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-161763
REPORT

SOLAR SPACE HEATING INSTALLED AT KANSAS CITY, KANSAS -
FINAL REPORT

Prepared from documents furnished by

Ducat l.ivestments Inc.
Kansas City, Kansas

Under DOE Contract EG-77-A-01-4079
Monitored by

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

For the U.S. Department of Energy

(NASA-CB~161763) SOLAE SEACE HEAT1NG H81-26557
INSTALLED AT KANSAS CITY, KAMSAS Fipal

—Repon (Cucat Investaments, Inc.) 135 p

HC A07/MF A0 CSCL 10a Unclas

U.S. Department of Energy




TABLE OF CONTENTS
PAGE

I. FOREWORD.....covvvensenses S |
I1. EXECUTIVE SUMMARY......cieeronsvonnorosnsasnasssoncsnnnssssesnnnaseed
I11. KEY WORD ABSTRACT . ..cvuuuureasessvsssassassonsonsansnssscsconsnsceeed
Iv. INTRODUCTION. ... vevnevenerssasssrornncnocsnonnssnnsssansssscssssassed
V. DESIGN PHILOSOPHY....... seseenne vesessecsssessessscscssssserrsssssned
VI. SITE AND BUILDING DESCRIPTION...c.ovsvevescsensrccascnnsscascsnnsensh
VII. SOLAR SYSTEM DESCRIPTION....ccveeeressonscvnsessarosnsscscssannnsessll
A. General OVervieWw......oeeeeeeseecensse onassnssssnsansssaasedll
B. Collector Subsystem.....ceoeecencsrsesacssnnns S 1 1
C. Storage Subsystem........... Cessescescreescesnrsnnne RS ¥4
D. Energy-to-load Subsystem....cceoevecessecrorcsccscscsncscansel?
E. Controls Subsystem......oeoseveesnvsecassossassonroorssscesssld
VIII. SYSTEM OPEPATING MODES............ cevese NS ¥ |
A. NMode 1 Space Heating (Solar OnTy).cccveceereeneecrconnnns ceeal?
B. Mode 2 Space Heating (Solar and Electric)...covveeninnencsssal?
C. Mode 3 Space heating (Auxiliary Electric Only)..c.ceevveennnse 21
IX. PERFORMANCE EVALUATION INSTRUMENTATION.....coveeeensencacccnncnncas .25
A. The National Solar Data Network........oooveeveeeceieasenness
B. On Site Instrumentation.......ccoveeirieenacsnnncosncioneessdl9
X. ACCEPTANCE TESTS. e eeuriuuuunneennonnrosonsasossscsscsssssssnssnnssssedd
A. System 8 = Bay 8...ccvveevecrssncesoscssscassssasssssncossssedb
B. System 12 - Bay 12........ PN . ¥4
C. System 17 = Bay 17...c00vvvenns seeeeesessesstsssaranas PR 1
D. System 20 - Bay 20.cceevcectcecocene Ceeersecsnrnes cesesensanse 54

FRECED G PAGE £ 5

iii NK NOT FiLmep



X1.
XI1.
X1l
XIV.
Xv.

XVI.

TABLE CF CONTENTS (Continued)

Page

PREDICTED SYSTEM PERFORMANCE DATA.......coo0vrevnnnnnss PN .1
PROBLEMS ENCOUNTED & RESOLUTIONS.......... sereserssna Y X )
LESSONS LEARNED & RECOMMENDATIONS........ P -1
STATEMENTS OF CONFIRMATION................ RN Y
APPENDIX. .o vvveninnnss tevnnnnnsascnnns Crieecetenanne DY
A, GlOSSArY.ieiveer toveseesosososnsseesesnssnnsses ceseen P 1]

B. Leygend for Solar System Schematics......... teeene cesenne ceeeeddS

C. Duct System......cvviveereienrsnnenscsncsnennnes ceereresrssens 76
OPERATION AND MAINTENANCE MANUALS......cvetvennnnnnncrsnscasrsoscns ..78

iv



1 FOREWORD

The National Program for Solar Heating and Cooling is being conducted by the
Department of Energy as mandated by the Solar Heating and Cooling Demonstra-
tion Act of 1974. The overall goal of the Federal Demonstration Program is

to assist in the establishment of a viable solar industry and to stimulate

its growth so as to achieve a substantial reduction in fossil fuel use

through widespread use of solar heating and cooling applications. An analysis
and synthesis of the information gathered through this program will be dis-

seminated in site-specific reports and summary documents. They include:

° Solar Project Description

) Design/Construction Contractor Final Report
° Project Costs

o Maintenance and Reliability

° Operational Experience

[ System Performance Evaluation

o Monthly Progress Reports

The Solar Project Description is prepared for the purpose of documenting the
project description in the "as-built" state. Information contained herein has
been extracted from data collected during site visits and from reference docu-
ments such as the project proposal, designers' specifications, contractors'
submittals, manufacturers' literature, photographs, "as-built" drawings, and
other project documentation as available. The remaining reports in this

series will rely on the Solar Project Description for specific site details.



II EXECUTIVE SUMMARY

The following is a brief summary of the solar energy system at the Ducat In-
vestments, Inc. warehouse in Kansas City, Kansas. Major Features of this

system includes:

. Collector - Air, double glaze, flat plate
° Freeze protection - None required

0 Application - Heating

° Storage - None

° New/Retrofit - New

° Performance Evaluation Instrumentation - Yes
) Site-Specific Features - Nu storage

The solar energy system was constructed with the new 48,800 square feet ware-
house to heat the warehouse area of about 39,000 square feet while the auxil-

iary energy system heats the office area of about 9,800 square feet.

The building has 20 bays, and each bay has its own solar system. The 20
collectors for each bay are mounted in a single row. These collectors are

double glazed, flat plate collectors and are mounted at %3° to tie horizontal.

Air is heated either through the collectors or by the electric resis-
tance duct coils. Return air is drawn through the collectors and circulated

back into the warehouse space. There is no storage for this system.

The solar energy system has been operational since April 1979. It has been
fully instrumented for performance evaluation and integrated into the

National Solar Data Network.



II1 KEY WORD ABSTRACT

Application--Space heating air system.

Coilector Type--Flat plate air.

Collector Manufacturer--Solaron Corpuration.
Collector Area--7,800 square feet.
Storage--Warehoused material and building shell mass.
Building Load--888.12 (Mill BTU).

BTU's Produced--(Estimated) 499.12 (Mill BTU).

Architect/General Contractor--Midgley, Shaughnessy, Fickel and Scott/
A. L. Huber & Sons Construction.

Solar System Contractor--City Wide Heating & Cooling Company, Inc.
IV INTRODUCTION

From the outset the Du-Cat Office and Warehouse had been planned to have

the flexibility to accommodate the space needs of future tenants and to
offer a real savings in heating and cooling operational costs. The building
is 100 feet deep and 488 feet long with a floor to steel joist height of 22
feet. The long axis of the building is from north to south. The collector:
are arrayed on the roof of the building in 20 rows with 20 collectors per
row. The original solar system was designed to meet A percentage of the
heating requirements for the warehouse portion of the building only. It

is estimated that the solar system will supply 56.2% of the heating require-
ments of the warehouse area. The warehouse was designed to take up 39,000
square feet of the building. The building envelope is well insulated in
that it has an R-20 roof and R-11 sidewall. Comparatively, the energy
required to heat the building without solar will be 30-35 percent less than

similar buiidings built under normal construction standards in the Kansas

City area.



V DESIGN PHILISOPHY

The solar systen is designed under the major premises of simplicity and
flexibility. In designing an office warehouse facility for the iceds of

a future unknown leasee, the space designer must be flexible in that he

can only assume the space requirements that a tenant will need. For example,
the building may accomodate one or ten leasees. One leasee may require

20. office space and 80" warehvuse space, while another may require just the
opposite. Therefore, the space designer can only provide a very tentative
floor plan which will lend itself to the probable needs of a tenant. $So

is the case with the mechanical engineer who must also remain flexible in his

design.

