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- - ORIGINAL PAGE I3
1.0 INTRODUCTIOR OF POOR QUALITY

The solar system design presented 1s a space and het water heater, assembled
from currently marketed components, for solar heating a single family dwell-

tng of approximately 1200 square feet floor area. A prototype system has been
designed, built and tested by JEM under contract NAS8-32036 to NASA Marshal)
Space Flight Center. This document provides design, performance, and hardware
specifications sufficient for architectural engineers and contractors to procure,
install, operate and maintain a similar solar application,
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2.0 SYSTEM DESCRIPTIUH

SIMS Prototype System 3 i{s a closed volume, passive drain down, solar
system, for space and decmestic water heating. [ndividually or in any
combfnation (1) ¢olar energy may be collected, (2} the house heated
and/or (3) domestic water heated by energizing one of the three water
pumps, The major hardware components are: (1) Sunworks flat plate cnl-
lectors to capture the sotar radiatfon, (2) an Adamson 1,000 gallon hot
water storage tank, (3) a Ford Products 65 gallen tank for domestic hot
water and {4} Grundfos pumps to transfer solar energy on command frem the
(5) Solar Contro) Corpsration controllers. The components are configured
into the collecter, sterage, energy transport and centrol subsystems which
makeup the System 3 configuration. The following subsystem paragraphs
describe the features of the respective subsystems. Component data pro-
vided by the respective veniors should be consulted for detailed hardware
descriptions and ratings.

2.1 COLLECTOR SURSYSTLM

Technical data on the Surworks liquid sclar ial.ccier 1s presented in
Appendix A. The tasic rollector mecule 5 a 7' x 2° rectangular unit
housed in an aluminum frame and wefghing 114 pcunds. Each module has

a sirgle 3/16" thick tompored safety qlass cove= for the 18.7 Ft2 se-
lective surface absorbe~ .rel. 7he 11quid system has a flow pattern dJe-
sfgned to provide unfform 4low thrcugh 21l tutes and to drain without
water entrarment. Indet ard outlet fluld conpactisne are 1" dfa. copper
plpe.



2.2 STORAGE SUBSYSTEM

The storage subsystem consists of an Adamson ASME 1000 gallon hot water
storage tank and two internal distribution manifolds.” The hot (top) and
cold ‘bottom) distribution manif{olds are designed to enhance stratification
within storage. (The finned tube heat exchanger which provides heat to DiW
is installed near the hat manifold.) In operation, the tank will contain
approximately 900 gallons of solar heated water with the remaining volume
functioning as an expansion tank and air separator. 1o reduce corrosion
problems, the system 1s air tight; therefore, the internal pressure will
vary with storage temperature. Pressure relief is provided at 30 psig.

2.3 ENERGY TRANSPORT SURSYSTEM

The energy transport subsystem has three functional missfons, with each
function associated with ene of the three circulating pumps,

2.3.1 Collector Heat Romoval

Pump P1 transfers heat energy from the collectors to solar storage. A
Grundfos Model UP 26-64F pumps 1{ft water from the bottom of solar storage,
through the collector array (where it is heated) and over the brink of

the free fall return line. Solar heated water entering the free fall re-
turn 1ine "drops" into storage.

2.3.2 Spare Heating

Pump P2 removes heat cnergy from solar storace and adds it to alr being
circulated from the heated space. A single Grundfos Model UP 26-54F pump is
capable of providing 7 grm design flow through the cofls of an Haquid-to-air

heat exchanger against 14 7t H20 head. The Heat exchanger has been sized
to supply 30,000 BTU/Hr from solar storage water at 120°,



\

2.3.3 [erestic Water Heating

The OKW pump beging *o transfer heat energy from solar storage to domestic hot
water storage anytime the solar storage temperature s 20%F greatey than the
temperature at the bottom of the DHW tank. The trarsfer circuilt consists

" of & water filied Yoop connecting a finned tube heat exchanger in solar
storage to 2 similar heat exchanger in DHW storage. The dual exchanger con-
figuration provides double wall {solation between 30lar water and potable
water. Energy transfer continues until the controt differential {s reduced

to 4%.

2.4 CONTROL SUBSYSTEM

The solar control subsystem provides for the independent, non-exclusive
operation of each of the three Y{quid pumps to accomplish a desired heat
transfer function. Ywo differential thermostats, a low temperature
sensor and a standard two stage room thermostat provide the controller
{nput signals.

The collector diffrrential thermostat will start pump P1 when probe S1 {s
20%F hotter than probe $3, When the temperature of probe S3 becomes 4°F + 29F
calder than S1, pump PY will turn off.

The DHW differentfal thermostat will start pump P3 when probe 52 fs 20°F
hotter than probe S4, When the temperature of probe $4 becomes 4°F 3_2°F
colder than probe S2, pump 3 will turn off,

Freeze Protect: The differential thermostat is factory equipped with a
freeze protect feature that will close the N-O contacts when probe #1
(typically collector probe) shows a temperature of 400F + 5O0F, Since
System 3 is designed to use passive drain down of the collectors for freeze
protectfon, this feature must be disabled per vendor instructions from the
coltector control unit,




Boll Protect: The differeatial thermostat is factory equipped with a doil
protect featu-a that wi!) turn the contrcller off whan a temperature of 180°F
{s reached at tha coilector. This feature must be disabled per vendor {n-
structions for the unit used to control collector creration,

A wiring dfagram for the control subsystem {s shown {n F{gurg 2-1.
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Hot Water Storage Tanks ...

Description, Gperation, Selection Of Equipment

.

An Adamson ot Water Storage Tank useld in
conjunction with a hoiler or other indepeadent
water-healing  unit, provides on altiinate svs-
tem lor heating ardd sloving domestic kot water,
A propeslv o srand tapk wall peovile storage capa-
city suthoient 1o mect peak and sernial system
demands,

OPERATION

Incoming cold water enters the Toewver part of the
storage tank. Fither by pravity tlow or forced
flow, the cobd water leaves the sterage t-ak and
passes through the water heanrg unit. The heat-
o water 18 reterne] ta the upper port of the stor-
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ape tank where it g helil in reserve until roquired
hy the system. As m-umrl water is snpplud 1o
the «v~tern from the bot water autlet in the upper
part uf the tank.

SFLECTION

The chartson page [0 give narmal GPH require-
ments of 140 F water I plumbing fixtures in
vitious types of installations. By toraling the
GIPH requirement and applving storape cnpanty
fortors o ilistrated, the r(rzmml itorage capa-
vity car b shtermied  Selection of the praner
vige hel waler shwage tank can be determined
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Wuter Storage H(:_at‘c"r And Tanks
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INFORMATION: Stainless steel circulator pump—UP 25-42 SF

The UP 25-42 SF is a revolutionary circulator pump. Tha water passng through the pump touches nothing
but high quality labricated stairless steel. The volute section, for example, is constiucta:l of tynn 316 stainless,

As with all Grundfus circulators, the UP 25 42 5F is engineered to be nterclangrat'’e with the pums of ol
other major manufacturers

CONSTRUCTION

Toe UP 2542 SF is a water lebricated pump. However, in erder (o protect the soter and Learings from daraging
impunit’cs which may be preseat in the circulating waler, thay are separatad lromy the stator and the pump
chamber by a liquid faled retor can. The motor shalt extends oot from the (otor ¢an, into the pumip chamber
through the alurminum oride beanrg, whech also functions as a seal. During intial aneration, tha pump is 3.ta-
matically seif-vented; hoviever, due to the isoctatic prinziple, there s no turther reciicylation of water into the
closed ratar nan

The pump’s “tiamond-hard” aluminum oxide bearing construction, combined with the lnoh siartiaqg torgue »!
the motor, ensures re-sta after spuldown,

MATERIALS

Stainless tteel:. ..., R Pump chamber, rotor can, shall, rotor cladding. bearnng plate, '
' priler, thrust bearing cover,

Aluminumoxide: ... .......... voonn Tap beaning, shaft ends, bottom poao),

Carbon/oluminumoxide:............ Thrust braring.

