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Solar Office Building 
Reedy Creek Utilities Co., Inc. 

WALT DISNEY WORLD 

The Solar Powered Office Building at WALT DISNEY WORLD 

I. INTRODUcriON 

In November 1977, the utility company servicing WALT DISNEY 

WORLD put into operation a new two-storz office building, 

specifically designed for a unique solar energy system. 

Solar energy powers air conditioning, space heating and 

potable hot water supply. The solar collectors are the roof 



of the building. They are horizontal parabolic mirrored 

troughs which focus on tracking absorbers, moving in one 

dimension, and filled with water. Ther~ is dual storage, 

10,000 gallons of hot water ·and 10,000 gallons of chilled 

water. The chiller is a commercially available 25-ton 

lithium bromide absorption unit and utilizes an existing 

cooling tower system as the heat sink. The building has 

5,625 square feet of air conditioned space and the collector 

area of the roof is 3,840 square feet. There is no 

redundant nor auxiliary energy system for space heating or 

hot water. There is a connection to the utility company's 

chilled water distribution system as the alternate cooling 

mode. The building was built with the support of the 

Department of Energy of the United States as one of those 

selected in the November 1975 PON submissions for space 

heating and cooling of commercial buildings. The system is 

highly instrumented as part of the National Solar Data 

Program. Performance to date has been equal to or exceeded 

design criteria. 
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A mirrored roof panel with collector bars i n focus. The 
flexible tube contains both supply and retur n lines . 

Concept 

AAI Corporation proposed that the roof be shaped in parabolic 

troughs to focus solar energy on collectors, o r conversely 

that the normal roof be omitted from a building and that the 

collector panels serve as the weatherproofing. This would 

cut the cost of the actual building construction and make 

solar energy more economical. Florida, as the most s outhern 
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of the mainland states, uses four percent of its energy for 

space heating, 18 percent for air conditioning, the reverse 

of the average in the United States. The collectors as the 

roof, are most efficient when the sun is directly overhead 

which is when air conditioning demand is the greatest. With 

modification, parabolics could be angled or pitched on the 

roof of the building at other latitudes to optimize the 

collector angles. The system was designed to be of modular 

components that could be mass-produced . The solar system 

roof was integrated into the architecture of the building. 

The system was optimized for a weekly cycle, that is, collect 

solar energy seven days a week and normally use the office t 

spaces on a five-day schedule . No redundant heating or hot 

water were to be provided, only sola·r, since there would be 

a sizable excess of energy collected during the heating 

season. There would be a redundant cooling system for long 

periods of cloud cover. An energy efficiency cycle of 

controlled building louvers is incorporated in the design and 

does i ncr ease efficiency to a degree but would be even more 

effective in more northern climates. A major purpose of the 

building was to showcase or demonstrate a solar system and, 

therefore, the building was specifically designed so that all 

major c omponents would be clearly v isible and that the mechan­

ical features, piping, tanks, pumps, etc., would be color 

coded to facilitate understanding the temperatures in any 

given position, e.g., the hot water storage tank is red; cold 

water lines, blue; and warm water, pink. 

-4-
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II. SUMMARY OF PROJECT INFORMATION 

Owner Builder: 

Designer: 

Contractor: 

·Reedy Creek Utilities Co., Inc. 
Subsidiary of Walt Disney 
Productions 

Architectural - WED Enterprises, 
Glendale, California 

Mechanical - Sudtell Engineering, 
Glendale, California 

Solar System - AAI Corporation, 
Baltimore, Maryland · 

• 0 

Buena Vista Construction Co. 

DOE Technical Management: NASA Marshall Space Flight Center, 
Alabama 

Operational Date: 

Building: 

Location: 

Latitude: 

Degree Days 

Avg. Temp. (°F) 

Avg. Insolation 

November 1977 

Type - General Office Area -
5,625 square feet (522.58m2) 
conditioned 

WALT DISNEY WORLD, P. 0. Box 40, 
Lake Buena Vista, Florida 32830 

Climatic Data 

Heating 733 

Winter 61.1 
(16.l7°C) 

Winter 1).62.35 
Btu/Ft/Day 
(315 Langleys/Day) 

· Cooling 3226 

Summer 75.3 
. (24.05°C) 

Summer 1752.75 
Btu/Ft/Day 
(475 L~~gleys/Day) 

Solar Energy System 

Manufacturer: AAI Corporation, Baltimore, Maryland 

Application: Heating - 100% Cooling - 80% Hot Water - 100% 

-5-
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Collector 

Type: Modular cylindrical_ concentrator 

Area: 3., 840 square feet ( 356. 75m2) 

Storage 

Type: Water 

Capacity: 10,000 gallons hot (37,854 liters) 

10,000 gallons chilled 

-6-
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III. SYSTEM. SCHEMATIC DIAGRAM 
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IV. CONSTRUCTION 

- - ,-, ': ~':1-? ~= ~"-: _'' ,_.' ' .i., .. ~:~ ,·~ .. 

AAI Corporation designed and manufactured the solar components 

in Cockeysviile, Maryland. The AAI parabolic roof panels are 

eight feet on the arch, seven and ·one-half feet on the-cord, 

32 ·feet long. They are a sandwich of aluminum, poly isocyanurate 

foam, aluminum, mastic and ~rror. They are.shipped with 

lifting eyes. They ~nclude st~ffeners on which can be hung 

lighting, air ducts or sprinklers. They are oriented in an 

east-west line. The saddles which support the parabolic 

panels fit on top of the building wall, serve as the interface, 

provide appropriate structural tie, transmit lateral loads and 

provide joint sealing. ·saddles were shipped in 30-foot lengths. 

The collector bar o.~ receiver is made of a 36-foot long alumi­

num extrusion which serves as the structural backbone and 

weather cover. Inside is a grooved or mechanically selective 
, 

aluminum plate which is the collector plate and is painted 

with black epoxy paint. Copper tubes are swaged to the 

collector plate, with a water white tempered low iron glass 

covering the plate. The· ·16 collector bars are ~each supported 

at their ends by rocker arms, and are connected horizontally 

by tie bars or struts ·forming a parallelogram. Tie bars are 

adjustable between collectors. The entire system is kept in 

focus by _an electric eye sensor and an electric motor driving 

a screwjack activator which moves the absorbers in the north-

south direction. The electronic control panel was also manu-

factured by AAI Corporation .. Tanks and piping insulation 

were done by construction contractors on site. Walt Disney 
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World Co. used its affiliated company, Buena Vista Construc­

tion Co. as the general contractor and subcontracted the more 

critical parts of work. The building is a concrete frame, 

concrete block wall, heavily insulated office building with 

minimum windows. This design, plus the fact the roof is 

reflecting sunlight, makes it a low energy consumer. 

Construction proceeded with no problem in matching prebuilt 

solar panels and saddles to the building. 

Construction Start Date - February 1977 

Construction Complete Date- October 1977 

Solar System Start-Up - October 1977 

Solar Acceptance Test - March 1978 

Demonstration Period Ends - March 1983 

Roo·f panel being lifted in place. 
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Display piping for solar system. 

Solar control console 
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V. MODES OF OPERATION 

The system has five operating modes and one central control 

system. 

• The first mode is the collection process through 

hot water storage. The collector focusing does 

• 

• 

not commence until there is sufficient light 

intensity on the photoelectric cells to make the 

expenditure of energy in moving the collector 

worthwhile. When that occurs, the collector bars 

are brought into focus over the parabolic trough 

mirrors. When the absorber plates in the collector 

bar reach a temperature 20°F higher than the 

temperature of the water at the bottom of the hot 

water storage tank, the circulating pump is 

activated. This loop is from hot · water storage to 

collector and return. 

The second mode is space heating. When the building 

temperature falls below the setting of the thermo-

stat a pump is activated to move hot water from the 

top of the storage tank into the air handler and 

return. There is no other system to heat the 

building. 

The third mode is for potable hot water . When a 

hot water tap is opened, domestic water flows 

through a heat e xchanger in the side of the solar 

hot water storage tank to a wash basin. There is 

no other hot water heating system. 

-10-
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The fourth mode is the production of chilled water • 

When the water at the bottom of the chilled water 

storage tank is above 45°F and when the water at 

the top o.f the hot water tank is above l80°F, hot 

water is circulated through the absorption chiller 

and condenser water from the cooling tower is cycled 

through the chiller. Water from the cold water 

storage tank is then cycled from the cold tank 

through the chiller and return. The chiller r~mains 

in operation until the bottom of the cold tank 

reaches 45°F or until,the hot water tank goes below 

165°F, whichever occurs first. 

The fifth mode is space cooling • This again is 

activated when the room temperature in the building 

gets warmer than the thermostat's setting, at which 

time chilled water is pumped from the bottom of the 

s~orage cold water tank to the air handler and return. 

When the---bottom of the cold water storage tank exceeds 

57°F and building temperature .exceeds 80°F, the water 

produced from solar energy is stopped. The valve to 

·pe.r;m;it auxiliary cooling by the flow.of chilled water 
• .. 

from the Central Energy Plant through the air handler 

is then opened. 

-11-



VI. DESCRIPTION OF THE DATA ACQUISITION SYS.TEM 

In order to obtain information necessary for evaluation of · 

the performance and operation of the solar heating system 

throughout the year, 45 sensors were installed within the 

system. These sensors were furnished by the government and 

installed at government expense in accordance with the 

document, "SHC-1006, August 4, 1976; Instrumentation 

Installation Guidelines for the National Solar Heating and 

Cooling Demonstration Program." In Table 1, each sensor is 

listed by a code designation and by the parameter measured. 

The number. sequence in the code indicates the data groups in 

accordance with the following table: 

Number Seguence ·nata Grou)2 

. 001 to 099 climatological 
100 to 199 collector 
200 to 299 thermal storage 
300 to 399 domestic hot water 
400 to 499 space heating 
500 to 599 space cooling 
600 to 699 building/load 

Each sensor provides data to a Site Data Acquisi"tion Subsystem 

(SDAS) every five minutes around the clock. The SDAS digitizes 

the data and stores it on _tape. Once a day the data is sent 

by telephone to an IBM facility in Huntsville, Alabama, where 

it is redUced. Monthly reports.are prepared, one of which is 

sent to Reedy Creek Utilities Co., Inc. 

The.monitoririg system will permit the government to determine 

the following kinds of information: 

-12-
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• 

• 

Savings in conventional energy resulting from the 

use of solar energy for heating ~nd/or cooling. 

Portion of the total heating and/or cooling load 

supplied by the solar energy.· 

Efficiency of the system in converting solar 

radiation into useful thermal energy. 

Thermal performance ~~d reliability of major 

subsystems or components over the demonstration 

period. 

Table 1 describes each sensor in terms of its general location 

and the parameter that is being measured. The specific location 

of each sensor can be found on Figure No. 1. 
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Table 1 

Inst.rumentation !or Reedy Creek Utili ties 
' .. 