However, in designing under a grant situation one muit be relatively con-
crete in the design in which he intends to submit. In order to be firm in
design yet flexible in application the warehouse area was split into 20

24 foot by RO foot bays which assumes a normal warehouse/office space
requirement, Since the heating demands of the office and those of a ware-
house were different and that simplicity in solar design was paramount, it
was determined that the offices be heated and cooled conventionally while

the warehouse be heated with a primary solar system.

If we assume that there will be multiple tenants then we must also assume,
for metering and demand purposes, that each tenant will need to controi his
heating as required. Therefore, 20 individual solar systems were designed,
each with its individual thermostat control. The 2-stage space thermostat
will dictate the heating demand and a simple differential temperature con-

troller will acknowledge the availability or unavailability of solar heat.



The collectors on the roof are air collectors which are manifolded internally
and externally with supply and return ductwork. In the ducting system there
is one bi~ver, two motorized control dampers, and one electric resistance
heating section to supply back up heat. The control dampers are placed

in the ductwork so that air can be drawn through the collectors via the
blower into the supply ductwork in the interior of the warehouse, cr the

air may be rerouted to by-pass the collectors and allow the return air

to be heated directly by the electric resistance heater.

There is no provision for storage in the system other than the mass of
whatever materials are stored plus the mass of the building itself. There
are a number of reasons why storage was eliminated from the design. First:
the normal storage rock vessels are very space consuming and would take up
valuable warehouse space. Second: when storage is eliminated the need

for more extensive ductwork and controis are eliminated. Third: massive
storage requirements may not be necessary due to the fact that a warehouse
is normally manned about eight hours during the day. Therefore, nocturnal
demand is minimized and hopefully the heating requirement at night would

be partially satisfied by the radiant heat given off by the warehoused
materials which had absorbed much of the daytime heat. Fouirth: if this
warehouse is successfully heated without storage, it may be that warehouses
may wish to follow suit which could be one simple and inexpensive means of
heating voluminous spaces on a retrofit basis without extensive redesign and

structural changes.



VI SITE AND BUILDING DESCRIPTION

Site Description

Special topographical or climatic conditions - None
Latitude - 39°

Annual degrec days (65°F base)

o Heating - 5,357

o Cooling - 1,287

o Data location - Kansas City, Kansas

0 Data reference - "Input Data for Solar Systems" U.S. Department of
of Energy, Interagency Agreement No. E(49-26)-1041, November,1978

Average horizontal insolation

o  January - 648 Btu/ft?/day

o July - 2,102 Btu/ft?/day

o Data location - Kansas City, Kansas

0 Data reference - "Input Data for Solar Systems," U.S. Department of
Energy, Interagency Agreement No.E(49-26)-1040, November, 1978,

Site topographic description - Flat

Shading - None

Building Description

Occupancy - Warehouse and office
Total area - 48,800 ft2

0 Warchouse - 39,000 ft2
0 Office - 9,800 ft2
Solar conditioned area - Warehouse area only, 39,000 ft2
Number of stories - One

Roof slope - Flat



Structure
o Walls
) Type - Load bearing masonry woll
o  Exterior finish - Concrete block
') Insulatinn - |% in. sprayed cellviose, R-1 |
o  Doors - Overheod insulated doors

o Type - Opei web steel joists
o  Exterior finish - Built-up roof with gravel finish
o Insulation - § in, of fiberglass, R-20
Mechaunical System

[ Heating
o Solar - Air system with no storage
o Auxiliary - Electric resistance heater elements
o Distribution - Duct system

° Air Hondling Unit
o Monufacturer - Carrier

o Model No. - 40FS160300



Photograph 2

Ground view of
Du-Cat warehouse

Photograph 1

Aerial view of
Du-Cat warchouse
showing roof mounted
collectors
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VII SOLAR SYSTEM DESCRIPTION

A. General Overview

The Du-Cat Investments, Inc. site 1 a 100-foot by 488-foot stec] framed
commercial building located in Kansas City, Kansas. This leasable building

is divided into 20 equal areas, or unii:, which are designated units 1 threigh
20. Each unit contains approximately 2,400 square feet of conditioned

space, and includes an independently controlled solar energy and auxiliary
heating system. This modular design permits the flexibility of combining
multiple units to form offices and warehouses of various size floor areas as
required by a tenant. Although there are 20 independently controlled systems
installed in the building, only four systems, units 8, 12, 17, and 20, are

instrumented for collection of data.

For each unit, solar energy is collected by an array of flat-plate collectors
with a gross area of 400 square feet. The collectors, manufactured by Solaron
Corporation, face three degrees east of south at an angle of 53 degrees from
the horizontal. Solar heated air flows directly from the collectors to the
conditioned space. When solar energy is not available, auxiliary heating is

provided by a 14-kilowatt resistance heater within the air-handler unit {AHU).

B. Collector Subsystem
The collector array is in 20 rows with 20 collector panels in each row.
Each one of the 20 warehouse bays is individually heated by a collector row.

The office area in each bay is heated by conventional HVAC units.

10



VII SOLAR SYSTEM DESCRiPTION (con't)

Collectors
(] Type - Double glazed flat plate collectors
0 Manufacturer - Solaion
0 Model No. - 7000
° Number - 400
0 Collector orientation - 39 east of south
0 Tilt angle - 53" to the horizontal
) Gross area - 7,700 ft2
° Net area - 7,000 ft?

Array configuration - 20 rows of 20 collector panels each; see figure VII

for typical row.

Collector enclosure

° Frame material - 24 gage steel
] Overall size - 78 in. x 36 in. x 7% in.
] Gross area - 19.5 ft2
] Filled weight - 153 1b
Glazing
(] Number - Double
(] Material - Fourco clearlite low iron tempered glass
) Thickness - 0.125 in.

11



° Transmittance - 90 percent
() Reflectance - 4 percent
Absorber plate
(] Type - Flat plate
(] Material - 28 gage steel sheet
) Coating and application - Baked-on flat black coating
() Absorptance - 94 percent
o Emittance - 85 percent

Collector Support (see figure VIII)

The collectors are attached to welded steel angle triangular supports. The supports
are welded to metal legs that protrude through the roof in pitch pockets to metal
base plates. The base plates are welded to the metal bar ceiling joist. The north
side of the collector support is covered with metal siding. The steel angle supports

are 6 feet apart.

C. Storage Subsystem - Not applicable; there is no storage.

D. Energy-to-Load Subsystem

General Description - Space heating is provided for each bay by circulating air from
the warehouse through the collector bank. The air is passed through an air handling
unit with a single stage electric resistant heater before it is sent back to the

warehouse.

Space Heating

0 Ducting - Steel
() Air handling unit
o Manufacturer - Carrier

o Model No. - 40FS160300
o Flow rate - 1000 ft3/min

12



0 Power - 0.32 Hp
o Electric resistant heater element
0 Manufacturer - Indeeco
o Model No. - QUA
0 Output - 15 KW

° Dampers - Manufactured by Honeywell

E. Controls Subsystem

General Description - The solar energy system may operate in two modes. Fig-
ure IV shows the s 'stem for space heating from the collectors. The collector
absorber plate temperature must exceed the warehouse air temperature by 330F
before the mode is activated. The solar system will continue to operate until
the space heating demand has been met or the temperature differential between
the collector absorber plate and the air in the warehouse is less than 21OF.

A two-stage thermostat is used to maintain the warehouse at a set temperature.
If the solar system is unable to maintain the warehouse at the set temperature,
the two stage thermostat activates the electrical resistance duct coils to pro-
vide for auxiliary heating. Figure V shows the auxiliary space heating mode
when the collector absorber plate tempera-ure is less than 21°F warmer than

the warehouse air temperature.

The solar energy commercial demonstration project for the Ducat Investments,
Inc. warehouse is represented in The Site Plan figure I. The major components
of the system include 7,800 ft2 of Solaron collectors, an air handling unit,

and an auxiliary electric furnance.

