVAC pneumatic
therinostat setting -2°F), the electric heat will be energized.
When the electric heat is energized in AH-1, 3, and 4, valves
V-1, 3, and 4 will be indexed for flow from port AB to B since
the electric coil is first in the air stream and should not be

used to warm up the solar heated water.

d. If the building temperature < (solar pneumatic

thermostat setting -2°F), the circulating fans AH-1 through
All-5 will start.




5.5.9 Winter Mode - Condition 9 - Electric Heat
to Bullding and Freeze Protection

This condition will be maintained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Ranges

40°F < T-1 < 70°F and T-2 < 40°F
T-4 < 75°F

Building temperature < (HVAC pneumatic thermostut
setting -2°F).

Diagnostic Comments

a. If T-1 < 40°F, winter mode, condition 10 is activateag.

b. If 50°F < T~1l < 90°F, or if photocells indicate low
insolation, circulating pumps CP-2 and CP-3 will stop, valve V-13

will be indexed for flow from port A to AB, and valve V-14 will
close.

c. If T-4 > 75°F, valve V-8 will open, valve V-9 will
be indexed for flow from port A to AB, and CP-1 will start.

d. If the building temperature > (HVAC pneumatic
thermostat setting -2°F), the electric heating coils will be
turned off and the circulating fans AH-1 through AH-5 will stop.

5.5.10 Winter Mode - Condition 10 - Flectric Heat to

Building, Freeze Protection, and Low Collector
Temperature

This condition will be ma2intained under the following
system control temperature ranges, building temperatures, and
thermostat settings.

System Operating Ranges

T-1 < 38°F and T-2 < 40°F
T-4 < 75°F
Building Temperature < (HVAC pneumatic thermostat

setting -2°F).
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Diagnostic Comments

a. If 40°F < T-1 < 70°F, winter mode - condition 9
is activated.

b. If 50°F < "-1 < 90°F, or if photocells indicate low
insolation, circulating pumps CP-2 and CP-3 will stop, valve V-13
will be indexed for flow from port A to AB, and valve V-14 will close.

c. If T-4 > 75°F, valve V-8 will open, valve V-9
will be indexed for flow from port A to AB, and CP-1 will start.

d. If the building temperature > (HVAC pneumatic
thermostat setting -2°F), the electric heating coils will be
turned off and the circulating fans AH-1 through AH-5 will stop.
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SECTION 6
ACCEPTANCE TESTING AND PERFORMANCE

6.1 ACCEPTANCE TESTING

Initial filling and testing of the solar heating system
was completed in late March 1978. However, as mentioned earlier,
several problems were encountered during and subsequent to the
system checkout. These problems were resolved and the system
reactivated in late November 1978. The acceptance test plan and
acceptance test work sheets used by the HVAC contractor are
presented in Table 6-1 and 6~2, respectively. Final acceptance
testing was completed satisfactorily, requiring no corrective
action.

During evaluation and repair of the data collection/monitoring
system, in December 1979, several significant problems were dis-
covered in the solar control system and basic HVAC control systems
whicn were affecting the overall system performance. These prob-
lems involved leaking pneumatic controls, improper temperature
differential settings in the solar system, and improper thermostat
settings on the HVAC electric heating devices. These problems
are being corrected and controls are being adjusted to optimize
the use of the solar heating system.

6.2 PERFORMANCE

In order to estimate the performance of a solar heating
system one must first compute the heating load requirement of the
structure as accurately as possible. The heating loads on a
monthly basis were hand calculated for the proposal using published
average monthly temperature for Columbus, Ohio. The building data
and assumptions used are shown in Table 6.3. During the preliminary
design phase cf the project, the NBSLD1 loads program in

1Kusuda, T., "NBSLD, the Computer Program for Heating and Conling
Loads in Buildings," National Bureau of Standards, July 1976.
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conjunction with a weather data tape for Dayton, Ohio, were used

to calculate the loads on an hourly basis, Twe different heating
seasons were run with the NBSLD program. The first season selected
was 1961~1962 because the heating degree days was nearest to the

{ historic average for the area. After further study it was
determined that 1961 and 1962 had the least solar insolation for
the months of December, January, February, and March of the ten

TR

years on the weather tape. Therefore, 1958 and 1259 was selected
since it had only a few more degree days, but the greatest solar

insolation for the four winter months., The monthly load require-
ments from the hand calculations and the two NBSLD runs are shown
in Table 6.4.

The next step .n estimating the solar system performance is
that of matching the solar enerqgy collected with the buildinc load
and accounting for losses in the system. In order to accomplish
this, one must have gcod estimates of the incident solar énergy.

In the proposal phase, these estimates of incident solar energy,
on a monthly basis, were obtained from the Climatic Atlas2 of the
United States. 1In the preliminary design phase, the hourly solar
insolation was computed by the NBSLD program using the Cloud Cover
Modifier (CCM) technique. Table 6.5 shows the solar insolation

on a horizontal surface from the Climatic Atlas and for the two
he:ating seasons using NBSLD. The first question one might ask
about this data is why are the results of NBSLD almost always
lower than the Climatic Atlas data? If we are to assume that the
Climatic Atlas data is valid, the answer to this question lies in

the method of computation of the solar insolation in the NBSLD

code. Study of the computer c¢ode indicated that no big problem

exists in the computation of the clear day insolation. Therefore,

the problem probablv lies in the computation of the cloud cover

factors. A change in the code has since been made to bring the

: NBSLD computation of solar insolation more closely in agreement
with the Climatic Atlas data.

2“Climatic Atlas of the United States," U.S. Department of Commerce,

Environmentai Science Services Administration, Environmerntal Date
Services, June 1968,
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Estimation of the fraction of the heating load carried by
the solar system was accomplished through the use of the F-chart3
technique for the proposal phase. During the preliminary design
phase, TRNSYS4 was used extensively to provide data on the effect
of varying storage size, number of collectors, and control system
techniques. These TRNSYS studies showed that decreasing the
storage size from 10,000 to 5,000 gallons would only decrease the
solar fraction by about 2.5 percent. By using the designed control
system which supplies heated water directly from the collectors
to the building load as opposed to a system which would deliver
heated water to the storage tank and thence from the tank to the
load, an inciease in system performance of about 2.5 percent was
realized. The use of the shaped reflectors on the collector as
opposed to the diffuse background reflector was also found to
yield an increase in system performance of about 11 percent. The
40° tilt of the collectors was chosen with the idea of future
incorporation of solar cooling as part of the total system.

The final performance estimate using the F-chart technique
and the Climatic Atlas data indicates that the solar system will
supply 72 percent of the heating needs. This value is for 102
collectors with shaped reflectors and a 5,000-gallon storage tank.

The data collection, processing, and analysis for monitoring
the operation of the total system and for evaluating the system's
performance is being accomplished by the Department of Energy as
part of the National Solar Data Program. A "Monthly Performance
Report” will be prepared by DOE and distributed to each demonstra-
tion site participating in the program. The monthly reports will
include a system description, performance evaluation, problem
status, and detailed report forms listing daily measurements of

individual subsystems and of environmental and isolation sensors.

3Beckman, W. A., Klein, S. A., and Duffie, J. A., "Solar Heating
Design by the F-Chart Mathod, John Wiley & Sons, 1977.

4"TRNSYS A Transient Simulation Program," Solar Energy Laboratory,
University of Wisconsin~Madison,
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As of this date, very little data has been made available
because of problems with the data collection/monitoring system
associated with the National Solar Data Network. However, the
data we have received, while not representative of the solar system
performance capability, does report the current conditions, and
more importantly, the data has helped to identify potential problem
areas in the total system. It was this data which helped to
identify the total system control problems discussed above in
Paragraph 6.1. These monthly reports should be an invaluablé
source of information for the Solar/HVAC consultant and system
operators in maintaining the total system to optinize the use of
the solar system to heat the building and for demonstrating the
use of solar energy in nonresidential buildings.
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TABLE 6-1
ACCEPTANCE TEST PLAN
Acceptance tests will be performed before the heating system
is put into operation to verify that the system meets performance
requirements. The tests will demonstrate that the system operates
in conformance with the design specifications.

a. ITEMS TO BE TESTED

The items to be tested will include all parts of the operating
and control systems. Specifically, the plumbing system, the pumps,
the control transducers, the control actuators, and the system
safety and warning components will be tested.

b. TEST OBJECTIVES

The objectives of the test program are to determine and to
demonstrate that the system is functionally operable, that it meets
the design specifications, and that it is safe for use.

c. TEST REQUIREMENTS
Test requirement to be met are as follows:

1. All plumbing system components, including piping and
fittings, solar collectors, storage tanks, and heat exchangers,
shall be tested in the system to at least 150 percent of design
working pressures. Leaks, if any, shall be made tight, and
retests performed until no discernible leaks are found.

2. Flow rates shall be determined tlrroughout the system
under all modes of operation to determine that pumps are delivering
desiqgn fluid flows and that obstructions are not present in the

system.

3. All control and operational components shall be exercised.
This shall be accomplished by inducing transducer signals or
detector actuations. Functional operability to the design specifica-

tions shall be shown in each of the system's operational modes.

(continued next page)




TABLE 6-1 (Concluded)
ACCEPTANCE TEST PLAN

d. TEST PROCEDURES
The following test procedures will be performed:

1. Pressure tests will be performed on ull segments of the
fluid system after installation is completed to demonstrate the
integrity and safety of the system. Pressure relief valves will
pe replaced with plugs as necessary and each segment of the system
will be pressurized to 150 percent of its design working pressure.
The lack of necessity for makeup of the pressurizing fluid for ten
minutes at this pressure shall demonstrate integrity of the fluid
system. System pressure relief valves then shall be reinstalled
and the system shall be pressurized to show ac*uation of the relief
valves at specification pressure set points.

2. The operation of the system in each of its three operating
modes, i.e., collector heat to storage, collector heat to the building,
or storage heat to the building, shall be induced by falsifying the
appropriate transducer or thermostat signals. Flow rates and
pressures shall be measured in appropriate segments of the system
to verify design operation of the pumps and control valves. Satis-
factory operation in the design modes shall be sufficient to verify
adequacy of the control and operational systems and to demonstrate
a lack of bloc%age to fluid flows. This test may be performed
by monitoring actual operation of the system in each of its operating
modes if the system is completed during the solar heating season.

3. Operation of the overhear and freeze prctection systema
shall be verified by falsifyina the signal from the solar collector
outlet water temperature transducer to the appropriate controller
off and on set pnint signal levels. Operation of the components
cf tne system to design specifications shall be demonstrated by
satisfactory operation of the systems in this mode of operaticn.

Satisfactory completion of these procedures shall be deemed
sufficient to demonstrate the adequacy of the system to meet its
performance requirements.
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TABLE 6-2
ACCEPTANCE TEST WORK SHEETS

To facilitate the testing of the control sequence of this sytem

at this time of year, it will require the owner's assistance. It

is requested that both solar pumps be turned on manually, that
Valve V-14 be manually opened to bypass the solar storage tank

and the purge unit be placed in manual operation. These conditions
should be established at approximately 5:00 p.m. on June 4, 1979.
These procedures will drop the temperat: ;e in the solar collector
loop to a low enough temperature to enable the control system to

be sequenced without endangering the collectors through stagnation
with high temperature water in them.

Since the chiller is in service, it is imperative that solar heated
water be prevented from entering the chilled water system.

1. CONTROL SEQUENCE CHECK

The following check will be performed by artifically simulating
various temperatures in the collectors through the pneumatic line
from Sensor TP-1 to the various P.E.'s.

A. Solar heating - Electric chilling selector switch (close
manual valves to isolate solar and chilled water).

1. Check Position of Valves V-7, V-8,
and V-9 in Each Mode

2. Check Operation of CP-1 and
V-6

B. Collectors Filled/Drain Selector

1. Check position V-13

C. Freeze Protection Mode

1. Simulate 38° (with outside air simulated below 38°)
a. Alearm
b. Light

(continued next page)
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ACCEPTANCE TEST WORK SHEETS (Concluded)

Collector Arrays

West

West

West

East

East

East

TABLE 6-2

Top

Middle

Bottom

Top

Middle

Bottom
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Press
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Temp
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Temp
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In
In

In
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Press
Temp

Press
Temp

Press
Temp

Press
Temp

Press

Temp

Press

Temp
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Out

Out
Out

Out
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Out
Out
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Simulate 40°

TABLE 6-2
ACCEPTANCE TEST WORK SHEETS (Continued)

(with outside air simulated below 40°)
Check timer operation (minimum
timing)

Pumps CP-2 and CP-3 run

Valve V-14 position

Return to normal at 55°

Collection Sequence

Simulate 90°

Pumps CP-2 and 3 start.

Simulate water in tank warmer than in piping

Winter

Summer

Simulate water in piping warmer

than in tank.

2.
a.
b.
c.
d.
D. Normal
l.
aQ
2.
a.
b.
3.
E.

1.

High Temperature Protection (simulate 220°)

Purge unit runs

2. CHECK EQUIPMENT PERFORMANCE

Pump CP-1-

Pumps Running Sinqgly

Pump CP-2

Pump CP-3

Volt A/B B/C A/C”

Amps

Press In Press Out

Punps Running Together

Volt A/B__B/C__A/C__  Volt A/B__B/C A/C
Amps A B C Amps A B c __
Press Press Press Prass
In Out _ In Out
Volt A/B__B’C_A/C__  Volt A/B__B/C__ A/C
Amps A B C Amps A B C
Fress press Press Press
In out In Cut

(continued next page!
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TABLE 6.3

DATA USED FOR LOAD CALCULATIONS

Ground Floor Area
Lower Level Area
Total Floor Area
Total Volume Used

Daytime Building Temperature
Nighttime Building Temperature

1. Floors and Below Grade Wall
Well Water Temperature
Edge Loss Coefficient
Edge Length
Below Grade Wall and Floor Area
Below Grade Wall ard Floor U
Heat Loss/Gain

15,989 ft
6,647 ft
22,636 ft
335,165 ft

N N NN

75°
69°

55°

0.32 Btu-ht/ft/°F
470 ft
21,401 ft
0.1 Btu-hr/ft/°F
36,380 + 150 AT

2

2. Walls
Glass Wall
Side Area U Area U
South East 484 ftzﬁ 0.69 1,136 ft2 0.091
North West 484 0.69 1,136 0.091
North East 162 0.69 1,278 0.091
130 1.13
South West 252 0.69 1,188 0.091
-275 1.13
Entries 1,224 0.091
Heat Loss/Gain 1,954 AT '
3. Roofs
Glass Roof
Location Area U Area U
All Flat ——— ———— 7,726 0.042
Sloping North 130 1.20 4,800 0.047
Sloping South 275 1.20 4,222 0.047

Heat Loss/Gain 1,235 AT

(continued next page})
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TABLE 6.3 (Concluded)
DATA USED FOR LOAD CALCULATIONS

Air Changes

Q =Nx 6,000 AT where N = Number of Air Changes per Hour
Use N = 0.25

Heat Loss/Gain 1,500 AT

Lights
Lights = 47,900 watts = 163,400 Btu-~hr
Use 80%
Heat Gain During Day 130,000 Btu-hr

People

Assume 100 people on the average
Sensible Load 245 Btu-hr/person
Latent Load 150 btu~hr/person

Heat Gain During Day 25,500 Btu-hr Sensible

15,000 Btu-hr Latent

Motors

Air landling Units and Water Circulation 37.5 hp
Elevation 20 hp Assume Average of 5 hp

Solar Circulation Pump 2 hp

Total 44.5 hp daytime use
Heat Gain 113,000 Btu-hr -~ Daytime Use
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TABLE 6.4

BUILDING HEATING LOADS: (1) AVERAGE YEAR (HAND CALCULATION),
(2) 1961-62 (NESLD), AND (3) 1958-59 (NBSLD)

AVERAGE YEAR NBSLD 61~62 ' NBSL -

January 94.7 x 106 Btu 90.42 x 166 Btu 93.24 x losiBtu
Febraury 77.8 71.34 68,72
March 65.9 64.57 63.25
April 40,6 37.62 35.55
May 29,2 9.37 13.05
June - - -
July -— - --
August -- - -
September 22,0 6.11 11,89
October 40.0 29,25 30.39
, November 62.8 50.28 50.97
! December | 78.8 . 78. 46 94.84
511.8 x 10° Btu| 437.42 x 10% Btu [461.9 x 10° Btu
TABLE 6.5
HORIZONTAL SOLAR RADIATION FOR THE VARIOUS "YEARS"
Climatic Atlas 61~62 NBSLD 58-59 NBSLD
January 472 423 428 Btu/Day/Ft2
February 737 484 598
March 1,095 786 965
April | 1,442 1,461 1,248
May 1,737 1,654 1,429
September 1,556 1,494 1,163
October 1,054 812 1,037
November 649 494 484
December 476 313 401
9,218 7,920 7,753
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SECTION 7
PROBLEMS ENCOUNTERED/LESSONS LEARNED

This section includes a discussion of the major problems
encountered and a listing of the lessons learned which may be
beneficial to other contractors in the design, fabrication,
installation and operation of solar heating systems in nonresidential
buildings.

7.1 PROBLEMS ENCOUNTERED
1. Draining/Boiling

Since the collector selected for this project can only
be drained by partial disassembly of each module, and since high
stagnation temperatures (in excess of 600°F) can be achieved, the
purge system must be utilized throughout the summer months because
draining is too time-consuming. This purge system requires auxiliary
energy for the purge fan and the solar circulating pumps which is
essentially wasted energy, which is estimated to be approximately
five percent of the winter energy saved. The manufacturer's original
scheme for draining the system involved opening the relief valves and
boiling the water from the collectors in a stagnant condition. How-
ever, since tube failures ca.sed by percolating water during boil
off had occurred at other installations, this method was deemed un-
acceptable and was abandoned. At this time, the most promising
correction to this problem appears to be the installation of a solar-
powered cooling system or use of other devices which would utilize

energy collected during summer months.

2. Pressure/Expansion

Since the collector selected needs no antifreeze for
freeze protection, no heat exchanger is installed between the
storage system and the collector system. Therefore, the entire
volume of water (approximately 6,200 gallons) is contained within
one system. Although individual components of the collector
selected are tested to 350 psi, the assembly is rated at a maximum
of 30 psi. Considering the minimum pressure needed to fill the
system, and the minimum pressure required at the collector outlet
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to avoid boiling, the resultant allowable pressure fluctuation from
a 70° system to a 220° system is approximately 10 psi. Using a
conventional expansion tank sizing technique with the above parameters
results in an extremely large expansion tank for such a system.
Location of the pump and the specific point of connection of the
expansion tank to the system becomes extremely crucial under such
conditions. It has been found that utilizing a diaphragm type
expansion tank results in a significant size reduction under these
conditions. An additional size reduction can be accomplished byl
applying controlled compressed air to a diaphragm type expansion
tank.

3. Flow Rates

To optimize system performance, it appears desirable to
supply solar heated water directly from the solar collectors to
.j' heating units whenever possible. However, it is customarily _
\ difficult to reduce the flow :-ates inherent to a typical heating’
system to the flow rates often established for a collector system.
Obviously, this task becomes easier as the size of the collector
array is increased. Extremely careful sizing of all system
components is required to match collector and heating system flow
rates. :

4. System Checkout Problems

a. The system was filled toward the end of the heating
season in March of 1978. Although the solar system is complex
when compared to conventional heating systems, we canno% dir -egard
the ordinary problems associated with them. Some conventional air
binding problems were encountered on filling of the system that

were aggravated because of the low flow rates associated with the
model of the solar collectors then being used. Additional air bleeds

were added to solve the problems caused by the low flow velocities.

b. A second problem encountered shortly after start up
was associated with the purge unit located in the bookmobile garage.
The damper linkage had not been properly adjusted on installation
to affect air tight closure of the dampers. Natural convection of
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air through the unit at night caused the coil< to freeze. Proper
adjustment of the dampers and the installation of a strip heater
prevented a recurrence of the problem. However, on future projects
the best grade of insulated dampers should be used to ensure against

freezing in purge units using water.

c. Although the system had been dry run before it was
filled, problems were encountered after filling since some valves
were installed backwards. In future projects "false" signals will
be sent to the control system and the actual position of the valves
will be checked to ensure that they move in the right direction.

d. It was found that valve V-9 was faulty and leaked
when the solar system was set up for summer operation. Although
Valve V-8 was closed and was in good condition, another flow path
was available to close the flow loop. The auto fill valve is
connected to the solar system near the expansion tank but it also
connects to the chiller system at an expansion tank that was
originally installed in the cooling loop. (The connection and
original expansion tank are not shown on Figure 5-1.) Thus, hot
solar water leaked into the chiller and back through Valve V-9 into
storage; i.e., the chiller was cooling the water in storage. The
manual valve near Valve V-9 was closed by the piping contractors
representative to solve the immediate problem by isolating the
solar system from the chilled water system.

Shortly thereafter, another problem, unrelated to
the solar system, occurred when a space thermostat failed and
over cooled the space during the spring of the year. To "solve"
this problem, a different representative from the piping contractor
switched the system to the winter mode to stop operation of the
chiller since the weather was still mild. This caused Valve V-8
to open and Valve V-9 to position for flow from port A to AB.
However, flow in the collector loop was blocked which resulted in
boiling in the collectors because the manual valve near Valve V-9
was still closed. 1In order to stop the boiling, and being unaware
of the closed manual valve, tubes were manually removed from the
collectors since the :ollectors could not be drained. In order to
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prevent a recurrence of this type of problem, a detailed maintenance
log will be kept. This incident caused a reevaluation of the flow
in the collector loops. It was determined that replacing the large
feeder tubes actually supplied in the collector with smaller ones
upon which the design was based would ensure a more balanced flow;
80 the change was made.

e. The solar heating system installed in the library
building is a retrofit system which was interfaced with the existing
standard HVAC system. The HVAC system includes independent
electric heating devices controlled by separate thermostats as
well as combined solar and electric heating in one unit controlled
by different thermostats. It was found that a number of the
independent electric heating devices were energizing before, rather
than after, the solar heating devices; and thus solar heat was not
being used in the building as much as possible. This solar heat,
which could have been used, was either stored, wasted by circulation
through the collector loop, or purged if excessive temperatures
were achieved. To solve this problem, the combina2d Solar-HVAC
system controls are currently being evaluated and adjusted to ensure
the proper sequencing of all of the heating/cooling demand the;mostats.

7.2 LESSONS LEARNED

l. To obtain realistic bids from Plumbing and Mechanical
contractors, a bidders conference was held to demonstrate that solar
systems are not so unusual that they should include a "fear factor"
in their bids. At this meeting the contractor was shown how the
collectors were assembled and obtained "hands on" experience from
which he could make his cost estimates. On subsequent programs
we have held meetings of this type, and educational lectures were
given by the collector manufacturer and the HVAC engineer. This
procedure seems to aid in obtaining reasonable construction bids.

2. The use of roof curbs to keep all piping on the interior
of the building is a good technique for preventing freezing and
heat losses in the collectcr loop. Any heat "losses" from the
pipe go into the heated space inside the building and therefore are
not lost.
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3. The use of diaphragm type expansion tanks with controlled
compressed air can significantly reduce the required size of the
expansion tank.

4. A design which allows for the use of low solar water
temperature with booster heat gave up to 4 percent improvement
in the heat delivered by the solar system.

5. The use of collectors with internal headers reduces
on-site construction costs and manifold heat losses and appears to
be cost effective.

6. The use of the best guality air dampers with insulated
dampers is recommended for use with heat exchangers where freezing
can occur.

7. It is recommended that system control valves be pretested
to ensure proper functioning before installation. Leaking valves
can seriously degrade system performance while improper operation
can block intended flow paths and damage the system.

8. Glass breakage during installation of 0OI SUNPAKTM

collectors system contains 2,448 collector tubes and 2,448 feeder
tubes. During installation, glass breakage was limited to only
seven collector tubes and approximately twelve feeder tubes.

9, System damage due to vandalism has nct been a problem,
even though the sytem is highly visible, being located on the
relatively low sloping roof, facing a main street in the city.

10. Dry running the control system with false signals to
simulate all operating modes and a visual check of all components
and valves to see that they move in the right direction is essential,
yet it is not a standard construction industry practice. Care
must be exercised to assure that this procedure is adopted.

11, System leaks during filling were minimal. Only six
connections out of more than 2,900 mechanical slip-type connectionr
required minor adjustments to correct the conditions.

12, Low flow velocities in collector loops may require more
careful attention to air bleeding on filling.
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13. The combined solar-HVAC system controls must be
evaluated and adjusted for proper sequencing in order to optimize
the use of the solar heating system.

14. Those persons familiar with the operation and maintenance
of the entire system should be the only ones permitted to make
system control changes or change thermostat settings.

15. The use of a detailed service log is recommended from
the start of the debug phase as well as during normal operation.

16. System protection against freezing has not been a
problem since filled in March 1978 even though the winter of 1978~
1979 was very severe. To our knowledge, the low temperature
collector freeze protection mode has never been activated during
system operation.

17. High performance evacuated tube~-type solar collectors
(nondrainable version) appear to be effective. However, consideration
should be given to the use of the new drainable version of these
collectors such as those currently being built by Owens-Illinois,

Inc. and others.

18. Because of high stagnation temperatures that can be -
zchieved in evacuated tube-type collectors, it is possible to .
shade the collector, if exposed to sunlight during system filling,
draining, or repair. This is easily accomplished by using a light
weight opaque material such as thin black polyethylene sheets.
This approach was used successfully on another program to cool
the system and complete the filling sequence in bright sunlight.
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APPENDIX A

AS-BUILT DRAWINGS
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FOREWORD

This marual is intended to serve both as a guide to installation

procedures and as a means of understanding the basis ot solar-collector
operation and maintenance.

Those persons charged with understanding and operating the collector
system should read and understand the entire manual.

Those persons concerned only with installation of hardware will fi:d
essentially all the necessary information in Section 2, Installation
Procedure, and in the accompanying Figures and Drawings.

Each specific SUNPAKTM application will be somewhat unique as a
result of small differences in circumstances of installation and use. The
manual is valid for the majority of these circumstances. The manufacturer
should be contacted for recommendations if the customer feels his
installation may be atypical in any way.

1.5.0.M. - FEBRUARY 1978
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1.0 Geiieral Description

1.1

1.2

1.3

Physical Dimensions

The standard SUNPAK™™ module consists of 24 individual
collector tubes manifolded together as shown in Figure 5.1.
A nominal gross area of 4'x 8' is occupied by the assembled ™
module. The effective collection area of the standard SUNPQK
module is 27.4 square feet. It is the latter area (27.4 ft¢)
that is used as the basis for describing collector performance
and in queting collector array prices.

A typical module weighs about 110 pounds (dry) and will
contain about 9 gallons of fluid (water preferred) wh%n filled.
The resulting collector load is approximately 4 1b/ft¢ dry and
7 1b/ft2 water filled.

Materials and Parts

The glass components are made with Owens-I1linois KG-33
KIMAX®) borosilicate glass to provide strength, optical clarity,
and thermal shock resistance. The fluid passageways inside the
manifold are copper. A1l internal copper connections are hard
soldered. High temperature silicone rubber "0"-rings and grommets
are used for seals. The copper cup assemblies and internal headers
are encased in a molded urethane foam which serves as an insuiating
support structure. The urethane foam is sheathed in a rigid sheil
of fiberglass reinforced polyester resin. The materials have been
chosen to resist damage to the collector by stagnation temperatures
which may rise as high as 650° F in an unfilled collector exposed to
the sun.

A complete parts list appears in Table 1.
Fluid Flow

1.3.1 Collector Fluid Type

Water is the preferred heat transfer fluid due to its
low cost and $ood thermal performance. The low loss property
of the SUNPAK'M collector makes use of water practical even in
cold climates. The use of other fluids such as glycol solu-
tions is also possible, but rarely necessary. Questions
regarding fluid selection should be reviewed with the manu-
facturer in light of the specific application.

1.3.2 Fluid Flow Path

The SUNPAKTM manifold is designed to deliver water in
a serpentine series flow pattern to its 24 tubes. This is
accomplished with the use of the standard 8 mm 0.D. or
optional 11 mm 0.D. feeder tubes which channel water to and
from the closed end of each collector tube. Figures 5.2A,
5.2B, and 5.2C illustrate the flow pattern. In a multi-module
collector array, the individual modules are interconnected in
parallel flow arrangement.
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1.3.3

1.3.4

Collector Fill Flow Rates

Fluid flow rate during filling must be above a certain
minimum value in order to prevent two phase flow in the
feeder tubes and the resulting possibility of air entrapment.
For the 8 mm standard feeder tubes, a minimum fil1 rate of
0.3 gpm/module is recommended with the optimum rate being
0.4-0.5 gpm/moduie. The 11 mm optional feeder tubes require
a minimum fi11 rate of 0.6 gpm/module with 0.7-0.8 gpm/module
being optimum. See Section 3.1 for details.

Collector Operating Flow Rates

Efficiency of energy transfer to the collector fluid will
be affected by fluid flow rate. For the 8 mm standard feeder
tubes, a minimun operating flow rate of 0.25 gpm/module is
recommended and a flow rate of 0.3 gpm/module is considered
to be near optimum. The 11 mm optional feeder tubes require
a minimum operating flow rate of about 0.5 gpm/module with
0.6 gpm/module being optimum,

1.4 Installation Overview

1.4.1

1.4.2

General Description

The collector has been designed to allow easy installation.
Heavy lifting equipment is not necessary as long as there is
sufficient access to allow components to be carried to the
mounting surface. Each component can be easily 1ifted by one
man. After manifolds and brackets are mounted, collector tubes
are simply inserted into their "0"-ring seals at the manifolds.
Plastic end caps with adjusting screws are used at the closed
ends of the tubes to hold them in place against hydraulic
pressure in the operating system (see Figure 5.7). If a tube
replacement is necessary, the plastic end cap is removed by
loosening the adjusting screw and giving a quick twist. The
tube can then be removed from its seal and a new one inserted.

Installation Manpower

The installation procedure is cuite simple and requires
a minimum of tools (see Table II), Although specific cystems
differ_somewhat, a typical 100 ft2 array, not including
SUNPAK™ reflectors (see Section 1.4.6), could be installed
with about one man-day of effort. Inclusion of the reflector
elements in the installation of : new system would increase
the installation time for the 100 ft< array to about two
man-days of effort. Provision of proper tools, carpenters’
aprons for carrying small parts, and efficient layout of the
parts inventories to avoid long carryirg distances will all
serve to minimize installation time. A five-min crew scems
to be optimum with three men on the collector hardware installa-
tion and two helpers to maintain an uninterrupted flow of parts.
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1.4.3 Collector Manifold Arrangement

- The manifold is designed with internal nominal
1-inch 1.D. copper header pipes. Adjacent manifolds are
coupled by a specially designed mechanical coupling included
with the factory-supplied hardware. Additional couplings are
available for connection of external piping to the manifold
inlets and outlets. As many as 15 manifolds can be joined
in a single row by interconnecting the internal headers.
Longer arrays can be fabricated, but careful attention to
flow arrangement and header pressure drops is necessary to
assure balanced flow distribution to individual modules.
Best flow distribution will result when the inlet and outlet
of a given row of modules are at opposite ends of the array.
Header pipe thermal expansion is taken up by the mechanica)
header couplings.

1.4.4 Mounting Surface

The collector is designed to mount on a tilted support
surface provided by the customer. This can be a sloping roof
or a sawtooth structure on a flat roof. The plane in which manifold
and end brackets are mounted should nct deviate from flatness by more

than 1/4" along any 4' length. More pronounced irregularities,
especially along the length of a manifold, will require the use of
shims to provide a flat surface to assure proper tube and manifold
alignment.

When the collector is mounted on a watertight surface, a
commonly employed technique to minimize roof penetrations fs
the mounting of horizontal members on the roof exterior to which
the collector brackets can be attached. The horizontal members
may be treated 2" x 6" lumber or galvanized metal channels which
are blocked up to allow water drainage. Roof penetrations at
the blocking should be flashed or caulked for watertightness.

1.4.5 Diffuse Reflector Surface

Collector modules can be mounted over one of two types of
1 background reflectors; a flat diffuse reflector, or a shaped
| (cylindrical) non-imaging specular reflector. For best results
with the diffuse reflector, the surface should have a non-glossy,
reflective nature such as flat white paint. A surface which tends
to be self-cleaning with rain water would be most desirable.

Several diffuse reflector materials have been tested for
reflectance. Those showing satisfactory reflectance included
white vertical aluminum siding, white aluminum shingles, and

3 white roof paint applied over asphalt rolled roofing. White

| exterier paint over plywood gives satisfactory reflectance for up
§ to a year which might be acceptable for a small test stand, but

H this approach does not offer a long-life background needed for a
4 permanent installation.




1.4.6

1.4.7

1.0.8

1.4.9

sunpaK™

The SUNPAK™ Shaped Specular Reflector (SSR) is shipped
ready-for-mounting by the customer using the spring tube
clips and interlocking tabs on the reflector elements (see
Drawing ED-1). This mounting system assures proper reflector
?lig?ment and structural integrity to withstand wind and snow

oading.

Shaped Specular Reflector

Mounting Surface Tilt Angle

The angle of tilt of the support surface depends upon
several factors which influence the matching of collector
output with load requirements over the duration of the operat-
ing year. In general, a winter heating load is best satisfied
with a south-facing array tilted at an angle of the latitude
plus 10-20 degrees. A constant annual load such as domestic
hot water would use a tilt approximately equal to the latitude.
A load which peaks in the summertime would use a tilt equal to
the latitude minus 10-20 degrees. Collector output is not very
seniitive to deviations of a few degrees from the optumum tilt
angle.