Des~gnat~on ·· 

A. Temperature 

TOOl 
TlOO 
TlSO 
Tl02 
T201 
T202 
T203 
T2.04 
T205 
T206 
T300 

T350 

T302 
T402 
T452 
TSOl 
T551 
T502 
T552 
T503 
T553. 
T504 
T554 
TSOS 

TSSS 

T600 

B. Power 

EP101 
EP102 
EP401 
EP402 

EP403 
EPSOl 
EP502 
EP503 
EP504 

Measurement 

'V ' •', ,, 

Outdoor Ambient Temperature· 
Ce>llector Jnle~ .. Temperature .. · · 

·collector· butlet,Ternperature 
Collector. Surfac.e? ~emperature , · ,, 
Hot-storage Tank Top Temperature 
Hot Storage Tank. Mi.ddle Temperature 
Hot Storage Tank Bottom Temperature 
Cold Storage Tank Top Temperature 
Cold Storage Tank Middle Temperature 
Cold Storage Tank Bottom Temperature 
Domest~.c Hot Water Heat Exchanger Inlet ···I 

Temperature 
Domestic Hot Water Heat Exchanger-Outlet 

Temperature 
Domestic Water Supply Temperat,l:?-re 
Hot Load Supply Temperature 
Hot Load Return Temperature 
Arkla Condenser Water Inlet Temperature 
Arkla Condenser Water Outlet Temperature 
Arkla Generator Water Inlet Temperature 
Arkla Generator Water Outlet Temperature· 
Arkla Chilled Water Outlet Temperature 
Arkla Chilled Water Inlet Temperature 
Chilled Water Supply Inlet Temperature 
Chilled Water Coil Outlet Temperature 
Chilled Water Tank Inlet Temperature 

from Cooling Coil 
Chilled Wqter Tank Outlet Temperature 

to Cooling Coil 
Return Air Temperature 

Collector Pump Power· (PHWA-4ZE) 
Tracker Motor Power I 
Hot Water Supply Pump Power (PHWA-SZE) I 
Internal Air Recirculating Fan Power 

(AH-6ZE) I 

I Hot Water Coil Supply Pump Power (PHWA-ZE)I 

I 
Arkla Chiller Operating Power (CH-lOZE) ' 

· Arkla Chilled Water Pump Power (CH-lOZE) 
Condenser Water Pump Power (PCW-lOZE) 
Chilled Water Coil Pump Power (PCHA-3ZE) j 

-14-
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Des.1gnation 

c. Flow 

WlOO 
W300 
W301 
W401 
~vSOl 

W502 
~vSO 3 
W504 

D. Insolation 

1001 
1002 

Table 1 (Continued) 

Measurement 

Collector Array Flow Rate 
Domestic Hot Water Solar Flow Rate 
Domestic Hot Water Supply Flow Rate 
Hot Water Coil Supply Flow Rate 
Arkla Condensing Water Flow Rate 
Arkla Hot Water Flow Rate 
Jl.rkla Evaporator Water Flow Rate 
Chilled Water Supply Flew Rate 

Collector Plane Total Insolation 
Collector Plane Diffuse Insolation 

:~ 

) 
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W100 

T100 

TOOl Outside Amb 

1001 

~ Tt50 

1002 

~ 
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' > 
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W401 
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Cold Watr.r 

Hot Water 
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10000 gal 

T302 W301 
(1'----:--(J~­

LS -,.-C,-1,-pc-.r-c<-J ~W~a-1•'.-r-;:S-:-::upply 

'--

V-2 

REEDY CAfEK 

Figure No. 1 
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VII. COSTS 

PROJECT COSTS 

Estimated Actual 
Cost Cost 

Building $352, 000 $369, 000 . 

Solar Energy System 459,662 654,071 

Instrun1 entation 12,843 16, 361. 

Display Panel 9, 570 10,000* 

Total Project Cost $834,075 . $1, 049, 432* 

DOE Funding to Date 

Solar Energy System $373,303 

Instrurnentation 12,843 

Display Panel 9,570 

$395,716 

The project as a prototype had the usual first-of-a-kind cost control 
problems. Panels which lend them selves to production line techniques, 
were hand-built. In addition, design was pointed at high quality, long 
life components and showcasing of all solar components for public , 
visibility. Proposals for major co.st· reduction are described in Section IX. 

>:c Final actual costs of display panel not yet know. 

-17-



VIII. PBRE'ORl·U\NCE TO DATE 

The first month of data collection was March 1978 and re­

sulted in many adjustments in the data collection as well as 

the mechanical part of the solar system itself. The first 

month of reasonable data is for April 1978. Those results: 

• Collector and hot water storage mode (167°F to 

226°F actual): 

Insolation, total incident 232 MBtu 

Collected energy 68 MBtu 

Efficiency total 29% 

Efficiency during collector 37% 

operation 

Electrical operating energy 1.8 r-1Btu 

Storage losses from the tank 12.3 MBtu 

H~t storage efficiency - 82% 

; 

Note: The 12.3 MBtu storage loss includes the 

energy used to heat the potable hot water 

for the building. 

• Potable hot water'mode: 

• 

Consumption is so small that installed meters 

were not accurate. Estimated demand was .4 MBtu 

for the month which was included as a hot water 

storage loss. 

Space heating mode: 

With minor exception, the building was heated_ 

throughout a below normal temperature winter 

while equipment was being adjusted. 

-18-
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To 

• 

• 

No heating demand was recorded after data 

collection was inaugurated. 

No problem with 100% solar heating foreseen • 

Chilled water production mode: 

Solar energy consumed 53 MBtu 

Chilled water produced 8 MBtu 

To cooling tower 38 MBtu 

To atmosphere 12 MBtu 

Overall indicated COP .15 

Note: Because of sensor problems in the data 

collection system, these figures are 

highly suspect. Control temperatures of 

supply hot water and produced chilled 

water have been changed to reduce ·cycling 

of chiller. Also, a condenser water 

supply problem has been corrected. 

Latest COP's measured in· field range from 

• 4 to • 7. 

Space cooling mode: 

Solar energy consumed 53 MBtu 

Total heat removed 7.6 MBtu. 

Solar energy chilling 5.4 MDtu 

Auxiliar·y chilling 2.2 MBtu 

Cold storage efficiency 93.4% 

date the National Solar Data System has been very beneficial 

to adjusting our facility mechanically and operationally. 

Although accuracy of initial data above is suspect in several 
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instances, we are confident the present program of correcting 

deficiencies will produce a very accurate measuring of per­

formance.· 

-20-
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IX. RECOMMENDATIONS F'OR CONCEPT DEVELOPMENT 

Experience to dat~ indicates that this concept has promise· 

of acceptable performance. Costs to date are not acceptable. 

Walt Disney organizations and AAI Corporation separate and 

joint reviews indicate sizable savings possible, as follows: 

• Use b~ilding industry technology in solar system 

fabrications, e.g.: 

• 

• 

- Replace aluminum foam panels with precast, 

prestressed lightweight concrete. 

-·Use tilt up wall construction with saddles 

precast, or incorporate saddles in precast 

panel. 

Cast units in local precast plants with 

mirrors added either as sagged glass sheets 

or pre-positioned strips pl·aced much as tile 

work in residential construction. 

Develop foam-in-place for receiver insulation and 

simplify cover glass assembly. Possibly redesign 

receiver drive from rocker arm to an overhead track 

with roller supports, or use sleeve bearings in lieu 

of roller bearings or rocker arms. 

In building design: 

- Use solar panels as diaphragm for lateral loads. 

- Add windows on low solar sides to reduce light-

ing demand. 

- Install insulation and vapor barrier on exterior 

of building. 

-21-
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In mechanical design: 

Place solar and HV~C in center of building. 

-Eliminate showcasing features, e.g., place 

storage in most economical position. 

Use micro processor controller now available in 

lieu of conventional electronics. 

System technical improvements for increased efficiency: 

• 

• 

Utilize low temperature Rankine driven chiller to 

improve COP •. With storage available in this project, 

a three-ton chiller would satisfy the 15-ton maximum 

deman~. 

Add a cycle t.o utilize night low temperatures to 

charge chilled. storage. This is a small modification 

of' existing air handler and appropriate' ·control logic 

for chilled water loop. 

·-22-



X. CONCLUSIONS 

The office building is an addition to an existing central 

energy plant of fairly sophisticated systems. The personnel 

who maintain the solar fac.ility also maintain the jet engine 

co-generation system, chiller plant, high temperature hot 

water distribution system, high voltage electrical genera­

tion system, instrumentation and computer systems serving 

WALT DISNEY WORLD. They were already in the prototype 

business which makes maintenance of the facility relatively 

easy. Tuning and learning how to operate has been an inter­

esting process and only now is corning to a satisfactory point. 

The longest learning experience has been the operation of the 

absorptiori chiller to minimize cycling losses, to de-bug the 

related condenser water system, and to realize the .6 design 

coefficient of performance of the chiller. Modification·of 

the sun positioned sensor was necessary because of moisture 

and overheat problems. 

This solar prototype will meet its design criteria-of 100% 

heating and hot water and over 80% chilling. The concept is 

worth pursuing in order to eventually obtain cost effective­

ness. 
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Sequence of O;Eeration 

The building solar heating and cooling is activated by three 

components in the HVAC system: The hot water circulating 

~'. the chilled water circulating pump and the CEP so·lenoid 

valve. 

• 

• 

These components must obey the following rules: 

The hot water circulating pump must be on 

whenever either of the two zones require heat. 

The chilled water circulating pump must be on 

whenever either zone requires cooling and if 

the solar chilled water supply is adequate to 

control the t'\tfO. zones .• 

• The CEP solenoid valve, which controls four 

• 

• 

pneumatic valves in the chilled water system, 

·will be ·energized.whenever the solar chilled 

water supply is inadequate to maintain the two 

zones cool and chilled water tank bottom 

temperature greater than 55°F. 

When the building is unoccupied no heating or 

cooling will be provided. 

The cooling·water and heating water are not 

on at the same time except when one zone calls 

for heating while the other zone calls for 

cooling. 

The accompanying block diagram illustrates the logic for 

implementing these rules. A number of decision sensors are 

required in the HVAC system to provide inputs to the logic • 

.. B-2\ 
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The first of these is a differential pressure switch which 

indicates that the fan in the air handling unit is on. This 

fan is controlled by timers and is an indication of building 

occupancy. The remaining sensors are P/E switches associated 

with the zone temperature sensors. ·six such P/E switches are 

required with three on each zone thermostat pneumatic output 

line. The heating signal, from each zone thermostat, consists 

of a P/E switch closure whenever the temperature in the zone 

is less than 70°F. The cooling signal, from each zone thermo­

stat, consists of a switch closure whenever the temperature 

in the zone is greater than 78°F. The CEP signal, indicating 

that solar chilled water is insufficient to provide adequate 

cooling, is a third P/E switch closure whenever the tempera­

ture in the zone is greater than 80°F. The P/E switches 

should all be adjustable over the range of at least 60° to 80°F 

so that these setpoints can be changed to accommodate building 

comfort. 

The block diagram indicates how the sensor signals are used 

to generate control signals for the three output components. 

No output signals are provided if the differential pressure 

switch on the fan does not indicate fan operation. The 

circulating pumps are on if either zone requires heating or 

cooling~ If insufficient cooling capacity is available, as 

indicated by a zone temperature rise above 80°F, the CEP valve 

is activated if chilled water tank bottom is greater than 

55°F. This condition is held for a minimum of 30 minutes. 

