NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



DOE/NASA CONTRACTOR DOE/NASA CR-161434
REPORT

SOLAR HOT WATER SYSTEM INSTALLED AT QUALITY INN,
KEY WEST, FLORIDA -- FINAL REPORT

Prepared by

Quality Inn of Key West
420 Lincoln Road No. 394
Miami Beach, Florida 33139

Under Contract EG-77-G-01-1633
Monitored by

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

For the U. S. Department of Energy

" — P
SOLAR HOT WATER SYSTEM N30-23774

(NASA-CE-161434) FLORIDA

INSTALLED AT QUALITY INN, KEY WEST,

Final Report (Quality Inn of Key West) 25 p

CSCL 10A Unclas

HC AQ2/MF AD1 G3/u44 20267

S —




NOTICE

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
Statas National Aeronautics and Space Administration, nor any
fedoral employees, no: any of their contractors, subcontractors
or their employees. zake any warranty, exprees or implied, or
assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or procass disclosed, or represent that its use would
not infringe privately owned rights.




TgCHN!CA% REPORT STANDARD TITLE PAGE
1. REPNRT HO. 2. GOVERNMENT ACCESSION NO, 3. RECIPIENT'S CATALOG NO.

DOT/NASA CR-161434

A, TITILF AND SUBTITLR 5. REPORT DATE
Solar Hot Water System Installed at Quality Inn, Key West, April 1980
Tlorida--Final Report 6. PERFORMING ORGANIZATION CODE
7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT #
. PEATOLT.1G ORGANIZATION NAME AND ADDRESS 10. WORK UNIT, NO.
Quality Inn of Key West '
420 Lincoln Road No, 394 1. CONTRACT OR GRANT NO.
. EG-77-G-01-1633
Miami Beach, Florida 33139 13, TYPE OF REPOR" & PERIOD COVERED

12. SPONSCQRING AGENCY NAME AND ADDRESS

National Aeronautics and Space Administration

Washington, DC 20546 14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES
This work was done under the technical management of Mr, Lary Lawson, Marshall
Space Flight Center, Alabama.

18, ABSTRACT

This report describes the solar energy hot water system installed in the Quality Inn,
Key West, Florida, which consists of four buildings. Three buildings are low~rise, two~
story buildings containing 100 rooms. The fourth is a four-story building with 48 rooms. The
solar components were partly funded by the Department of Energy under Grant EG-77-G-01-
1633.

The solar system was designed to provide approximately 50 percent of the energy
required for the domestic Lot water system. The solar system consists of approximately
1400 square feet of flat plate collector, two 500 gallon storage tanks, a circulating pump, and
i a controller. Operation of the system was begun in April 1978, and has continued to date with
only three minor interruptions for pump repair. In the first year of operation, it was determ-
inzd that the use of the solar facility resulted in forty percent fuel savings.

g

17. KEY WORDS 18. DISTRIBUTION STATEMENT UC=-59a
Unclassified-Unlimited

WILLIAM A, BROOKSBANK, JR
Mgr, Solar Energy Applicationg Projects

19. SECURITY CLASSIF, (of this reparty 20. SECURITY CLASSIF, (of this page) 21. NO. OF PAGES | 22. PRICE
Unclassified Unclassified 25 NTIS
MSFC - Form 3292 (Rev, December 1971) For sale by National Technical Information Service, Springfield, Virginia 22161

| o R e e T — R i



TATLD OF CONTINTS

ITEM

Statement of 1PC Certificatinn

Key Word Abstract

Introduction

Design Philosophy

Operation Of The System

‘ Problems Encountered

Conclusions

Appendix A - System Design and Installation Information
Schematic - Hot Water System and Solar System
Partial Sketch - Elevation-Boiler loom
Partial Sketch - Plan View-loiler Noom
Composite Phntos - Quality Inn Solar Sysiem
Photo -~ Roof Snlar Panels
Operation & \Maintenaance Instructions
Fill Procedure
HUD System Acceptance Certificate

Appendix B = Problem Reports
Request For Support From Prohlem Support Group
Commercial Demonstration Program Advisory Circular
Letter - Site Visit To Quality Inn Solar System (NASA)