Special Considerations for Low Tilt Angle

Generally, the collector will be mounted at a tilt ranging
from 30 to 70 degrees from horizontal. Tilt angles of less
than 30 degrees will require special consideration of air
clearing during collector filling. Information can be obtained
from the manufacturer.

Mounting Surface Structural Integrity

The SUNPAKTM collector module and shaped reflector
attachment are designed to withstand wind, snow, and ice loadings
normally encountered in service. It is the responsibility of
the customer to insure that the mounting surface to which the
collector is attached nas the required structural integrity to
support the filled collector array under -normally anticipated
conditions. It should be noted that at recommenccd collector
operating pressures of 30 psi or less, hydraulic pressure in the
tubes will yield a resultant force at each mounting bracket
attached to the surface. Maximum forces on the mounting surface are
on the order of 30 1b. (downward) at each end bracket and 40 1b.
(upward) at each center bracket. In long collector array designs,
careful attention should be paid to the deflection characteristics
of the support structure under wind loading. Further information
can be obtained from the manufacturer.




2.0 Installation Procedure

2.1

Installation Sequence and Layout

2.1.1

2.1.2

Sequence

The general sequence of collector instailation is as
follows:

§?a1k1ine layout of mounting surface reference
nes;

layout and mount manifold center brackets;
square and mount manifolds and mechanical header
couplings;

square and mount tube end supports;

tighten support tie rods between manifolds and
end supports;

install feeder and collector tudbes;

connect external piping and leak check;
install manifold connector covers;

secure manifold connector covers and end caps.

- T ma 0o

The details of each installatjon wil] b a
different. *he manuigcturerys }?e18 s:rv ceep:g?g=2e§ have

accumulated a good deal of experience and can be relied upon
to prepare local installation crews and provide time-saving
hints. The customer should not hesitate to call upon this
experience either in the field or by phone or mail to the
manufacturer's office directed to the responsible Project
Manager.

Layout (Figures 5.1 and 5.4 and Drawings ED-1 and ED-2)

A single module will occupy a space of 4 feet wide and
8 feet tall. Provision should be made for minimum length runs
of external piping at the end of an array of modules and for
the manifold end caps which project about six inches beyond
the ends of the array. Provision should also be made for
removal of tubes during servicing which will require a minimum
of 3" of clearance at the ends of the 8' module dimension.
If the total array consists of several parallel rows of modules,
then access must be provided between rows for servicing any
point in the array.

A chalkline is first made to fix the centerline of the
manifolds. Two additional chalklines are then laid out
parallel to the first and lying 46' +1/8", -0" above and
below the manifold centerline. These lines mark the centerlines
of the tube end support mounting spacer holes. A perpendicular
chalkline is made at the starting end of the array to mark the
end of the first module. Additional perpendicular lines may
be made at 4' intervals down the row to mark the space occupied
by each module. Intervals should be measured along a stationary
steel tape to avoid accumulated measurement error.




2.2

2.3

2.4

Manifold Center Brackets, Part SK-2852, Figs. 5.4, 5.5,
and Drawing ED-1

Manifolds are mounted with 3 center brackets per module which are
fastened to the mounting surface on the manifold centerline chalkline.
The first bracket of the first module is located 8" inboard from the
first perpendicular reference chalkline marking the end of the first
module. Remaining center brackets in the row are secured at 16" intervals,
The 16" tolerance is approximately equal to ¢1/16" and should be done with
a stationary steel tape to prevent accumulated measurement error. The
center brackets are fastened to the mounting surface with appropriate

customer-supplied fasteners.
Squaring and Mounting Manifolds, Part SK-5155,
Eig;. 5.5, 5.6, and Drawing ED-1

Field experience has shown that careful alignment of the manifolds
at this point can result in optimum alignment of all components in the
array. It should be noted that manifolds must be positioned on the
center brackets with the "T" marking on the bottom mounting brackets

facing the upslope side of the mounting surface. The manifold nameplate
should be on the downslope side of the surface.

At this point, both the first and last manifold of each row of
modules should be Jowered onto the center brackets and made hand tight
using the threaded end of the support rod (SK-2851) and the locknut/washer
assembly. Use of two washers in this assembly may help to avoid deforma-
tion of the brackets due to inadvertent over tightening. Both manifolds
should be made perfectly square and level in a1? directions using a
steel square, steci scale, and ievel, Support rods are then tightened
to hold manifolds firmly.

Mounting of the intermediate manifolds is made easier by temporarily
locating a taut steel wire (use a turnbuckle) about 1“ above the two end
manifolds ard extending the full length of the collector array between
these manifolds. After making sure that this wire is perfectly straight
and level, a1l intermediate manifolds should have the same relationship
to the wire as the two end manifolds already mounted.

The remaining manifolds can now be lowered into place one at a time
being sure to attach the floating mechanical coupling (SK-3047) at each
header connection. When manifolds are properly aligned and secured by
the support rods, a gap of 1/8" should exist between ends of adjoining
header pipes. This gap and the coupling are used to take up thermal
expansion of the headers. No soldering is necessary within the array.
Mechanical couplings can be tightened at this time.

Tube End Supports, Part SK-2848, Figs. 5.4, 5.5, and
Drawings ED-1 and £ED-2

The aluminum tuoe end supports are now mounted using the “1" shaped
mounting spacers (SK-2880). The horizontal chalklines at 46* +1/8, -0
serve as the centerlines for the mounting holes of the “Z" brackets. The
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first pair of brackets will be located opposite one arother at a point
2" inboard from the first perpendicular reference chalkline marking

the end of the first module. The second pair of brackets will be
located 46" inboard from the first pair. Intermediate brackets will be
mounted at 48" intervals. Brackets for the last module in a row will
again have a 46" separation as did those for the first module. A
stationary steel tape should be used to lay out these mounting holes
since accumulated measurement error will result in collector tubes not
beigg perpendicular to the manifolds. This could lead to sealing
problems.

If not already done, the tube end supports and "1" mountin?
spacers should be fastened together. Working at the first module of
the row, these assemblies should be placed onto the support rods and
held in position at the mounting holes to check the squareness of the
support rods to the manifolds and the end supports. If square, the
rubber pads (SK-2875) can be placed beneath the feet of the mounting
spacers and the spacer/end support assemblies can be mounted for all
modules in the row. A spot check of the squareness of the support rods
in the row is advisable.

The butt joints between successive tube end support channels are
made with a simple clam arrangement using the clips (SK-2870) and a
bolt (SK-5318) and nut (SK-5316). Since no clips are used on the first
and last brackets of a row (no butt joints at these locations), 2 small
shim spacer (SK-Z89) is provided to maintain constant collector tube
height. The shim is inserted between the tube end support and mounting
spacer. Larger shims under the feet of the “Z" mounting spacers may be
needed if the mountin? surface is very irregular. Wherever penetra-
tions are made directly into a roof structure, care should be taken to
maintain the integrity of the roof.

The nuts holding the threaded support rods to the tube end support
channels may now be made tight enough to adjust the distance between
the inner face of the support channel and the flat side of the manifold
to equal 41-1/2" - 41-5/8".

Manifold connector covers (SK-5419) should be fastened into place
with the special fasteners (SK-5407).

Feeder Tube (SK-4920) and Collector Tube (SK-3092) Installation,
Fig. 5.7 and Drawing ED-

*ISAFETY GLASSES AND GLOVES SHOULD BE WORN!!

The feeder tubes form a continuous fluid channel when the flared
ends are snapped into place in the manifold grommets (SK-4921).
Installation procedures are fdentical for the standard 8 mm feeder tubes
and the optional 11 mm feeder tubes. Care should be exercised in
properly sealing the tubes in the grommets. Do not use any petroleum-based
lubricants on the silicone rubber parts. If some jubrication is required
during installation, only a common soap solution in water or ethylene
glycol should be used. Silicone rubber can become brittle and crack in
& short time after contact with petroleum compounds.
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2.6

Before actually inserting the feeder tubes, a check should be made
of every collector *ube ogen1n§'ji every manifold in the array to be
certain that grommets, end seals, an “-rings are in place and
passageways are clear, It should also be confirmed that the protective
carbon material is present on the non-flared ends of the feeder tubes.
This assures that the collector tubes wiil not be damaged when slipped over
the feeder tubes.

Do not walk on installed manifolds or tube end supports at any time.
Supporting brackets were not designed to wiTﬁEThﬁB'bucE Toading an
improper collector tube and manifold alignment may resuit.

Ideally, sufficient access should exist between rows of modules
to allow the feeder tubes and collector tubes to be installed separately
as in Figure 5.7. If this is the case, all feeder tubes can be installed
at this time. If insufficient access exists to insert the tubes from
the ends of the tube end supports, then feeder and collector tubes must
be installed together. Basically this involves placing the feeder tube
into the collector tube and lowering both into the space between the
manifold and tube end supports. The closed end of the collector tube
is extended through the tube end support and the feeder tube is
withdrawn slightly from the open end of the collector tube to allow
seating of the flared end i:to the grommet.

Proper tube and manifold alignment will be assured if the following
sequence of tube insertion is observed. This sequence is valid regard-
less of which method is used to place the feeder and collector tubes.
Tubes 1 and 2 of the first manifold in the row of modules should be
inserted and the support cup assemblies (SK-3048) put in place and made
finger tight fixing the space between the flat side of the manifold and
the end support channels at 41-1/2" - 41-5/8". (See Figure 5.2C for
details of tube numbering sequence.) Nuts on the support rod outboard
ends may have to be loosened. Tubes number 23 and 24 of the first
module should then be installed in the same manner followed by the four
tubes at the center of the manifold. By "playing" the adjusting screws
of the support cups against the support rod nuts, the proper 41-1/2" -
41-5/8" dimension can be fixed and the nuts on the support rods given a
final tightening. At no time should support cup adjusting screws be
more than finger tight.

Remaining tubes in the first module can now be installed. Tubes
for other modules in the row should be installed in the same sequence.
It should be noted here that the optional shaped specular reflector
element (SK-2988) should be installed as each tube is installed. Spring
clips (SKk-2987) and the interlocking reflector tabs are much easier
to work with at this point.

External Piping To and From the Solar Collector

The piping connections to the collector may be made at either end of
8 bank. The top header,i.e., the pigﬁ located furthest from the mount-
{ng surface, is the outlet header. e bottom pipe is the inlet header.




2.7

The connecting piping to each row of manifolds should be properly
supported to prevent undue stress on the collector system. Expansion
of exterral piping from the collector should be considered in tnis
area. The headers within the collector manifold are compensated for
expansion by the mechanical coupling. Support to the manifolds is not
d:s:gned to cover the stresses that may be introduced by the connecting
piping.

External piping may be joined to the manifold header pipes by a
soldered connection, but extreme caution should be exercised to prevent
damage to any of the scldered connections inside the manifold or the
manifold insulation. An electrical resistance soldering tool is
recommended, but a torch can be used if heat shields are employed to
protect manifold insulation. A solder of 95X tin and 5% antimony is
recommended.

A preferred alternative s the connection of external piping using
the positive restraint coupling (SK-4253) as shown in Drawing ED-2.
This avoids all soldering and can also be used in conjunction with the
termination adaptor (SK-5319) for header pipe termination.

Vent valves near the inlet and outlet connections are recommended
for several purposes. These parts can be used as air vents when the
system is filled or drained. These valves may be manual or automatic
depending on desired operation conditions. In an emergency no flow
condition, the steam may be vented thrrough these valves to protect the
system from undue thermal and pressure conditions.

The maximum recommended operating pressure of the solar collector
row is 30 psig. The recommended design is to provide for a pressure
relief valve of 30 psig or less in the outlet header 1ine to vent the
collector in an emergency condition. It is absolutely essential that
no type of shutoff valve be Tocated between the collector ana the relief
valve. Such a valve could be accidentally closed and eliminate over-
pressure protection. The inlet of the collector should be maintainec
below 30 psig and can be accomplished with a pessure regulator in the
system. Each pressure relief valve should be vented properly to
insure that steam and water are diverted safely. A pressure relief
valve should be provided to each row of manifolds. For multi-manifolded
rows, each row which can be isolated from the system must have a
safety relief valve.

Leak Detection

The collector row shouid be checked for leaks at the coupling
between modules and at the connecting piping. Next, the “0“-ring seal
area should be checked for leakage. Leak testing can be with either air
or water. Water is the preferred method and can be used by pressurizu-
tion of the system not to exceed 30 psig. In some systems or situations,
it may be desirable to use air to check for leaks. In these cases,
pressurization with low pressure afr (-5 psi) and a soap solution is a
converient way to find leaks before a system is water filled. The
collector should not be pressurized over 10 p:i with air due to the
potential hazard of flying glass if & tube would be broken. Note that
air testing is not recommended during a bright, clear day. Evenings or
nights are suggested to reduce pressure-volume changes of air as {t fis

heated in a closed system,
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2.6 End Cap Attschment, Part SK-5153, Drawing ED-2

After leak testing, the insulating end caps can be cut as
necessary to make provision for the connecting piping. The caps
should fit as closely as possible to the piping to minimize heat
losses. The caps are held in place by the special fasteners

(SK-5407) which permit access to this locatien for system servicing.
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2.9 SUNPAKTM Test Module Package - Special Note

Purchasers of the two-module test array package will also
receive this Irstallation and Operation Manual,and should become
thoroughly familiar with all information presented even though the
test array is of small size. A1l installation procedures and modes of
operation are identical for large arrays and the small test array.
Some time might be saved, however, by taking note of the following
facts about the test array:

Depending on the nature of the mounting surface and
physical access, the ertire array could be assembled
in the shop and carried to the final location.

Wherever assembly is done, use of reference chalklines is
still recommended, but the use of a taut steel wire is not
necessary in aligning the two manifolds (s<e Section 2.3).

Since both manifolds are the "ends" of a row, the spacing
between the mounting holes of the "Z" shaped mounting
spacers will be 46" for both modules (see Section 2.4).

If more convenient, external piping connections for the
inlet and outlet header pipes may be at the same end of the
two module array. Any flow maldistribution should be
negligible for such a short array (see Section 1.4.3).

The mounting surface need not necessarily be consfructed for
long term durability. Exterior grade plywood with a suitable
finish is acceptable (see Section 1.4.5).

Since many test modules may be run without energy storage
facilities and without sophisticated control logic, it may

be advisable to make special provisions to drain the solar
loop when necessary due to severely cold weather. This must be
accomplished manually in the test module array by removing

the first inlet tube of each module (tube #1) and all the

even numbered tubeg in the module (see Figure 5.2C for tube
numbering sequence}),

During periods of high insolation and no collector fluid
flow, the possibility of collector boilout can be easily
avoided by temporarily shading the test module with asuitable
opaque cover. The collector modules need not be drained if
this step is taken.

The structural integrity of the mounting surface is equally
important for test modules and large sized arrays. Even
though the test installation may be temporary, the mounting
surface must be sound (see Sections 1.4.4-1.4.9).
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3.0 Recommended Operating Procedures

3.1 Filling

The into-nal parts of the SUNPAKTM solar collector will
approach temperatures in excess of 600° F while standing in
bright sunlight. While the SUNPAKT™ collector has been con-
structed with low expansien glass, filling the collector during
midday portions of a bright day are not recommended. Filling
a collector in a bright sun could cause damage due to thermal
shock. Introduction of a fluid into a hot tube could also
result in the initial slug of fluid leaving the collector to
be a mixture of hot water and steam. The outlet from the
collector on initial fill should be properly vented. The
recommended procedure to avoid steam generation and potential
thermal shock of the equipment is to fill in the early morning
so0 that a high stagnation temperature is not reached. Filling
should not be attempted after 9:00 A.M., and is best carried

out less than one hour after sunrise.

The invidivual modules of a collector array are connected in
a parallel fluid flow pattern. The fluid flow rate during
filling must be sufficient to cause all modules in the array to
fill uniformly and to prevent two-phase flow in the feeder tubes
which could lead to air entrapment. Air entrapment can cause one
or more modules to cease flowing if the back pressure of the air
lock is greater than the pressure drop offered by neighboring
modules. Air locks may also be encountered when a partially
filled array is refilled or whenever air is introduced into a
filled array such as when the piping is drained for repairs. The
piping system should be designed to minimize the introduction of
air into the array during normal operation.

Air entrapment during coliector filling can be avoided
through the use of the following flow rate guidelines. For the
standard 8 mm feeder tubes, a minimum fill rate of 0.3 gpm/module
is recommended with optimum fill rates lying in the 0.4-0.5
gpm/module range. For the optional 11 mm feeder tubes, a mini-
mum fill rate of 0.6 gpm/module should be used with 0.7-0.8
gpm/module being optimum.

IMPORTANT

The boiling out of a collector as a means of emptying the
collector for shut-down is not recommended. Under extreme 1in-
solation conditions, the collector could be damaged by thermal
shock.




3.2

3.3

Operating Flow Rates

The operating flow rates recommended for the SUNPAKTM
collector module are a compromise between desired fluid tem-
perature gain, energy requirements of the load, adequate
flow distribution in the collector array, and fluid pumping
costs. For most applications, the standard 8 mm 0.D. feeder
tubes provide adequate energy delivery with good fluid distri-
bution and acceptable pressure drops across the array. Some
load requirements, however, have demanded higher fluid flow
rates. Larger feeder tubes of 11 mm 0.D. have been added
as an option to give higher flow rates at pressure drops across
the array which are comparable to the smaller, standard feeder
tubes at lower flow rates.

Figure 5.3 shows the pressure drop across a module as a
function of fluid flow rate for both 8 mm and 11 mm feeder
tubes. The flow characteristics of the collector are such
that a pressure drop of 5 psi or more across the array will
assure that distribution of flow to all modules in the array is
uniform. As flow iates rise above the minimum needed for good
fluid distributicn. ccllector residence time is shortened and
fluid temperature gain s reduced. It has b?ﬁ" found that the
optimum compromise flow rates for the SUNPAK'" collector are
0.3 gpm/module for 8 mm feeder tubes and 0.6 gpm/module for
11 mm feeder tubes.

Freeze Protection

The very low loss coefficient of the SUNPAKTM collector
affords it excellent freeze protection. The collector will gain
enough energy on even the cloudiest days to prevent freezing of
the collector modules during daylight hours or through a below
freezing night. Piping to and from the collector modules is,
however, more vulnerable to freezing, especially under ne-flew
conditions. The length of such external piping runs should be
minimized. It is recommended that all piping systems external to
the collector be properly insulated to avcid the problem of
freezing a line to the collector resulting inisolation of that
element.

Temperature monitoring of the collector fluid is suggested
and heat may be added at night to keep the solar loop from
freezing. Where below freezing temperatures are particularly
severe or prolonged, exposed piping to and from the array should
be electrically traced and insulated. Under conditions of no
fluid flow, it may be advisable to charge a sustained pulse of
fluid to the array at about 4-hour intervals. This pulse can be
drawn from stcrage and should be of sufficient duration to
totally displace all fluid contained in the tubes, manifolds, and
system piping (each module contains about 9 gallons of fluids.

B-17
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The collector's tubular design tends to shed snow easily.
Experience in Toledo has shown that even a nine-inch snow
storm did not cover the array. However, if an array should become
completely snow-covered such that no insolation could reach the
collector, there could be a danger of freezing the array. To
prevent this, the entire volume of water in the exposed solar
loop should be exchanged with warm water at least once a day.

IMPORTANT

3.4

Maintenance and Safety

Extreme caution should be exercised when performing main-
tenance on the collector. Accidental breakage of a tube in a
system operating under pressure at temperatures above 180° F
could result in serious burns to personnel. Tubes should not
be removed from an array during periods of bright sunlight if
there is a possibility that the module being serviced could be
air locked. This could lead to the release of pressurized
steam, even though the inlet and outlet headers may be at at-
mospheric pressure.

Care should be exercised in handling partially filled
tubes which may have reached elevated stagnation temperatures
in the unfilled portion of the tube. Pouring water from the
tube could cause flashing of the water as it contacts the
high temperature region of the tube and in some cases this may
result in bireakage of the tube.

Personnel handling the evacuated collector tubes should
wear gloves and safety glasses. This is standard procedure for
any routine glass handling work. Failure of a tube due to
rough handling results in an implosion and does not generate
a serious probliem due to flying glass.

The collector support structure should be designed to
prevent harm to people or property from falling glass or hot
heat transfer fiuid in the event of failure of a glass tube or
other coliector part. If corrosive or toxic heat transfer
fluids are used, provision should be made to conduct these fluids
to a safe area in the event of collector failure. Safety relief
valves protecting the collector against pressures greater than
30 psig should be vented to a safe area.

The collector tubes tend to be self cleaning in normal
rainfall, However, if extended dry periods or other abnormal con-
ditions cause an excessive covering of dirt on the collector,
occasional hosing off is recommended. 1f performance is being
measured with the aid of a pyranometer, the cover of the pyrancmeter
should be kept clean at all times,

B-18




3.5

3.6

e e e e

Under conditions of no fluid flow, high levels of insola-
tion on a filled collector can rapidly lead to a boilout condition
in the collector. The system should not be shut down for mainten-
ance during bright sunlight hours unless absolutely necessary. If
such a daylight shutdown is unavoidable, that portion of the
system requiring service should be isolated from the remainder of
the system and shut down. That portion of the system must then
be drained down or adequately shaded from insolation. It is better
to schedule no-flow types of maintenance for night hours or perinds
of low insolation when no draining or shading is needed.

Recommended spare parts should include 2% extra collector and
feeder tubes. Required quantities of other expendable parts
(gaskets, seals, etc.) will vary with the installation and can be
recommended once the system characteristics are defined.

Monitoring Performance

Parformance of the SU‘NPAKTM collector can be monitored by
comparing the useful energy being gained by the collector to the
insolation entering the plane of the collector. Consideration
must be given to the residence time of the collector when deter-
mining heat gained. For example, a module operating with a 0.3
gpm flow rate will have a 30 minute residence time. To calculate
the heat being gained, one would determine a AT by subtracting
an inlet temperature from the outlet temperature which occurs 30
minutes later. This residence time would, of course, be different
for other flow rates. Residence time can be estimated assuming
plug flow and a 9 gal/module fluid capacity.

Technical Assistance

If additional information is desired, please contact the
responsible manufacturer's Project Manager at the following address:

OWENS-ILLINOIS, INC.
Solar Energy Products Group

SUNPAKTM Program
P. 0. Box 1035

Toledo, Ok 43666
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4.1 TABLE I
| sunpak ™ PARTS LIST
Number
Required Part
Per Module Number Part Identification
1 SK-5155-2 Standard Manifold (8 mm Feeder Tubes)
1 SK-5155-1 Optional Manifold (11 mm Feeder Tubes)
12 SK-4921-2 Standard Grommets (8 mm Feeder Tubes)
‘ 12 SK-4921-1 Optional Grommets (11 mm Feeder Tubes)
24 SK-4920-2 Standard Feeder Tubes (8 mm)
- 24 SK-4920-1 Optional Feeder Tubes (17 mm)
6 SK-2851 Support Rods
3 Sk-2852 Manifold Center Brackets
2 SK-2848 Tube End Supports
4 SK-2870 Clips
2-4 SK-2875 Mounting Pads 004 0
2-4 SK-2880 Mounting Spacers EPES{?%N‘ONO
0-2 SK- 289 Shim Spacers
24 SK-3048 Support Cup Assemblies
24 SK-3092 Collector Tube Assemblies
2 SK-3047 Floating Tube Couplers
As Required SK-4253 Positive Restraint Tube Couplers
As Required SK-5319 Termination Adaptors
2 Per Junction SK-5419 Manifold Connector Covers
4 Per Junction SK-5407 Manifold Connector Cover Fasteners
1 Per End SK-5153 End Caps
2 Per End SK-5407 End Cap Fasteners
24 SK-2988 Optional Shaped Specular Reflectors
.. B-20
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4.2 TABLE 11

SUGGESTED INSTALLATION TOOL LIST

"Holster"-type tool pouch
Carpenter's apron for small parts
178" ratchet socket drive

174" x 6" drive extension

5/16" deep well socket (1/4" drive)

£/18" nut driver
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BILL OF MATERIAL

SOLAR SYSTEN DEVICES

XEY QTY. ~ 0.8. N.R. DESCRIPTION
vP-6 .
THRO 11 SEE VALVE SCHEDULE SEE VALVE SCHEDULE
VP-16
TP-1 1 LP914A1052 - " DA SENSCR 40°-240°
1 3150468 WELL
T2 1 LP914A1011 DA SENSOR 40°-160°
b 311085-00107 SHIELD
© T3 2 LP914A1045 DA SENSOR 40°-160°
[
T-4 2 3150468 WELL
T-5 2 C773R1006 SENSOR
T-6 2 121371A WELL
FS-1 1 MAMPS43 FLOW SW
p-1 1 PP97A1076 PRESSURE CONTROLLER 10% - 300¢
A=l 1 FAR3430C ALARM BELL
1 FAR3004A GONG




BILL OF MATERIAL

SOLAR HUAT SYSTEM

PANEL DEVICES

KEY oTY. 0.S. N.R. DESCRIPTION

PE-1 ’ g
THRU 12 15750097-001 PRECISION F.E. SW. SPDT
PE-12 .
TD-1 1 80384 2EAKXA T.D.R. 2-60 MIN. DELAY ON DROP OUT
TD-2 1 ‘s 803842ANDXA T.D.R. 2.5-50 SEC. DELAY ON PULL IN
TD-3 1 BO3B42AAHXA T.D.R. 3-30 MIN. DELAY ON PULL IN B
TD-4 1 B804132EAA T.D.R. .2-5 HR. DELAY ON PULL IN
R-1
* THRU bvj R4222D1005 RELAY DPDT 120V COIL
R-11
. &

R-14 , R-15, R-16

EP-1
2,6, 7-9

10 THRU 9 RP417B1007 E.P. RELAY 3 PORT 120V COIL

14 -
*PE-13, 14

3 3 P658B1012 P.E. RELAY §.P.D.T.

15 @
c-1 1 R7412A1004 DIFFERENTIAL TEMP., CONTROLLER

C 283 2 RPO90O8SA1021 SINGLE INPUT CONTROLLER

RP-182 2 RP471A1002 PNEU. RELAY 3 PORT

PL-1&2 2 165364DAA PILOT LIGHT RED 120V |
5-1 1 30017296-2 SWITCH, TOGGLE j
§-2 1 12TS115-1 TOGGLE SW. D.P.D.T. MAINTAINED 3 POS. 1
s-5 1 11TS115-3 TOGGLE SW. S.P.D.T. MAINTAINED 2 POS. ,
*SP-16243 3 802550 TOGGLE SW. PNEW. 3 WAY 2 POSITION

x0-1 1 SC~2306W/77 TYPE ‘J' T.C. INPUT. 34-15¢ OUTPUT i

0° - 240° SPAN
MFG. BY R.1.8.

* 2 K112) PHOTO ELECTRIC CELL MFD. BY
INTERMATIC, INC.

*CHANGES TO ORIGINAL JOB




SEQUENCE OF OPERATION

ALARM AND SYSTEM PROTECTION SEQUENCE

IF OUTDOOR AIR TEMPERATURE FALLS BELOW 40°FP, AND V-13 IS BYPASSING THE
COLLECTORS, VALVE V=14 WILL OPEN AND PUMPS CP-2 AND CP-3 WILL RUN FOR
10 MINUTES OUT OF EVERY 4 HOURS ONLY IF COLLECTOR DISCHARGE TEMP-
ERATURE IS ABOVE 40°¢. SHOULD THE COLLECTOR DISCHARGE TEMPERATURE
FALL TO 40°F, V-13 WILL SHIFT TO ALLOW COLLECTOR FLOW, PUMPS CP-2

AND CP-3 WILL RUN, FLOW WILL BE DIVERTED THROUGH THE STORAGE TANK,
VALVE V-8 WILL CLOSE AND VALVE V-9 WI".L BYPASS THE BUILDING

HEATING SYSTEM. THIS SEQUENCE WILL REMAIN IN EFFECT UNTIL

COLLECTOR DISCHARGE TEMPERATURE RISES TO 70°F, AT WHICE TIME

THE SYSTEM WILL RETURN TO NORMAL OPERATING SEQUENCE.

IF COLLECTOR DISCHARGE TEMPERATURE RISES TO 220°F, THE
PURGE UNIT O. A. AND EXHAUST DAMPERS WILL OPEN AND THE
FAN WILL START.

FS-1, UPON SENSING FLOW IN THE AUTO FILL LINE, OR P-l,
UPON SENSING A SYSTEM PRESSURE OF l1#, WILL SOUND AN
ALARM AND LIGHT THE COLLECTOR LEAK PILOT LIGHT.

IF COLLECTOR DISCHARGE TEMPERATURE FALLS TO 38°F, AN ALARM
WILL BE SOUNDED AND THE COLLECTOR LOW TEMPERATURE PILOT LIGHT WILL
BE LIGHTED.

IT SHOULD BE NOTED THAT NO SILENCE SWITCH HAS BEEN PROVIDED
FOR THE ALARM, AS THE TAKING OF PROMPT CORRECTIVE

ACTION IS CONSIDERED ESSENTIAL UNDER BOTH ALARM

CONDITIONS. WHEN THE FAULT HAS BEEN CORRECTED THE

ALARM SYSTEM WILL RESET ITSELF.




e

SEQUENCE OF OPERATION

NORMAL OPERATING SEQUENCE

THE FOLLOWING SEQUENCE OF OPERATION WILL PREVAIL WITH THE SOLAR
HEAT/OFF/ELECTRIC CHILLING SWITCH IN THE SOLAR HEAT POSITION AND
THE FILLED/DRAINED SWITCH IN THE FILLED POSITION.

WHEN COLLECTOR DISCHARGE TEMPERATURE RISES TO 120° AS SENSED BY

T=-1, VALVE V-13 WILL ALLOW FLOW THROUGH THE COLLECTORS, PUMPS CP-2

AND CP-3 WILL RUN, CP~1 WILL STOP, VALVE V-6 WILL BE OPEN, V-7 WILL BY-
PASS THE CHILLER, V-8 WILL BE OPEN AND V-9 WILL ALLOW FLOW THROUGH -
THE BUILDING HEATING SYSTEM.

WHEN V-13 SRIFTS TO ALLOW FLOW THROUGH THE COLLECTORS A 20 MIN.
TIMING PERIOD WILL BE INITIATED, AT THE END OF THIS PERIOD IF
THE DISCHARGE TEMPERATURE HAS PALLEN BELOW 80°F, V-13 WILL
BYPASS THE COLLECTORS, PUMPS CP-2 AND CP-3 WILL STOP AND CP-1
WILL START.

ANYTIME V-13 IS BYPASSING THE OOLLECTORS, V-~12 WILL ALLOW FLOW
THROUGH THE STORAGE TANK, FLOW BEING IN THE BOTTOM AND OUT THE
TOP OF THE TANK. IF V-13 IS ALLOWING COLLECTOR FLOW AND TANK
RETURN WATER TEMPERATURE IS 5° OR MORE ABOVE THE TANK TEMPERATURE,
V-12 WILL ALLOW FLOW THROUGH THE TANK, FLOW BEING IN THE TOP AND
OUT THE BOTTOM. IF TANK RETURN WATER TEMPERATURE IS LESS THAN
2°F ABOVE TANK TEMPERATURE THE TANK WILL BE BYPASSED.

IF AT ANY TIME SUPPLY WATER TEMPERATURE TO THE BUILDING HEATING
SYSTEM DROPS TO 750p AS SENSED BY T-4 VALVE V-8 WILL CILOSE AND
VALVE V-9 WILL BYPASS THE BUILDING HEATING SYSTEM.

WITH THE SOLAR HEAT/OFF/ELEC. CHILLING SWITCH IN THE ELECT.
CHILLING POSITION, VALVE V-6 WILL BE CLOSED, V-7 WILL BYPASS
THE CHILLER UNTIL CHILLER RETURN TEMPERATURE FALLS BELOW 90°F,
V-8 WILL BE CLOSED, V-9 WILL BYPASS THE BUILDING COOLING SYSTEM,
AND PUMP CP-1 WILL RUN CONTINUOUSLY.

WITH THE SOLAR HEAT/OFF/ELECT. CHILLING SWITCH IN THE OFF
POSITION, ALL PUMPS WILL STOP.

WITH THE FILLED/DRAINED SWITCH IN THE DRAINED POSITION, V-13
WILL BYPASS THE COLLECTORS.

VALVES V=15 AND V-16 ARE MANUALLY CONTROLLED BY SWITCHES
MOUNTED ON THE TC PANEL. '

PNEUMATIC TOGRLE SWITCH 5P-3 CAN OVERRIDE THE CONTROL OF V-14 AND OPEN THE
VALVE MANUALLY.

THE CONTROL OF CP-1 IS DE-ENERGIZED AT NIGHT THROUGH THE PE RELAY PE-14,
PILOTED FROM THE DAY-NITE AIR MAIN.

TWO PHCTO-ELECTRIC CELLS, WIRED IN PARALLED FOR BACK-UP OPERATION, IS
WIRED THROUGH RELAY R-16 TO ENERGIZE PUMP CP-1 DURING DAYLIGHT HOURS RE-
GARDLESS OF TEMPERATURE.

C-6




L1

dhVdd Lo,

9

FrsmouT prAyg

gy MBuds w/ o OO
swr? My STAPWR

P Y

:

wikl N §g%
b ATH =CL3iNG Lo s
N PUMP (TARTER!

AN

[ &)

LTO my
Ll sowen
-

~ /Jﬂ/,

TR !