The CEP chilled water will reduce the zone temperature below 

B-3 .. 



76°F. During this period the chilled water circulating pump 

will be off. At the end of 30 minutes the system will revert 

back to the s9lar mode. If the zone temperature again goes 

above 80°F, the 30 minute CEP water cycle will be repeated. 

The HVAC components not mentioned above will all. be operating 

independently of the solar system and are not included in 

this interface. This encompasses such things as the zone 

dampers, the fresh air mixing system, etc., and the controls 

for these components. 

The control inputs, to the solar equipment cabine~, from the 

P/E switches, and the fan differential pressure are switch 

closures not tied to any other circuits. A wire pair from 
.. 

each of the seven inputs is. connected to the solar equipment 
' 

console. Th7 outputs to the three controlled components is 
/ 

115 volt 60 Hz power, capable of actuating motor starters or 

the CEP solenoid valve. 
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INSTRUMENTATION PROGRAM ANr COt-IPONtNTS LIST ---REEDY CREEK UTILITIES 
IP 7933707 

. 5/26/77 

REV_ 

niTRODUCT ION 

I 
THIS DOCUMENT DEFINES AND CONTROLi THE MEASURING REqUIREMENTS AND INSTRUMENTATION SYSTEM 

APPLICATIONS FOR A SOLAR H~ATING AND COOLING ·OPERATiot~AL SITE. 

THE SECTIONS OF THIS DOCUMENT ARE DESCRIBED AS FOLLOWS: 

l. 

2. 

PREAMBLE SECTION - CONTAINS DESCRIPTIONS, EXPLANATIONS, INSTRUCTIONS AND DIAGRAMS 

NECESSARY TO UNDERSTAND THIS DOCUMENT A~ID THE APPLICATION OF THE DATA COLLECTION 

SYSTEM TO A SPECIFIC SITE. 

INSTRUMENTATION COMPONENTS SECTtON -·L15~S ALL HARDWARE ELEMENTS OF THE DATA 

COLLECTION EQUIPMENT NOT SUBSEQUE~TLY LISTED 1~ THE MEASUREM~NTS SECTION. 

3. MEASUREMENTS SECTION- LISTS ALL MEASUREMENTS WHICH ORIGINATE IN A SOLAR HEATING 

AND COOLING OPERATIONAL SITE Willi APPROP~IATE INFORMATION FOR EACH MEASUREMENT. 

2· 
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. INSTRUNENTATION PROGRAf~ AND ClfiPONENTS LIST:- ___ REEDY CREEK U7'ILITIES 1/26/78 

REV B 

.,. 

..... ··-··" .. ,.,. _ .. ,~-.... :· ..... 

IP. 7933707 
·.--

.OPERATIONAL SITE IDENTIFICATION 

I 

1. ISITE NAME: REEDY CRE~K UTILITIES--DISNEY WORLD. .. 
2. PON: 212ii' 

3 •. SITE NUMBER:_ 0018· 

4. SITE SOAS TELEPHONE NUMBER: 305-824- 3534 

5. SITE AOAS COMPUTER AOORESS:_0_6_2___;, ____ __,_ _________ _ 

6. 

7~ 

8 . 

. . . 

SITE ADDRESS: CENT~L ENERGY PLANT OFFICE . BLDG.~ 

LAKE BUENA VISTA, .FLA. · 
LOCATION:--~-------:-----:--------:----~----....,...-

,·. 
~I CORP. BALTIMORE, MD. SYSTEM DESIGNER: 

. 9. . SYSTEM TYPE: . SOLAR fiEATING AND COOLING 

10. FLUID MEOlA: WATER. 
-----------------~-------------~~------~~-----

. I 

. . 
. ' 

·.; 



INSTRUNENTATION PROGRAH AND COMPONENTS LIST: REEDY CREEK UTILITIES 

IP 7933707 

ASSOClATED DOCU~ENTS · 

2. 

3. 

4. 

SOLAR HEATING A~D tOOLING INSTRUMENTATION INSTALLATION GUIDELINES, OCTOBER 1, 1977. 

[ ] SITE .DATA ACQUISITION SUBSYSTEM PERFORMANCE SP-ECIFICATION, MAY 14, .1976·. IBM NO. 

793290.5. 
[X] SITE DATA ACQUISITION SUBSYSTEM MODEL I I, _PERFORMANCE SPECIFICATION, 7934354. 
[ ] SITE DATA ACQUISITION PERFORMANCE SPECIFICATION. ACUREX MODEL .. 

CENTRAL ~ATA ~ROCESS1NG SOFTWARE PE~FORMANCE SPECIFICATION. JULY 28, 1976, IBM 
110. 7933251. 

TltERf.IAL DATA REqUIRH1EtHS AN.D PERFORI·IANCE EVALUATION PROCEDURES FOR TilE NATIONAL 
SOLAR HEATIIIG AND COO~ING DtMONSTRATION PROGRAM. AUGUST. 197E (NBSIR~76-l137). 

5 .. JUIICTIOU BOX PERFORI·IAI-ICE SPECIFICATION. OCTOOER 26, 1976. 1011 NO. 7933446 . 
. ' 

6. 011 SITE I·IOI.IITOR (OSN) OPERATION t1ANUAL, OCTOBER 17, 1977, IBM NO. 7934365. 
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INSTRUf·IENTATION PROGRAfol AND COHPONENTS LIST: 

·; 

MEASUREMENT~ LEGEND. 

REEDY CREEK UTILITIES 

IP 7933707 

. . 

I . . 
THE LEGEND FOR THE DATA L·lSTED ·IN l.HE MEAS~REMENTS SECTION OF THIS DOCUMENT IS AS FOLLOHS: . 

. COLUMN 1 

. ' 

COLUt1N 2 

.. 

COLI MN .3 ' 

.. 

COLUf1N 4 
'. 

. 
. . COU MN 5 " 

COlt MN 6 

I .. 

.. 
. . .. . ... 

.. 

. . 

' 

. 

COLUMN 
' 

LINE MEAS NUMBER MEA~UREMENT CHANNEL IJ ASYN II WIRES :, · .. ·oPERATING RANGE 
NAME. SENSOR OUTPUT 

.OSM CODE 

..... •., 

1/~/18 

REV B 

7 

: _50AS __ G.8IN · 
ACTUAL OPER RANGE 

-. 

) 
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o'~~3j-78 
.. 

RE'J C ·. 

COLUI·lil U 

COLUI·lll 10 

COLUHII ll 
M 
I 

-.!:) . 

Til[ COLU:·lil IIEMJI llliS 1\Hl. DE Fill[[) 011 TilE FOL.L0\11 l!i..i ~flEET~. 
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INS'J'fW~tr.N'I'Nt'ION PROCm/\M AND COMPONEN~rs LIS'f REEDY CREEK UTILITIES 
IP 7933707 

COLUNN .1. LINE NUNDER 

'fillS COLUMN IS USEQ FOR AUTO~'ric PRIN'fOU'r DATA. CONTROL AND LINE JDENTIFICATION. 
I .. 

COL!.l1'1N 2. · . (MUL'fiPLE DATA SE
1
TS) .. 

Tli;I:S COLUMN .CONTAINS TWO DA'J'iA SE'fS AS DEFINED DEI.OW: 

NEAS NUMBER. THE FIRST LINE OF TillS. COLUMU LISTS EACH MEASUREMCHT "niiCH IS 

11/7/77 

REV . A 

. ID~NTIFIED DY A. UNIQUE ALPH/\NUMERIC CODE CONSISTING OF TEN CHARACTERS AS FOLLO\'/S: 

FIELD NO. 1 2 3 4 

MEASUREMENT NO. XY 001 - 0001 

PARAMETER TYPE I .. 

PARAM.ETER SEQUENCE. 

.SEPARATOR 

SITE IDENTIFIER 

. •., 
.LO~"i'ch 

AN /\STERISK (*) FOLLOWING THE MEASUREMENT N.UMBER PENOTES A CHANGE FROM TilE PREVIOUS RELE;ASE. 
. ' 

. . 
· OSM CODE. THE SECOND LINE OF TillS COLUMN LISTS THE ON SITE MONITOR Sl'l!TCH SETTING TO 

DISPLAY ENGINEERING UNIT DATA. 'fillS IS TO BE USED WITH-ASSOCIATED .DOCUMENT 6 AND .THE· 
GENERAL. NOTES ON -PAGE 1.6 OF T.HIS DOCUMENT. . 

9 
•. 

lfH·.'.07 



t .•. , 

LOV'41:l• . 

