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J Preface

In keeping with the national energy policy goal of fostering an adequate
supply of energy at a reasonable cost, the U.S. Department of Energy (DOE)
supports a variety of programs to promote a balanced and mixed energy
resource system. The mission of the DOE Solar Buildings research and
Development Program is to support this goal by providing for the development
of solar technology alternatives for the buildings sector. It is the goal
of the program to establish a proven technology base to allow industry to
develop solar products and designs for buildings that are economically
competitive and can contribute significantly to building energy supplies
nationally. Toward this end, the program sponsors research activities
related to increasing the efficiency, reducing the cost, and improving the
" long-term durability of passive and active solar systems for building water
and space heating, cooling, and daylight applications. These activities are
conducted in four major areas: (1) Advanced Passive Solar Materials
Research, (2) Collector Technology Research, (3) Cooling Systems Research,
and (4) Systems Analysis and Applications Research.

Advanced Passive Solar Materials Research -- This activity area includes
work on new aperture materials for controlling solar heat gains and for
enhancing the use of daylight for building interior 1lighting. It also
encompasses work on low-cost thermal storage materials that have high
thermal storage capacity and can be integrated with conventional building
elements, and work on materials and methods to transport thermal energy
efficiently between any building exterior surface and the building interior
by nonmechanical means. ’

Colfgctor Technology Research -- This activity area encompasses work on
advanced low-to medium-temperature (up to 80° C [180° F] useful operating
temperature) flat-plate collectors for water and space heating applications,
and medium-to high-temperature (up to 204° C [400° F)] useful operating
temperature) evacuated-tube/concentrating collectors for space heating and
cooling applications. The focus 1is on design 1innovations wusing new
materials and fabrication techniques.

Cooling Systems Research -- This activity area involves research on high-
performance dehumidifiers and chillers that can operate efficiently with the
variable thermal outputs and delivery temperatures associated with solar
collectors. It also includes work on advanced passive cooling techniques.

Systems Analysis and Applications Research -- This activity area encompasses
experimental testing, analysis, and evaluation of solar heating, cooling,
and daylighting system integration studies, the development of design and
analysis tools, and the establishment of overall cost, performance, and
durability targets for various technology or system options.

The Solar in Federal Buildings Program (SFBP) is a Department of Energy
Sponsored Program which supports the four major areas listed above. The
SFBP involves the design, acquisition, construction and operation of over
700 solar hot water, heating, cooling, passive and process heat systems in
new and existing federal buildings. The results of the program are
presented in a series of reports covering the design, acceptance testing and
performance monitoring of the funded projects.
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As part of the SFBP performance monitoring effort, eight federal agency-
owned solar heating systems were instrumented and were monitored over
several month periods. The projects were chosen based on (1) good agency
cooperation, (2) typical system configuration, (3) variety in project
function, collector type and geographic location and (4) good design and
construction. One of the projects monitored was the Tucson Job_Corps Center
(Project No. 1356) located in Tucson, Arizona. This 1764ft? flat plate
solar system is used to heat domestic hot water for the dormitory which
"houses two hundred students. This report, in support of the system analysis
and applications research area, presents the performance results of the
Tucson Job Corps Center project. The report includes a system description
and a description of the monitoring approach, predicted system performance,
monitored system and subsystem performance, lessons learned, as well as
recommendations for improving performance at the site.

This work was funded and administered through the DOE, San- Francisco
Operations Office in conjunction with the DOE, Headquarters Office. The
Energy Technology Engineering Center (ETEC) was the program manager. The
author would like to thank the DOE and ETEC for their guidance as well as
several reviewers for their constructive comments. Special thanks go to
Dr. Frederick Morse, Robert Hassett, Wayne Bryan, Oscar Hillig, William
Marlatt, Paul Pekrul, Tak Nakae, Keith Balkwill, Arthur Miller, Dr. John
Duffie, Dr. George Lof, Richard Rittelmann, and Andrew Parker.
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SUMMARY/ABSTRACT

The active solar Domestic Hot Water (DHW) system at the Tucson Job
Corps Center was designed and constructed as part of the Solar in Federal
Buildings Program (SFBP). This retrofitted system is one of eight of the
systems in the SFBP selected for quality monitoring. The purpose of this
monitoring effort is to document the performance of quality state-of-the-art
solar systems in 1large Federal buildings. The systems are unique
prototypes. Design errors and system faults discovered during the
monitoring period could not always be corrected. Therefore, the aggregated
overall performance is often considerably below what might be expected had
similar systems been constructed consecutively with each repetition
incorporating corrections and improvements.

The solar collector system is installed on a two story dormitory at the
Job Corps Center. The solar system preheats hot water for about two hundred
students. The solar system provided about 50% of the energy needed for
water heating in the winter and nearly 100%Z of the water heating needs in
the summer. There are about 70,000 gallons of water used per month.

There are seventy-nine L.0.F. panels or 1,659 square feet of collectors
(1764 square feet before freeze damage occurred) mounted in two rows on the
south facing roof. Collected solar energy is stored in a 2,200-gallon
storage tank. The control system is by Johnson Controls. City water is
piped directly to the storage tank and is circulated in the collectors.
Freeze protection is provided by recirculation of storage water. There is
an auxiliary gas. fired boiler and 750 gallon DHW storage tank to provide
backup for the solar system.

Highlights of the performance monitoring from the solar collection
system at the Tucson Job Corps Center during the November 1984 through July
1985 monitoring period are:

o Due to freeze damage, the system was available only 82% of the period
from November 1984 through July 1985.

o In comparison to a similar NSDN solar system monitored in the Solar
Heating and Cooling Demonstration Program, Tucson Job Corps Center
solar systenlzpetformed. better, delivering 544 BTU/ftZ-day to the load
vs 450 BTU/ft“~day for the Honolulu Ramada Inn.

0 Fossil fuel savings were 322 million BTU over the seven month
monitoring period, at a cost in electrical operating energy of 5.87
million BTU (1,719 kWh). At costs of $6.32/million BTU for natural gas
and $19.92/million BTU for electricity, this equates to a fossil fuel
savings of $2,035.00 and an operating cost of $116.00. The F-Chart
extrapolated annual fossil fuel savings are $3834.00 at estimated
electrical operating costs of $220.00 for a net annual savings of
$3614.00.
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A cost study conducted for the Tucson site indicated that the cost to
build a similar commercial installation would be $68,658 in 1985
dollars. Based on this, the cost per square foot of gross collector
array (original collector area) for this type of installation  would be
$38.62. Dividing the normalized installation cost by the annual solar
energy delivered by this system in good operational condition yields a
cost of $189/million BTU.

The DHW load (285 million BTU over the seven month monitoring period)
was only 50%Z of the design estimate. There were 127 million BTU of gas
used to meet this load. An average of 70,450 gallons of hot water per
month was used by the students. This equates to 12 gallons per student
per day.

The total solar energy delivered to the load over the monitoring period
was 193 million BTU. This was 92% of that predicted by F-Chart. The
percentage of incident solar energy delivered to the loads was 28%.
The F-Chart predicted annual solar energy used was 346 million BTU and
the extrapolated F-Chart annual solar energy used was 364 million BTU..

The fraction of the load actually supplied by the solar energy system
was 68% as compared to the F-Chart prediction of 74%. The F-Chart
annual extrapolated solar fraction was 81% compared to a predicted
annual F-Chart solar fraction of 77%. :

The solar system efficiency, defined as the solar energy delivered to
storage minus the solar parasitics divided by the total insolation, was
35%. The solar conversion efficiency, defined as the solar energy
delivered to the load minus the solar parasitics divided by the total
insolation, was 27%Z. The solar energy delivered to the load divided by
the solar parasitics (COP) was 33, where the parasitics over the
monitoring period were 1,719 kWh.

The actual solar insolation in the plane of the collector over the
monitoring period was 681 million BTU which is only 89% of the F-ghart
long-term insolation. A

Collector subsystem performance was awesome for a flat plate array.
Collector array efficiency of 36% compared well to the expected value
based on ASHRAE collector test results. The collector array output
divided by insolation available during ‘solar system operation (i.e.,
the operating collector array efficiency) was 47%.

Measured collector-storage transport losses were low - less than 1% of
the collected solar energy,

Storage and distribution losses were high compared to NSDN sites, and
compared to theoretical calculations. Seventy-eight percent of the
collected energy went to the hot water load. The losses from the 2200
gal storage tank amounted to 52.4 million BTU for the seven month
monitoring period. The effective R-value for the storage tank was 1.3
vs 25 as given in the construction specification. The high loss rate
is partly because the bottom of the tank inside of the skirt is
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uninsulated and this area under the tank is open to the ambient air.

The average storage tank temperature was 124°F.

The solar control system suffered a failure in November which caused
five collector panels to freeze. The backup freeze protection system
was 1nadvertently disabled. The control failure reduced collector
performance in November and January. Subsequent control problems due
to lack of operator experience caused some loss of performance in
March, June and July. The five damaged panels were bypassed.

Even with the collector control problems, the system worked well and
the total amount of energy rejection was small. The ratio of
operational incident energy to total incident energy was 77%.

The measured collector flowrate was 54 gpm compared to the design
flowrate of 42 gpm.

Lessons learned from the Tucson solar system are:

o]

Operators should receive thorough training. Solar system operators
should receive thorough training and documentation in the operation and
maintenance of the solar system. The lack of training in operation of
the control subsystem and the lack of documentation for the control
subsystem resulted in many days of continuous collector pump operation.

Storage tank stratification improved performance. Storage. tank
stratification reduced storage losses at Tucson because 71%Z of storage
losses occurred from the uninsulated tankhead.