Aluminum:...,...... Ctieeea e Motor housing, pump housing cover.

Ethylene/propylena rubber: ......... O-rings, gasket,
Silicon rubber:, ... crsiicaenii .. Wiinding Protection,

constructon protects the pump from the corrosion that has plaqued cast von and bronse.

Lined inteen tyne e WS \f
ined purps in Bose types of applcations. The punp is intended Tor corculation and booster [y k. 'k
applicaticnsin domentic water systems, 12 ‘
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CIRCULATOR PUMP

INFORMATION Varialbla Head Circulator Pump—-UP 26-684

Tha UP 20-64is fitted with variabla-head-control. This innovative mechanism, which controls both the head

and the flow produced by the pump, allows tha installer, by a simple hand adjustment, to precisely match
the UP 26-64 to the demands of many varying systems,

CONSTRUCTION

The UP 26.64 is a woler lubricated pump. However, in order to protect the rotor and bearings from damaging
impuritics which may e present in the circulating water, they are scparated from the stator and the pump
chamber by a liquid fillcJ rotor can. The motor shaft exiends out from the rotor can, into the pump ¢chamber
through tha sluminum cairln bearing, which plso functions as 0 scal. During init’al eperation, the pump is auto-
maticglly sell-vented, however, dua to Tho isostatic principlo, thero is no turther recirculation of water into the
clesed rotor can, : .
Tre pump’s "diamond-hard™ aluminum gxide hearing construchion, combined with tha high startiag torque of

the motor, ensurea re-start after shutdown.

‘MATERIALS

Stoinlosssteel .. uuviieiisr.r.n... ROtO7 can, shalt, rotor cladding, beating plate, im-

pcller, variahle flow adjustm cat plate, thrust bearing cover,

Aluminumoxide: «........v.ovu ey Top bearing, shaft ends, botiom bearing.
Carbon/aluminum oxidon ..\ vy .. Thrust bearing.

Castiron .ovvvveiiiininerrvae. s Pump housng.

Ethylene/propylene rubber: . ..., ... Qrings, gashet. '

Siliconrubber: ..oviiviiieiaiies. s Winding Protection.

APPLICATIONS

Tha UP 26 €4 should only be used in cloned systema {i.e. solar, hydronic), The pump iy
intended only for the circulation of watar, However, solutions such 3s cthylene glycol can
be usced without hindering pump parfarmance. For open system apphications ask for
Grundfos’ stanless steel volute circulator pumps.

14




PERFORMANC! CURVES UP 26-64 )
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SPECIAL _
INTRODUCTORY
PILICE

528.00

(To OCM purthrsars lor
the durxien al Peesrdont
Cariar ¢ Solar Hot Water
Program)*

Wb gty e
IPECL RTINS |

~for solar

domestic hot water systems.

A conlroller that
takes the mystery oul
of solar healing and
meunts on standard
electrical fixtures!
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Specifications

Inpu! voltage

Eirer 120 VAC =GV or 24 VAC =4V

input power

J walls. no lpad

Conlrof relay '

SPDT 10A (:5shve) at 28 VOC ¢r 120 VAC. Higner ratings
avalabla

Oulput voitaan

Caher 120 VAC or 24 VAL

Sensois

Mambed tharnusiors, (21°C cuer ranga rom OFC to = 100°C)
0 VANous Lors ng conhgurations, with ngn lemperature
Telion * leacts

Differental Turn-on O¥s21 ‘

Typicatly 20°F =2° (@ 100°F, (can ba adjusted by a resssior
change) o .

Difterennal Tuen ofl Offsel

Troically 4°F =2° @ 10 F, (can be agjusiad by a resstor
cnarqe} .

Operating Temperature Hanga

Cantrolfer ¢tasss -~ J40°F 10 +130°F

Soncors -0 F +300F

Tracking Accuracy

+5 F gver enlte operatng range

Size

4o dx 37

NMount-ng

Mounis ona 47 x 47 73" box

LED macator shows when
system s achva'ed

Screw (@ mind's Drovege
vasy connecton of prote
g 24 vAC outpud feats

Overnge bulton alows
rEud 00 alon

SOLAR
CONTROL CORP.
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TEMPERATURE SWITCH |

incorporates the features most wanted!

Filteen Oitterent Standard
Swilch Unils Available

("- fin
w Va
Available 'n General Purpose, Fo P’; 5
watertight, and Explosion- Ck S
Piaot Construtlion ¢ 3

e Goparate Electrical Chamber ‘

(Expiosion-Proof Construction
Shown)

Fixed Faclery Mounted

Snap Aclion Swilch
Twe " Through Winng

Yaterhght Gasket \ . :
Adjpusiable Reacluation ' v e ;:‘- . Corduil Hubs . :
{Reset) Ponl Over ' : = ‘ -
Full Scale \\\ ; ‘ Exterral Mounting Lugs
: . . ) LA
= -

Cover and Gasket lor
Adusting Nuls Furnsred
on Walertight and Erplo-
sion-Prool Modals

Externally visidle Temparature
Scale in*Fand*C

== Adjustable Actuation {Sel}
Fainl Qver Full Sca'e

Unigque TRI-POINT

ropper-Free* Alumingm Altesnaling Fulcrum

0:.0-Cast Body Batance Plale

Separate Temperature Transcucer ——— !

far Fia'd or Dislobulor B | l._ . mmy . l " Diameler

Assembly 1o Switch Unit -——--.____:\_p ‘ T o e Bulb {0 Piobe) m1y be l
. Kounted Harizontally or

Thity-1ix Dillerent :( e . i Veriically wahout

Standard Temperalure b b . . ) | d ) Aftecung Operation

Transducers b . - '

Asalabra in 9 Ditferent b

Srarndard Yemperalure I\‘LJ- ‘

Rangcy

Vapor Pressure Operation —
Limiled Fat ol Volanle
Liquid Ass. &3 High

Over Tomperaturs
Pratection and

Maum. zes Ambienl
Temperatute Eifecls

"i Cpary Standard wilh
/OOuble Bra-ded Copper ar
Plain Staintess Steel. Alsa
Avalab's with Galvaned
Sleel or Stanless Steel
Spiral intorlocked Armror

Temperature Sensing Llemery
Available Standarg as Dyregt
Piobe or Capillary and Dulb in
Copper or Stxinless Sieel

‘DA% enprer con i o nu/
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" Temperaturo Switches

FIXED DEADDAND TYDRE
' . Adjustable Set Point
Non-Adjustable Reset Polnt
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o