INSTRUMENTATION PROGRMt MW COt-IPONENTS LIST 
I 

REEDY CREEK UTILITIES ·. 11/7/77 
~~~~~--------~--~------

I IP 7933707 REV A 
·· .. A •. FIELD NO. 1 ~ PARAMETER TYPE 

.. 

·CODE PARA~1ETER I UNITS ABB 

D WIND DIRECTION DEGREES - AZIMUTII DEG 
D SWITCH DEGREES - ON/OFF DEG ... _ . 

EP ELECTRICAL POWER KILOHATTS KW 

F FLOWRATE {NATURAL GAS) FEET3/HINUTE SCFM 
F FLOWRATE {FUEL OIL) "GAL/MINUTE GPI1 

I SOLAR FLUX BTU PER FOOT2 X HOUR BTU/FT2 - HR 
-

Rlt ·uu~u D ITY PERCENT PER 

SP SPARE N/A N/A 
·-

T .TEMPERATURE. DEGREES FAHRENHEIT DEG, F 

TO OIFFEREIHIAL TEMPERATURE DEGREES F AIIRENHE IT DEG F/DT 

w FLOWRATE (LIQUID) ' GALLONS PER MINUTE, GPH 
w FLOWRAT£ (AIR) CUBIC FEET. PER MINUTE em 

v WIND SPEED MILES PER HOUR MPH 

PO DIFFERENTIAL PRESSURE POUNDS PER SQ. INCH PSI 
• I 

10. 
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INSTRUMEN~ATION PROGRAM ANO! COMPONENTS LIST 

U~ FIELD NO. 2 - PARAMETEA SEQUENCE ·. 
I 
I 

REEDY CREEK UTILITIES 5/26/77 

.IP·7~33707 REV ...... : __ 

A NUMERIC GROUPING WtllfH DESIGNATES THE SEQUENTIAL NUMB~R OF A MEASUREMENT WITHIN .EACH 
' . 

. SUBSYSTEM. THE SEQUENTIAL NUMBER OF ~ACij MEASUREMENT CONFORMS TO THE PATTERN E6TABLISHED 

IN FIGURE 3-1 0~ SHC-lb06. SEQUENTIA( NUMBER ALLOCATIONS ARE AS FOLLOWS: 

NUMERIC SEQUENCE 

001-099 

100-199 

· 2oo.:. 299 

30.0-399 
Lt00-1199 

. 500-599 

600-699 

.. 

FIELD NO .. 3. SEPA~ATOR 

FOR NUMERIC ClARITY. 

D. FIELD NO. ~ -SITE IDENTIFIER 

SUBSYSTEM 

. CLIMATOl-OGICAL 

COLLECTOR 

THERMAL STORAGE 
. .. . .. 

DOMESTIC HOT WATER 

SPACE HEATING 

SPACE COOLING 

BIJILDING/LOAD 

... 

A NUMERiC GROUPING WHICH DESIGNATES THE SITE. IN WHICH THE MEASUREMENT IS LOCATED. 

: ;~·.; .• ")7 

II 

) 



INSTRUHENTATION PROGRAM AND COMPOtlENTS LIST . REEDY CREEK UTILITIES 
IP 7933707 

i . 

I 

COLmiN 3·. NEASURHIENT :NAt-1£ 

THIS COLUI·IN LISTS H~E Nlii\SURHIENT NAf.IE USED- TO DESCRIBE TilE DATA SOURCE.. 

COLUI·III 4. CHAtltiEL NUNBER 

Hll S COLUI·Itl DEF IllES THE SDAS CHANNEL ASSIGNED. TO EACII t·1EASURH1ENT. CHANNEL 1 IS 

·RESERVED FOR All SDAS IIITERIIAL CALIORAllON OFFSET t-IEASURmENT. 

COLUI·HI 5. AS Ytl 

TillS COLU!-111 OEF.IIIES EACII I·IEASUREHEIIT \·IlliCit IS ASYNCIIRONOIJSLY S/\t-1PLED AND IS lNDIC/\TED llY TilE 

LETTER "A". TIIESE I·IEI\SUREI·IEIHS ARE SAf.IPLEO EACH 32 SECONDS IJITII TilE AVERAGED VALUE· PER 5 

1-IIIIUTES J.IAIIITI\IIIED FOR TRAtiSIHSSIOI'I. SYtiCIIROIIOUSLY SM1PLED 1·1EI\SUHH1EtiTS ARE READ ONCE PER 5 

J.IIIIUTES AIIDARE IOEIITIFIED BY HIE II- II SYI100L. 

COLIJI·Iil 6. IIUf.lBER I·IIr~ES 

TillS COLUHil DEFIIIES TilE IIIJHI3EH OF IHRES PH< CII/\IIIIEL US£0 HI TilE SDI\S .. EITIIE!t 3 \HRE OR 2 IHR£ 

OR J\LL 3 HIRE CIIAII!:ELS AHE JWAILAI3t.E VIA A PRE-DEFINED CONFIGUHI\TIOIL 

I •, 
LOI~I:l• 

12. . 
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INSTRUMEN~ATION PROGRAM AND COMPON~NTS LIST: . 
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COLUI·IN 7.. (MULTIPLE DAfA SETS) 

REEDY CREEK UTILITIES 

IP 7933707 

niis coLUNN CONTAINS FouR _DATA sE-TS As DEFINEO BELOH: - · 
I . 

-OPERATING RANGE- T~£ FIRST LIN~ OF THIS.COLUt1N. DESCRIBES THE OPERATING RANGE Of THE 

- PARAMETER IN ENGINE~RING UNITS. 

SENSOR OUTPUT. RANGE- THE SECOND LINE OF tHIS COLUMN DESCRIBES THE OUTPUT RANGE· IN VOL~S 
OF THE SENSOR. 

SDAS GAHI - TilE TtliRu LINE OF TillS COLUNN .DESCRIBES THE SDAS GAIN SELECTED FOR EACH CHANNEL. . 

ACTUAL OPER ~ANGE -THE FOURTH LINE OF THIS COLUMN lS APPLICABLE TO ABSOLUTE 
TEMPERATURES ON~Y(AFTER CORRECTION COEFFICIENTS ARE APPLIED.)- - . 

COUJI·III 8: · (M~lTlPLE DATA SETS} 

TillS COLUt·IN COIHAWS TtiREE DATA SETS AS DEFINED BELOU: 

! . 

f·IICROBRD TYPE - TilE FIRST LINE OF TillS COLUHU DESCRIBES THE TYPE Of MICROBOARD USID FOR 

SIGNAL CotiDI TI.ON lfl~ OF. TilE HtPLOX EO SDAS CHANNEL. 

I•IICRG[frw P/1'1.-. Tit£ SECOND LINE OF TillS COLUNN DESCRIBES THE PART NUMBER OF TUE MICROBOARD USED 

1/~~;a. -

REV~ 

FOR SIGIIAL COtiDITIOIIING OF TilE EMPLOYED SDAS CiiANNEL. A NON-DEFINED MICROBOARD ,P/N INDICATES THAT 

TillS CHAIHIEL SHARES A f·1ICROBOARD HITtl ANOTHER .CHANNEL HtiiCtl HILL DEFINE THE P/N. 

SENSOR EXCIT - TilE THIRD LINE OF TtiiS COLUI1N DESCRIBES THE EXCITATION REQUIREMENTS. FOR EACH SENSOR~ 

IF REQUIRED. 13 
. . 
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INSTRUMENTATION PROGRAM AND COMPONENl~ LIST: 

I. 
I 

COLUI·IN 9. (NULTIPLE DATA SETS) 

~EEDY CREEK UTILITIES 

IP 7933707. 

. . . . 
TillS COLUI·IU CO!ITAIUS TIIHEE DATI\ SETS AS DEFINED BELOU: . I . 

I . . . 

THIP _gRIAL. #-.HIE jFWST LIU'E OF THIS COLUI1U OESC~ioE~ THE TEMPERATURE PROBE ·sERIAL NU1·1BER 

(IF AVAILABLE). 

1'~···78. f . .. 1'.. ,_. 

REV t;. ·. 

SCALE FACTOR UHITS 
. . 

THE SECOI-10 LINE OF TillS .. COLUI·Itl OESCfHUES HIE ENGWEERING UIIITS 14AIIHAHILD Ill 
i . / 

TilE COPS FOR EACII l·1EASUREI-1EtH . 

. COPS SCALF. Ff\CTOR -- HIE THIRD AN() FOUR_TII LINES OF THIS COLUf.IU OESCfUUE T~IE NUI-IERIC . 

SCALE FACTOR( S) USED IN HI( CENTRAL DATA PROCESS HIG SYSTHI ( CDPS) TO CONVEnT EAUi 

~1.[1\SUREI>IHIT TO EIIGINEERHIG UNITS. 

CULUI-111 10. (HULTIPLE DATA S(fS) 

TillS COLUi·iil COilTAIIIS FOUR Di\lii SETS /\S OEFIIIEfJ B[L0\1: 

. ~~E!~9gJX1~I- TilE FH!ST LIIIE Of TillS CCiiJJilir" LISTS TilE TYPL (UMtE) Of TilE HWLOYED SEt:SOR.· 

SEiiSOR WdiiJFiLf - TilE SECOitfl LiiiE OF Till~ COLIJIIII LiSTS lll[ .SliiSOH 1·11\nuF/\CTUI~tiL -· ·----·-·--. --·:-

SEiiStJf"! P/il - TliE TIIIIW LiiiE ur lilt'S UJl.IJI·lil LISTS Ttl[ P/\I:T lllli·ii~LH OF .TilE SliiSUIL · 
-·· -· ··------- . . .. . . 

~!UL_r.l!!- Tilt FOimTII LliiE OF "t"IIIS COL.Ui·H·I [J[~;cniCES Till P,'\IH lllii·IIJEH OF A TIIEimi\L.·l-IELL·l( RU)Uli:[O 
· ...... ····· .... ······ . 

FOH TilE OFf li;EfJ SUiSCI~. 14 



INSTRUMENTATION PROGRAM AN6 COMPON~NTS.LIST ..... 

;-

COLUMN 11. (MU~TJPLE DATA ~ETS) 

_REEDY CREEK UTILITIES, 
IP 7933"707 

5/26/77 

REV 

NOT~S THE FIRST LINE OF THIS COLUMN DEFINES ANY INFORMAliON REQUIRED TO SUPPORT 

CLARIFICATION 0~ THE MEASUREMENT. 

SERIAL M - THE SECOND LINE QF THIS CO(UMN DEFINES AN ITEM UNIQUE SERIAL NUMBER 

~ARKED BY THE MANUFACTURER. 

CROSS SECTION AREA - THE THIRD LINE OF THIS· COLUMN DEFINES THE CROSS SECTIONAL AREA 

OF A DUCT IN SQUARE FEEl. 

·-, 

. ' . 
-

t ~ " 
LOII'il:l• · 
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INSTRU~llNTATION PROGRAM AND COMPONENTS LIST: 

GEUER/\L NOTES 

tiUTE 1 0/\TA NOT CUfWENTL Y D[f\NEO. 

REEDY CREEK UTILITIES 
IP7933.707 

·NOTE 2 --EIIGINEERING UNIT VALUES rmsT BE cALCULAT~o usinG cow-ns & scALE FACTORS,. 
. I 

NOTE 3 - LlQUIO FLOW ~IIHIIN J: 5% OF DISPU\YEO VALUE. . ,•. 

NOTE 4 - IHSULAfiON WITHIN ± 5 BTU OF OISPLAYEU VALUE~ 

; . 

.. 

NOTE 5 - PO~/ER 1-lEASUREHENl RANGE VALUES & SCALE FACTORS ARE HALVEU DUE TO FOUR TURtiS THRU TRAtiSDUCERS . . ! 
., 

J ·., 
LO~'Il\:1•. 

03/23/78 
.REV _C_ 

. NOTE 6 - POWER MEASU~EMEHT RANGE VALUES & SCALE FACTORS ARE REDUCEU DUE TO MULTIPLE TURNS THRU TRANSDUCE~S. 
i 
I 

NOTE 7 - VALUES APPEAl< ON ATTACHED PAGES AT TilE REAR OR Ef-ID OF THESE LISTINGS ... 
. ! 

I 
I 
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INSTRUMENTA'fiON PROGRAM AND COMPONENTS LIST: 

TOOl Outside Amb 

'.;._i' 1001 
....... ! .\. 

I ~ _____ ... I T150 

_cl_~1002 
r ~~ ____ -- 1 

I ' 

REEDY CREEK UTILITIES 
IP7933707 

nEF.pY CllHK 

I 

I 

I •, 
LD~\1• 

03/23/78 
REV C 

--

W401 
~--l!l-··---

T201 Cl 
·~·------~------------------~~: __________ ~--~$~---~~ 

t. 

WlOO 

TlOO 

s .. t,u lj T202 
Hot Water 

. W502 

V'1 

~-~~.-J--~ 

--~ -~e~;; 

1'300 T350 EP401 

W300 

V-2 

W301 T302 EP50~ 

f ~~-----~--~ 
Tempered Water Surrly 

EP502 

EP503 

chilled 
Water 
Stori.lge, 
10000 gal 

. o T205 

CEP 

T452 

Water 

T402 

V3 

vs t 

I 

.I .17. 

• T600 



I­
V1 -..J 

V1 
1-z 
lJ.J 

!5 
~· 

·u 

·~ 

·~ 
8 ex: 
a.. 

1-· 

~ z ;. 
ex: 
I­
V1 z· 

. -

... · .. 

•.-

r • 

SENSORS 

·. 
SOAS/J·BOX CABLES 

. (FOUR FEET MAX.)· 

CENTRAL DATA 
PROCESSING 
FACILITY 

·DATA 'cOLLECTION SYSTEM· 

SENSOR 
WIRES 
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JNSTRUMENTATIO~ PROGRAM ANDICOMPONENTS LIST 

. 1. 

. · 

REEDY CREEK UTILITIES 
IP 7933707 

INSTRUMENTATION COMPONENTS SECTION 

I . 

.. 
5/~6/77 

·REV __ _ 
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. INSTRUMENTATION PROGRAM AND COMPONENTS I.IST REEDY CRE~K UTILI'flES 
~-=IP~7~9~3~3~7~0~7~------------~--------~ 

PART NUHOER. ·sERIAl NUf10ER 

11 7933657.. . #1 .. : 

7933654 

7933653-1 .. 

7933653:-2 . 

7933653-3 

79341100-:-2 

7933707 

'; 

11/7/77 

.REV A 

~ "' .. :::. ·.;' 
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INSTR,UMENTATION PROGRAM ANDi COMPONENTS LIST ---
1 . REEDY CREEK UTILITIES 

IP 7933707 

MEASUREMENTS SECTION 

,· 

. I 

I . ' ' ···.- ·., 
LO~\h 

·•5/26/77 . 

REV __ _ ... 

.. · 
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21 
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I. SOLAR SYSTEM ACCEPTANCE TEST 

A. Subsystem Test 

1. Collec~or/Storage Tank 
Energy Transport System 

a. Integrity of Installation 

o Purpose: To determine if all fluid loop compo­
nents have. been included and properly installed 
per the complete Disney World Mechanical 
Specification. 

o Method: Visually compare installation and 
component manuals with D/W drawings and 
design specification. 

o Results: 

2/24/78 - Relocated bypass to bottom of check 
valve on solar system piping. 

2/24/78 - Relocated two RTD's in chilled water 
system at IBM's direction. 

3/08/78 - Changed out flow meter in hot water . 
line to air handler at IBM's direction. 

·3/14/78 - All other piping was properly installed 
as per drawings and specifications., 
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b.· Leak Test 

0 Purpose: To determine if any water leaks· exist 
in loop wheri pressured to 150 psi. 

0 Method: Pressurize loop only to 150 psi for 
four ( 4) hours. Must not leak. 

0 Results:. Complete - No leaks 

c. Calibration of Pressure Gages & Thermometers 

o ~urpose: .To insure that all gages and thermo­
meters are indicating properly. · 

o Method: Calibrate gages (must be within +2 psi 
and thermometers within +2°F) utilizing pressure 
and temperature standard-or ice water and hot 
water bath. 

o Results: Complete - All gages and thermometers 
tagged and dated. 
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d. Functional Tests 

(1) Tank (T-1) Isolation Valves 

o Purpose: .To determine if valves isolate 
tank from collector circuits with no 
leaks. 

o Method: Close isolation valves, depressurize 
all loops interconnected with tank, and 
pressurize tank to 150 psi for four (4) 
hours thru tank air drain. Tank must not 
leak. 

o Results: Complete -No leaks 

(2) Drain Valves 

o Purpose: To determine if valves will· 
properly drain system. 

o Results: Complete -The system was flushed, 
filled, and drained before the hydrotest. 



(3) Collector Pump & By-pass (PHWA-4ZE) 

o Purpose:. To determine if main throttle 
valve and by-pass has been properly 
adjusted with respect to pump and 
collector flow and electrical load on 
pump. 

o Method: Utilize pump FMD and collector 
FMD to determine pump 50/collector _3.125 