Vg |

115 VA . e \
RS B
Cil?mf jvaA
'_'_‘ I
i
CARTR
u LN ;
,——-_ ¢ '
= e

LT MAigA - ==

L‘ hd e Tl s

WAL Y -=' 1"

! Smven i e = .
oL ] '
i
N N L
g FRp -
. 4 ’, '_"_. 4 -
| I.‘,‘_l.'] =, B "’
" e I)': 4.03 i g Y .
‘ ."-‘J' ‘C’"'.* £ w
e el e ,4

@ g B S A O i : -

: ! L o - ' - ‘-'_-|| _'__-!|- I P Y A

I R S TE e TR T

P ey - - . . . ~ . 4 e T

| YL mEAY R “l S : ~i- ‘ !

[ T3-T - LT - _ T ) ’ ol . »_!4._‘ i .- -
[ p . ' o e T T T o Tl oyt S [ .
hovaamear/ v T e T T T R o mm e ) |

— Ty T T LT T T LT . + -

@ - ® T |
_Fo L . S - T
. et ¥ G S SO TRLLYY ) ot !
AvARy i ‘t%lw?#' L Xaa U L3V ar : ‘m_@
““":rb - : e e B - ‘.N‘\’ . . e 4 Lo ol 41‘ JUTA
e % 5 oy - , FoMmo i '1 I i :
q £3 - 5] 3; r#‘:;" e o A L ey
i ' T l . [ ! e
L—--~’”1 ! ) 16-& . | . 2 » . y L
’ [ 3 - R
S S G DL R
’ - N A N ’
L KS\/ ‘R B'A'.L‘Cl [
! 4w T ‘T waive
N MERRY B 2 @ -~ | e e
_SE_ LY & Y -
o 9 sk orL v 1 |
a2 vie "7 e T < TO ELECTAIC PHOTE E
l‘cﬁt‘.mj Murgastiag CELLS Om OOP

" vlvuosu!
cLmtr o4




EXITING

SMRILIw
PRLVENTOR,

PHOTO LLIC TR

MHTE o,y cruLs
J£3}

- -- - v e e - H
o ovaem . QLE e
T PanD, he ¥ i ﬂ
) By
G W oaap (twte
- —‘1‘ ) ) L NCTNN T ’y
i . ! |
. 4 —

TO 218 PELOW CANYER

O, LCTOR Fugr ity 1 o
O utIght - Ry ! RYRXY s L3 SN

- s 1 ' - . :“: h._z o

oM suriews U e >
I (Pricravo M L 43 g . 143 L )
} . i ] - I t
I X3 ' | m::;u '.‘" AT ¢ 0 T . - e " . Cae : "
I L ™ oMy e R4 (%01 (v (90" AR \ J .
- — R . -
! ' L ! e
| , - o
' - LT TNT T T Tz L S P g 4
e e e e Lo - L m T S _ T -TZZI.. - S --
——en,
AL PHOTE :‘(‘.’(‘t':?' - - : _
toor wARE 18 ¥ s w0017 LD CONTROLY
sgie DREAK 129 AT R RN
e —7 , Y, I
Sapammtiey [ ) Hm rq.!.'r
s nad by, Py




, -
(]
T° =9 °f-5 B
.00 e e e 10 —_
F __—‘ ‘ Pets 7 —\ |
-w /sy ___&‘ — .
R & 3A ‘] ; !
. ] !
~ ' - —— i
—t r""i " | - : | rap
“:g-)z v Gesn ! o2 L L. }—--——T -~ -
~I2 DRGSR, /,T"”- a (1.06) i (1) .
H + kS _,' L-,' ;
(/.03 \ :
! : . i 403 — 4 o
TD-1 A
/05 ’_ _«‘\ - - - - - .. ‘\rﬂ"q "
, (102 | M
PE-4 PE/3 R3C
14 ' _—«{ oo o - —,'/th+/'07 $00 R la lf ' (,7—1__170-4 ]
P£ -0 . ~. ! A
V2 U A ,34 v, €(107) | (500
. rz:-/_" 1 ; TO3
L98 3 'Q-‘—-'—V\,.. - s 0/ r——-———-——v\X\—-—-—-
E: M t
vy 6 5 (1.02) _fw 191, 2.00 : *5.08)
s R-6B o1, 12:9Q i o3 .
106 E s e ~—+’*R3Q?‘mo %oz 5.02 e —
'6. é/) ;A2 | L% A % 01
107 o Ce -;_m.mkm '
= ' 5,03
cm—n (£0%) .
22 N
R 3A
2.60 3.,._.___.1". - - : __..'@// e
(108N B A
2.0/ t{ 'af’é;-z
-1 - 1
T« “
oLAR HEAT 1 7
2.° | /R 104 76 00.13.00 Lr e
—_—— g 700 ————g——
- ,/‘-J 10.01 T ~ H- :{ 7, 1
ufcr cwuwo b '_ . 7.01 {}
oy N H FS1
T 8.00 i —
FILLED o~
L 3 o - — R /%0 PEIS
ks s oor | ST
DRAINED »
ARCHITECT: o ir NS DELA) GPEN (NEX) s NC DURY CLOSECEnER) 4 (AD
ENGINEER: - A A = :frl\\‘.h
CONTRACTOR: o N5 DELAY GPEN (DE (mER) surs
APPLICATION ENGINEER: 5 p—
Cc-8




W] (4] N
T SOLAR Mé
S/ 9.00 R3n 52
l Ne- 9.0/ ¢ | o OFF
| 01051 l , o ELECT CNILLING
| R-r4 l
: ﬁ.éb 9.02 __{ lr J
— ,'A..([P-///-Y (503
Loroe) T E’g R-10 r3A ."
i c ! 10.00 J | H
/-\ : ir Al
L"ZH" ¢ _,(M_. R-11 (3.00) (1.05.1)
N -/ io-a/ }_,_ .
{Al/_} (3.0
TD-¥ /}J 50/ 502 H] PE-6 N
<X & , 11.00 T ) Ry w ___,@j
(5.0 | l F' Pl-/ZI
D3 P 11.0/ » oM
O~ = 7 ‘?}"'4 3.00 9/ H AfA N
J 27 & R-7 AN
‘5.00) l - /R.00 — } =
ro-3 6B ! 59 j (700} BiiL
— g [ RIY—¢ & R-8
A _ - £
‘6010 ! - 2.0/ g },_-,-
S -
e B4 9.52 :_3 R-7 (8.00) Pr2 s |
12,02 e - {f} :
’ N\
12.03 | (7007 8'8 Pl S~
- —ik (R
(8.00) oo
]
H
L 2010
/3.00 { l[ -
(3.00)
/3.0/
A| 'N SERIES WITH-HOLDING B
COIL OF CPI| STARTER l
—— X
] RS RI6 .
Lok
x. 8 c LADDER ﬁmakﬁm- Sauv)? Pﬁutc
[ ]
lose cenvex) |[AJADDED PEI4 RI6 7-15890 ];?oy [,,_,,mqy
‘ REVISIONS DaTs APPD.
Surtacenes DRaww BY: M (£E Dave 9/20/77 onawine 79 /7 - - =
SuPCRIEDLD BY APPROVED BY: sneer 740' 7 NUNSER '30 7754 7 2




-

B b o o L A e

Bt e S

AH=1

FIELD MOUNTZD DEVICES

BILL OF MATERIAL

CODE oTY. PART MNO.
D-1, D-2 2 D64 1A
HL-1 1 LA419D1075
L=t 1 L480G1002
LP-1, LP-5 2 LP914A1003
Lo-2, LP-4 2 LP914A1144 .
LP-3 1 LP914A1060
3150468
¥P-1, MP-2 2 MP90981007
TP-1, TP-2 7 TP970A1004
TP-3
7 14002132-101
7 14001608-001
7 14001615-002
VP-1 1 VALVE SCHEDULE
* 7 RP670A1001
* 7 RP972A1006
DEVICES MOUNTED IN ELECT. HT. PANEL
PE-1, PE-2 2 P658A1005
PANEL MOUNTED DEVICES
c-1, C-3 2 RP90831029
c-2, C-4 2 RPYOBA1062
6-1, G-3 2 804071A
G-2, G-4 2 804071AP
*pE-3 1 P643A1007
RP-10 1 RP471A1002
RP-5 1 RP972A1006
RP-11 1 RPY71A1015
*RP-2,8 2 RP6TOA1019
*RP-3,4,7,9 4 RP670A1001
*RP-12 2 RP67081009

*Changes to original job

DAMPER

FIRESTAT

FREEZESTAT

SENSOR (-40  16J)
SENSOR (25 125)
SENSOR (-40  160)
WELL (&™)

DAMPER MOTOR
THERMOSTAT

COVER
RING
FITTING

SWITCHING RELAY-
REVERS ING RELAY

P.E. SWITCH

RESET CONTROLLER
LIMIT CONTROLLER
33" GAGE (-40 160)
33" GAGE (25 125)
P.E. SWITCH
PNEUMATIC RELAY
REVERSING RELAY
RATIO RELAY
SWITCHING RELAY
SWITCHING RELAY
SWITCHING RELAY

DAY-NITE
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SEQUENCE OF OPERATION

.

AH~1 UNIT CPERATION .

When the system is indexed to solar heating (air pressure on line 5 from the solar
panel) the outside air damper is closed, the return air damper is open and the
control of the three-way valve is controlled by the space thermostat. The complete
sequence is determined whether solar water of adequate temperature is available or
not. If adequate temperature is available, according to the reset schedule, {i.e.,
70° F. cutside air temperature, 70° F. water temperature being supplied to the coil,
0° F. outside air temperature, 90° F. water temperature being supplied to the coil,
then the space thermostat operates through reversing relay RP5 and Solar Heat -
Electric Chiller Selector Switch (SH-EC) RP-4 and Selector Relays RP-7, RP-3, and

RP-12 to operate the three-way valve, opening port A to AB for flow through the coil

for heating. The electric reheat is locked out.

If water temperature supplied to the coil is less than the above reset schedule then
the space thermostat operates through relays RP-5, RP-4, RP-7, RP-3 and RP-12 to
cycle the electric reheat to maintain space temperature. The three-way valve 1is
positioned to the by-pass position (B-AB) to prevent carrying the heat away through
flowing water.

The space thermostat also is piped through another SH-EC selector relay RP-9 to cycle
the fan during the day at one temperature and cycle the fan at nite at a lowered
nite temperature. With the system indexed to "Electric Chiller" at the Main Solar
Panel, air pressure on 5 is bled off and all selector relays pass on 6-7. With the
space temperature below the set point of the master space thermostat the outside zir
damper running closed. The three-way valve on the chilled water coil remains in the
by-pass position. When the space temperature exceeds the thermostat setting (8f
branch pressure) the outside air and return air damper modulates to maintain 60°
mixed air temperature until ithe outside air temperature exceeds 68° F. At 68° F.
outside air temperature the outside air damper is closed, the return air damper
opens. The mixed air temperature will be over 60° F. so the three-way valve on the
chilled water coil will be in the full flow position.

Space temperature at the Master Space Thermostat is maintained during the DAY by the
space thermostat cycling the fan. During the NITE mode the fan does not run.

Zone temperature is maintainred by the zone thermostat operating a pneumatic damper
motor to modulate the discharge dampers of the mixing box. The action of the
thermostat is reversed depending upon the temperature of the air leaving the unit,
i.e., heating or cooling.
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BILL OF MATERIAL
AH-3 & 4 CONTROL
FIELD MOUNTED DEVICES
CODE oTY. PART NO. DESCRIPTION
D-1, D-2° 4 DS41A DAMPER
HL-1 2 LA419D1075 FIRESTAT
LL-1 2 L480G100Z FREEZESTAT
LP-1, LP-5 4 LPS14A1003 SENSOR (-40 160)
’ LP-2, LP-4 4 LP914A1144 SENSOR. (25 125)
LP-3 2 LP914A1060 SENSOR (-40 160)
2 3150468 WELL (')
MP-1, MP-2 4 MP909C1054 DAMPER MOTOR
TP-1, TP-2 3 TP970A1004 THERMOSTAT
3 14002132-101 COVER
3 14001608-001 RING
3 14001€15-002 FITTING
V-1 2 VALVE SCHEDULE
DEVICES MOUNTED IN ELEC. HT. PANEL
PE-1, PE-2 4 P658A1005 P.E. SWITCH
PANEL MOUNTED DEVICES
c-1, C-53 4 RPS08B1029 RESET CONTROLLER
c-2, C-4 2 RPY08BA1062 LIMIT CONTROLLER
G-1, G-3 4 804071A 33" GAGE (-40 160)
G-2, G-4 4 804071AP 37" GAGE (25 125)
*PE-3 2 P643A1007 P.E. SWITCH
RP-10 2 RP471A1002 PNEUMATIC RELAY
RP-5 2 RP972A1006 REVERSING RELAY
RP-11 2 RPI71A1015 RATIO RELAY
*on_2,8 4 RP670A1019 SWITCHING RELAY DAY-NITE
*RP-3,4,7,9 8 RP670A1001 SWITCHING RELAY
*RP-12 2 RP67081009 SWITCHING RELAY
*Changes to original job
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SEQUENCE OF QPERATION

AH3 & 4 UNIT VENTILATORS

When the system is indexed to solar heating (air pressure on line 5 from the solar
panel) the outside air damper is closed, the return air damper is open and the
control of the three-way valve is controlled by the space thermosta.. The complete
sequence is determined whether solar water of adequate temperature is available or
not. If adequate temperature is available, according to the reset schedule, i.e.,
70° F. outside air temperature, 70° F. water temperature being supplied to the coil,
0° F. outside air temperature, 90° F. water temperature being supplied to the coil,
then the space thermostat operates through reversing relay RP5 and Solar Heat -
Electric Chiller Selector Switch (SH-EC) RP-4 and Selector Relays RP-7, RP-3, and
RP~12 to operate the three-way valve, opening port A to AB for flow through the coil
for heating. The electric reheat is locked out. )

If water temperature supplied to the coil is less than the above reset schedule then
the space thermostat operates through relays RP-5, RP-4, RP-7, RP-3 and RP-12 to -
cycle the electric reheat to maintain space temperature. The three-way valve is
positioned to the by-pass position (B-AB) to prevent carrying the heat away through
flowing water.

The space thermostat also is piped through another SH-EC selector relay RP-9 to cycle
the fan during the day at one temperature and cycle the fan at nite at a lowered
nite temperature. With the system indexed to "Electric Chiller” at the Main Solar
Panel, air pressure on 5 is bled off and all selector relays pass on 6-7. With the
space temperature below the set point of the master space thermostat the outside air
damper running closed. The three-way valve on the chilled water coil remains in the
by-pass position. When the space temperature exceeds the thermostat setting (8#
branch pressure) the outside air and return air damper modulates to maintain 60°
mixed air temperature until the outside air temperature exceeds 68° F. At 68° F.
outside air temperature the outside air damper is closed, the return air dawmper
opens. The mixed air temperature will be over 60° F. so the three-way valve on the
chilled water coil will be in the full flow position.

Space temperature at the Master Space Theruwostat is maintained during the DAY by the
space thermostac ~ycling the fan. During the NITE wode the fan does not rum.
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SEQUENCE OF OPERATION

AH-2 & 5 CONTROL

WHEN THE FAN IS RUNNING, THE MASTER THERMOSTAT WILL CYCLE
THE THREE STAGES OF ELECTRIC REHEAT THROUGH PE SWITCHES
TO MAINTAIN SPACE TEMPERATURE. THE MASTER THERMOSTAT
WILL ALSO MODULATE THE CHILLED WATER VALVE FOR COOLING.

THE ADDITIONAL SPACE THERMOSTATS WILL CYCLE THEIR RESPECTIVE
ELECTRIC REHEATS THROUGH PE SWITCHES.

UPON RECEIVING A SIGNAL FROM THE SOLAR PANEL, THE ACTION OF

.VP-1 WILL BE REVERSED. VP-1 WILL THEN BE SEQUENCED TO
MAINTAIN REQUIRED DISCHARGE TEMPERATURE.

BILL OF MATERIAL

CODE QTY. PART NO. DESCRIPTION
PE-1 THRU 17 P658A1005 P.E. SWITCH
PE-7
RP-1 2 RP411A1005 AIR MOTION RELAY
TP-1-TP- 6 TP970A1004 THERMOSTAT

6 14002132-101 COVER

6 14001608-001 RING

6 14001615-002  FITTING
VP-1 2 VALVE SCHEDULE
RP-4,RP-7 4 RP471A1002 PNEUMATIC RELAY
RP-5 2 RP972A1006 REVERSING RELAY
RP-6 2 RP971A1015 RATIO REJLAY

950-74091-3
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STQUENCEK OF OPERATION
RELILF. ONMPER CONTROL

THE AELISF DANPERS WILL MODULATE OPER
WEN THE STATIC PRESSUAZ [N THE MV
ALR PLENUM ABOVE THE CEILING IN-
CREASES .

OtILIER CONTROLS

T™HE CIHILLER WILL ME OPERATIVE 1P

ME PUMP IS OPERATING. PROVING PUN
OPi RATION IS THE AUX. SWITCH ON THE
PUNP AND A PLOW SWITCH [N THR PUNP
DISQIARGE .

THE ELECTRIC MERAT TAPL WILL BL
INEAGIZED YHEN THL OUTSIDE AR
RRACHES 36°. WEN T™MEZ CNILLER 18
DAAINED, A SWITCN IN THE AN-1 COW-
TIOL PANBL SNOULD B3 TUNNED ‘OFFP°,
WY ALLOWING TME GRAT TAPE TO

oPEIATE.
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_Sequence of Opersgion
Propeller and Fan Conirol
0a a call for heat, the electric space
thermostat wil! cvcle the heaters as
required to maintain space temperature.

Convection (Fin Tube) Control
TheDav-Nite Thermostat will control
the P.E. Switch which will cvcle
the heaters to maintain the space
temperature.

ARVES LI’ 10d \,23

PE-~1 2 P658A1005 PE Relay

T-1 3 T4051D1007 Thermostat

TP-1 2 TF971A1003 Day;Nite Thermost;
2 14002132-101 Cover

14001608-001 Riny
2 14001615-002 Fitting,

~
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SEQUENCE OF OPERATION

SONPRESSOR CONTROLS

THE COMPRESSOR WILL PROVIDE CLEAN,
DPT AIR FOR THE TR ERMTURE CONTROL

IYSTEN.
(Jr
I
52
F;
FRCM TIME CLICK 5
E-I
| -
~»_J, ;
. e
' Gy
N
Rl OF MATERIAL
p———————% 20y /80~
coDE QTY. PRART MO, PESCAIPTION
= L DR- 1 | AX)180 DRYZR
oRRIN
AK)485D DRAIN KIT
wp- | 1 Wre08IBOALS COMPRESSOR,
] PP902B10C]1 Pressure Reducinp
Valve & Filter
(2~ Pressure)
MOTYVRLL
7 1 L CONIAESTOR
Jmean—— | }
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- - >y 7 a'd ;P y
JJCHGR PRV K ROFTHE A LTV KT
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APPENDIX D
VENDOR ITEMS




LIST QF ITEMS INCLUDED

Water Storage Tank

Expansion Tank

By-Pass Chemical Feeder

Alr Separator

Circulating Pumps

Purge Unit

Purge Unit Control Dampers

Single Seated Valves

Single Seated, Normally Open, Pneumatic Valve Assemblies
Single Seated, Normally Closed, Prneumatic Valve Assemblies
Three-Way Mixing and Diverting Valves

Three-Way Pneumatic Valve Assemblies

Pneumatic Valve Assemblies, Three-Way Mixing or Diverting
Tank Fittings

Relief Valves

Water Vent Valves

Swing Check Valves

Gate Valves

Combination Starters

Circuit Breaker Panel

NEMA Enclosures

Differential Pressuretrol Controllers

Solar Temperature Control

Watt Transducers

Insulation Material

s
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@ARBORN EQUIPMENT BULLET!N 80770
chemical feeding equipment |

"%:':.'cr.t:. as Subrtied

1
|
|
1
\ v Apnriveq As tioted I

L& 1 MODEL HV AND AV
BY-PASS CHEMICAL FEEDERS |
APPROVED &y |

ADVANTAGES: CONTRACTON 5. ipfL K nE- b ' ILE TON CORRGCT
e Easy to install 'mmc'/g/ / %
/ -
o Safe and easy to use BY .= %Zé_ --_A'.Q-- =
¢ Economical DATE 27 3]/

Dearborn offers two sizes of by-pass feeders for
introducing powdered or liquid water treatment
chemicals. The feeders are of steel construction
and suitable for working pressures up to 300 psi.

The Type HV (2 gallon) and AV (5 gallon) feeders
each have a 3’ fill opening. The closure requires
just a %'’ turn by hand to open or close the feeder
for a perfect seal. The closure actually tightens
with pressure. The greater the pressure the tighter
the seal. The floating seal is positively self-aligning;
can.not cock or distort. The cover is removable
in its entirety, including gasket. No loose parts
to assemble. ‘’‘O’’ ring seals can be replaced quickly
in the field. Safety feature will not allow removal
of cap with pressure on the feeder. Pressure must
be released *o0 open.

INSTALLATION

Dearborn By-Pass Feeders may be installed in any
of the following manners:

o Between the suction and discharge of a pump.

e On horizontal or vertical piping using a valve
or orificz to create flow through the feeder.
e Direct to system piping or pump suction
using water from a source at higher pressure.

NGTE: Feeders are furnished without valves and '
fittings. See reverse s:de for valve and fitting 1
requirements and typical drawings for each of the i
above installations. ‘

DEARBOHN CHEMICAL (US) E_HeMreDconponAHON ‘ JNESEE STRELY
D-5




t quipment Balletin 80770

NOTE CONTROL VALVE NOT REQUIRED
WHEN SLUG FEED IS USID

CHECK VALVE

CONTROL VALVE
ADJUST 10O REGULATE

CHEMICAL FEED \

GLOBE Or
GATE VALVE

\ t

GATE VALVE OR ORIFICE
NOT INCLUDED WITH FEEDER

TYPE OF CAPACITY MAXIMUM SIZE OF SHIPPING
FEEDER IN WORKING | VALVES AND A B WEIGHT
GALLONS PRESSURE FITTINGS
. HY | ~ 300PS.I. 3/4 7 18-3/4 _?_!_lilb_s.__
L AV 5 300 PS.1. 3/4" 101/4 20-1/2 39 Ibs.
6 DIA 347 1PY
.
FOR PETCOCK
LA
1172
31/2° DIA OPENING T l
TOP CONSTRUCTION WITH = fo— A0 D —e
31’2 OPENING -FOR 8
BRIQUETTE TREATMENT t
SCREEN
CONTROL VALVE. ADJUST
TO PREVENT EXCESSIVE \ T
CIRCULATION THROUGH
FEEDER A=
X 324 1P "1’
GLOSE Of l
GATE VALVE
1/2 GLOBE VALVE /)=
FOR DRAIN GLOBE OR l
GAIlt VALVE
L & @*— -— l
PUMP DISCHARGE
Fig. 1
MP SUCTI l
PV x ON Y|
! = —e —oi




BELL & GOSSETT ITT
Fluid Handling Division

The Rolairtrol Air Separator

Model No. RL-2-1/2
Less Straines
Capacity: 90 GPM

D-7
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CONTRACTOR_Starco, Inc,

SUBMITTED BYW@borHufPATE falall
APPROVED BY DATE

18 __ GPM___ 50 FT.
ELECTRICAL DATA:
480 vours 60cy. 3 pn,
MODEL 1% Tv_ 1
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ORIGINAL pAGg IS
OE POOR QuALITY

Specifications

1B Exve quist, 1790 e motw. Sumdive
= i

oy gucml ducvesl wKwELa oy eedeth
o euvn eust )

: —— TV SERIES, LINE-MOUNTED THRUSH PUMPS

peller, designed for efficient, quiet
operatian in heating and air con-
ditioning systems. Extra quiet motor,

shell molding and coring of impaller

s and pumz vuiuie assure quiet, vibra-
tion-free service. Center line suction
and discharge divides pump weight
0 evenly. N¢ foundation, floor space or
vibration dampeners are required.

Pipe and fittings are saved with
these line-supported Thrush Pumps.
A | Complete rotating unit may be re-
moved for inspection or mainten-
ance without breaking flanged pyw
e.

_‘g_' TV Series Thrush Pum:s are single-
) : sucticn, close-coupled, closed im-

be the same size as the suction ccn-
+ nectign. TV Series Thrush Pumps are
B . built to time-tested principles by the
0 O oldest manufacturer of line-mounted
Centrifugal Pumps and Circulators.

g connections. A diffuser. section,

M ) signed as a part of the Pump casing,
| o5 | © allows the discharge connection to
) T

NS
l

ey Ee—np—a
woor . | SERES [ [ WU | s e | o [ e |
' )— 1% Tv-1 1%” 1 108 | 20%” | 87| 2%" | 13%” | 4%~ | 57 |3~
1% V-% 1%” % 86 | 17%” | 87| 2% | 9%~ 4%~ | 5~ |3”
1% TV-%2 12" ¥ /6| 16%7 | 87| 2% | 97 | 4%~ | 57 | 3” (

THRUSH Preducts, liic. (;

P.O. Box 228 * Pery, Indiana 48970 :

C - 3 D-9 Litho 1n U.S A
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CUSIOMIR aCCOUNT NO
Fou > oL Tt Tt TNT CAPACHYY
- 'l lm ' [ S ot e - - e b e o b lr ! CORRECT
——— Flolve 5
s /
: o Sne LG oo
: Ressowalt Ststisn DR sl Z--; oo
0 Baytsn, Ghie ASAL7
(INCLUDE 2P CODE)
TAG: [OcLmvaTe cH. YR TORFIVENT [JCAB FAN | (CENT.A C.CONDENSE R
Quan e MODEL (1) - Submuttac Drawin
00 umis ixy. 6. Vaxtisal Floow v SEESES
P MODEL
v '5' DISCHARGE ron - /_,'(9.'/‘;5 Rr1n o ke o Eastes
14 " ur
L > i (AL éé Vék HP High Piessure
SCFM ESP RPM < [DIAME TER| Tvee | numAER DT Diow They
y & Of FaNsy MZ Multi Zone ﬂ
379 | 18 13 |s¢| 2 DD Double Duct
COIL SPECIFICATIONS CAPACITY FLUID COIL NO ‘(T Slb'ﬂvcovl
’:' cons | Cos |__sizE T,“ Tunes |, [ve]xw (AT LAT  [ovee] omn | rewr | cirrees 812 i
" v ‘ — . —_— - O N out |ere 5 %
u'.v 7+ Jioe ' towc] Y In.. == o™t ? ’/MBH DB wB DB wB " PRr S Sy 1C Condenger
4 - — - 4 = <ol CIENE Gt ey ey e s
| PmENEAT | COOLINGCOILS
' Wi VECTION W Stgndord Wo'er
L. ——— — DO Drginacble Z
ringr DD Double Circurt =
§ N e e
“lw(selzsise (21 AR P13.7) 90 1149.8 (WM D49.4 106 921 16 | ¢ e
l!?;ﬂl’ - F 2 - Refrigmrant - 22
CaVixo
1 : '_JL__W_____M HOTWATERCOILS
LTy AW Gngle Pass Oppos 9
ve© 0ome - tnd Connections .
s WS Twn Pass Same
R Fnd Connectians
“ 1" 3/4 1b. ssepreme imsulstisn Q | steamcons
w AESE - T ",, ’ 4@ A Single Poss OpDnlﬂtf 3
wege gy e " N -4\ fnd Cunnections
E .c'l ! IR i\,:’ . ‘[‘i by F _,.\" ‘ /\ ’(\ N Non Freere Ouou-'o‘//
3 a R - C;O v& GVt 4 Connartions
» [;_/J/-'\,‘.])f wved as Submvited 9 \‘3-” /, N .
M {J Approved as Nuted W Q\’ .
. As:o(. . @Q
- icnard 1oV DN TURE MATERI
"’ - [.] - ST /-7‘ W y\b DN T .,:: ' nrl\:L ‘ﬁ’
ate 7/_' 7 . S 3 o)
i Date S By ol , : I I, I [ Y e
INLET VANES D AUTOMATIC (by othaers) [ImanuAL 0 049 Red Arase
(SOLATORS: [JFLOOR [JCEILING [JRIS [ |SPRING TURBULATORS
% (7 . BF 0 wihour ﬂ
_lglonve gug nem Orixeo  gafvaRrianLE Orare  Glvs amc L.BELT GD D Witk 4
MOTORG " v v ™ wr oren [ sproias
L CIRCUITS
P e X T R T RO ¢ ' T Yt
by &= FLUID TYPE
QBT | weoweric sranten 12 Retgorant 22|
why &y 2 Kelugorem 27 o
Meanag . h CW (hilled woter
* HW Mot Wares
ST Steam
SP Special
MECHKANICAL SPECIFICATIONS - STANDARD CLIMATE CHANGERS P
CASINGS ~ Removable Panels Fhospnatised and Painted SALFS ORI R NUIMABY
. COILS - Plote Fins - Seamless copper tubes with galvanized steel cosings. All coils are pitched in the unit
FANS - Ferweardly Curved - in LP and MP ynits 1h Size 31 and smaller h"»“ n
Backward!y Inclined in HP units Size 25 and smaller Aw Foil in LP and MP Sizes 35 ond lorger and
HP Sizes 31 ond lorger ‘.”.m
REARINGS 200,000 hour averoge life - Greosobla
DRAIN PANS - Extended under both Fan and Coil Section on all rooling units Pan 13 covered with 1.2" feam
In place insulation St 1 o t
SUBMITTAL DATA




HORIZONTAL,
VERTICAL AND
VERTICAL INVERTED

TORRIVENTS®

SIZES NO. T7, 79, T17, T21, T24, T25,
T31 AND T31V

MECHANICAL SPECIFICATIONS N

UNIT CASING — Constructed of high grade steel
reinforced and braced with steel angle framework.
Removable panels provide access to all internal parts.
Sectionalized construction consisting of [an section and
coil section

UNIT INSULATION — (Optional) — Panels
insulated with one of the following:

1" blunket fiber glass, 1/8 spraved undercoat or 1/27
blanket fiber glass

CENTRIFUGAL FANS — Double width, double
inlet, forward curved, multi-blade type. Shaft operated
below its first critical speed. Bearings grease lubricated.
Bearings have 200,000 hour average hie Fan housing
dic-formed and ir tught. Tans dynamacally halanced
and run tested alter installation in umit casing

COILS — Continuous copper plate hin or Sigme-Flo
aluminum fins and copper tube type 1 collars drawn
and belled: fins bonded to tubes by mechanical
expansion. No soldering or nnning used in bonding
process. Coils removiable through access panels

TABLE | —Metal Gauges

UNIT AND ACCESSORY FINISH — Casing and
all accessories, except coil, chemically cleaned.
phosphatized. and coated with baked on enamel.

i1 TER AND MIXING BOXES — hilter and
combination lilter-mixng hoxes designed to hold low or
high veloaity, 2 inch permanent or throwaway tipe
filters. 1 lat Nilter boxes with access doors on both sides,
all others with Targe, single aceess door. Mixing box
damper blades are the parallel type, set for merging of
anr stresm nside the bax, Blades locked to slotted rods
which rotate in nvlon bushings.

DISCHARGE PLENUMS = Straight-thru discharge
plenums internally insulated with neoprene faced 1027
fiher plass. As spectlied, plenum provided with 17 duct
collar. discharge golle with adjustable horizontal
louvers, dischargee pritle with adyustable arizontal and
vertical lonvers o msulated sound haltles

FACE AND BYPASS DAMPERS — Opposed blade

type dimpers locked to slotted damper rods Damper
rods rotate i rust-prool nylon bushings

TABLE 2-—Fan Sizes

(¢ UNIT SIZE
ITEm IR LN ARRARFARARFT I AEL) IJIJI\IV
s amBd)
= DISCHARGE PANEL O IR 2 il val rafra]ra
[~ o —— -
g5 [Love raneus 6] af a2 ]z
e i 4 et
§ REMAINING PANEL ' RN AN B B ELERCEEL
TOP AND BOTTOM
PANELS TEETEED T TN BT 14
gl s .
8 = | siox PangLS e |a]1a V8 IR W 2
Vv e 5
& | coiL surront
CHANNELS 12 12)12) 10 T B E K

THE TRAN! (OMPANY

UNIT NO FAN
SITE FANS SIZ2ES
L 1 2
19 2
P— - - - — = —_
T 2
T21 2
T2a ]
T2s 2 s E
3 2 ‘i
™
v 2 I

LA CROSSE WISCONSIN 54601
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BA.1C HORIZONTAL FAN AND COIL SECTION .
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TOP HORIZONTAL __ BOTTOM HORIZONTAL
8 A Poor Mownted (B Floor Mounted
P Colling Mounted [ E Cailing Mounted

TOP VERTICA!

SOTTOM VERTICAL
[1€ Tivor mounted

['] F Cailing Mounted

MOUNTING DIMENSIONS—Hori- untal

Floor, Vertical Wall and Vertical
Inverted Wall

MOUNTING DIMENSIONS—
Vertical Inverted Ceiling

|
\ Alu‘nrm
T 2 |
& | X "‘lul\ ot |
A Pl TN ‘

L”/ A ) \K T A
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1
a

TABLE 4 -
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[JM Back Vertical

VERTICAL UNIT
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r —Am'n.o_v j
e el —,.::JJ
G Froat Vertical
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[ aediow 1
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(3 H Back Vertical

l 1 ) ,‘

@l

|
ll N . }

O K Front Horizontal

VERTICAL INVERTED UNITS
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Mownting Dimensions-Medium
ond High Capacity Filter
Boxes. See General Note 5.

