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SYSTeM DESCRIPTION

Prototype System . has been designed by IBM under contract NAS8-32036 to NASA
Marshall Space Flight Center as a solar heating a1 1 hot water preheat system
for a single family dwelling. The system uses air collectors and a ﬁebble bed

storage. Domestic water is preheated with a heat exchanger in the hot air duct.

- Figure 1-1 is a pictorial illustration of the system, which was designed for

installatieon on é_dwelling in the 1500 to 2500 square foot range. The design
‘ can be scaled up or down to accommodate a wide range of héating and hot water
1 requirements for other single family, multi-family or commercial buildings with-

out significant change to the design concept.
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Figure 1-1. Tygicaf Solar Heating and Hot Water Syste}n using Air type colfzctors,
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Figure -2, Principal Elements of system.

Principal elomencs of the svstem are {1) £lat plate zir type sclar collectors,

’1

(2} a pebhle bed for chermal storage of collected solar energw, (3) a

fﬂ
[

handling unit to meve and direct the air through the energwv transsort svsten,

(4) an air-to-wnter heat exchanger and circulating pump tc allow for transfer

of heat from the collecter/storaze civcuit to the domestic hot water circuit,

(5) a domestic hot water pre-iieat tank for storage and transier of collected
energy into the conventional domestic water heater, (6} an air-te-air heat

rv energy during periods aof

pump and electric strip heaters to supply auxilia

insufficient solar insolaticrn, and (7) a ducting system to cenvey the solar

heated air between system c¢c mpenents and irnto the heated space. These elements

are shown in Figure 1-2 (above).
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1.0 INTRODUCTION '

This performence specification establishes the requirements for the design

03%.1

and performance of the solar heating and domestic hot water system utilizing
air collectors and a heat pump auxiliary energy subsystem. It designates
the Interim Performance Criteria applicable to this type system and defines
the deviations. The apﬁendices specify the svstem perfermance for each
defined site location and system size, the installation Jdrawings, aud the

detailed configuration diagrams and drawings.

2.0 APPLICABLE DOCUMENTS

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

or reference number only.

2.1 Government Documents . . E

Interim Performance Criteria for Solar Heating and Combined Heating/Cooling
Systems and Dw:llings, January 1, 1976, U. S. Department of Housing and

Urban Development. - \

Intermediate Minimum Property Standards for Solar Heating and Domestic .
Hot Water Systems, April 1976, NBSIR 76-1059, U. S. Department of Housing

and Urban Development.

SIMS.Conrract Statement of Work, NAS8-32036, Aprii 4, 1976 (with current \

modificacions). {

2.2 IBM Documents
The following document is referenced for information only:

System One, Description of; 12 November 1976, 7933608. \
!
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3.0 APPLICATION OF INTERIM PERFORMANCE CRITERIA BY TYPE OF SYSTEM

The application of each paragraph of the Interim Performance Criteriz (IPC) to this

type of system is provided in Table I. Since this system provides solar heating znd

W A Al oA A s AT e

[
~

hot water, system type "H" designatas the IPC application to this system.
4,0 DEVIATION FROM INTERIM PERFORMANCE CRITERIA

The IPC deviations identified by subsystem evaluation are listed in the following

paragraph. , |

I

4.1 Deviaticns to Residential IPC

The collector subsystem evaluation has identified three areas of non-conformance.
These IPC requirements are: (1) ultimate load combination (paragraph 3.2.1),
(2) resistance to damage (paragraph 3.73.1), and (3) transmission leosses due to

outgassing (paragraph 5.2.6). No vendor data was available to substantiate

these requirements cin be met.

4,2 Deviation of Commercial IPC

\ Not applicable,

5.0 GOVERNMENT FURNISHED PROFPERTY

The following items shall be provided by the govercment:

i . e e b £ 25, £y S

.(1) Collector subsystem: Solar Energy Products Air Collectors

+

Amv‘;.._..h._a.‘.ha..usAa.\mwuwwummumunup”tyuuuh

(2) Differential Thermostat: Rho Sigma  (Model ¥o. 106).
. ) ) I




FABLE I

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY f
Sheet 1 of 7 4
APPLICATION TYPE SYSTEMS B
A ~ APPLICABLE TO SYSTEMS INDICATED H - HEATING
.1 ~ APPLICABLE TO SYSTEM AND BUILDING HC -~ HEATING AND COOLING §i
NA - NOT APPLICABLE HW - HOT WATER ONLY 8 i
RESTDENTIAL INTERIM TYPE RESTDENTIAL INTERTM TYPE iy
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM. :
PARAGRAPH H PARAGRAPH H i 4
1.1 H and HC System A 1.3.1 Collector Efficiency| 4 Lk
Performance _ ‘ 1l
‘ 1.4 Thermal Storage . A  §
1.1.1 Heating Design I : i
Temperatures : 1.4.1 Storage Capacity and| A 17
Rate ' : 1

1.1,2 Cooling Design NA
Temperatures 1.5  Habitability of A Ll
' Occupied Bpaces ; 28
1,1.3 Relative Humid- I : A
ity and Water Vapor Pressure 1.5.1 Heat or Humidity "I 53 |5
‘ Transfer Effects . sH:
1.1.4 Solar Contribution A : i sgli
1.6 Energy Transport 'A s
1.1.5 Operation A Efficiency e s
Impairment . 3414
' 1.6.1 Thermal Losses and ‘A e
1.2 HW System -~ A Electrical Power . ' 33
Subsystem Pérformance | Lk
‘ 1.7 i Control st
1.2.1 Water Design 1 | : 1
Temperature : 1.7.1! Installation and A S
. : Maintenance : Gl
1.2,2 Storage Design A ) i , 4 J%
Capacity 2e7.2! Manual Adjustment A 4|,
: 43|
1,2.3 Solar Contribution A 1.7.3 Inhabited Space A 4 é
- Temperature & i

1.2.4 Operational A _ . gt
Impairment 1.7.4 Hot Water Tempera- A ik
ture . R

1.3 Collector Performance A '
' ‘ ' 1.8 Auxiliary Energy A

. s

1.8.1 Design Loads A \ 53

5

_ 1 I
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TABLE T (CONTINUED) |
RESIDENTIAL SYSTEMS, INTERDM PERFORMANCE CRITERTA SUMMARY
' Sheet 2 of 7
APPLICATION TYPE SYSTEMS .
A - APPLICABLE TQ SYSTEMS INDICATED H - HEATING : .
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING .
NA - NOT APPLICARBLE HW - HOT WATER ONLY N
RESIDENTIAL INTERTY TYPE RESIDENTIAL INTERDM TYPE s
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM ;_
PARAGRAPH H PARAGRAPH H u
: ) i !
2.1 System Design A 2.3  Leakage Prevention A 2
Conditions ' 2 : ;‘i
4 2.3.1 Pressure Test A 2 §
2.1.1 Equipment Capabilities A Nonpotable Fluids 2 - '1
' 2 i
2.1,2 Noilse or Erosion- A 2.3.2 Pressure Test! A 2 :4
Corrosion Potable Water a ;,1
, 2 "
2.1.3 Operatiag Conditions A 2.3.3 Air Transport A o !
’ Systems ° 2 g ]
2.1.4 Tluild Flow in A H }
Collectors 2.4 Collector Adjust- A 3 ;
ment 5 ‘1
2.1.5 Entrapped Alr A ) 3 f:f
2.4.1 Orientation and Tilt A 3 ok
2,1.6 Thermal Expansion A 3 -
of Fluids 2.4,2 Mutual Shadowing A 3 4'5.‘
3 f.
2.1.7 Pressure Drops A 2.5 Subsystem Isolation A 3 '
3» ',
2,1.8 Condensate Removal NA 2.5.1 Shutdown in Multi- A 4
family Housing *
2.2 Mechanical Stresses A . ‘ ]
: 2.6 Heat Transfer Fluid A 4 _
2.2,L Vibration Stress A Quality 4 ey
Levels Lt T A
2,6,1 Liguid Quality A o B
2,2,2 Vibration from Moving A s i
Parts 2.6.2 Alr Quality A x TN
: | - q4
2.2.3 Water Hammer A 2.6,3 Fluid Quality A I
5 o
2,2.4 Vacuum Relief A 2.6.4 Freezing Protection A 3 i
Protection ' ' 5 e
2,7 Piping Supports A s
2.2.5 Thermal Changes A ik
_ "2.7.1 Applicable Plumbing A 3 ( s
2.2.6 Tlexible Joints A Standards Tk 11
op
B-4 -
e |
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. - . TABLE I (CONTINUED)

| RESIDENTIAL SYSTEMS, INIERIM PERFORMANCE CRITERIA SUMMARY
| Sheet 3 of 7
APPLICATION S | _ TYPE SYSIEMS
A ~ APPLICABLE TO SYSTEMS INDICATED H. - HEATING
- I -~ APPLICABLE 70 SYSTEYM AND BUILDIXNG HC -~ HEATING AND COOLING I
NA - KOT APPLICABLE . HW - HOT WATER ONLY 7 i
. RESIDENTTAL INTERIM TYPE RESTDENTIAL INTERTM TYPE . g
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM i
PARAGRAFH | H PARAGRAPH : _ H p
2.8 Excessive Pressure A 3.5.1 Design Provisions I B
and Temperature Protection . S _ g
o 3.6 Creep and Residual I b
2.8.1 Relief Valves and . A Deflection- B
Vents . : i
. S 3.6,1 Deflection Limita- I 'd
3.1 Structural Design ' A tions ‘a
Basis ’ :
_ 3.7 Hail Resistance A 1E
3.1.1 Applicable Standards A E
3.1.2 BService Loads A Loading %
3.2  Failure Loads and A 3.8 Constraint Loads A 3§
Load Capacity ' |
\ 3.8.1 Foundation Settle- A i
3.2,1 Ultimate Load A ment -k
Combinations | ‘ _ i
3.8.2 Constrain Loads A @
3.2.2 JIce Loads : A :
: 3.9 Ponding Condition A E
3.2.3 Vehicular Loads I |
3.9.1 Design Provisions A |
3.2.4 Load Capaclty A . 3
' ' 4.1 Plumbing and A |
: 3.3 Damage Control A ! Electrical Installation |
3.3.1 Resistance to Damage A 4,1,1 Plumbing Codes A
. 3.3.2 Glazing Design A 4.1.2 Electrical Codes A
3.4 Cyclic Loads A 4.2  Fail-Safe Controls A :
3.4.1 Deflection Limitations A 4.2.1 System Failure A *
| ' Prevention
3.5  Cutting of Structural I _ S ——
Elements _ - 4,2.2 Automatic Pressure A
' : ' Relief Valves
- {ﬁ{ﬁiﬁﬁﬁi‘])b(xm 15}
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TABLE I (CONTINUED)

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY

Sheet 4 of _7_
APPLICATION TYPE SYSTEMS
A - APPLICAELE TO SYSTEMS INDICATED H ~ HEATING
I - APPLICABLE TO SYSTEM AXND BUILDING HC - HEATING AND COOLING
NA - NOT APPLICABLE HW - HOT WATER ONLY
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERDIM TYPE
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM. -
PARAGRAPH H » PARAGRAPH H
4.3 Fire Safety A 4.7 Excessive Surface A
Temperatures
4,3.1 Applicable Fire A
Standards 4,7.1 Protection from T A
Heated Compomnents
4.3.2 Penetratlons through I
Fire Rated Assemblies 5.1 Effects of External A
Environment
4.4 Toxie A
5.1.1 Solar Degradation A
4.4.1 Provisions of Catch A :
Basins 5.1.2 Soil Corrosion A
4.4.2 Detection of Toxic and A 5.1.3 Airborne Pollutants A
Flampable Fluids
5.1.4 Dirt Retention A
4.5 Safety I on Cover Plate Surface
4.5.1 Emerpency Egress I 5.1.5 Abrasive Wear
and Access
' 5.1.6 Fluttering by Wind A
‘4- 5.2 Identification and A
Location of Controls 5.2 Temperature and A
Pressure Resistance
4.6 Protection and Potzable A
Water and Circulated Alr 5.2,1 Thermal Degradation A
4.6.1 Contamination by A 5.2.2 Deterioration of A
Materials Heat Transfer Fluids
4.6.2 Separation of A 5.2.3  Thermal Cycling A
Cireculation Loops Stresses
4,6.3 Backflow Prevention A 5.2.4 Leakage A
A 5.2.5 Deterioration of A

4,6.4 Growth of Fungi

Gaskets and Sealants




TABLE T (COXTINUED)

RESIDENTIAL SYSTRMS, INTERIM PERFORMANCE CRITERIA SUMMARY
Sheet 5 of 7

APPLICATION TYPE SYSTEMS
A - APPLICABLE TO SYSTEMS INDICATED B -~ HEATING

I -~ APPLICABLE TO SYSTEM AND BUILDIRG

NA - NOT APPLICABLE

HW - HOT WATER ONLY

HC - HEATING AND COOLING

RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERTM TYPE
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6,0 GOVERNMENT DIRECTED REQUIREMENTS

The following requirements are specified in ¥AS8-32036 and by verbal direction from

the contract oificer; -

(a) IBM shall deliver two identical systems of the following tvpe: "

e  Single Family Building B ' .
s Solar Space Heating and Domestic Hot Water ) i
® Direct Air System (Air Collector) : : x
) Electric Furnace or Heat Pump Auxiliary 1

. (b) All hardware and subsystems, except collectors, and the Rho Sigma differential

thermostat shall be purchased by IBM to good commercial practices as off~the~ 24
shelf hardware. ;
A

(c) Collector and pebble bed sizing may be adjusted for each specific site.