flows, measure resistance of circuit 11 feet 
and measure ampere draw by pump motor 
amps. Compare with published pump data. 

o Results: Complete - 4.5 Amp 

{4) Flow·oistribution in ·collector Array 

o Purpose: To determine-if circuit setters. 
in the fluid loop have been properly 
adjusted t·o provide for equal +1 gpm through 
each collector. -

o Method: Utilizing portable manometer type 
flow meter, measure the flow in each collector. 

o Result: Complete - Equal pressure at both 
ends. 
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(5) Collector Air.Elimination Devices 

o Purpose: To d~termine if air elimination 
devices will function properly. 

o Method: Per operation instructions: open 
air elimination devices and bleed air. 

o Results: Complete 

2. Hot Water Storage Tank (T-1)/Compression Tank (T-3) 

a. Integrity of Installation 

o Purpose: To determine if all fluid loop 
components have been included and properly · 
installed per the completed mechanic'al 
specification. 

o Method: Visually compare installation and 
component manuals with drawings and design 
specifications. 

o Results: Complete - The system has been 
installed to the drawings and specifications. 
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b. Leak Test 

o Purpose: To determine if any -v;ater leaks 
exist in loop vihsn ·press uri zed to 150 psi. 

0 Method: Pressurize loop only to 150 psi 
for four ( 4) . hours. Must not l.ea!\. . 

0 Results: Gomplete - No leak~::. 
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c. Calibration.of Pressure- Gages & Thermometers 

o Purpose: To insure that all gages and thermo­
meters are indicating properly. 

o Method: Calibrate gages (must be within +2 psi 
and thermometers within +2°F) utilizing pressure 
and temperature standard~ 

o Results: Complete - All gages and thermometers 
calibrated; tagged, and dated. 
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d. Functional Test. 

(1) Compression Tank Pressure Regulating Valves 

o Purpose: To determine if the air and 
water pressure regulating valves are set 
for 40 +2 psi and are operating properly. 

--:-. . . 

o Method:· Install hydraulic-type pressure 
gage on tank. By alternating closing off 
air and water and draining tank of air/water, 
both valves can bechecked by noting pressure 
on gage and noting water level in sight gage. . -,~ 

o Result: Complete - There.has been a problem 
in bal~ncing the air regulator, water 
regulator, and the Clay~on dump.valve. 
As of 3/13/78, the sys.tel'{l is working 
properly. · 
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3. Solar Collectors 

a. Inst~llation.Integr.it~ of d~mponents 
. ·~··.: ·. 

(1) Rec:ei ver. Posl. ti,.on - Cqmple ted 
·-: .· 

The receiver posi t'ion should be checked with 
the. drive arm in ··its :·vert:ical- position. · The 
O.rive arm' can be,orient~d.properly by using 
the temporary. t:oo.iing .st.rut as shown in 
Figure !A., -~ach·_·~.ie.c~fv~r: ·support can then 

· pe clieckad ~1 th "a: ~i~~Y~A· to see that the 
rece'i vers are . ai-so iri' the vertical position 

.. and that. the parallelogram· is properly 
:aligned.· . , , ; .... . ·:: · · · 

... . 

(2) Screwjack. Stroke.- ·Completed . . . . . 

• • •• l 

. , 
The screwjack drives. ·t:h·e receiver array 
through the drive arm. The.limit switches 
mounted on the screwjack motor should be set 
to insure proper travel of the drive arm. 
The travel for the arm should be 48° north 
of vertical and 42° south of vertical to 
provide a total stroke of 90°. This arm 
rotation will correspond to a .screwjack 
stroke of 39-1/2" .. The proper travel is 

·shown in the following sketch. 
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b. Receiver Focus -.completed 

In order to achieve the maximum system performance, 
it is important to insure that the receivers. are adjusted properiy. 
with regard to the reflector focat point. '!'his focal point varie~ . .., 
in position, size and density depending on the.sun angle. The proper 
receiver adjustment, then, is the position.at which the total 
ab~orbed heat over the complete operating stroke for the entire 
receiver array is at a maximum. 

This can best be checked by noting the illuminated 
area on the underside of each of the receivers at various·tirnes of 
the day. If some or all 6f the· units show a tendency for ~his 
illuminated area to favor one side or the other of the target 
(receiver glass) .over the period of ·a full day's travel, then there 
is a need for further adjustment. If.the amount of drift of· the 
illuminated area from one .side to the other is roughly equal and 
the losses on each side are about the same for each receiver at all 
sun angles, then the receivers can be considered properly foc.used. 

c. Torsion Bar - Completed 

. The torsion bar counterbalance for the receiver 
array relies on a friction clamp to transmit torque from the torsion 
bar to the channel assembly. To insure that this·friction clamp is 
not slipping, the following check should' be made. tvi th the drive 
arm in the vertical position, an index mark should be placed on the 
torsion bar and a matching mark on the friction clamp collar. .The 
receiver array should then be run to the north stop, 48° off·the 
vertical. If the inaex marks are still in line, then the torsion 
bar is working properly. 

d. Sun Sensor - Completed 

. rn order to move the receiver array into·the maximum 
focal point as the sun's angles change, the sun sensor is located on 
Receiver No. 1. The sensor is tied to the control console and has 
been adjusted with a separate written procedure. . . 

. ~ 

This can best be checked by noting the illuminated 
area on the underside of each of the receivers at var.ious times of the 
day. If the illuminated area favors one or the other, over a period 
of two full day's travel, then there is a.need to recalibrate with 
the written procedure. ·when the amount of drift of the illuminated 
area from one side to the other is roughly equal and the losses. on· 
each side are about the same, the receivers can be considered 
properly focused. 
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4. Solar Hot Water Transport System 
For Space Heating 

a. Integrity of.Installation 

o Purpose: To determine if all fluid loop 
components have been included and properly 
installed per the mechanical specification. 

o Method: Visually compare installation and 
component manuals with drawings and design 
specifications. 

o Results: Complete - The system is in 
agreement with the specifications and 
drawings. 
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b. Leak Test 

o Purpose: To determine if any water leaks exist 
in loop when pressurized to 15·0 psi. 

o Method: Pressurize loop only :.to 150 psi· for 
four (4) hours. Must not l~ak. 

o Results: Complete -No Leaks 

c. Calibration of Pressure _Gages & Thermometers 

o Purpose: To insure that all gages and thermometers 
are indicating properly. 

o Method: Calibrate gages (must be within +2 psi 
and thermometers within +2°F) utilizing pressure 
and temperature standard~ 

o Results: Complete -All gages and thermometers 
have been calibrated, tagged, and dated. 
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' d. Functional Test 

(1) Space Heating Pump (PHWA-6ZE) 

o Purpose: To determine if pump is performing 
per specification and is properly throttled 

o Method: Manually start pump and open hot 
water· coil control valve. Note· the flow 
from the FMD, the circuit resistance from 
the pressure gages and measure the ampere 
draw by pump motor. 

o Results: Complete 7 GPM and 4. 6 Amps 
at llOV. 
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(2) · Manual Air Vent 

o Purpose: To determine if this vent removes 
air from· circuit~ 

o Method: With pump stopped, open valve until 
water flows from vent;:then close. With 
pump running, check hot water coil for 
gurgling noise. 

o Results: Complete 
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5. Solar Hot Wat~r Transport System 
For Space· Cooiing 

a •. Integrity of Installation 

o Purpose: To uetermine if all fluid· loop­
components have been included and properly 
installed ·per the completed mechanical 
specification. 

o Method: Visually compare installation and 
component manuals with drawings and design 
specifications. 

o Results: ·complete- The system is in agree­
ment with the drawings, specifications, and 
manuals.· 
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b. Leak Test 

o Purpose: To determine if any water leaks exist 
in loop when pressurized to 150 psi. 

o Method: Pressurize. loop only to 150 psi for 
four. ( 4) hours.. Must ·not.: leak. 

· o Results: .. Complete - No Leaks 

. ; . 

c. ~ Calibration of Pressure Gages & Thermometers 

o Purpose: To insure that all gages and thermo­
meters are indicating properly. 

0 

0 

Method: Calibrate gages (must b~ within :t, 2 psi 
and thermometers within +2°F) utilizing pressure 
and temperature standard7 

Results: Complete - All gages. and thermometers 
have been ·calibrated, tagged, .. a:rtct··d_at·ed·~---·--··-···-·--······-····· 
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6. Collector Fluid Flow Control System 

a. Integrity of Installation · 

o Purpose: To determine if all control circuit 
components have been included and properly 
installed per the_completed mechanical 
specification. · 

·o Method: Visually compare installation and 
________ c_ompont3,r>,"t: __ ma~~al:~ with ·drawings and design 

specifications. 

o Results: The ·system is in agreement with the 
drawings __ and specificat~ons. 

b. Calibration of Thermometers 

o Purpose: To insure that all thermometers are 
indicating properly. 

o Method: Calibrate thermometers within +2°F 
utilizing pressure and temperature standard. 

o Results: Complete - All gages and thermometers 
hav~ been calibrate4 tagged, and dated. 

F-23 



B. System Operational Test 

1. Collector Flow Cont.ro], System · 

o ];!urpose: To determine if syst·em (Operation of 
collection ·pump -. PHWA-4ZE) ·is functioning properly 
with regard to .the follow~ng -operating modes: 

Pump Start-up: Pump starts when the collector 
·surface temperature is 20 .. +2°F above temperature 
of tank bot tom. 

If collector pump can maintain a ~t of 
0. 5-0 +2 °F or more, p\llt!.ping con~inues. 

If not, pump shuts down and repeats start-up 
procedure. 

o Method: Record collector surface :t~!llp~ra:t;_ures, tank 
bottom temperatures and collector. 6 t during--pump·····-· 
operation. · -···· ·-··m· 

o Results: Complete - There are four (4) surface 
temperatures taken· and any. two (2) will start the 
pump with. a ~t of 20° +:2°F above the temperature 
of the tank bottom. 

\ 
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2. Hot Water Compression Tank (T3) 

o Purppse: To dete~ine if the compression tank is 
operating properly with respect to the ·expansion and 
contraction of the water in the hot water fluid loop. 

o Method: ·.Install pressure gage on tank and observe 
compression tank controls during· per'iods when .loop 
fluid is expand~ng or contracting. 

Tank pressure should remain at 40 +2 psi. 