ZS\J Mounting Dimensions-Mixing
Box or Combination Filter-Mixing
Box With Inlet on Bottom, Floor

Mounting, or Inlet Top, Ceiling
Mounting. See General Note 5.
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A Mounting Dimensions-Mixing
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General Note 5.
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TABLE 11 -- APPROXIMATE OPERATING WTS. (L5S.)

UNIT MODEL NUMBER

lll[ ljl l|01|ll|‘ [" ll' lll ll! l)! l)! Lliﬂ lll

oy

BN
|

Discharge plenums are not available for units with
X" units.

90 degree rotated fans or

indicate right side of unit.

2. Connection sides for coils and damper rods and
motor drive positions are determined by lacing front
of unit. The arrungement drawings shown above

TORRIVENT

CASING ONLY 185 | 213 |28 | 330 | 400 360 | 390 | 490 | 315 | 800 | 7683 900 | 970 | 1728 |2210 |24%0 }20%
! ROW LARGE 213 | 307 | 431 | 529 | 499 | 535 | €75 | 750 | 052 [10%0 [ 1109 |138S | 2153 [2099 |3012 | 3628
2 ROW LARGE 238 | 382 | 4V 8 | s sy (L} 778 (1} ] 983 | 1208 | 1441 | 1587 | 2610 |29A6 | 1360 | 406)

ACCESSORIES

FLAT FILTER BOX !
THROWAWAY 20| 3 | @2 45 | sa .. 73 70 "2 "y 120 120 138 170 180 210 AAL)
LOW VELOCITY PERMANENT 33 a7 s2 se 7 [ 1] " " "z 143 188 158 183 222 234 284 aze
HIGH VELOCITY PERMANENT n (1] 1] 7 ” 100 120 m 158 9 207 207 %7 308 33 368 582

- —_—— e e = s S =4 Pr) e

MEDIUM FILTER BOX
THROWAWAY 70 ' 144 | '@ m 178 | -220 @y 303 324 324 ss 370 ase s20 Ses e8| 775
LOW VELOCITY P(RMAMN‘T . Ml n7 1w 192 | 198 | 204 | 260 | 204 | 348 | 373 b 24 ) 413 | 429 S48 | o0 695 | 503 | 930
HIGH VILOClYV PERMANENT ] L—“ 14 1%0 | 227 an 248 | 2 347 | 428 | 4% | a5s 813 | 887 708 799 | 933 | 1088|1279

—— e Sar e Sempil) el UeSiss Sy b i g - R +

NIGH CAPACITY 80X
THROWAWAY 11| 148 | 183 170 | 180 92 229 200 | 270 | 3% | ™ I a3 470 | 838 | 590 | €80
LOW VELOCITY '(RMAIRN‘T 120 | 168 | 104 194 | 208 22y . 08 324 ”» 408 a8 s 374 80 738 s
HIGH VELOCITY PERMANENT 13| 198 | 2v7 2% | 297 an n 380 e aa s7e S e40 742 %2 9%0 | 1180

—_— et B & -—f- - b - — -
ROw. 'lLTIH "ae 142 15 Al 2 204 219 2% %0 3 4% a8 S00 7%0 A70 | 1025
e S s

COMB. 'ILT MIX ”l
THROWAWAY 118 | 168 | 200 248 | 298 208 o0 ns % a0 | 4% %0 | a20 70 1% LI SRR R RITIA L L B
LOW VELOCITY PERMANENT 122 | 84 (217 200 | 279 30 324 s p 1) ) an sS40 %40 (Y 1) mn na DUV EPTA N R L UNRRA T
HIGH VELOCITY PERMANENT 134 | 208 | 249 298 | 118 Ja8 o 397 | ase | sa 628 | a2 aa ] 9o (1008 [1ies [ 15098 1240 | 2080

DELUXE COMB_ FILTER MIX BOX |
THROWAWAY 193 | 240 | 20) 352 | o0 e 407 a74 sot ses 804 604 72 s
LOW VELOCITY PERMANENT 200 | 258 | 280 370 | 39 400 an S04 Sy 27 (L1 (31 798 | 10%

HIGH V!LWITV F!.MAN(NT 22| 200 |32 402 | 420 L)) ars 5% 600 707 73 ™ ous | 1182

MIKING .on 3 .o g eajne 122 100 | V73 192 256 | 270 | 319 | 340 | 300 | 380 | 4 e | 2y 750 | 069 | 1010|1108
- — - — = 3 - - — - - -

IITI.NAL 'AC( AND .VPA" © e ” o8 | 100 1m2 1 154 AL 1] 170 27 24 92 a? 437 470 L2l ) 928 | 1070 | 128%

. = —_— . i g il _— - - - - —

INT(INAL 'AC! AND IV'A'I | 9 74 [ ” ” 100 109 "3 124 ruu an 223 w A1) 3 a LA L)
— —_— S e - - - --

FACE DAMPIRI r)l s (1] o |02 108 m "s 142 | 225 | 232 | 292 b M2 370 | 448 | S45

- ————— e e e — - -— . - - - -+ —t

STRAIGHT THRU OISCHARGI PLENUM] 30 e | 0 100 | 130 10 |” 1%0 170 180 | 200 | 200 | 300 | 400 400

————— = s -+ —t-—1— —_tt 4 44— - L —f—

WALL INTAKE -)l |
STEEL 90| 110|110 | 150|220 | 240 | 270 | 350 | 310 | 400 | ®00 | @00 | 723 | B0O | 930 ! 1140 | 1430 |
ALUMINUM A 0 %0 S0 75) 109 170 ns L] ns %9 380 380 823 603 l 748 Y40

GENERAL NOTES *

Drives, coil and damper rods may be furnished either
right or left hand as specified on the order

4. Damper drive rods are 7/167

adapter.
5. For ceiling suspension accessory mounting legs must
be bolted to tops of accessories similar to bolting
shown on Page 4. Legs will project above Torrivent
unit 1/4". No other change in leg dimensions.

TABLE 12 - WATER AND STEAM COILS

CONNECTION SIIF
HEADER
CoIL TYPE HEIGHY sSuPPLY HETUKRN DIAIN A VENT

1
W  WATER 18 24 30 33 2. NP, 2% NI |
0 DRAINABLE 18 24 30 33 2. N 2's N SN X l
DD - DRAINABLE 1® 24 30 33 2'a NPT 2'v NIt Y NPT (Ext1) i
K - CLEANABLE 18. 24 30 33 29 NPT 2/ NPT i
P2 - WATER 12: =~
P4 - WATER 12, -

- - - - e —— -
P - wAY[R 18 -

——— —————— e —— - - - — !
A - STEAM 18 24 30 33 2% NPT ' NPT i
AW HOT WATER 18 24 30 33 2/ NPT 2. NI |
WC - HOT WATER 12 18 I NPT TN ‘
Wi - HOT WATER 24 1T NPT 1 NPT
WC - HOT WATER 30 33 29 NPT 2, NPT I
N NS 2 1WNPT 1 NPT
N NS 8 2 NPT 1 NPT l
N NS 2a 2,NPT Ve NPT

-~ | ]

[E NS 0 33 3 NPT 1'e NP Y L B

AtL 127 header hopht cotls, Fypes AL AW, D, K. and W, supply 1'g NI'T ot 1 NI

Above connections antornal except dreooan and vent
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RUSKIN MANUFACTURING COMPANY

Control Dampers

Type CD35-0BC
Variations 1-2-5
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Honeywell

General

These single-seated, two-way,

straight through valves provide propor-
tional control of steam, liquids, air, or
other non-combustible gases in HVAC
systems requiring tight shut-off. They
are avnilable in bronze hodies with
screwed NPT end connections or cast
iron bodies with flanged end connec-
tions.

Features

Direct or reverse acting.

Stainless steel stem with removable
composition disc and self-adjusting,
spring loaded Teflon packing.

Bronze, brass, or stainless steel
plugs provide equal percentage or
linear flow characteristics.

High pressure models available
(V5011D or E).

Stainless steel, metal-to-metal seat-
ing available in smaller valve sizes.

Suitable for pneumatic (1/2 to 6
in.) or electric (1/2 to 4 in.) actua-
tion with proper linkage.

Repack and rebuild kits available
for field servicing.

Single Seated
Valves
MODEL NUMBER V5011A£

Specifications

MODELS

V5011A: Direct acting (stem down to
close) single-seated valve. Equal percent-
age flow. Screwed (1/2 to 3 in.) or
flanged (2-1/2 to € in.) end connections.
125 and 150 psi (860 and 1035 kPa)
body pressure rating.

V50118: Same as V5011A except
reverse acting (stem down to open).
Flanged end connections only, 4 to 6 in.

V5011C: Direct acting single-seated
valve. Linesr flow characteristics for
modulating low or intermediate oressure
steam. Screwed end connections only,
1/2 to 3 in. Metal-to-metal seating (1/2
to 1-1/2 ir. valves).

V5011D: Seme as VS011A except 250
psi (1725 k&Pa) body pressure rating.
Flanged enu connections only, 2-1/2 10
6in.

VSO11E: Same o3 V50118 except 250
psi (1725 kPa) body pressure rating, 4 to
6in.

Rev, 10-76
Rl L.
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CLOSE-OFF RATINGS

Refer to Figs. 1A through 1G and Table

VALVE RATINGS

Refer to Tabie 2.

CONTROL AGE:!TE AND DISCS

Refer to Table 3.

END CONNECTIONS, PLUGS, SIZES,

AND CAPACITIES (Cv's)

Refer to Table 4.

STEM TRAVEL

1/2 10 3in valves: 3/4 in. (19 mm).

4,5, and 6in.valves: 1-1/2 in. (38 mm).

TRIMMATERIALS

Packing: Teflon Cone for 125 psi (860
kPa) flanged and 150 psi (1035 kPa)
screwed valves, all sizes. Teflon V"
Ring for 250 psi (1725 kPa) valves, 1-1/2

to Sin. size

Disc: Removable composition.

Disc Hoider: Screwed Bodies - Brass,

Flanged Bodies - Cast Ir: =

Plug: Screwed Bodies - Contoured. For
Cv's of 4.0 and below - Stainless Steel.
For Cv's above 40 - Brass. Flanged
Bod:es - V-Ported, skirt guided bronze
for all sizes.

Seat: (Replaceable, screwed into body)
Screwed Bodies - Brass. Flanged Bodies -
Bronze.

DIMENSIONS

Refer to Figs. 8, 9 and 10 and Tables
S5and 6.

ACCESSORIFS

Packing Conversion Kits (for converting
to high pressure applications):
14002920001 — Rubber “V" Ring for
1/2 to 1-1/4 in. valves.

14002920002 — Teflon “V" Ring for
1-1/2 to 3 in. valves.

WHEN SPECIFYING, INDICATE

1. Model Number
2. Accessories
3. Actuator (Refer to Valve/Operator

Selection Table 7)

Repack and Rebuild Kits

SERVICELINE Pipe Size Stem Disc
Kit No. (Inches) Cv Size Size
14002694 001 1/2,3/a.1 4.0 or less 1/8 in. 1/2 in
14002695001 | 3/4,1,11/4 630r100 | 1/4in. 3/4 n '
14003109001 11/4 16.0 1/8 . 1in ‘
14003110001 | 11/2,2,21/2 |250 3/8 in. 11/41n |
S —— -
14003111001 2,21/2,3 400 3/8 in. 11/2 10 :
et - ._ﬁ__.__—_ - ———— |
14003294 001 1/2,3/4,1,13/4 1/8 in. '
14003295 001 11/2,2,21/2,3 3/8 in ’
14003296 001 4,56 12 |
el e e i s S s et

NOTE: Nu ‘uts are available for 11/2, 2, and 2-1/2 in. valves having a Cv of less

than 28 0

| S

77-5315§
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S BRSNS NN,

TAGLE 1-CLOSE-OFF RATINGS FOR V5011AE

WITH ELECTRIC ACTUATNRS

Close OHf Pressure Ratings
psi (kPa) 4
Linkage Seal Off Force?
Model Number 160 Ib 80 Iy Cv
40
I 63
10
150 11035) 150 (1035}
16
25
.
V5011A&C SR —C I S
Screwed Connections | 150 (1035) | 122 (840) 63
150 (1035) 106 (730 10
141 (970) u0 (A14) 16
91 (630) 39 (270) 25
5% (380) 22 (150) 40
32 (220) 12 (80) 63
20 (140) B (h%) | 100
26.(17%) 10 (70) 63
20 (140) 1(50) 100
A&D
:::(I)I:p"d Connections 10 16
6 (40) 250
4.(30) 250
— . - - = et
V50118 & 10 (70) 160
fl.a?u)rd Connections G 1A &
4 (30) 360
1 —

Maximum itkage seai ol force an valve stem s either 160 or 80
pounds, depenaging upon the valve linkage ased as tollows
160 b OGIBA (160 Ib model), QGOTD, £, J, K 104558 C, 0
80 1b  OGIBA (B0 I model), QGOTE, G H L M, 045%A L, F,
G.

778318




TABLE 2-VALVE RATINGS®

A Asdembaanaimt e ol o b | -

Screwed, cast-bronze
| 150 psi at 250F max. steam (1035 kPa at 121C)
Body 250 psi at 250F max. water (1725 kPa at 121C)
Flanged, cast-iron
125 and 250 psi at 250F max.
(860 and 1725 kPa at 121C)

Proportional, 25 psi (170 kPa)

. Water 1 Position, 50 psi (345 kPa)
Maximum Pressure | Composition
Ditferential for discs Steem | o portiorial, 35 psi (240 kPa)
Normal Life (A, B& o .
of Trim C only) | 2-Position, 70 psi (480 kPa)
Metal-to- Steam .
metal seats only 100 psi (630 kPal

Maximum Pressure

Differential for 20 psi (140 kPa)

Quiet-Water

Service

Maximum Pressure

Differential for Refer to Fig. 1

Close off

Teflon-Cone Waterb 150 psi max. at 250F max. (1035 kPa at

Packing (VS011A 121C); 40F min (4C)

and C) Steam 100 psi max. at 337F max. (680 kPa at
169 kPa)

Teflon-"V"* Ring

Packing (V5011 D & b

Eand 14002020 | VO'*

002 Kit) 250 psi max. at 250F max (1725 kPa at

Rubber-"V" Ring 121C); 40F min (4C)

Packing (14002920- | Water

001 Kit)

3For high fluid temperatures, the valve and/or piping should be insulated to pre-
vent ambient temperatures from exceeding ratings at the actuator location.

l‘mnimnm-ummmuu differential in alternate hot-cold water use, 140F.

77-5315
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TABLE 3-RECOMMENDED CONTROL AGENTS TABLE 4-PLUG CHARACTERISTICS, END CONNECTIONS,
AND DISCS AVAILABLE SIZES, AND CAPACITY INPEXES (Cv's) AVAILABLE
Recommended Discs Available Model No. Body Capacity
Body Control (Composition and Plug End Size Index
Model Pattern Agents except as noted) Characteristics Connections | (in.) (Cv)
Screwed Water 35 to 200F 1/2 04,0.63,1.0,
VS011A & D i Water 115 to 275F 16,2540
Flanged ‘Water 35 to 275F V5011A Equal 3/4 6.3
V50118 Flanged Water 35to 275F Percentage & 1 100
Steam 115 to 275F V5011C Modified Screwed 1-1/4 16
Vv5011C Screwed Steam 275 to 425F Linear {1/2t0 1-1/2 1-1/2 25
Steam Metal-to-metal seats? in. valves only) 2 40
V50110 Flanged Water 35 to 275F 21/2 63
V5011E Flanged Water 35 to 275F 3 100
VEJ11A & D Equal £ d 21/2 63
8Composition disc available in all valve sizes. Metal-to-metal seats available Percentage lange 3 100
in 1/2 through 1-1/2 in sizes only. . - o
NOTE: 3510 200F = 21093C VEO11A.B,D&E Flanged | 5 250
351t0275F= 210 135C Equal Percentage 6 360
11510 275F = 4610 135C
275 to 425F = 135 to 216C
100 —'—
///,
80
,I
EQUAL % j A
70— CONTOURED V4 g
2 PLUG— r” | wmoorieD a |
3 60 —& LINEAR AN B
PLUG N B
s N Wi
; 50 ,7 Y \
40
'y V
! 7
& 30 -
- ,,
20 7
V. B S S IRISS S LIIIS I
v
10
0 — —
0 10 20 30 40 S50 60 70 80 90 100
FLOW-PERCENT OF MAXIMUM oo w00 o
FIG.3—V5011A & C SCREWED 1/2T0 3
IN. BRONZE BODY VALVE -
150 PSI (1035 kPa). PACKING
FIG.2-V5011 AVERAGE FLOW CHARACTERISTICS SHOWN
77-5315




FIG.4—ACCESSORY 250 PSI (1725 kPa)
PACKING FOR 1/2 T0 1-1/4 IN.
SCREWED BRONZE BODY
VALVES

FIG.7-FLANGED, CAST IRON,
REVERSE ACTING, 125 PSI
(1035 kPa) VALVE BODY 4
THRU 6 IN. (THE 250 PSI (1725
kPa] VALVES HAVE RAISED
FACE RING)

T7-8318-1
FIG.6—FLANGED, CAST IRON, DIRECT
ACTING, 125 PSI (1035 kPa)
VALVE BODY 2-1/2 THRU 6 IN.
FIG.5-250 PSI (1725 kPa) PACKING {THE 250 PSI (1725 kPal
FOR 1-1/2 TO 3 IN. SCREWED VALVES HAVE RAISED FACE
BRONZE VALVE BODIES RING)

FIG.8-V5011A & C SCREWED, DIRECT ACTING BODY DiMENSIONS (REFER TO

TABLES 5 AND 6)

77-5315
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FIG.9-V5011A & D FLANGED BODY DIMENSIONS (REFER TO TABLES 5 AND 6)

A
. 2;1
— %___41\ -
_ | 14 A
S N B 1 e et
L\O - -
\ | 1 L. OO
H e e N B A I
= A =
’,._.._ s i D - —— -

77-8318-n

/N 2-1/2 AND 3 IN FLANGED VALVES HAVE FOUR BOLT HOLES, THE 6 IN
FLANGED VALVE HAS |2 BOLT HOLES

775315

FIG.10-V5011B & E FLANGED BODY DIMENSIONS (REFER TO TABLES 5 AND 6)
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TABLE 5-V5011A-E DIMENSIONS IN INCHES
REFERENCED IN FIGURESS, 9, & 10

Body Style Valve No. of
& Figure Size | J Flange
Reference (in.) At B c D E £ G H (Travel) | (Dia.)[Boit Holes

11 a2(1a (13 | v | s [113ne|1ss |3 34 | 138
34 14 |13s | 12 | 2 11316 [ 15/8 | 3
V5011A 8 C 1 138 |158 | 218 | 214 |1asp6 |13 |3
Screwed, 1-1/4 1916|1172 | 2172 | 212 |29n6 | 11516 | 31016
Direct Body 1172 11ne 138 | 278 | 2758 | 3916 211718 | 3916
(Fig. 8) 2 115/16 | 2 27/3 | 27/8 |3516 |25/16 | 31516
212 2316 |23/ | 334 | 334 [13n6 13116 | 496
3 31/2[26/8 |238 | 4116 | a6 41516 |358 | 5 34 | 138

_— 2112 31/2|41316 | 4 912 | 1 212 | a4 | san 3 | 138 4
A 3 312|538 |45 | n 71112 |3 34 |6 s | 138 4
D.‘"::' ] ‘ s1/419/16 |5316 |13 9 4 38 | 191 112 | 18] 8
reiyrean il 1 618 (15 |10 |5 18 | 811 | | 8
v 6 51/48 71116 | 16122 |1 6 m {912 | 12 |18 s ,
‘F’f"": ‘ 63/a|4-11/16 | 81116 | 13 9 | v |72 | 12 |18 s
n"‘" e 5 | |ss8 |7110 |15 0 |s 18 | 8an | | 8
‘F'i;"“;’ sl N W 63/4{63/16 [81/2 |16172 |11 6 | 912 112 | 18| 8
T 212 31/2(41316 |33/4 |12 | 1972 |212 | 118 | 59 ae | 138

: 3 312|538 |4 12172 | 81/a |3 65/8 s | 138 4
" ’9': ) 4 51/8|79/16 |5 18172 |10 4 78 | 112 | 18] 8
ran | B | |7 512 |1634 (11 |5 91/ | 8

- 6 51/4|8 61/4 | 1858 (12172 |6 s |osm | 12 | 1s] 12
:'50”: 4 63/a|a3/a 7516 [ 1412 (10 |a s |1 | 12 |1l e
R'"" p 5 | |53 |63/4 |1634 |1 5 | 9-1/4 | | 8
“.';"“3, chi N 83/|611/16 | 778 | 1858 [12172 |6 18 [w0sm | 12 [ 1) 12
3Divensien ‘A’ is with Valve closed (stem down for V5011A, C, & D, stem up for V50118 & E)

77-5315
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l TABLE 6-V5011A-€ DIMENSIONS IN MILLIMETERS
REFERENCED IN FIGURES 8,9, & 10
Body Style Valve No. of
& Figure Size | J Flange
Reference (In.) A? B c D E F G H | (Travel)|(Dia.) | Bolt Holes
12 89 32 44 38 48 46 4 1% 19 (35
3/4 32 44 38 a1 46 41 76
V5011A &C 1 35 4 54 57 49 44 76
Screwed, 1-1/4 40 38 63 63 65 49 n
Direct Body 11/2 43 35 13 73 90 68 n
(Fig. 8) 2 48 51 13 13 84 58 | 100
21/2 55 60 95 99 182 77 | 116
3 89 67 60 113 13 125 92 (127 19 |35
V5011A 241/2 89 122 102 241 178 63 19 | 140 i9 | 35 4
—— 3 89 136 17 279 190 76 19 | 152 19 (35 4
Diregt B'od 4 133 192 132 330 229 102 19 | 190 38 |48 8
(Fia.6) Y 5 | 178 | 155 | 381 | 254 | 127 | 22 | 215 | 1] 8
v 6 133 203 179 419 279 152 22 | 241 38 |48 8
Lo 4 m | me | 205 | 3% | 229 | 102 | 19 |19 | 38 |48 8
i 5 | 143 | 190 | 381 | o | 127 | 22 |205| | || §
: Y 1 s 7 | 167 | 216 | 419 | 2719 | 152 | 22 |21 | 38 |48 8
(Fig. 10) '
V50110 2-1/2 89 122 95 292 178 63 22 | 149 19 |35 4
Flanaed 3 89 136 108 317 209 76 168 19 | 35 4
Dire:t B'o d 4 133 192 127 368 254 102 200 38 |48 8
it 5 | {178 [ 10 | a5 | 279 | 127 235 | | || 8
9 6 133 203 159 473 318 152 22 | 270 38 |48 12
:;T:: 4 m 120 186 368 254 102 22 | 200 38 |48 8
Ronme Bogy | | |6 | m | a5 | 29 | 12 25 | | || 8
o 6 m 176 200 473 318 152 22 | 270 38 | 48 12
(Fig. 10)
3Dimension A" is with Valve closec (stem down for V5011A, C. & O, stem up for V5011B & E)
Typical Operation
In a normally open application an
increase in temperature at the sensor
or controller moves the valve stem
toward the closed position. In a nor- bl g N |»
mally closed applicaiion a decrease in
temperature moves the valve stem
toward the open position. NORMALLY OPEN NORMALLY CLOSED
77-88i82

FIG. 11-TYPICAL OPERATION

77-531§
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TABLE 7-VALVE/OPERATOR SELECTION

Aﬂmﬁe Actuaton
2-Position
& or Floating | 2-Position | Proportional | Proportional
Size Pneumatic Non-Spring | Spring | Non-Spring |  Spring Electronic
Valve (Inches) Cv Operater Return Return Return Return Actustors
VS011A 1/2 NPT 63,10,1.6, | A1,C1 A2,C2 81,01 Eor G Horl Jor L MorN QorP
25,40
34 6.3
1 10
1-1/4 16
1172 25
2 40 Al1CH
2117 63
3 NPT (100 A2,C281,01 EorG | Horl | J oL | MorN_| OorP
2:1/2 Flg. 63 A2,C2 81,01 EorG Horl Jor L MorN OorP
3 100 A2,C281.00 EorG Horl Jor L MorN OorP
4 160 A3C3 F . K = .
5 250 F & K e .
6 Flg. | 360 A3C3 F . K . »
e S D |
V50118 4 Flg. | 160 A3C3 ¥ C K 2 Y
5 | [2s0 F . K s .
6 Fig. |360 ) | Al I N LS .
vsonc 1/2 NPT 40, 63,10, | A1,C) A2C28B1,00 EorG Horl Jor L MorN QorP
16,2540
: N 6.3
1 10
1-1/4 16
111 25
2 A0 AlC)
2112 63 |
3 NPT | 100 A2,C2 81,01 Eor G Horl Jor L MorN OorP
V50110 2-1/2 Flg. 63 A2,C2 81,01 Eur G Horl Jor L MorN QorP
3 100 A2,C2 B1,D1 Eur G Hor | Jor L MorN QorP
4 160 A3.C3 F " K L »
5 250 F ¢ K ¢ $
6 Fig. | 360 ) A3.C3 3 # K » o
V5011E 4 Fig. |160 A3.C3 F . K . »
s | |2s0 | F K : s
6 Fig. | 360 A3C3 f . K s .
NOTES:
& The MPI53A-D are rolling type diaphragm aituators which /2\ Example Linkages
provide proportional control of V5011 valves 0601€ 1000 160 1b_ seal o!f force
Al — MPIS3A D.A 5in dia. with positioner (0G18A1024 B0 1b seal off force
A2 — MP953A D.A B n.dia. with pusitinnes (1G18A1032 160 1b seal off force
A3 — MP953A D.A. 13in.dia. with positiciwr —
B1 MP3538 R.AA. 7 1/8 in.dia with positioner Letter | Use Moter Linkope
Desig. wion| Similar to: with Similar to
c MPI53C D.A. 5 in. dia. without positioner —
c2 MP953C D.A. B in. dia. without posihones £ ME44A 0618A1024
C3 - MPIS3CD A 13 dia. without positiones F MEAAC 0601€1000
1]} MP953D R.A. 71/8 in dia. without positioner G M348 0618A1032
*Not recommended for tight close-oft. Use pneamati aperator H MBALA 0618A1032
| MBASE 06G18A1032
J M911A 0618A1024
K LREEIN Q601E1000
L MI3AA (618A1032
M MY4LA 0618A1032
N | Mo 0618A1032
0 MIGa4l 0618A1024
P MnaY UG18A1032

775315




Honeywell
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APPLICATION

Used for normally open, proportional control of
steam, liquids, air, or other non<ombusuible gases in
heating. air-conditioning, and heat-exchanger systems
where tight shutoff is required.

Rated for steam or water service. However, for
throtthing-service on steam coils. the modifier-linear
characteristic is preferred. for throttling-service on
hot-water coils, the equal-percentaze characteristic is
preferred. See Table 4 for availability .

NOTE: 1/2 to 3 in. screwed valve bodies can be field
converted to 250 pst high pressure service with
special kits
ORDER: 14002920-001 for 1/2t0 1-1/4 1n

V5011 bodies
14002920002 for 1-1/2 to 3 in.
V5011 bodies

CONSTRUCTION

Single-seated, straight-through. globe body with
high-lift plug. Available with Amencan Standard Taper
Pipe Threads (NPT) in bronze bodies or American
Standard Flanged Ends in cast-iron bodies. Springdoaded
rubber or Teflon packings provide self-adjusting, tight
seal-off characteristics for all common control agents in
heating and air conditioning systems. however, due to
the packing construction, this valve is not suitable for
use with combustible gases, particularly liquid-petroleum
gas. Supplied in all sizes with a composition disc suitable
for pressure drops listed in Table 3. For high pressure
service: 250 psig-rated valves are avalable and
stainless-steel, metal-to-metal seating 1s available 1n
smaller valve sizes.

The MP953A operator used in the VPS14A valve
assembly is furmished with a Gradutrol®
positive-positioning  relay. Start point and  operating
range are adjustable on the posuoner to provide
sequence operation with other costrolied devices. The
VP514C assembly is withour refav . The operators have a
tough, wear-resistant replaceable, neoaprene diaphragm.
The small operator 1s also avul:ible with a sihcone
diaphragm for high-temperature appheations

*Trademark

Rev. 1-74
RIL
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VP514A & C SINGI.E SEATED
NORMALLY OPEN,
PNEUMATIC VAI.VE ASSEMBLIES

-ui"?“-m
'dn p?lam...a-.

VP514A With Gradutrol*® Relay

ASSEMBLY SPECIFICATIONS

ASSEMBLY COMPONENTS:

L e s __
Assernhly N | ) T Ve By T Poauitine:
|

VPSI4AINO ) MPs-a DA VSOLIA Cor DDA | Wi
VPSI14C(N O |J MBS A L VSOIIA CorDIDA )| Without e

DIMENSIONS  See Table | and Figure |

CLOSE-OFF RATINGS Sce Figure 2

VALVE BODY SPECIFICATIONS
ACTION: Direct Puch down to close

RECOMMENDED CONTROL AGENTS AND DISCS
AVAILABLL R:ier o Table 2

RATINGS: Refer to Table 3

—a




FND CONNECTIONS, PLUG CHARACTERISTICS,
SIZLS. AND CAPACITIES: Refer to Table 4.

TRAVLEL.
1/2 through 3 in. sizes—3/4 in.
4,5 and 6in. sizes—1-1/2 in.

TRIM MATERIALS:
Stem: Stainless-steel.
Packing:
Tefon cone for 125 psi flanged, 150 psi screwed
badies all sizes.
Teflon “V" Ring for 250 psi rating 1-1/2 to 6 in.
valve bodics
Rubber “V* Ring for 250 psi rating 1/2 to 1-1/4
in. valve bodies.
Disc Holder:
Screwed bodies —brass.
Flanged bodies-—-bronze.
Disc: Removable-composition for all bodies and all
S1Zes.
Plug:
Screwed bodies contoured.
Cv’s of 4.0 and below —stainless-steel.
Cv’s above 4.0-brass.
Flanged Bodies V-Ported.
All Sizes —skirt-guided bronze.
Seat: Screwed into body. Replaceable.
Screwed bodies —brass.

OPTIONAL MODELS
VS5011C is available in 1/2 through 1-1/2 in. sizes
with meta' to metal seats. integral disc and
stainless-steel trim. For higher pressure limits and
steam service, see limitations in Tables 2, 3, and 4.

V5011D Flanged for high-pressure service in 2-1/2 to
6 inch bodies.

OPERATOR SPECIFICATIONS

POSITIONER: On MP953A only.
Start point—adjustatle between 3 and 10 psi.
Operating range-3, S, or 10 psi.

SPRING RANGES: MP9<:C only. See Figure 2.

OPERATING TEMPERATURE: 160 F maximum
ambient at neoprene diaphragm. 250 F maximum
ambient at silicone diaphragm.

CONTROL AIR PRESSURE: 25 psi maximum.