—— -. 1t o st

AT

v-l-w
e+ s 8 e -..........J._.. q. Ko

-

Ter
-?n.. I

.‘

S

QGENERAL DESCRIPTION: This scries of ASCO TRI-
POINT Temperature Switches is the lixed deadband type.
They consist of two sopara'e sub unils, a laclory adjusted
swilch aasembly unit and & lomparature transducor unil.
The temperature transducor ulitizes 8 vapor kil 1o actuale
the switch ansembly unit in response te tamparature
changes, These tamparature swilches may ba purchasad as
an apembled unit, or Ihey may ba purchased as two sepa-
rale units for fie'd ansombly. In 81 cases, when ordaning,
the third grgit of tne rwilch assembiy unit must be idantical
to tha Lhird digit of o temparalure transducer unil,

Example: SD1JA Assambled 10 QAT0A1
Must Be 13cniical

OPEAATION: Tha lomperaturae transducer uses 1he vapor
preassurs pringip'o in which 1ha vapor pressure of tha liqud

in the sensing bulb is relaicd to Ibe lemperature heing
sensed. This prossure is converted into a lorce and Yans-
mitted 1o the bafance plate. One adjustable sprinyg ar hies

a counier force 10 tha balance piate, Movemenl of the bat

ance plate 1% fransmitted to the &nap aclion e'ectaca
swilch by an ¢cperating rod The actualion (sel) pont of
the Switch is adjuslable gver the full temperature ranne of

the switch. The reactuaticn (reset) point is pot adjustable.

The temperature chilicrence between the sel and renel

points iy the deadband as listed below.

OPTIONAL FEATURES: Several oplinns are avztladle,

for cetails and ava:lability, consuil pages 9, 10 ang ¢

ELECTRICAL INFORMATION: Consi il page 9 for n'ec-
trical ratings and schematies 'ar stardard and optionar
SA3P ALtion swilches,

. ' NAL PAGE IS
SPECIFICATIONS ORiGI
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1.0 INTRODUCTION

This performance specification establishes the requirements for the design and

performance of the solar heating and domestic hot water system utilizing liquid
flat plate collectors and a gas or electric furnace energy subsystem., It

- designates the Interim Performance Criteria applicable to this type system and

defines the deviations. The apperdices specify the system performance for the
defined afte location,

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent specified
herein. Spacific document reference made in subsequent shall be by basic title
or reference number only,

L

2.1 Government Documents

Interim Performance Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dwellings, Januvary 1, 1976, U. S, Department of Housing and Urban
Development,

Intermediate Minimum Property Standards for Solar Heating and Domestic Kot
Water Systems, April, 1976, NBSIR 76-1059, U, 5. Department of Housing and Urban
Developnent,

SIMS Contract Statement of Work, NASB-30236, April 4, 1976 (with current
medificationn),

2.2 1IBM Documents

The following document included as Appendix A-2 provides the information requirea by
an architect or local tradesman to prepare for the site installatfon,

System Three Desipn Description; 1BM 7933647-D
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3.0 APFLICATION OF INTFRIM PERFOMMANCE CRITFRIA BY TYPE QF SYSTEM

The application of each paragraph of the Interim Performance Criteria (iPC) to
this type of system is piovided in Table I. Since thie system provides solar
heating and hot water, syste: type "H" designates the IPC application to this
system. '

4.0 DEVIATION FROM INTERIM PERFORMANCE CRITERIA

The TPC devi{ations identified by subsystem evaluatien are listed in the following
paragraph,

4.1 Deviations to Residential IPC

The follewing deviations result from a lack of data to support compliance rather
than faflure experience,

4.1.1 Data supporting the use of Sunworks collectors as structural elements
is not available., This application does not require collectors to provide enclosure
or diaphragm rigidity to support structures.

4.1.2 Ultimate wind loading has not been demenstrated.

4.1.3 Solar degradation will require long term testing. Analytical projections
based on simulator insolation predict insignificant affect,

b.1.4 Thermal degradation 1s acceptable over short term; however, long term
data {s unavailable.

The collector subsystem evaluation has identified three areas of non-conformance,
These 1PC requirements are: (1) ultimate load cormbination {(paragraph 3.2.1),

(2) resistance to damage (paragraph 3.3.1), and {3) transmission losses due to

" ostgansing (paragraph 5.2,6). No vendor data was avallable to substantiate
these requirements can be met.
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TABLE 1

RESIDENTIAL SYSTLMS, INTERIM PERFORMANCE CRITERIA SUMMARY

Sheet _1 of

.

APPLICATION

A = APPLICABLE TO SYSTRHS INDICATED
1 -~ APPLICABLE TO SYSTEM AND BULLDING

* A - NOT APPLICABLE

TYPE SYSTEMS

il - HEATING

HC - HEATING AND COOLING
HW = HOT WATER ONLY

RESIDENTIAL INTERI

TYPE

RESIDENTIAL IMTERIM TYPE
PERFORMAMCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTE:M
PARAGRAPH H PARAGRATH H
1.1 H and HC Systen A 1.3.1 Collector Efficiency A
Perforcance
1.4 Thermal Storage A
l1.1.1 Yeating Design I .
Temperatures 1.4,1 Storapge Capacity and A
Rate
1.1.2 Ccoling Design HA
Temperatures 1.5 Habitability of A
Occupied Spaces
1.1.3 Relative Humid- I
ity and Water Vapor Pressure 1.5.1 Heat or Humidity 1
- Transfer Effects
1.1.4 Seolar Contribution A
1.6 Enecegy Transport A
+1.1.5 Operation A Efficiency
Impa{rment
1.6.1 Thermal losses and A
1.2 HW System A Electrical Power
Subsystem Performance
1.7 Control A
1.2.1 Water Design 1
Temperature 1.7.1 Installation and A
Maintenince
1.2.2 Storage Design A
Capaclity 1.7.2 Manual Adjustment A
1.2.3 Solat Contribution I 1.7.3 1Inbabited Space A
Temperature
1.2.4 Operational A
Impairment 1.7.4%4 Hot Water Tempera- A
ture
1.3 Collector Performance A
1.8 Auxiliary Encrpy A
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4,2 Deviatton of Commerctal IPC

Not applicable,
) 5.0 GOVERNMENT FURIISHED PROPERTY
The following items shall be provided by the government:

{1) Collector subsystem, Sunworks Selector Liquid Cooled Model LA100lA
{1) Water Precheat Tank, Ford Products Corporaticn Medel TC65



6.0 GOVERNUENT DIRECTED REQUIREMENTS

The following requirements are specifiled in KASS-32036 and by verbal direction
from ths contract officer; )

{(a) IBM shall daliver one system of the following type:

0 Single Family EBuilding

0 Solar Space Heating and Domestic Hot Vater
o Liquid Systen (Liquid Flat Plate Collector)
0 Electric Furnace or Gas Furnaca Auxiliary

(b) All hardvare and subsvstems, except collectors, and preheat tank shall be
purchased by IBM to good commercial practices as off-the-shelf hardware,

(¢) Collector and storage sizing may be adjusted for cach specific site.

7.0 GEOGRATIIICAL AREA

This heating and hot water system is designed for a single family residence
located 1n the United States. Areas of application include all regions of the

« U.3, except regions with low heating degree davs, such as Southern California
and Florida.
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7.1 Typical Ceographical Locaticns

The system design accommedates variation in Insolatiqnhranges as follows:
Mean Daily Insolation (Typical Vinter Mean) 625 to 1475 BTU{F:z

Typical Standard Metrcpolitan Statistical Areas (SMS5A's) within these ranges
are:

o Omaha, NB

o Nashville, ™

o] Salt Lake City, Utah
o Kansas City, MO
o Denver, (0

o Atlanta, GA

o Las Vegas, NV

0 Boston, MA

o Charleston, SC
o Pittsburg, PA

o Detroit, ML

c Wichita, KA
] El Paso, TX
o Toledo, OH

The systzn application may be extended to other geographical ranges, however,

.to achieve the optinum performance pump capacity andfor storage size may be
impacted.