L]
TR TN P L T T S A A R,

7.0 GEOGRAPHICAL AREA . ' "

This heating and hot water system is designed for a single family residence located 15 i
in the United States. Areas of application include all regions of the U.S. except 4
the extreme north, and regions with low heating degree days, such as Southern as '

California and Florida. "

B-10




7.1 Typical Geegraphical Locations

The system design accormodates variation in insolation and heating degree day

ranges as follows:

Mean Daily Insoletion (Typical Winter Mean) 625 to 1475 BTU/Ft2
Yearly Heating Degree Days 2000 o 6500

Typical Standard Metropolitan Statistical Areas (SMSA's) within these ranges.

ares

Nashville, TN

Salt Lake City, Utah
Kansas City, MO

Los Angeles, CA \
Atlanta, GA

Las Vegas, WV
Boston, MA
Charleston, SC
Pittsburg, PA
Detroic, MI

Wichita, KA

El Paso, TX

® ® 2 © & & & & & @ e 9

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

to achieve the optimum performance air handler capacity and/or duct sizes may

KN - v n . : -
B aaty . : LY A i L

be impacted.
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APPERDIX A i

A-0 SYSTEM IDENTIFICATION

This Appendix defines the performance configuraticn.and‘installation
drawings for JIMS Prototype Heating and Hot Water System, IBM Corporation,
System Model Number 1A,

A-1 SYSTEM PERFORMANCE SHEETS

Site ~

The system shall be installed in a small business office in the city of

This location has a

Buntsville, county of Madison, state of Alabama.
2

design daily éverage insolation (typical winter mean) of 770 BTU/Ft
and 3300 heating degree (°F) days (typical annual),

Heating Capacity :

I

The system will provide solar energy for 58 percent of the total heating

. . t
load during the heating season based on an average annual heating load of

65.8 X 106 BTU and a peak heating load of 41,250 BTU/Hr, %

Cooling Capacity

]
The system will provide solar energy for K/A | percent of the average

total cooling during the cooling season, based on am average total

cooling load of N/A BTU/Month and a peak cooiing load of N/A BTU/Hr. \

QRIGINAL PAGE 15
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Auxiliarv Energy

The average amuual rate of auxiliary enecgy supplied to the heating and
hot water load shall be no greater than 31.8 X 106 BTU. This shall be
no greater than 42 percent of the total emergy required for heating ana
hot water. The average rate of auxiliary energy used for cooling during
the cooling season shall be no greater than N/A ETU/Month. This shall be

no greater than N/A prrcent of the total energy required for cooling.

Hot Water

Fifty-two gallons of potable (or usable) hot water shall bes delivered
at no less than 1.2 gal/min at temperatures no less than 140°F, Recovery

time shall be no greater than 0.9 hours. The average hot water heating
load will be 0.9 X lO6

auxiliary energy.

BTU/Month of which 43 percent is provided by

Operating Requirements

Tﬁe maxinum electrical energy required to drive the solar portion of

the system at its rated capacity shall be no greater than 1.0 K.W.

The maximum electrical energy required to drive the complete system

shzll be no greater than 28 K.W. The average yearly electrical enefgy
required to drive the system shall be no greater than 6700 K.W.H.

Water requirements for cooling condensers and/or air humidification shall

be no greater than N/A gal/hr,

B-13




- Physical Data - Table III -

The following subsystems shall have:

.

Design life no Weigh', (filled) Installation® :

less than no greater than dimensions i:

Iy

Heating 20  years N/A _ lbs :
. .

Cooling N/A years - N/A 1bs ;
O

*

Auxiliary Energy 20 years 600 1bs -
2

. 2

Storage 20 years 50000 1bs 20"
2

Potable Water 10 years 1500 1bs :

(or usable)
Collector 20 vyears 2000 1bs
Energy Transport ‘ 20 years ' 130 1bs

Controls 20 years 40 1bs

#8ee Installation Drawings

Y o B-14
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1.0 SCOPE

1.1 This specification describes the design and fabrication requirements
for the System 1A Collection Subsystem.

2.0 APPLICABLE DOCUMENTS

2.1 The following documents form a part of this specification unless
otherwise specified herein:

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

Intermediate Minimum Property Standards for Solar Heating and
Domestic Hot Water Svstems, HBSIR 76~1059, April 1976,

3.0 REQUIREMENTS

3.1 General. The collector subsystem shall be designed and fabricated
in accordance with the requirements of the aplicable documents of 2.1 and the re-
quirements as specified herein. The collector subsystem as shown in ¥Figures 1 and
2 consists of the following items:

Solar Collectors

Feeder Ducts

ORIGINAIL PAGE IS
Manifaid Ducts OF, POOR QUALITY

Installation Hardware

3.1.1 Fire safety. All materials used to install and insulate the
collector subsystem shall meet the fire hazard requirements of the IPC. Materials
shall have a flame-spread rating not over 25 and a smoke developed rating not
* higher than 50 per ASTM E84, UL 733. Duct tape shall not be more combustible
than approved flame proofed fabric.

3.1.2 Toxic materials. All materials used to install and insulate the
collector subsystem sha‘l not emit toxic gases ehen exposed to temperature up to
2509F,

3.1.3 Corrosion, Materials used to install and insulate the collector
subsystem shall be selected so that their performance will not be affected by
corrosion over the 20 year life of the system.

3.1.4 Thermal environment. Materials used to install and insulate the
collector subsystem shall be capable of withstanding temperatures from -10 to
250°F without deterioratiom,

3.2 Solar collectors. lodel EF212 solar collectors manufactured by
Solar Energy Products Companv shall be government furnished, The gquantity of collectors
is site dependent and shall be as specified in the particular svstem installation draw-
ing. Collectors shall be mounted to rafters.  The rafters shall be boxed-in to pro-
vide support for the collector on all four sides. The plane of the collector mounting
flange shall face south + 5 degrees and shall be inclined to the horiaontal at an angle
which is equal to the sum of the site latitude plus 10 degrees with a tolerance of +35

degrees. Collector installation shall be such as to preclude roof leakage,
c-2
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7933609
Appendix A may be used as an installation design guide.

3.3 Feeder ducts. The ferder ducts shall connect the collectors to the
inlet and outlet manifolds ducts. “he feeder ducts shall be 6 inches in diameter
and shall be installed in such a manner that the joints at the collector and the
manifold duct can be visually inspected. The lengths of the inlet and return feeder
ducts shall be made equal and be as short as practical to balance air flow to

. collectors and minimize head loss., _
- 3.4 Manifold ducts. Groups of collectors shall be manifolded together for
parallel air flow with an air flow volumetric flow variation between collectors in
any one group being less than 5 percent. When more than one set of manifold ducts
(inlet and outlet) are used to service the collectors, air flow shall be proportioned
so that the volumetric flow variation between any two collectors in the overall system
is less than i0 percent. The maximum average air velocity through any portion of the
manifold ducts shall be 600 FPM.

3.5 Duct interfaces. The collector-feeder duct, feeder duct-manifold duct
and manifold duct-main duct interfaces shall be designed to minimize air leakage and
head losses. Duct tape and sealants shall be used where necessary to minimize air
leakage.

3.5.1 Collector-feeder duct interface. The attachment hardware shall be
uged at the collector-feeder duct interface so that mechanical stresses are distributed
away from the openings in the collector to the back side of the collector. The
attachment hardware shall not protrude into the collector beyond the rear inside sur-
face of the collector and it shall also insure that the feeder duct does not protrude
beyond this surface.

3.5,2 Faeder duct-manifold duct interface. The 6 inch duct take-offs used at
the feeder duct-manifold duct interface shall minimize head loss and air leakage.

3.6 Insulation.

3.6.1 Collector insulzation. The back side of the collector in the area
formed by the boxed-in rafters §hall be insulated with a material hav1ng a R =10.5
- (3 1/2 inch fiber glass, 1 #/ft” or equivalent).

3.6.2 ‘ Duct insulation. Feeder and manifold ducts shall,be insulated
with a material having a R = 16.5 (5 1/2 inch fiber glags, 1#/ft” or equivalent).

3.7 Insﬁallation hardware.

3.7.1 Duct hangers. Manifold ducts shall be suitably installed with
hangers to minimize stresses within the ducts and at duct joints to prevent
separatlion and leakage. Feeder ducts shall also be supported with hangers if
attachments at the collector and manifold ducts are not adequate to preclude
separation and leakage. :

3.7.,2 Duct sealing material. All duct joints and interfaces shall be
tight. Duct tape or sultable sealant shall be applied at joints to eliminate
leakage. ‘

C-3
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3.7.3 Cellector mounting hardware. Collecteors shall be secured to rafters
and close-outs with 2 inch long No. 10 round head or pan head wood screws or equiva-
lent., Screws shall be suitably spaced to secure the collectors to the roof and main-
tain the seal between collectors. Mounting serews shall be selected and installed so
as to minimize electrochemical corrosion. .

3.7.4 Insulation attachment hardware. Collector insulation shall be attached
to the ducting with staples, tape and/or straps so that the insulation will be kept
in contact with the ducting throughout the life of the system. The insulation shall
not be excessively compressed so as to lower the thermal resistance of the insulatlon.

3.7.5 Flashings. Flashing material shall be selected so as to minimize
corrosion when exposed to weather and when in contact with the collector where electro-
chemical corrosion is possible.

3.7.6 Sealant., A non-hardening sealant shall be used to maintain a water-tight
seal between collector flanges and between collector flanges and flashings., A sealant/
adhesive shall also be used at the collector-feeder duct interface to bond interface
hardware to the collector,

C-4
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A,

APPENDIX A

PREPARATION OF THE ROOF

1.

2,
3.

4-

Trusses or rafters must be located on 24" centers. The length of rafters
or trusses must be greater than 12 feet.

The 1ength of the rough opening required for each solar panel is 144",

Material of the same cross-section of the rafter is nailed in place between
the rafters at each end to form a rough opening box.

Sheathing is applied to the remaining area of the roof. Strips of sheathing

must be nailled along the top of the rafters where the panels are to be
located. This forms a flush mounting surface all around the SOLORON panel.

Roofing felt is applied to cover the sheathing up to the panel opening.

Apply roof shingles to the lower portion of the roof up to within 2-3"
of the lower edge of the rough opening,

Nail in place, in a bed of roofing cement, or high quality non-hardening
sealant, aluminum flashing along the entire lower edge of the rough
opening.

SETTING AND SEALING THE PANELS

1.

2,

5.

6.

7.

Apply a non-hardening sealant bed all around the edge of the first rough
opening (elther the extreme left or right hand opening).

Set the first solar panel in place making sure that there are no gaps in
the sealant and that the panel is properly seated.

Drill clearance holes for 2 inch No. 10 round or pan head wood screws
through aluminum flanges on the bottom and one side of the panel (the
lefr side 1f the first panel is on the left, the rizht side if the first
panel is om the right). The holes should be located approximately 12"
apare on all three sides.

Screw down the two sides with 2 inch No. 10 wood screws,
Apply high quality non-hardening sealant all around the opening to recejve
the next panel. Make sure there are no gaps in the sealant especially

where the flanges of the adjacent collectors overlap.

Drill clearance holes through the overalpping flange and the bottom
flanges and screw down the two sides of the collector.

Repeat steps 1 through 6 for the remaining collectors.,




10.

11.

12.

13,

Apply 10" wide aluminum flashing in a bed of roof cement or high quality
non-hardening sealant on the top flange of the panels.

Drill clearance holes for 2" No. 10 wood screws through the flashing and
flange along the top edge of the panels and screw down.

Apply roof cement or high quality non-hardening sealant bed along
extreme left and right flanges of the panels.

Apply roofing shingles right up to the top of the panel along both
extreme sides of the panel system,

Complete by applying shingling along top edge of the collector up to the
ridge of the roof, -

It may be desirable to check out the leak-tightness of the installation
by hosing water over all the collectors and joints.