Integration of the collectors into the roof improves system performance
by reducing losses from the collector panels.

Storage tank losses can greatly reduce system performance. Care must
be taken to fully insulate the entire surface of the tank as well: as
the tank supports. Thermosiphoning may be prevented in some cases by
adding spring tensioned check valves.

If city water is passed through the system, adequate corrosion
protection must be provided for all of the components in the system.

The system must be provided with an alarm system which alerts the
operator when there is a failure and adequately identifies each type of
failure. '

The dip tube configuration with a tee and 45° elbow nozzle at each end
of the tee was effective in reducing streaming through the storage tank
as evidenced by the uniform temperatures throughout the tank when the
collector pump was running.

Measurement of insolation at this site and two other solar sites in
Arizona showed insolation levels are below long term values. This
points to an important part of the design process for large solar
systems which is often overlooked. In order to properly design a solar
system, the designer must determine what the solar resource is for the
site micro-climate.
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Use of redundant collector pumps is questionable. The use of two
collector pumps made it necessary to have a more complex control system
and increased the chance for improper system operation.

Even in mild environments like Tucson, backup freeze protection 1is
required. The use of recirculation of storage fluids for freeze
protection was not failsafe. The original strategy for a flush through
of city water as a second freeze protection measure was not reliable
due to corrosion on the drain out valve. A drainback system would be
more reliable.

In order for the F-Chart model to be successfully used to describe
system losses from the DHW system, the auxiliary UA value had to be
increased to 180 and the environment temperature adjusted so that the
F-Chart generated loads would more nearly match the measured loads.

An independent TRNSYS simulation of the Tucson collector system
indicates that a 4% gain in solar energy used is possible by changing
the control to a 5°F on and 1°F off setpoint. (Reference 19).

LUAD/AUXILIARY

Load side recirculation may not be required in some DHW systems. The
DHW loadside pump was ol uneeded since cthere were né particular
complaints before the pump was repaired in April,

Knowledge of load size and profile can improve system design. A better
load study could be used to improve system sizing, summer operational
strategies and F-Chart predictions,

Where practical, a change in wusage patterns can 1improve system
performance. (Use solar energy as soon after it is collected as
possible.) Educating the svlar energy cofsufier to change DHW usage
patterns could improve solar energy utilization at this site by 3%.

During the summer months, DHW systems in climates like that at Tucson
may not require any auxiliary energy. Although the auxiliary system
was shut off in late June, the system operator probably could have shut
the auxiliary off in May. ’

xvi



QUALITY SITE SEASONAL REPORT

TUCSON JOB CORPS CENTER, SFBP 1356
DECEMBER 1984 THROUGH JULY 1985

by T. L. Logee
" Section I

OVERVIEW
A.  INTRODUCTION

The Solar in Federal Buildings Program (SFBP) is a multi-year
‘legislated DOE program designed to stimulate the growth and improve the
efficiency of the solar industry by providing funds to Federal agencies for
the design, acquisition, construction, and installation of commercially
applicable solar hot water, heating, cooling and process heat systems in new
and existing Federal buildings. The program began with the publication of
the Final Rulemaking in the October 19, 1979 Federal Register (Volume 44,
No. 204) and has progressed through planning, site selection, construction,
acceptance testing and monitoring. The Energy Technology Engineering Center
(ETEC) is the technical manager of this program for DOE. This report
presents the seasonal monitoring final report for the Tucson Job Corps
Center site as monitored by Vitro Corporation using National Solar Data
Network (NSDN) techniques.

&

B.  PURPOSE -

The performance monitoring activity provides the basis for acquiring
and evaluating quality performance monitoring data from selected SFBP sites..
Quality near-real-time data was acquired from eight selected SFBP sites that
were fitted with National Solar Data Network (NSDN) instrumentation. This
high quality data from a few carefully chosen representative sites, as
opposed to lower quality data from the total population of SFBP sites,
provides the best basis for meeting the program objectives.

c. QUALITY SITE PROGRAM OBJECTIVES

The objectives of the monitoring and reporting phase of the program are
as follows:

a) Demonstrate that a well-controlled active solar program (SFBP) will
result in more efficient systems which more closely achieve
predicted performance than had been experienced with previous
programs. ‘ :

b) Analyze and document the differences between selected SFBP sites
and -similar NSDN sites built earlier and previously monitored to
verify improvement in efficiency and provide a basis for industry
to improve solar systems.

¢) Provide quality data from selected SFBP sites to aid the Department
of Energy R&D effort for improving solar systems' performance and
cost effectiveness.
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d) Document lessons learned for use by Federal agencies, industry and
the private sector.

e) Compare subsystem performance conditions for collector, transport,
storage, load, and control subsystems.

f) Determine practical limits of solar heating and cooling technology.

D. OVERVIEW OF MONITORING EFFORTS .

The Vitro portion of the monitoring program for the Solar in Federal
Buildings Program (SFBP) sites began in the spring of 1984 when ETEC sent
documentation on the eight selected SFBP solar systems to the Vitro Corpora-
tion. This documentation was used to determine the system parameters to be
measured and to select instrumentation. In April 1984, the instrumentation
plans for the selected systems were sent to ETEC for review.
Instrumentation - for the Tucson solar energy system, was shipped in the
summer of 1984, and installed by contractors in the early fall.

Atter the installation of the sensors was completed, thé sensors and
data system were checked out by the Vitro Corporation to ensure that the
instruments were reading properly. Data from four sites was being transmit-
ted back to the Vitro Corporation for analysis in October 1984 and by
January 1985, data was being received from six solar sites. Data collection
at the seventh site was started in February 1985 and at the eighth site in
July 1985. The data was automatically collected over the telephone network
on command from the System 7 data collection computer located at the Vitro
offices in Silver Spring, Maryland. The data was processed in an IBM 3033
computer at the Vitro Corporation. This processing includes error checking,
performance evaluation, and data base maintenance.

The Tucson Job Corps Center solar system was monitored for nine months.
Monthly reports for the monitoring period were written for each month except
December when the solar energy system was down due to freeze damage and
February when excessive data was lost due to data logger problems. Annual
performance of the system was determined using measured system operational
and performance parameters to obtain an F-Chart extrapolation for the
missing months.



Section If

SYSTEM DESCRIPTION
A. SITE AND CLIMATOLOGICAL DATA

The Tucson Job Corps Center is located on South Campbell Avenue in
Tucson, Arizona. The latitude is 32.3 degrees north and the longitude is
111.1 degrees west. It is at an elevation of 2,584 feet. Long term climato-
logical data from the Tucson National Weather Service Station is used in
this report.

Temperatures at Tucson average 67.8°F for the year ranging from a low
of 50.9°F in January to a high of 86.3°F in July. There is an average of
1752 heating degree-days and 2,814 cooling degree-days. Tucon's maximum
temperatures are usually above 90°F from May through September, with an
average of 41 days exceeding 100°F. Relative humidity is low, so these
temperatures are not as uncomfortable as they might seem. Tucson is in the
area of the country which receives more sunshine than any other section of
the United States, averaging 86% of possible sunshine. Expected sunghine
averages 1,873 BTU/ftz-day on the horizontal and ranges from 995 BTU/ftz-day
in December to 2,728 BTU/ftz-day in June.

B. SOLAR SYSTEM . ‘ :

This flat plate solar collector system is installed in a two story
dormitory which houses two hundred students. The solar system schematic is
shown in Figure 1. City water is preheated in the solar storage tank before
passing to the DHW tank where the preheated water is heated to the final
delivery temperature. City water is also the heat transfer fluid used in
the solar collectors. The solar system was constructed by Job Corps
Trainees as part of a Solar Technical Training Program,

1. Collector Loop. The collector panels are Solar Energy Systems 'Sun
Panel" Model 121N manufactured by Libby Owens Ford. These collectors have a
net area of 19.26 ft2 and a gross area of 21 ft2. The collectors are single
glazed, with a selective black chrome coating on the copper absorber plates.
There are eighty four collectors mounted on the south-facing roof which is
sloped at a 30° angle. The collectors are mounted flush to the roof (see
Figure 2). There are 1,764 square feet (gross area) of collectors plumbed
in six arrays of fourteen collectors each. (The gross collector area was
reduced to 1659 square feet after freeze damage to five collector panels.)
The collectors are arranged with two rows of seven collectors piped in a
parallel series sequéence. The discharge of the first row of seven
collectors is piped in a series fashion to the inlet of the secand row of
seven parallel collectors (See Figure 3). Flow balancing valves are plumbed
_ into each subarray supply pipe. The American Society of Heating,
Refrigeration and Air Conditioning Engineer (ASHRAE) test (Reference 1)
results from a test conducted by the Solar Energy Research Institute (SERI)
(Reference 2) indicate an FR(ta) of .66 and a loss coefficient (FpUp) of 0.69
BTU/£ft2-°F~hr. The test flow rate was 0.57 gpm, slightly higher than the
design flowrate of 0.5 gpm. Make up water is provided automatically since
the water to be heated flows directly through the collector panels.
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Figure 2. Collector Array
Tucson Job Corps Center
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2. Control System. The control system is provided by a Johnson Con-
trols differential temperature controller in conjunction with temperature
sensors and thermostats, a photocell and flow switch. The differential
temperature controller is set to turn on the collector pumps at a
temperature difference of 20°F between the collector manifold and the bottom
of the storage tank, and to turn off the pump when the temperature
difference drops below 5°F. The freeze protection mode circulates the
storage water through the collectors when the collector plate temperature
drops below 40°F. This freeze protection mode is actuated by snap action
freeze protection thermostats in each subarray. Backup freeze protection is
provided by flushing the collectors with city water. This mode was disabled
by site personnel prior to the start of the monitoring period. A photocell
sounds an alarm if nighttime operation of the collector pump occurs unless a
freezing condition 1is imminent. The collector pump is shutdown if the
storage tank temperature exceeds 190°F. Any pressure buildup is bled off
through the pressure relief valve. A collector pump failure is detected as
a low flow condition. The "failed" pump is switched out and the "spare" pump
is switched on. When pump failure is detected, the '"spare' pump runs 24
hours per day. Pump failure results in an audible alarm (silenced by the
operator) and a lighted pump failure indicator.