13



Subsequent sections describe the collector, energy-to-load, auxiliary energy,
and control subsystems. Figure Il shows a overall system schematic. Append-

ices A and B present a glossary and legend of symbols.

14
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VIII SYSTEM OPERATING MODES

0f the total of 20 individual Solar Collection Systems, four systems
are completely instrumented. These four systems cover bays 8, 12, 17 and
20. Figure III shows the instrumentation location for the temperature
sensors, flow meters, and watt meters. The space heating system for
each of the instrumented units (shown schematically in Figure 1II has

three modes of operation.

A. Mode 1 - Space Heating (Solar Only): This mode is entered when the
sensed air temperature inside one collector absorber channel exceeds
the sensed building inside ambient temperature by 33%F, and a stage
one heating demand exists. In this mode, motorized damper D1 is
closed, damper D2 is open, fan F1 is activated, and the auxiliary
heating is cff. This mode is terminated when either additional heat-
ing is required, as sensed by the thermostat, or when the sensed
collector air temperature no longer exceeds the sensed building ambient
temperature by more than 219F. This mode of operation is shown in

Figure 1V.

B. Mode 2 - Space Heating (Solar and Auxiliary): This mode is entered from

Mode 1 when the thermostat indicates that additional heat is required, and
the sensed collector absorber air temperature exceeds the building tempera-
ture by more than 21°F. In Mode 2 operation, motorized damper D1 is closed,
motorized damper D2 is open, AHU F1 is activated, and the auxiliary resis-
tance heater is on. Termination of this mode occurs when Mode 1 or 3 condi-
tions are met or the space heating demand is satisfied. This mode of

operation is shown in Figure V.

17
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c.

Mode 3 - Space Heating (Auxiliary Only): This mode is entered
from either Mode 1 or 2 when the sensed collector air temperature
no longer exceeds the building temperature by 219F. Space
heating is provided entirely by the electrical resistance heat-
er in the AHU. In this mode, motorized damper D1 is open and
motorized damper D2 is closed. This mode of operation is
depicted in Figure VI.

The collector air flow arrangement for & typical row of collectors

is shown in figure VIl while figure VIII shows a cross section

of a typical collector row together with the support subsystem.

21
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Ix PERFORMANCE EVALUATION INSTRUMENTATION

A. The National Solar Data Network

The National Solar Data Network (see Figure IX) has been developed for the
Cepartment of Energy to process data collected from specific commercial
demonstration sites which were selected for thermal performance evaluation.
The data flow in the Network is shown in figure X. Products from the
Network includes monthly and seasonal system-performance reports describing

the thermal performance of the solar energy system and subsysti.ms.

The performance evaluation instrumentation at each selected demonstration site
is part of a comprehensive data collection system that allows for valid analyses
of the solar system performance. Collected data are both applicable and prac-
tical in calculating thermal performance factors that describe the behavior of
the solar system (see NBSIR 76-1137, National Bureau of Standards). Additional
instrumentation may also be included as a result of site-specific requirements.

Typically, the instrumentation includes sensors that monitor the following:

(] Total insolation in the plane of the collector array

o Ambient temperature

() Collector subsystem flow rate and temperatures

0 Storage inlet flow rate and temperatures

o Storage outlet flow rate and temperatures

[ Storage temperature

() Storage-to-l1cad subsystem flow rate and temperatures
° Auxiliary fuel flow rates

25
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s BLE L

Site data are recorded automatically at prescribed intervals by the Site Data
Acquisition System (SDAS). The recorded data are transmitted daily to the
Communications Processor in the Central Data Processing System (CDPS). The
communications link between every SDAS and the CDPS consists of voice-grade

telephone lines and telephone data couplers. A reading is transmitted from the

SDAS internal timer with every data sample to ensure that the data are time-

tagged correctly.

The Communications Processor scans the receiving data to identify any apparent
transmission errors and verifies correct site contact by checking the address
code transmitted by the SDAS. Data are stored temporarily in the Communications
Processor and processed by the Host Computer. The processing includes measure-
ment checking to ensure that the data are reasonable; that is, that they are not
beyond the known instrument limits and they are not erratic. Data which appear
questionable are discarded and are not used in the solar system performance

analyses.

Appropriate equations were formulated and programmed to define desired per-
formance factors for the solar energy systems at each selected demonstration
site. A performance factor is a number that describes either the efficiency

or the quantity of energy lost, gained, or converted by a solar energy system
or by a component. All valid data are processed using these performance factor
equations to qenerate hourly performance factors. Hourly performance factors
are integrated into daily and monthly performance factors. These hourly, daily,

and monthly pertormance factors are stored in data files in the CDPS. These

data files also include measurement data, expressed in engineering units; numerical



and textual site identification; and specific site data used in generating

the performance factors.

B. Onsite Instrumentation

The onsite instrumentation includes sensors to monitor the various parameters
of the solar energy system, a junction box, and a Site Data Acquisition
System that stores and transmits data to the Host Computer (see figures IX
and X). Specific information for temperature, flow, power, and miscellaneous
sensors is presented in tables 1 through 4, respectively. Sensor locations

are shown in figure XI.
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X ACCEPTANCE TESTS
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DUCAT OFFICL - WARLNOUSE

SYSTEM 8 - Bay 8

SYSTEM TLST ) - Visual System Installation Inspection

NS =

(V8]

DO ~NOYC S

TEST O0BJCCTIVE:

A visual system inspection to verify that all system
components are installed correctly, sized properly,
and in their proper place within the system,

TEST PREREQUISITE:

ATl system components must conform to "as built"
drawings and spnecifications.

Technician: Jack Searcy
Date: 5/23/79
Time: 8:30 a.m. Corrections

made to meet
System Component Approved (¢Y Non Approved(v) test acceptance

)

()

!
|

Soler collectors
Collector manifold
ductwork{rectanqular)
Colector manifold
duc work{(round flexible)
Return air filter

Air handler

Motor dawmpers

bacl draft danpers
Controls

suphly reqgisters

> K

S~~~ — — o~
2C 2 DC DX D€ D>
et N St s et gitl® ~— N

P~ p—
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DUCAT OFFICE » HAREHNUSE

SYSTEM TEST 2 - System Operation
TEST OBJECTIVE:

A manual inspection to verify that all fans, dampers,
controls and air distribution systems are operating
as specified.

TEST PRERFQUISITE:

Components must operate as indicated hy following
operational mode sequence.

Technician: Jack Searcy

Date: 5/23/179

Time: 12:50

T2-A - Heating from Collector

Procedure: Set space thormostat to call for 1st staqe
heat., 1If collector heat is not availahle
this mode can bhe simulated hy disconnect-
ing temperature sensor Tco or Tci lead at
differential controller,

Operation: (v ) If system operates as indicated
Fan - ON é

(

(

Motor Damper 1 - CLNSE
Motor Damper 2 - OPEN
Back Draft Damper - OPEN
Resistance Heater - OFF (X

NNTE: IF SYSTEM DOEFS HOT NPCRATE AS INDICATED, CORRECT
AS NECESSARY AMD INDICATE CORRECTION MADE.

No Corrections necessary

T2-B - Heating With Supplemental Heat Only

Procedure: Set space thermostat to call for 2nd staqe
heat. If collector heat is still available
disconnect both Tco and Tci sensor leads
from temperature differential controller
to simulate the ahsence of heat in the
collectors.

37



SYSTEM TEST 2 - Paqe 2

Nperation: (/) If system onerates as indicated
Fan .~ ON ( X)
Motor DPamper 1 - NPFY ( X)
Motor Damper 2 - CIDNSE ( X)
Back Draft Damper - CINS[ ( X)
Resistance Heater - Nii ( X)

MOTE: IF SYSTEM DNAES NNT OPTRATE AS IYINDICATED, CNARRECT
AS NECESSARY AMD [MDICATE COARRFCTINN MADE.

No corrections necessary

T2-C - Heatina "ith Collector Heat And Supplemental Heat

Procedure: Set space thermonstat to call for 2nd staoe
heat, I|f collector heat is available the
followina operation should result.