Water level in tank as' seen through sight gage 
should be maintained at a level prescribed in 
pressure-level controller manual. 

o Results: Complete - There has been a problem in 
balancing the air regulator, water regulator, and 
the Clayton ·dump valve. As of 3/13/78, tne system 
is working properly. 
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Solar Hot Water Transport System· 
For Space Heating 

o Purpose: To determine if the pump is properly 
~nterconnected with HV~C system. 

o Method: Increase temperature setting of space 
thermostat until pump ·starts. 

o Results: · Complete . 

F-26 



4. Solar Hot Water Transpo-rt System 
For Space Cooling 

o Purpose: To determine if throttle valve and by-pass 
.have been properly adjusted with respect to flow 
to chiller (CH-lOZE) . 

o Method (for back pressure relief valve): Drain 
.chilled water :tank (T-2' sufficiently so that 
chiller will start when the necessary hot water 
is available from' h9t water storage. With the 
pump/chiller running, open and close the chiller 
throttle valve and record the flow and the pump 
electrical _data and compare with operating data 
in Arkla manual.· . 

o Results: . complete - It was· not necessary to drain 
any of the chilled water-since the temperature 
was high enough to let the unit start. 90 GPM 
4.5 Amps 
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II. HVAC 

A. Subsystem Testing (Functional Testing) 

1. Space.Heating 

a. Pump (PHWA-6ZE) &. Ho.t Water ·.Circ;:uit 

o Purp~se: To. determine if the pump has 
the proper ·dir~ction of rotation and 
supplies_the required GPM· tc;>_the heat,ing 
coil. 

o Method: Visually check ~o see if the 
rotation is the same . as ··shown on the 
pump casing. The GPM wi~l be checked 
with a flow meter~ 

·o Results: Complete - 1 G~M 

b. Air Handling Equipment (AH-6ZE) 

o Purpose: To determine if the air handling 
equipment will supply heating to the 
office space. 

o Method:· Place.thermostat at a temperature 
that requires heating. Visually check 
inlet and outlet damper for each.zone to 
be sure the cooling dampers are closed and 
the heating and return air dampers are 
open. The economy cycle should not be 
operating. 

·o Results: Complete - One damper indicator 
was reversed, so the damper was readjusted. 
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c. Controls 

o Purpose: To determine if the air heating 
controls function properly. 

o Method: Check modulating control valve 
by changing thermostat setting. Check 
inlet water and outlet water temperatures 
and hot deck setting to be sure valve is 
functioning properly. 

o Results: Complete - We tried several 
different hot deck temperatures, but ended· 
up back at 100°F, where Honeywell had set it. 

2. Space Cooiing 

·a.· Arkla Chiller (CH-lOZE) 

o Purpose: To determine if the Arkla functions 
properly. 

o Method: .The unit ·should be placed in 
operation at the direction of a· factory 
representative. 

o .Results: Complete - January 7, 1978 
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b. Condenser Water Circuit 

(1) · Pump (PCW-lQZ·E) 

o Purpose: To· determine pump direction . 
and GPM •. 

o Method: Visually ch~ck rotation. 
Check GPM with flow meter. 

o Results: Complete - 90 GPM 

( 2) ·Controls 

o Purpose: To determine if the controls 
will limit. the· condenser water 
temperature a minimum of 70°F. 

. . '• •. . 

o Method: OperatE! -the .condenser wate·r 
system and Arkl~ when the cooling 
tower water is less .than 70°F. 
Visually check mixing valve and 
thermometers in ·the system. 

o Results : Complete · 
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c. Chiller Pum? (PCH-10ZE) and Circuit to T-2 Tank 

o Purpose: To determine pump direction, 
GPM and operation of valves and control 
in piping to Tank T-2. 

o Method: Visually_ check pump direction. 
Use meter to check GPM. Check location of 
valves and· controls with drawings and · 
operate each to be sure the seats are 
clean. 

o Results: ·complete - 90 GPM 
Throttled to 60 GPM, the motor average was 
high - 3.1 Amps. The name plate indicates 
it should be 2.6 Amps. The motor was 
returned to the manufacturer and tested. 
The motor.test proved satisfactory and is 
in warranty at 3.1 Amps. 

d. Chilled Water Tank (T-2) 

, o Purpose:· To determine if the piping to 
Tank T-2 has any water leak-s. Tank T-2 
was hydrotested before installation. 

o Method: Pressurize loop only to 150 psi 
·for four (4) hours. Must not leak. 

0 Results: Complete - No Leaks 

-----------



e. Chilled Water Pump (PCHA-3ZE) and Circuit to 
Air Handler (AH-6ZE) 

o Purpose: To determine if the pump has the 
proper direction of rotation and supplies 
the required GPM t9 the cooling coil. 

o Method: Visually check pump rotation as · 
shown on the pump casing. Check the 
GPM flow with a flow meter. 

o Results: Complete - 35 GPM 

f. Air Handler (AH-6ZE) 

o Purpose: To determine if the air handling 
equipment will supply cooling to the office 
space. 

o Method: Place thermostat at a temperature 
that requires cooling. Visually check 
inlet and outlet dampers for each zone·· 
to be sur~ the heating dampers are closed 
and·the cooling and return air dampers are 
open~ The economy cycle may operate if · 
conditions are proper. 

o Results: Complete - The economy cycle had 
to be redesigned and altered before it would 
operate as required by the specifications. 
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g. Controls 

o .Purpose: ·To determine if the air cooling 
controls function properly. 

o Method: Check modulating control valve 
by changing thermostat setting. Check 
inlet and outlet temperatures and cold 
deck setting to be sure valve is 
functioning properly. 

o Results: Complete 

B. System Operational Testing 

1. Space Heating System 

o Purpose: To determine if the heating syst~ 
functions properly. 

o Method: Set all controls in automatic and 
adjust thermostat to require heating. 
Observe temperature in space and thermostat 
setting to ·be sure they become equal. 

o Results: Complete 
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2. Space Cooling System 

o Purpose: To determine if the cooling system 
functions properly~ 

o Method: Set all controls 'in automatic and 
adjust thermostat to require cooling. 
Observe temperature in space and thermostat 
setting to be sure they become equal. 

o Results: Complete 

III. DOMESTIC HOT WATE·R SYSTEM 

o Purpose: To determine if the automatic temperature control 
on the ~omestic hot water is functioning properly. 

o Method: Determine. water temperature in bottom of hot 
wa·ter storage tank. Check setting on automatic control. 
Open water faucet and measure outlet temperature. 

o Results: Complete - 120°F 
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CAUTION 

o The operating angular stroke of the receivers 

must not. exc~ed 4 8.0 north of vertical or 42 ° · 

south of.vertical. 

o Damage to receivers will occur if absorber 

temperature goes :above 320°F ·(overheat) or, 

with water in the system, below 32°F. 

Walki!lg on the.reflective,surf~ce o'!= the roof 

without proper padding may cause cracked 

mirrors. 

0 If the system is shut down or the water flow 
~ -.. -

to· the. collectors is interrupted, the receivers 
. ·- . 

must be kept.out of focus to pr~~ent overheating. 

o The system shou~d.be operated in·auto~atic o~, 

off position. The manual position is for 

~alibr~tion only and by-passes the built-in 

safeties. 

: ·. 



I. Operating Instructions 

A.. ·Initial Adjustments 

1. Receiver Focus 

The receiver position should .be checked with the 

drive arm in its vertical position. The drive arm can be 

· oriented properly by using the temporary tooling strut as 

shown in Figure 1. Each receiver support can then be checked 

with a level to see that the receivers are also in the vertical 

~osition and that the parallelogram is properly aligned. This 

procedure is designed to provide a preliminary alignment of 

the receivers. 

A turnbuckle type adjustment screw is located in 

the tie bar between'each recei~er as shown in Figure 1. The 

screw: can be rotated to increase or decrease the tie bar · 

length and h~nce the receiver spacing. The nominal distance 

between tie bar sections is three inches as shown in ·the 

figure. An adjustment travel of +two inches has been provided. 

It is important that the distance between tie bars not-be 

allowed to.exceed five inches. Adjustment beyond the five 

inch dimension·will cause a decrease in the tie bar strength 

and a possible failure of that point. · Adjustment to the 

receivers should begin at the building mid-point and continue 

outward to th~ north and south ends of the building. This is 

done because adjustment of the inner receivers also moves 

all outer units on that side· of center. After the adjustment· · 

has been·. completed, the outer splice tube is slipped over the 

turnbuckle to lock it in place. The locking screw then. 
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.fastens the splice tube to the turnbuckle screw~ 

In order to achieve the maximum system performance 

it is important to insure that the receivers are adjusted 

. properly with regard to the reflector .focal po~nt. This focal 

point varies in position, size, and density depending. on the 

sun angle. The proper receiver adjustment, then, is the 

position at which the total absorbed heat over the complete 

operating stroke for the entire receiver array is at a 

maximum. 

This can best be checked by noting the illuminated 

area on the underside of each of the receivers at various 

times of the day. If some or all of the units show a tendency 

for this illuminated area to favor·one side or the other of 

the target (receiver g~ass) c;:>ver the period of a full day's 

travei, then there is a need for further adjustment. If the 

amount of drift of the illuminated area from one side to the 

other is roughly equal and.the losses on each side are about· 

the same for e~ch receiver at al:i~>surt. angles, then· the 

receivers can be considered properly foc-used •. 
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2. Screw Jack 

The screw jack dri.ves the receiver array through 

the drive arm. The limit switches mounted on the screw jack 

motor should be set to insure proper travel of the drive arm. 

The travel for the arm should be 48° north of vertical ahd 

42° south of vertical to provide a total stroke of 90°. This 

arm rotation will correspond to a screw jack stroke of 

39-1/2". The proper travel is shown in the sketch below·. Be 

sure to use the manufacturer's recommended procedure for 

adj.ustment of the· limit switches. 

FIGURE 2 

Drive· 
Arm 

Limit 
Switch 
Location 
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3. Controls - Sun Sensor 

In order to move the receiver array into the 

maximum focal point as the sun's angles change, the sun sensor 

is located on Receiver No·: 1. The · sez:1sor is tied to the con­

trol console and has been adjusted witha separate written 

procedure-~ 

Thi~ can best be·checked by noting the illuminated 

area on the underside of each of the.receivers at various 