There is a three way valve (valve V-1 on Figure 1) which controls the
routing of the DHW recirculation return water. A sensor in the storage tank
controls this valve. If the storage tank 1is warmer than 120°F, DHW
recirculation return water flows through the storage tank. If the storage
tank is cooler than 120°F, DHW recirculation return water flows through the
auxiliary tank only.

3. Storage. The storage tank holds 2200 gallons of water. The tank
is 6 feet in diameter and 12 feet high. The tank is mounted vertically on a
slteel ring base. There are four inches of sprayed on foam insulation
covering the tank and the outer surface of the steel ring base but no
insulation covers the tank head enclosed by the base. There are access
holes in the base, so losses from the tank head are quite high. The Lauk is
insulated from the slab by four inches of toamglas. (See Figure 4)

All piping connections to the tank are made with dielectric fittings
and the tank is cement lined to prevent corrosion. An interesting feature
of the piping is that the solar collector return has a three foot vertical
dip tube through the top of the tank. The dip tube is outfitted with a
horizontal tee having a 45° elbow nozzle at each end of the tee. This
nozzle arrangement was proposed by ETEC to prevent the streaming which they
observed in the tank during acceptance testing. Due to improper
installation, the effect of the nozzles creates a slow swirling motion in
the tank and the tank is well mixed after a few minutes of collector
pumping. Other diffuser designs that improve tank slratification, may have
improved performance.

The storage tank is set on a 10' x 10' concrete slab beside the

dormitory building. A small concrete block building surrounds the storage
tank.



Section III

MONITORING APPROACH

This SFBP solar system was instrumented to be analyzed in accordance
with the requirements of the National Bureau of Standards NBSIR 76-1137
(Reference 3). Sensors were used to measure the following (see Appendix D
for a description of sensors used):

Total insolation in the plane of the collector array,
Ambient temperature,

Collector subsystem flow rate and temperatures,

Storage inlet flow rate and temperatures, ’

Storage outlet flow rate and temperatures,

Storage temperature,

Storage-to-load subsystem flow rate and -temperatures, and
Auxiliary fuel flow rates.

0O 000 O0O0O0OO0

The flow and instrumentation schematic (Figure 1, Section II) indicates
the relative placement of sensors used in measuring the performance of the
system. All of the sensors at this site were installed in accordance with
the sensor manufacturers specifications. The sensor locations are given in
the Approved Instrumentation Plan (Reference 4) and the sensor wiring
instructions are detailed in the Installation Kit (Reference 5).

Site data was recorded automatically at prescribed intervals (five
minutes and 20 seconds) referred to as scan level samples through this
report by the Site Data Acquisition System (SDAS). The recorded data was
transmitted at regular intervals to the Communications Processor in the
Central Data Processing System (CDPS). The communications 1link between the
SDAS and the CDPS consisted of a voice-grade telephone line and a telephone
data coupler. An internal clock in the SDAS transmitted a time reference
with each data scan to ensure that the data was time-tagged correctly.
Transmitted data was stored temporarily in the Communications Processor and
processed by the host computer. The processing included limit checks to
ensure that each data sample was reasonable; that is, within the known
instrument limits. Site specific equations were formulated and programmed
to calculate Primary Performance factors defined in the NBSIR 76-1137
document, The equations used to evaluate data from the Tucson Job Corps
system, including the algorithms used to bridge data gaps and to integrate
scan level data into hourly and daily values, are described in Appendix B.

The methodology used for data evaluation is the same as that developed
for analysis of the National Solar Data Network solar systems (Reference 6).
Basically, this involves the calculation of energy gains and losses from
each subsystem in accordance with the analytical procedures of NBSIR
76-1137. The values determined by this method were checked by calculating
energy balances for each subsystem and for the interfaces between each
subsystem. This energy balance approach is represented graphically by the
energy flow diagram presented in Section V of this report. The loss arrows
on this diagram represent the energy which 1is wunaccounted for including
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measurement error. Loss values were carefully evaluated to determine if
they were reasonable. The energy flow diagram is an invaluable tool. In
addition to verifying the accuracy of the measurement data, the energy flow
diagram provides a means of identifying abnormal conditions such as
unusually high pipe and duct energy losses and malfunctioning valves and
dampers.

As a check of the measured energy flows, thermal losses from each
subsystem were estimated. The estimates are based on a physical description
of the equipment and building structure, and knowledge of the pertinent
temperatures. Thermal losses from liquid systems include conductive heat
transfer through the fluid container (e.g., storage tank, pipes, and
collector). The environment temperature associated with thermal losses is
also needed to make conductive and convective heat transfer estimates. The
measured building temperature is adequate if the losses occur in the
conditioned space, and the external environment (ambient) temperature is
adequate 1if the losses occur in the exterior environment. Losses into an
unconditioned space can be difficult to estimate without some knowledge of
the space temperature. For this reason temperatures in the unconditioned
areas where storage tanks are located were measured.

In general, energy flows were computed with a large number of scan-
level samples. Typically, error from instrument noise and sampling of
phenomena that were random or close to random were not significant compared
to a net instrumentation bias error. Measurements which have bias errors
that apply uniformly to measurements used to compute energy flows were
corrected for the bias before assessing the expected measurement accuracy on
an energy balance. The assessment of the expected measurement accuracy on
an energy flow balance considers the net bias error.

All sensors were calibrated and certified by the manufacturer prior to
deployment (Reference 7). Calibration factors were factored into the test
results at the time of data processing. After completion of testing, the
collector subsystem and load sensors were recalibrated by the manufacturer
(except the water totalizers which were calibrated by ETEC) (Reference 8).
Each reported performance factor has a degree of uncertainty associated with
it i.e. an unknown deviation of the measured parameter from the true value
of the parameter. The degree of uncertainty associated with each parameter
is a function of the uncertainties produced by three basic sources - the
sensor, data collection/transmission and computational error.

The main sources of sensor uncertainty include sensor calibration
error, uncertainty due to the limited sensitivity/resolution of the sensor,
uncertainty due to location of the sensor in the solar system and error due
to sensor drift. The first two types of sensor uncertainty are random; the

latter two result 1in a sensor bias. In this study, the sensor
manufacturer's specifications have been used to quantify the first two types
of uncertainty. Sensor bias due to placement of the sensor was more

difficult to quantify. In some cases it was possible to compare sensor
measurement in the system and determine the amount of bias. If the bias due
to sensor placement could be quantified, the measurement was corrected in
the performance software. Drift of the sensors used to make the most
critical measurements (insolation, temperature and flow) was determined by
conducting pre- and post-calibration of the sensors. Since the rate of
sensor drift is not necessarily uniform, the data could not be corrected for



this effect. The estimated parameter errors given in the table below
include the effects of sensor drift as determined by the pre- and post-
calibration.

Data collection/transmission uncertainty are caused by noise generated
in the data logger and communication equipment, resolution of the data
logger equipment, resolution of the data logger digital system used (1024
counts) and from the sample rate used. The uncertainty due to these factors
is random and do not usually exceed one count.

An estimate of the combined effects of sensors and data collection/
transmission uncertainty was determined by wusing the manufacturer's
specifications, pre- and post-calibration data and one count of collection/
transmission error. The average uncertainty for each type of measured
parameter is presented in the table below '

Measured Parameter ’ Estimated Parameter Uncertainty
(sensor & non-uniform data
acquisition bias)

Insolation *+ 2.5% of full scale

Fluid Flow Rate :

(Impact Fluid Flow Rate type + 1.4% of full scale e
flow meter, meter reading greater ‘ e
than 50% full range) : -
Fluid Volume - t 2% of full scale -
(Displacement type flow meter)

Elapsed timers + 7 seconds

Temperature (liquid sensor) + 0.8°F

Temperature (air sensor) (includes + 1,0°F

a bias due to sensor placement)

Natural Gas Usage + 4% of full scale

All sensors were within acceptable 1limits except T150 which has an
uncertainty * 1.1°F., Flow sensor W100 often read slightly above the full
scale value but not beyond the resolution or accuracy of the sensor.
Expected measurement accuracy is the sum of a bias from the sensor and a
bias from the data acquisition system that is not uniform on all sensor
channels.

The total expected uncertainty in a measured energy flow is dependent
on the combined uncertainties .of the parameters which were measured in
determining the energy flow and may be calculated using the following
equation (from NBSIR 76-1137 Reference 3): »
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where:
Ax; = error in each term of the energy performance equation
i.e. the sensitivity of energy flow to measurement,
E = partial derivative of each term in the particular energy
Xy performance equation

N = number of terms

Faor example, applying the above equation to the measurement of the
solar energy collected at Tucson, the uncertainty is *  16% sincc the
combined uncertainties of an impact flow meter and two temperature sensors
are involved. ' '
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Section IV

EXPECTED MONITORING PERFORMANCE

A. ACCEPTANCE TEST

The acceptance test was conducted by ETEC personnel on August 25 and
26, 1982. ETEC found the following minor mechanical problems:

a) A leak at an air vent and subsequent insulation damage.
b) Control Sensors T3 and T4 not waterproofed.