8.0 SYSTEM APPENDICES
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APPENDIX A

PERFORMANCE SPECIFICATION FOR HUNTSVYILLE, ALABAMA

A-0  SYSTEM IDENTIFICATION

This appendix defines the system performance prediction for SIMS Prototype
Heating and Hot Water System, Model Number 3 to be installed {n Huntsville,
Alabama at the MSFC Solar Heating and Cooling Test Facility. The design
average insolation (typical winter mean) is 1062 BTU/Ft2 D2y and the heating
degree days (typical winter mean OF) {s 3270. Test configuration {s:

Sunworks ligquid flat plate collectors
Adamson 1,000 gal. model K96 storage tank
Grundfos UP26-64 11quid pumps

Grundfos UP25-42SF 1{quid pump

Rome-Turrey Liquid to Air Heat Exchanger
Ford Products Aqua Coil Domestic Water Tank
Solar Control Corp. Differential Thermostats

B s et s W = D

The test installation wil) not contain auxiliary space heat. Refer to IEM
Drawing 7933647 for the system configuration description,

A-1  SYSTEM PERFORMANCE SHEETS

Space Heating Capacity

The system will provide solar energy for 44 percent of the total space
heating lcad during the heating scason based on an average annual heating
load of 54.89 x 106 BTU and a peak space heating Yoad of 33,600 BTU/Hr.

Cooling Capacity

The system will provide solar energy for N/A percent of the average total
cooling during the cocling season, based on an average total cooling load
of N/A BTU/Month and a peak cooling load of N/A BTU/Hr.
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Auxiliary Energy SRR

The average annual rate of auxiliary energy supplied to the heating and
hot water 10ad shall be no greater than 35.5 x 106 a10. This shall be n

0

greater than 47 percent of the total energy required for heating and hot
water. The average rate of auxiliary energy used for cooling during the

cocling season shall be no greater than N/A BTU/Month. This shali be no
greater than N/A percent of the total energy required for cooling.

Hot Water

Seventy-five gallons ber day of hot water shall be delivered at no less
than 1.2 gal/min at temperatures no less than 140°F. Draw shall be 44
GPH. The average hot water heating load will be 20.6 x 106 BTU/year of
which 254 is provided by auxiliary energy.

Operating Requirements

The maximum electrical power required to drive the solar portion of the
system at its rated capacity shall be ne greater than 1.0 K.W. The
maximum electrical power required to drive the complete system shall be
no greater than N/A X.W, The average yearly electrical energy required
drive the system shall be no greater than N/A. Water requirements for
ccoling condensers and/or air humidification shall be no jreater than
N/A gal/hr.
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Physical Data

The following subsystems shall have:

Heating
Cooling
Auxiliary Energy
Storage

Potable Hater
(or usable)

Collector
Energy Transport

Contrals

Note:

Design 1ife no
Yess than

20 yeérs

N/A years

20 years

10 years

20 years
20 years

20 years

Weight (filled
no greater than

30 1bs

N/A 1bs

10,000 1bs

900 1bs

114 1bs ea.

25 1bs

10 1bs

Installation
dimensions

20" x 20" x 5"
N/A
Note 1}

5' Dia x 8"

24" Dia x 56
3" x 7 x4

7" x Gll x 5Il

6" x 5" x 4" ea.

1. HNo auxiliary energy supplied at this site except 4.5 kw heating
element in DHY tank.



System Installation

System 3 component schedule, control sequence and peneral $nstallation notes
are contained in IBM Drawing 7933647-D. Additicnal design data and application

information are contained in the Design Data Brochure, SIMS Prototype System 3,
1BM No. 78W-0005. '
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ACPENDIX A-2

PERFORMANCE SPECIFICATION FOR GLENDD, WYOMING
A-O  SYSTEM IDENTIFICATION

This appendix defines the system performance prediction for SIMS Prototyre
neating and Hot Water System, Model Number 3 as installed in the designated
residence at Glendo, Wyoming. The design daily average insolatfon (typical
winrter mean) s 1239 BTU/Ft2 Day and the heating degree days {typical winter
mean OF) is 7870. Site configuration is:

14 Sunworks liquid flat plate collectors
Adamson 1,000 gal. mcdel K36 storage tank
Grundfos UP26-64 1iquid pumps

Grundfos UP25-42SF 1iquid pump

Rome-Turney Liquid to Air Heat Exchanger
Ford Products Aqua Cofl Oomestic Water Tank
Solar Control Corp. Differentia) Thermostats

[N Qe e e S 7 ]

Refer to [BM Drawing 7933647 for the system configuration description.
A-1  SYSTEM PERFORMANCE SHEETS

Space Heating Capacity

The system will provide solar energy for 45 percent of the total space
heating load during the heating seacon based on an average annual heating
load of 94.44 x 106 BTU and a peak space heating load of 33,600 BTU/Hr.

Cooling Capacity

The system will provide solar energy for N/A percent of the average total
c00ling during the ¢ooling season, based on an average total cooling load
of N/A BTU/Month and a peak cooling load of N/A BTU/Hr,
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Auxiliary Energy

The average annual rate of auxiliary energy supplied to the heating and
hot vater load shall be no greater than 54.1 x 10% BTU. This shall be no
grezter than 47 percent of the total energy required for heating and hot
water. The average rate of auxiliary energy used for cooling during the
ccoling season shall be no greater than N/A BTU/Month. This shall be no
gfeater than N/A percent of the total energy required for cooling.

Hot Water

Seventy-five gallons per day of hot wat2r shall be delivered at no less
than 1.2 gal/min at temperatures no less than 140°F. Draw shall be a 44
GPH. The average hot water heating load will be 20.6 x 106 BTU/year of
which 20% 1s provided by éuxiliary energy.

Operating Requiremehts

The maximum electrical power required to drive the solar porticn of the
system at its rated capacity shall be no greater than 1.0 K.W. The
maximum electrical power required to drive the complete system shall be

no greater than N/A K.W. The average yearly electrical energy required to
drive the system shall be no greater than N/A. Hater requirements for

¢00ling condensers and/or air humidification shall be no greater than
N/A gal/hr.
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Physical Data

The following subsystems shall have:

Heating
Cooling
Auxiliary Energy
Storage

Potable Water
(or usable)

Collector
Energy Transport

Controls

Note:

Design 1ife no Weight (filled Irstallation
less than no oreater than dimensians

20 years 3G 1bs 20" x " g 5"

N/A years MN/A 1bs N/A
Note 1

20 years 10,000 Tbs 5' Dia x 8"

10 years 900 1bs 24" Dia x 56

20 years 111 1bs ea. 3" x 7' x 4"ea.

20 years 25 1bs. 7" x 6" x 5"

20 years 10 1bs 5" x 5" x 4"

1. Auxiliary energy supplicd by site; except 4.5 kw heating
element in DHW tank.
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A-2 SYSTEM INSTALLATION DESCRIPTION

System 3 component schedule, control sequence and general inctallation notes
are contained in IFM Drawirsz 7933547-D. Additional design data and application
information are contained In the Design Data Brochure, STMS Prototype System 3,
DCE/NASA CR-150707.
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1. PURPOSE

1.1 The purpose of this document 1s t¢ presert the plan/grccedure for
verifying the requirements of Performarce Specificzticn “or prototyne solar
energy heating and haot water systzm model Mo, 3.

