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PREFACE

The efforts reported herein were conducted by a project
team assembled by the Troy-Miami County Public Library under
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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,



‘ueTd I00TJd [2A9T IaMOT

‘G-z @anbtyg

T NV1d 13A31 MO
ey 0 O L L v v
..Ii_-:oowﬂ....lﬂw_.z__ : | q _N..rau ,J ,..\t " g99
P | ETTTRT 00 s [5] | e
o EEEEN R s [
f | i ___ " 7 e
. O L o oy
wb
oy S | e v e N Nk =L v L
L A e~
RE
o
<
o
g S
S5

13




e d

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.
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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.
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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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In
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In
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In

INRn

Press
Temp

Press
Temp

Press
Temp

Press
Temp

Press

Temp

Press

Temp
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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

95




I 11 (L i

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 draina<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>