PAGE

DO DI WWOMDINDIN -




Coover HorELs
STy 304 /
420 LINCOLN ROAD
MiAaMI BRACH. 1. 331489
(308 BIN-10674

T B R M 0 B T R S

STATEMENT OF IPC CERTIFICATION
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1 hereby certify that the solar system herein, built under Agreement
No., EG-77-G-01-1633, complies with the "Interim Performance Criteria
for Commercial Solar lleating and Combined Heating/Cooling Systems and
Facilities'" Document No, 9RM10001; Revision: Bagic, Dated February 2R,

1975, aa applicable,
”’7
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ssgner_&/ //Cf 7‘—‘

\——" Leon Cooper

Dates December 28R, 1070

Title: President




1. KEY WORD ABSTRACT:

Application Domestic Hot Water (preheat)
Collector Type Flat Plate, Liyuid

Collector Area 1400 square feet (approx.)
Storage Capacity 1000 gallgnl

Design Hot Water load 6.81 x 10_ BTU/year

Deaign Sysvem BTU Produced 3.19 x 108 BTV year
Buildiang Owner Cooper Hotels

Solar Syatem Designer,
Manufacturer, Installer Capital Solar Heating, Inc.
Miami, Florida

2, INTRODUCTION:

Cooper Hotels retained Capital Solar Heating, Inc., Miami, Florida, to
retrofit the Quality Ina, Key West, Florida, with a domestic hot water
preheat system. The Inn consisted of 100 rooms in three two-story low-
rise buildings, and it wvas planned to construct an additional 48 rooms,

in a four-story structure, at about the same time as the solar installation.
The system was designed to supply approximately 30% of the total emergy
demand for both the old and the new buildings.

3. DESIGN PHILOSOPHY:

Prior to installation of the solar system, domestic hot water was heated
by a single 700,000 BTU oil~fired boiler, feeding a 500 gallon storage tank,
System demand estimates, following completion of the nev 48 room wing, and
based on previous occupancy records, wvere 1.089 x 106 gallons per year, at
a 75° temperature differential, giving a total system demand of 6.81 x 108
BTU/yoar. The solar system vas designed to provide approximately
3.19 x 10°% BTU/year. The solar punels were mounted on the roof of the low-
rise building in two groups (to fit the shape of the roof, rather than
for any technical reason) - one group of 5 rows with 5 collectors per row,
and one group of 2 rows with 6 collectors per row. The storage tanks, pump
and controller were installed in the boiler room directly below the panels.
Complete details of the design and inatallation are attached as Appendix A.

4. OPERATION OF THE SYSTEM:

Installation of the system was started in February, 1978, and completed in
April, 1978, Since this was basically a small, simple aystem, instrument-
ation was minimal, Start-up procedures were limited to bleeding air from
the aystem, a visual inspection for leaks and general appearance, and later
verification of operation by feeling the warmth of the piping in the return
line from the solar panels. Prior to startup, an Operating Time meter was
installed on the boiler. By measuring boiler operating time (per occupied
room) with and without the solar system, it was determined that use of the
solar system resulted in approximately s 40% fuel saving during the first
year of operation,

In September, 1978, there was a breakdown of boiler operation which took
one week to repair, During that nne week period, the solar system was the
only source of domestic hot water, With a motel occupancy of just under




50%, there was no complaint of lack of hot water - the solar aystem
carried the entire load,

5. PROBLEMS ENCOUNTERED:

During the first yesr of operation, the only problem encountered vas a
solar pump failure, The pump was replaced under the warranty, and the
system was back in operation within two days.

In May, 1979, and agaio in June, 1979, the system failed to maintain
continuous flow through the collectors. Investigation by a team from
the Marshall Space Flight Center, headed by Lary Lawson, determined that
the magnetically coupled circulation pump impeller thrust bearing had
failed., Replacement of the pump by & direct-drive pump solved the
problem, Reports on the problem ure sttached in Appendix B. The
reports also suzgest some piping modifications for greater efficiency.

6. CONCLUSIONS:

The solar system, as installed, appears to be simple and cost-effective.
Maintenance requirements are minimal, The grantee/own r would certainly
consider a solar installation for future projects,
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APPENDIX A

System Design and Installation Informstion
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Capital Solar Heatin, Inc.