The collector efficiency points (Figure 8) were well above the 75% of
ASHRAE single panel test curve, fulfilling the acceptance test criteria
established in ETEC document SFBP-XT-0015. (Reference 9). The one
recommendation to improve performance was to install a flow diffuser onto
the storage tank dip tube. The flow diffuser was installed before field
monitoring.

. ETEC personnel found the collector system to be very efficient and the
workmanship to be excellent. The collector efficiency plots from the accep-
tance test agree quite well with similar plots from this monitoring program..

The Acceptance Test Data flow rate was 42.5 gpm versus the monitored
flow rate of 54 gpm because the acceptance test was performed before the
circuit setters were removed. The close agreement between the collector
efficiency curves shows that changes in flow rate have little effect on
collector performance.

B. EXPECTED SYSTEM PERFORMANCE

An F-Chart Analysis was run for the Tucson Job Corps System. This
analysis used measured flowrates and monthly loads, for the months during
the Vitro monitoring period (an average of the measured loads was used for
the other months), and the ASHRAE 93-77 test collector efficiency curve from
SERI. See Table F-1 (Appendix F) for a detailed list of the input
parameters used. The F-Chart analysis predicted a solar fraction of 73% for
the seven monitored months and an annual solar fraction of 77% (see Table
1). (See Section V for a comparison of these values with the measured
results.)

C. PREDICTED ENERGY SAVINGS

The predicted annual energy savings based on 346 million BTU of solar
energy used and an assumed furnace efficiency of 60% (see Reference 3), less
10 million BTU of operating energy, are 577 million BTU.
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Table 1. F-CHART PREDICTED PERFORMANCE

TUCSON JOB CORPS CENTER

*** WATER STORAGE SYSTEM **%*
** FLAT PLATE COLLECTOR #**

SOLAR . HEAT DHW AUX F
MMBTU MMBTU MMBTU MMBTU
JAN 84.0 0.0 44,4 17.2 0.61
FEB 93.1 0.0 49.0 16.5 0.66
MAR. 99.0 0.0 52.3 18.3 0.65
APR 106.0 0.0 47 .2 11.7 0.75
MAY 109.0 0,0 43,3 8.3 0.81
JUN 108.0 0.0 32.9 1.9 0.94
JUL 101.0 0.0 23.4 0.2 0.99
AUG 115.4 0.0 26.2 0.0 1.00
SEP 113.6 0.0 31.1 0.5 0.98
OCT 89.5 0.0 27 .6 4.1 0.85
NOV 75.0 0.0  43.5 19.8 -~ 0.54
. DEC 87.1 0.0 28.3 4.5 0.84
YR 1180.6 0.0 449.1 103.0 0.77

SOLAR is the monthly total solar radiation incident on the collector surface
in MMBTU (million BTU). )

HEAT is the monthly space heating load (MMBTU).
DHW is the monthly water heating load (MMBTU).

AUX is the monthly total auxiliary energy required to supply the domestic
water heating load (MMBTU).

“F is the fraction of the water heating load which is supplied by solar
energy. ~



Section V

MONITORING RESULTS

A. THERMAL PERFORMANCE

1. Weather Conditions. Measured and long-term average weather data
are shown in Table 2. The long-term average daily incident solar energy per
unit area is 2135 BTU/ftz-day compared to the meagsured value of 1890
BTU/ft?2 -day. The long-term insolation is 245 BTU/ft2-day or 13% greater
than measured insolation. For the reader's interest, the measured
insolation at Phoenix, Arizona for seven months in 1981 and 1982 at a tilt
of 20° and azimuth of 34° West of South (Reference 10) was also 13% lower
than the long-term insolation. In Scottsdale, Arizona for nine months in
1981 and 1982 for a horizontal pyranometer (Reference 11), the measured
insolation was 19% below the long-term insolation. Although these three.
measurements are not enough to conclude that there is less insolation in
Arizona in the 80's, it is interesting to note that the measured insolation
is consistently below the long-term weather for each month also. The
uncertainty in the pyranometer measurement at Tucson is 1.8% (a little
better than the expected uncertalnty of + 2.5¢ for this type of instrument)
or 34 BTU/ft2-day out of 1890 BTU/ftl-day. .

Table 2., WEATHER CONDITIONS

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985

DAILY INCIDENT SOLAR
ENERCY PER UNIT AREA

(BY/fel-day) " AMBIENT TEMPERATURE !°l’l HEATING DEGREE~DAYS COOLING DI‘L'RBB-DA_Y_S_;
LONG-TERM LONG-TERM LONG-TERM LONC-TERM
MONTH HEASURED AVERACE HEASURED AVERAGE HEASURED AVERAGR MEASURED AVERAGE
(SEB) (TA) HDD) D)

Nov 1.4068 1,8018 S3E 59 328 211 88 26
JAN 1,514 1,6798 SoR 51 A4SE 442 0B ]
MAR 1.924 ) 2,198 60 L 1] 1418 243 28 12
APR 2,131 2,408 72 66 28 81 240 96
MAY 2,1178 2,826 808 74 b2 ] 4468 272
Jun 2,178 2,351 878 a2 1B [ 627 513
JUL 1,958 2,080 89 86 [} o 765 660
TOTAL - - - - 9ABE 987 2,1148 1.5379
AVERAGB 1,8908 2,135 708 68 PSB 14 3028 . 226
For a description of rony in p b refer to Appendix A.

All values sre rounded to indicate the sccurscy sssocisted with the instrumentation used,
B indicates estimated aonthly value based on less than 90X but more than 40% sessured data.
The long-tern sversge insclstion values are calculated using the RBAR routine (Reference 12) froa F-Chart to convaert

horizontal dstas to collector plane dsts, from derived long-term values for Tucson, Arizona, found in Input Dsts
for Solar Systems (Reference 13). Long-term ambient P and d day date were taken from the ssne source.

See Appendix B for bridging methodology used. -



The ambient temperature averaged 70°F versus 68°F long term. Note
that the measured monthly average temperature was below long term in
November and significantly above long term in April, May and June. There
was a roof vent near the ambient sensor which caused an 8°F bias on hot
days when the storage room door was open. An estimate of this measurement
bias on the uncertainty of the ambient temperature measurément still only
causes about a 1% error in the seasonal average temperature. The error in
ambient temperature measurements had negligible effect on collector
operating point since outlying points which are greater than three standard
‘deviations are filtered out and the few bad points within acceptable limits
have no apparent impact on the operating point derived from all of the data
points.

The measured heating degree days were 948 compared to 987 for the long
term average. The bias on the ambient temperature sensor didn't signifi-
cantly affect heating degree days. The measured cooling degree days were
2114 compared to 1579 long term average cooling degree days. However, the
bias of 8°F on the outdoor ambient sensor caused a greater impact on cooling
degree days because this bias occurred more frequently during hot weather.

Consequently, the uncertainty in thé measured cooling degree days is abuul
25%.

2. Collector. The Libby Owens Ford Sunpanel collectors of the Tucson
Job Corps Center performed at the level of efficiency equivalent to the
single panel ASHRAE Test. The monthly and seasonal performance of the
collector subsystem is shown in Table 3. The seven month average collector

Table 3. COLLECTION SUBSYSTEM PERFORMANCE

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985

(All values in million BTU, unless otherwise indicated)

COLLECTION ’ COLLECTOR ARRAY SOLAR DAYfIHB

INCIDENT  COLLECTED  SUBSYSTEM OPERATIONAL OPERATIONAL BCSS ENERGY AMBIENT
SOLAR SOLAR EFPICIBNCY INCIDENT EFFICIENCY OPERATING TO TEMPERATURE

MONTH. __RADIATION __ ENERGY (2) — ENERGY () ENERGY = STORACE (°F)
(SEA) (SECA) (CLEF) (5EOP) (CLEFNP) (CSOPR) ( STEI) (TDA)

Nov 75E 17 .48 23E 38»73‘ 45B 0.32E 17.38 S8E

JAN 84E 15.4E 198 43,98 " 35E 1.03E 15.08 58K

MAR 99 A 38 85.1 44 0.92 36.6 n

spm 104 471.1 as /7.0 54 0.59 4740 83

MAY ' 1098 47.0B 438 87 .5E 548 0.61E 46 .88 aF

JUN 108E 42,48 398 91.28 . 47B 0.848 42,08 998

JuL 101 41.8 41 91.9 45 1.56 41.0 100

TOTAL 681E 248E - 5258 . - 5.87E 2468 -

AVERAGE 97K 35.5K 36E 758 478 0.84E 35.1E 80E

For a description of acronyms in parentheses, refer to Appendix A.
All values are rounded to the accuracy associated with the instrumentation used.

B indicates estimated monthly value based on less tham 90X but more than 40% measured data.
See Appendix B for bridging methodology used.
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efficiency was 362 and the operational collector efficiency was 47Z. The
collector efficiency for the months of November and January is low due to
the collector freezeup incident on November 26, 1984. The system was
repaired by removing the five damaged collector panels on January 9, 1985,
thus reducing the collector area to 1,659 ft2. (See Hardware and
Instrumentation Problems, Section V.C.l, for more details). The collector
subsystem performed better 1in April and May due to the sunny weather and
lower collector inlet temperatures. Although June was the sunniest month,
system loads were smaller, (See Table 5) so collector inlet temperatures
were significantly higher and consequently collector efficiency was lower.
Also in June and July, solar energy available often exceeded demand so
storage tank temperatures and losses were high. The collector system shut
off at a storage high temperature of 205° on almost a third of the days in
June and July. '

There were 68l million BTU of solar energy incident on the collector
" array and 248 million BTU collected; 525 million BTU of solar energy was
incident on the collector array during operation of the collector pump. The
average daytime ambient temperature was 80°F.