Operation: (v) If system operates as indicated
Fan *T)nN ( l’.)
Motor Damper 1 - CLOSED ( X)
Motor Damper 2 - OP[Y ( X)
Back Draft NDamper - OPCN ( Xx)
Resistance Heater - 0N ( x)

NOTE: IF SYSTFM NNES NOT OPCRATFE AS IMPICATED, CORRECT
AS NLCCESSARY AND IHNDICATF CNORRFCTINN MADF,

No corrections necessary
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DUCAT OFFICE % WAREHNNSE

S?STEM TEST 3 - Temperature Test
TEST OBJECTIVE:

To demonstrate temperctures at various points in the
system,

TEST PREREQUISITE:

For collected solar heat to be usabhle the temperature
at the collector must be 38“F+ 5° ahove the ambient
room temperature.

Test Procedure:

Measure the ambient room temperature. fiven that the
indoor thermostat is set on first stage heat the solar
system will ooerate if the temperature of asir in the
collectors is 38°F+ 5°F qreater than ambient. The sclar
system will shut off when the difference between collector
temperature and ambient temperature is reduced to 25°F

+ 5°F, To simulate a reduction in temperature differ-
ential the room ambient temperature sensor can he warmed
artifically.

Technician: Jack Searcy

Date: 5/23/79

Time: 1:05

A. Collecto» temperature 192 °F

B. Indoor ambient temperature 68 °F

Temperature "B" 193 °F - Temperature "A" 68 °F =

125 °F Temperature Differential.
T OQutside ambient = 75°F
NOTE: If Temperature Differential is areater than 38°F
+ 5°F the sclar system should be oneratina,
If Temperature NDifferential is less than 25°F +
5°F the solar system should not he oneratina and
the supplemental heat should he on.

NOTE: IF SYSTEM DNES NNT NPERATE AS INDICATED, CNRRECT
AS NECESSARY AND IMNPICATE CORRECTINN MADE.
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DUCAT OFFICFE “ WARCHOUST

SYSTEM TEST 4 - Electrical lisage
TEST OBJECTIVE:

Measure amp load on bhlower motor.

TEST PPEREQUISITE:

Test must indicate that amperaqge draw is within manu-
facturer's specification as listed below.

TEST PROCEDURE :

Compounent Manufacture Snec. Fla AMP Load
Fan 3.0 2.7

et i

NOTL. IF MEASHURED AMP LOAN IS GRFATIR THAM INDICATEN
ABOVE, CORRECT AS MECESSAPY AND INDICATE
CORRLCTINY MADL.,

Technician: Jack Searcy

Date: 5/23/179
Time: 1:10
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DUCAT NFFICE * YARFHNUSE

O?FICE TEST 5 - Collector Flow and Pressure Dron
TEST OBJECTIVE:

Measure collector flow rate in cubic feet per minute.

TEST PREREQUISITE:

System flow rate and pressure drop must conform as
specified below, .

TEST PROCEDURE:

Measure system velocity and pressure dron at cold air
and hot air collector manifold duct using a air velom-

eter.

Specified velocity Measured velocity

700-800 FPM 151.2

Specified CFM Measured CFM

780-1170 CFM 954

Specified Pressure Dron Measured Pressure Drop
Approximately .23" .21 iwg

NOTE: IF MEASUREMENTS N0 NOT REFLECT THE ABOVE
SPECIFICATINNS, BALANCE SYSTEM ACCORDINGLY.

Technician: Jack Searcy
Date: 5/23/79
Time: 1:15
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DUCAT OFFICE " WARLCHOUSE

SYSTEM 12 - Bay 12

SYSTEM TEST 1 - Visual System Installation Inspection

OO NoOO D w N —

. e

TEST OBJECTIVE:

A visual system inspection to verify that all system
components are installed correctly, sized properly,
and in their proper place within the system.

TEST PRERCQUISITE:

A1l system components must conform to "as built"
drawings and specifications.

Technician: Jack Searcy
Date: 5/23/79

Time : 8:45 a.m. Corrections
made to meet

System Component Approved (v) Mon Approved(v) test acceptanrce

Solar collectors g

Collector manifold

ductcwork(rectangular)

Collector manifold

ductwork(round flexible)

Return air filter

Air handler

Motor dampers

Back draft danpers

Controls

Supply registers

>x X >

D D 2 DL DL DL
e Nt P e e P i P et

|
|
3

I— S~ T~ S~ P~ T~ - ———
PN S S P " -—
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DUCAT OFFICE & WAREHNUSE

SYSTEM TEST 2 - System Nperation
TEST OBJECTIVE:

A manual inspection to verify that all fans, dampners,
controls and air distrihution systems are operating
as specified.

TEST PRERFQUISITE:

Components must operate as indicated hy following
operational mode sequence.

Technician: Jack Searcy

Date: 5/23/79

Time: 9:15 a.m.

T2-A - Heating from Collector

Procedurc: Set space thermostat to call for 1st staqge
heat. If collector heat is not available
this mode can be simulated hy disconnect-

ina temperature sensor Tco or Tci lead at
differential controller.

Operation: (v ) If system operates as indicated
Fan - ON (x)
Motor Damper 1 - CLOSE (x)
Motor Damper 2 - OPFHN (x)
Back Draft Namper - NPLN (x)
Resistance Heater - OFF (x)

NNTE: IF SYSTEM DOES NOT NPLCRATE AS INDICATED, CNRRECT
AS NECLCSSARY AND INNICATE CORRECTINH MADE.

No corrections necessary

T2-B - Heating With Supplemental Heat Only

Procedure: Set space thermostat to call for 2nd staqe
heat. If collector heat is still availahle
disconnect both Tco and Tci sensor leads
from temperature differential controller
to simulate the ahsence of heat in the
collectors.
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SYSTEM TEST 2 - Page 2

Nperation: (V'; If system onerates as indicated
Fan - ON ( X

Motor Damper 1 - NPEN ( X)

Motor Damper 2 - CLOSE ( Xg

Back Draft Damper - CLNSE (X

Resistance Heater - 0N ( X)

NHOTE: IF SYSTEM DNES NNT OPECRATE AS IMDICATED, COARRECT
AS NECESSARY AMD INDICATE CORRECTINN MADE.

No corrections necessary

T2-C - Heating With Collector Heat And Supplemental Heat

Procedure: Set space thermostat to call for 2nd staae
heat. 1If collector heat is available the
followina operation should result.

v¥) If system operates as indicated

Operation:
Fan - ON

(

(xg
Motor Damper 1 - CLOSED ( x
Motor Damper 2 - OPECN ( X)
Back Draft Namper - 0OPEN ( Xx)
Resistance Heater - 0N ( x)

NOTE: IF SYSTEM DNES NNT OPFRATE AS IMNICATED, CORRECT
AS NECESSARY AND INNICATE CNRRECTINY MANF,

No corrections necessary
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DUCAT OFFICE » WAREHMISE

S?STEM TEST 3 - Temperature Test
TEST NBJECTIVEL:

To demonstrate temperatures at various points in the
system,

TEST PREREQUISITE:

For collected solar heat to be usable the temperature
at the collector must be 38°F+ 5° ahove the ambient
room temperature.

Test Procedure:

Measure the ambient room temperature. fiven that the
indoor thermostat is set on first stage heat the solar
system will ooerate if the temperature of air in the
collectors is 38°F+ 5°F qreater than amhient. The solar
system will shut off when the difference hetween collector
temperature and ambient temperature is reduced to 25°F

+ 5°F. To simulate a reduction in temperature differ-
ential the room ambient temperature sensor can he warmed
artifically,

Technician: Jack Searcy
Date: 5/23/79
Time: 10:30

A. Collector temperature 117 °F
B. Indoor ambhient temperature 72 °F

Temperature "B" 117 °F - Temperature "A" 72 °F =

__45 °F Temperature Differential.
Qutside ambient = 68°F
NOCTE: If Temperature NDifferential is areater than 38°F
+ 5°F the solar system should he oneratina,
Tf Temperature NDifferential is less than 25°F +
5°F the solar system should not he oneratina and
the supplemental heat should he on.