376 N. W. 25th STREET LJIAN, FLORIDA 33127

Tel. (305) 576-2380

The solar ener~y system consists of 1400 sq. ft. of flat plate
cg9llectors, a 1,000 g¢allon storare tank, and associated circul-
atine pump, coniroller, pipins and miscellaneous valves, The
collectors were roof-mounted. The remaining equipment is housed
in the existing boiler room, The system (which consists of a
boiler, storage tank, ecirculating pumps, thermostatic controls,
and assorted valves) and is designed to supply all required hot
water, without additional heat from the oil-fired boller, when
the motel is 507 occupied,

This solar system is a hot water preheat system. Cold water is
circulatéed through the copper solar collectors and stored in two
500 gallon insulated tanks, at times of no usage of hot water,
the water in the storare tanks is circulated through the solar
collectors to increase the temperature of the stored water,
During times of increased hot water usage the solar preheated
water is transferred to the boiler storage tank either directly
or through the boiler.depending on the leaving temperature of the
solar heated water,

"




(opital Solar Leating, Inc.

376 \. W, 2ath MREF) MIAMI, FLORIDA 33127

Tel. (303) 576-2380

Dimensions 48"x120"x3%"
Weights 85 pounds

GENERAL DESCRIPTION:

¢ Unitized Cabinet constructed of heavy-
gauge annndized aluminum assures riaid-
ity and snareness of the complete unit,

¢ Absnrher Flate is die formed for preater
rurface contact with copper tube water.

ways,

4 Chemical Bond between absorber plate
and copper tube waterways assures
superior hegt transmission,

4+ Clazing is available in sinple or
double layers using a fiberslass re-
inforced plastic sheet, specially
formulated with a proprietary resin
system, providineg for hish light trans-
mission with superior heat and ultra-
violet resistance.

4 Poly-Urethane Insulatinn, one inech

thick, reduces bdottom and side losses ogm

to surrounding air,

+ Factory Testing assures interrity of
all joirts in the copper tube water.ways,

4+ Silver Solder at all tubine joints
insures even heat trarsmission through
the copper tube water-vays,

+ Limited Warranty in extended for five
years on all component parts of the
solar collector panel.

-6= Fipure #1
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Capital Solar Heating, Inc.

376 N. W. 25th STREL] MIAML, FLORIDA 33127
el (305) 576-2380

OPERATION AND MAINTENANCE OF YOUR SOLAR WATER
HEATING SYSTEM USING THE 4896HWP or 48120HWP

Normal Mode of Operation

Your system consiasts of three major uniti, They are the Solar
Collector Panel, the Puwp and Sensor, and the Storage Tank,
(Normally, s standard Hot Water Heater is used for storage).

During periods of normal sunshine, the system will store enough
hot water so that the existing heater has no need to come on.
However, in times of poor sun conditions or excessive use of the
stored hot water, the heater will be available as a back up to
maintain the hot water requirements.

The Pump & Sensor operate as one unit to automatically control
the flow of hot water from the Solar Panel to the Storage Tank.
The Pump will only come on when the water in the Collector is
hotter than the water in the Storage Tank. (Check to make sure
that the Pump is not operating during periods of poor sun
conditions, overcast, etc.)

Freezs Protect Mode

Your system contains a freeze sensor which will cycle the pump
on at 36 degrees F., This will circulate hot vater from the
Storage Tank to the Collector Panel to prevent freezing of the
water in the Collector,

IMPORTANT: During power failure (Freeze Protect Mode refer to
Schematic Diagram),

1. Unplug Sensor Pack ,“'4

2, Close water supply vaive #6

3., Open valves 10, 11, 12, 13, 15, 16, 17

4. After panel and piping have drained, close valves 10, 12, 13, 17
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Gapital Solar Heating, Inc.

376 N. W. 25th SIREL MIAML, FLORIDA 33127

Tel. (305) 576-2380

FILL PROCEDURE: (Refer to Schematic Diagram)

1.

5.

6.

7.

Make sure all fittings are soldered completely.
Close drain valves 15 and 16,
Open P&T (relief) valves #11,

Open cold water inlet valve #6 and valves 5, 7, 8, 9,
10, 12, 13, (see safety note below)

¥When water flows in steady stream from PAT valve #l1,
syatem is full,

Close valve #11., Turn on power to water heater,

Plug in extension from control pack (#14) to 115 volt AC
outlet.