2. SCOPE

2.1 This document describes the plan/proceduce for performing pretotype
systems verificaticn and includes cevelopment, aqualificatior, and accaptarnce
verification. Requirements for analysis verificatizn and/nr tast verification
are included in this plan/prozedure,

3. APPLICABLE DOCUMENTS

3.1 The following docurents form a part of this plen to the extert spec!-
fled herein:

] interi{m Perforrance Criteria for Solar Heatirg and Cembined
Heating/Cocling Systems and Cwellings, HUD - January 1, 1975,

0 Performance Szacificatien for Frototyce Featine and Mot Water
System Model o, 3.

0 Systen J Cesian {escription Drawing
4,  VEALFICATICN APPROACH

4.7 Prototype system verificaticn to the roquirements of the sysiem per-
formance specification and interin performance criterfa wi11 be accemplisnad in
three verification categories - cevelorment, qualification, and acceptance,

The verification methods utilized for system veri4fcation will be similarity,
aralysis, iaspaction, cemcrstration and tests as reauried,

Prototype system verfficaticn wili cormence with a dztailed aralysis ¢of all svsiem
hardware, cecmoonents, and s, tsystens &nd precress throust systen evaliation and

testing. Figqure 1 of this olan dapicts a surrary ficw fer syetan yerification,

a3
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A detafled system test procedure for performing the test requirements of this
document will be prepared. This procedure will describe the methods and proce-

dures for conducting prototype system test on the MSFC system test breadboard
facility. |

Following compiction of verification program, final system verfificatfon documen-
tation will be prepared and submitted to MSFC., Tihis will contain all information
pertinent to system verification.

5.  DEVELOPMENT VERIFICATION RtQUIREMENTS

5.1 Hardw2re/Component/Subsystem Verificaticen - A1l hardware, components
and subsystems that comprise the prototype system shall te veriffed to be in accord-
ance with the requirements of the prototype system performance specification and the
fnterim performarce criterfa. Ver{ficatfon of hardware, components, and subsystems
will be accorplished by engineering analysis, simflarity, inspectfon, demonstration
and/or testing methods.

Subsystem test evaluation will te conducted on the system collectors. Al other
prototype system subsystems, hardware and components will be verified individually
by analysis and/or during prototype system verification.

5.2 System [Pavelopment Verificatfon - Cevelopment verification will be con-
ducted on prototyvne system M/N 3 tc ensure that system will perform to the require-
ments of the system perfcrmance specification and interim performance criterfa,
Development verificaticn will consist of the follewing:

0 Analysis of hardware, component, and subsystem evaluatien data for
compliance to system performance specification and interim performance
criterta reqiirerents.

) Analysfs of system desfgn for compliance to system performance specifi-
cation an< fnterim performance criteria requirements,
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0 System testing on MSFC System Test Breadboari Fagility. Tests to te
cenducted are as foltows:

- System oreratiocnal functional test,

- System capacity for control, ensray collectison, storace, and distrituzicn
to load 2t ambient conditions, '

5.2.1 Systen Creratonal functional Test. A systen operational functione)d

test shall be concucted on prototype system WN 3, Cperatiasng?
shall consist of the fnllowing:

fencticna!l test

0 System pressure/iaakace test
0 Operation oF systen purps
0 Operation of system coqtroiler

o] Measurement of pressurz drop and flow rate 2cross ceilector array

] Measurement of presiure Jrops 2Cross systen heat encnancers
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£5.2,2 System Test With Simylated Energy Inputs - Storace shall be
supplied with 140%F water to sinulate the collector flow. Flow rate shall be at
design flow and shall continue until the water from the bottom of storage reaches
110%F. Test data shall be collected a minimum of two hours following flow termina-
tfon. The system shall be instrumented to determine storage stratification,
heat transfer to the domestic hot water, and heat transfer to the load, in the
following operating states:

DHW PUMP P3 OFF, LOAD PUMP P2 OFF
DHW PUMP P3 CN, LOAD PUMP P2 OFF
DHW PUMP P3 OFF, LOAD PUM> P2 ON
DHW PUMP P3 ON, LOAD PUMP P2 ON

o o O O

5.2.3 System Test At Cutside Weather Conditicns - The system ogperaticn in
response to existing weather conditicns shall ke determined. Various space heating
load profiles and dorestic hot water demand loads shall be imposed, Tre system
shall be instrurented io cetermine storage (main and CKiW)} stratification, heat
transfar to the space heatinrc 1oad and heat transfer to the domestic hot water
tank,




5.4 Systen Qevelgzrent Yerification Test Procadiris - Tast procedures for
conducting prototype system vzrification testing wili tc¢ ceecared 2nd subnitted %o
MSFC for apprecval. These proceaures will cescribe the “ard.are conffguration fer
testing, detafled test mathods and procedures, sketehes of 4:ist setup, test tire,
1imits, data and report recuirerents, and all other pronedural information pertinent
to test evaluation progrzm.

5.5 System Cesfan Chances Dyrina Cevelopment Verificazicn - Ary design changes

occurring during develeprent varification will be verified ty enjineering analysis or
test evaluatfon, £mple data will te provided for each desion chance t2 verify that
the resultant change meats perfarmarce criterfa requirerente aré that the resultant
chaage has no adverse effects ¢r the total systerm perfirmance.

5.6 Develgnrent Yerificaticn Data - Test daitr 2cqurulated curing the early
stages of develogrment testing wil11 te ‘horoughly evaluated ard assessments will te
perforned on necessary system desian changes., This will ascure early désign maturity
of prototype svstem M/ 2,

§.7 Develorrent Tarifization Ixtent/tivel - Develeopmant ver{ficatien prearam

will te concducted to the axient recessary to verify that *R2 final -cototyre sysien
design reats or exceads the rezuirements of the sys®z cerfermance srecificatisn and
the interim serformance criteriz or that any requirenant vhich hag rat been ret has
been grocerly disposéiticned ard U¢FC spproved by a deviaticr azocrovel requast,  Any
such deviation frem the soecified requirerents will l2 docyreate? 'n the final
verification decumentaticn an? wil) become a part of Lh2 srodctyre systenm performance
specificaticn.
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5.8 Additional Develgprent Teostirg - Additicnal testing and evaluations other
than those specified herein may be accomplished. Additicnal testing and evaluations
will be coordfnated with MSFC SIMS contracting ovficer cr his designated representa-
tive. Additional testing and evaluation will te properly controlled, documented eand
reported, -

6.  QUALIFICATION VERIFICATIZH REQUIRTZMENTS/FROCEDURE

6.1 Qualification Verificaticn Peauirerents - Requirements for qualification
verification are as follews:

Verificaticn that the prototype system meets or exceeds the regquire-
ments of system perfcrmince specification. These requirerents are:

Interin Perforrmance Criteria Recuiremants

fiovernment Divectad Requirements

System ldentification Pequirerent

Site Identification Requfrement

System Heating Cepacity Requirerent

Auxiiiary Eaergy Requirerant

Hot Yater Regquirement

Cperating Fequirerents

System Fhysical Requiresents (Cesian Life, VMeicht, Dimensions)

6.2 Qualification Verificatisn Procedures - Procezures for verification of each

quatificaticn verificaticn reculrarent are centafned in the folliwing sudparagrachs,

6.2.1 Interim Parfor~arce Critaria fequirerent - An aralysis will be conducted
on prototype system M/l 3 ta satisfy this requirement, £ach interim performance
criteria requirement will te analyzed individually and recorded on an futerim per-
formance criteria cortificaticn form,  Thit form will indicate corpliance or non-
complfance to the requirzment and will {dentify the evaluation method utilized to
satisfy the requirewant, A s3—ale ¢opy of the interin performance criterfa certifi-
caticn form !s contaired in Eprendin [ ef this docuTent, The certification for vien
corpleted will becera a part nf the final ver{ficaticn regort,

ORIGINAL PAGE 1

, OF POOR QUALITY
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6.2,2 Government Directed Requirements - This requirement will be satisfied by
an analysis of the directed requirement, prototype system and the system performance
specification to verify that the directed requirements have been satfsfied.