NOTE: IF SYSTEM DNES NNT NPERATE AS INDICATED, CORRECT
AS NCCESSARY AND [MNNICATE CORRECTINN MADE.
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DUCAT OFFICFE % YWARFHOUSE

SYSTEM TIST 4 - flectrical Usaqe
TEST OBJECTIVE:

Measure amp load on blower motor.

TEST PPLRIQUISITE:

Test must indicate that amperaqe draw is within manu-
facturer's specification as listed below.

TEST PROCEDURY :

Comnonent Manufacture Snec. fla AMD Load

Fan 3.5 2.9

NOTC:  IF MEASURED AMP LNAN S GRLATER THAM INNICATED
ALOVE, CORRLECT AS MPCTSSAPY AYUD IMPICATE
CORRUCTINY MADL,

Technician: Jack Searcy

Date: 5/23/179

Time: 9:45 a.m.
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DUCAT NFFICE % “WARENNUSE

OFFICE TEST 5 - Collector Flow and Pressure Dron
TEST OBJECTIVE:

Measure collector flow rate in cubic feet per minute,.

TEST PREREQUISITE:

System flow rate and pressure drop must conform as
specified below.

TEST PRNCENURE:

Measure system velocity and pressure dron at cold air
and hot air collector manifold duct using a air velom-

eter,

Specified velocity Measured velocity

700-800 FPM 788 FPM

Specified CFM Measured CFM

780-1170 CFM 995 CFM

Specified Pressure Nron Measured Pressure Drop
Approximately .23" 23 iwg

NOTE: IF MEASUREMENTS N0 NOT REFLECT THE ARNVE
SPECIFICATINNS, BALANCE SYSTEM ACCNARDINGLY.

Technician: Jack Searcy
Date: 5/23/79
Time: 10:00
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DUCAT OFFICE - WARCHOUSE

SYSTEM 17 - Bay 17

SYSTEM TEST 1 - Visual System Installation Inspection

TEST OBJECTIVE:

A visual system inspection to verify that all system
components are installed correctly, sized properly,
and in their proper place within the system,

TEST PREREQUISITE:

SO NOOY S (¥ (o

A1l system components must conform to "as built"
drawings and specificatiors.

Technician: Jack Searcy
Date: 5/23/79
Time: 8:55 a.m, Corrections

made to mect
System Component Approved (/) Yon Approved(v) test acceptance

()

()
)

Solar collectors (X

Collector manifold (X

ductwork(rectangular)

Collector manifold (

ductwark(round flexible)

Return air filter g
(

>

Air handler

Motor dampers

Back draft danpers
Controls

Supply registers

J
|
%

> D€ X ¢ > >

(
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JUCAT OFFICE » MAREHNUSE

SYSTEM TEST 2 - System Nperation
TEST OBJECTIVE:

A manual inspection to verify that all fans, dampers,
controls and air distribution systems are operating
as specified.

TEST PREREQUISITE:

Components must operate as indicated by following
operational mode sequence.

Technician: Jack Searcy
Date: 5/23/179

Time: 10:45 a.m.
T2-A - Heating from Collector

Procedure: Set space thermostat to call for 1st stage
heat. If collector heat is not availahle
this mode can be simulated hy disconnect-
inqg temperature sensor Tco or Tci lead at
differential controller.

Operation: (v ) If system operates as indicated
Fan - ON } ;
(5
(
)

Motor Damper 1 - CLOSE
Motor Damper 2 - OPEN
Back NDraft NDamper - OPEN
Resistance Heater - 0OFF

€ >¢ > XX XX

NOTE: IF SYSTEM DOES NOT NPLCRATE AS INDICATED, CORRECT
AS NECESSARY AND INDICATE CNRRECTION MADE.

No corrections necessary

T2-B - Heating With Supplemental Heat Only

Procedure: Set space thermostat to call for 2nd staqe
heat. If collector heat is still availahle
disconnect both Tco and Tci sensor leads
from temnerature differential controller
to simulate the ahsence of heat in the
collectors.
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SYSTEM TEST 2 - Paqe 2

Nperation: (V'; If system onerates d4s indicated
Fan - 0% ( x

Motor Namper 1 - NPFY ( x)

Motor DNDamper 2 - CLOS[ 5 xg

Back Draft Damper - CINST X

Resistance lleater - 0N ( x)

NOTE: IF SYSTEM DNES HNT 0P RATE AS IUINICATED, COARRECT
AS NECESSARY AMD INDICATFE CARAICTINN MADE,

No corrections necessary

T2-C - Heatina Yith Collector ileat And Supplemental Heat

Procedurce: Set space thermostat to call for 2nd staoe
heat. If coliector heat is available the
followina operation should result.

Nperation: (v') If system operates as indicated
Fan - ON ( X}
Motor Damper 1 - CLOSED ( X)
Motor NMamper 2 - OPEN ( X)
Back Draft Damper - NOPLN ( X)
Resictance Heater - ON {( X)

NOTE: IF SYSTEM NOES UNT OPTRATE AS INNICATED, CORRECT
AS NECESSARY AND INDICATE CORRICTINN MADF,

No corrections necessary
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DUCAT OFFICE » WAREHNISE

SYSTEM TEST 3 - Temperature Test
TEST NBJECTIVE:

To demonstrate temperatures at various points in the
system,

TEST PREREQUISITE:

For collected solar heat to be usable the temperature
at the collector must be 38°F+ 5° ahove the ambient
room temperature.

Test Procedure:

Measure the ambient room temperature. fAiven that the
indoor thermostat is set on first stage heat the solar
system will onerate if the temperature of air in the
collectors is 38°F+ 5°F qreater than amhient. The solar
system will shut off when the difference hetween collector
temperature and ambient temnerature is reduced to 25°F

+ 5°F., To simulate a reduction in temperature differ-
ential the room ambicent temperature sensor can he warmed
artifically.

Technician: Jack Searcy
Date: 5§/23/179
Time: 11:00 a.m.

A, Collector temperature 160 °F

B. Indoor amhient temperature 72 °F

Temperature "B" 160 °F - Temperature "A" 72 °F

88 °F Temperature Nifferential.
Outside ambient = 71°F
MOTE: If Temperature Differential is areater than 38°F
+ 5°F the solar system should he onerating.
Tf Temperature NDifferential is less than 25°F +
5°F the solar system should not he oneratine and
the supplemental heat should he on.

NOTE: IF SYSTEM DNES MNT NPLRATE AS INNICATED, CNRRECT
AS NECESSARY AND I'INICATE CORRECTINN MADE.
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DUCAT OFFICE + UAREHOUST

SYSTEM TEST 4 - Flectrical Usaqe
TES) _OBuFCTIVI:

Measure amp load on bhlower motor,

TEST PPLROQUISITE:

Test must indicate that amperaqe draw i1s within manu-
facturer's specification as listed below.

TESY PROCEDURE :

Component Manufacture Spec. Fla AMP Load

Fan 3.5 2.8

NOTL: IF MOASURED AMP LOAN [S GREATER THAM INDICATED
ABOVE, CORRIECT AS NECLSSARY AND INDICATE
CORRECTINN MADC,

Technician: Jack Searcy
Date: 5/23/19
Time: 11:05
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DUCAT OFFICE > “YAREHNUSE

O?FICE TEST 5 - Collector Flow and Pressure Dron
TEST OBJECTIVE:

Measure collector flow rate in cubic feet per minute.

TEST PREREQUISITE:

System flow rate and pressure drop must conform as
specified below.

TEST PROCEDURE:

Measure system velocity and pressure dron at cold air
and hot air collector manifold duct using a air velom-

eter.

Specified velocity Measured velocity

700-800 FPM 768.8

Specified CFM Measured CFM

780-1170 CFM 871.7

Specified Pressure Dron Measured Pressure Drop
Approximately .23" .25 iwg

NOTE: IF MEASUREMENTS NN NOT REFLECT THE ABRNVE
SPECIFICATINNS, BALANCE SYSTEM ACCORDINGLY.