Note: For safety reasons, be careful to avoid contact with water

flow from P&T valve #11, as the water temperature may be
in excess of 140 degrees F,

-1
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APPENDIX B

Problem Reports
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REQUEST FOR SUPPORT
FROM PROBLEM ASSESSMENT GROUP

- - DATE: June 7, 1979
SITE: .Quality Ion
LOCATION: . Key West, Florida LATITUDE: 24.85
APPLICATION: HEATING ;COOLING HOT WATER SETC.
SYSTEM DESCRIPTION: _ msrnumemso? VES o NOX_.
“~'COLLECTOR: MFG .Capitol SolarTypg; spgLAzZING L T
AREA 1392 ______FT2. FLUID: City Water .mLT:__34 :
STORAGE: VOLUME: HOT _1000 Gal, __-COLD : TYPE _Water .

A
-

" T'BRIEF DESCRIPTION OF OPERATIONAL/CONTROL MODES:

(SYSTEM SCHEMATICS, CONTROL DWGS., COMPONENT LISTS, FINAL REPORT)

Solar Hot Water System Utilizes roof mounted collactors piped to 2-@0 gallon -
preheat storage tanks. Output of solar tanks goes to previous existing hot water
storage- tank.. ...

“Sketches attached.. i

SlGNlFléANT EVENTS: (COMPLETION OF CONSTRUCTION, ACCEPTANCE TEST, PERIOD -

OF SATISFACTORY OPERATION, ETC., PREVIOUS PROBLEMS AND ATTEMPTED FIXES)
Completed 4-1-78. Operated satisfactory from 4-1-78 to Spring of 79.

Solar pump failed once and was warranty replaced. New HZO pressurization
system installed Fall of 78 to boost city pressure from 15-30 psig to 30-65 psig
required by new four story model addition.

DESCRIPTION OF CURRENT PROBLEM(S) AND ATTEMPTED FIXES (IF ANY):

System fails to maintaim continuous flow thru collectors since (1) new pump was
installed or (2) pressurization system was installed. Air has been vented from
collectors; two different plumbers called to investigate, no positive results.

SPECIAL INFLUENCING FACTORS AND/OR BACKGROUND:

SITEM " -TEAM MEMBER _Ronald Toelle s AJC e MACO00121

17




(( DLAR BEATING AND c:oou(
COMMuRCIAL DEMONSTRATION PROGRAM
ADVISORY CIRCULAR

August 6, 1979

MACO00121
SUBJECT: ' Stalling of Magnetically Coupled Pumps
JOCATION: ~ Key West, 'L,
APPLICABILITY: . All solar systems utilizing or proposing to use ‘mgnoeicoi!;{y
., coupled pumps, - Lt ' o e L
PROBLEM: ‘ After approximately one ye&r af aucceufu.l operation,

the solar system randomly experienced loss of circulatich between storage and .
the collectors. A site inspection revealed that tha magnetically couplad tiatar punp.
was loosing its coupling resulting in a no-flow conditien. Disassembly of tho pump
revealed the impeller thrust bearing to be worn 8o that the impeller svac rubbing .
on the pump housing enough to cause galling and eventual complete lockup of the
impeller. Once the magnetic coupling was lost, it would not pickup tho load

until power to the motor was shutoff and the motor otoppod.

CORRECTIVE ACTION: The magneticauy coupled ptu.np was rephced with a
direct-drive hot water circulator pump. ' - _ .

REMARKS: If the above problem is experienced with this type
pump in a solar lyntem. it should be immediately dismantled and the impeller
and thrust bearing inspected for wear or galling.

OUTLEY :
PUNS HOUSING ‘.';
. SRR ORIGIN AL PAGElTlg
SRLLER SHAPT. |
doonrzoe:
cnnnnn/ A NASA
g,“?‘:'m T ;// T —n 7O MO —18- Marshall Spuce Flight Cen'
) ' ) o
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Natonal Agronautcs anc!
Space Administration m

GeorpsC. Marshall 8peco Firght Center
arshaliSpase Fhght Centar, Alabama

35912

FA33 (79-350) August 10, 1979
TO: FA33/L. Lawson

FROM: FA33/R. Toelle

SUBJECT: Site Visit to Quality Inn Motel Solar System at
Key Weat, Florida

In response to your request of assistance, a site visit inspection
and analysis of the problem was performed by Mr, W, T, Powers,
EC23, and the undersigned on July 16 and 17, 1979, The
following documents the results of that visit,

There is absolutely no monitoring equipment on the complete solar
installation, not even a thermometer. The drawings provided in
the specification showed a flowmeter but it was not inatalled.