AIR CONNECTIONS: 1/8 in. NPT female

Flanged bodies -bronze. FINISH: Gray
Table | —Dimensions and Stroke, VPS14A & C.
Body E Dimensions (Inches) Swing Radius
Size roke D 3 (Bonnet off)
Connections | tin ) | Operator] (in ) Al B C S14A  |VPSI14C F (n)
| owz|sml | 34 |13/e | 33| sam| ogam | sk | «38 | 158 1A
i va| Smal Ve | 134 Gl B SR | ads 15,8
1| sman 34 (158 | 438 | s18| s14 | e 438 13/
_ wl rvra|sman | e fran | s s1 88 | 6316 | a3s | 2
Screwed” | |2 fsma | 3a 138 | s3] 518 8916 | 6506 | a3m | 11
VSOLIA. M7 T Medom] 374 | 1378 S3M | B1.4] 10716 | 83/16 l 38 | /8
C&D s man e |2 s34 | S18 81316, 6916 | 438 | 238 - ooy
I Medium! /4 |2 S3/4 | B1/a( 100116 8716 | S3/8 1 238 S Sew— =
2172 Medum| 34 | 23/8 712 | 8isal |o-|s‘|o| 81116 | S38 | 318
3 [Medum| 34 |23 | B8] 14 a8 ! oeum | os3an | 3ss
) l T30 2 Medum| 34 | 4 G2 | BIa] 13916 | 118516, S3.&
Flanged L_H Medum| 3/4 | 458 | 1) Bla' 1418 | 1178 | s38 |
VSOILIA & [Large [ 1172 [ 53,16 13 13172, 193,16 179716 | 71116
S [l [ 12 feas | s i3 aeae AT ! 1B
o |Lage | 12 {70016 | 16072 [130 2 2008 | 18 L 1aie !
|20 2 Medum| 374 | 3.3/4 a2 | sra tieis [ 11516 | S38 |
Flanged } Medum| 34 | 414 | 1202 &4’ 1a1s | 1178 $38 |
vaord 1 age | 112 | S V2 [130 2] 1993 1e) 178,16 | 71116
200 g ) s Laige 1172 | 8112 i6:3/4 (131 21914 17 71116
Large | 112 | 604 | assm i 2200 s SR ETRT)
i " 40 1 A
:2‘0 psig Manged “alves have raised foce ring i ares
250 pai service available by ordering special kits.
Fig 1--Dimensions. {
77-5212
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Table 2 - Recommended Control Apents and Discs Available

Table 4-Plug Charactenstics. Lnd Connectiors, Sizes

Capacity Indexes (Ov'or Avarlable

and

Discs Available Mrdel N Beody Capa—t
Body Recommended (Composition and Plug Ind Sue Index
Modd! Pattern | Contrel Agents | except as noted) Craractenstics | Connections | (in) Gy
Screwed Water 3510200 F 112 C4,.063,1.0,
VSN11A Water 11510 275 F 16.25.40
Flanged Water 351275F V30114 Fqual 3i4 63
3 TS5 F Percentage & 1 10.0
o 9 VS011C Modified | Screwed | 1-1/4 16
vs5011C Screwed Steam 27510425 F - Li_iear 112 25
Steam Metal-to-metal seats" 2 40
VSOIID | Flanged Water 3510275 F 2-112 63
3 100
#Composition disc available in all valve sizes. Mctal-to-metal ieats V5011A & D Equal|  Flanged 2-112 63
availabie 1n 1/2 through 1-1/2 1n. sizes only. See Table 4. Percentage 3 100
V5011A & D 4 160
Equal Flanged s 250
Percentage 6 30
Table 3-Valve lllu'ngs.'
Screwed, cast-bronze,
Bod 150 pug at 366 F may.. steam
’ 250 peig at 250 F max, water
Flanged, cast-won,
125 and 2509 psig ai 353 F max.
Wate Proportional 25 psig
| B el bl iy
Mavimum-Pressure] Composition 2-position, 50 psig
Dufferential for discs d hopo"ion‘l_js psig
Normal Life Steam [ position, 70 piig _
of Tnm .
Mesal-o- Steam | 100 psi
metal sulsc psig
Manimum-Pressure
Differential for 20 psig
Quict-Water
Senge
o e Preinue FLOW CHARACTERISTICS
Infterential for Refer to Fig 2.
Qlose off
150 max. at 250 F max ,
Teflon-Cone Water® 4‘(;“: min. oo~
Packing | i
(VSO11A & ©) Steam 100 psig max. at 337 F min . ] j il
0 + v
T s
Teflon"V* %0 v
b 1 7
Kirg Packing Water | P i
(\SO11D ¥ rof-fpuL s L2 {-
11 2106 in i =7 | |
< 4 MODHF 1T
salves) 250 psig max. at 250 F max.; 3 Ly LINE AR
40 F min. s T hwe
Rubber “V* Ring s —" ﬁf
Paching (VS011D | w. (e, : l |
12101-1/4 in ¥ T 1
\alves ; L |
) R
o high Nluid temperatures. the valve and/or piping should be I t
insulated to prevent ambient temperatures from exceeding | j
weralnr ratings at the motog location | |
b\!a\nmum-lcmpcmurc difterenns! in alternate hot<oid water . : 1
use. 140 1 < 20 3 .‘J % 0O K )
! : FLOW-PERCENT OF MLxwmow > o

Not recommended

for wse v v ter

C3¢() psie rating on VSOI LD flanged valves apphies to wate.

these valves are not recommended for steam

Fig 3-VS011 Averape Flow Characterisues




VALVE CONSTRUCTION

L\
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o

P e |

T77-5213-p

Fig.4-YV5011A & C Screwed Fig. 5-250 psi Packing for 1/2 to Fig. 6-250 psi Pucking for 1-1/2 to

Pattern - 150 psi Packing 1-1/4 in. Screwed Valve 3 in. Screwed Vilve Boaies
Shown. Bodies

Fig. 7-V5011A Flanged Pattern - 125 psi Fig 8-250 psi Flanged Valve Body.




TYPICAL OPZRATION

VPSI4A (Fig. 9)-Normally open  An inctease in
control air pressure moves the valve toward closed Full

main pressure availab'e through the positioner prowides VPSI4C (Fig 100 Seme as VPSIAA except less
positive valve positioming for all lead conditions posinioner

CONTR) AR

>

CONTRD,
LI f__—ﬁ
ooN AR ’
DA oA

Sy as

" : - :

NORMALLY- OPEN NORMA| LY OPEN
vesrie
Fig. 9-VPS514A Operation Fig. 10 -VP514C Operation
L
{
FHMONEYWELLOMinnez0ls, Minnacota 540805 a 0o 203" 7 Aani0®Sudsidiar as ang Afl Lates Aroc g the WorligePrinted in U S A

77.5212
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Honeywell

APPLICATION

Used for normally closed, proportional control of
steam, iiquids, air, or other non<combustible gases in
heating, air<onditioning, and hea' >xchanger systems
where tight shutoff is required.

Rated for steam or water service. However, for
throttling-service on steam coils, the modified-linear
characteristic is preferred; for throttling-service on
hot-water coils, the equal-percentage characteristic is
preferred. See Tuble 4 for availability.

NOTE: 1/2 to 3 in. screwed body valves can be field
converted to 250 psi high pressure service with
special kits.

ORDER: 14002920001 for 1/2 to 1-1/4 in.
V5011 bodies
14002920002 for 1-1/2 to 3 in.
V5011 bodies

CONSTRUCTION

Singleseated, straight-through, globe body with
high-ift plug. Available with American Standard Taper
Pipe Threads (NPf) in bzonze bodies or American
Standard Flanged Ends in cast-i7on bodies. Spring-loaded
rubber or Teflon packings provide self-adjusting, tight
seal-of f characteristics for all common control agents in
heating and air conditioning systems; however, due to
the packing construction, this valve is not suitable for
use with combustible gases, particularly liquid-petroleum
gas. Supplied in al! sizes with a composition disc suitable
for pressure drops listed in Table 3. For high pressure
service: 250 pound rated valves are available, and
stainless stecl, metal-to-metal seating is available in
smaller v..ve sices.

The MP953A and MP953B operators used in the
*/PS14E and VP514B valve assemblies respectivcly are
tminished with a Gradutrol® positive-positioning relay.
Start point and operating range are adjustable on the
positioner to provide sequence operation with other
controlled devices. The MP9S3C and MP953D operators
furnished with the VPS14F and VP514D assemblies
resp.ctively are furnished without the relay. The
operators have a tough, wear-resistant replacesble,
neoprene diaphrzgm. (Silicone diaphragm models are
also availuble.)

*Trademark

Rev. 1.74
RF.L
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VP5148, D, E & F
SINGLE-SEATED,
NORMALLY CLOSED,

PNEUMATIC VALVE ASSEMBLIES

ASSEMBLY COMPONENTS:

Assembly No | :.-lum.. Vaw Nody T’---mmn
ity i, e e —
VPSIaM N MPYCINIK A VIOTTA Cor DDA | Witk
VISIADINCG ) MPMSIDIRA T ASOLA CorDDAY | withour &=
VPSI4l INC) MPISIA DAY AR A LR A Wih
VPSIAL NG MINCICD A L NTIRA L RAL L warbout

DIMENSIONS: See Table 1 and Figure 1.
CLOSE-OFF RATINGS: Sce Figires 2 and 3.

VALVE B0DY SPECIFICATIONS

MODEL AND ACTION:
VS011A, C& D-Direct. Push down io close.
V5011B & E -Reverse. Push down to open.

RECOMMENDED CONTROL AGENTS AND DISCS
AVAILABLE: Refer to Table 2.

RATINGS: Refer to Table 3.

END CONNECTIONS., PLUG CHARACTERISTICS,
SIZES, AND CAPACITIES: Refer to Table 4.

romnomee 7 =9213
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TRAVEL:
1/2 through 3 in. sizes—3/4 in.
4,5, and 6 in. sizes—1-1/2 in.

OPTIONAL MODELS: VS5011C is available in 1/2
through 1-1/2 in, sizes with metal-to-metal seats,
integral disc and stainless stee! trim. For higher

TRIM MATERIALS: pressure limits and steam service, see limitations in
Stem: Stainless steel. Tables 2, 3, and 4. V5011D or E valves for high
Packing: pressure service in 2-1/2 to 6 in. bodies.
Tefloncone for 125 psi flanged, 150 psi screwed,
all sizes.
Teflon “V” Rings for 250 psi rating 1-1/2 to 6 in.
‘ valves. OPERATOR
: Rubber “V” Rings for 250 psi rating 1/2 to 1-1/4
in. valves. POSITIONER (On MP953A & B only):
Disc Holder: Start point—adjustable between 3 and 10 psig.

Screwed bodies—brass.
Flanged bodies—cast iron.
Disc: Removable-composition for all bodies and all
sizes.
Plug:
Screwed bodies contoured.
Cv’s of 4.0 and below—stainless steel.
Cv’s above 4.0—brass
Flanged Bodies V-Ported.
All sizes—skirt-guided bronze.

Seat: Screwed into body. Replaceable.
Screwed bodies—brass.
Flanged bodies—bronze.

Operating range—3, S, or 10 psig.

SPRING RANGES: MP953C & D only (see Figs. 2A &
2B).

OPERATING TEMPERATURE:
(neoprene diaphragm).

160 F maximum

CONTROL AIR PRESSURE: 25 psi maximum.
AIR CONNECTIONS: 1/8 in. NPT female.

FINISH: Gray

Tabls 1 -Dimensions & Stroks, VPS148, D, E, & F®

L Dimensions (Inches ’ T
Body D E Swing Radius |
Size roke MPSiaB  |VPSI4D (Bonnet off) -—
Connections® | (in.) |Operator] (in.) A B C &E &F F (in.) ED
112| Medium | 3/4| 134 | 3.3/8 | 71/8) 10 678 | 438 1-5/8
3/4|Medium| 3/a| 134 | 3472 71/8] 10 67/8 |43/8 1518
1 [Medium| 3/4| 158 | 438 | 2478 1048 | 7 438 1-3/4
%‘?3‘.'.‘2'. 1-1/4 | Med 34 11)2 s 7-1/8] 10-1/4 7-3/16 | 43/8 2
DA Body | 1-1/2|Medium| 3/4( 1-3/8 | S3/a [ 71/8[ 1038 | 7516 [ 438 | 2:1/8
(15072s¢ | 5 | Mcdum| 3/4) 2 $3/4 | 7-1/8| 10-5/8 79/16 | 43/8 | 238
L 2172 Medium| 3/a| 238 | 712 | 78| 104516] 71316 | 438} 3.1/8
3 |Medium| 34| 238 | sy | 78 1138 | Baja 438 | 358
2:1/2 [ Medum| 3/4| 4 9.2 | 28] 132 [ 10716 | s8¢
mm 3 Mediu 34 458 | 11 7-1/8) 14.1/8 | 11 $3/8 —_
DA Body | ¢ |Lame [ 12| s3ne | 13 [13a72f sese [ 13306 [ 7-11/16
(125 pat) s |Lage |12 6 | s |13a72) tsya | 1258 | 111716
6 Large 1-1/2] 7-i/16 16-1/2 |13-1/2| 16-3/4 13-5/8 7-11/16
el 4 |Lage | 1172 81716 | 13 13-172] 16-15/16| 1a-11/16 | 7-11/16
g\. &f’ s fwage 12| 22 [ 15 (g s | asss | 2une
133 6 |tage | 1a2] 812 | 16172 13.12) 1813/16] 169/16 | 7-11/16
2172 | Medium|  3/4| 3-3/6 | 11-1/2 | 8-1/4] 13716 | 11-5/16 | 53/8
Flanged 3 | Medum| 34| ar/a | 12472 [ 81ja) 2 | s | s3y8
VSOUD - T T hame | 172] 1a-1/2 [13-1/2] 19-13/16] 179716 | 11716
:;:0:::: s |rage | 2| sz | 63 132 10am | 17 71116
: Y 16 |v=e | 112] 61/ | 1858 |131/2] 20-1/4 | 18 71116
4 Large | 1-1/21 7-8/16 | 14172 [13-172] 17 14-3/4 711716
Flanged s |lage | 1-12] 634 | 1634 [13.112] 18 13/ | 2106
("255%”‘) 6 |Large | 1172 778 [ 185 [13.12] 181506| 16-11106 | 711116
psig
R.A Body

;vsm 1D's are 230 paig vaives.
250 psi service available by ordering special kits.
€250 psi flanged valves have a raised face ring.

Fig. 1 -Dimensions.

77-5213
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CLOSE-OFF PRESSURE AT VARIOUS CONTROL
AIR PRESSURES FOR SINGLE SEATED

8-13®  VALVES \mm%mau 3"SCREWED BODIES  4-1®
4
A
_ 7 11 3
@ N T e ":-63~2 | ]
e \\ == R
s € - . 2
2
3
; L] ‘\ ﬁl - [
g RN Q‘J\
N )

z o g 0
w
g
w 3 .
(2]
-
g2 lma
e TEETNe
< s N

o AN

0 40 60 80 00 (20 140 180 80 200

CLOSE-OFF PRESSURE RATINGS PSI)
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WITH

4,5 AND 6 IN FLANGED BOOIES
13 IN  OPERATOR
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o =) Chy e -
% q {
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CLOSE-OFF PRESSURE RATING-(PS 1)
77-521%e

Fig. 3—Close-Off Ratings, VPSI4E & F.

Table 2 - Recommended Contrc! Agents and Discs Available.

Discs Available
Body Recommended (Composition
Modcl Pattern Control Agents except as noted)
Water 3510200 F
Vs011A & | Screwed Water 115 10 275 F
D Flanged Water 35 t0 275 F
V5011B I'langed Water 35t0275F
Steam 11510275 F
vso11C Screwed Steam 27510425 F
Steam Metal-to-metal seats®
V5011D Flanged Water 3510275 F
VS011E Flanged Water 3510275 F

aComposilion disc available in all valve sizes. Metal-to-mectal seats
available in 1/2 through 1-1/2 in. sizes only. See Table 4.
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CLOSE-05F PRESSURE AT VARIOUS CONTROL AIR PRESSURES
FOR SINGLE SEATED VALVES WiTH Zi 8 3" FLANGED BOD/ES
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2A 2B
Fig. 2—Close-Off Ratings, VP514B & D. (Valves with Positioners use 8 to 13 pound spring for close off.)

NOTE: Due to differences in valve body configuration, screwed and flanged patterns have different close-off ratings.
This applies to valves in the 2-1/2 in. and 3 in. sizes. See Fig. 2A and 2B.

Table 3~Valve Ratings®.

Screwed, cast-bronze.
Body 150 psig at 366 F ;. :. steam
250 psig at 250 F max. water
Flanged, cast-iron,
125 and 2509 psig at 353 F max.
Wi B Proportional,25 psig
Maximum-Pressure | Composition 2-position, S0 psig
Differential for discs e | Proporticnal,35 psig
:;’1’_':"“' Life Steam e osition, 70 g
s ¢ |Steam | 100 psig
metal seats

Maximum-Pressure

Differential for 20 psi

Quiet-Water psig

Service

Maximum-Pressure

Differential for Refer to Fig. 3

Qose of
Teflon-Cone Water® 150 psig max. at 250 F max.;
Packing (V5011A 40 F min.
and C). Steam 100 psig max. at 337 F max.
1-1/2to0 6 in.

valves ) 250 psig max. at 250 F max.;

40 F min.

Rubber-“V” Ring

Packing Water

1/2to 1-1/4 in.

valves

8For high fluid temperatures, the valve and/or piping should be
insulated to prevert ambient temperatures from exceeding
ratings at the actuator location.

t’Maximnm-tempemure differential in alternate hot-cold water

use, 140 F.

°Not recommended for usc on water.
d2$0 psig maximum rating applies to V5011D & E flanged valves.
€250 psig V5011D and E are not recommended for stcam.

77-5213




Table 4-Plug Characteristics, End Connections, Sizes, and FLOW CHARACTERISTICS

Capacity Indexes (Cv's) Available.
100
Model No. Body Capacity
and Plug End Size Index %
Characteristics | Connections | (in.) ) 1
80 ] — -
1/2 | 04,063, 1.0, J % A 47
16,2.5,4.0 3 TOT™ sonToumeo 17 rid
VSG!1A Equal 3/4 6.3 - .- B s ¢ L | wooeie
Percentage & 1 10.0 " / o PLUG
V5011C Modified | Screwed | 1-1/4 16 - % »Z
Linear (1/2 to 1-1/2 1172 25 & / )i
in. valves only) 2 40 g 40 -4
212 | 63 . A
3 100 « 30 4,‘
V5011A & D Equal 2172 | %3 20 z :
Percentage Flangeti 13 100 4 q :
VS011A,B,D & E 4 160 © '
Equal Percentage Flanged | § 250 =
6 360 O 10 20 30 4 S0 S0 70 80 %0 100

FLOW-PERCENT OF MAXMUM 2o 4oy,

Fig.4-V5011 Average Flow Characteristics.

VALVE CONSTRUCTION

RUBBER
V-RING

S

\L
A\
%\f; N\
/4 7/

Fig. 5-Screwed Bronze Body Fig. 6—Packing for 1/2 thru 1-1/4 Fig. 7—Packing for 1-1/2 thru 3 in.

Valves 1/2 thru 3 in. in. Bronze Body Valves for Bronze Body Valves for 250
Packing Shown is for 150 250 psi Service. psi Service.
psi Service.

77-5213
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Fig. 8—Flanged, Cast Iron, Direct Acting, 125 psi Valve Fig. 9—Flanged, Cast Iron, Reverse Acting, 125 psi Valve
Body 2-1/2 thru 6 Inches. Body 4 thru 6 Inches.

: N NN

-
2\
3 X
N
v : U—r
DR
TV-823-r =
- TR .q

Fig. 10—Flanged, Cast Iron, Direct Acting, 250 psi Valve Fig. 11—Flanged, Cast lion, Reverse Acting, 250 psi
Body 2-1/2 thru 6 Inches. Valve Body 4 thru 6 Inches.

77-5213
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TYPICAL OPERATION

VP514B (Fig. 12) and VPS14E (Fig. 14)—normally
closed. An increase in control air pressure moves the
valve toward open. Full main pressure available through
the positioner to provide positive vaive positioning for

all load conditions.

k

A

NORMALLY-CLOSED

Fig. 12-VP 5 1 4 B
Operation (1/2 to
3 in. Sc. Valve
Sizes).

RA

N

NORMALLY - CLOSED

Fig. 13—-VP514 Operation
(1/2 to 3 in. Sc.
Valve Sizes).

VP514D (Fig. 13) and VP514F (Fig. 15)-same as
VP514B and VPS14E respectively except less positioner.

mup

NORMALLY-CLOSED

Fig. 14-V P 5 1 4 E
Operation (4, 5 &
6 in. Fl. Valve
Sizes).

oA

1"

NORMALLY - CLOSED

Fig. 15-VP 51 4 F
Operation (4, 5 &
6 in. Fl, Valve
Sizes).

HONE YWELL®*Minneapolis, Minnesota 55408¢Scarborough, Ontario®Subsidiaries and Affillates Around the WorldsPrinted in U.S.A.
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Honeywell

General

These valves provide proportional
or two-position control of Lot or cold
water in heating or cooling systems.
They can be used for mixing service
(V5013A, B & D) to direct flow from
one of two inlets to a common outlet
or for diverting service (V5013C & E)
to direct flow from a common inlet to
one of two outlets. NOTE: Mixing and
diverting valves cannot be inter-
changed.

Features

« Direct or reverse acting.

¢ Bronze body with screwed end con-
nections or cast iron body with
flanged end connections.

o Stainless stee! stem, bronze plug,
and replaceable bronze seats.

o Spring loaded, self-adjusting Teflon
packing.

e High pressure models available
(V5012D & E).

o Constant total flow throughout full
plug travel.

o Linear flow characteristic for each
port.

e Suitab's for pneumatic or electric
actuation (with proper linkage).

« Repack kits available for field serv-
icing.

Specifications

MODELS

V5013A: Three-way mixing valve, 1/2 to
2 in. screwed body; 2-1/2 to 6 in.
flanged body. Straight through flow with
stem down.

Three-Way Mixing &

Diverting Valves

MODEL NUMBER V5013A-E

V5013B: Three-way mixing valve, 2-1/2
to 8 in. flanged body. Straight through
flow with stem down.

V5013C: Three-way diverting valve,
2-1/2 to 8 in. flanged body. Straight
through flow with stem up.

V5013D: Same as the V5013B but with
250 psi (1725 kPa) body pressure rating.
V5013E: Same as the V5013C but with
250 psi (1725 kPa) body pressure rating.

MAXIMUM BODY PRESSURE

V5013A-C: 150 psi (1035 kPa).
V6013D & E: 250 psi (1725 kPa).

END CONNECTIONS, SIZES, AND
CAPACITIES (Cv)

Size
Valve (Inches) Cv
1/2 25,40
3/4 6.3
V5013A 1 10
Screwed
1-1/4 16
1-1/2 25
2 40
2-1/2 63
3 100
V5013B-E 4 160
Flanged 5 %
6 360
8 600

Rev. 10-76
R.F.L.
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M~XIMUM TEMPERATURE
250F (121C)

PACKING LIMITS
Temperature: 40 to 240F (4 to 129C).
Pressure: VS013A-C — 150 psi (1035
kPa) ma.. V5013D & E — 250 psi (1725
kPa) max.

MAXIMUM PRESSURE DROP TO

CLOSE-OFF PRESSURE RATINGS
Refer to Figsa 1A-1F and Table 1.
DIMENSIONS

Refer to Figs. 2,3,8 4.

WHEN SPECIFYING, INDICATE

1. Model Number (Service Desired).
2. Accessories.

3. Operator (Refer to Valve/Operator

Selection Table d).

ENSURE SEAT AND DISC LIFE
TABLE 1-CLOSE-OFF PRESSURE RATINGS FOR V5013A-E VALVES
20 psi (140 kPa) WITH ELECTRIC OPERATORS
STEM TRAVEL =
Close-Off Ratings® PSI (kPa)
1/2 10 3in. Valves: 3/4 in. (19 mm). When Usad with Linkages
4,5, & 6 in. Valves: 1-1/2 in. (38 mm). Pipe Q618A Q618A
8 in.Valves: 2 in. (51 mm). Model Size 80 b 160 Ib
No. (In.) Linkage Linkage Q601E
ACCESSORIES
12 140 (965) 150 (1035) | -----
Packing Conversion Kits (for converting 12 130 (895) 150 (1035) | -----
te high pressure (250 psi (1725 kPa] 3/4 120 (830) 150 (1036) |  -----
‘pphutmng) 14002920001 - Rubber V5013A 1 70 (485) 150 (1035) | -----
“V" Ring for 1/2 to 1-1/4 in. valves. LB VLS EEETETEERE 146 (1005) | -----
14002920-002. - Tefion “V* Ring for 1-1/2 35 (240) 98 (678) [ -----
1-1/2 to 3 in. valves. 2 20 (140) 674600 | -----
Repack Kits for V5013A, 8, & C: 212 | --eee--- 322200 | -----
SERVICELINE | i Stom A Wil B g
pe & | eeeeeeee | eeeeann 9 (60)
Kit Size Dia. SPRISR S 5 Not recommended for tight close-off
No. (inches) | (in. [mm]) 6 Not recommended for tight close-off
v | e 8 Not recommended for tight close-off
3 /" 212 | ---eee-- 32(2200 | -----
14003294001 1 ! 3 Lrseeeee 20100 | -----
/I (R e R (W e 9 (60)
1-3/4
YA Ak 5 Nct recommended for tight close-off
1172, | 3/8 ) 6 Not recommended for tight close-off
14003295001 : " 8 Not recommended for tight close-off
3 3Represents maximum pressure difference between the outlet and either of the
4 1/2 (13) two inlets (or between the inlet and either of two outlets).
1003206001 | 2
8
77-5316
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FIG.2-V5013A SCREWED BODY b K 77-5316-h
DIMENSIONS (REFER TO TABLE
283) FIG. 3-V5013A FLANGED BODY DIMENSIONS (REFER TO TABLE 2& 3)
t  /\ TOP OF 8IN
F VALVE
!
i |
: - 0O X
! j o / © O\
=
£ 77-5316-
D K
FIG. 4—V50138-E FLANGED BODY DIMENSIONS (REFER TO TABLE 2 & 3)

INNER VALVE CONSTRUCTION

FIG.6-V50138 & D THREEWAY MIX-  FIG.7-V5013C

& E THREE-WAY

e

FIG.5-V5013A THREEWAY MIXING
VALVE ING VALVE DIVERTING VALVE
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TABLE 2-V5013A-E DIMENSIONS IN INCHES
REFERENCED IN FIGURES 2,38 4

Valve ! No. of
¥ and Figure | Valve Bolt
Reference Size A ] c 0 F F (1 H J K | Holes
12NPT | 3172 | 19/16 23/4 318 (138 34 L:,
34 1916 2916 33/8 £
1 1:3/4 21316 | 37/8 & =
11/4 11506 | 21118 | 44 | S
1172 2316 278 438 p T
\r’:mza:a 2 NPT 216 | 3w | s %
' 21/2 Fig. 33/4 8716 91/2 2172 36 | s |7 4
3 3172 | 48 65/8 n 138 |3 34 | 6 12| &
4 51/4 | 411116 811116 | 13 18 (1172 | 4 3w | 1|9 8
5 51/4 | 55/8 95/8 15 198 [ 1172 |6 m | 812 (10 8
6 Fig. [514 | 89/16 1011716 | 161/2 |18 | 1172 | 6 m | 8z (N 8
21/2Flg. (3172 | 412 6716 9172 | 138 3 | 2172 38 | san | 1 4
3 312 | 54 65/8 n 1-3/8 |3 3 | 8 12| &
V50138 & C | 4 51/4 | 57/8 811116 | 13 198 | 1972 | & 338 | 12| 9 8
Fig. 4 5 51/4 | 61/4 95/8 15 198 | 1472 | 5 8 | 812 |10 8
6 51/4 | 7-1/4 101116 | 161/2 [1-78 | 11/2 | 6 | 812 | n 8
8 Flg. [51/8 | 91/a 1 2138 (314 | 8 78 | 3@ | 13972] 12
21/2Fg. 3172 | 45/8 7 11172 | 138 3 | 2172 178 | sms | 12l 4
3 312 | 5174 111 12172 | 138 s |3 658 | 814 4
3 V50130 &€ | 4 51/4 | 1112 912 1412 (18 [ 1172 | & 7758 | 10 8
v Fig.4 5 51/4 | 8 10316 | 1634 |18 [ 1972 | § 91/4 | N 8
6 51/4 | 8 1316 | 1858 (178 | 1172 | 6 e | 1058 | 121472] 12
8 Fig. [51/8 | 91/a 145/8 2238 |318 |2 8 13 15 12
TABLE 3-VO13A-E DIMENSIONS IN MILLIMETERS
REFERENCED IN FIGURES 2,38 4
Valve :
and Figure Valve
Reference Size A B c D |E F
12NPT | 90 | 40 | 70 | 79 [35 | 19
3/4 40 | 65 | 82
1 | n|oes
1-1/4 49 | 68 |108
11/2 55| 13 121 '
‘F’:‘?;’:s 2 NPT 62 | 82 |149 -
2-1/2 Fig. 95 | 163 |241 19 | 140 | 128 4
. 3 90 [ 113 | 168 |279 |35 | 19 19 | 152 | 190 4
4 133 {119 | 221 |330 |48 | 38 | 102 {19 | 190 | 229 8
5 133 (143 (244 |381 (48 | 38 | 127 | 22 | 216 | 254 8
6 Flg. | 133 (167 [271 419 |48 | 38 | 152 |22 | 241 | 279 8
2-1/2Flg. | 90 [114 [163 |241 (35 [ 19 | 63 {19 | 140 [ 178 4
3 90 (133 | 168 {279 [35 [ 19 | 76|19 | 152 | 190 4
V501384 C | 4 133 | 149 | 221 |330 |48 | 38 | 102 [ 19 | 190 | 229 8
Fig.4 5 133 (159 (244 |381 (48 | 38 | 127 {22 | 216 | 254 8
6 133 | 184 271 (419 (48 | 38 [ 152 | | | 241 | 279 8
8 Flg. | 130|235 [356 (543 |82 | 51 | 20322 | 208 [ 343 | 12
21/2Fig. | 90 (117 [ 178 [292 {35 |19 | 63|22 | 149 [ 190 4
3 90 (133 (190 [317 [35 [ 19 | 76 168 | 209 4
V5013D & E | 4 133 | 190 | 241 (368 |48 | 38 | 102 200 | 254 8
Fig.4 5 133 | 203 | 259 (425 |48 | 38 | 127 235 | 219 8
6 133 | 224 | 284 |473 |48 | 38 [ 152122 | 270|317 | 12
8 Flg. [130 [235 (371 |568 [82 | 51 | 203 |25 | 330 (38 | 12




Typical Operation
MIXING SERVICE

When a mixing valve is used in a
modulating heating application with
Port B connected to a hot water
boiler, Port A to a boiler bypass, and
Port AB to a load, a fall in tempera-
ture at the controller lifts the stem to
proportionally open Port B and close
Port A increasing temperature of the
water leaving the valve,

FIG.8-V5013A, B, & D MIXING VALVE
OPERATION

DIVERTING SERVICE

When a diverting valve is used in a
heating application, with Port A con-
nected to a coil, Port B connected to a
coil bypass, and Port AB connected to
the supply, a fall in temperature at the
controller moves the valve stem up,
upening to Port A and closing to Port
B, increasing the flow of hot water
through the coil.

FiG.9-V5013C & E DIVERTING VALVE
OPERATION

77-5316

D-46




TABLE 4-VALVE/OPERATOR SELECTION MATRIX

|
AM Actustens
Two-Position | Twe- | Proportionsl
& or Floating | Position Non- | Proportiond
Size Preumatic NonSpring | Spring Spring Spring | Eloctronic
Basic Veive  |(Inches) Cv Operator Return Return Retura Return | Actustors | Notes
V5013A 12 25,40 | A1,C1 A2,C2 B1,D1 EorG Horl JorlL Mor .| OorP
' Three-way n 6.3
Mixing Vaive 1 10
with Screwed 1-1/4 16
End Connections | 1-1/2 2%
! 2 (1) A1,C1A2028101 | Eor Horl JorlL MorN | OorP
:
| V501384 D 212 63 A2,C2 81,01 E Jorl
Three-Way 3 100 A2,C2 81,01 E JorlL
Mixing Valve 4 160 A3C3 F K
| Flanged 5 250 |
F End Connections | 6 360 A3,C3 F K
| (D Mode! for 8 600 Industrial Type: 01-15|  Not recommended for tight close-off. Use pneumatic opener.
High Pressure or 07-18S
Applications).
VS013C& E 212 63 A2,C2 81,01 E Jorl
Three-Way 3 100 A2,C2 81,01 E Jorl
' Diverting Valve | 4 160 A3,C3 F K
Flanged 5 250 A3C3 |
End Connections | 6 360 A3C3 F K
(E Model for 8 600 Industrisl Type: 01-15|  Not recommended for tight close-off. Use pneumatic operator.
High Pressure or 01-188
Applications).
NOTES:
& The MP953A-D are rolling type diaphragm actuators which & Example Linkages:
provide proportional control of V5011 valves. QB01E1000 — 160 Ib. seal-off force.
; Al - MP953A D.A.5in. dia. with positioner. C618A1024 ~ 80 Ib. seal-off force.
A2 - MP953A D.A. 8 in. dia. with positioner. 0618A1032 - 160 Ib. seal-off force.
; A3 - MP953A D.A.13in dia. with positioner.
; o s - Letter | Use Motor Linkage
- . 1-1/8 in. dia. with .
B1 MP953B R.A. 7-1/8 in. dia. with positioner Designstion| Similar to: i R
Cl - MP953C D.A. 5 in. dia. without positioner.
C2 - MP953C D.A. 8 in. dia. without positioner. E MB44A 0618A1024
C3 - MP353C D.A. 13 in. dia. without positioner. F MB44C Q601E1000
D1 - MP953D R.A.7-1/8 in. dia. without positioner. G ME34B 0618A1032
*Not recommended for tight close-off. Use pneumatic operstor. H MB845A 0618A1032
| MBA4SE Q618A1032
J M344A 0618A1024
K M344C Q601E1000
L M334A 0618A* 132
M M945A Q618A0C2
N M94SF 0618A1032
i 0 M70448 0618A1024
; B M7045 Q618A1032
| 77-5316
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APPLICATION

For proportional or two-position control of hot or
cold water in coils of heating or cooling systems, Used
for mixing service to direct flow from two inlets to a
common outlet; for general purpose imixing apphications.
Not for diverting Nlow from a common inlet to one of
two outlets.

CONSTRUCTION

Three-way mixing, normally or°n to bottom inlet.
Constant total flow throughout full plug travel.
Springloaded, scif-adjusting, Teflon or rubber *“V* ring
packing. Operator caa be roiated to align sir connection
with control air piping and can be removes without
disturbing adjustments. Operator furnished with tough
wear-resistant  Neoprene diaphragm. Small operator
available with silicone diaphragm for higli temperature
applications. Diaphragms replaccable. The MP95S3A
Operator used in the VPSIEA Valve Assembly is
furnished with a Gradutrol positive positioning relay.
The start point and operating range are adjustable on the
positioner to provide sequence operation with other
controlled devices. The VP516C assembly is furnished
without the relay.

ASSEMBL
T ASSEMBLT | BODY | . OPERATOR (DINECH
| | T_wODEL” | POSITIONCR
VPSIGA | T YSOI3A_ | TWMPSSIA with
vPSI6C T | VSDI3AT | T MPSXCT | Without
Valve assemblies shupped assembied.
BODY

SIZES: 1/2 in. through 2 in., screwed.
NOMINAL BODY RATING: 250 psi bronze.