times of the day. ·If the illuminated area favors one or the 

\ other, over a period of two full day's travel, then there is 

a need to recalibrate with the written procedure. When the 

amount of drift of ·the illuminated area from one side to the 
·." ~-· 

other is roughly ····equal and the losses on each side are about 
.. 

the same~ the receivers can be considered properly focused. 

4. Circuit Setters \. 

In order to perform ahydronic system balance 

·>"t:he.t:e is. a circuit setter valve in. the return from each 
· ..... 

receiver. Lack-· of. balance of the system could starve the 

receivers. farthest from the pump.· Air-trapped in any one 

receiver oould cause inadequat·~ flow to that receiver. Xt. 

is;_ therefore; ·necessary t.hat the .pressure drop be chE!akaa at 

each receiver. In order to check this £low~ art aaauratE! 

pressure differential ;a;e must be useai ~he actual, value 

reading on the meter is not of major significanoe; but the 

same reading should be read at each receiver~ If additional 

·infomati6n is required; see Girl2uit. sett~r valve BalanGie 

I 
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I-I.· Calibration 

Prior to installation, the platinum resistance thermometers 

(PRT'~, also referred to as RTD's) have been checked for Ra 
(resistance at zero degrees celsius) of 100 +0·.1 ohms· and at 

sufficient other temperatures to show; they· fo'l'I6w i the{·•· .! t~; 

Callendar-van Deusen temperature/resistance curve -for . 00392 

-;.·.·.·platinum from o.oc to at· least 130°C· (266°F) • In addi'tioh, 

the resistance bridge amplifiers have been calibrated using 

precision resistors in place of PRI' 's, and these ·resis'ti3.nces 

and 350°F. The readout linearizers have also been calibrated 

to compensate for the non-linear Callendar-van Deusen equation 

to reduce the readout error froin a maximum of +3.06°F to a 

maximum of +0.2°F. Procedures for performing these calibra-
• I '" 

tici~s are ~ncluded in the handbook. With no additional system 
· ... ' .. 

calibration or adjustments, all temperature readings should be 

·within +l°F of the true temperature. The error can be reduced 

to less than 0.3°F by immersing the·temperature sensors at 

the ends of their wire.runs in an insulated container of 

melting crushed ice made from low mineral content water, and 

adjusting the balance pot on the appropriate ·bridge am.p 

circuit for zero volts out of the· bridge amp, or a 32.00°F 

reading on the temperature readout •. An alternate proced?re 

yielding even greater readout accuracy is to immerse the PRT 

and a precision thermometer in a stirred fluid near 32.00°F 
... ~·;·; .. ) 

and adjust the balance pot for equal readings; immerse them 
,; .\.:~· r-·~ .. ~·f~.~ .. ~stx 

in.a stirred fluid near 212°F and adjust the scale pot for 
., [J .:::~(~~.r:; j c>o:1:. 
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' equal readings, and repeat the cold and hot ~mmersion and 

adjustments until no adjustm~nt is necessary, remembering 

that the P.RT must be connected to its normal wire,· and 

several minutes should be allowed between immersion in the 

stirred fluid and any adjustment. 

The above and the delta T calibrations should be made 

on a periodic (six months or one year) basis, and if. either 

the bridge power supply or the op_ amp power supply is 

replaced or reset to a voltage differing from that at 

calibration by more than 0.1%. 

A. Sun Sensor 

Insert extender card between sun follower amplifier 

and its socket. The extender card has three amber and four 

red LEO indicators for three light l.evels and·two N errors 

' and twos errors. The bottom amber and.two red lights are 

for the center photosensor. 

Put the test panel meter switch in "Test Jack" 

position. Connect the upper meter to TP8 and ground, and 

the lower meter to the junction at R40~ Cll, and R46 and 

ground. The top meter reads the inner sensors amplitude 

difference, and the bottom reads the negative of the sum 

of the voltage magnitudes. Put the collectors in focus 
' 

by· nulling the top meter. Start with all pot~ fully c.w. 

(all LEOs should be off). Note the sum voltage. Refocus 

the collectors about one foot north. Adjust RSl if 
-

necessary to keep the top meter positive f_rom focus to one 

foot north. Run the sensor south. TP8 shall go thru zero 
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at focus and go negative for at least one foot south of focus. 

Stop south travel when the bottom meter shows -1.4V. Turn 

R49 CCW until the light level light just appears. Return 

sensor to near focus. When the top meter shows + or -.13 ~.02V, 

turn R64 CCW until red error light just comes on. Run sensor 

north and south until level light goes out in each direction. 

Top meter shall always be positive when north of focus and 

negative when south of focus. Let the sensor a~tomatically 

center from extremes of light level epable. 

Move top meter to TPl and bottom meter to TP2. Start 

with sensor six inches north of focus. Run sensor ·to north 

limit, __ (idj·usting Rl if necessary to keep TPl at least +0.3V. 

Ver~fy that TP 1 is -0 ·. 3V or more from six inches south to the 

sou~h li~it; ·~ut sensor just nort~ of focus so that TPl is 

+0 ~ 15 + ~ 2v.. -Turn Rl8 cc~·i until red light just appears. Move 

sens.or south (TPl. th.ru null) and north red light shall go out, 

then south red light shall appear when TPl is -.15 +.2V. Put 

bar-about six inches north of focus. Turn R28 CCW until amber 

light just comes on. Move to six inches south of focus and 

turn R35 CCW until its amber light just appears. 

Wait for a cloud shadow to cover roof. All amber 

lights should go out. Turn R49, .R28, or R35 CW as necessary 

to put amber lights out. TP2 monitors south level for 

information only. 

Defocus bar to north and south limits in turn and 

verify automatic return to focus and proper tracking. 
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III. Systems Tests 

.A. Coll~t..:tor 

1. Turn On and Focus 

On a bright, sunny day, manually operate the 

'collector pump with the collector out of focus to c::::ool the 

collector to near 0 delta T (or negative}. Operate the 

collector pump switch to "Automatic", and place the collector 

focus· switch in "Automatic". Verify that the collector 

moves into focus. Monitor the four surface temperatures and 

the hot water tank bottom temperature. When the second 

surface temperature reaches 20 ~2°F greater than the tank 

bottom, the collector command will light and the collector 

pump indicator will light and the collector pump shall start • 
. .. 

·· Operate the collector pump switch to "Off" and the pump shall 

stop and the pump light extinguish •. Return the pump switch 

to "Automatic" to restore the "On" condition. 

2. Turn Off 

.. After allowing the collector pump to operate until 

reasonably static cond'itions are reached,. and focus corrections 

have been noted, al)d observing .that the collectors stay in 

foc;:us. and do no.t·. get lost or, run to a stop when clouds, obscure 

the sun, operate- the collector focus switch to "Manual"· an~ 

move the collectors completely out of focus, observing 

delta T. When delta.·T decreases to 1 :!:;.5°F, the collect.or 

pump command, light and cqlle9tor pump light shall extinguish 

. and the collector pump shall -turn off. Repeat the· turn on -

off cycle and verify turn off cannot·occur less than ~ive 
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minutes after turn on. 

3. Overheat 

Return the collector focus switch to 11Automatic" 

and observe·the system during the turn on·cycle. After the 

turn on transients have passed, place the collector pump 

switch in the "Off" position and monitor the four surface 

temperatures. When any surface temperature reaches 250 +5°F, 

the overheat.light shall appear, the collector south travel 

light will come on, and the collector shall move south imtil 

the limit is reached and indicated by the appearance of the 

south limit light and extinguishing of the south travel light. 

Return the collector pump.switch to "Automatic"~ 

When the.hottest collector surface is less than 245°F, press 

the overheat-reset switch and watch the system return to 

normal opera~ion. 

In turn, disconnect the surface temperature PRT 

hot leads at the rear of the cabinet and connect a 200 ohms 

pot in place of it. Reset overheat, observe the simulated 

surface temperature as the pot is slowly increased from 

100 ohms. When the simulated temperature reaches 250 ~5°F, 

the overheat light shall appear and the collector shall start 

to defocus. Reduce the simulated temperature below 245°F 

and press overheat reset to restore operating conditions. 

Disconnect the pot and reconnect the PRT leads. NOTE: The 

momentary open circuit will produce "Overheat", so the reset 

must be pressed after each time the circuit is open. Repeat 

for-other three surface temperatures. 
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Perform· this type test for the H.w.:· tank top 

thermometer circuit, .. noting overheat at a simulated 245 +:sop 

and reset capability below 240°F. 

·- Verify that reset is inoperative when the 

simulated temperature remains. above the switch 'point val'ue 

. for surface or tank. 

B. Chiller Control 

1. Set Up 

Replace the H.W. tank top PRT, and the C.W. tank 

top and bottom PRT's with 200 ohms potentiometers .at .the 

terminal strips in the back of the cabinet. Disconnect the 

output of the Arkla. control relay and substitute a llSV 60Hz 

bulb for its load. Set H.W. tank top temperature to 165°F, 

C.W. tank top to 52°F,· and C.W. tank bottom to 40°F. Ground 

the condenser flow switch input. 

2. Switch Test 

Verify that the H.W. pump and light are off with 

the H.W. pump switch in any position except '~On", and are on 

inthat position. Leave in "Automatic" position. 

Repeat above for the Arkla switch and the C.W. 

pump switch. 

3. Logic Test 

Set C.W. tank bottom to 50°F and H.W. tank top 

to 180°F. Increa~e c.w. tank top temperature slowly from 
·-· 

52°F. Temperature at which H.W. pump, Arkla, and C.W. pump 

and their lights come on shall be 57·+3°F~ Reduce C.W. tank 
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top to 52°F, and reduce c.w. tank.bottomtemperature. The 

three lights, two pumps, and s~mulated Arkla shall turn off 

at c.w. tank. bottom at 45 +3°F. 

Set H.W. tank.top ~o 16.5°E, C.W. tank top to 60°F, 

and C.W. tank bottom to 50°F. Increase H.W. tank top until 

H.W. pump, c.w. pump, and Arkla lights come on. Temperature 

must be 175 +3°F. Slowly reduce H.W. tank top and note .turn 

off temperature which must be 170 ~3°F, and must also be 

5 +2°F less than the previously noted turn on temperature~ 

Remove ground from condenser motor flow switch 

input, set H.W. tank top to 180°F, C.W. tank top to 50°F, .. and 

C.W. tank bottom to 50°F. Increase C.W. tank top temperature 

to 60°F. The H.W. pump, C.W. pump, and Arkla lights shall 

come on for 7 +2 seconds, then go ·• out •. 

C. Heating - Cooling Control 