6.2.3 System Identification Requirement - This requfrement will be satfsfied by
reviek of performance specification and the prototype system to verify that the
system {s properly {dentified (type, contractor name, system mode) nmo.}.

6.2.4 Site ldentification Requirement - This requirement will be satisfied by
review of performance specification to verify that the site for the prototype system
s properly fdentified and described.

6.2.5 System Heating Capacity Requirement - This requirement will be satisfied
by an enalysis of the prototype system design and the ¢limate conditions anticipated
for the selected site at which the prototype system will be located, Test data
obtained during system development testing will be ut{ifzed to verify the design
rodels for the prototype system,

6.2.6 Auxiliary Energy Reaufrement - This requirement will be satisiied by an
analysis of the prototype system load requirements and the prototype system aux{liary
energy subsystem design,

6.2.7 Hot Water Requirement - This requirement will be sztisfied by an analysis
of the prototype system dasfgn and the hot water load requirements specified for the
- prototype system. Test data obtained during system development testing will be
utilized to verify the design models for the hot water subsystem.

6.2.8 OQperating Pequirements - This requirement will be satisfied by an analy-
sis of the prototype system design and the system operating requirements (maxfmum
power‘to drive system, average yearly electrical power, water requirements). Test
data obtained during system development testing will te utilfzed to verify the
design models iar the prototype system.

6.2.9 System Physical Requirerents - This requirement will be satisfied by an
analysis of the prototype system design and the system physical requirements (design

1ife, weight, dimensions).
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6.3 Prototype System Qualification OF POOR QUAL

6.3.1 Qualification verification will consist of an analysis of all changes
{mplemented during development verificaticn. A1) test, analysis, and evaluation
data originating during development verification will be evaluated to the require-
ments of the prototype system performance specification and interis performance

criteria.

§.3.2 The prototype system will be considered qualification verified when 1t
fs determined that the final system design and hardware has met or exceeded the re-
quirerents of the system performance specification and the interim performance
criteria or that any requirerent which has not been met has been properly dispo-

sitfoned and MSFC approved by a deviation approval request.

6.3.3 The results of qualification verification will be documented and sub-
mitted to MSFC. )

7. ACCEPTANCE VERIFICATION REQUIREMENTS/PROCEDURE
7.1 Acceptance verification wil) be conducted ¢n prototype system M/N 3 to
verifiy that the system meats all specified requirements. Acceptance verification

will consist of the followina,

o} Inspection of system to verify performance specification and workmanship
standaras

0 Inspacticn of operatiznal test data and evaluations to verify system
gerformance

0 Inscection of acceptance data package
) Inspection sf shipning Vist versus hardware to te delivered

2 Inspecticn of shizning instructions angd precautions
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0 Inspection of documentation required for system (installation, operation,
maintenance requfréments, system drawings &nd specificatfons, etc¢., in
accordance with prototype system performance specificatfon and data
package requfirements).

7.2 The results of acceptance verffication will be documented and submitted
to MSFC.

8. PROTOTYPE SYSTEM YERIFICATION HARDWARE DISPOSITION

fnllowing the completion of prototype system development, qualification and
acceptance verification program, the system hardware shall be removed from the MSFC
test breadboard facility. The system collectors, hot water suhsystem, system con-
troller and data collection sensors shall be avajlable for shipment to a desfgnated
demonstration site.

Test brackets and miscellaneous hardware used durfng system test wil) be re-
tatned at the MSFC breadboard faciiity for possible future utilfzation.

9. PROTOTYPE SYSTEM VERIFICATION DOCUMENTATION

9.1 Prototype System Test Precedure - Prototype system test procedure for
prototype system M/N 3 will be generated ut{lizing the requirements of this document,
prototype system performance specificatfon, and drawings, Test procedure will be
generated prior to the start of system verification testing. Test procedure shall
contatn at a minimum the following information.

{a) lIdentificatfon of hardware/system to be verified {mode} number, serial
number, manufacturer, size, descriptfon, etc.)

(b) Test requfrements
(¢) Development varification test methods/procedures

(d) Instrumentatifon and data requirements
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{e) Loca fon of tests to e conducted
(f) Test 1imits and txlerarces
(g9} Test equipment to be utflized

(h) Cetailed test setup and system configuration sketches
(t) Test reporting procedures
9.2 VYerification Documentation - Final pretet;pe system verification docu-

mentation will be generated follewing completion ¢f system verificatfen and sub-
mitted to MSFC. The verificaticn documentation shall consfist of the fellowing:

(a) Performance Test Report
(b) Verification Status Surmary
{¢) Cesign Data Brochure

9.2.1 Perforrarce Test Paport - Performance Test Report shall contain the
following as a minfmum:

(a) System icentificatian and deszripticr
(b) Test chjectives

(c) Test descripticn ard procedure

{d) Subsystem tas® rasults

{e) System test results

51



7933452
{f] Analytis of test data
{g) System performarnce
(h) Discussion of specizl tests
{§) Sfanificant observatiors and conclusions

9.2.2 Verification Status Summary - Ver{fication Status Summary c<hali con-
tain the following as a minimum:

(a) VYerification requiroments

(b) Results of system interim performance criteria analysis and certifi-
cation

(¢) Perfermance specifization verification analysis
(d) Acceptance verification aralysis
(e) Performance analysis susmary

9,2.3 Design Data Brochure - Destgn Datz Zrochure skall contain the following
verification documentation as a minimun:

(a) System configuration descripticn
(b} System funciicra® Zescription

{¢) Identificaticn of systen components
(d) Cperating instrizticons

{e) Mafntenance recuirerents

(f) Installatfon resuirerents

52
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10. VERIFICATICN MATRIX
Cross reference matrix for prototyre system M/N 3 ver{fication is contatned

in Appendix II of this document. This matrin is applicable to system salected for
physfical testing.

Appendix II has been deleted from this report,
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PROTOTYPE SY' M MODEL 3 VERIFICATION

APPROACL/FLOW

System Performance
Specitication

— MSFC Approval

Verification
Plan Procedure

MSFC Approval

Prototype Systeom
iest Procedure

[ 3¥7914

Development
Verification

4004 J40

TVNIOINO

g1 99vd

ALFIVOD

— Subsystem/Hardware Lvgluation
o Analysis and Test

— Syswem Analysis

& IPC and Pevf. Spec.

p= Sys ton Test

e Operational Functional

¢ System Operation at
Ambient tleather Conditions

e System Operation with
Simulated Cnergy Inputs

Qualification
Vorification

Acceptance
Verification

— Analysis of Development
Verification Results

b—- Sysiem will be considered
qualified when alil performance
specification requirements have
heen met during development
verification.