FLOW CHARACTERISTICS: Constant total flow
throughout full plug travel.

SEAT: iop seat in valve body, lower seat in lower inlet.
Integral brass,

*Trademark
Rev. 11-73
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VP516A & C
THREE-WAY PNEUMATIC
VALVE ASSEMBLIES
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X

VP516A with Gradutrol® Relay

PLUG: Contoured to provide linear charactenstics.
Brass. Metzl-to-metal seating.

CAPACITY: Sce Table 2 for Cv.

PACKING: Teflon “V™ ring on 1-1'2 and 2 in. Valves -
Rubber “V* ring on 1'2 to 1-1.3 :n. Valves,
spring-loaded, self-adjusting.

LIFT: All sizes, 3/4 in. »

OPERATOR

CONTROL AIR PRESSURE: 25 psi maxim:m,

POSITIONER: On VPS16A only.
Start point - adjustat!c between 3 and 10 =1,
Operating range-3, 5, 0r 10 pa.

SPRING RANGES AVAILABLE (\VP516C, less
positioner): 210 7,410 11, or 810 12 pu:

remmunsee 775214

Commerc & Do
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INNER VALVFE CONSTRUCTION - TYPICAL OPERATION

Nommally open to Port B Anjncr ver m cor ol gs
pressure moves the plie away from Post A Aamum
control air pressere elosss Part Baod o ons P A
man pressurce available through the postioner to prawide
positive valve positioning for all load conditions

CONTPL AR

PO TCNCR ON
*‘-r% l VPS €A DALY
MANH
AR
S
]

DA

T ot
B'N

NORMALLY-CLOSED TO POAT A
AND CPEN TO PORT vost

Tig. 2-VS013A (Mixing Valve). Fig. 3-VPS16A and C Operation.

HONEYWELL® Minnespolls, Minnsets S5458¢Scarborough, GnitarierS uleigiorias ond Atfilistes Around the WeridsPrintes i U.S.A.

11-8214
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~PPLICATION

For proportional or two-position wontrol of hot or
cold water tn heating o cooling systems. Used 1or
mwung service (VPSI6E and G) to direct one of two
inlets to a common outicet, or for dnerurg (VPS16F and
H: to direct flow from 2 common inie! to one of two
outlets.

CONSTRUCTION

Three-way mixing. rormally oper to ports B to AB,
or three-way diverting, normally open to ports ABto A
Constant total flow throughout fuil plug travel.
Single-piece body has cage-type inncrvaive construction
permitting easy service and repar. Springdoaded,
sclf-adjusting Teflon packing Operzior can be rotated to
3 align main-air connection with controi-a:t piping and can
be removed without disturbinrg adwstments. The
medium size operator 15 avalable with silicone
diaphragm for high temperature application. Dvaphragms
are replaceable.

’ The MP953 A Operator used in the 21~ in thru 61n.
f VPS16E and F Valve Assemblies i< furnished with a
Gradutrol® positive-posittoning reisy  The start point
and operating range on the positione: are adrstable to
provide sequence operation witt. ~ter controlled
devices. The VPS16G and H Assemb oo are furmished
without the relay.

A"SEMBLY

Table 1 -VP5S16E-H Valve Acser:hlv Components.

VP516E-H
PNEUMATIC VALVE ASSEMBLIES
3-WAY MIXING OR DIVERTING,
2-1/2 IN. TO 8 IN.

" e

BODY
SIZES: Flanged, 2-1/2.3.a,5. & and 8 in.

NOMINAL BODY RATING 125 psi, B & C models'250
psi P& E models.

FLOW CHARACTERISTICS Constant tota! flow

throughout full plug trave! Linear each port.

SEATS: Replaceable bronze. Both seats held in place by
bronze cages sealed to body by rubber “0" nings.

PLUG: Bronze, metal-to-metal seating, skart guided

: Assembly Body Ope: » : Paitioner STEM: Stainless steel.
' VPSI6E [VSOI3BA D Miung (M1 . Win
VRSISE VSOISCAT Dnemg w2 0w LIFTE
- VPS16G IVSO1IBA D My | W T TR v 2-1/2:n.and 3 1n. s1zes-3/3 40
VPS16H [VS013C & E Diverting) MI% <" 5 Without - 4,5and 6.1n. sizes—1-1/ 2
- - S — 8in.size-2mn

34.4n valves use type 01 opentor PACKING: Spring loaded. self 2 Yiusting Teflon paciung.

*Trademark

Rev 11-72 venne 775256
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OPERATOR

CONTROL AIR PRLSSURF
2-1/2 thru 6 1n. valves-25 ps: max.
8 in valves-50 psi max.

POSITIONER: On VPS16F and F oniy Start point
adjustable between 3 and U psi, operating range
ac:u.tahle to 3, S or 10 psi.

NEARESY OBSTRUCTION m
- — '
: ¢ i fy ~
J 1 -t

|
|
|
!
|
1

SPRING RANGES AVAILABLE: On VPS16G and H
(less pos t.oner)
2-1/2 1o ¢ 1n. models:
Medium NP953-210 7,4 to 11 or B to 12 psi.
Large MPYS3—4 10 11 psiand 2 to 7 psi only.
8in.mol:s
01-18 Orerator-3109,91t0 15,3 to 15, 016 tn
30 ps:

01-18S Operator-3 10 15,910 15,3 t0 9,016 to
30 psi.

PR
-

L i

weie-o

Fig. | -Dimensions: 2-1/2 thru ¢ 1~ —left; 8 in Direct Acting —center; 8 in Reverse Acting—right.

Tat'= T Dvmensiom of VP S16E-H Valve Amembuns

A » | ¢ D 3 F

Body Operator 5p IV :.‘n-I:SOpuJ 125pr | 2%0pn | 12Spu L:sop.
202 | Medium MPYS3 o-v,xol ’ o zfn: 81/a 1338 1 (87 ]
3 Medom MPIS3 | 6SA L i) i 12912 s1/e " 11-3/e (87 ]
. Large MP9S) TR T ' 1402 | 132 | 18316 | 1936 | 151518 17412 211016
s Large MP9S3 asm nr g 1638 | 13472 | 181106 2018 | 16716 | 18 21118
o Large MP9S3 100008 ) 1 voe a2 (1888 | 132 | 1992 0 2ne | 1714 | sdne | T-nne
(] DA 0115 14 facs  coam|38 [ 1an 3453

DA 01-18s : 20412 jTeL

RA011S ; | 1nan LIEEY

RA.O11& 204172 e
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: CLOSE-OFF PRESSURE RATING (PSI) : ' CLOSE-OFF PRESSURE RATING (PSH)
L1 LOWER SEAT U LPPER SEAT -
[[_SiRING minsEs ]
§-1006-167'8 - 29 3-Bivpeig- 8 INCH BOTIES .
:‘.f_ T wiTH O-185 IPERATOR ;'?‘:091';‘3.,'22:{,:
ic:-.w 6[29.8 1943 T '
uf e dsbot 2+
124 F €16 17¢41 . B
Fa L) i 1
13, 3ja2is|m = X 44—
. ;'iz 3314 | ™1 i :
14 1i3edy ‘\J_ ol | =
16 2} N e —da
I‘IT ] \\c} 4 ) i
18 1 Y —r - L i
9 « A\l ! i
C S A )
2 | o 1N Y S 1019202530 33 40 Q3% 2° &
—t S 10 P 202930 40 45303560 . (e
MI¥ING L ULULVL WY DIVERT CLOSE-OFF PRLCSSURE RATING (FT';
onvearme o L VLV LY cose-orr paessune maTinG s) e
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Fig 2-Close-off Ratings for VPS16E through H.
Table 3—Valve Ratings
Recommerided [ Pacn~g or Operator Limitation
Max. Press. — Normal
Valve Sire c Manimum Differential MaxT.m Maximum Limitng
Assembly (Inches) ' Pressure (For Close-0tf) Tempe:ature Pressure Factzr
Different:a! of Age~t of Agent i
% 630 s .
VP516E k] 100 7 ee = Matimym
thru . 1600 20 psi Graphs 2w 1ZSm V01 RaL Pressure
VP516H 5 a0 250 psi-VS0130 & E Different:al
6 w00
8 60C U
77.82%
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INNER VALVE CONSTRUCTION

vane Cmenson A Dimension B Ve Dimension A Dimensio~ B
Size(in) (Stem ur) Size(in) (Stem up) .
T & - 5] 263 &'y 1%
I At e i DY 6 [
T s : ’5! 3‘/‘

Fig. 3--V5013B Three-Way Mixing Valve.

TYPICAL OPERATION
VPS16E AND G MIXING (Fig. §)

Normally open ports B to AB. An increase in
coatrol-air pressure moves the plug away from port A.
Miximum control-air pressure closes port B and opens
port A. Full main pressure available through a positioner
{(VPS16E only) to provide positive valve positioning for
ail lcad conditions  Positioner also allows sequencing
with other controlled devices.

NCRMALLY (1 C74 0 7T mORY

A AND OPENTCPONTR TO 48

7-9r% -0

Fig. S-VPS16E and G Miing Valve Operation.

Fi3. 4-V'5013C Three-Way Diverting Valve.

VIS16F AND H DIVERTING (Fig. 6)

Normally cpen ports AB to A. An increase in
control-air pressure moves the plug away from port B.
Maximum cort:ol-air pressure closes port A and opens
port B. Full mzn pressure available through positio-er
(VPSI16F only) 0 provide positive valve positioning for
all load cond:ucns. Positioner also allcws sequencing
with other cont:olled devices.

wifga (Vv TLOSEC TO PORT
0 OPEATO POATS A8 TOA

LT

Fig. 6-VPSt<F and H Diverting Valve Operation.

HMONEYWELL®Minneagohis, Minnesuta 5540895carporough, OntarioeSubsidisnies and &**.ates Arcund the World *Printed In U.S.A.
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ASME RELIEF VALVES e

'

12 ibs . suitable for 1, 2, and 3-story buiidings. AUMTET R Vs o Ny, L6 2BE-3R0LARY /et tt d Ot o
Adjusiment ezsily made. Available in ron or
brass body construction

These valves are built to ASME requirements—tested by National Board and labeled with ASME
symbol. They are offered in a wide range of capacities to permit close matching of relief valve

| | Factory Apﬁ'Ol. capacity to the boiler load.
No. : Size (23:15):. ‘ P;gf(’.:\’;" VS",,':’,.;, B&G ASME Relief Valves are not *‘pop'’ type units. Diaphragm operation transmits more power
H : 3 during opening and closing of valve and also seals its spring chamber-against possible corrosion.
12 | %  Iron ig ! 'LI‘S B: g : ILBS' The valve seats against a face of EPT rubber which is resilient enough to prevent leakage when
87 | W, Brass | LUS. Dol 1 908 the valve 1s closed. EPT ;upber is extremely resistant to the effects of high temperatures—age
*Field adjustabin range 8-25 PSI or use will not deform 1t.
pn ; The differential between opening and closing pressure is unusua'ly low, preventing conditions

under which the boiler water might flash into steam and cause hanimering. Under normal oper-
ating conditions, thermal expansion in the system lifts the vaive just far enough to discharge
water at a low rale of How. Under emergency conditions, the valve 1s opened wide to fuli rated

The séme.- Reducing Valve used in the B&G
Dual Unit. Available only with *wo female con-

nections. Brass or iron body capacity.
I | tactory ' Angmx
I Size Bod Pressure Ship. - —
he ' ! Co‘:vs)!'. \'en-::g Weht Valve Setting Relief Valve Catalog Number and Capacity in BTU Per Hour
B3 | 1 | Brass = 12Lbs. Der. | 4% Lhs. IS Lhs No 175 15 1 No, 20 15 ' N 350-15 | No. 480-15 | No :50-15 | No. 1050-15 ]m 3300-15 |N5 410G 15
FBs ' 5" | Brass 12 Lbs Del. 3': Lbs. L1500 207000 220, 306000 | 500000 | 650000 |2000000 250000
88 2., |l /lron 12L0s, Del. « 3 Lus. 30(vs  Standard Mo | 5°  No 2501 No 3507 | No 4ROt | No 750  No 1050 | No 33001, No 4100°
FRa | 4" ! lron | 12Lbs. Del. 3 Lbs Settng 1,000 250000 _ 350,000 _ 480000 | 750000 1050000 | 3300007 4100000
*Field = tfjustable range 8:25 PSi 3 Lbs No 17536 No 250-36 | No 350-36 | No 48C-36 Nu 75036 | No 1050 36 | No 3500-36 N 4130.36
231 500 320,000 410,000 ' 540.000 830 00C 1.200.000 | 3 800,000 4 600 000
45 Lbs No 1'5 45 No 250-45 No 350-45 Mo 480-45 Nn 750.45 No 1050-45  No 3300-45 No 4100.45
. 25/ 000 441 000 450,000 64C.000 1.000 00 1,350 000 4 509 00C 5 550 000
Protec s plumbing fixtures agamst excessive TS0 Ty huH}g-CSO N:;ﬁ",«gow;o N:lg!(;)(‘mso N;»ools)(&)so ';omfos&\s)\ Nflﬂ?ﬁ' "."93?’&1? N;() -{‘so
S [afe g I 1 ( ) & 050 0GU
”:. ,‘. :r‘e: :zf.;:'y.'.:fv:,s:;(:etiru,f50t|::. 75 Lbs No 17575 No 25075 No 35075 | No 480-75 No 730-'5  No 1050.75
oS ourat muslBeisPalticd Whan srcseis. Al | 7350000 500000 | 675000 _ 980000 1500000 7020000 |
il st sale ool Rl Sk T Tho 175100 No 250100 No 350-100 No 480 100 No 750 100 o 1050-1000
Aurk  parts brass canstruction. built-in 400.000 650,000 860,000 1 250 000 1990.000 | 2 565.000 |
Stri . extra large daphranm ST Tho 1751757 No 2680.175 No 350175 Mo 480 175N, 780125 Mo 1050 128
- ——— e e e 500 000 750.000 1.050.0v.. | 540 0OC ) 000 3015 |
T t lfactory | Approx e . v r v . N . e
‘o e Hody | P.ossure Stup Valve Inlet | "‘, S " i oy }, v !:',‘, I “7"; e
Corst Sett g Weight 1_'1."."‘17_‘ Outlet | __ 1 ! 1 i 1% 14 : i
et - 2 . —— £ot | 1 1 v & 18

A" Bracs | 4510Ls Del | 3% Lbs h,,'."' Wi Ii_‘ Valve 3" 3% 34 ‘4 : i 5 18 .

Ya Brass dhibs Del 4% Ibs ihs 17 in Ctn o &0 4] A 4] 60 S8 | e o
£ adjustable range 25 60 Pl *No! tor Domestc Service
1t 1 G Working Pressure-22%°F Max. Operg. Temp 125 PSIG Working P 250°F Max) Operating Temperature tPatent No. 2264, 114

< CAGE =

STOCKED—SOLD—SERVICED EVERYWHERE
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THRUSH RELIEF VALVE s

Bui|i¥in withRih'e
o e NSLME

MBoilerfondfRressureBVesselNcodel

TIME-TESTED THRUSH RELIEF VALVES ARE
DESIGNED TO PROVIDE GREATER CAPACITY AND
MAXIMUM PROTECTION FOR SPACE HEATING
HOT WATER BOILERS AND DOMESTIC HOT
WATER SUPPLY SYSTEMS. VALVES FEATURE
BRASS SEAT AND A HEAT-RESISTANT, SILICONE
COMPOSITION DISC THAT WILL NOT STICK,
SWELL, WARP OR DISTORT IN ANY WAY. IN
OPERATION, THIS DISC OPENS WIDELY TO
PROVIDE FULL DISCHARGE WHEN THE PRESSURE
SETTING IS REACHED. A SPECIAL COMPOSITION
DIAPHRAGM ACTS AS A POSITIVE GUIDE, AND
ALSO PROTECTS SPRING FROM WATER DAMAGE.
SPECIFY AND INSTALL WITH CONFIDENCE . . .
THRUSH RELIEF VALVES ARE DESIGNED AND
BUILT TO COMPLY WITH REQUIREMENTS OF THE

A.S.M.E. CODE.
SIZES AND CAPACITIES
INLEY AND
NO. OUTLET SETTING BTU RATING
38 %" 30 P.S.. 520,000
138 1 30 PS.I. 1,215,000
100PS). | 1,340,000
81 % 125PS.I. 1,640,000
SAFE, DEPENDABLE PRESSURE RELIEF 150 P.S.I. 1,940,000
. 125PS1. | 3.865000
181 1 150PS.I. | 4560000

THRUSH Products, inc.

D-56
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HOFFMAN
WATER VENTS

Y]

ned nUSA 37¢

No. 77 WATER VENT
Designed for etficient
releasing of an In
hydronic heating systems,
such as. baseboard
radiators, conveclor
radia‘ors and small
hpating units

Size Conn.:

a” straight shank

Max. Opar. Press.:

35 PSIG

Mex Temp.*

20 F

No. 790 WATER VALVE
Especiaily desaned tor
remeoving ar from con
vectors basehoard anad
wail radiation  Satety
franconnecuonattne

top to: hscharqurgmers-
e Antiamnied 0 e
1ar Futoag end

tyr ', D ring
S3CIPC S T e
SizeConn.: "4 !

shank
Max.Oper Press.. 30#'S!

No. 500 AIR VALVE
Ao type et with
boalt inCreos Valve de
aane s lorvent . oys
. AN ELTE [ AN AT
am ey D can
ot e Wt
TN the Syt
SizeConn : S b0

byein

Max WaterPress '

No. 78 WATER MAIN
VENT VALVE
Designed for useon high
pressure hot orcold wa-
ter mains and process
applications Castbrass
body Safety draincon-
nection for discharging
moisture entrained in the
vented air Tapped attop
for',”1 P S Built-in
Check Vaive
Size Conn.:

" straight shank
Max. Oper. Press.: 150PSI -
will withstand hydrostatic
pressures of 450 PS|

No.791 WATER VALVE
Designed for convectors
and smallmains Safety
drain connection at top
for discharging moisture
entrained in the vented
air Fiting and ferrule
for ., ODtubing Teles-
copic Siphon _ ube
Size Conn.: " straight
shank

Max. Oper. Press.. 50 PS|

No.550 AIR CHAMBER
Primarily designed for use
onconvectors which are
not provided with built-in
airchambers or air collec-
tion hittings Itis allbrass
canctrLetion and provided
will draintube Ideal
fyrusewith the No 500

AnVent * o Straight
shana connectinn tapped
athetop for (o nec-

non \'alume o6 Cabee
e hes

Max. Water Press.. 100 PS|
Max. Steam Press.. > P'S!

iuh‘v

No. 79 WATER MAIN
VENT VALVE
Designed for use on hot
orcoldwa'er mains and
process .apphications
Tappedattoptur’ “IPS
safety drain connection
for cischarging morsture
antrained i the vented
air Built-inCneck Vaive
SizeConn.:' “femaie: '"
male straight shank
Max.Oper. Press.. 75PSI-
willwithstand hydrostatic
pressures o' 200 PSi

No. 782
HIGH PRESSURE
- WATER VENT
s Designed for releasing ar
| trom hot or cold water
| mans, hydronic heating and
. chiung systems storage and
w1 Processing tanks liters, cen-
NPT, tnfugal pumps Castiron
;- body and cover, stainless
| slee'interor
Max. Oper. Press.:
| 250PS!G
Max. Temp.:
300F
Hy. Press.:
to 350 PSIG

No. 793 DRAIN VALVE
To remove water automat-
cally from compressed air
tanks. air separators, drp
points and after coolers with
minimum arr loss Castiron
body and cover stainiess
steel interior

Max. Press.:

250 PSIG

Cold Water:

100 F Max temp

Hy. Press.:

to 350 PSIG

NPT

HOFFMAN SPECIALTY

1700 West Tenth Street Indianapolis
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORAT.ON

mry TTT
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BELL & GOSSETT ITT
Fluid Handling Division

Airtrol Tank Fittings
Model No. ATFL
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1 BRONZE TRIMMED and | BOLTED FLANGED CAP !
Al.l. |n 0" THREADED and FLANGED ENDS
PRESSURE/TEMPERATURE RATINGS
SWING CHECK VALVES g e
2°1012° 125 125 psi Saturated Stoam
200 200 psi Non-Shock Cold Water,
_ Oil or Gas
L " e18" — 125 psi Satursted Steam
f -_— 150 psi Non-Shock Cold Water,
| Oil or Gae
18" — 150 psi Non-Shock Cold Water,
’ Oil or Gas
s -
;- MATERIALS
. D_ESCRIPIEN_ ) L .__AN'lf‘.IfERIAL ASTM Spec.
Body Bolts & Nuts Steel A-307, Grade B
Fig. 558 Cap Cast Iron A-126, Class B
Gasket Asbestos Commercial
Bronze Trimmed, Threaded Disc Holder Shaft
Bronze Trimmed Brass B-16
Fig. 1258 — All Iron, Threaded All Iron Steel A-108, Grade 1020
Sizes. 2 through 4 Pipe Plug
Bronze Tnmmed Steel : A-108, Grade 1020
All Iron Cast Iron A-126, Class B
Body Cast Iron A-126, Class B
' Seat Ring Bronze - B-62
Disc Nut
Bronze Trimmed Brass B-16
All Iron Stee! A-307, Grade B
] - Disc Nut Pin Stainless Steel A-276, Grade 302
Disc Holder
Bronze Trimmed Bronze B-62
. All lron Malleable Iron A-47, Grade 32510
isc
Bronze Tnmmed 2 -8 Bronze B-62
/ Sectional Bronze Trnmmed 10 -18 Cast Iron with
. Bronze Disc Ring  A-126, Class B
/ Fig. 559 Al lron Cast Iron A-126. Class B
Bronze Trimmed. Flanged
Sl gl SPECIFICATIONS
; 9 Sa‘z‘c.s 2_ Illm::;ﬁ ‘gnge e Flanqod Fnd Valves ine in accordance with ANSI B16.1
' and 16.10
FEATURES
~ e Renewable Discs
e Renewaole Screwed-in Seat Rings in Bronze Trimmed
villves ; integral seats in All lron valves
ORDER|NG e These valves may be used in horizontal or vertical posmon
’ e These valves are normally carned in stock however. the pressure must be under the disc :

4  mA A DIMENSIONS (Inches)
Nt & T R 2/2 3 4« 6 8 10 12 1a__16_ ‘10
| .{ﬁ Mo W 7 6 10 = me e e e s
b A i i eam aen 5 85/ 6 P/ 9 N 12918 16Tz AT/ Ve
] e Sl O icsiansemssememesnsners 8 8/ 9/ a4 192037 3 3 M
: T WEIGHTS
::3 ?gge Fig. 558............. 20 28/ 384 73N em  — -— — -
Fig 559 Fig. 559 ... .. 33/ 421 52 984 u.n:oonuol .un 057 12704 16784
Fig 1259 Fg. 1258........ ... 20 28/ &1 I8H — — — - —_— —_
Fig. 1259............ 28 410 San 98 mr-'Joofruonusrr 05 1245713507
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BRONZE TRIMMED and | BOLTED FLANGED CAP
THREADED and FLANGED ENDS
All |H0" PRESSURE/TEMPERATURE RATINGS
SWING CHECK VALVES el
2°1012" 12§ 125 psi Saturated Steam
200 200 psi Non-Shock Cold Water,
Oil or Gas
14"&16" — 125 psl Saturated Steam
— 150 psi Non-8hock Cold Water,
Oll or Gas
18" -— 150 psi Non-Shock Co'd Water,
Oll or Gas
MATERIALS
DESCRIPTION MATERIAL ASTM Spec.
Body Bolts & Nuts Stee! A-307, Grade B
Fig. 558 Cap Cast Iron A-126, Class B
) Gasket Asbestos Commercial
Bronze Trimmed, Threaded Disc Holder Shatt
) Bronze Trimmed Brass B-16 :
Fig. 1258 — Al Iron, Threaded All Iron Steel A-108, Grade 1020
Sizes, 2 through 4~ Pipe Plug
Bronze Trimmed Steel A-108, Grade 1020
- All iron Cast Iron A-126, Class B
Body Cast Iron A-126, Class R
Seat Ring Bronze " B-62
Disc Nut
Bronze Trimmed Brass B-16
All Iron Steel A-307, Grade B
Disc Nut Pin Stainless Steel A-276, Grade 302
Disc Holder
Bronze Trimmed Bronze B-62
D'A" Iron Malleable Iron A-47, Grade 32510
isc
Bronze Trimmed 2°-8° Bronze B-62
Sectiona! Bronze Trimmed 10 -18" Cast Iron with
Bronze Disc Ring A-126, Class B
Fig. 559 All Iron Cast Iron A-126, Class B
Bronze Trimmed, Flanged
Fig. 1259 — All Iron, Flanged SPECIFICATIONS
g'Sizes 2 throug'h 18"° e Flanged End Valves are in accordance with ANS| B16.1
' and B16.10
FEATURES
e Renewable Discs
e Renewable Screwed-in Seat Rings in Bronze Trimmed
valves ; integral seats in All Iron valves
ORDERING e These valves may be used in horizontal or vertical position;
e These valves are normally carried in stock however, the pressure must be under the disc

DIMENSIONS (inches)
T 22 34 6 8 10 12 14 is_1
M ccicasossoerssnisososes .61 7 [} 0 — — —= — - -_— -_
Rivorsissoammssporssssion 5 8h 6 e 9 N A2/ &/r 182 AT Y
L S ¥ Whe Whawhah N % 3%
. WEIGHTS
e Fig. 558, VN NN B I — — — — — — -
Fig. 550 Fg. 559 334 420 S2H  9SH 16843004 60K 6831 WSH 12704 675K
Fig. 1250 Rg. 1258............. 04 WH OF ISH — — — — — — -
Rg. 1259............ WA AH SaH 9SH 17343004 4604 68SH WS 1248H 13504
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IRON BODY

250 Pouna

BRONZE TRIMMED BOLTED FLANGED CAP
and Al.l. lno“ THREADED and FLANGED
PRESSURE/TEMPERATURE RATINGS
SWING CHECK VALVES Threaded ~ Flanged
250 250 psi Steam at 450°F
500 500 psi Non-Shock Cold Water, Oil or Gas
v o3
. MATERIALS
e DESCRIPTION ~ MATERIAL ~~~ ASTM 5pec
; Body Bolts Steel A-307, Grade B
. Cap Cast lIron A-126. Grade B
Gasket Asbestos Commercial
¢ Body Nuts Steel A-307, Grade B
- Disc Holder Shaft
Bronze Trimmed Brass B-16
All Iron Steel A-108. Grade 1020
Fig. 575 Pin Plug Gasket Iron Commercial
Bronze Trimmed Threaded Pipe Plug
Sizes. 2 through 4 Bronze Trimmed Brass B-16
All lron Steel A-108 Grade 1020
Disc Holder
&t o . a0 Bronzed Trimmed
2 -6 Brass B-124
. ’ 8 -10 Bronze B-62
All Iron Malleable Iron A-47. Grade 32510
Disc Nut Pin Stainless Steel A-276. Type 302
ot p Disc Nut
\ Bionze Trimmed
2 -6 Brass B-16
8 10 Cast lron A-126. Grade B
Sectonal All lron Steel A-307. Grade B
: Disc
Fig. 576 Bronze Trimmed
Bronze Tnmmed Flanged 2 .6 Brass B8-124
Sizes. 2 through 10 B -10 Cast Iron A-126. Grade B
All lron Cast lron A-126. Grade B
Body Cast Iron A-126. Grade B
Seat Ring
Bronze Trimmed Bronze B-62
SPECIFICATIONS
e Flanged End valves are in accordance with ANSI B16 1
Sectonagl and B16.10
Fig. 1274
All lron. Flanged
Sizes 2 thiough 10 FEATURES
e Renewable Discs
e Renewable Screwed-in Seat Rings on Bronze Trimmed
ORDER|NG valves. integral seats on All lron valves
o These valves are notmally carned in stock e Valves must be installed with pressure under the disc

[=—o— — = S s s e e e e R S S Y S 5T
DIMENSIONS (inches)

b ssagmity, S 2 2. 3 3 0 10

' #'8‘ ;r o M (Threaded) L ¥ 10 /4 1 3 -_ - -
! ; Fig 575 O (Flanged N 7B T DR V' 7h 2 24'/3
.L i bin 476 A 6w Vs Vi 8% 10%w 11 4%

— Fig. 1274 WEIGHTS

SR Fig 575 40 55/ 90 1200 — - -
fig 576 52 76 1027 160/ 290/ 4807 760
Fig 1274 55 76 105/ 16077  290: 4801 7601

THE WM POWELL COMPANY  SINCE 1546
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BRONZE GATE VALVES

“U.8."

Sectiunal
Fig. 500

Inside Sciew Rising Stem
Sizes, Y« through 3"

125 Pound

SCREWED-IN BONNET
THREADED ENDS

PRESSURE/TEMPERATURE RATINGS

125 psi Saturated Steam
200 psi Non-Shock Cold Water, Oil or Gas

MATERIALS
DESCRIPTION MATERIAL ASTM Spec.
Handwheel Nut Brass B-18
Identification Plate Aluminum Commercial
Handwheel Aluminum Commercial
Stem Silicon Bronze WPC Alloy #69
Paciing Gland Brass B-16
Pocking Nut® Bronze B-62
Packirig Graphite Asbestos Commercial
Stuiiing Box** Silicon Bronze WPC Alloy #69
Bonnet Bronze B-62 .
Body Bronze B-62
Wedge Bronze B-62

*Brass ASTM B-16 for Y4 ' through 1" valves
**Furnished on Fig. 507

Suctional

Fig. 507

SPECIFICATIONS

e Federal Spncifications WW-V-54, Class A

insiie Screw Non-Rising Stem
Sizes, "' through 3

ORDERING

e These valves are normally carried in stock

o Double Wedges. in Rising Stem valves,
are avalable on special order

FEATURES

e Renewable Solid Wedges
o Integral Seats
e High-Tensile Bronze Alloy Stem

e Solid and Double Wedges. in Rising Stem valves,
are interchangeable

[ L ey ———— SO
«
] DIMENSIONS (inches) »

Size e ' '/ Y 1 1"e 13 2 2, )
. A T We 2 Phe 2w s 3 Y 4 PP

- B it e &fe ¥l & Ph W W N le W

o L 2 h e D 3 e &l & e
. ¥ 3, 1Y €/ e 81 & 7% 9/a 10V

Fig 500 Fig 507

THE WA POWELL COMI'ANY SINGCE 1HIb

|

¢ | PR
~ A WEIGHTS
12 1300 171 1412 248 3412 SH  8#6 15HY 2WD
1201 130z 17V V412 208 N2 S¥ 816 1543 24)
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IRCN BODY 250 Pound
BHQHZE 'ﬂ“MMED and OUTSIDE SCREW RISING STEM -~

BOLTED FLANGED YOKE-BONNET
ALL IRON GATE VALVES | tHREADED and FLANGED ENDS

“MODEL STAR”
PRESSURE/TEMPERATURE RATINGS

'S
= Threaded and Flanged
2'to 12° 250 psi Steam at 450° F
500 psi Non-Shock Cold Waier, Oil or Gas

Fig. 1796 14" and 16" 200 psi Steam at 450° F
Threaded, Bronze Tr.immed 400 psi Non-Shock Cold Water, Oil or Gas
Fig. 1819 MATERIALS
Threaded, All Iron
Sizes. 2 through 4 DESCRIPTION MATERIAL ASTM Spec
Stem Bushing Nut Mualieable Iron A-47, Grade 32510
Handwheel Malleable Iron A-47, Grade 32510
Handwheel Key Steel A-108. Grade 1020
Cap Szrew Steel A-449
Bearing Cap Malileable Iron A-47, Grade 32510
Stem Bushing
(Black Oxide) Mallezble Iron A-47, Grade 32510
Bonnet Cast lron A-126, Grade B
Eyebolt Nuts Stee! A-307, Grade B
Gland Malileable Iron A-47, Grade 32510
Eyebolts Steel A-307, Grade B
Packing Asbestos Commercial
Groov-Pin Steet AISIB-1113
Packing Washer Sleel © A-108, Grade 1020
P.U.P. Bushing
All Iron Steel A-108, Grade 1020
Bronze Trimmed Brass B-16
Yokearm Ear Bolts & Nuts Steel A-307. Grade B
Sectional Yokearm Caet Iron A-126, Class B i
. Yokearm Bolts & Nuts Steel A-307. Grade B
Fig. 1797 Stem ‘
Bronze Trim 2 -4~ Brass B-124
Flanged, Bronze Trimmed Bro..ze Trim 616 * Bronze B-62
All Iron Steel” A-108. Gracde 1020
Fig. 1820 Gasket Asbestos Commercial
Flanged. All Iron Body Bolts 4 Nuts Steel A-307, Grade B
Sizes, 2 through 16" Body Cast Iron A-126, Class B
Seat Rings Bronze B-62
Wedge .
3 Bronze Trim2°-3" gronfo o B-62
Bronze 7. m4"-16" ast lron with Bronze .
FEATURES Disc Rings A-126.Class B
; * Solid Wedges All Iran Cast Iren A-126,Class B
o Renewable Seat Rings in Bronze Trimmed Nickol F ated
E valves. Integral seats in All Iron valves,
i renewable seats can be supplied on order m——
® High-Tensile Bronce Stems in Bronze Trimmed
v.]'gvo?s_ nickel plated in All Iron valves ORDERlNG
[ ® Thewe valyes are normally carnied in stock r ‘
ET——————
4 v . DIMENSIONS (Inches)
.';. : Size 2 27; 3 4 6 8 10 12 14 16
. . Mo 7 8 9 11 - — ~ — - =
;é Iy 0. . B2 9 MYe M2 157/s 16'/2 8 1990 22'/2 24
- . . 16'/2 18°/s 21 25"/1s 34'/7 43/ 54/« 62'/7 72 75 ;
= v . 8 ] 10 13 16 22 2 26 26 26
i ﬂ [ [} * Including '/1s" Raised Face.
i Fig. 1796 ...... S7i 8845 110/ 1788 - — - — o~ —
- " Fig. 1797 ...... 68/ 100/ 1341 198/ 377! 635/ 940 1320/ 17904 2035 ¢
...... S7/ 85/ 1100 1755 — — s — = -
Fig 1820..... 704 1034 1354 198/ 377 6354 930 1320/ 17907 20387

o
)
o
.
)
o
s
-
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EXTRA LARGE NEMA TYPE 1 ENCLOSURES BULLETIN A1
PAGE 3

| RECEIVED  EXTRA LARGE NEMA TYPE 1 ENCLOSURES STARCO. INC.

| [SEP 91977 APPROVED &y [ Approved as Submitted ’

HEAD' Y 7 ASSCCIATES (& Approved as Noted

Richard Levin Assnc. In<. FOR GENERAL LAYSUT /.N™/27 CQUIPMENT CAPACITY D e e
CONTRACTOP Ci.~LL DE REJSFUNSIBLE FOR COBRECT MQ
Date?-2-118y W-& « ___

s
o g -

-y |

FITTING.