Technician: Jack Searcy
Date: 5/23/79

Time: 11:10 a.m.
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DUCAT OFFICE .« WARLHOUST

SYSTEM 20 - Bay 20

SYSTEM TEST 1 - Visual System Installation Inspection

| AR
-

TN D

TEST OBJICTIVE:

A visual system inspection to verify that all system
components are installed corrcctly, sized properly,
and in their proper place within the system,

TEST PRERLQUISITE:
A1l system components must conform to "as built"
drawings and specifications.

Technician: Jack Searcy
Date. 5/23/79

Time 9:05 a.m, Corrections
made to meet
System Component Approveu (v) Mon Approved(v) test acceptance

|

)

Solar collectors {
(
(
éx; Dirty/replace
(

Collector manifold
ductwork(rectanqgular)
Collector manitold
ductwork(round flexible)
Return air filter

Air handler

Motor danmpers

Backh draft danpers
Controls

Supply regaisters

> >

>

i

)

e e s e s — ——"

PN, P P, P P P~ — —

>C > >C >¢ >
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DUCAT OFFICE & WAREHNUSE

SYSTEM TEST 2 - System ONperation
TEST OBJECTIVE:

A manual inspection to verify that all fans, dampers,
controls and air distribution systems are operating
as specified.

TEST PREREQUISITE:

Components must operate as indicated by following
operational mode sequence.

Technician: Jack Searcy
Date: 5/23/79

Time: 11:40 a.m.
T2-A - Heating from Collector

Procedure: Set space thermostat to call for Ist stage
heat. If collector heat is not availabhle
this mode can be simulated by disconnect-
inag temperature sensor Tco or Tci lead at
differential controller.

Operation: (v ) If system operates as indicated
Fan - ON § ;
§ )
)
)

Motor Damper 1 - CLOSE

Motor Damper 2 - OPEN

Back Draft Damper - OPEN
Resistance Heater - OFF (

NATE: IF SYSTEM DOEFS NOT NPERATE AS INDICATED, CORRECT
AS NECESSARY AND INDICATE COARRECTION MADE.

No corrections necessary

T2-B - Heating With Supplemental Heat Only

Procedure: Set space thermostat to call for 2nd staqe
heat. If collector heat is still available
disconnect both Tco and Tci sensor leads
from temperature differential controller
to simulate the absence of heat in the
collectors.

55



SYSTEM TEST 2 - Page 2

Nperation: (/) If system oterates as indicated
Fan - ON ( x)
Motor Damper 1 - 0OPFM ( x)
Motor Damper 2 - CLOSE ( x)
Back Draft Damper - CLNSF ( x)
Resistance Heater - 0OHN (NO)

MOTE: IF SYSTEM DNES NOT OPFRATE AS IMDICATED, CORRECT
AS NECESSARY AMD INDICATE CNARRCCTINN MADE.

Spade clip on low voltage had come loose -
Reconnect and check out

T2-C - Heatina Yith Collector Heat And Supplemental Heat

Procedurce: Set space thermnstat to call for 2nd stace
heat. If collector heat is available the
followina operation should result.

Operation: (v} If system operates as indicated
Fan - ON ( X)
Motor Damper 1 - CLOSED ( x)
Motor Damper 2 - OPCN ( Xx)
Back Draft Damper - OPEN ( Xx)
Resistancn ileater - 0N {X)

NOTE: IF SYSTIM NNAES NOT CPIRATE AS [MDPICATED, CORRECT
AS NECESSARY AND INDICATE CNRRLECTINAN MADE,

No corrections necessary
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DUCAT OFFICE & WAREHNNSE

SYSTEM TEST 3 - Temperature Test
TEST NBJECTIVE:

To demonstrate temperatures at variove points in the
system.

TEST PREREQUISITE:

For collected solar heat to be usable the temperature
at the collector must be 38°F+ 5° ahove the ambient
room temperature.

Test Procedure:

Measure the ambient room temperature., fiven that the
indoor thermostat is set on first staqe heat the solar
system will ooerate if the temperature of air in the
collectors is 38°F+ 5°F qreater than amhient. The solar
system will shut off when the difference hetween collector
temperature and ambient temperature is reduced to 25°F

+ 5°F, To simulate a reduction in temperature differ-
ential the room ambient temperature sensor can he warmed
artifically.

Technic*an: Jack Searcy
Date: £/23/179
Time: 12:10

A. Collector temperature 171 °F
B. Indoor ambient temperature _ 69 °F

Temperature "B" 171 °F - Temperature "A" 69 °F =

102 °F Temperature Nifferential,
Qutside ambient = 73°F
NOTE: If Temperature Differential is areater than 38°F
+ 5°F the solar system should be oneratina.
Tf Temperature NDifferential is less than 25°F #
5°F the solar system should not he oneratina and
the supplemental heat should he on.

NOTE: IF SYSTEM DNES NNT NPERATE AS INNICATED, CORRECT
AS NECESSARY AND IMNICATE CORRECTINN MADE.
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NUCAT OFFICE  YARFUNUST

SYSTEM TEST 4 - Flectrical Usaqo
TEST 0BJLCTIVE:

Measure amp load on hlower motor,

TEST PPERIQUISTIH :

Test must indicate that amperaage draw is within manu-
facturer's specification as listod helow.

TEST PROCENURT :

Component Manufacture Snec. Fla AMP Load
Fan 3.5 2.9

NOTD: IF MEASURED AMP LOAN |S GPFATER THAM INNICATED
ABOVE, CORRECT AS MICUSSARY AND INDICATE
CORRLCTION MADLE,

Technician: Jack Searcy

Date: 5/23/79
Time: 12:15
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DUCAT NFFICE " MAREHNMISE

OFFICE TEST § - Collector Flow and Pressure Nron
TEST OBJECTIVE:

Measure collector flow rate in cubic feet per minute.

TEST PREREQUISITE:

System flow rate and pressure drop must conform as
specified below,.

TEST PROCENURE :

Measure system velocity and pressure dron at cold air
and hot air collector manifold duct using a air velom-

eter.

Specified velocity Measured velocity

700-800 FPM 776.6

Specified CFM Measured CFM

780-1170 CFM 978.5

Specified Pressure Dron Measured Pressure Drop
Approximately .23" 2.0 iwg

NOTE: IF MEASUREMENTS DN NOT REFLECT THE AROVE
SPECIFICATINNS, BALANCE SYSTEM ACCORDINGLY.

Technician: Jack Searcy
Date: 5/23/79
Time: 12:20 a.m.
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XI PREDICTED SYSTEM PERFORMANCE DATA
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X! Predicted System Performance Data
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4 COTERECTOR SLOFE eereotsossesssresssssvsssnonne 45,00 DEGKLES
/ AZTMUTH ANGLE (E.Ge SOUTH=0» WEST90) s eertveee 3,00 LEGKELS
o CIORAGE CAFACTITY s ot neonens XX 7:50 RTUI/ZF-FTD
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I CETE UALTL NUMEBER e o0 s oo ossoveostonsessosononea 23.00
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o b it

by b N 1, OO

J l.. I ."-.'70‘\"- e U()({ - *\OUT“LV
Vo N D FEREAT I ¢ 19 11 LOADS
NTIRD 1.2%00000,000

vy 460000 , VOO R®TU  pveencs
1IN 0.000 b“v

HY1 OO0V

AL 0.000

ab v 170000,000

Ul Y30000,000

NOV S720000.000

LE o 6240000,000

4 & X THIEKMAL ANALYSLS x % X Kk

I i PERCENT  INCIDENT  HEATING  WATER DEGREE AMHIENT

HOU AR HULAK L.OAL LOAD LAYS 1EMF

(MILL) (ML) (M1LLD)