The collector pump required 5.87 million BTU to pump the collector
fluid through the collectors. The 1.03 million BTU of pumping energy
used in January was due to continuous operation of the collector pump.
(See Hardware and Instrumentation Problems, Section V.C.l, for details).
During parts of January and June and most of July, the collector pump also
ran continuously. It is estimated that as much as 17% of the collected
~solar energy was lost at night through the collectors due to the continuous
pump operation during these months.

The monthly plots of collector efficiency versus operating point are
presented in Figures 9 through 15.

Operating point, (TIN-TA)/I, is the inlet temperature to the collectors
minus the outdoor temperature divided by the insolation while the collectors
are operating. The plot is for hours during which there was continuous flow
through the collector array while there 1is sunlight. Transient effects
related to startup operations often result in higher and/or lower
efficiencies than subsequent hours at the same operating point. Therefore
points are not used until after an hour of continuous operation has
occurred. Outlying points which are greater than three standard deviations
from the first order fit of the data are also filtered. The first order
curve fit information in the upper left of the plot is valid only for the
range of values of (TIN-TA)/I available. This plot is representative of the
performance of this particular collector array for the specified month.
Note that the measured points cluster around the ASHRAE test line with July
being above and November being below. The average of all the regression
lines falls nearly on the ASHRAE curve. Points on the right side of the
plots in January and July are due to continuous operation of the pump.
These represent early morning operating points which normally would have
been discarded due to cycling of the pump.
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It is unusual for a collector array to perform as well as a single
panel. The reasons for poorer performance are usually due to collector
array pipe losses, flow imbalance effects and other losses. At the Tucson
Job Corps center, the collector array pipe losses are small due to the small
quantity of array pipes, good insulation and warm ambient temperatures.
There do not appear to be any serious flow balance effects and the flush
mounting of the collectors to the roof reduces back losses and convective

heat loss effects due to wind.

3. Storage. The performance of the 2,200-gallon storage tank is shown
in Table 4. There were 246 million BTU into storage and 193 million BTU
used from storage. The storage efficiency was 78% and the average storage
temperature was 124°F. With .a change of only 0.11 million BTU in energy
stored in the tank over the monitoring period, storage losses accounted for
52.4 million  BTU. These storage losses resulted in an effective heat
transfer coefficient of 0.76 BTU/hr-°F-ft or an R value of 1.3. There is
a high degree of uncertainty associated with this value since it is derived
from the difference between two large numbers.

The storage tank is insulated with four inches of foam which has a
theoretical R of 25. The table below shows the estimated theoretical losses
from various parts of the storage tank system.



Mode Theoretical UA (BTU/hr°F)

Insulated Tank . 10.1
Tank Skirt 7.8
Uninsulated Tankhead 25.1
Manway 2.5
Pad 1.4
Connected Pipe 1.1

48 BTU/hr°F

Effective Theoretical Loss Rate 48 BTU/hr°F = 0.177 BTU/hr°F £t2 or R5.65
271.4 ft

The difference between the measured and theoretical loss rate is
suspected to be partially due to thermosiphoning and to uncertainty in the
measured storage losses, Thermosiphoning was indicated by sensor T100
(collector supply temperature) which stayed warm all night. However,
sensors T150 (collector return temperature), T110 (collector plate
temperature), and T10l (storage supply temperature) did not show any
evidence of thermosiphoning. An estimate of the thermosiphoning loss was
about 12 million BTU in five months. (This is derived from an éstimate of
storage losses using the difference between the theoretical value above and
" the measured losses.) Coincidentally, this thermosiphon loss rate is nearly
equivalent to the thermosiphon 1loss rate observed at the Gainesville,

Florida solar site.
Table 4. STORAGE PERFORMANCE

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985

(All values in million BTU, unless otherwise indicated)

AVERAGE EFFECTIVE
STORAGE STORAGE HEAT LOSS
ENERGY TO ENERGY FROM CHANGE IN EFFICIENCY TEMPERATURE COEFFICIENT LOSS FROM
MONTH STORAGE STORAGE STORED ENERGY (2) (°F) (BTU/he®F-£¢2) STORAGE
(aTRY) {ATRO) { RTRQH) (ETBEF) (TET) (GTPER) (STLQSS)
Nov 17.3E 16.0E -0.668 89E 102E 0.12E 1.96E
JAN 15.0E 6,68 0.228 458 83RB 0.97E 8.20E
MAR 36.6 33.5 0.15 92 118 0.15 2.95
APR 47.0 41.8 0.47 90 131 0.25 4,73
MAY 46,88 40,98 0,06E 88E 136 0.32E 5.84E
JUN 42,0E 31.3E 0.42B 758 1528 0.50B 10.3E
JUL '41.0 23.2 -U.55 55 147 0.95 18.4
TOTAL 2468 1938 ' 0.11E - - - 52,48
AVERAGE 35.1E 27.6B 0.02E 788 124B 0.76B 7.48E

For a description of acronyms in parentheses, refer to Appendix A.
All values are rounded to the accuracy associated with the inotrumentation used.

E indicates estimated monthly value based on less than 902 but more than 40% measured data.
See Appendix B for bridging methodology used.

Since 71%2 of the tank losses occur from the uninsulated tank head,
skirt and pad, a substantial reduction in losses is possible by insulating



the tank head and manway. The estimated savings from insulating the entire
tank with 4" of foam are 7.3 million BTU for the seven month monitoring
period.

The storage losses were quite variable through the months and depended
on system operation, For example, the losses in January were very high due
to continuous operation of the collector pump. Continuous pumping keeps the
storage tank mixed, causing higher temperatures in the region of the tank
skirt and uninsulated tank bottom. Note that 71%Z of the tank losses occur
from this region. In April and May, storage losses increased when the DHW
load side pump returned water through the storage tank. Although the flow
rate of the DHW recirculation loop is only 7.7 gpm, this warm water entering
the bottom of the storage tank causes destratification. In June, the load
was reduced and that resulted in a higher storage temperature and more
losses. In July, there was a combination of lowered loads and continuous
operation of the collector pump for about 20 days during the month which
resulted in larger. storage losses.

Since this system was designed, some new design philosophy has called
for smaller storage tanks on some DHW systems. A smaller tank costs less,
loses less solar energy and works well when the load is concurrent with
solar energy collection. However, at Tucson the loads occur in the evening
and early morning after solar collection has ceased for the day.
Furthermore, the magnitude of the average demand is 2300 gallons per day.
Therefore, the solar tank is sized to meet the average demand. '

A problem of streaming in the storage tank was solved by a change in
the dip tube configuration. A tee and two 45° elbows were improperly
attached to the dip tube and imparted a swirling motion to the storage tank
fluid. This change was successful in preventing streaming as evidenced by
the close agreement of all three storage tank sensors.

4. Hot Water Load. The solar energy system supplied 193 million BTU
to the 285 million BTU hot water load (HWL) for a solar fraction of 68%.
The hot water demand (HWDM) (energy required to raise the hot water used
from the supply water temperature to the hot water temperature) was 218
million BTU and the demand solar fraction was 69Z. The auxiliary system
provided 91.6 million BTU. There were 493,200 gallons of hot water used at
a average temperature of 130°F. The DHW subsystem performance is shown in
Table 5.

The load side pump P4 was active from January llth to February 13th,
March 19th to June 12th and after July 8th. Apparently the motor coupling
broke in February but it isn't known why the pump was not active at the
other times. The load side recirculation losses were about 5 million BTU
per month during the winter, about 4 1/2 million BTU per month in the spring
and about 2 million BTU per month in the summer. These losses are partially
made up with solar energy and may have contributed to higher solar fractions
during the winter and spring. Since there were no complaints when the pump
was off, one can conclude that load side pump P4 is unnecessary. Therefore,
turning off the 1load side pump would save between 2 and 5 million
BTU per month. The fuel savings are estimated from considering that solar
energy supplied the same fraction of the load side pump losses as the load,
68%. Therefore estimated logses are 23 million BTU, of these 7.4 million
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Table 5. DOMESTIC HOT WATER SUBSYSTEM PERFORMANCE

NOVEMBER 1984 THROUGH JULY 1985

TUCSON JOB CORPS CENTER

(All values in million BTU, unless otherwise indicated)

SOLAR SOLAR SUPPLY

PRACTION PRACTION SOLAR AUXILIARY AUXILIARY VWATER HOT WATER HOT WATER

HOT WATER OF LOAD HOT WATER OF DEMAND ENERGY THERMAL FOSSIL TEMPERATURE  TEMPERATURE  CONSUMPTION
MONTH____ LOAD (1) DEMAND (2) USED USED FUEL (°F) (°F) (Gallons)
(HWL) ( HWSFR) (HWDM) ( EWDSFR) (HWSE) (HWAT) (HWAF) (TSW) - ( THW) (HWCSM)

NOV 43.08 378 39.78 S1B 16 .0 27.0E 39.3E 73E 1298 86 ,300E
JAN 44 5B 158 34,.5E 198 6.6E  37.9E 49.38 70E 1258 75,000E
MAR 51.5 62 40.2 67 33,5 18.0 25.6 73 132 83,400
APR 46.8 89 - 35.6 88 41.8 5.0 7 .48 77E. 136 73,200
MAY 43,38 94B 29.4B 948 40,98 2.48 4.0B 798 1398 . 58,800E
JON 32.68 96 22.6B 98E 31.3B 1.3E 1.98 853 1248 66 ,800E
JUL 23.2 100 16.0 100 23.2 0.0 0.0 84 123 ’ 69.700
TOTAL 285 - 218E - 1938 91.6E 1278 - - 493 ,200E
AVERAGE  40.7E 688 31.1B 698 27.6B 13.1B 18.28 778 1308 70,5008

For a description of acronyms in psrentheses, refer to
All values are rounded to the accuracy associated with

B indicates estimated monthly value based on less thnn“

See Appendix B for bridging methodology used.