SEP 81977 R k.

Richard Levin Assoc., Inc.

l ] RECEIVEL.__
E

APPLICATION — Hoffman Extrs Large NEMA Type 1 Enclosures FINISH — The standard finish is gray prime inside and out cver

are used to house electrical and electronic controls. They are phosphatized surfaces. Panels are white enamal.

designed for installations which do not require the oil-tight and

dust-tight characteristics of Hoffman NEMA Type 12 enclosures. MODIFICATIONS — Hoffman czsn supply holes, hubs, louvers,
cutouts, special finishes, special materisls, special enclosure sizes,

CONSTRUCTION — These enclosures are made from 14 gauge and many other modifications. Consult the factory for prices.

steel. Doors have continucus hinges and non-locking handles

with a single point latch. The door can be removed by pulling INDUSTRY STANDARDS — These enclosures conform to the
the hinge pin. Body stiffeners and door stiffeners are provided National Electrical Manufacturers Associstion (NEMA) standard
in larger enclosures for extra rigidity. External feet are furnished for Type 1 (General Purpose) enciosurcs.

for mounting. Collar studs are provided for mounting the optional
panels. PANELS MUST BE ORDERED SEPARATELY.

] : ACCESSORIES — STANDARD SIZES
PANELS — Psnels must be ordered separately as lhev are Enclosure *Panel
not furnished with the enclosures. Panels are 12gauge steel. Catalog Enclosure Size Catalog Panel ,
: KEY-LOCKING LATCH KIT — A keydocking handle can Number AxBxC Number Size
: be installed in place of the regular handle. The catalog A-42N3009 42x30x 9% A42P30 39x 27
number of the keydocking latch kit is A-L2A, and itis [ Ye
described in Bulletin A-80. / A42N3609 SexIon o o nre
E TERMINAL KIT ASSEMBLIES — Bracket assemblies and 2~ -A-48N3609 BxWx 9 Coadinsd 8Bx3
terminal straps are available for mounting terminal blocks. A42ZN3011 42x30x11% A42P30 39 x 27
See Bulletin A-30 for details. A42N3611 42x36x11% A-42P38 39x33

MISC. ACCESSORIES — Other accessories include hole 48P3G
seals, touch-up paint, louver plate kits, and panel support AAGHIIT SAxdex1In . S

kits. See Bulletin A-80 for details. A48N3617 48 x 36 x 17% A48P36 45 x 33
% *Panels must be ordered separately.

€ ITE fock */&7., P na/a//:i:faf/

SEE DRAWING ON REVERSE SIDE ’
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EXTRA LARGE NEMA TYPE 1 ENCLOSURES

BULLETIN A-1

PAGE ¢
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SEE DETAIL
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Honeywell - JET

PRESSURETROL
GONTROLLERS

TWO-POSITION MODELS, P406 AND P606,
ARE USED TO PROVIDE AN ALARM
FUNCTION OR TO OPERATE AS A
SAFETY LIMIT CONTROL ON AN IN-
CREASE OR DECREASE IN PRESSURE
DIFFERENCE BETWEEN HIGH AND LOW
SIDE OPERATING PRESSURES.

THE PROPORTIONAL MODEL, P906, IS
USED TO CONTROL A PROPORTIONAL
VALVE THAT MAINTAINS A SELECTED
PRESSURE DIFFERENCE BETWEEN 2
POINTS.

O Adjustable main spring determines the pres-
sure difference at which the instrument op-
erates and against which the difference in the
high and low pressure must act.

O Dust-proof, trouble-free mercury switch.

O Three mounting lugs furnished on each
device to facilitate installation.

O A blank scale is supplied to be marked as
required.

-~ PAOGAR
PBOGA, POOGH

)
NJ Residential Div Form Number

R=V10-76(.012)




| SPECIFICATIONS

= —

MODELS:
- INSTRUMENT
BELLOWS DIFFERENTIAL
BELLOWS OPERATING | PRESSURE AT MIDSCALE OF o DEhEaE
MODEL PRESSURE (IN PSI) DIFFERENCE PRESSURE
RANGE IN PRESSURE
L DIFFERENCE
(IN PSI) RANGE (IN PSI)
MINIMUM MAXIMUM MINIMUM MAXIMUM
22 in. Hg.
P406A Vacuum 85 Qta 45 15 30 Spst Makes
5 225 Oto 70 4.0 16
“2in. 1y, 85 Oto 45 15 30
Vacuum
P40GB 0 20 0t 10 z o 6 Spst Breaks
2 85 Oto 50 1.5 12
5 225 Oto 70 40 6
£y 85 Oto 45 15
Vacuum
1.5 02/
0 b it sq. in. ! Spdt Makes
P606A 12 0z/ R-B,
' 9 2 i sq. in. s Breaks R-W
85 Oto 50 15 12
5 225 Oto 70 4.0 16
10 350 10 to 300 10.0 50 "
22in. Hg . 1
85 Oto 45 15 30
Vacuum
PI06A 0 20 0to 10 :: ‘::’ 6 Proportional
2 85 Oto 50 15 12
5 225 Oto 70 40 16
CONTROL ACTION: P606A - Closes R-B contacts and opens R-W contacts
P406A-Opens contacts on increase in pressure on decrease in pressure difference.
difference. P906A -Single potcntiometer wiper contacts B on
P406B-Closes contacts on increase in pressure decreasc in pressure difference.
difference. (continued on page 3)

ORDERING INFORMATION

SPECIFICATION NUMBER, OR . ..
SPECIFY-

1. MODEL NUMBER

& OPERATING PRESSURE

WHEN ORDERING REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR COMPLETE ORDERING

ORDER FROM-

1.
2

YOUR USUAL SOURCE, OR

HONEYWELL

1886 DOUGLAS DRIVE NORTH

MINNEAPOLIS, MINNESOTA 65422

(IN CANADA-HONEYWELL CONTROLS LIMITED
740 ELLESMERE ROAD
SCARBOROUGH, ONTARIO)

INTERNATIONAL SALESAND SERVICE OFFICES

IN ALL PRINCIPAL CITIES OF THE WORLD.

e PR i

D-69 1
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ELECTRICAL RATINGS:
P406 and P606-Mercury switch (in amptm)._ —
120V | 240V
CONTROLLER VOLTAGE |FULL |LOCKED RESISTIVE HORSE-|FULL |LOCKED|RESISTIVE|HORSE-
TYPE |LOAD| ROTOR LOAD POWER |[LOAD| ROTOR LOAD POWER
AC 72 | 432 100 173 | 49 | 294 5.0 1/2
PAOBA and B DC 24 24.0 5.0 1/6 1.2 120 20 1/6
PE0GA AC 74 44 8.0 1/3 3.7 22.2 40 1/3
DC 20 20.0 80 - 10 10.0 40 -

NOTE: 7.2 amp full load = 1/3 Hp at 120V.
4.9 amp full load = 1/2 Hp at 240V.
3.6 amp full load = 1/2 Hp at 240V.

P906-24V ac, 3-wire modulating control; 135 ohm
potentiometer.

INTERNAL SCHEMATICS

PAOGA PaOER PSOGA PSOGA
NOTE: ARROWS INDICATE DIRECTION OF MOTION ON A

DECREASE IN PRESSURE DIFFERENCE 2027A
ADJUSTMENT MEANS: Screw on top of case.
BELLOWS CONNECTION: 1/4-18 NPT.

FINISH: Gray.

DIMENSIONS (INCHES)

] T0-300_psi range
A 0-1 psi range only

Y ,-! 'h',‘

f

. .. CAUTION .
lhmnu\nuhamhd,w
m.,,.««

zmmmmm
installation,

. § Mnnmduammmmm
installation is completed.

MOUNTING

Mount the controller on a surface that is free of
excessive vibration. Level the control using the leveling
pendulum (Fig. 5). This is necessary for proper mercury
switch operation.

When the control is used in steam applications, it
should be mounted above the level of the steam main.
If this cannot be done, provide a trap to prevent con-
densation from collecting above the control's bellows.
NOTE: To prevent strain on the bellows, use the

proper fittings when connecting the tubing or pipe

to the bellows connections (see Fig. 2). Use care
when running lines so that pipe dope and scale do
not get into the internal lines.

FLEXIBLE
@ STEAM HOSE (2)

(8 INCH Ilﬂlll.li
| 2 NIPPLE (0 -
1.4 X1 2 COUPLING (2) -

WIRING

e T“-- 3

CAUTION -, .
mmmmmwmmnghmlh
tion to prevent electrical shock and equipment

CALFLde o3 gag- = " * ) i B

All wiring must comply with local electrical codes
and ordinances. See Fig. 3 for typical system hookup.

P40sB
DIFFERENTIAL
PRELSURETROL

: FIG. 1-ome~subus OF P406, m
e & INSTALLATION .

FIG. 2-RECOMMENDED TUBING FITTINGS.
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CALIBRATION AND OPERATION

Because these controllers have such 3 wide variety
of applications, they are calibrated on the job with the
system in operation.

IMPORTANT
The device controls the difference between the
pressures exerted upon the 2 bellows, not the
gauge pressure.

1. Connect a pressure gauge with adequate range to
each element assembly.

2. Connect the Pressuretrol and gauges to the pressure
points to be controlled, or use a compressed air supply
to duplicate actual pressures.

3. Turn the instrument differential adjustment screw
and the pressure difference adjustment screw counter-
clockwise #~\ (Fig. 5 or 6) until the scale indicators
reach the low (minimum) end of the scale.

NOTE: Do not go beyond the point at which the
linkage begins to show slack.

4. Apply typical operating pressures in sequen-e to
the left and right elements (high and low pressure
sides, respectively). Turn the pressure difference ad-
justment screw clockwise /7~ N\ until the mercury
switch just makes or breaks the circuit. This is the
switch action on a decrease in pressure difference.

The proportional Pressuretroi (P906A) must be cali-
brated with the device it operates. The Pressuretrol
is set for the pressure difference between the high
and low pressures on the controi.

5. Increase the pressure differential applied to the
Pressuretro! by the amount of instrument differential
desired.

6. Turn the instrument differential adjustment screw
clockwise /7~ \ until the mercury switch rotates and
then stops at approximately the horizontal position.
Continue turning the adjustment screw an additional
2 turns.

Manually rotate operating lever clockwise 7\
until the mercury switch makes or breaks the circuit.
Allow the operating lever to slowly return to its
original position. If the mercury remakes or rebreaks
the circuit, turn the differential adjustment screw
clockwise /7~ \ an additional turn. Then repeat the
check with the operating lever.

Turr the instrument differential adjustment screw
cc ..rclockwise #» \ until the mercury switch just
makes or breaks the circuit. This is the switch action
on an increase in pressure difference.

IMPORTANT
If the pressure difference set point adjustment is
at minimum, be certain that there is no slack in
tie linkage.

7. Operate the pressures through a typical cycle
checking Pressuretrol operation. Readjust settings if
necessary. If there is any indication of short cycling
or a hunting condition, increase the setting of the
instrument differential adjustment.

8. “/hen the system operates as desired, mark the
settings on the scaleplate.

9. Remove the gauges and connect the Pressuret:ol
into the system with the highei pressure or the left
element and the lower pressure on the right element.

INSTRUMENT

DIFFERENTIAL s BELLOWS

ADJUSTMENT SCREW PRESSURE DIFFERENCE
ADJUSTMENT SCREW

BLANK SCALE /

PLATE -

CONDUIT OUTLET

~TERMINAL BLOCK

DIFFERENTIAL™
LEVER

PENDULUM
(LEVELING INDICA". OR)

RIGHT ELEMENT ASSEMBLY
(LOW PRESSURE SIDE)

LEFT
ELEMENT ASSEMBLY
(HIGH PRESSURE SIDE)

FIG. 5-INTERNAL VIEW OF THE 2-POSITION
MODEL.

THROTTLING umct 5'::&7:&';2 RANSE

ADJUSTMENT SCREW
PRESSURE DIFFERENCE

‘ﬂ
ADJUSTMENT SCREW |
5
BLANK SCALE PLATE — ‘ l TERMINAL
Ll ! BLOCR
RIGHT ELEMENT

OPERATING LEVER— 3»-- « ASSEMBLY
quon PRESSURE $IDE}

o4 - ' '
* '
¥ .L S
LEFT vad »-
ELEMENT ASSEMBLY '

(MIGH PRESSURE SIDE) | | ‘ i

FIG. 6-INTERNAL VIEW OF THE MODULATING
MODEL.
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Honeywell

R7406 Solar Temperature Control

Modular construction - one basic module provides a variety of solar

control functions,

Solid state diiferential amplifier.

3 pole switching relay - two N.0O. and one N.C. isolated contacts.

Integral transformer - powers the low voltage control circuit.

Color-coded lecadwires for line voltage connections.

Exposed terminal strip with screw terminals for low voltage connections.

Plug-in differcntial resistors.

Mounts in any position on a standard 4 x 4 inch junction box.

Interchangeable thermistor sensors.

Form HM22523-10%
Residential Division
8/9/76

D-73




R7406 ._Solar Temperature Control

APPLICATION

This device, when used with the proper thermistor sensors, is designed

as a module capable of providing a variety of automatic control functions
in the switching of circulating pumps, valves, dampers, motors, and

other accessories used in solar control systems. It has a solid state
differential amplifier with a 3 pole switching relay.

Control functions can be modified by changing the connections of the
differential resistors, setpoint resistors, and thermistor sensors. This
module can be used as a:

1, Differential temperature control
(Relay makes on temperature differential rise)

2. Setpoint temperature control
(Relay makes on temperature rise)

3. Setpoint temperature control
(Relay makes on temperature drop)

SPECIFICATIONS
« ELECTRICAL RATINGS
Voltage and frequency - 120V, 60 Hz.

Load Relay Contacts (each pair)
Full Load - 10A
Locked Rotor - 60A

« Ambient Temperature Range:
Amplifier 32°F to 150°F
Sensors 32°F to 300°F

o Mounting: Mount on standard 4 x 4 inch junction box.
+» Dimensions: See Figure 1 and 2.

. Sensors:
HN22423-201BA Tank Sensor (immersion well type) - for mounting in a
tank or pipe "T". 1/2" NPT with 3"
insertion length. 3 feet of #22 150°C wire.

HN22423~201AA Collector Sensor (surface type) - for mounting on the
surface of the solar collector. A #8

to #10 mounting hole is provided.
6 feet of #22 150°C wire.

* Power Consumption:

Relay Qut - 3.5 watts max,
Reln; In - 7.0 watts -n:.
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SYSTEM SELECTION

« R7405A is factory calibrated as a differential temperature control
\ to provide a rclay pull-in of 18°F and a relay drop out of 3°F,

Plug-in rcsistor Ry (OFF) 1s 200,000 ohms, and Ry (ON) is 30,000 ohms.
The low tew pcracurg sensor is connected across terminals A-B and the
high temperature sensor across *erminals C-~D.

« To change either or both differentials, select different values for
the plug-in resistors Rp (ON) and (OFF). See Fig., 4. (Example of
! using the module ac a d?fferontial control measuring the difference
in temperature between the solar panel and storage outlet,)

| " R7406A - TEMP. DIFFERENTIAL CONTROL ¢
i HN22422-101 !

- —— - ———— — " — -

Fig., 4 - Differential Temperature Control
(Make on temperature differential increase)

| SENSORS TO CHANGE FACTOFY CALIBRATION
; LOW SELECT Rp  (OF9 SELECT Ro ©N
(¥5%) 8} : =
' | (B) 00N RESISTOR F RESISTOR
i STORAGE IN OHMS DIFF IN OHVS CiFF.
150,000 6
' (T“ée,’;) E 8} 300,000 2 91,000 8
} som — (@O 200,000 3 68000 o
PAN 150,000 4 43000 14 |
: RELAY PULL-IN 30,000 19 ‘
E o 27,000 20
| HIGH TEMP. ) LOW TEMP, 27,000 =
i Honeywell |
MINNEAPOLIS MN 55422 ] :
° )
! (FACTORY CALIBRATION: ~ FRELAYZ PULN 1g°F DROPOUT '3 °F
;
|

SOLAR PANE. VS. STORAGE OUTLET
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7~ . To change control function and calibration refer to the chart below:
SENSOR RESISTOR SELECT:(*.
CONNECTION
Differential
Plug=In Setpsant
Rp (Off)| =p (On)| A-B C-L
Ra Rp
Di{iferential Temp. Control 3 X X X X None None
(Make on temp. differential Low Temp.| High Temp. ‘
increase) J
5
Setpoint Temp. Control 6 None X None X X None
(Make on temp, rise) 7 _
Setpoint Temp. Control 8 X None None X None X
(Make or temp. drop) "

p

Note: The setpoint resistor can be determined for any temperature from Fig. 9

« CSX 19614B is an example of the module connected as a satpoint control
for the storage tank inlet calibrated for relay pull-in st 92°F and
dioy out at 90°F,

N
CSX19614B TEMPERATURE SET POINT CONTROL
STORAGE TANK INLET
TO GHANGE FACTORY CALBRATION
® A_Ro seecT R T saect  Ro (on
RA { (ONI [TRESSTOR [serPoINToF || RESSTOR |  °F
N OWMS  |nRoP-out O
© 47,000 80
SENSOR OOPEN 43000 g?’
[STTMMK ® O Lo 1
NLET 33000
30,000 g7
RELAY PULLN = 27,000 101
SET PONT + DFFERENTIAL 24000 :gg !
Honeywell 20,000 114
MINNEAPOLIS, MN. 55422
FACTORY CALIBRATION: rRELAY PuLN 92°F ororour 90 °F

Fig. 5 Setpoint Control
(Make on Temp. Rise) .
D-76 :




CSX 19614C is an example of the module connected as a setpoint contrc'
for the solar panel calibrated for relay pull-in at 92°F and drop-on:

at 90°F,

CSX19614C TEMPERATURE SET POINT CONTROL |

SOLAR FANEL i
7O CHANGE FACTORY CALBRATION n
{(® A.Ro SELECT Ra T seecr Rowowm |-
Ra { ON)l ™ FssToR SETPOINT®F || RESSTOR °F
N OHMS  |pRop-out N OHMS DFF.
© 47.000 80 (300501 g ]
- 43000 83 200,000
SENSQR'E Oopen 87 150,000 4
som | | L@ O (oo %1 | doaw | 5 |
PANEL | 33000 100,000 6
30,000 g7
RELAY PULL-N = 27,000 101
SET PONT + DFFERENTIAL 24,000 106
22100 :}2
_.oneywell 20,000

MINLNZAPOLIS, MN. 55422

FACTCIY_ CALIBRATION:

FELA\(_;U.J.N92°F oropour 90 °F |

Fig. 6
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cSX 190514D is an example of the module connected as a setpoint control
for determining overtemperature oi the solar panel calibrated for relay
pull-in at 220°F and drop-out at 217°F.

CSX19614 D- OVER TEMPERATURE CONTROL
SOLAR PANEL
TO CHANGE FACTORY CALBRATION :,
{® A Ro SELECT Ra Esascr Ro (o
Ra { (ON) RESISTOR EEEAPYOINT"F RESISTOR °F
N OHMS  |prop-out N OHVS DFF.
© 3000 207 240,000 2
SENSOR O 2870 210 | [150000 3 ]
OOP EN 2,700 212 || 115000 a
SOLAR \O) 2,670 214 90,000 5
S [2550 | 217 ] I 75000 6
N 2490 218 56,000 8
PELAY FLLLN = 2.40C 220 | 45,000 10
SET PONT + DFFERENTAL e 523
. 2,100 227
(foneywell |
| MINNEAPOLIS, MN. 55422 '
 FACTORY CALIBRATION:  Retay PuL-N220°F  DROP-OUT 217 °F

Fig. 7 Setpoint
(Make on Temp. Rise)
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CSX 19614E is an example of the mddule cennected 4s a scrpoint coatrol
for determiining overterperature of the solar pancl cal.brated for relay
drop out at 220°F and pull-in at 217°F.

CSX 19614E — OVER TEMPERAT URE CONTROL !
SGLAR FANEL B
' TTTTTTT0 CHANGE FACTORY CALIBRATION i
SENSOR FO | SELECT Rg ! SELECT Rp (o)
sou\r\] k{ $Ro | T REsisToR SET POINT ¥! RESISTOR of
PANEL @ (eri | IN OHMS |RELAY DROP-04i} N OHIMS | DIFFERENTIAL |
E 2670 214 || 240000 | 2
—'\,Q O x490 218 150,000 3|
RB OPEN | - |
® O l 2430 220 /15,000 Y i
, 2370 221 90,000 Iy |
RELAY PULL-IN = 3
SET P2iiNT MINUS pIFFERENTIALl 2% ©° 223 75,600 & |
. 2100 227 56,000 8
HONEYWELL e | o
MINNEAPOLIS, MN. 55422 2 z ¥3.0 10 :
FACTORY CALIBRATION © RerAy pror-our 220 puii-in 2]7°F

Fig. 8 Setpuint
(Make on Temp. Drop)
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WIRING

CAUTION
Disconnect power supply before connecting r o. _:_—-1——-—’
wiring to prevent electrical shock or - | N' - |_ORANGE >

equipment dacage.

All wiring must comply with agplicable
codes and ordinances. Leave enough

slack in the wires to permit easy access | |
to wires in the junction box.

|

SYSTEM ' ll

| BLACK
With the controller unmounted, connect _ L~ L 3
the line voitage leads to the appro- - -
priate sysic wire leads. Refer to Fig. 10 SENSORS KOEV
or cover insert for proper connections. =
Use soiderless connectors to splice leais.
Do not exceed ratings of the control. Fig. 10 Line Voltage Wiring
SENSORS

Connect low vultage leads tc the sensor:s and control terminals as indicated
in Fig. 4 through 5. A shielded 2 wire (#18 to #22) cable with the shield
grounded at the con:rol is recommended to minimize RF pick-up.

CHECKOUT

1. Disconnect terminal D, short terminzls C-D, relay should pull-in.

2. Rcmove shoirt, relay should diop-out.




0S1/ AC WATT TRANSDUCER &

ALITVAD ¥O0d 40
§1 A0Vd TVNMDIIO’ =1

SINGLE PHASE 60 Hz MODELS

]
MODEL FULL SCALE INPUTS OUTPUT CURRENT
NUMBER b . CALIB. SENSOR
PCS- VOLTS AMPS WATTS 50MV= DRAWING ;
1 120 5 600 500w > .
2 240 | 5 12K 1KW - {
3 480 ! 5 24K 2KW - i
10 120 10 1.2K 1KW - i
1" 240 10 24K 2KW =
12 480 ; 10 48K  4KW =
19 120 @ 15 1.8K  15KW - o
20 240 15 3.6K 3KW = &
21 480 15 7.2K 6KW = !
28 120 50 6K S5KW Cc = < i
29 240 50 12K 10KW *'C o=
30 480 50 24K 20KW *c ,C
31 120 100 12K 10KwW C = ~
32 240 . 100 24K 20KW E = C
33 480 100 48K 40KW C B¢
3 120 200 24K 20KW 0D &~
35 240 . 200 48K 40KW D &= Y 4 I
36 480 200 96K 80KW D OO B
g; ; 28 400 . 48K 40KW D i
4 400 96K 80KW D
40 120 . 600 72K 60KW E OS| Watt Transducers utilize Hall Effect multipriers in order §
' 41 t 240 600 144K 120KW E 10 provide an output which uhpropornona' to the electrical
42 .~ 480 | 600 288K  240KW E mirint, Taa, rouHipHiers Crivide INIMNOnmSuE TNt
:2 ;g 1%8 120K 100KW E cation of the voltage times the current on a continuous basis.
1 240K 200KW E . s
45 . 480 . 1000 . 480K  400KW 3 SOl BrHMEHOR B M, CHEUIE: Thals fo 15
‘6 120 2000 240K ZOOKW E sponse 'ruulu in accurate power measurement even when
47 240 | 2000 480K 400KW E distorted or chopped waveforms are present.
:g :gg } zogg . ?ko'( gOKOWKW - % Various cutput fiitering and signal conditioning features are
! vided in wa u model i 1
50 240 50 . 12K 10KW @ * W it SITaults stIvars smiptifhed yotings DURIUT OF SustwnE OUY:
51 480 i 50 24K 20KW - W put -se:e‘mublo'; In all un'i.n the ou(px_.n; signal is .Iac':nclbl!lv
J rom the power lines to pro maxim exibil-
gg ;gg :88 : ;g.’: ;g:w vv! ity in mu?ﬂcing with Gther slectrical or electronic circuits.
60 480 100 48K 40KW w The unique, four-quadrant, high-accuracy multiplying prop-
67 120 | 200 20K 20KW w e e e A K et
68 2‘0 200 48K 40KW w m;r‘n ; wvh;:cvvllin.cunv, T-pm:::'nn: ‘.:dp long life are
gg ?% % 2g§ 80KW 2’ important considerations.
77 240 } 400 96K gm X ADJUSTMENTS
78 480 400 192K 160KW X ’ All PC5 series watt transducers have been calitrated at the
85 120 i 600 72K 60KW X factory to give the correct output at the specified power
86 240 600 144K  120KW X PREIRS.
87 480 | 600 288K 240KW X Each unit has an overall “CAL" and an optional “ZERO"
94 120 ' 1000 120K 100KW Y adjustment located on the lid. The “CAL"’ adjustment is set
95 240 : 1000 240K 200KW Y at the factory and n!o:ld not be adjusted unless recalibration
9% 480 | 1000 480K  400KW Y STt for et Chitpas HFtests VAt 0. ki Cong1tIcRr iRt
103 120 | 1 ;3(0) 100w - effecting the calioration of the unit.
104 240 1 200w =
105 480 ' 1 480 500w - Y d
106 120 ;| 25 300 300W - i For
[ 240 25 ?ggo 600V - e & o T Ty et M et
! -
CASE SlZEZDSR AWING H 1200W NOT'E 2 'lnc:icun 2 turns thru the external transducer or
) transformer window.
Standard units have miilivolt output as indicated, Units OPTION A° 0to 1 milliampere DC output. No external amplifier power requireo.
having 0 10 1 milliampere or 0 to 10 volts are available as L.oad 0 to 10K ohms,
options and are ordered by adding the option letter as a OPTIONB: 0 to 1 milliampere DC output. External amplifier power required.
suffix to the standard model number. For example PC5 1A 85 - 135 VAC at 2 watts, Load 0 to 10K ohms.
has an outout of 0-1 milliampare for 500 inpur, OPTIONC: N t2 12 volt DC output. Nc external amplifier power required. Load

greater than 2K ohms.

OUTPUT OPT|0NS OPTION D: 0to 10 volt DC output, E xternal amplifier power required. 85 — 135
VAC at 2 watt. Load greater than 2K ohms,
OPTION F: Filtered output. Ripple reduced 10 <1%, Load on output should be
>1 meg ohm.

OHIO SEMITRONICS, INC.

1205 CHESAPEAKE AVENUE.&:?U%BUS. OHIO 43212 PHONE 614/486-956!
PIONEER IN SOLID STATE TECHNO

.

R ENERGY CONVERSION ANG POWER MONITORING




- wew AG WATT TRANSDUCER @

3 PHASE 3 WIRE 60Hz MODELS ——
MODEL FULL SCALE INPUTS OUTPUT CURRENT EXTERNAL
NUMBER CALIB. SENSOR  SENSOR INPUT
PC5- VOLTS AMPS WATTS 100MV=  DRAWING REQU/RED VOLTAGE: 0to 110% f..
CURRENT: Oto fs.
- 5 Bk = - = OVERLOAD (Continuous):
6 480 5 4.16K 4KW - - —Voltage 1.25 X Rating
5 & &= @ - D o
1 4. = - -7 X Rating: 1 Ampere thru 15
;g ?gg }g g;";: gszv - - Ampere Models and All Current
23 240 15 6.24K 6KW _ _ T- nsformers Model W. X, Y
24 480 15 12.5K 12KW - - ~50 X Rating: Current Transducer
31-2 ;28 100 20.8 zgka C 2 ModelsC,D & E
32:2 4 100 41.6 K c 2 BURDEN (Full scale input):
332 480 100 831 BOKW ¢ 2 _Vo,‘ag: LESR T ’
52 120 50 104K 10KwW w . 2 c 1'25 VA
53 240 50 20.8K 20KW w .2 —Current 1.25 V
54 480 50 41.6K 40KW w . 2 —Option Amplifier 2 Watts
61 120 100 20.8K 20KW w 2 ,
62 240 100 216K 20KW W 2 POV:IER FACTOR RANGE: Unity to
63 480 100 83.1K 80KW w 2 ead, lag 0.
70 120 200 41.6K 40KW w 2 FREQUENCY RANGE: 50 to 70Hz
& e - SN T w : DIELECTRIC TEST:
7; 120 3% 8(3;.610( 80KW \)I(V 2 (Input/Output/Case): 1500 VAC
80 240 400 166K 160KW X 2
81 480 400 332K 320KW X 2
88 120 600 125K 120KW X 2
89 240 600 249K  240KW X 2 OUTPUT
? M o e s X f oumtiowms
98 240 1000 416K 400KW Y 2 —Base Unit: >100K ohms
929 480 1000 831K 800KW Y 2 —Options A & B: 0-10K ohm;
CASE SIZE DRAWING H —OD!yons C & D:> 2K ohms
—Options F >1 meg ohms
ADJUSTMENT RANGE: (See Adj. Note)
3 PHASE 4 WIRE 60Hz MODELS DUUSTMENT RANGE:
MODEL FULL SCALE IMPUTS OUTPUT CURRENT EXTERNAL --With Options: *10% Min.
NUMBER CALIB. SENSOR  SENSOR RESPONSE TIME:
PCS5- VOLTS  AMPS WATTS 150MV= DRAWING REQUIRED —Base Unit= 1 Millisecsnd
7 120 5 1.80K 1.5KW _ _ —With Options: 250 Milliseconds ‘
8 240 5 3.60K 3KW - - TEMPERATURE EFFECT: (-10" to +60°C)
9 480 5 7.2K 6KW - -
16 120 10 3.6K 3KW - — * 1% of Reading
17 240 10 7.2K 6KW - - With Options: * 1% of Reading
18 480 10 144K 12KW - - + 0.1% FS
25 120 15 5.4K 4.5KW - -
26 240 15 10.8K 9KwW - - AC COMPONENT AT UNITY pf:
27 480 15 21.6K 18KW - .~ Base Unit: DC with an AC
gg ;gg g ;:: ;g:w w - g Component of 200% p to p
57 480 50 72K 60KW w . 3 ~With Option: DC with an AC
64 120 100 36K 30KW w 3 Component of <1% FS
65 240 100 72K 6OKW w 3
66 480 100 144K 120KW w 3
73 120 200 72K 60KW W 3
74 240 200 ‘“: ;gg:w a 3 ACCURACY (Including pf Error,
gg ?828 388 fggx 120KW X g Linearity, Repeatability and
83 240 400 288K 240KW X 3 Initial Set Point): PC5-1 thru PC5-48
84 480 400 576K 480KW X 3 PC5312 thru PC5-332 +05%f.s.
91 128 600 216K %zrv ; g
92 24 600 432K PC5 103 thru PC5-108
93 480 600 864K 720KW X 3
101 240 1000 720K 600KW Y 3
102 480 1000 1.44M 1.2MwW Y 3
CASE SIZE DWG. H (BASE UNIT) SEE ATTACF:ED SHEET FOR WIRING
CASE SIZE DWG. K (WITH OPTION) AND DIMENSION DIAGRAMS.
OHIO SEMITRONICS, INC.
PC76-1/1076/3M 1205 CHESAPEAKE AVENUE, COLU OHIO 43212 PHONE 614/486-9581
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DIRECT CONNECTIONS FOR | PHASE—2 WIRE PC77-1 )
C) 0 #2595 %

123456 123456 1234567 8S101112
l ) |
- _JT 424 [J2 |

- _ HE
] ®
ouwur{ ourpur{ o f4z_ 115 VAC |
+— e OUTPUTY | =7 £ | ony L OPTION, |
cacLe, BORD

- CABLE
z J2T s O ) 42,74 |
pe=RED O
LINE | LOAD LINE{ L LOAD LINE R }LOAD
Shrough tomminsls 3 and & the vepenested USING CURRENT USING CURRENT
;::‘“:ut%:’z,‘,:,:‘.‘,::g‘::":::;:nzx:“i‘ K TRANSFORMERS TRANSDUCERS |
l‘ljg.:l: ;:ﬂog‘::n:tm:nﬂldlll) ﬁ,}lﬂ;\d E;":“\!Ct 115 vac Opli(:‘nlcl;ﬂorcbutﬂonleezlvrr)lul 11 ¢ 12 WHIGH CURRENT) |
. O O
IZBQSGTBQIOIIIZI [l23456709I0|Iﬂ
——TIT7 TTHEEFTT— =] J TT—

H el 115 VAC ) 1S VAC

OUTPUT {+ l—. }opnon ourpur{+__ OPTION

LK "B OR ‘D" B"OR'D
CABLE “
L1 e 120 == el .‘
LINE L_@=—tRED 0OT ) app v |
L2 LINE( N i LOAD 1
USING CURRENT |

120

TRANSDLCER VoL — |
(SPLiT CORE) EDISON SYSTEM *

(120/240 3 WIRE)

I

:

1

For currents avove 15 amperes use 37 W 1
Current Transformer connection diagram ‘
with 1.3, shown in drawing, used as neutral ]
;

DIRECT CONNECTIONS FOR 3 PHASE —3 WIRE

O O O
1234567 89101112 1234567891012 ‘234557.“0..,3,3"54
] _] ! S x| olx|O | |
£ J[U Jlw
ou‘r{' }ns our{- J a }ns our{——‘l oleae = 'T;’Ac
PUT Lh— VAC | PUT+— ——Jwac |PUT +___J x(ofxO v
OPTiON ' OPTION| gpy CABLE a|a| o= OPTION
o e i | BORD. g x cABLEF— il B'OR'D
/ LI LI \}:y VL i - -4 s
RED DOT ~+—9@ -BLK P~y
) — 2 Uy & ORY CABLE- cang S
LOAD INE J)N & LOADlLINE Lz T o
% RED DOY
. g | s !
d nbalanced
ﬁ::&:_tt,ﬁ“a?:b‘::}::ik aumning the E1 USING CURRENT USING CURRENT
- t rom two ases ., v
Sg:ed s{th (c)pt.lonl B and D only, (lic;nmct T RANSFORMERS TRA NS DUCE Rs
115 vac power to terminals TT and 12. (HIGH CURRENT) (H1GH CURRENT)
—— =
DIRECT CONNECTIONS FOR 3 PHASE—4 WIRE
|1234557590u|z|3|4 0 I1345670900III213!] a
- — L_}ns VAC OUTPUT {a2_ 3 ; 3 l—}ns VAC
OUTPUT{+_4 e .OPT'QN R P ® e ——JopTiON
Ll B'OR'D L & ) Rk ‘8’ ORD'
L2 L2 /u 4
LOAD — LINE LINE < N=/A\ LOAD
&
N ;‘ N &
f..‘:".:f—:.f"mb:’f,ﬂf%:::fﬂb:h‘:f;gef‘":' USING CURRENT
e a bir: \ pd to obtain
Bhe tatel tiue powers I;z;gd"ﬁm Opt tons TRANSFORMERS
(& Cl to
B aln 1N 10 7 e Bower (HIGH CURRENT)

OHIO SEMITRONICS, INC.