(BITW) (T (ki) (F-LaAY) (F)
JaN S0 b 2030 .9 243,35 0.00 1076, .500
bt av.2 29640 174,72 0.00 874. KA
MAK 3741 370,2 106,02 0.00 716, 43,
ATl 100,0 369.7 3,70 0.00 324, sS4,
MAY 100.0 407 .2 14,26 0.00 124, 64,
.Jl.’f“ 0'0 :5970’.) 0000 0000 120 ,30
S 0.0 4.'3.8 0.00 0.00 0. 77
IS 0.0 4458 .6 0.00 0,00 Q. 75
HSEF 100.,0 440.5 5.10 0.00 o4, b,
OCd 100.,0 412.6 28,43 0.00 291, S/,
NOV 1.4 332,95 83.70 0,00 651, a4,
It ¢ 0.6 282. 4 193,44 0.00 P67, 32,

ORIGONAL PAGE IS
OF POOR QUALITY
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XII PROBLEMS ENCOUNTERED & RESOLUTIONS
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XI1 PROBLEMS ENCOUNTERED & RESOLUTIONS

One problem which has re-occurred is damper air leakage through the
motorized damper, located in the warm air supply duct from the
collectors. This leakage occurs when there is a demand in the space
for heat and the auxiliary electric heat source is called upon

due to the absence of available solar heat. A single blower is

used {or solar heat and auxiliary heat. When the auxiliary heater

is called for (usually at night) the blower comes on and draws a small

portion of cold air through the leaking solar damper.

To correct this problem two options are available. First, replace
this one damper with an even tighter fitting damper. Or second,
separate the solar system from the auxiliary system. A second

blower would need to be added to either the solar or auxiliary system

in this case.
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XIII LESSONS LEARNED AND RECOMMENDATIONS
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X111 LESSONS LEARNED AND RECOMMENDATIONS

The overall system design is relatively simple and would be difficult
to improve upon without complicating the design to any degree. With few
exceptions the systems components have stood up well. Damper leakage is
a recurrent problem for many air-type solar heating systems. It would be
our reconmendation that the very best tight seal damper available be

used and as few dampers be used in the system as possible.

There have been no problems with system components (collectors or support
framing) above the roof, However, we would suggest that as few roof

penetrations as possible be made through the roof membrane,

Since space heating within a warchouse is the only purpose of this system
it would be our recomnmendation that any elaborate distribution ductwork

be eliminiated from the design.
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XIV STATEMENTS OF CONFIRMATION
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X1V STATEMENTS OF CONFIRMATION
This statesent is to confirm the DuCat Investment Solar System installed
on the building located at Interstate 635 and Shawnee Drive, Kansas City,
Kansas:

A. Was installed per as built drawings

B. Met the Acceptance Test Plan provisions

C. Met the Interim Performance Criteria requirements

Signed

T f) } /0
/o'/fa‘///' 1//{ (7115 =
Timothy 0. Duval

Dutat Investment Company
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XV. APPENDIX

A. Glossary

ABSORBER PLATE - The surface in a flat-plate collector that absorbs incident
solar radiation and transfers the absorbed energy to a heat transfer fluid.
ABSORPTANCE - The ratio of absorbed radiation by a surface to the total
incident radiation on that surface,

ABSORPTION SUBSYSTEM - The mechanical equipment that conditions indoor
air by an absorption process,

ACTIVE SOLAR SYSTEM - An integrated solar energy system, consisting of
collector, storage, solar energy-to-load subsystems, that can condition indoor air
or preheat domestic hot water in a controlled manner,

AIR-BASL.LD SOLAK COLLLCTOR SYSTEM - A solar energy system in which air
is the heat transter fluid.

AIR CONDITIONING - The process of treating indoor air by controlling the
temperature, humidity, and distribution to specified comtort settings as set by
the occupants in the conditioned space.

AMBIENT AIR - A term for outdoor air, which may be brought into a building to
be conditioned or circulated,

ANTIEREL Zt FRELZE PROTLCTION SYSTEM - A freeze protection system
that uses a solution of water and glycol. This solution depresses its freezing
point sutniciently to prevent possible water freeze in solar collectors and
exterior piping.

AUXILIARY ENERGY SUBSYSTEM - The equipment which uses conventional
energy sources to supplement the output provided by a solar energy system and
to provide a full backup system when the solar system is inoperable.

BACKELOW - The unintentional reversal of flow in a potable water distiibution
system by foreign ot toxic substances that maoy contaminate the potable water.
BACKELOW PREVLENTER - A device or means to stop backflow.

Ut AM RADIATION - Solar radiation which is not scattered and may be concen-
trated.
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BRITISH THERMAL UNIT (Btu) - A unit of energy that is required to heat one
pound of water “rom 59° F to 60° F,

BUILDING ENVELOPE - The exterior surface of a building that encloses the
conditioned space.

CLIMATE - The prevailing or average weather conditions of a specific geograph-
ic region as described by temperature and other meteorological data.
COLLECTOR MANIFOLD - The piping that connects the absorber tubes in a
collector plate.

COLLECTOR PLATE - A term used for an absorber plate.

COLLECTOR SUBSYSTEM - The assembly that absorbs incident solar radiation
and transfers the absorbed thermal energy to a heat transfer fivid.

COMBINED COLLECTORS - An assembly that both collects incident solar
radiation and stores the thermal energy in the same unit.

CONCENTRATING SOLAR COLLECTOR - A solar collector which focuses beam
radiation onto an absorber to obtain higher energy fluxes than can normally be
achieved by flat-plate solar collectors.

CONCENTRATOR - A reflective surface or refracting lens used in directing
insolation onto an absorber.

CONDITIONED SPACE - The space in a building that has the air conditioned for
heating and cooling.

CONTROL SUBSYSTEM - The assembly of electric, pneumatic, and hydraulic
actuated sensing devices used in regulating the solar energy system and the
auxiliary energy subsystem,

COOLING TOWER - A heat exchanger that transfers waste heat from an
absorption cooling system to ambient air.

DIFFUSE RADIATION - Solar radiation which is scattered by air molecules, dust,
or water droplets and cannot be focused.

DRAIN-DOWN FREEZE PROTECTION SYSTEM - A freeze protection system
that prevents potential water freeze problems by automatically opening a vaive
to drain the solar collectors and exterior piping. Air is used for some systems,
nitrogen for others.

DUCT HEATING COIL - A liquid-to-air heat exchanger in the duct distribution
system used to heat air by passing a hot fluid into a coil in the airstream.,
EMITTANCE - The ratio of energy radiated by a body to the energy radiated by a
blackbody at the same temperature.
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LQUIVALLNT t ULL LOAD COOLING HOURS - The seasonal cooling load for a
building described as the total number of hours that the air conditioning system
will operate under tull load conditions to meet the required cooling load.
EXPANSION TANK - A tank which will permit water to expand whenever it is
heated to prevent excessive pressures on the other system components,

FIXED COLLECTOR - A solar collector permanently oriented toward the sun
which cannot track the sun nor he adjusted for seasonal variations.

FLAT-PLATL COLLELCTOR - A basic heat collection device used i solar
heating systems, which consists of an absorber plate, with insulated bottom and
sides, and s covered by one or more transparent covers, There are no
concentrators or focusing aids in a flat-plate collector,

FOCUSING COLLECTOR - A solar collector which uses a parabolic mirror,
bresnel fens or other type of focusing device to concentrate solar radiation onto
an absorber,

PIREONEL GO CTOR < A concentrating solar collector which uses a Fresnel
lens to focus beam radiation onto an absorber,

GLAZING - The transparent cover(s) on a solar collector used to reduce the
energy losses from the top ot the collector,

AT TIRANSHER T LUID - The fluid that transters solar energy from the solar
~ollector 1o the storage subsystem or to the load.

INCIDEHNCT ANGLE - The angle ot which the insolation strikes o surface and the
nornan for that surface,

INSCD ATION - The total amount of solar radiation on a surface in a given unit of
tiines,

CAMITIATE D GEASS - A glazing consisting of multiple qlass sheets bonded
togethier by mtervening luver or fayers of plastic.,

VAN, Y e standard tnit of insolation defined as | langley = | col/cm2 (!
Cirkpey  3.69 H'u/Hz).