ORIGINAL PAGE 15
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1.0 SCOPE

This specification describes the design, fabrication and installation requirements
for the System 1 Energy Storage Subsystem which are necessary for proper system -

performance.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification unless otherwise
specified herein:

Interim Performance Criteria Commercial Solar Heating and Combined
Heating/Cooling Systems and Facilities

Interim Performance Lriteria for Solar Heating and Combined Heating/
Cooling Systems and Dwellings

Intermediate Minimum Property Standards for Solar Heating and Domestic
Hot Water Systems

3.0 REQUIREMENTS

3.1 GENERAL

The energy storage subsystem shall be designed, fabricated and instatled in
accordance with the requirements of the Interim Performance Criteria and HUD
minimum property standards for Solar Systems and the requirements as specified
herein. The energy storage subsystem consists of the following items:

Pebble bed

Grating

Lower plenum chamber and grating support
Upper plenum chamber

Container | ORIGINAL PAGE IS
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3.1.1 Fire Safety. A1l materials used to install and insulate the energy

storage subsystem shall meet the fire hazard requirements of the IPC., Materials

shall have a flame-spread rating not over 25 and a smoke developed rating not
higher than 50 per ASTM E84, UL 733,

3.1.2 Toxic Materials. A1l materials used to install and insulate the energy

storage subsystem shall not emit toxic gases when exposed to temperature up
to 250°F,

3.1.3 Corrosion. Materials used to install and insulate the energy storage
subsystem shall be selected so that their performance shall not be affected
by corrosion over the 20 year 1ife of the system. '

3.1.4 Thermal Environment., Materials used to install and insulate the energy

storage subsystem shall be capable of withstanding temperatures from -10 to
250°F without deterioration.

3.2 PEBBLE BED

3.2.7 Pebble Selection

The pebbles used in the bed shall be washed to remove dirt, sand and other
foreign matter to insure maximum heat transfer characteristics. The type
and size requirements are as Tollows:

Type: Relatively smooth, rounded pebbles, such as, river
stones.

Nominal Size: The mean size of the pebbles shall fall within the range
of 1/2 to 2 inches.

Relative Pebbles of approximately the same size shall be utilized

Pebble Size: 4 jnsure adequate air Flow. Relative pebble size variations
shall be ¢ ‘ntrolled so that the maximum pressure drop across
the bed is not exceeded. (See paragraph 3.2.2.2)
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3.2.2 Bed Size. The size of the pebble bed shall be within the architectural
constraints of the building and the requirements and Tlimitations identified
herein.

3.2.2.1 Therral Storaae Capacitv/Volume., The volume of the bed shall be such
that the thermal storage capacity is 15 + 5 BTU/OF/Ft2 callector.

Note:

This thermal capacity is equivalent to 3/4 + 1/4 cubic foot of pebbles per
square foot of ccllector area. One cubic foot of pebbles weiahs approximately
100 pounds. Each collector panel contains 19,7 square feet of effective area.

3.2.2.2 Bed Dimensions. The height of the pebble bed shall be 5 ft. minimum.
Cross-sectional area (lateral dimensions) shall be determined, within the con-
straints identified, such that the static pressure drop across the pebble bed

at nominal air flow rates through the bed shall be a minimum of 0.1 and a maximum
of 0.6 inches of water column.

3.3 GRATING

The pebble bed shall rest on a metal grating which shall not allow properly sized
pebbtes to pass through, shall have strength to support the pebble bed weight,
and shall minimize resistance to air flow.

3.4 PLENUM CHAMBERS

Plenum chambers shall be located at the top and bottom of the pebble bed and

shall interface directly with the solar system main ductwork. They shall be
designed to provide air flow vertically through the pebble bed in either direction.
The plenums and inlets shall be designed to minimize air channeling through the
pebble bed.
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3.5 CONTAINER

The container, in combination with the plenum chambers, shall completely enciose
the pebbie bed and form an integral structure. Materials and fabricatioq techni-
ques to be utilized are at the discretion of the builder/designer. House walls
may form part or all of the container if structurally adequate.
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3.6 PEBBLE BED ACCESS

b
e

*
-
woa

Access must be provided to the pebbie bed such that the pebbles can be inspected
or replaced at any time. This access may be provided through the side walls of
the container or through the upper plenum chamber.
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3.7 INSULATION 2
23
24
Except for the interface with the main system ducts at the top and bottom plenum 3 |
_ chambers, the energy storage subsystem shall be compietely enclosed with insulation : 1l
o having a value of R11 or greater. This insulation can be mounted on inside or out- s ;

: side surfaces of the container and plenum chambers provided that thermal leakage 3 :
paths to ambient conditions do not exist. At the interfaces with the solar system st}
ductwork, the energy storage subsystem insulation must mate with the main duct :; |
insulation such that thermal leakage paths do not exist. 3 k}

35

36 [
3.8 AIR AND WATER LEAKAGE s r

ag |

39 %\

=
o
!

A1l elements of the energy storage subsystem shall be sealed to prevent air
leakage from the air passages to ambient. The subsystem shall also be sealed

-
-

o |
to prevent ingress of ground water. o ;r
45 |i%
3.9 GROWTH OF FUNGI “
| p
. Components and materials used in the energy storage subsystem shall not promote el

w
o

the growth of fungi, mold or mildew.
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3.10 Pressure {irob

The static pressure drop acvoss the Eneray Storace Subsystem from inlet duct
to exit duct shall be from .1 to .7 inches water column at nominal system flow-
rates.
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THE ENERGY TRANSPORT SUBSYSTEM CONSIST OF A
PACKAGED SOLAR AIR HANDLER (IBM 7933623) AND
NECESSARY DAMPERS, ACTUATORS, AND BACK DRAFT

DAMPERS (INCLUDING IBM 7933625) TO ROUTE THE AIR

FLOW FOR THE VARIOUS MODES OF OPERATION.

’

o) 1
IBM MATERIAL | NO MUST CONFORM TO ENG SPEC: 890350 .
2 g
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o 25.4
IBM MATL ALTERNATE | NO scaie] NONE
TOLERANCES UNLESS — i name | ENERGY TRANSPOR®
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HARDNESS LINEAR 2 DESIGNER
THIRD ANGLE ANGLES * DETAILER / 5
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TREATMENT INCH RADII UNLESS OTHERWISE NOTED DWG CHK
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ELEC
TA
METAL DEVELOPMENT NO Q/t
PLASTIC

THE AIR HANDLER CONTAINS THE BLOWER, BLOWER MOTOF
AND NECESSARY DAMPERS AND ACTUATORS TO ROUTE THE
AIR FLOW FOR THE VARIOUS MODES OF OPERATIONS.

AIR HANDLER SOLAR CONTROL CORP.
MODEL SAM Series 20

THE MOTOR SIZE AND BLOWER SPEED ARE DETERMENED BY
THE MAX. LOAD DEMANDS OF THE SYSTEM.(MOTORS ARE
SPECIFIED IN TABLE "A".)

ALL 115 VAC WIRING IS TO BE LISTED.

TABLE "A"

H.P. |MANUFACTURE STYLE NO. FRAME TYPE
V4 |WESTINGHOUSE ELECTRIC CORP. 317P002 FH SCE8
1/3 |WESTINGHOUSE ELECTRIC CORP. 317P003 FH.SP56
1/ |WESTINGHOUSE ELECTRIC CORP. 317P004 FH-56
3/, |WESTINGHOUSE ELECTRIC CORP. 312P629 FH-B56
1 |WESTINGHOUSE ELECTRIC CORP. 311P297 FH-F56
DAMPER MOTORS WILL BE:
DAYTON No. 3M231 WITH MAGNETIC TYPE BRAKE REMOVED.
7 RPM, 1/409 H. P.

0.55 FLA, IMPEDANCE PROTECTED
I 116 VAC/60 CYCLES, CLOCK-WISE ROTATION (SHAFT END)

1BM MATERIAL | NO MUST CONFORM TO ENG SPEC: 890350 T
E =t
.S 285 4 ===t =
IBM MATL ALTERNATE l NO 2
scaLE| NONE
TOLERANCES UNLESS T WY, NAME SOLAR AIR HANDLE!
e E DEevh E OTHERWISE NOTED
HARDNESS LINEAR * DESIGNER
THIRD ANGLE ANGLES * . 7
SURFACE s mebondtat DETAILER Wi | 12/2)7¢
TREATMENT e RADII UNLESS OTHERWISE NOTED DWG CHK
79 3 3 6 23 - EDGE/CORNER OUTSIDE MAX DSGN APPRO
A mm BREAKS INSIDE MAX CLASSIFICATION
620-7767-3 MRO# 7805207907 MECHANICAL FORMAT ASTROCLOTH NE3OT

OGILVIE PRESS Bufialo, New York Printed in US.A.
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.NOTES:
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L FABRIC

BLACES,

i

(2]

ALTER AMERICAN WARMING AND VENTILATING '™C. OF

TOLEDQ, OHIO PART NO. SHB-P-1217 FOR A 18" X 18" DUCT
IN ACCORDANCE WITH THiIS DRAWING. TH!S PART CONTAINS
FOUR 4" X 17" FABRIC BLADES AND ONE PARTIAL BLADE

(NOT A FULL 4" HIGH)

REMOVE ONE (FULL) CENTER BLADE BY CUTTING ALONG
THE HINGED EDGE. IF CENTER BLADE IS NOT A FULL BLADE
REMOVE THE ADJACENT FULL BLADE (ONE ONLY) '

- COMMERCIAL ITEWM
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7933 625 A - EDGE/CORNER |OUTSIDE MAX DSGN APPRO ‘)45,7 eadn | 127
mm BREAKS INSIDE  MAR | CLASSIFICATION
MECHANICAL FORMAT ASTROCLOTH MESOT OGILVIE FRESS Buffclo, Maw York Printsdin U.S.A.
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o ~ AIR FLOW FROM WATER
o - COLLECTORS . SUPPLY NOTES:
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i CUTOFF CONTROLLER BOX :
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o ' & _ ON INPUT & OUTPUT FROM PUMP
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= LIST TITLE EN NO. SHEET
' ANY WATER SUASYSTEM ENGRIIITS 81 __9F o
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£1-a

ITEMS COMMON TO PARY NUMBER?9336)12

1199 HWS1 3/4 " COPPER TUBING £ FITTINGS NiD
2|01 HWS2 BRONZE CUTUOFF VALVE N|D
1{01 Sw2-18-18-8 HALSTEAD MITCHELL HEAT EXCHANGER o}
1|01 T=113 NIBCO BRONZE GATE VALVE 3/a% [»}
1(01 ucos22s JACKSON STORAGE UNIT D
1|01 UP=25-42~5F GRUNDFOS PUMPs ISOLATIOM VYALVES D
1|01 S2GAL HDOT WATER HEATER NID

SYMBOL CODE (SY):

V = VENOOR ITEM, SEE SPECIFICATION OR SQURCE CONTROL DRAWING

UNIT OF MEASURE CODE
01 » PIECE EACH
11 = INCH
12 = FEET
16 » CUBIC FOOT
31 = QUNCE {AVOP)
3% = DUNCE [TROY)

3% = FLIO OUNCE
66 » CUBIC INCH

PLANNING CODE {PL}:

A= ALTERNATE ITEM Ps BULK MATL (ALL OTHER PL CODES ARE FOR IOM REF ONLY; €G, G = GOVT FURN ITEM
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[ 4
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; 173» CONTROLLER {AIR SOLAR CONTROL CORP.
‘ o TRANSPGRT) ZIA MODEL 75176
3 n
T < T = - SENSORS LOCATED CONTROLLER {DIFFER-  RHO SIGMA MODEL 106
SENSORS AT = IN HEAT STORAGE ENTIAL TEMPERATURE)
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‘ CONTROLLER [AIR INTERFACE CONTROL  IBM 7933619
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P
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a=;{ i NOTES:
W CONTROLLER INTERFACE
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- A G O AUX. ENERGY ‘ ] T AR aw AT IT DUC
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i i| al| 003843 A-16N12A NEMA PANEL ENCLOSURE D
2 & 01 KIT90-340 TYPE 90 DPPDT RFELAY D
3 SRS |1 ) 1 . HST4158 . 4P)T SHITCH D
i 4 1 01 03640} 6080555 MST-115D SHITCH TOGGLE D
' 5 2 0] 71785 13-540 - 540 SERIES TERM BLOCK D
: & . 0l 71785 4=540 540 SERI&S TE&M BLOCK D
' 7 I ol 71785 365-431-04-020 SAFETY SHIELD D
B L 1] 01 X ) ) 210884 ) .| sTUD D
4l 1i 01} 883&0 210833 STUD D
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1} 1l 01 7933621 BRACKET D
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. y 1¢& 50 01 PLTIM-CP PLASTIC WIRE TIiE D
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20 L2 12 BB816-2 18 AWG WIRE-PVC-RED PlD
21 12 12 88166 18 AWG HIRL-PVC-BLUE P|D
22 14 12 8816-4 18 AWG WIRE-PVC-YELLOW PID
23 12 12 8816-10 18 AWG WIRE-PVYC-BLACK PID
.f o0 . 24 1 01 7933622 SCHEMATICy INTERFACE CONTROL D
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METAL

DEVELOPMENT NO

PLASTIC

THE SOLAR AIR CONTROLLER IS A PACKAGED ELECTRICAL CONTROL SYSTEM.

SOLAR AIR CONTROLLER ZIA ASSOCIATES, INC.
MODEL 75-176 (FOUR
MODE CONTROLLER)

THE SOLAR AIR CONTROLLER IS TO HAVE:

1 @usnzo WIRE ABOVE 70 VOLTS.