Appendix A.

the instrumentation used.

902 but more than 40X measured data.

BTU were made up by the auxiliary boiler and savings would be 12 1/3 million
BTU using an assumed 60% boiler efficiency.

The auxiliary system was shutdown on June 20, but little auxiliary

energy was used atter June 8.
water temperature,

the

delivered

tempering valve setpoint was changed from 160°F to 122°F on June 17th.
accounts for the change in hot water temperature from an average of 132°F to
124°F in June and July. ' '

Without the auxiliary system to maincain che
hot water temperature dropped. The

This

The effect of the change in the hot water sétpoint was escimated by F=

Chart to equal a 30 million BTU per year reduction in load.

used would increase by 21.3 million BTU per year.

Solar energy

"One method of reducing losses on future designs for hot water heating
of dormitories would be to reduce the DHW auxiliary tank to say 100 gallons.
Then the boiler becomes essentially an in line heater and auxiliary losses
can be reduced.

boiler is 4.1 million BTU over the monitored period.

perhaps 12% of the total auxiliary losses.

An estimate of the savings realized by using an in line
Note that this

is

A Figure 16 shows a plot of the monthly average hourly hot water

consumption during the month of March.

The pattern of hot water usage at

the Job Corps Center tends to promote good solar energy utilization because

about 68% of the collected solar energy was used before midnight.
the peak usage hours were between five and seven AM.
changing the timing of the peak loads
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demand solar fraction to 73%. This would represent an increase of 4% in
demand solar fraction or an increase of 9 million BTU in the total solar
energy used. Since a 9 million BTU increase in solar energy utilization is
possible simply from a shift in load usage patterns, this type of change in
usage should be encouraged.

350 q
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ioo-. ' "o
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Figure 16, Monthly Average Hourly Hot Water Consumption
Tucson Job Corps Center March 1985

Figure 17 shows a graph of the hourly hot water load for the week of
March 3rd through the 9th of 1985." This is a typical week at the Job Corps
Center. Note that there is a definite diurnal pattern during the week with
the peak morning loads occurring between 5 and 7 AM. The peak evening loads
are not so large and occur between 4 to 10 PM. The weekends have a more
continuous load pattern with a late morning peak and a somewhat lower and
larger evening peak.

The daily loads shown in Figure 18 illustrate the fairly constant load
pattern occurring at Tucson. The magnitude of the load is greater during
the winter due to colder ground water temperature and more students.
Monthly loads are shown in figure 19, These peak in March, perhaps because
the ground water is nearly at its coldest point and because the delivered
water temperature is higher. During June, the tempering valve setpoint was
changed from 160°F to 122°F; also some students left. These factors reduced
the load,

The water consumption rates in gallons and gallons per student are
summarized below. ' '
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Figure 17. Hourly Hot Water Load
Tucson Job Corps Center March 3 through 9, 1985
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Tucson Meaéurements ‘ ASHRAE
Handbook
Gallons Gallons/Student Gallons/Student
Monthly Daily Hourly Daily Hourly Daily Hourly:
Average 70,500 2305 96.0 11.5 0.5 13.1 -
Minimum 49,700 732 0 3.7 0 - -
Maximum 86,300 5277 541 . 26.4 2.7 22.0 3.8

The average daily consumption is 2305 gallons, just slightly more than
the storage tank size. The implication is that solar energy could supply
most of the hot water on a good sunny day. The daily normalized
measurements agree quite closely with the ASHRAE Handbook (Reference 14) but
the normalized maximum hourly measurement is only 71% of the ASHRAE value.
Thesc comparisons suggest Lhat a design based on the ASHRAE value will be
oversdesigned for the maximum hourly requirements and quite adequate for the

daily requirements. However, the maximum hourly value will be used to
determine the pipe and boiler sizes which will be major cost components of
the system. The solar system, including the storage tank, should be

designed based on the daily value. At Tucson, the measured average daily
~value is 88% of the ASHRAE value. Since water consumption varied by as much
as 20% from the average sizing estimate, the solar system using the ASHRAE
value for average daily water consumption per student is satisfactory.
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S. Parasitic Power and Coefficient of Performance. The only parasitic
power used by the solar system is for the collector pump. The collector
pump operating energy of 5.87 million BTU is shown in Table 6. The months
of January, ‘March and July have high operating energies because the
collector pump was running continuously for many days during the month.
(See Hardware and Instrumentation Problems [Section V.C.l] for more details
on the cause of this problem.)

Table 6. SOLAR OPERATING ENERGY

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985 -

(All values in million BTU, unless otherwise indicated)

ECSS
OPERATING ENERGY TOTAL SOLAR
MONTH SOLAR=UNLQUE OPERATING ENERGY
(SCOPE) (SYSOPE1)
NOV 0.32E 0.32E
JAN 1.03E 1.03E
MAR | 0.92 0.92
APR 0.59 0.59
MAY 0.61E 0.61E
JUN | - 0.84E | 0.84E
JuL 1.56 1.56
TOTAL : 5.87E | 5.87E
AVERAGE 0.84E 0.84E

For a description of acronyms in parentheses, refer to
Appendix A.

All values are rounded to the accuracy associated with the
instrumentativi used.

E indicates estimated monthly value based on less than 90%
measured data but more than 40%Z. See Appendix B for bridging
methodology used.

Table 7 shows the solar coefficient of performance for the solar system
and the collector subsystem. Coefficient of performance is the ratio of
energy collected or used to the energy required to transport the solar
energy. The collector COP of 42 compares favorably to other large DHW solar
systems. The system COP (33) is less than the collector COP because it is
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the ratio of solar energy used to the collector pump operating energy. The
months of April and May are probably the most representative of the COP
during normal collector operation. ‘

Table 7. SOLAR COEFFICIENT OF PERFORMANCE

TUCSON JOB CORPS CENTER
NOVEMBER 1984, JULY 1985

SOLAR ENERGY COLLECTION
MONTH . SYSTEM SUBSYSTEM
(SEL) . (SECA)
(SYSOPE1) (CSOPE)
NOV 50 54
JAN 6 15
MAR 36 40
APR 71 80
MAY | 67 77
JUN 37 50
JUL 15 27
WEIGHTED
AVERAGE 33 42

For a description of acronyms in parentheses, refer to
‘Appendix A.

6. System Performance. System performance of the Tucson Job Corps
Center 1is shown in Table 8. The system load of 285 million BTU was met by
193 million BTU of solar energy (this is 92% of the amount predicted by
F-Chart for the monitoring period) and 127 million BTU of fossil fuel.
About 78% of the 248 million BTU of solar energy collected was utilized,
this level of utilization is about average compared to other NSDN sites.
Energy savings were 322 million BTU of fossil fuel based on an assumed
auxiliary boiler efficiency of 604 at a cost of 5.87 million BTU of
electricity. The system solar fraction was 68% of the load versus a 74%
solar fraction predicted by F-Chart for the monitoring period. A total of
28% of the solar energy incident on the collector was delivered to the load.
The energy flow diagram shown in Figure 20 summarizes the main energy

_transfers within the Tucson solar system.

7. F-Chart Comparison. A comparison of the measured system perfor-
mance versus an F-Chart (Version 5.5) calculation is presented in Table 9.
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Table 8. SOLAR SYSTEM THERPEAL PERFORMANCE

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985

(All values in million BTU, unless otherwise indicated)

SOLAR SOLAR TOTAL SOLAR
ENERGY SYSTEM  ENERGY  AUXILIARY ENERGY  OPERATING  _ENERGY SAVINGS _  FRACTION
[E Al USED FO [RERMA ENERGY 3 ! ELECTRICAL A
(SECA)  (SYSL)  (SBL) (AXF)  (AXE) (SYSOPE) (TSVE)  (ISVE) (SFR)
NOV 17.4° 43.08 16,08 39.3B N/A 1.718 26.78 -0.328 37E
JAN 15.4E 44.58 6.6E  49.3E N/A 2,478 11,08 -1.038 15E
MAR a7’ 51.5 33.5 25.6 WA 2.09 55.8 ~0.92 62
APR 47.3 46.8 41.8 7.4E H/A 2.05 69.7 -0.59 89
HAY 47 .08 43,38 40.98 4.0B N/A 1.41B 68.2E8 -0.61B 94K
Jin 42.48 32,68 31,38 1.98 H/A 2.198 52,2 ~0.84F - 968
JUL 41.8: 23.2 23.2 0.0 W/A 1.56. 38.7 -0.56 100
TOTAL 2488 2858 1938 1278 - 13.58 3228 -3,87% -
AVERAGE 35.5E 40.7E 27.6E . 18.2E 1.938 46 .08 -0.848 68E

Por a dcocription of acronyms in parentheses, refer to Appendix A.
All values are rounded to the accuracy associated with the instrumentation used.
B Indicates estimated monthly value based on less than 90X but more than 40% measured data. See Appendix B

* Indicates less than 40X wmeasured data available.