" 1205 CHESAPEAKE AVENUE

Retvison +-4M
Dusa

COLUMBUS. OHIO 43212 "< PHONE 614 486 9561 °




PC 771

CASE SIZE DWG. H CASE SIZE DWG. K f“ua‘ff‘-'
(
Yie mTe. 4\
o[osfshsls]s]a | £ Elslslslslslsfe
[$ | I |ou|2 s TT-Q l I I louaz 55
y I % * 3'/2
kd
OVERALL HEIGHT 5" OVERALL HEIGHT 4%
PO F—
WINDOW FOR HIGH
o—EF —=f CURRENT BUS
T
F
----- | I
. 3 o—
] ‘D B LEAD LENGTH D
24 INCHES
o l 6] s
b - _H | , .
1 i ™
4chk - U MOUNTING g B i
_L HOLES C
CONNECTING
CABLES
OUTLINE DIMENSIONS OUTLINE DIMENSIONS
FOR C.D¢E FOR W.X¢Y
| A[BICIDTETFTG[HTJ [K[WE ¥E[oe
Cla |2 %% | [/ "ol Ya|a |15 Va4 [Y6a
D ;5'/3 B 7/3 | g 9/IG|9/612/8 |/2 |/2 15 3/4 l€a
E[aVgl 5 I Va] 2 [2Y6l 2 13Val %16l 6] 15 A
W {14 [3 %[5 %l3% | 1%] 2 %o
NAASARAR | /2| 3 1%
Y 2% 15717 Y815 Ya 1'% 124]%4
#ALL DIMENSIONS ARE IN INCHES

D-85




WATT TRANSDUCER

—SPECIFICRTIONS — —MOAET PCTS5-54F |
APPLICATION: 3% 3 Wire
VOLTAGE: " 480 VAC
CURRENT: _ ’ 0-50 Amperes
CUTPUT: 100mV dc = 40KW
ACCURACY (calibration, linearity, and PF): ¥1.0% Fs
OUTPUT TERMINATION (LOAD, " >1 meg ohm

AMPLIFIER POWER:

INPUTS
OVERLOAD A
Voltage (continuous): 1.25 X rating
Current (continuous): 2 X rating
5 sec/hour): 10 X rating
BURDEN
Voltage 2max. at rated inputg: 1.25 VA
Current (max. at rated input): 1.25 VA
Amplifier: 2.0 VA
DIELECTRIC TEST
Input/output/case: 1500 volts rms
POWER FACTOR RANGE: ‘ 0.5 leacd to 0.5 lag
FREQUENCY: 50 to 70 Hz
OUTPUT '
ADJUSTMENT (accessible from top of case): +10%
RESPONSE: 5 milliseconds
With Option A to D: <400 milliseconds
TEMPERATURE EFFECT (-10°C to +60°C): +1%
AC COMPONENT (Without Amplifier): 200% ptp
OUTLINE DRAWING: (on back) Dimensions °
AC Ripple <1.0% FS

205, C HESAPE
PO AP ) P -

o




DIMENSIONS
1/4 = - 4 3/4 ———=
4 1/64 !
@ )
elelelelelelsls
® 7 8 9 1011 12 ®

CAL ZERO 3 5/8"

O O

1/2

1—@ I 2 3 4 5 6
1 |-

{

eleleleleleleE] =

f* 51/4 { -

Overall Height 5 1/8"
Mounting Holes 3/16"
;! #8-32 Terminal Screws

Lead Length -
24 inches
MTG.
SIZE A B C D HOLES THICKNESS WT. (1b.)
P 11/4 4 5 1/4 4 9/32 2 3/4 4

ALL DIMENSIONS IN INCHES
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DIRECT CONNECTIONS FOR | PHASE—2 WIRE

123456 123456 1234567890112
- - HE L
1S VAC
ourmr( + ouwurL_ ouwur(: o~ L opTiON
cAsLE ——5" 2kaig BOR'D’
LINE { }LOAD LINE{ }LOAO LIN!{ L Stmo oo o0p
# [ —— \"
b et v g oa g oM i USING CURRENT USING CURRENT
A Camix posarin ‘:;':2:::“.,:"‘: A g TRANSFORMERS TRANSDUCERS
#Used with Options B and D . Connect (HIGH CURRENT) (HIGH CURRENT)
115 vac power to terminals lud 12. 115 vac Option B or D to terminal 11 ¢ 12
1234567 8910112 qussrnuonuz
REHEH S |
— slLoa|= 15 VAC = 1S VAC
OUTPUT {+__ :r 18 VAC ourth_J OPTION
TR B'OR'D"
= CABLE
L . 120
LINE{ L_R=—FRID 00T ) 5ap v
L2 LINE{ N LOAD
USING CURRENT k20
TRANSDUCEFR v
(SPLIT CORE) EDISON SYSTEM
(120/24C 3 WIRE)

DIRECT CONNECTIONS FOR 3 PHASE —3 WIRE

1234567 89101112 123456 789101112 ||23455739|o|||2|3|454
] %[ o[x| O] J l' I
< wlJdW
our{’ ns }ns our{- ol [ by
PUT L L—Jvac L——JVAC |PUT I+ xlof xS %
OPYION OPTION| gpay, cABLE olalox OPTiON
‘8'0RD' BORD| o/« casve. 1T L
== ppd S ¢ 7\ i
NS
RED DOT = L| FOLK | o
5 ORY CABLEA Cal <
LOAD LOLINE | ngft2 - N>/8 LOADILINE {| 2 o °
l ato oor |~
— g | . ; <

Circuit used for balanced or unbalanced

‘t_ntwork-“:: ulr:;-:::ll b:\::mln.; the F1 USING CURRENT USING CURRE NT
'ﬁ:e'd E{th f);ll;nl B and D oni . Connect T RANSFORMERS TRA NSDUCE Rs
115 vac power to terminals and 12, (HIGH (UnR[NY) (HIGH CURR(NT) '
DIRECT CONNECTIONS FOR 3 PHASE—4 WIRE
1 23456789011 121314 i 23456789I101112134
l __] [ x [l E l
ourrur3 baas | ouror G || [3LE (3 | L) e
LI "B°ORD" L ) ‘s’ OR'D'
L2 2 2
LINE s LOAD UNE { < A LOAD
: L3 L3 &/
! N L N J
s “Yhe metgut frvn ail Thawe USING CURRENT
phases are algebraically summed to obtain ’
the iotal true power. Used with Op*ions T RANSF ORME RS
\ ietanie Vst The 1 ae pessrian (HIGH CURRENT)

| OHIO SEMITRONICS, INC..
¢ 88 '

S CHESAPLARE AvEwul COLUMBUS Owni0 432172 PHONE €74 aBt 5%




CASE SIZE DWG. H

W[N]

["usa 16

CASE SIZE DWG. K

MTG,
HOLE

oo

4y4 —ol
ID—
5 Y4

OVERALL HEIGHT 5"

.

SIS ——

ck Uk T]11}

K
N

CONNECTING
CABLES

OUTLINE DIMENSIONS

FOR C,D¢E

T Al[B]C
C ?_..
D (3%
E |4 %]
W

U"lblf\)lw
=N

D1E

RASASNARY,
2" 7 AS

#r’

9lC|II2

|

3%

WINDOW FOR HIGH
CURRENT BUS
-

e

MOUNTING
HOIL FS

8 |1 6|1

2Yie 2 |3Va].

OVERALL HEIGHT 478

LEAD i FNGTH
24 INCHES

OUTLINE DIMENSIONS
FOR W.Xe¢Y

X
Y [2%]57%7 Bl5 ]
ALL DIMFNSIONS

INC H S

ARE




TION
CERTAIN-TEED SNAP*ON FIBER GLASS PIPE INSULA

PRODUCT DATA
o R&ertain-teegi sna?;gg
ALLOYD INSULATION InC. fiber

<« _P- 0. BOX 1418% ipe Hasulation

“§ 2820 Keenan ave pipé CERTAINTEED

NORTHRIDGE BRANCH NOv:301977 CSG GROUP
DAYTON, OHIO 45414

Richard Levin Assoc.. Inc

D-90

ORIGINAL PAGE 1S
O POOR QUALITY

N




Description

Certain-teed Snap*On nipe ‘nsulation 1s composed of
extremely fine diameter glass fibers bonded together
with # phenolic resin and molded in vne-prece sections
Made with a single scam Certam-leed Snap*On spreads
open 1o receive the pipe and snaps quickly in prace
Certain-teed Snap*On has all the desitable teatures of
glass The glass tiber will not burn 15 not affected by
moisture, will not corrode metals. and 1s permanent
Certain-teed Snap*On pipe insulation will permit
expansion and contraction of the pipe without cracking
and it will not shnnk. Many types of jackets are available
to provide a wice range of apphcations and
requirements

Benefits

Certain-teed Snap*On has one of the lowest “K”
factors of ar. r general-purpose pipe ‘nsulation available
today Its thermal eticiency 1s such that for most
insulation jobs less wall thickness s required Thatis why
Certain-teed SnapOn s more economical for all
applications within its temperature range when
compa.cdwithother pipe insulations The accompanying
thermal conductivity charts illustrate the heat-saving
properties of Certam-teed Snap*On pipe insulation

Specification Compliances

Certam-teed Snap*On hiber glass pipe insvlation meets

the following federal and military specifications
HH-1-558B -Form D Type Ill. Class 12 or Class 13
MIL-1-223448
ASTM C547-67

Temperature Limit

Cenrtain-teed Snap*On pipe insulation 1s designed for
heated p'ping to 500 F At continuous 500 F service the
binder on the inner third of the thickness will gradudlly
dissipate but this will not affect the insuiation
performance The binder in the outer two thirds will
remain intact and rnaintain the strength of the insulation
Snap*On with vapor barrier jackets are suitable for
operating temperaiures to -20F

Thermal Efficiency

Mean Te g eatun |
- ¥
5 B e
Y
bgr o~
& é §
O 3 0
o
",
0 100 200 300
—

Recommendations for Installing Certain-teed
Snap*On with Selt Sealing FRJ Jacket

Make certain FRJ Jacket is clean

Make all cuts and !abrications before removing
release paper

Make sure 10 rub hard to assure a positive seal

Do not install when air temperature is lower than 35 F
or over 120 F

Do not leave adhesive strip expoted 1o the air
Adhere self sealing lap immediately after removing
paper backing

& w N -

o

Recommended Jackets—Jackets meet requirements of HH-I-100B Type |

L2
Type of Jachet Description Longth
PLAIN No jacket Smooth glass fiber surface
This jacketing i1s of laminated construction
using aluminum foil 6x 6 glass rein-
forcinyg, flame exiinguishing adhesive
mm and either white of black krgfi paper The
JACKET jacket 15 embossed 10 provide a pleasing ¥
fppeaunce Perm rating of less than 0 01
urnished with 3 1% overlapping
'M\f wdinal seam and 3°° wide stnips 10
seal end joints (50 Beach punciure)
A7 s lin tensile strengtn
FLAME This jacket 1s the same as the 'lame
RESISTANT resistant jacket described above with a ,
JACKET WITH  selt smaling tape 'O seal the longitudinal 3
SELF SEALING joint and self sealing butt strap o seal
TAPE end joints
AVICE Laminatec aluminum foil. glass renforcs .
:&‘.‘T (ASJ)  aniwhite kraft paper Permratingof 0 01 (gg 3
Beach puncture) 35 1bs /in 1ensile strength
UNIVERSAL Saran glass cloth laminated jacket Tough.
GLASS nnm.hgn white finish Noncombustible ¥
CLOTH Peim rating of 0 02 (30N Beach puncture;

3 and 6
Depenad:

e

Vaper Flome Sprend 29

v Commeted'se.

No

Yes Yes

*Compaciie U.L. Asting
Whers te Use

On intenor concesed hot piping
Excellent for industrial applicstions
Yeos where no vapor barner 1s require 1
Recommended where weather-proofing
jackets. aluminum or sheet! metal
covering: are 10 be held applied

On interior concealed hot or cold lines
where flame resisiant charactenstics are
required When used out of doors &
ud-lv:ndcl weatherproofing jacket I8
reQuir

(NOTE Aluminum ‘ol 1s applied next

to pipe insulstion)

Same as fiame resistant jacket with
Yes Yes - w’

Yes Yes

Yos Yes

sealing tape See above

ASJ 19 speciiically designed for al!
hot. cold, or dus! temperature Piping

On all hot. cold or dual-service piping
where appearance and rated noiw
combustiDie lire safety i3 Gesired

*‘CERTAIN-TEED PIPE INSULATIONS These are Cenain-teed fire salety pipe insula'ions which have been tested on a composite basis (insulation
jacket and jackel aghesive) and mee' the fire hazard safety requirements of ngid building codes and Government guide specifications
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Recommended Thicknesses* Heated Piping Insulation

R e
Commercial (full ime)  Operating Temperature (F) Process (full ime)  Operating Temperature (F) . |
She 10 ' M W m W » a5 00 | Sae 10 » 3 M w - - W}
e s 10 5 15 20 25 25 30 | ose 08 10 10 15 15 K 20 20 !
on 1.0 10 18 20 20 25 30 ao | ars (13 10 10 18 15 20 22 25
1.9 10 18 15 20 25 an 30 as | 100 058 10 15 15 20 20 25 28
128 10 15 20 25 25 30 as 40 | 128 10 10 15 20 20 28 28 30
180 10 15 20 28 30 as s 40 | 180 10 15 15 20 20 25 30 0 |
2.0 15 20 28 25 30 as «© es | am 10 15 26 20 25 30 a0 as
T 15 20 25 30 35 40 45 s0 | 250 10 15 20 25 25 30 35 3s

. % 1.5 20 28 30 . 35 40 45 50 | 300 10 15 20 25 30 s ' 35 40
a5 K 25 30 ' 35 40 as 50 55 2% 15 20 20 25 30 3s 40 a0
00 15 25 30 35 40 45 50 55 | 400 15 20 25 2% 30 as 40 as

. as 20 25 ¢ 30 3s 40 45 50 60 | 480 15 20 25 30 35 as 40 a5 .
5.00 20 25 30 40 45 50 55 €0 8.00 ) 20 25 30 15 40 45 4s

P e 20 25 35 40 45 50 55 65 | s.00 15 20 25 30 35 40 s 50
70 20 30 35 40 45 55 60 65 ;5 45 20 30 35 35 40 45 50 i

© 800 20 30 35 40 S0 85 60 < 800 15 25 37 35 40 48 50 55
s00 20 30 35 45 50 55 60 70 | 999 45 25 30 35 40 45 50 5
10.00 20 30 4C 45 50 55 65 70 10.00 15 25 30 3s 40 45 50 55
1200 25 30 46 45 S0 60 65 70 |99 20 285 30 35 40 45 50 35
%o 20 30 40 45 50 55 65 70 | 1am 20 5 3o as 40 45§ 50 35
10 20 30 40 45 50 55 65 79 | 1e.00 20 25 30 as 40 45 s0 55
1w 29 30 40 45 50 55 65 70 | 1800 20 25 30 3s 0 45 50 5%
20.0¢ 20 30 s 45 50 55 60 70 20.00 15 25 30 3s 40 48 50 55 {
24.00 20 30 35 40 50 55 60 65 |zan. 15 2- 30 38 40 45 50 50
20.60 20 25 35 40 45 50 55 60 | 30.0. 15 20 25 ac as 40 a5 50
34.00 15 25 30 35 40 45 50 55 | .00 15 20 25 30 30 3s 40 a5
Fiat 25 35 45 50 60 65 75 80 | Fim 20 30 3s 10 50 55 60 65
Commerclal (part time) Operating Temperature (F) Utlity (full time) Operating Temperature (F)

' sSze .M 200 280 300 350 0 a0 506 | Sire 10 200 m B 00 450 o )
oS0 05 10 10 15 15 20 20 20 | oso 05 10 18 15 20 29 28 28 !
o 0s 10 10 15 15 20 20 25 078 10 10 15 20 20 25° 25 30 ’
10 05 10 15 15 20 20 25 25 | 100 10 15 15 20 25 28 30 a0
128 10 10 15 20 20 25 25 30 | 128 10 15 20 20 25 30 30 3s
1.8 10 15 15 20 2¢ 25 30 30 1.5 10 15 20 25 25 30 35 a0
2.00 10 15 20 20 25 30 an 35 | 200 10 18 20 25 39 35 35 40 |
25 10 15 20 25 25 ac as 40 | 250 15 20 H3 25 30 35 40 4s 1
10 10 15 20 25 30 3s 35 40 | 300 15 20 28 30 3s 40 4> 50 §
1% 15 20 20 28 a0 s 40 45 | ase 15 20 25 30 35 40 a5 50 l
w00 15 20 25 ao 30 a5 40 25 | 400 15 20 30 as 40 as a5 50
% 15 20 25 30 as 40 10 45 | as0 15 25 30 a5 40 4 50 55 |
5.00 15 20 25 30 3s 40 45 50 | soc 15 25 30 as 40 45 50 s5e ¢
6.00 15 20 28 30 35 40 45 59 | eo@ 20 25 3o as 45 52 55 60 !
.00 15 25 a0 as 40 45 45 50 | 700 20 25 3s a0 a5 50 5% 60 |
.00 15 25 30 s 40 .5 50 55 | aoo 20 25 as 4 45 50 55 65 |
.00 15 28 ao as 49 45 50 55 | s.00 20 30 as an 45 50 60 65 !
1000 20 25 a0 35 40 45 50 55 | 10.00 20 30 as a0 50 55 6C es ¢
129 20 25 a0 as 40 45 50 55 | 1200 20 30 3s 40 50 55 60 65 !
we 20 25 a0 35 40 45 50 55 | 1400 20 ae as 40 50 55 60 g5 |
1000 20 25 30 as 40 45 50 55 | 1600 20 a0 3s 40 50 55 60 €s '
1800 20 25 a0 35 40 45 50 55 | 10.00 20 30 as 40 50 55 60 65 |
2000 20 25 50 as 40 45 50 55 | 20.00 ‘0 30 35 40 as 55 60 65
408 15 25 a0 3 40 4s 50 55 | 24.00 20 2s s 40 45 50 55 60
2000 15 20 25 30 s 40 45 s0 | 30.00 20 25 30 1s 40 45 50 55 |
8o 15 20 25 30 a0 s 40 45 | 300 15 20 30 as 35 40 as 50
Flst 20 30 15 ) 50 55 €0 65 | Fiat 25 3c 4 50 58 65 70 18 !
‘ThirknesseyL p.s anng above are economic thicknesses undar average operating CHnator Special cordinhons may warrant the usé of other thicunesses Economic thicknesses
for heated p.pes & ¢ derivea from ECON | Manual of National Insulalion Manutacturers &ssociation

\

Minimum Nominal Fiber Glass Pipe Insulation Thickness Needed to Prevent Condensation
- x Y
Contiions -~ WEAT M "ie
(B0 oir) )

- u " e LA L ' nr W - ar
Peatomg) 040 ne -1700) (-289C) ®4C) (21€) (-178€) (-299C) ®4C) 0.13) Y
4

W3M 24 oM 0 MI%M 9 W2 9 w1 WY 7 % 5w %M oMz Wiz ww ?Tw 18

PeW®  , K1 o © 0 10 ' % kK 6 B 1 0 1o 0 ot 1o bW 0 i Vi K © VLK OIS
Mombea) 3 2036 2 9 3 1 2 83 7 B 4 9 W % € 3 w aw3I 1 12 3 11 36 03I\ Th € 3 %
Thistesss {
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= E IVE "

This chan was developed 10 a:d Gﬂl?ﬁe'l and buyers in CRoosiNg the proper INsu1ahon Tuckness or pping systems For more Jetaiis on specihc or unususl problems
nearest Certain-teed Distinc, Office Temperature Conversion—'C =59 ('F - 12) NOV 30 ]g?’

" Rizhard Levin Assoc. It




. Sizes and Thicknesses

W Well Thick %' Wall Thick

Insul.
Well OD. Wwal OD. Wel

76 238 101 288 157
66 238 91 288 147
n” 288 109 35 159
9N 350 9! 350 166
9 350 104 400 154
80 40C 105 450 158
80 450 105 500 133
&) 500 101 S % 155

Insul. insul Insul
OD. wall OD wad 0D

400 207 500
400 197 500
450 212 55
500 194 S5
500 182 5%

MULTIPLE LAYERS ONLY

1 Well Thick 1% Wall Thick 2 Wall Thick 2% Wall Thick 3 Wall Thick 2% Wall Thick 3 Wall Thick

Insul. Insul. Insul

Well OD. Wall* 0D Wat* 0D-
235 5% 287 b 63

276 663 30 7€3

265 663 33 763

248 €63 295 763
236 663 283 763

5 56 2n 663 261 763

556 166 663 236 763
663 205 763 255 8n3

76 556 129 663 129 6635 179 763 219 963

104 663 104 663 154
79 663 129 763 129
75 712 100 763 150

: Pige Pige
Ske OD. Wwed 0D
' W 84 304 19
%' 105 66 238
' " 1322 s2 238
W 166 60 288
N 1w 190 48 238
P2 238 55 350
E M 288 55 4
3" 350 48 450
g 3w’ 400 48 500
g 450 51 556
‘ " 500 79 663
' 5" te 75 742
i 6 563 50 763
]
i 1433 Actual
' 36" Actual
)
i w' o w629 19
{ %' W' 504 190
H W : [ €5 238

g v 1w e 23
e 1w 49 238
s 1w 1% 60 288
2" 2w 68 350
W 2% 88 400
3 w67 450
W I 67 500
4 . AW 70 556
\ 5 Sw

79 819 97 863 147
9% 963 153
102 1075 152
102 1175 145
95 12/5 1457
107 1400 157
106 1500 156

Available in rormal |

763 204 B63 254 963
763 173 863 285 1075
863 200 963 257 1075
963 203 w7 253 1175
1075 202 1175 283 1275
175 202 1275 265 1400
1275 214 1400 264 1500
1400 2077 i500 257 1600
1500 207 16 00 257 17 00
1600 206 1700 2% 1800

1% 2 2% ana 3 wal thicknesses

Available in normal 1 and 1% wall thicknesses

87 237 108 280 143
74 228 9% 288 155
91 288 122 3% 147
87 288 118 350 143
74 288 106 35 15
N 350 116 200 166
93 400 118 a50 n
95 450 93 45 146
92 500 120 5% 174
67 500 95 55 _148
70 556 123 663 173
123 776 173

' 6" 64" 7 763

TR RS DISTRICS

ATLANTA DISTRICT

P 0O Box BO72A

4987 New Peachtiee Fugd
Atta GA 30341
4044471172

BALTIMORE DISTRICT
475 Tndeat Count
Baiimore MDD 21227
01247 2170

¢ RVICE CENTERS

SOUTHEAST

SERVICE CENTER-ATLANTA
987 New Peachires Rd
Chamblee. GA 30005

404 457 3154

MID-ATLANTIC

SERVICE CENTER- BALTIMORE
4750 Yrudont Coun

Haltrmore MO 21227

31 247 0544

WAty

14 763 122 863 172

CHICAGO DISTR' . *
B854 Farway Drve
Bensenville 01 )6
3129716123

HOUSTON DISTRICT
6610 Harwin Stroet
Suile #260

Houston 1X 77046
713783 7270

NORTH CENTRAL

SERVICE CENTER—CHICAGO
854 Farrway Duve

Rensenwlle I 60106
31295951520

WEST COAST

SERVICE CENTER-LA MIRADA
14401 Iedustry Carcle

La Mitadda CA 20638

213868 97n

CERTAIN-TEED PRODUCTS CGRPGRATION. P 0 BOX 860 .

350 - =
400 206 500
400 197 500
400 400 500
450 209 5%

3N 863
286 863
305 963
279 963 Standard saction lengths are 3

310 1075 leet AK sizes below solid
285 1075  hortzontal ( ) line
307 1175 aveil in 6 foot length:
302 1275  unfaced, on request

315 1400 ‘May vary

315 1500
314 1600
307 1700
307 1800
306 1900

Standard section lengths are 3

L0 104 556 toet AN sizes below solid

b 724 663 horizontal ( ) Nne
58 199 6€3 ible in § foo* length
v63 unfaced, on request
763

863

263

KANSAS CITY DISTRICT
SO0 S0 et Dieea
Preone Vilkage RO 00,08
SAR I AL AT

LOS ANGELES DISTRICT
14401 tnchurdry ot b

Lo Mirgda ¢ Ao A8
TEHOA ¥

NORTHEAST

SERVICE CENTER-EDISON
0 Rantae Center Parkw.iy
Fohison N OBR17

20N . JN)

MID-WEST

SERVICE CENTER-KANRSAS CITY
PG Boa 15080

Kansis City K7 th 1Y

D11 340 b4

D-93

NEW YORK DISTRICT
200 Raritan Center Pack aay
bt N OBEY 7

J01 229-1550

PITTSBURGH DISTRICT
247 Baty ook Bled
Putshurgh Pa 16737
41821 6./52

CENTRAL

SERVICE CENTER—INDIANAPOLIS
1011 £ St Clar
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FOAMGLAS-an excellent underground-o. cencs; o, ..., -7 ¢

CONTRACTON © YUTALIPMENT CAPACH

piping insulation offering time ¥Ba 7onMILE P O
and money-saving benefits. oy Rllite colatto o

A ST

e o v e . -
The combination of high compressive strength and impermeability makes FOAMGLAS due of the finest insulat,ons
available for underground piping systems. Simply by applying VOAMGLAS to the pipe or tubimg section and il
ing it according to our standard specifications, a line can be installed via the “direct bminl” method. That is. merel.
by first covering the insulated piping with a sand bed, backfiil can be put directly over the ine. This elimmnate. vieed
for concrete tunnels or other costly protective systems. You can cven insulate the pipe section abes pround “whore
it’s easy) and lower into trench.

Underground, FOAMGLAS wili retain its constant efficiency becanse its all-gliss cells e compictely <lowdand
thus impermeable. Moisture problems are eliminated. FOAMGIL.AS is not aftected by soil acids, bemg all glise 1t
morganic. Even when buried in wet, sandy soil for as long as ten vears with 1o maintenance whatsoever, FOAM
GL.AS continues to perform perfectly. Because of its high compressive strength, surface vaffic over tie i nlated
piping will not crush or compress FOAMGLAS.

Pittsburgh Comning also handles the necessary materiais requued tor a complete installation. W wil' e Tuppy to
send you a complete, detailed application specification for FOAMGLAS underzround systems Wite for w copy of
FI1-104e.

EYE

A water table just below the surface was one deciding factor in the Forty-foct lengths ot pipe RF%W AMCLAS abcue
selection of moisture-proaf rOAMGLAS pipe insulation on this chilled ground and then lowered onto 3 San insto eet deep trenches
water s, stem at Tulane Univers'ty. The FOAMGLAS supported an over- at Interrational Business Mahr n_Jg, alifurmia, pilant Fig
birrden of up to seven feet and it was unaffected by soil moisture ures proved this technique towgig Ouiép es 'es5s cost'y than
conditions. the concrete tunnei method

Rizhard Levin Assoc. Inc

D-94
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Table 1. Outstanding Properties of FOAMGLAS® insulation 0% 200k QUALITY

Physical Properties English Metric PSTM Test

. " ‘“ SR
(% by volume} 0.2 02 Cot

: Acid resistance T pe-vious to common acids and their fames excep* Mydrouoic acd. —A' o ':
Capillarity None Nove
Combustibady Noncambustible, will not burn. T i =

Composition Pure glase, totally norganic. contains no binder.
Compressive strength, €165 - Surfaces
average 100 psi . 7. kg/cm? capped with hot
: asphalt per C24C-77
[ ()ther z2ppings wil:
give different va'aes.
Density, average 8.5/b/ft! 136 kg/md . 303
i Dimensional stabality Excefient

Flexural strength,
i block average 80 psi 56%" ™ c20> €240

l Hygrescopicity Na increase in werght at 90 refatve humudity

T e A I T i
thermal expansion 46x 104 °F
prowe -
temperature 459°F o Lk
" Modlus of elashity, b
N0, 15x 10 py! D, “h'd . _
Lres: worgh - 50 ps T T 7T S s AMACLAS IN G 300

l]; "J""

. maee e m—m e —— -

| e TR T Tl T 7T mammiasconsii

T ey wrp instlating efhcc ey

hpoms g G “q

el undictny  SOFL 0B WRGE T BT ksG ot & G oad e e o o
: . 75°F<°3‘ Ble ™ b[f:m!-' ”'C'“?‘Cl'."" (Nt 3¢ 8N THL VL DR (S v 6z 4t o7 6101
| Thermal diffes:vty 020 f/he Nub2cn /s ared . rases - T AT
! oo — = ——. e o e cmvmme + ee em ce e ame e wmeo e s fdil'\.'g e ey X LA Done
1 'W'VW o = Serdle o v o ig e Toreata-
| permeatud, 00U petm J00ce;v . v £ans gl
! Stateme~: -~ *atons -n
l Betauie o 1 moemesbidy Fgh Ateagth anc abddy ©owie g et e
{ POt . cenen. of FOAMTLAS wudation gre jer, ' o Nrea et vt o Y
: SALEC M 1S g peCation SPer i ihOrs e Lindaton: gt T gl T e oy o ; N
i Me 0% T rrvng waiianty with respect 10 FUAMGIAS ratie e e iy e el e f met R
i witii- e warassed or mobed 1o iuding the watianty of e Rgntali v ST . s

(re AS aSrat On e, 0

5 A Figure 1 l:‘lfll_llbﬂ l&?ﬂﬂm“_cﬂ!i”“__ T e of Gaiprre 5t leag
i I ] ’ _4' [ B ™iT . I N “le@! PISING If Miedl ¢ NS aiY T jack-
| =T 1T = T T eag marenal

| ﬁ .
; I !
! r T_I_‘_ - 4 —iad A Because ! s all glass FOAMG! AS in-
_i i l » :I} " ] suiation 18 not affect2d bv co nmen
I N N I A M * T arids and ccrresve Shermucal splls
: -;ﬂ-’—z‘? :——e'- —F - that destroy the ‘sitiating <1 cienry,
“ (A (o * _and often even the :nsu!cting matenals

[ v Therefore FOAMGL AS insu'ation users
"3 * + /1'4'1’ do not worry about crativ pencdic re-
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