2. @usreo 24V RELAYS. (HUNEYWELL R8225D1003 & R8225A1017)

3. CLASS Il TRANSFORMER. (HONEYWELL AT74B1004)
STANDARD FEATURES FROM MANUFACTURE ARE:

Q
8 %%‘ 1. DIFFERENTIAL OFFSET PROGRAMMABLE 10°- 60° F.
%.F 2. HYSTERESIS PROGRAMMABLE 3° - 20° F.
%% 3. PROGRAMMABLE DELIVERY TEMPERATURE SET 90° - 120° F.
%% 4. FOR 115 VAC OPERATION.

IBM MATERIAL | NO MUST CONFORM TO ENG SPEC: 890350 e = e
= e ==
= = se==

IBM MATL ALTERNATE | NO
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HARDNESS ks B DESIGNED. 755 | 138
' THIRD ANGLE | ANGLES * DETAILER A 4
SURFACE PROJECTION - Wjomy| 12 .
TREATMENT INCH RADII UNLESS OTHERWISE NOTED DWG CHK :
- 9 3 3 6 2 - EDGE/CORNER |OUTSIDE MAX DSGN APPRO
/ 4 A mm BREAKS INSIDE  MAX CLASSIFICATION
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DWG NO.
7933614

CHK [ENGRG NOTICENl LTR DESCRIPTION DATE | APPROVED
I K42-009 -- | Release 1172277

(%21

The Auxiliary Energy Subsystem provides the necessary energy to supple-
ment the solar system. It is designed to provide the entire heating

load in the event solar energy is not available. In addition, the system
will provide cooling for summer time operation.

The subsystem consists of a air-to-air splif-system heat pump and
separate resistance heaters.

The heat pump is sized for the building cooling load. Heating capacity

of the heat pump is augumented by the resistance heaters to meet the
building heating load at local design temperatures. The resistance

heaters are located in the transport system such that the soTar heating may
also be augumented.

The heat pump and resistance heaters shall be furnished by the building
owner,
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7933615

1.0 SCOPE

1.1 This specification describes the design, fabrication and installation
requirements for the Integration Subsystem of Solar Heating and Hot Water
System 1.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent
that they apply to the items of hardware noted herein:

0 Interim Perfor-ance Criteria Commercial Solar Heating/Cooling
Subsystems and Facilities (hereafter referred to as the IPC)

0 Intermadiate Minimum Property Standards for Solar Heating and
Domestic Hot Water Systems

0 Local Building, Plumbing, Mechanical, Electrical and Fire
Protection Codes

0 Instaliation Plans and Specifications ¢

3.0 REQUIREMENTS

3.1 General.

L

The Integration Subsystem consists of the necessary hardware to interconnect

the various subsystem components to provide a solar heating and hot water system. N

3.1.1 Fire safety. All materials used o instz1l and insulate the collector
subsystem shall meet the fire hazard requirements of the IPC. Haterials
shall have a flame-spread rating not over 25 and a smoke developed rating

not higher than 50 per ASTH £84, UL 733. Duct tape shall not be rore
combustible than approved f]ame-prcofed fabric. '

1B
C ORKﬂNAlIPAGE >
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7933615

3.1.2 Corrosion. Materials used to install and insulate the collector
subsystem shall be selected so that their performance will not be affected
by corrosion over the 20-year life of the system.

3.1.4 Thermal environment. Haterials used to install and insulate the
collector subsystem shall be capable of withstanding temperature from -10%
to 250°F without deterioration.

3.2 Interconnecting Ducts

Within the CFM, velocity and static pressure parameters called for in
the System Design Specification, the interconnecting ducts may vary in size
as dictated by the availability of space within the building and the size
of the connections to the various subsystems serviced by this hardware.
However, the installation design shall provide as short a run as practical
to minimize friction losses. A1l duct joints and connections shall be
designed to minimize air leakage and shall provide necessary brackets,
angles and supporting hardware to minimize stresses on subsystem components.

3.3 Duct Sealing Material

A1l duct joints and interface with subsystem components shall be sealed
with duct tape or suitable sealant to eliminate air leakage.

3.4 Dampers

3.4,1 Back-draft dampers. Four automatic bacii-draft dampers shall be
instalied in the duct work to provide for flow control and reguiation.
Location of these dampers will be in accordance with the system schematic
P/N 7933608.
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3.4.2 Shut-off dampers. Four manually operated dampers shall be installed
within the interconnecting duct work to provide for collector and attic
ventilation and isolation of the Pebble Bed Storage unit during summer
operation. The attic and outside ventilating units shall have insect screens
attached to the damper unit. The damper unit shall be selected on the basis
of providing minimum air Teakage when closed and pressure drop when open.

3.5 Heat Exchanger

An ajr-to-water heat exchanger shall be instailed in the duct work to
provide pre-heat of domestic hot water. Location will be in accordance with
system schematic P/N 7933608.

3.6 Duct Insulation

A1l interconnecting ducts shall be insulated with material having an
R value of not less than 16.5.

3.7 Duct Hangers

AT11 interconnecting ducts shall be suitably supported to minimize
stresses within the ducts and at duct joints to prevent separation and
Teakage.

3.8 Filters
An UL approved all metal heavy duty wire mesh commercial Tilter shall

be installed in the inlet duct from the attic ventilation intake., The size
and mounting detail shall be incorporated in the system installation drawings.
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THE DATA COLLECTION SUBSYSTEM CONSISTS OF FIVE ITEMS:

SENSOR
WIRES

SDAS

JUNCTION BOX (J-BOX)

CABLES {J-BOX TO SDAS}

SENSORS (AS LISTED ON)

SENSOR WIRE LIST

P/N 7932922

P/N 7933585

P/N 7933578
P/N 7933579-2
P/N 7933583
P/N 7933579-1

PL 7933616

W/L 7933616

SENSORS WILL BE DELIVERED AT SITE AS REQUIRED DURING
INSTALLATION.

1IBM MATERIAL | NO

L)
L1

iIBM MATL ALTERNATE

NO

T
25,4

MUST CONFORM TO ENG SPEC: BS0350

8]
scaLE{ NONE

sl
I

I

M
I

INSIDE MAX |

{cLassiFicaTiON| |

TOLERANCES UNLESS INGH mm NAME DATA COLLECTI
ISE NOTED '
CASE DEPTH .EE:::E} OTHERWISE NOT “SUBSYSTEM
HARDNESS LINEAR ¢ DESIGNER :
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SURFACE PROJECTION R SwrP | fz
TREATMENT et RADI UNLESS OTHERWISE NOTED DWG CHK '
6 B R —— ia EDGE/CORNER OUTSIDE MAX DSGN APPRO
79336] A i mm BREAKS
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST --- IBM SYSTEM 1A . 4/25/77
IP 7933616 REV__
INTRODUCTION

THIS DOCUMENT DEFINES AND CONTROLS THE MEASURING REQUIREMENTS AND INSTRUMENTATION SYSTEM
APPLICATIONS FOR A SOLAR HEATING AND COOLING OPERATIONAL SITE.

THE SECTIONS OF THIS DOCUMENT ARE DESCRIBED AS FOLLOWS:
bl. PREAMBLE SECTION — CONTAINS DESCRIPTIONS, EXPLANATIONS, INSTRUCTIONS AND DIAGRAMS
MNECESSARY TO UMDERSTAND THIS DOCUMENT AND THE APPLICATION OF THE DATA COLLECTION

SYSTEM TO A SPECIFIC SITE.

2. INSTRUMENTATION COMPONENTS SECTION — LISTS ALL HARDWARE ELEMENTS OF THE DATA
COLLECTION EQUIPMENT NOT SUBSEQUENTLY LISTED Ik THE MEASUREMENTS SECTION.

3.  MEASUREMENTS SECTION ~— LISTS ALL MEASUREMENTS WHICH ORIGINATE IN A SOLAR HEATING
AND COOLING OPERATIONAL SITE WITH APPROPRIATE INFORMATION FOR EACH MEASUREMENT .

ke ETL



INSTRUMENTATION PROGRAM AND COMPONENTS LIST --- ]BM _SYSTEM 1A 4/25/77
. ' IP 7933616 REV_
TABLE OF CONTENTS

PAGE
APPROVAL/REVISION SHEET 1
INTRODUCTION 2
TABLE OF CONTENTS 3
PREAMBLE SECTION : ty
INSTRUMENTATION COMPONENTS SECTION 19
MEASUREMENTS SECTION 21



e - et o

INSTRUMENTATION PROGRAM AND COMPONENTS LIST -~- _IBM SYSTEM 1A

4/25/77

IP 7933516

PREAMBLE SECTION

9-D

REV

—e it ey



S

D

REV A

INSTRUMENTATION PROGRAM AND COMPONENTS LIST:IBM SYSTEM 1A
IP 7933616

OPERATIONAL SITE IBENTIFICATION

IBM SYSTEM 1A

1. SIVE HAME:

NA

2. PON:

0004

3. SITE NUMBER:

205-536-0236

4, SITE SDAS TELEPHONE NUMBER:
021

SITE SDAS COMPUTER ADDRESS:

5.
SITE ADDRESS: 2809 BURKE ROAD, S.W.(PARALLEL ACCESS OFF TRIANA)

L-D

6.

7.  LOCATION: HUNTSVILLE, ALA

i
8. SYSTEM DESIGNER: IBM CORPORATION-

HEATING/HOT WATER

9.  SYSTLM TYPE:

H00d 40

*AIR

10.  FLUID HMEDIA:
S

ST @9Vd TvNTomg0

AITIVaD
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST: ___ IBM SYSTEM 1A . 11/1/71

8-9

XIrTvnd 9004 40
SI HDVd TVNIDTE0

IP7933616 ey D

ASSOCIATED DOCUMENTS

—
.

SOLAR {IEATING AtD COOLING INSTRUMENTATION INSTALLATION GUIDELINES, OCTOBER 1, 1977.

2. [X] SITE DATA ACQUISITION SUBSYSTEM PERFORMANCE SPECIFICATION, MAY 14,.1976, IBM NO.
7932905.

[ 1 SITE DATA ACQUISITION SUBSYSTEM MODEL II, PERFORMAICE SPECIFICATION, 7934353,

[ ] SITE DATA ACQUISITION PERFORMANCE SPECIFICATION. ACUREX MODEL.

3. CEHTRAL DATA PROCESSING SOFTWARE PERFORMANCE SPECTFICATION, JULY 28, 1976, 1BM
HO. 7933281,

4.,  THERMAL DATA REQUIREMENTS AND PLii-(: MANCE EVALUATIOH PROCEBURES FOR THE NATIOHAL
SOLAR HEATIHG AND COOLING DLMONSTRATION I'ROGRAM, AUGUST, 1976 (NBSIR 76-1137).

5.  JUNCTIOH BOX PERFORMAHCE SPECIFICATIOH, OCTOBER 26, 196, IBM NO. 7933446.

6. Ol SITE MONITOR (0OSH) OPERATION MAHUAL, OCTOBER 17, 1977, IBM NO. 7934365.

e



INSTRUMENTATION PROGRAM AND COMPONENTS LIST: IBM SYSTEM 1A 1/25/78
IP 7933616 REY I
. | [
MEASUREMENTS LEGEND ;
]
| THE LEGEND FOR THE DATA LISTED IN THE MEASUREMENTS SECTION OF THIS DOCUMENT IS AS FOLLOWS:
COLUMN 1
COLUMN 2
COLUMN 3
| COLUMN 4
Q
j o COLUMN 5
%
COLUMN 6
: COLUMN 7
S5
S 2 LINE MEAS NUMBER MEASUREMENT CHANNEL # ASYN # WIRES OPERATING RANGE
| HAME SENSOR OUTPUT
Ly OSM CODE SDAS GAIN
z = ! ACTUAL OPER RANGE ‘.
Pesi Eﬂ i,
= _ ;
) ;
;
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST:

MEASUREMENTS LEGEND {CONTINUED)

COLUMN 8

COLUMN 9

IBM SYSTEM 1A

IP 7933616

COLUMN 10

COLUMH 11

1/25/78

Rev H

IMICROBRD TYPE
HMICROBRD P/N
SENSOR EXCIT

TEMP SERIAL #
SCALE ‘FACTOR UNITS
COPS SCALE FACTOR
(A1,A2,A3,A0)

SENSOR TYPE
SENSOR MANUFACT
SENSOR P/N

WELL P/H

HOTES
SERTAL #
CROSS SECTION AREA

THE COLUMII HEADINGS ARE DEFTHED ON THE FOLLOWING SHEETS.

8
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CCOLUMN 2. (MULTIPLE DATA SETS)
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST__TBM SYSTEM 1A : 11/7/717

IP 7933616 | agy D

COLUMN 1. LINE NUMBER

TIIIS COLUMN IS USED FOR AUTOMATIC PRINTOUT DATA CONTROL AND LINE IDENTIFICATION.

.