Table 9. COMPAR'ISON OF EXPECTED TO MEASURED ANNUAL PERFORMANCE
TUCSON JOB CORPS CENTER

(A1l values in million BTU, unless otherwise indicated)

MITA LD

lN(}!l)l'.N'l’ COLLECTYD HOLAR KNGEBRY USED SOLAR VRACTLON (T)

SULAR SULAR e e ) -
MONTH RADIATION ENERGY PREDICTED EXTRAPOLATED MEASURED  PREDICTED EXTRAPOLATED  MEASURED
JAN 73 15.4E 27.2 29.1 5.6 61 66 15
FEB 89 - 32,5 34.6 - 66 71 -
MAR 99 37.1 34,0 36.4 33.5 ‘ 65 70 62
APR 106 47.3 35.5 37.6 41.8 .15 80 a9
MAY 109 47E 35.0 7.1 40.9 8 A 86 94
Jun 108 47 4R 1.0 32.A 11.13 4 Q9 af
. 101 41.0 212 23.4 2.2 29 100 100
AUG 108 : - 26.2 26.2 - 100 100 -
SEP 106 .- "~ 30.6 a4 - - 98 100 -
ocT 87 - 23.5 24.8 - 8s 90 -
NoV 75 17.48 23,7 5.6 | 16. 54 59 © 3y -
DEC 83 - 23.8 25.1 . 84 89 -
TOTAL 1155 387E 346 364 193

AVERAGE 96.3 55.3 28.9 30.3 84 77 81 N/A
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November 1984, January, Marcp through July 1985-
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Predicted values are the expected system performance values in Table 1 (load
minus aux). Values used in the '"extrapolated" column of Table 9 were
obtained by use of an F-Chart calculation using measured system parameters
and weather data when available and long-term weather data and average
monthly measured system values for those months when no measured data was
available. The conditions and assumptions used in the data input for F-
Chart are given in Appendix F. The F-Chart input parameters used to
extrapolate annual performance are given in Table F-2, Appendix F and the F-
Chart model results are presented in Table 10. The F-Chart extrapolation of
annual solar energy used was 364 million BTU.

Table 10. F-CHART EXTRAPOLATED ANNUAL PERFORMANCE

TUCSON JOB CORPS CENTER

#%% ‘WATER STORAGE SYSTEMN ##%

SOLAR HEAT DHW AUX F
MMBTU MMBTU MMBTU MMBTU

JAN 84.0 0.0 44 .4 15.3 0.66
FEB 93.1 0.0 49.0 14.4 0.71
MAR 99.0 0.0 52.3 15.9 0.70
APR 106.0 0.0 47.2 9.6 0.80
MAY 109.0 0.0 43.3 6.2 0.86
JUN 108.0 0.0 32.9 0.3 0.99
JUL 101.0 0.0 23.4 0.0 1.00
AUG 115.4 0.0 26.2 0.0 1.00
SEP 113.6 0.0 31.1 0.0 1.00
oCT 89.5 0.0 27.6 2.8 0.90
" NOV 75.0 0.0 43.5 17.9 0.59
DEC 87.1 n.o0 28.3 3.2 0.89
YR 1180.6 0.0 85.3 0.81

449.1

SOLAR is the monthly total solar radiation incident on the collector
surface in MMBTU (million BTU).

HEAT is the monthly space heating load (MMBTU).
DHW is the monthly water heating (MMBTU).

AUX is the monthly total auxiliary energy required to supply the
domestic water heating load (MMBTU).

F is the fraction of the water heating load which is supplied by solar
energy.

Note that the extrapolated F-Chart calculation shows that the measured
system performs better than the prediction by 18 million BTU. This is due
to the fact that the measured collector slope parameter is slightly better
than the ASHRAE valve. All other parameters were the same for the two
calculations. Perhaps also of 1interest 1is that the predicted F-Chart
calculation was adequate to account for system losses (which included the



load side pump) by increasing the auxiliary tank UA from 19 BTU/hr-°F to 180
BTU/hr-°F. Changes were also made to the environment temperature to make
the F-Chart results more nearly match the measured loads.

To some degree, F-Chart can be used to predict the losses caused by
solar system malfunction. From November 26, 1984 until May 1, 1985 the
collector system was not operating or was only partially operating. A
comparison of measured data to F-Chart extrapolated data from November,
December and January shows that the potential collected solar energy was
79.8 million BTU. The actual collected energy was 22.6 million BTU or 28%
of F-Chart. The month of December was counted although there was not much
measured data because the solar system was shut down; February was not
counted because of data logger problems. It is important to note that
although the collector pump ran continuously for 15 days in January nearly
23% of the possible solar energy was collected and used.

There were also 10 days of continuous collector pump operation in
March. Since the weather was warmer, this problem caused a loss of only 8%.
During 22 days of continuous collector pump operation in July, the
comparison of F-Chart and measured data indicates no loss. The actual loss
is perhaps less than 10%.

8. Savings. The energy savings for the seven months monitored were 322
million BTU of fossil fuel at a cost of 5.87 million BTU of electricity. The
savings are presented in Table 1ll. The fossil savings were calculated
assuming a boiler efficiency of 60%. These good savings resulted from good
solar energy collection and utilization.

The total system normalized cost was $68,658 or $38.62/ft2 of collector
(Reference 15). Dividing the normalized installation cost by the annual
.solar energy delivered by a system in good operational condition yields a
cost of $189/million BTU. The normalized cost represents an extrapolation
of the actual cost to construct the system as though the project were .
. competitively bid and awarded for a private commercial owner. = The
normalization also moves all cost factors into the year 1985. By using the
1985 NBS Energy Price Handbook (Reference 16) for Region 9, which includes
Arizona, an estimate of the dollar energy savings is possible. During the
seven months monitored, thc system caved natural gas worth $2,035 at an
electricity cost of $116 for a total savings of $1,919. The extrapolated
annual savings. are equivalent to a $3,834 savings in natural gas at an
elgctricity cost of $220 for a net annual savings of $3,614 or $2.18 per
fte.

The cost per square foot of $38.62 was among the lowest of the
monitored SFBP solar systems. The storage tank was below average in cost.
but perhaps that was because the storage enclosure was added some time after
the solar system was operational. Instrumentation and controls were about
$2000 more than the other DHW systems due to the added complexity of the
lead-lag pump arrangement and the freeze protection subsystem which
consisted of a recirculation and a drainout mode.

9, System Availability. During the period from November 1984 through
July 1985 the solar system was available for energy collection 223 days of
the 273 days or 82% of the time. The system was unavailable due to the
freezeup from November 26, 1984 through January 2, 1985. However, the
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Table 11. ENERGY SAVINGS

TUCSON JOB CORPS CENTER
NOVEMBER 1984 THROUGH JULY 1985

(All values in million BTU)

ECSS
DOMESTIC HOT WATER  OPERATING HEX ENERGY SAVINGS
SOLAR FOSSIL ENERGY FOSSIL
RCY TSR ; TR Q0T AR . ap— i

o T T Coaons)  (TSVE) - (TSVE)
ROV 16.08 .32 26.7E  0.328 -0.328 26.78
IAN " 6.6 -1.03E 11,08 1.038 -1.038 11.0E
MAR 33.5 -0.92 55.8 0.92 -0.92 '55.3
APR 41.8 -0.59 69.7 0.59 -0.59 69.7
HAY 40,98 -0.61E  68.2E 0.61E . -0.61E 68.28
JUN 31.38 -0.848  52.2E 0.848 -0.848 52.2B
JuL 23.2 -1.56 387 1.56 -1.56 38.7
TOTAL 1938 -5.87R 3228 5.87E -5.678 3228
AVERACE  27.6E -0.848  46.0E 0.868 -0.84E 46 .08

Por a descriprion of acronyms in paremtheses, refer to Appendix A.

All values are rounded to the accuracy associated with the
{nstrumenctailon useds :

E indicates estimated monthly value based on less than 90%Z but more than 40X
measured data. See Appendix B for bridging methodology used.

system ran continuously (without control) for 16% of the monitoring period.
The continuous pump operation occurred when the collector pump control
switched to the "lag" pump for several days. The worst occurrence of
continuous pump operation was during July.

B. RELIABILITY AND MAINTAINABILITY

l. Component Failures. There were three solar system component
failures during the monitoring period. In November, a short in the freeze
thermostat wiring blew a fuse on the controller and several collector panels
froze because the backup ground water flush freeze protection system had
been deactivated.

The flush through freeze protection method may not be reliable enough
even if it is not disabled because of corrosion problems with the drainout
valve, There are several alternative freeze protection schemes with
antifreeze and drainback being most common. The closed loop drainback
system is perhaps the better choice since the system cost is lower.

A collector pump failed in March and was eventually replaced. Also in
March, the DHW recirculation pump coupling was repaired. In September,
prior to the start of the monitoring period, the collector controller was
replaced.

2. Maintenance Time/Month. The actual amount of maintenance time is
unavailable but the time can be estimated from the down time. There were
about 12 days of maintenance required during the monitoring period. This is
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an average of 14 hours/month. This will reduce performance by an average of
2 million BTU per month.

c. HARDWARE AND INSTRUMENTATION PROBLEMS

1. Site Hardware Problems. One of the major system problems during
the monitoring period was a collector freeze up on November 26, 1984. Five
collector panels were damaged. Normally, the collectors are protected from
freezing by circulation of storage water when the collector freeze thermo-
stats signify a plate temperature of 34°F or less. The freeze up occurred
because some of the freeze thermostat wiring shorted out and blew a fuse in
the controller. The secondary freeze protection mode of city water flush
through was deactivated due to corrosion and removal of the flush valve.
The collector system was out of operation from November 26, 1984 through
January 9, 1985. The system was repaired by removing the five damaged
collector panels which reduced the collector area to 1,659 ft“. However,
the controller was not completely repaired until March 1, 1985. Since the
automatic freeze protection system was inoperative, the site personnel were
instructed to manually run the pumps all night to preclude system freeze
damage. Continuous pumping caused a lot of energy rejection at night and
maintained a mixed storage tank.