1. Set Up 

Replace the C.W. tank bottom PRT with a 200 ohms 

pot as previously used. Set the c.w. tank.bottom temperature 

to 55°F. 

. ..... ;.:. 

2. Switch Tests 

Disconnect the active wire to the "Fan On" PE. 

switch. The heating demand, cooling demand, and the CEP 

demand lights shall be out and shall remain out as each of th~ 

two area PE switch inputs {T'70, T>74, and T776) are shorted 

in turn. The corresponding pumps and CEP lights shall be'lit 

only when its ON-OFF-AUTO switch is ON, and ·the function shall 
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also only then be active. Leave.all switches in the AUTO 

position.· 

3. Logic Tests 

Simulate a "Fan On" ·signal, or reconnect the . 

"Fan On" switch if it is actuated. Disconnect the active· 

leads of all six temperature. PE switches. ·In turn, .simulate 

closure of each 70°F and 74°F PE switch by shorting terminals . . . 

on the back of the rack. Note that the proper heating or 

cooling demand light illuminates, and that the proper .Pump 
.·· . . ' ·. 

and pump light come on except w}len ON~OFF-AUTO switch i.s in 

OFF. Simulate closure of ·the area one ?76°F PE switch. 

Slowly. increase the simulated C.W. tank bottom temperature 

until the CEP demand light comes on. Record the time, the 

temperature shall. be 60 +3°F·. With the AUTO-SOLAR-CEP switch 

in AUTO, the CEP light shall also come on and the solar 

extinguish. Remove the simulated closure on the area one 

?76°F PE switch. The lights shall revert to SOLAR ON, 

CEP OFF, only after 30 +2 minutes have elapsed since turn on. 

Simulate activator of ~rea 2 >76°F PE switch ·and note action 

identical to the above for area one. Reconnect all switches 

and PRT's in their normal configuration. Remove dummy loads 

and reconnect Arkla, EP's, etc. 
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IV. Variations 

.If desired, a dummy load- such as a light bulb may be ·used 

in place of any motor starter, EP switch, solenoid valve, etc., 

so long'as the nature of the interface is not altered. 

Similarly, input signals from PE switches, flow switches, etc., 

may be simulated at will by open or closed circuit conditions 

corresponding to the actual condition being simulated. 

The temperature at which an action takes place (e.g., 

250 :!:,5°F) is usually selectable over a wide range, and central 

numbers are tentative. If desired, these can be set to any 

reasonable exact integral number during the course of this 

test, or during a repeat thereof, or the central number can be 

reset using the comparator calibration socket on the back panel. 
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V. Miscellaneous· 

. Some additional controls, indicators, and interlocks. are 

included as a convenience or for abnormal condition protection. 

Tests of these follow. 

A. Condenser Water Pump Control 

This switch provides a test means of the pump.. Ve!ify 

the pump will not run when "Off",. runs when "On"·, and is 

controlled by the Arkla unit when "Automatic". 

B·. North Lim!t 

· Manually run· the collectors north until the north 

travel light goes off and the north limit light comes on. 

Verify the screw jack motor is stopped. 

c. Collector Position Indicator 

Convenient indicator of collector position, with 

near 0 being north and near 80 to 100 being the south travel 

limit, a variable setting. 

D. Flowmeter 

The flowmeter itself is factory calibrated and 

delivers, from its accompanying electronics,.+lV per 100 GPM. 

The front panel meter reads from.O to 199.9 GPM. 

E. Operating Mechanism 

The screw jack and associated drive linkage should 

operate smoothly over the entire 90 ° stroke. · Proper op_eration 

of the limit switches should be checked by insuring that the 

end stop positions of the drive arm are as described earlier 



in section ~.2. When the screw jack motor is stopped there 

should be.no drift in the rece~ver position. 

The ~eceiver focus should be cpecked for all receiver 

position~ as discussed in section A:l. 

The torsion bar counterbalance for the receiver array 

relies on a friction clamp to transmit torque from the torsion 

bar to the channel assembly. To insure that this friction 

clamp is not slipping, the following check should be made. 

With the drive arm in the vertical position, an index mark 

should be placed on the torsion bar and a matching mark on 

~e- friction clamp collar. The receiver array should then be 

run to the north stop, 48° off the vertical. If the index 

marks are still in line, then the torsion bar is working. 

properly. 
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VI. Maintenance · 

A. Per'·i·odic Maintenance 

· 1. Operating·· Mechanism 

a. Screw Jack 

The screw jack should be lubricated once a 

year. The grease fitting is located on the underside of the 

housing. If for any reason _the motor housing is opened, a 

new bead of caulk must be applied to provide a. weather seal 

for the motor. 

b. Receivers 

The glass covers on the underside of the 

·rebeivers s~ould be checked periodically to se~ that they are 
., 

clean and also to in~ure that no residue has accmnulated on 

the inside of the·glass. 'It ii not anticipat~d that cle~ning 

of the receiver glass will 'be necessary, but an occasional . 

·inspection· w-l.li prevent a deterioration of effici.ency due to 

,' ::residue accumulation. 

Each recciiver is equipped with an air ble~d 

valve at the highest point in the line. This valve is located 
' ., 

on th~ east ~nd of each r~ceiver inside the end plat~. If 

air· accumulation in the absorber is suspected, the following 

procedure szyould be used. Remove the end plate on the east 

(loop) end of the receiver (four screws hold this plate on) . 

Unfold the fl~x line and open the bleed valve until the trapped 

air has been released. Th~ flex line is provided to prevent 

water from getting inside the receiver while bleeding the line. 
. ·- __ : . ': - .. 

Replace the hose and the end plate. The end plate must be 
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ca.ulked in place to provide a weather-tight seal. 

The receiver. focus should be checked periodically. 

This procedu~e is described in section I.A.l of this report. 

2.\ Reflectors- Roof Panels 

All .exposed external edges of the laminated roof 

panel sandwich should be protected from exposure to the ~eather. 

Each end of each roo·f panel should be checked to insure that it 

is properly caulked and painted to prevent any deterioration 

of the adhesive bond between the foam core and the aluminum 

skins. 

Cleaning of the reflector surface is not usually 

necessary. During extended dry spells or exceptionally dusty 

or dirty conditions it may be necessary to hose off the roof 

mirrors toafford maximum performance of the collectors. 

When walking on the mirrored surface for maintenance 

or inspection of the system it is recommended that foam padding 

be used to prevent the mirrors from ,cracking. The polystyrene 

bead board packing material that was used for shipment of the 

roof panels works very well for this purpose. .A block of the 

polystyrene four or five inches thick can be layed on the 

mirrors or taped directly to the feet of anyone wishing to . 

walk out on the roof. 

3. Controls 

It is necessary that the control calibration 

p~ocedure (Page 7) be used for recalibration.periodically 

(six months or one year as required). The control cabinet 
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should be checked for surface corrosion and deterioration every 

six months_. . Sey-eral. RTD weather caps should be checked for 

moisture and deterioration in the thermowell. 

4. Piping- Flow Rates ·(circuit Setters) 

The insulated cover on the circuit setters should 

be removed yearly to check: for leaks. At the same time, the 
. . 

pressure drop through each circuit setter should. be checked 

.·.using the procedure on Page G~ 10. 

B. Repair and Replacement Instructions 

1. Generai. 

Any repair work on the·system should be done·only 

in.accordance with the manufacturer's recommended procedure 

.. forthe particular item in question. AAI's report No. ER-9008, 

"Solar System Assembly and r'nstallation Instructions" can be . . . . 
used as a guide for repair of the"basic operating mechanism 

and roof assembly. Any questions regarding items not covered 

or not clearly defined either here or in the above mentioned 

.installation instructions should be diTected to AAI Corporation's 

solar engineering department. 

2. Operating Mechanism 

If it becomes necessary to disassemble any portion 

of the drive mechanism (including tie bars and receivers), two 

things must always be considered beforehand. First, if the 

water flow is stopped, the receivers must.~ be allowed to 

remain in the focus posi ti·on for more than a minute or so • 
• : •.• t 

P.rovisions ·must. be made. to run water through the receivers or 
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to keep the receivers out of fociis>~#.J::ihg~_-_:th$·~:r.~pair period. 

Secondly, it must be remembe-red that the drive mechanism. is 

in a "spring_loaded" condition at all positions other than the 

vertical due to deflect~on.of the torsion bar. Disassembly 

should be attempted only after these items have b~en given 

proper attention. 

If work must be done on one particular receiver, 

it can be disconnected and repaired on the building roof, or 

on the ground if extensive repair is required, without 

disrupting the rest of the system. Receivers should be 

removed one at a time only and the drive arm should remain in 

the vertical position while the receiver is out. This must be 

done because of the increased length of the unsupported tie 

bar and the possibility of-buckling if a compression load is­

applied. Four 3/8" bolts hold the receiver to the tie ba~. 

Two 1" di~eter pivot pins connect the receiver to the 

receiver supports. The flex line on the west end is the only 

ot.her connection point for the receiver. By laying 2 x 10 's 

across the_ peaks of the roof panel near each en_d, the receiver 
\ ' 

can be layed on its back, with the water lines still connected, 

to replace glass or for other minor repairs. To remove the 

receiver to the ground, the flex _line.s must be disconnected and 

plugged to all~w water flow thru the rest of the system. The 

approximate weight of one receiver is 320 lb. 

If the screw jack is to be disconnected, the 

receiver array must be held in position by another means. The 

temporary tooling strut supplied by AAI can be used for this 
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purpose. The tooling strut will lock the drive arm in the 

vertical position. The receivers will not be in focus iri 

this posit~on during the fall and winter months (Sept. 21 

thru March 21}. During the spring and summer, however , this 

is a focus position and the tooling strut, therefore, should 

be used only if water is running in the system. 
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End seal 
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