THIS COLUMN CONTAINS TWO DATA SETS AS DEFINED BELOW:

MEAS NUMBRR. THE FIRST LINE OF THIS COLUMN LISYTS EACH MEASUREMDNT WHICH IS
IDENTIFIED BY A UNIQUE ALPIANUMERIC CODE CONSISTING OF TEN CHARACTERS AS FOLLOWS:

 PIELD NO. 1 2 3 i

MEASUREMENT NO. XY | 001 - 00071
PARAMETER TYPE e

" PARAMETER SEQUENCE

SEPARATOR

SITE IDENTIFIER

AN?ASTERISK {*) FOLLOWING THE MEASUREMENT NUMBER DENOTES A CHANGE FROM THE PREVIOUS RELEﬁSE..

'OSM CODE. THE SECOND LINE OF TIIIS COLUMN LISTS THE ON E£EITE MONLITOR 'SWITCH SETTING TO
DISPLAY ENGINEERING UNIT DATA. THIS IS5 TO BE USED WITH ASSOCIATED DOCUMENT 6 AND THE
GENERAL NOTES ON PAGE 16 OF TIHIS DOCUMENT.
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST --- _I1BM_SYSTEM 1A

8/9/77 _
1P 7933616 REY_ B
A. FIELD NO. 1 — PARAMETER TYPE
CODE PARAHETER UNITS ABB ;
D WIND DIRECTION DEGRECS - AZIHUTH DEG
) SWITCH DEGREES - ON/OFF DEG
EP ELECTRICAL POWER KILOWATTS KM '
F FLOMRATE (HATURAL GAS) FErT3/HINUTE SCFM )
F FLOWRATE (FUZL OIL) GAL/HIRUTE GPH
1 SOLAR FLUX ) BTU PER FOOTZ X HGUR BTU/FTS - IR
Ri HUMIDITY PERCENT PR
sp SPARE N/A /A
T TEMPERATURE DCGREES FAHREMHEIT DEG F
70 JIFFERENTIAL TEMPERATURE DEGREES FAHRENHEIT DEG F/DT
¥ FLOWRATE (LIQUID) GALLONS PER MINUTE, GPM
W FLOURATE (AIR) CUBIC FEET PER MINUTE cri
v WIND SPEED MILES PER HOUR HPH N
PD DIFFERENTIAL PRESSURE POUNDS PER SQ. INCH PS1 |
10
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B, FIELD NO. 2 — PARAMETER SEQUENCE
A NUMERIC GROUPING WHICH DESIGNATES THE SEQUENTIAL NUMBER OF A MEASUREMENT WITHIN EACH
SUBSYSTEM. THE SEQUENTIAL NUMBER OF EACH MEASUREMENT CONFORMS TO THE PATTERN ESTABLISHED
IN FIGURE 3-1 OF SHC-1006. SEQUENTIAL NUMBER ALLOCATIONS ARE AS FOLLOWS:
NUMERIC SEQUENCE SUBSYSTEM
001-099 . CLIMATOLOGICAL
100-199 ‘ COLLECTOR
E 200-~299 THERMAL STORAGE
w 300-399 DOMESTIC HOT WATER
400-1499 SPACE HMEATING
500-599 SPACE COOLING
600-699 BUILDING/LOAD
- 1
C. FIELD NO. 3 — SEPARATOR
FOR NUMERIC CLARITY.
D. FIELD NO. 4 -~ SITE IDENTIFIER

A NUMERIC GROUPING WHICH DESIGMATES THE SITE IN WHICH THE MEASUREMENT IS LOCATED.

11
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COLUMN 3, MEASUREMENT NAME
THIS COLUMN LISTS THE MEASUREMENT NAME USED TO DESCRIBE THE DATA SOURCE.
COLUMH 4. CHANNEL #

THIS COLUMN DEFINES THE SDAS CHANNEL ASSIGNED TO EACH MEASUREMENT (2 — 48). CHANNEL 1 IS
RESERVED FOR AN SDAS INTERNAL CALIBRATION OFFSET MEASUREMENT.

COLUMN 5. ASYN

THiS COLUMMN DEFIMES EACH MEASUREMENT WHICH IS ASYNCHRONOUSLY SAMPLED AND IS INDICATED BY
THE LETTER Y"A". THESE MEASUREMENTS ARE SAMPLED EACH 32 SECONDS WITH THE AVERAGED VALUE
PER 5 MINUTES MAINTAINED FOR TRANSMISSION., SYNCHRONOUSLY SAMPLED MEASUREMENTS ARE READ
ONCE PER 5 MINUTES AND ARE IDENTIFIED BY THE "=" SYMBOL.

COLUMN 6. § WIRES

THIS COLUMN DEFINES THE NUMBER OF WIRES PER CHANNEL USED IN THE SDAS. EITHSR 3 WIRE OR 2
WIRE CHANMNELS ARE AVAILABLE VIA A PRE-DEFINED CONFIGURATION.

12
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© INSTRUMENTATION PROGRAM AND COMPONENTS LIST:  IDM SYSTEM 1A R VELE)
” - IP 7933616 ‘ REY H
COLUMK 7.  (MULTIPLE DATA SETS)

THIS COLUMN CONTAINS FOUR DATA SETS AS DEFINED BELOW: |

OPERATING RANGE - THE FIRST LINE OF THIS COLUMN DESCRIBES THE OPERATING RANGE OF THE
PARAMETER I} ENGINEERING UNITS. '

SENSGR OUTPUT RANGE - THE SECOND LINE OF THIS COLUMN DESCRIBES THE OUTPUT RANGE IN VOLTS

_OF THE SENSOR.
SDAS GAIN - THE THIRD LINE OF THIS COLUMN DESCRIBES THE SDAS GAIN SELECTED FOR EACH CHAHHEL.

ACTUAL OPER RANGE = THE FOURTH LINE OF THIS COLUMN IS APPLICABLE TO ABSOLUTE
TEMPLRRTURES GNLY (AFTER CORRECTION COEFFICIENTS ARE APPLIED.)

g COLUMI 8.  (MULTIPLE DATA SETS)
@ - | .
TIIS COLUMH COMTAINS THREE DATA SETS AS DEFTNED BELOW:
MICROBRD TYPE - THE FIRST LINE OF THIS COLUHN'DESCRIBES TUS TYPE OF MICROBOARD USED FOR
SIGHAL COMDITIOHING OF THE EMPLOYED SDAS CHANNEL.
o0 | |
o5 - |
S5 'ICRGBROP/IL - THE SECORD LINE OF TIHIS COLUMN DESCRIBES THE PART NUWBER OF THE HICROBOARD USED
5 B FOR SIGHAL CONDITIONING OF THE EMPLOYED SDAS CHAKNEL. A MCN-DEFINED MICROBOARD P/H INDICATES THAT
S vy THLS CHAMNEL SHARES A MICROBOARD WITI AHOTUER CHANNEL WHICH WILL DEFINE THE P/N.
o
' Eca . | - ,
He SENSOR EXCIT - THE THIRD LIME OF.-THIS -COLUMN DESCRIBES THE EXCITATION REQUIREMENTS FOR [ACH SCHSOR,
o ) — L3

: IF REQUIRED. — : : i
e . el

~~
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST: IBM SYSTEM 1A /25778
IP 7933616 REY H_
: COLUMN 9.  (MULTIPLE DATA SETS)
=L THIS COLUMN CONTAINS THREE DATA SETS AS DEFINED BELOM:
e TEMP SERIAL #- THE FIRST LINE OF THIS COLUMN DESCRIBES THE TEMPERATURE PROBE SERIAL NUMBER
Y (IF AVAILABLE).
5
M SCALE_FACTOR UNITS - THE SECOND LINE OF TI[IS COLUMN DESCRIBES THE ENGINEERING UNITS MAINTAINED I
1, THE COPS FOR EACH MEASUREMENT.
{3 COPS SCALE FACTOR ~- THE TILIRD AND FOURTH LINES OF THIS COLUMN DESCRIBE THE NUMERIC
s | SCALE FACTOR(S) USED IN THE CENTRAL DATA PROCESSING SYSTEM (COPS) TO CONVERT EACH
i o MEASUREMENT TO ENGINEERIMG UHITS.
!
\ . o COLUMN 10.  (HULTIPLE DATA SETS)
R
*3 THIS COLUHN CONTAINS FOUR DATA SLTS AS DEFIHED BELOW:
“'}'i -
- . SENSOR TYPE - THE FIRST LINE OF THIS COLUMN LISTS THE TYPE (MAME) OF THE EMPLOYED SERSOR.
I
iE SENSOR MAHUFACT - THE SECOMD LINE OF THIS COLUMH LISFS THE SCNSOR MANUFACTURER.
i - SENSOR P/H - THE THIRD LENE OF TIIS COLUMN L1STS THE PART IIUMBER OF THE SENSOR.
1
‘IV’i V
f ﬁ WELL P/ - THE FOURTI LINE OF THIS COLUMW DESCRIBES THE PART NUMBER OF A THCRMAL WELL IF REQUIRED
ik FOR THE DEFLNED SENSOR. 14
|
2
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST ---  IBM SYSTEM 1A 4/25/71
IP 7933616 _ REV __

€oLuMN 11. (MULTIPLE DATA SETS)

NOTES - THE FIRST LINE OF THIS COLUMN DEFINES ANY INFORMATION REQUIRED TO SUPPORT
CLARIFICATION OF THE MEASUREMENT.,

SERIAL # - THE SECONMD LIME OF THIS COLUMN DEFINECS AN ITEM UNTIQUE SERIAL NUMBER
MARKED BY THE MANUFACTURER.,

, ! E CHOSS SECTION _AREA - THE THIRD LIMNE OF THIS COLUMN DEF{NES THE CROSS SECTIONAL AREA
) ~ OF A DUCT IN SQUARE FEET.
A
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST: IBM SYSTEM 1A

e IP 7933616

GENERAL LIOTES

81i-D

‘ f';} NOTE 1 - DATA HOT CURREIfTLY DEFINCD.
.{ﬁ:& NOTE 2 - ENGIREERING UNIT VALUES NUST BE CALCULATED USING COUNTS & SCALE FACTORS.
{ HOTE 3 - LIQUID FLOW WITHIN + 5% OF DISPLAYED VALUE.
ROTE 4 - THSOLATION WITHIN + 5 BTU OF DISPLAYED VALUE.
NOTE § - POMER MEASUREMENT RANGE VALUES & SCALE FACTORS ARE HALVED DUE TO FOUR TURHS TIRU TRP:

1/25/78

LRl 2l
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gﬂ INSTRUMENTATION PROGRAM AND COMPONENTS LIST -—— IBM SYSTEM 1A 8/9/77

i IP 7933616

o 616 REV
EQUIPMENT NAME PART NUMBER SERIAL NUMBER

_ JUNCTISN BOX 7933575 009

CABLES (J-BOX TO SDAS)

@ NO. 1 7933579-1
NO. 2 7933583
NO. 3 ' 7933579-2
. 0
1 &, NO. U o 7933579-3
.;' na
i - NO. 5 7933578
SDAS ' 7932922 - _0o7
N/A . N/A
o
oo G2
ggE% IBM DRAWING NUMBER 7933616
R
2
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=
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4 IP 7933616 Rey H
MEASUREMENT SUMMARY

| PARAMETER NUMBER
WIND DIRECTION/SWITCH ' =/ 2
]
ELECTRICAL POWER 7

FLOWRATE (NATURAL GA5) Lo

!
i
o SOLAR FLUX 1
N [ D :
) 1 . .
1 %
! e HUMIDITY -
I-_!l
i | SPARE (2)
i ' TEMPERATURE /SPECIAL MEASUREMENTS 27/3 .

oo DIFFERENTIAL TEMPERATURE . -

==

g G

=370 FLOWRATE {LIQUID/AIR) 5

=

=i WIND SPEED i ——
G’n »

EE »
7 TOTAL ‘ s

22
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CODE 20234
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1.0

1.1

2.0

2.1

PURPOSE
The purpose of this document is to present the plan/procedure fur

verifying the requirements of Performance Specification for proto-
type solar energy heating and hot water system model number 1,

SCOPE

This document describes the plan/procedure for performing prototype
systems verification and includes development, qualification, and
acceptance verification. One system of each design shall be physically
tested in accordance with this document. ATl subsequent systems shall
be verified by analysis,similarity and inspections.
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3.0 APPLICABLE DOCUMENTS
The following documents form a part of this plan to the extent specified
herein: '
o Interim Performance Criteria for Solar Heating
and Combined Heating/Cooling Systems and
Dwellings, HUD - January 1, 1975
o Performance Specification for Prototype Heating
and Hot Water System Model No. 1:
4,0 VERIFICATION APPROACH
4,1 Prototype system verification to the requirements of the system
performance specification and interim performance criteria will be
accomplished in three verification phases--development, qualification,
and acceptance. The verification methods utilized for system verifi-
cation will be similarity, analysis, inspection, demonstration and
test.
H-2
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Prototype system verification will commence with a detailed analysis of
all system hardware, comporents, and subsystems and progress through
system evaluation and testing. Fiqure I of this plan depicts a summary
flow for system verification.

A detailed system test procedure for performing the test requirements of
this document will be prepared and submitted to MSFC for review and
approval. This procedure will describa the methods and procadures for
conducting prototype system test on the MSFC system test breadboard
facility.