— System Inspection

— Analysis of System
Acceptance Packaqe
Lvaluate compliance
to all requiremenis

i

Performance
Test Report

Verification
Status Summary

I

Design Data
Brochure




The Verification Cross Relference Matrix and the Interim Performance

Criteria Certification forms have been deleted from thin report.
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INTERTIY PERFORMAKCE CRITERIA
CE TIFICATICH

&

System Type Heating and Mot Hater

System Model No. Prototype Suwstem 3

System Mfg. 16M
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I.

I1.

I11.

v,

INTERIM PERFORMANCE CRITERTA UNATIFTZATION INSTRUCYIONS
Evaluate system for zach 'PC reauirement 1i34-d on IFC Certification
Sheets. A1) recuirements are to ke n accerdanca with PUD Interim
Performance Criteria for Solar Heating and Ccmbired Heating/Cooling
Systems and Dwellings. HUD - January 1, 197%.
Check each requirement status
Yes - Meets IPC reguirement
No - Does not meet IPC reouirement
N/A - Requirement not applicable
List IPC requirement evaluation method vtilized
Analysis
Test
Inspection
Demonstration

Other

A1l requirements which are not met shall be defined and recorded on
1PC Deviation Approval Request {form attached).
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e S I e,
IPC REQUIREMENT {no. L boao |V e LUDNTS
Heating and Heating | 1.1 X Aralysis l Reouires verification for
SzdfCOOIAQQ System : : { specific site, '
rformance
- ; ?
Hot Water System 1.2 X | Test & Storage tank size and
Subsystem Performance Analysis recovery rate are
' : \ application critical.
€ollector Performance | 1.3 X Test &
; Analysis
Therrial Storage 1.4 X Test & }
: L Analysis |
3
Habitability of 1.5 X i Design |
Occupied Space . ‘ Review
Energy Transport 1.6 X Test &
Efficiency Analysis
Control 1.7 X Test &
- - : Analysis
Auxiliary Energy 1.8 X Analysis Requires verification for
- specific site.




MEETS I

‘ ITC /A EVALUATIGY
- IPC REQUIRENENT - - | LU, YLS ilo FETHL0 CClehYs
System Desfgn rolaa | x Test,
Conditions
Mechanfcal Strestes 2.2 X Pesign
: : Analysis
Leakage Prevention 2.3 X Test Applicable portions of
system will be pressure
tested during system
installation
Collector Adjustment 2.4 X Analysis Site dependert design
_|Subsystem Isclation 2.5 X
Heat Transfer Fluid 2.6 X Design Water is only fluid
luatity
Piping Supports 2.7 X Cesign Site dependent design
Review
Excessive Pressure 2.8 X Test ASME rated tank and
and Temperature relief protection
Protection

60
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I AL TI; EVALEATION .

IPC REQUIPEMENT fo pass Y om VY oo COpmTaTe

Structural Design kW X Design Structural components are

Basis Aralysis conventional elements.

| | Solar components are not
' ! lead bearing.

Service Loads 3.1.2 X Data Reviev] Mo data available to sub-
stantiate coliector
meets requirements

Failure Loads ang 3.2 No data avaflable on solar

Load Capacity unique components

:

Ultimate Load 3.2 X Data Reviev No data avajlatle to sub-

Combination 3.2.4 X | stantiate collector meets
requirements

Damage Control 3.3 Cperationali No resulted during seryice

Testing loads imposed during
testing.

Resistance to Damage 3.3.1 X Data Review No data available to sub-
stantiate collector meets
requirements

Glazing Design 3.3.2 X No data available to sub-

' stantiate collector meets
requirements

Cyclic Loads 3.4 X Design

Review

Cutting of Structural 3.5 X Review of site design
required

Creep and Residual 3.6 X Design

Deflection

Hajl Resistance 3.7 X Design

Review

Constraint Loads 3.8 X Design

Review
Ponding Conditions 3.9 X Design
Review

€l
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e L35 Y |
IPC REQUIREHENT o ce b |
Plumbing and Electrical| 4.1 | x 5
Installation E
; -
Fail Safe Controls 4.2 Y
Fire Safety 4.3 X
1
Toxic and Flammable 4.4 , X |
Fluids
Safety 4.5 X
Protection of Potable 4,6 X
Water and Circulated
Air :
Excessive Surface 4,7 X
Temperatures
Effects of External 5.1 X

Environment

Regian
f Reyiny

Oesinn

Pesian

Revicw

Test

Reviaw

Design
Review

Tests

Cesion.

Installatior by othars
tn 1ncal codes and
practicas,

teview of site design
required _

ko toxic fluid used.

Hith the specifi. .
insulation

Long term affects
not yet avaitable

62
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™ POOR QUALITY
- P — et e e —
S IR RS R RUIESIOY
IPC REQUIREMENT . YLE N ’ RAIE TORTNTS
Temperature and - 5.2; “x ‘5 . {Test 3 Stagnation terperatures
Pressure Resistance ' f ' " lAralysis not fully documented.
! ! 3
Transmissicn losses 5.2.6 X ‘ Mo data avajlable to sub-
due to outgassing z N ; stantiate collector
: : P ‘ ~ § meets requirements
Chemical compatibility [5.3 X { Lesion
uf Components Analycis
Compenents involving 5.4 X : Test &
mov . 1g parts - ibesian
Feview
Accessibility for 6.1 X Cesian Site design review
maintenance Review required
Installatior, 6.2 X fDesiagn
Operation and , Data
Maintenance Brochure
Manual Review
Repair and Service 6.3 X Design
Personnel
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MEETS IPC

Pzsign

1°C H/A EVALUATION ‘
1PC REQUIREMENT NO. YES O HETHGD COMMENTS
AL X
Acuquéte Space 7.2 X besign
- Review
functioning of 7.3 X
Dvelling/Facility Site
Interference with 8.1 X
Mechanica) Operation
Mechanical and 8.2 X
Electrical Functioning
of Dwelling and Site
Hechanical and 8.3 X
Electrical Functioning
of Connectors
Structural Integrity 9.1 X
8.2 X

Structural Integrity
of Dwelling .
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WU R ‘1r.
e .:;i:é.li;.' nza | COMLATIC!

miPC RLQUIREMENT YN [ ht ' mLGD COMENTS

‘btructura1 Connections | 9.3 X

Safety of Dwellings 10.1 X
Durability 1.1 X
Durability and 1.2 X

Reliability of
Dwelling and Site

Durability and Nn.3 | X Cesign
Reliability of Review
Connections

Maintainability of 12.1 X

H, HC, MW Systems

Haintainability of 12.2 X
Ovelling and Site

Connections 12.3 X

Visual Characteristics 113.1 X
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SYSTEM 2 PERFORMANCE ANALYSIS SULMARY

66



ORIGINAL PAGE IS
OF POOR QUALITY

PERFORMANCE ANALYSIS SUMMARY

The perforrance testing of SIMS Prototype Systen 3, in the MSFC Solar

Heating and Cooling Test Facility, resulted in the following significant
findings:

0 SIMS Prototype System 3, basced on test cata projected to
Mashville, Tennessec weather data, will provide 30% of tie
82 x 10% BTV design heating load.

) The norral electrical energy required to drive the solar
particn of the system was .6 Kd.