Storage losses were high in January due to the mixed tank resulting
from the extended pump operation. Normal system operation causes the tank
to be well mixed during the day while the collector pump is on. However,
most of the hot water is used after the collector pump stops in the evening
and before the collector pump starts in the morning. This usage pattern
quickly fills the bottom of the storage with cold water and effectively
insulates the lower part of the tank and saddle from the warm storage water,
greatly reducing saddle conductive losses and radiant losses from the saddle
and uninsulated lower tank head.

The large storage losses in June were also partially caused by the same
continuous collector pump operation and by the much larger saddle to pad
temperature difference.

A collector pump failed in March but caused only a small impact on
performance because the controller switched to the backup pump. However,
when the backup pump was switched in, it ran continuously for several days.

This is normal. The continuous operation of the system is designed to
alert the system operator that the lead pump has failed. '

A long-standing system problem was fixed in late Marchj; the coupling on
the DHW recirculation pump was repaired so recirculated DHW return water
could be preheated by the solar system. The recirculation loop on the DHW
system started circulating through the solar storage tank on April 3, 1985
and stopped circulating on June 12, 1985 and then started circulating DHW
return water through the storage after July 8th.

The collector pump ran continuously for three different times in June
and July, but no lead pump failure occurred. This apparent control failure
continued to plague the Tucson Job Corps system throughout August and
September. The problem was finally resolved after the monitoring period
ended when it was discovered that the changeover logic from the lead to the
lag pump was misunderstood by the system operators.
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There is a short time delay, 0-1 minute, on the changeover switch for
the lead to lag pump. Continuous operation of the lag pump was either mis-
understood or disregarded by the system operator because there was never any
detectable failure on the lead pump. The switch over to the lag pump was
caused by a very short time delay setting in the controller, about 1/2
second, which was frequently tripped when the lead pump was slow to start.

2. Site Instrumentation Problems. The solar monitoring system was also
prone to problems. During the monitoring period, 25% of the data was lost
due to failure of the site datalogger. After a series of failures in
October 1984, the datalogger was replaced with a newer model on November 12,
1984. On December 5, 1984 the tape recorder was replaced and sensor T110
was disconnected. T110 was disconnected because the collector panel with
the plate sensor suffered freeze damage .and was bypassed. In February, the
datalogger again had tape recorder problems and after several resets by site
personnel the problem disappeared. Tl1l0 was reconnected on February 25,
1985. From March 13-19,1985 all of the data from flow totalizers and
elapsed timers was lost due to the loss of calibration coefficients from
the datalogger memory. On June 11, 1985, the datalogger tape recorder was
replaced and T200 was moved from the storage tank inlet to a point about six
feet wupstream in the recirculation return line in an effort to better
measure the storage inlet temperature when the recirculation pump 1is on.
Moving the sensor did not make any improvement in the measurements of this
temperature, therefore this sensor was used to estimate load recirculation
loop losses but not in the calculation of any major performance factors.
Again, on June 25, 1985, the datalogger tape recorder was repaired.

In months where less than 90% of the data was coliected, the data 1is
flagged with an E for estimated.

T150 failed January 30, 1985. It began operating properly February 12,
1985, but site personnel said they did not repair it.

The ambient air temperature sensor T00l was located near a roof vent
which produced as much as an 8°F bias on hot days but had little effect
during the winter months.

D. SIGNIFICANT EVENTS

Below is a summary of key events at the Tucson Job Corps Center solar
site during the monitoring period.

DATE EVENT
8/25/82 System acceptance test performed by ETEC.
9/11/84 - 9/15/84 Site checkout.
10/1/84 Datalogger failure.
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DATE

10/5/84

11/12/84 - 11/15/84
11/26/84

12/5/84 - 12/6/84

1/9/85

1/24/85 - 1/30/85

2/1/85 - 2/6/85
2/12/85
2/25/85

3/1/85

3/9/85 - 3/13/85

3/13/85 - 3/19/85
3/16/85
3/19/85
3/27/85 - 4/1/55
6/5/85
6/11/85 - 6/13/85
6/13/85 - 6/18/85
6/18/85

EVENT
Datalogger failed.
New Datalogger (MOD IIA) installed.
Collector system froze. |
Datalogger repaired. T110 shorted out.
Damaged collecto? panels were removed and bypassed.
Collector system back on line but collector pump

runs continuously.

Collector shutdown for leak testing. TL150 down.
Controller was not repaired. :

Datalogger down due to tape recorder.
T150 repaired itself. Datalogger failed.

Datalogger reset by site personnel.

Site visit by ETEC to conduct a thermal survey of =

the solar system. Collector control repaired. =
Collector pump at normal operation. : -

Collector pump ran continuously because one of the
collector pumps failed.

Datalogger lost flow totalizer calibration
coefficients.

Johnson control personnel at the site to adjust the
solar controller.

Coupling on DHW recirculation pump repaired. (This
coupling was broken before the monitoring period.)

Collector System being repaired. Collector pump
runs continuously.

Datalogger failed.

Datalogger repaired. Vitro technician assisted ETEC
personnel with flow rate check and controller
calibration. T200 was moved 6' to a section of
inlet pipe with more stable flow.

Collector pump runs continuously. T351 bridge
replaced and not recalibrated.

" Auxiliary furnace shut off.
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DATE

6/19/85

6/25/85 - 6/217/85
7/6/85 - 7/1é/BS

7/17/85 - 7/31/85

8, 9 & 10/85

11/3/85

12/10/85

EVENT

Datalogger failed.

Datalogger tape recorder and tape control repaired.
Collector pump runs continuously. |
Collector pump runs continuousiy.

Data collected during August, September and October
for special studies, but no monthly report prepared.

Data collection terminated.

Instrumentation decommissioned - SDAS removed.
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Section VI

COMPARISON TO NSDN SITES

In this section the performance of the Tucson Job Corps Center Solar
System is compared to six large commercial NSDN hot water solar systems and
to the Honolulu Ramada Inn solar system (Reference 17) in particular,

While comparison of the performance of this SFBP solar system to that
of NSDN solar systems operating under different environmental conditions and
loads is of limited value, it does provide a reference point by which to
judge the performance of the system. :

The 1981-1982 DHW comparative report- contains six (Reference 18)
commercial solar hot water systems. There were three process hot water
systems, an office building, a school and an apartment building. The NSDN
average performance is represented by these six commercial systems.

Table 12 presents the performance data for the Tucson Job Corps Center,
Honolulu Ramada Inn and the NSDN average.

Table 12, NSDN Performance Comparison

Tucson Job Honolulu NSDN

Performance Category / Corps Center Ramada Inn. ~Average
(Nov 1984- (July 1986~
July 1985) Mar 1981)
1. Total Collector Array Efficiency 36 37 21
2, Operational Collector Array Eff. 47 : 41 34
3. Percent of Incident Solar Energy 28 28 15
Delivered to the Load -
4., Collection Coefficient of Performance 42 53 29
5. System Coefficient of Performance 33 41 6.7
6. Percent of Collected Solar Energy 78 76 71
Delivered to the Load
7. Solar Energy Delivered to the Load 544 © 450 217
per square foot of Collector per
day (BTU/ft?-day) ’
1 An average of performance from Oakmead Industries (manufacturing),

Cathedral Square (apartment), EROS Data Center {(photo processing), Vitro
Office), Craftsman Enterprises (Laundry) and Wood Road School (school).

From Table 12, the reader can easily see that the Tucson Job Corps
Center performed better than the average NSDN system in all categories. The
Tucson Job Corps Center solar system also performed as well as or better
than Honolulu Ramada Inn which was a high performing NSDN solar system.
Although Tucson had only one percent less collector array efficiency than
Honolulu in terms of solar energy delivered to the load, Tucson had two
percent more solar energy delivered to the load. Tucson also delivered
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substantially more solar energy to the load per square foot of collector per
day. In total, these performance indices indicate that the Tucson Job Corps
Center is a more efficient solar system than the average NSDN Solar DHW

System.

Although the performance of solar energy delivered to the load was
significantly better at Tucson than at the Honolulu. Ramada, the collector
freezeup and continuously running collector pump degraded performance. The
value of solar ener%? delivered to the load from the F-Chart extrapolated
model was. 601 BTU/ft“-day. This is an improvement of 9% over the measured
value and is an estimate of the improvement that could be expected if all

problems are repaired.
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Section VII
LESSONS LEARNED

The lessons learned fall into two categories, solar system and load/

auxiliary. The following lessons learned were observed from the data
analysis of the Tucson Job Corps Center but several of these lessons learned
apply to other SFBP sites as well.

this

A. SOLAR SYSTEM

There are a number of important lessons learned from the analysis of
solar system?

Operators should receive thorough training. Solar System Operators
should receive thorough training and documentation in the operation and
maintenance of the solar system. The lack of training .in operation of
the control subsystem and the lack of documentation for the control
subsystem resulted in many days of continuous collector pump operation.

Storage tank stratification improved performance. Storage tank
stratification reduced storage losses at Tucson because 71% of storage
losses occurred from the uninsulated tankhead.

Integration of the collectors into the roof improves system performance

" by reducing losses from the collector panels.

Storage tank losses can greatly reduce system performance. Care must
be taken to fully insulate the entire surface of the tank as well as
the tank supports. Thermosiphoning may be prevented in some cases by
adding spring tensioned check valves. :

If city water is passed through the system, -adequate corrosion
protection must be provided fo