Following completion of verification program, a final system verification
report will be prepared and submitted to MSFC. Report will contain all

information pertinent to system verification.

5.0 DEVELOPHMENT VERI?ICATION REQUIREMENTS

5.1 Hardware/Componcni/Subsystem Verification - A1l hardware, components
and subsystems that comprise the prototype system shall be verified
to be in accordance with the requirements of the prototype system
performance specification and the interim performance criteria.
Verification of hardware, components, and subsystems will be accom-
plished by engineering analysis, similarity, inspection, demonstration
and/or testing methods.

Subsystem test evaluation will be conducted on the system collectors,
controller, and data acquisition system. A1l other prototype system
subsystems, hardware and components will be verified individually by
analysis and/or during prototype system verification.

6.2 System Development Verification - Development verification will be
conducted on prototype system M/Hl 1 to ensure that system will
perform to the requirements of the system performance specification
and interim performance criteria. Development verification will
consist of the follcwing:




L T

o Analysis of hardware, component, and subsystem avaluation
data for compl.ance to system performance specification
and interim performance criteria requirements.

o Analysis of system desian for compiiance to system ner-
Tormance specification and interim performance criteria
requirements.

o System testing on MSFC System Test Breadboard Facility.
Tests to be conducted are as follows:

- System operational functional test

- System capacity for control, energy storage, and
distribution to load at known simulated energy inputs.

- System capacity for control, energy collection, storage,
~and distribution to load at outside ambient weather
conditions. ;

5.2.1 System Operational Functional Test. A system operational functional
test shall be conducted on prototype system M/N 1, Operaticnal
functional test shall consist of the followina:

- Operational test of system blowers
- Operational test of system damper valves
- System check for air leaks

- Measurement cf flow rate and pressure drop across
collectors

- Measurement of flow rate and head pressure of each
blower in each system operational mode
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5.2.1.1

- Operational test of domestic hot water subsystem
(operation of pump, valves, controller)

- Pressure test of domestic hot water subsystem

System Operational Functional Test Procedure

(a) Install prototype system on breadboard test stand in
accordance with test setup schematics and system drawings
and verify that simulated transport ducting sizes and
lengths are the same as those identified in the prototype
system test procedures.

(b) Make appropriate electrical connections to prototype system
air handler, blowers, controller and hot water subsystem.
Connections shall be made in accordance with system drawings
and shall contain a quick disconnect.

(c) Connect hot water subsystem to city water supply and fil1
domestic hot water tank, preheat tank, and water lines.

(d) Pressurize hot water subsystem to 150 psi and check for
leaks. Special emphasis shall be placed on leak testing
solderred joints and mechanical connections. There shalil
be no leaks.

(e} Activate system blower and manually override system con-
troller to provide air flow through collectors to system
storage and back through collectors.

(f) Check system for air leaks and exercise effort to make
system air tight as practical. Leaks on collectors shalt
be sealed with butyl tape and duct leaks with duct tape.

PR L.
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5.2.2

{g) During operational mode of step (e) measure flow rate
and pressure drop across collectors and storage.
Nominal flow rate for collectors should be 1200 + 150 cfm.
Nominal flow rate for storage should be 1200 + 150 cfm,

Nominal pressure drop across collectors shouid be .08 + .01 "HEO.

Nominal pressure drop across storage should be .18 + .06 "HZO'

(h} Manually override system controller to provide air flow
through collectors and system load loop (bypass storage)
and return to collectors.

(i) During operational mode of step (h) measure flow rate and
pressure drop across collectors and load 1oop.
Nominal flow rate for collectors should be 1200 + 150 cfm.
Nominal flow rate for Toad loop should be 1200 + 150 cfm.
Nominal pressure drop across collectors should be .08 + .01 "H,0.
Nominal pressure drop across Toad loop should be .2 + .1 "HZD'

(i) Check load loop and air handler for air leaks and repair
any leaks noted.

(k) Manually override system controller to provide air flow
from storage to load loop and return to storage.

(1) During operational mode of step (k) measure flow rate and
pressure drop across storage.
Nominal flow rate should be 1200 + 150 cfm.
Nominal pressure drop should be .18 + .06 "H,C.

System Test with Simulated Energy Inputs. Prototype system M/N
T shall be tested to evaluate system capacity for control,
storage and distribution to load using controlled simulated

_energy inputs. Tests shall be performed with simulated energy

inputs of 90, 100, 125, 150 and 175°F. Simulated tempera-
tures shall be controlled in the duct area that simulates
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5.2.2.]

collector outlet as close as practical. Each simuiated
temperature shall be circulated throughout the system a
sufficient amount of time until the system has stabilized

at the simulated temperature level. The following evaluaiions
shall be made during system test.

(a)

(b)

(c)

(d)

Time required to raise storage to each simulated tempera-
ture level from temperature level of s%orage at the start
of test (temperature vs. time in hours).

Time required to exhaust storage to load to 80°F from each
simulated temperature level (temperature vs. time in hours).

BTU supplied to load from storage at each simulated tempera-
ture Tevel [Btu/hour vs. time in hours).

Btu supplied to hot water system from simulation at each
simulted temperature level (Btu/hour vs. time in hours).

Procedure for System Test with Simulated Energy Inputs

Prototype system M/N 1 shall be installed on MSFC test bread-
board in accordance with system test schematics and system draw-
ings and subjected to system test using controlled simulated
energy inputs. Test shall be conducted with simulated energy
inputs of 90, 100, 125, 150 and 175°F, Simulated temperatures
shall be controlled in the duct area that simulates collector out-
put as close as practical. Tests shall be conducted as follows:

(a)

(b)

Place system collector inlet and outlet dampers in the closed
position (isolating collectors from system). Set energy simu-
lator to maintain 90°F,

Manually override system controller and allow air to circu-
fate from breadboard energy simulator through system air
handler and ducting to storage and return to energy simula-
tor. Allew circulation in this mede until temperature stabi-
lization has occurred throughout the system.
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(c) Measure and record the following conditions.

- Temperature drop across system (from simulation to
storage

i ] et ettt

- Time required to raise and stabilize storage tempera-
ture to simulation temperature from temperature Tevel

of storage at the start of test {temperature vs. time
in hours).

(d) Following completion of step (c) manually override system
controller and allow air to circulate from storage through
air handler and ducting to breadboard load device. Set Toad
device to maintain 70°F and 1200 + 150 CFM.

(e) Measure and record the following conditions.

- Temperature drop from storage to load

- Btu supplied to load from storage (Btu vs. time in

YN
hours)

- Time required to exhaust storage to 80°F (tempera-
ture vs. time in hours)

(f) Following completicn of step (e) manually override system
controller and make ducting connection to allow air circu-
lation from simulator through air handler over hot water
preheat coil and return to simulator. Apply power to
system blower.

(g) Measure and record Btu supplied to domestic hot water system
{Btu vs. time in hours). Test for approximately four hours
at each simulated temperature level {constant Toad for hot
water system to be supplied from breadboard).
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_ _r f ; - (h) Repeat steps (b) through (g} at each of the following
Q‘L- 3 simulation temperatures: 100, 125, 150, and 175°F.

{

l

5.2.3 System Test at Outside Weather Conditions. Prototype system
M/N'T shall be tested to evaluate system capacity for control,
RIS energy collection, storage, and distribution to load at outside
_hg[.f; ambient weather conditions.
|
;

:”5Eiw1 : Prototype system M/N 1 shall be tesed at outside weather
: ;;'.§ conditions the maximum number of days possible contingent on
] system delivery schedule and breadboard facility work load.

_ Primary intent of this test is to obtain as much data as possible
o ; 3 prior to installing system at demonstration site. The following
| evaluations shall be made during system testing at outside
weather conditions.

(a) Complete records of weather data. (Solar radiation, ambient
temperature, wind speed and direction, relative humidity,
!
and cloud cover.) (Weather measurements vs. time of day.)

T

(b} Total energy collected by solar system per day (Bfu vs.
time in hours).

(c) Total energy supplied to load per day.
- Direct from collectors (Btu vs. time of day)

- From storage {Btu vs. time of day)

(d) Total energy suppiied to hot water subsystem per day
(Btu vs. time of day)

[ S I - N N L L R U R TR T R TVt UV VU Y I ST LU I T I S S S R S R R R A L I R R

(e) Power required to operate solar system per day (watts vs. .
time of day)

(f) System control functions. (Manual observations).
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l_: (g) System data collection functions {Compare with breadboard
instrumentation)

5.2.3.1 Procedure for System Test at Qutside Weather Conditions

e A T =
o

Prototype system M/N 1 shall be installed on MSFC test bread- :
board in accordance with system test schematics and system
drawings and subjected to system test at outside weather condi-
tions. Tesu shall be conducted as follows:

e e e e

(a} Configure the system coliectors, storage, air handler,
controller, hot water subsystem, and simulated ducting
in an active mode and connect system to breadboard 1oad

device. (System configuration to simulate actual instal-
lation as best practical.)

(b) Apply power to system and allow system to operate in

accordance with system control functions {actual intended
operation).

(¢c) Every 15 minutes manually override system controlier to
o demand a system heating Toad requirement for 15 minutes.
N {Breadboard heat load shall be adjusted to provide 70°F

outlet temperature of load device.

(d} Every two hours during daytime hours a two minute 6 gpm
demand shall be imposed on the hot water subsystem. Every
six hours during night hours & 2 frinute 6 gpm demand

' shall be imposed on hot water subsystem.

During system test a one-time test will be conducted on
the hot water subsystem that simulates total exhaustion of
the hot water tank and a resultant evaluation of the time

required to recharge the hot water subsystem preheat tank.
bt -
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NOTE: As the test progresses the time sequence,
duration and parameters of steps (c) and (d)
may be adjusted by the test conductor to provide
a more appropriate test commensurate with local
weather conditions. Any adjustments will be
properly noted and recerded.

Allow system to operate the maximum number of days practical.
Duration of testing will be determined by the test conductor
with direction from MSFC SIMS contract COR or his designated
representative.

The following data measurements shall be made and recorded
during system testing:

Measurement Parameter
- Solar radiation Btu/hour/ft.z vs. time of day
- Ambient temperature OF ys! time of day
- Wind speed/direction mph/direction vs. time of day A
- Relative humidity % vs. time of day : %
- Cloud cover cloud cover vs. time of day ! )
- Collector inlet }
temperature Of vs. time of day in hours j
- Collector outlet %
temperature OF vs. time of day in hours %
- Collector absorber ;
temperature O vs. time of day in hours ;
- Collector delta
temperature OF vs. time of day in hours
- Storage inlet temperature OF vs. time of day in hours
0 ,

- Storage outlet temperature ~F vs. time of day in hours
- {3) Internal storage

LI Y Aa,.ho\.'b;L.;:.-u'-.'»ulwlnbhmuluunpugnpuuullb—:upnwwur—nu‘

temperature °F vs. time of day in hours
~ System ajr inlet
temperature to load Or ys. time of day in hours
g-12
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Measurement Parameter

- System air outlet

temperature from load F vs. time of day in hours
- Load device inlet
_ temperature % vs. time of day in hours
- - Load device outlet
temperature °F vs. time of day in hours B |
- - Hot water coil inlet ;
' temperature F vs. time of day in hours b
- Hot water coil outlet 1
temperature OF vs. time of day in hours {i
- Hot water preheat tank ;
temperature OF vs. time of day in hours 13
- City water supply temp _?
to hot water subsystem OF ys. time of day in hours ‘?
- Hot water system outlet '
temperature °F vs. time of day in hours 1
- System temporary shelter g
temperature °F vs. time of day in hours -f
- ARir flow thru collectors  cfm vs. time of day in hours i?
- Air flow thru storage - cfm vs. time of day in hours 1
- Air flow thru load cfm vs. time of day in hours {:
- Liquid flow thru load
device gpm vs. time of day in hours ‘j
- Liquid flow hot water %i
Toad gpm vs. time of day in hours 3
- Collection loop blower
power watts vs. time of day in hours
’ - System load loop blower
power watts vs., time of day in hours
) - System damper motors
power watts vs. time of day in hours |
- Hot water subsystem ’
power watts vs. time of day in hours
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5.3

5.4

(g) Test data taken from the measurements identified in
step (f) shall be provided in plot form.

System Development Verification Hardware - System development verifi-

cation analysis will be performed on the total system design, System
development verification testing will be conducted on a partially
configured system utilizing simulated system energy transport ducting
and major subsystems of the prototype system. This method of test
evaluation is dictated by the technical aspacts of each individual
system and the test breadboard facility design. This method is both
technically souna and cost effective. Cost efrectiveness will result
primarily from less hardware handling and no utilization of prototype
system auxiliary energy. Auxiliary energy subsystem will be thoroughly
evaluated by engineering analysis.

Prototype system development verification testing will be conducted
utilizing the following system configured hardware and subsystems:

- Solar collectors (total system comp?%ment)
- Air handling device (transport blowers)
- Storage subsystem
- Hot water subsystem
- System controller
- Simulated system ductwork
- Data collection sensors

During system test the above prototype system hardware (excluding solar
collectors) shall be housed in a temporary shelter with the shelter
ambient temperature maintained between 359 and 100°F. This will prevent
the solar system from being exposed to harsh environments and will pro-
vide an approximate simulation of the service use environment.