0 . The flow distribution manifolds were effective in producing

thermal stratificaticn in solar storage.

o A single-tank solar domestic water heater h2s comonstrated to
be a viatle design opticn.

0 SIMS Prototype System 3 was Jjudoed suitable for ficld installation.

b7
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INTERIM PERFORMANCE CRITERIJA DEVIATION APPROVAL REQUEST

ZT, npory umber 2. Dats 3. Preparcd By 4. Ovganization 5. System Type
! 7126076 D. Linton Flat Plate Collector
12, Sustem Rlodel No. 7. System S/N 8. Sysiem Coutractor 9. IPC Deviation

Sunworks Inc.

No flow temmperature operating conditiors

‘I\’l- e REWITHTY |

1Y, 0C Paraqgraph

AR B

12. Approvud By {IDM)

13. Appro«cd By {MSFC)

14, Date Approved {LISFC)

- i - i N .
e AL e wl wavini.

B TR PRI

.y

The Veandoxstates that the collector core
absorber temperature with 300 Btu/Hr £

an withstand temperatures of 400° F without rupture. The no flow
incident insulation could be as high as 490°F. :

16. Probable Couss

17. Remarka

10. Deviarion Divposition

1 o ————
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LOVB

0 INTERIM PERFORMANCE CRITERIA DEVIATION APPROVAL REGUEST . L l I
1, Rezport Number 2, Date 3. Proparcd Uy 4. Orgaruration 5. Zystem Type
7/26/76 D. Linton

G. 5 atemy Modul No.

7. Syitem S/N

8. Systemn Contractor

Sunworks Ipc,

10, 1PC Nuinlwr

11. WC Paragraph
2.,2.5

12. Approved By (1DM)

9. 1IC Deviation

13, Appraved By (M:SFE)

Elat Plate Caollect o

14. Data Appraved (WISFC)

15. Description of Cevislion

L

The vendor states that the collector core is capable of withstanding one inch of water, air presasure,
and 400°F temperature without rupture. Them flow temperature could be higher.

16. M&m

17 Remwsia

ALITVAD Y004 40
81 30vd TVNIOIEO

15. Deviation Diaposition
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INTERIM ERFORMANCE CRITERIA DEVIATION APPROVAL REQUEST

LRt

3. Raport Number lz. Datas 3. Propared By 4. Organization . Syastemn Typa
7/26/16 D. Linton Flat Plate Collector
G. Systum Fodel No, 7. Syastemn S/N B. Syrtens Contractor

Sunworks Inc.

2. iC Devistion

Ultimate Local Combinations

10, IPC Nusnber

11 IPC Paragraph

3.2.1
R W T |

14 Appraved By {IDM)

13. Apprroved By (MSFC)

14, Date Approved {(MSFC)

15. Duscription of Deviation_

e

16. Probable Cr.ee

17. Remutks

1. Deviation Disposition

R O T

g
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INTERIM PERFORMANCE CRITERIA DEVIATION APPROVAL REQUEST

S5, Cystem Tyno

3. Prepared Oy

4. Organization

Flat Plate Collector

1. Report Numbae 2. Data
7/26/76 D. Linton

G, System Rlodal No, 7. System S/IN d. Systein Contructor 9. IPC Deviatiun
Eifects of External Environment

Sunworks [nc.

14. Dats Approvid ([ISEC)

11 II'C Paragraph
5.1 & 5.1,1
5,2 & 5,2.1

10. 1WPC Nuinbut

12, Approved By (10M)

12, Apuroved Dy (MLSFC)

1, Daianption of Deviativn

temperature with 300 Btu/Hr ft,
* was-provided in the data package to evaluate the effects of prolonged exposure to sunlight.

o
The vendor states that the collecior can withstand temperatures of 400 F. The no flow absorber’
incident insolation could be as high as 490°F. Also, no data

16. Probabie Caute

HO

17. Remarks

ALITVAD 4004 40
6T 49Vd TyNo;

18. Deviation Disposition

- — v E—— . — e v— —

o ————————
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SPARE PARTS LIIT

ITEM VUROER REQUIRED

Sunworhs Liquid Type Colizctor i
(Model LAI001A}




HAZARDS ANALYSIS
PROTOTYPE SYSTEM DESIGN 3

SOLAR HEATING AND HOT WATER

Fehzuary 1977
DRL 501-18
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PROTOTYRY sywnn No, HAZAIDS ANALYSID

A hazards analysis was performed to define hazards or undesired events
relative to the System ) desipn, to i{dentify the safety requirement to eliminate

hazard and to indicatc the means of compliance with each safety requirement.

No residual hazards have been identified and no fallure modes have been identified

which wouid contribute to the occurrence of a personnel hazard. All potential
hazards identified are nminor level. The use of standard off-the-shelf hardware
minim{zes hazards tc personnel and equipment. A summary of the hazards analysis

tesults follows.
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HAZARD DATA SUMMARY

Areas of Consideration

Safety Requirement

Harzard/Undesired Event

Means of Compliance

Mechanical Protection

Primary Voltages

Secondary Voltages

¢ Mechanical Hazards
not significantly
greater than conven-
tional residence.

o Section 516 and 616
MPS (4900.1 and
4910.1). °

o Part E of ANSI All9.1

o Injury due t¢ pinch or
sharp edges.

o Short eircuits due to
wire abrasion.

o Mechanical damage due
to faulty installation.

o Mechanical damage due to
migration of components
during operation.

o Rotatiny Equipment

o Humidity and fumgus

o Personnel Shock

o Equipment damage due to
short circult or over-
loaa.

o Short between primary
and secondary circuits.

o All operator and sevvice area
edges rounded,

o Design does not present unusual
or unique mechanical hazards.

o Drawings provided with sufficient
design detall and notes to high-
light proper installatiom,

o Drawings provided with sufficient
design detall and notes to high-
light proper installation,

o DHW pumps have all rotating parts
protected.

o All equipment mounted within the
residence.

0 Controllers U.L. listed.

0 All external metal parts, sur-

o

&
faces and shields to be at
electrical grour,

o UL approved 15A circuit breaker.

81 OVd TVNIDINO

o Trangformer isclation and physi-
cal separation between primary
and secondary circuits. UL
approved. ‘




9L

HAZAKD DATA SUMMARY (CONT)

Areas of Consideration

fafety Requirement

Hazard/Undesired Fvent

Means of Compliance

Eloctromagnetic

Fire Safety

Pressure Vessels

o Maintain c¢ircult

o Use materials which
do not present a fire
hazard significantly
greater than con-
vential systems.

o Proper clearance and
venting of elevated
temperature surface,

o Emergency egress and
access not be less
than conventional
system.

o Identified and
accessible main shute
off valves.

o ASME code for uafired
pressure vessgels.

o Interference between
power, data and control
functions.

o Flammability of materials

o Occupant entrapment

o Difficulty in terminating
system operation or
isolating failure,

o Over pressurization.

o Mechanical rupture.

¢ Over temperature.

o Sensor and contyol wires sepa- - ©

rated., Sensor 1nputs are pro- b
tected by greound wires for each’ ;
channel, . . P

o Used conventional components c-
proven safety. .

o UL recognized components . .

0 All elevated temperature
surfaces and pipes fully in-
sulated.

o Conventional design criteria
met for egress and access. }
Convenient and accessible
equipment location.

o Main shutoff valves and switchey
are clearly labeled and easily

accessible. '

o Proper sized relief valves
used on all pressurized
vassels.

o High temperature limit controlsd =
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