AU ASED SOLAI COLLE CTOR SYSTEM - A solar energy system in which

either water o an antitreeze solution is the heat transter fluid.

AL - The total space conditioning or domestic water heating requirements
that are suoplied by both the solar energy system aind the auxiliary energy
subsysterr .

NO- TURNAL HRADIATION - The loss of thermal enerqgy by the solar collectors

to the skv at night.,
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NO-FLOW CONDITION - The condition obtained when the heat transfer fluid is
not flowing through the collector array due to shutdown or malfunction.
OPAQUE - A surface that is not transparent, thus solar radiation is either
reflected or absorbed.

OUTGASSING - The emission of gases by materials ond components, usua'ly
during exposure to elevated temperature or reduced pressure,

PACKAGE AIR-CONDITIONING UNIT - A factory-made assembly consisting of
an indoor coil, a compressor, an outdoor coil, and other components needed for
space cooling operations. Unit may also include additional - .mponents to heat
the conditioned space.

PARABOLIC FOCUSING COLLECTOR - A concentrating collector which fo-
cuses beam radiation by a parabolic reflector.

PASSIVE SOLAR SYSTEM - An integrated solar energy system that can provide
for space heating needs without use of an energy source other than the sun,
PEBBLE BED - A storage tank using uniform-sized pebbles to store solar energy
in air-based solar collector systems.

REFLECTANCE - The ratio of radiation reflected by a surface to the total
incident radiation on the surface.

REFLECTED RADIATION - Insolation which is reflected from a surface, such as
the ground, and is incident on the solar collector.

SELECTIVE SURFACE - A surface which has a high absorptance for solar
radiation and a low emittance for thermal radiation.

SOLAR CONDITIONED SPACE - The area in a building that depends on solar
energy to provide a fraction of its heating and cooling needs.

SOLAR HEATING SYSTEM - An integrated assembly of collector, storage, solar
energy-to-load, and control subsystems required to convert solar energy into
thermal energy for space heating requirementr--also includes an auxiliary backup
system,

SOLLAR RETROFIT - The addition of a solar energy system to an existing
structure,

STCRAGE SUBSYSTEM - The components used to store solar energy for use in
heating or cooling air, or heating water during period of low insolation.
STRATIFICATION - The horizontal layering by a fluid due to temperature

differentials, commonly noticed in storage tanks filled with water.
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TH RMOSTAT - A temperature dependent sensor which controls either the
heatuwg amd cooling systems foe space comdibioning or the hot water heater,

FON OF REFRIGEIRATION - A unit of tetogeration equivalent 1o 12,000 o/,
TRACKING COLLECTOR - A solor energy collector that constantly moves to
follow the path of the sun.

VAPOR BARRIER - A material which is used to reduce the transmission of water
vapor.

ZONE - Portions of a conditioned space which use a common control because ot
their similar heating and cooling requirements.
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B. Legend for Solar System Schematics

VALVES PIPING SPECIALITIES
GATE VALVE i AUTOMATIC AIR VENT
m-———- CHECK VALVE MANUAL AIR VENT
== BALANCING VALVE e ALIGNMENT GUIDE
———fag—  GLOBE VALVE ——3¢——  ANCHOR
—O——  BALLVALVE ———— BALLJOINT
= PLUG VALVE —C—5L EXPANSION JOINT
——fy——  BACKFLOWPREVENTER —— L— EXPANSION LOOP
i VACUUM BREAKER FLEXIBLE CONNECTION
RELIEF OR SAFETY 3 f—— FLOWMETER FITTING
—3@— PRESSURE REDUCING —_F8  FLOWSWITCH
—_ P8 PRESSURE SWITCH
P— ANGLE GATE VALVE — PRESSURE GAUGE
—P- PUMP
;o— ANGLE GLOBE VALVE PIPE SLOPE
—#gt—— STRAINER
_&._ CONTROL VALVE, 2 WAY + STRAINER, W/BLOW OFF
% TRAP
+ CONTROL VALVE, 3 WAY - CONTROL SENSOR
————g—— |NSTRUMENTATION SENSOR
——p@——  BUTTERFLY VALVE ﬂ
+ AWAY VALVE THERMOMETER
FITTINGS —{ — THERMOMETER WELL ONLY
~———fp—  DIRECTION OF FLOW CW ————  COLD WATER SUPPLY
3 CAP
£ REDUCER, CONCENTRIC
T REDUCER, ECCENTRIC AS AIR SEPARATOR
e EXPTK  EXPANSION TANK
———|——  UNION
emef p——=  FLANGED CONNECTION ws WATER SOFTENER
=2 CONNECTION, BOTTOM HED HOSE END DRAIN
——(P——  CONNECTION, TOP
—el®)  ELBOW, TURNED UP
-2  ELBOW, TURNED DOWN
——@——  TEE,OUTLET UP
——G——  TEE, OUTLET DOWN
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C. Duct Systems

* MOTOR OPERATED DAMPER

Y FLEXIBLE CONNECTION

+
]
d
T
@ SUPPLY (UP) | E,: SUPPLY (DOWN)

RETURN (UP) | . RETURN (DOWN)

THERMOSTAT

r DUCT HEATING COiL

DIRECTION OF FLOW
DUCT SIZE, FIRST FIGURE IS SIDE SHOWN

BACK DRAFT DAMPER

T%-— At ﬂr’t—( T7T
DNANN
_HWJL ..L.\r;... .._\‘J..

L

b
i MANUAL VOLUME DAMPER .
| =

| — SUPPLY OUTLET

i _./2,__ EXHAUST OR RETURN INLET

@ FAN

76



~3

£ Csvmrd o200ATLY By Pryend (31082 1) on
Lose THC w3700

N2 L, 8 OPRCATES Q) Do oI o

THERWIITAL (D106 RTS M LF dee 70 LBOLEET2008),

3 TNArIacs Al arr 0 OBy D By STise ¢

TrrIeAl Sy ER
LENERRTIC. AL

CL ot s ATy (N Ol TV s ex

Ko v sde'cws A7 @avrp:c a%'5urgd fovue v

C50emi@ B .20, 1) K3 derridrge SY 31 atse

MY A AN N TR N

B

Y. A SR s arr Oy Lpes T Paes iy
rvim s ey N wrer aces S lvasr S soe

To eact 3 iy e LA n EasE

PR X PR

S BENY ]
.9, e,
AL ve.omeeeres ¢ PALAAE 35,-3.' ";‘; ‘I,} ’f..‘-',
PIFRTPY B SRS ’;'//? --’a‘ .‘ . ‘ ,h ]
LA 1o N
B X8 S e St B B S
&
4] [idd ~al e
\ . PV S SN Y- (S R
Ceowee v Ninsacs o CUN i , e
~ i 3 SRRSO N or A N-<-C- A B k
—— h) U R A S,
N
- - \\? Aveac | prey | sran ] v "
N . LN,
/ »’ " LY R 3
AEA L Q choern ) Nhess 1 fBesne Al _.-..-Et
" - bR
" het el
Koy STHEE Gmre deeey Jawngenl e W
. et b '
o S | W
R Y.Y) Cee e FCems e Al k)
&j e BT W atisiet LN NN AL T &
LG ooy k-(.-" e s L owey S’r
=i+ Ldoer - N
N DL - B 2 PR
/,/ o+ ——a l' ! o B ; «
i e f_' roles i A

T laerti
',{/7,“»‘. LAY LT O Sl LBy s Y
7y Ecmot CAFtaT £RDN DICF L oA T Lo,
PIRAASIN I WL Bonay T3P DTS A el

QA

P oa TRuweer el B
O RN AL o

t"’lq..'af P(;.ﬁ 128"y o "0 B man?

Sevsot 15081 Srert me bn D onnam /T2 Lol arar
< = d & Srerileac
SiaLr Do — RY VAL T Lvir Con rer. Ssbnan
’

um'.up-“-l “antf e 1 f 2amt

v 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>