System Development Verificaticn Test Procedures - Test procedures for

conducting prototype system verification testing will be prepared and
submitted to MSFC for apn-oval. These procedures will describe the
hardware configuration for testing, detailed test methods and proce-
dures, sketches of test setup, test time, limits, data and report

H-14
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5.5

5.6

5.7

5.8

6.0

6.1

ORICINAL PAGE IS .
OF POOR QUALITY] Government Directed Requirements

requirements, and all other procedural information pertinent tr
test eveluation program.

System Desian Chandes Durina Develonment Verification - Any design
changes occurring during development verification will be verified by
engineering analysis or test evaluation. Ample data will be provided

for each design change to verify that the resultant change meets per-

formance criteria requirements and that the resultant change has no
adverse effects on the total system performance.

Develooment Verification Data - Test data accumulated during the early
stages of develobment testing will be thoroughly evaluated and assess-
ments will be performed on necessary sjstem design changes. This will
assure early design maturity of prototype svstem /!l 1.

Develooment Verification Extent/Level - Development verification program
will be conducted to the extent necessary to verify that the final pro-
totype system design meets or exceeds the requirements of the system
performance specification and the interim performance criteria or that
any requirement which has not been met has been properly dispositioned
and MSFC approved by a deviation approval request. Any such deviation
from the specified requirements will be documented in tne final verifi-
cation report and will become a part of the prototype system performance
specification.

Additional Development Testing - Additional testing and evaluations other

than those specified herein may be accomplished. Additional testing and

evaluations will be coordinated with MSFC SIMS contracting officer or his

designated representative. Additional testing and evaluation will be
proverly controlled, documented and reported.

QUALTFICATION VERIFICATION REQUIREMENTS/PROCEDURE

Qualification Verification Requirements - Requirements for qualification
verification are as follows:
- Yerification that the prototyne system meets or exceeds
the requirements of system performance specification. These
requirements are:
Interim Performance Criteria Requirements

System Identification Requirement
H-15
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Site Identification Requirement

System Heating Capacity Reguirement

Auxiliary Energy Requirement

Hot Water Requirement

o Operating Requirements

System Physical Requirements (Design Life, Weight,
Dimensions)

6.2 Qualification Verification Procedures - Procedures for verification
of each qualification verification requirement are contained in the
following subparagraphs.

6.2.1 Interim Performance Criteria Requirement - An analysis will be
conducted on prototype system M/N 1 to satisfy this require-
ment. Each interim performance criteria requirement will be
analyzed individually and recorded on an interim performance
criteria certification form. This form will indicate compliance
or non-compliance to the requirement and will identify the
evaluation method utilized to satisfy the requirement. A sample
copy of the interim performance criteria certification form is
contained in Appendix I of this document. 7Yhe certification form
when completed will become a part of the final verification report.
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5.2.2 Government Directed Requirements - This requirement will be satis-
fied by an analysis of the directed requirement, prototype system
and the system performance specification to verify that the
directed requirements have been satisfied.

1

L g Lo T NI

6.2.3 System Identification Requirement - This requirement will be satis~
fied by review of performance specification and the prototype
system to verifr that the system is properly identified (type,
contractor name, system mode] no.). “ 1

L S A A |

(g 6.2.4 Site Identification Requirement - This requirement will be satis-
e fied by review of performance specification to verify that the f 1
site for the prototype system is properly identified and described.

H-16
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6.2.5

o

T

6.2.6

6.2.7

6.2.8

6.2.9

6.3.1

M NANER. 1
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System Heating Capacity Requirement - This requirement will be

6.3 Prototype System Qualification

satisfied by an analysis of the prototype system design and the
climate conditions anticipated for the selected site at which
the prototype system will be located. Test data obtained during
system development testing wiil be utilized to verify the deéign
models for the prototype system.

e

[ x

Auxiliary Energy Requirement - This requirement will be satisfied .
by an analysis of the prototype system load requirements and the }
prototype system auxiliary energy subsystem design. .

Hot Water Regquirement - This requirement will be satisfied by an g
analysis of the prototype system design and the hot water load i
requirements specified for the prototype system. Test data j
obtained during system development testing will be utilized to
verify the design models for the hot water subsystem.

Operating Requirements - This requirement will be satisfied by
an analysis of the prototype system design and the system

operating requirements (maximum power to drive system, average ' g
yearly electrical power, water requirements). Test data obtained E %
during system development testing will be utilized to verify f
the design models for the prototype system. '

System Physical Requirements - This requirement will be satisfied k
by an analysis of the prototype system design and the system
physical requirements {design 1ife, weight, dimensions).

Qualification verification will consist of a critical analysis “@
of the prototype system design at the start of development veri- |
fication versus the system design at completion of development
verification. An assessment of all changes implemented during

H.17
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development verification will be made. ATl test, analysis, and
evaluation data originating prior to and during development
verification will be analyzed and evaluated to the requirements
of the prototype system performance specification and interim
performance criteria.

6.3.2 The prototype system will be considered qualification verified
when it is determined that the final system design and hardware
has met or exceeded the requirements of the system performance
specification and the interim performance criteria c¢r that any
requirement which has not been met has been properly dispositioned
and MSFC approved by a deviation approval request.

6.3.3 The results of qualification verification will be documented
and submitted to MSFC in the prototype system verification report.

7.0 ACCEPTANCE VERIFICATION REQUIREMENTS/PROCEDURE

7.1 Acceptance verification will be conducted on prototype system M/N
1 to verify that the system meets all specified requirements.
Acceptance verification will consist of the following.

Inspection of system to verify performance specification
and workmanship standards

Inspection of operational test data and evaluations to
verify system performance

Inspection of acceptance data package

Inspection of shipping list versus hardware to be delivered
Inspection of shipping instructions and precautions

Inspection of documentation required for system (installation,
operation, maintenance manuals, system drawings and specifi-

cations, etc., in accordance with prototype system performance
specification and data package requirements).
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7.2 The results of acceptance verification will be documented and sub-
mitted to MSFC in the prototype system verification report.

8.0 PROTOTYPE SYSTEM VERIFICATION HARDWARE DISPOSITION

|

y Following the completion of prototype system development, qualification
%,Zu . and acceptance verification program the system hardware shall be removed
s from the MSFC test breadboard facility. The system collectors, air

: B handling device, system blowers, hot water subsystem, system controlier
and data collection sensors shall be prepared for shipment to a
designated demonstraiion site. Shipping instructions shall be in
accordance with prototype system M/N 1 shipping instructiens,

Simulated duct work, rock storage, test brackets and miscellaneous
hardware used during system test will be retained at the MSFC bread-
board facility for possible future utilization.

9.0 PROTOTYPE SYSTEM VERIFICATTON DOCUMENTATION

9.1 Prototype System Test Procedure - Prototype system test procedure '%

for prototype system M/N 1 will be generated utilizing the require- M
N ments of this document, prototype system performance specification
Lf;: and drawings. Test procedure will be submitted to MSFC for approval }
f' prior to the start of system verification testing. Test procedure 6
oo shall contain at a minimum the following information, Q

’é‘f; (a) Identification of hardware/system to be verified (model No.,
serial No., mfr., size, description, etc.)

- (b) Test requirements

%_' - (c) Development verification test methods/procedures

i?:, (d) Instrumentation and data requirements

(e) Location of tests to be conducted

o ORIGINAL PAGE IS
i OF POOR QUALITY
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(f) Test 1imits and tolerances

(g) Test equipment to be utiiized

(h) Detailed test setup and system configuration sketches

(i} Test reporting procedures

- T — REd PN
BRI (o T Y it it

9.2 Verification Report - A final prototype system verification report
will be generated following completion of system verification. Final
report will be submitted to MSFC and shall contain at a minimum the
following:

]
R RS A, el S S e, o

T

TR

(a) Summary - resumé of verification results
(b) Purpose of verification and requirements to be verified

(c) Hardware/system identification (model No., serial No., mfr.,
size, description, etc.) !

(d) Summary of verification procedures

(e) Results of development verification

’u'.)lml)l\d\ﬂlllﬂl.!lﬂp"”PNN"HNNMH!“-ﬂnHHH.‘-_‘_
»

(f) Results of qualification verification

F]
(g) Results of acceptance verification R |
4 i
(h) Definition of analysis conducted ) é
e vfﬁ
(i) Definition of inspections conducted a ;é
- &E
(i) Definition of tests conducted Fp
(k) Photographs and/or detailed sketches of test setups §L
R ¢
¥
| 1t

H-20




(1) Test data (data sheets, charts, graphs, plots, etc.)
(m) Equipment and facilities used for test
(n) Conclusions and recommendations

10.0 VERIFICATION MATRIX

Cross reference matrix for prototype system M/MN 1 verification is
contained in Appendix II of this document. This matrix is annlicable
to system setected for physical testina.
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PROTOTYPE SYSTEM MODEL I VERIFICATION
APPROACH/FLOW

System Performance
Specification

L MSFC Approval

S E Verification
e | Plan Procedure
-Efé'. t— MSFC Approval
ff%" Prototype System
=51“4 Test Procedure
’51'1 L— MSFC Approval
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E Development Qualification Acceptance
L Verification Veprification Verification
T
o -~ Subsystem/Hardware Evaluation — Analysis of Development +~ System Inspection
4 8 Analysis and Test Verification Results
A -— System Analysis — Analysis of System
e IPC and Perf. Spec. ~— System will be considered Acceptance Package
— System Test qualified when all performance Evaluate compliance
& Operational Functional specification requirements have to all requirements
@ System Operation at been met during development
Ambient leather Conditions verification.
@ System Operation with
Simulated Energy Inputs
T
Verification
Report

[—— MSFC Approval
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INTERIM PERFORMANCE CRITERIA
CERTIFICATION FORMS
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INTERIM PERFORMANCE CRITERIA
CERTIFICATION

System Type

DOk | eyt e e e WP

System Model No.

System Mfg.

Certified by

Authorized Representative -WE

Date .

- H-24
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INTERIM PERFORMANCE CRITERIA CERTIFICATION INSTRUCTIGNS

PRI, S SN RPESS -

o I. Evaluate system for each IPC requirement listed on IPC Certification
T Sheets. A1l requirements are to be in accordance with HUD Interim
Performance Criteria for Solar Heating and Combined Heating/Cooling

Systems and Dwellings. HUD - January 1, 1975.

{im | p——

e A A s A e o i e €2 i

ey II. Check each requirement status
Yes - Meets IPC requirement
No - Does not meet IPC requirement

N/A - Requirement not applicable

ITI. List IPC requirement evaluation method utilized

Analysis
Test
Inspection
Demonstration
Other

IV, A1l requirements which are not met shall be defined and recorded on
IPC Deviation Approval Request (form attached).

v
o
.
y
t
¥

o LT

t
RS -
R
08
o
AR 1

T

_ ORIGINAL PAGE IS
' . OF POOR QUALITY

N ET T T T T T T T




MEETS IPC
1pc |MEETS x/A | EVALUATION
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Heating and Heating 1.1
and Cooling System
! Performance
Hot Water System 1.2
Subsystem Performance
Fs
Collector Performance | 1.3
Thermal Storage 1.4 ’
Habitability of 1.5
Occupied Space
Energy Transport 1.6
Efficiency
Control 1.7
AuxiTiary Energy 1.8 %
H-26
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2 1pc |MEETS IFC N/A | EVALUATION
o IPC REQUIREMENT NO. YES MO METHOD COMMENTS
System Design 2.1
; Conditions
g i@
".:" ' -
, .
¥ Mechanical Stresses 2.2
Leakage Prevention 2.3
‘ Collector Adjustment 2.4
C
o Subsystem Isolation 2.5
Heat Transfer Fluid 2.6
Quaiity :
Piping Supports . 2.7
Excessive Pressure and} 2.8
. Temperature Protection
l
H-27
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MEETS IPC :
IPC n/A | EVALUATION
IPC REQUIREMENT MO, YES NO METHOD COMMENTS
Structural Design 3.1
Basis
Failure Loads and 3.2
Load Capacity
Damage Contro] 3.3 i
y \
1
Cyclic Loads 3.4
Cutting of Structural | 3.5 ,
Elements ’ \
|
i
Creep and Residual 3.6 i
Deflection :
Hail Resistance 3.7 E
Constraint Loads 3.8 é
Ponding Conditions 3.9 B - f;
| PAGE
or 200% &
U
o
}
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gowal

tpe (SR IEE | EVALUATION
IPC REQUIREMENT NO. YES NG METHOD COMMENTS
Plumbing and Electricai 4.1
Instailation
Fail Safe Controls 4.2
Fire Safety 4.3
Toxic and Flammable 4.4
Fluids
Safety 4.5
Protectibn of Potable | 4.6
Water and Circulated
Air
Excessive Surface 4.7
Temperatures
Effects of External 5.1
Environment
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MEETS IP
1PC : ti/A | EVALUATION
IPC REQUIREMENT N0, YES MO METHOD COMMENTS
Temperature and 5.2
Pressure Resistance
Chemical Compatibility] 5.3
b of Components
Components Involving 5.4
: Moving Parts
s Accessibility for 6.1
Maintenance
Instaliation, 6.2
Operation and
Maintenance Manual
Repair and Servige 6.3
Personnel
Dwellings/Facility
y and Site
g
B
;s
: H-30
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M
, tpc | BRI 17K n/a | EVALUATION
IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Design 7.1
Adequate Space 7.2
Functioning of 7.3
Dwelling/Facility Site
&