Monday, July 16, was spent analyzing the solar system by taking
temperature and insolation readings. Inspection of the collector
array revealed that the outlet valves on four of the seven rows

of collectors were closed, All valves were fully opened such
that full potential flow of thc systemm was attained, Measured
temperature rise across the collector array was 35° to 40° F.
with outlet temperatures reaching 135 F,

The system appeared to be operating correctly until?s1:45 p. m.
EST, The pop off valves on each collector relieved and vented
water and steam. Examination of the strip chart data being taken

at that time showed thearray outlet temperature dropped from 135°F,
to about 93 or 94° F. in about three minutes.

This showed that water flow from the collector to storage had
stopped and had flow direction reversed. About 2:10 p.m., EDT,
the outlet header temperature began to rise ahowi%g flow being
reestablished, The outlet temperature rose to 130™ F, at 2:30

and then began to fall, due to decrease of insolation. At 4:20 p.m,,
a rain shower moved over the area and the solar system stopped
for the day. We did not have an ammeter on the circulator purip

so we do not know whether the pump lost its magnetic couplin_ and
the flow stopped. '

-10.
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A circular water flow between the two solar storage tanks was observed
by temperature measurements and will be discussed later. The motel
water pressurization system was operating continuously during the above
observations.

The testing performed on Tuesday, July 17, was similar to that performed
on Monday except we were trying to understand the circular flow between
the two parallel piped storage tanks. Mr, Lee Cooper (owner) was present
observing both our work and that of the plumber who was working on the
rapid cycling of the pressurization systems. The system operated
continuously from about 10:30 a.m. EDT until 1:45 p. m. when all pop-

off valves relieved (H,0 temp. measured at 212°F.) At this tims, the
ammeter reading was taken and showed a reduction of about 4 amps

compared to an earlier reading. The pump was unplugged and allowed
to run down. This run down tool: about 45 seconds. It was plugged in
and amps recorded at full load. The array cutlet temperature started

a rapid rise which showed that flow had been reestablished. The pump
stalled a couple more times in a fairly short time and Mr. Cooper
instructed us to ''do what we had to do to get the thing running." We
proceeded to isolate and dismantle the pump and found a solder ball
inside the pump housing. This was thought to be the problem and the
pump was reassembled and turned on. Flow was established, based on
temperature readings and current draw of the pump. The system ran
for about 5 minutes and the pump loss the magnetic coupling. Current
draw dropped to about 1/2 of full load and the pump made a loud rattling
sound. It was cycled on and off repeatedly and the results were the
same. It would run for a few minutes and uncouple and flow would stop.
The pump was dismantled and theimpellar thoroughly inspected for wear.
It was noted that there was galling between theimpellar and housing, so
much that brass stringing was occurring at the contact point. Further
inspected revealed the thrust bearing extremely worn and cracked in
two places. No replacement was avalable closer than Miami. Mr. Cooper
had departed earlier in the day and a call was made to inform him of
our findings. The recommendation made to Mr. Cooper was as follows:

If a warranty replacement pump or impellar could be obtained at no or
minimum cost, use that but if 8 new pump had to be purchased, he
should get a direct drive, hydronic circulator pump and a spare shaft
seal to be shelved onsite.

A flow phenomenon was observed at this site such that the single pipe
returning from the roof was measured at 135°F. and after the flow had
passed a tee which connected the two storage tanks in parallel, one pipe
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was measured at 2,95° F. and the otuer pipe measured at Rs120° F.
These two measurements were taken about 5 feet downstream from
the 135° F, reading. The plumbing layout was analyzed (Figure 1)
and ths reaults are that there is a circular flow being set up between
the two tanks due to the geometry of the inlet connsctions. The tank

to tank flow pattern was observed with the system isolated from ths
load.

A discussion was held with Mr. Cooper as to this flow pattern and a
suggestion made that the tanks be piped in series with only one tank
supplying the load. Further discussion revealed that the benefits

‘w7ould not justify the cost Lecause now he cin uge all the enezgy
collected.

Further questions should be referred to the undersigned at 3-2054 or
W.T. Powers at 3-5619.

Woare

»
Ron Toelle
Site Ascessment and
Equipment Group

Enclos:ire

ce:

FA33/M, Myers
YA33/). Brown

EC23/W. Powers
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