Interference with 8.1
Mechanical Operation
Mechanical and 8.2 | ]
Electrical Functioning
of Dwelling and Site ,
Mechanical and 8.3 !
Electrical Functioning !
of Connections ;

Structural Integrity 9.1

Structural Integrity 9.2
of Dwelling

ORIGINAL PAGE IS
OF POOR QUALITY.
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MEETS IPC
IPC N/A EVALUATION

IPC REQUIREMENT NO. YES NO METHOD COMMENTS
Structural Connections| 9.3
Safety of Dwellings 10.1
and Site
Durability 11.1

"1 | burability and 11.2
Reliability of

E Dwelling and Site,

)

/1]

i

2 Durability and 11.3 ’
Reliability of !

) Connections
Maintainability of H, [12.1
HC, HW Systems

. Maintainability of 12.2

% | Dwelling and Sité
© 4 | connections 12.3
"§| | visual characteristics [13.1
H-32
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INTERIM PERFORMANCE CRITERIA DEVIATION APPROVAL REQUEST |
1. Report Number 2. Date 3. Prepared By 4. Organization 5. System Type
6. System Madel No. 7. System S/N 8. System Contractor 8. IPC Doviation
10, {PC Numbar 11. IPC Paragraph 12. Approved By {{BM) 13. Approved By [NSFC) 14, Date Approved (MSFC)

15. Description of Daviation

16. Probable Cause

£e-H

17. Remarks

18. Deviation Disposition
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APPENDIX II

VERIFICATION CROSS REFERENCE MATRIX

/
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&
o ENGINEERING SPECIFICATION
CODE 20234
ITEM (Name & Part No.) VERIFICATION CROSS
REFERENCE MATRIX
Prototype System M/N I
VERIFICATION METHOD: _
A 1. Simifarity 3. Inspection N/N Not Applicable
2. Analysis 4, Test
’ VERIFICATION PHASE
PERFORMANCE SPECIFICATION
REQUIREMENT ) REMARKS
DevelopmenQualification} Acceptance
4
Interim Performance Criteria 2 - 2
. Government Directed 2, 3 2, 3 3
Requirements
System Identification 2,3 2,3 | 3
Requirements
Site Identification 3
Requirement
System Heating Requirement 2,'4 2
s Auxiliary Energy Requirement 2, 4 2
: Hot Water Requirement 2, 4 2
R Operating Requirements 2, 4 2
System Physical Requirements 2 2 3
2
, ¥ ORIGINAL PAGE‘E IS
T OF POOR QU. )
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CONTRACT NO. NAS8-32036

VERIFICATION: SUMMARY ip
FOR i
'. A
" PROTOTYPE SOLAR ENERGY HEATING AND HOT WATER SYSTEM ik
MODEL NO. 1A | 1
ih
i
1)
4
ERE:
i)
il
i
. Hi
f- NOVEMBER 19, 1976 i
ﬁ I |
PREPARED BY 09 6 (Lawj .

ApPROVED BY_J/ /o V@j—,é.u,_,_/
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1.0

1.1

2.0

2.1

3.0

3.1

PURPASE

The purpose of this document is to present a summary of the verification

for Prototype Solar Energy Heating and Hot Water System Model No. 1A.
SCOPE

This document provides a summary of Prototype System Model No. 1A
verification which includes verification of performance specification
requirements and acceptance verificaticn requirements. All require-

ments of the performance specification will be satisfied by amalysis.

VERIFICATION PEQUIREMENTS

4

Performance Specification Requirements - Prototype System Model No. 1A

shall be in accordance with the requirements of Performance Specifica-
tion (IBM Document No. 7933444). A1l requirements will be verified by

analysis. Requirements are as follows:

Interim Performance Criteria Reguirements
Government Directed Requivements

System Identification Requirement

Site Identification Requirement

System Heating Capacity Requirement
Auxiliary Energy Requirement

Hot Water Requirement

Operating Requirement

System Physical Reguirements

I-2
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]: % 3.2 Acceptance VYerification Reguirements - Prototype System Model No. 14 |
shall be in accordance with the acceptance verification requirementg %
paragraph 7.0 of IBM Document Mo. 7933445. Requirements are as %
follows; :

I??- 0 Inspection of system to verify performance specification and

workmanship standards

0 Inspection of acceptance data package

S 3

~  Shipping and handling instructinns
- Installation, Operation and Maintenance Manuals ’ i

- Warranty and Test Agency Certiciation .

El

- "Final Acceptance" and Shipping Form {DD250) Including

forms for all Ship-Separate Items %

}

!

4.0 VERIFICATION SUMMARY t ‘
|

|
4.1 Narrative Abstract - Prototype Solar Energy Heating and Hot Water:

System Model Number 1A was subjected to an analysis verification |
' )

| to verify the requirements of performance specification No.

i IBM 7933444, Verification was conducted in accordance with the

analysis requirements of IBM Document No. 7933445 (Verification

(f‘ Plan/Procedure for Prototype Solar Energy Heating and Hot YWater
System Model No. 1) . Acceptance verification will be conducted

during final acceptance of Prototype System Model No. 1A.
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°rototype System Model No. 1A meets all requirements of Perform-
1ce Specificaticn No. IBM 7933444 with the exception of three (3)
interim performance criteria deviations on the system collectors.

Deviations are identified in Appendix I of this document,

Verification of prototype system Model 1A will be considered com-
pleted witr MSFC approval of deviation approval reguests for system
collectors and with the successful completion of acceptance verifi-

cation to be conducted during final system acceptance.

4,2 Verification Results

4,2.1 Performance Specification Verification

4.2.1.1 Interim Performanc:. Zriteria - Prototyée System meets all interim

performance criteria requirements with the exception of paragraph
3.2.1 Ultimate Load Combination for Collectors, paragraph 3.3.1
Resistance to Damage for Collectors, and paragraph 5.2.6 Transmission
Losses due to Cutgassing for Collectors. A deviation from these
requirements is requested by IEM since the subject collectors are
Government furnished to IBM. Detailed interim performance criteria

evaluation is contained in Appendix I of this document.

4,2.1.2 Governrent Directed Requirements - Requirement has been satis-

fied by review of performance specification requirements and system

desigr drawings., System 1A meets requirements.

I-4
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w%g ’ 4,2.1.3 System Identification Readirement - Requirement has been satisfied
o by identification of system in the performance specification (systém
type, contractor name, system model number). System 1A meets

requirements.

4.2,1.4 Site Identification Pecuirerent - Requirement has been satisfied

by identifying site location in the performance specification. System

1A meets requirements.

T 4,2.1.5 System Heating Capacity Requirement - Requirement has been

satisfied bv anatysis of system design. Systam 1A weets requirements.

4.2.1.6 Auxiliary Energy Requirement - Requirehent has been satisfied

Dk

by analysis of system design., System 1A meets requirements.

4.2.1.7 Hot Water Requirement - Requirement has been satisfied by :

analysis of system design., System 1A neets requirements.

4,2.1.8 Qperating Racuirements - Requiremént has been satisfied by \

analysis of system design. System 1A Feets requirements, \

\

“v

\

\

4.2.1.9 System Physical Reouirements - Reqﬁirement has been satisfied

N

by analysis of system design, System 1A meets regquirements.

Abs

4.3 Acceptance Verification Requirements -

VT N ey P ALY T o e i i PRI O e o iw i P Tt -.}r-..n_.-.“'
.

-

4.3.1 Inspection of System - This requirement will be satisfied during !

final acceptance of System Model No. 1A.

QRIGINAL P .
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4.3.2 Inspection of Accentance Mata Package - This requirement will be

o satisfied during final acceriance of System Model Mo, 1A.

5.0 VERIFICATION REPORT

5.1 A final verification report for prototype system Model MNo. 1A willi
be prepared and submitted to MSFC thirty days following system
acceptance. Report will be prepared in accordénce with paragraph
9.2 of IBM Document No. 7933445 except that references to testing

and qualification verification will be omitted.

I-6

NTETIT T TON —T T R T

e



APPENDIX 1

PROTOTYPE SYSTEM MODEL NO. 1A

INTERIM PERFORMAMCE CRITERIA EVALUATION
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ST

INTZRIM PERFCRMANCE CRITERIA
CERTIFICATION

System Type Heating & Hot Water (Air System)

System Model No. Prototype M/N 1A

System Mfg. I1BM

Analysis Conducted by 7. &. »(OM

Date Novemssr 18 197&

1-8
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II.

III.

v,

INTERIM PERFORMANCE CRITERIA CERTIFICATICH INSTRUCTIONS i

Evaluate system for each IPC reguirement listed on IPC Certification .
Sheets. A1l reguiremants are to be in accordarce with HUD Interim
Performance Criteria for Soler Heating and Ccrbined Keating/Cooling
Systems and Dwellines. HUD - January 1, 1975.

Check each requirement status ' -

Yes - Meets IPC requirement
Mo =~ Does not meet IPC reguirement
N/A - Dequirement not applicable

List IPC requirement evaluation method utilized.

Analysis o ;
Test .
Inspection ‘

Demonstration
Other
k
All requirements which are not met shall be defined and recorded on }
IPC Deviation Approval Request {Form at:ached).

|
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_ rpe |MEETS IRC CALUATION

[y R F YR [}
IPC REQUIREMENT ND YES 0 | METHCD COMMENTS
Hestégg}igg g;:z;ng 1.1 X Analysis Cooling Portion N/A
an oling tem
Performance
Hot Water System 1.2 X Analysis
Subsystem Performance
Collector Performance | 1.3 | X Analysis

’
Thermal Storage 1.4 X Analysis
Habitability of 1.5 X Analysis
Occupied Space
Energy Transport 1.6 X Analvsi
Efficiency nalysis
Control 1.7 X . Analysis
Auxiliary Energy 1.8 | X Analysis
I-10
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|
- pe LHEETS IEC L ) ol /
: IPC REQUIREMENT NG, [ YES L N0 VT | mETROD COMMENTS
H ﬁ System Design 2.1 X Analysis
o Conditicns
L
i e
j Mechanical Stresses 2.2 X Analysis
¥ \
' Leakage Prevention 2.3 X Analysis Applicable portions of
system will be pressure
‘tested during system
installation
Collector Adjustment 2.4 X ‘ Analysis |
- I ’
| |
f Subsystem Isolation 2.5 X Analysis %
9 \
Heat Transfer Fluid 2.6 | X Analysis
Quality g
\
- J; ) Piping Supports 2.7 | X Analysis |
&
!
i . N
(A} Excessive Pressure and] 2.8 X Analysis
{;Q, Temperature Protection
b S |
P ORIGINAL 95§i§1 - g
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MooTS Tor
IPC p=smeniod L | EVALUATION
ri7 tIZUIRENENT O, [ YES | NG | VM| wEtoes COMMENTS
g--.-x.ral Design 3.1 X
EES4
i :" Fz1 lyre Loads and 3.2
: 1cs 7 ~apacity
Uit jmste Load 3.2.1 X No data available to sub-
CC.—'P':.".Bt'iOT\ stantiate collector
meets requirements
namage Control 3.3
u Re- iztance to Damage 3.3.1 X Nc data avai1éb1e to sub-
' stantiate colliector
; meets requirenents
cyclic Loads 3.4 ,
cy~+ing of Structural | 3.5 X Analysis,
Ele~ents ,
Creep and Resicual 3.6 X Analysis
Deflection
Ha41 Pesistance 3.7 | X Analysis
Co'r.';traint L.oacs 3.8
porndiing Conditions 3.9 X Analysis
4
] I-12
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|

Fusantm

R i i S e

1pe |EES I b1 sainTion
IPC REQUIRENMEINT nC. YES OO YT oweTReD COMMENTS
Plumbing and £lectrical 4.1 X Analysis
Installaticn
Fail Safe Controls 6.2 X Analysis
Fire Safety 4.3 X Analysis
Trxic and Flammabie &1 X Anaiysis
Fluids
Safety 4.5 X Analysis
Protection o7 Potable | 4.6 X Analysis
Water and Circulated
Air
Excessive Surface 2.7 X Analysis
Temperatures
Effects of External 5.1 X Analysis
Environment .
. S
ORKHNAIJPAGE
OF POOR QUALITY
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: 1pc PrEss Pe )| snarion /
IPC REQUIREMENT NG, YES e "o ezmag CoMMENTS -
Temperature and 5.2 X Analysis
Pressure Resistance
Transmission losses 5,2.6 X No data available to sub-
due to outgassing stantiate collector
meets reijuirements
Chemical CompatibiTity{ 5.3 X Analysis
of Components
N !
Components Involving | 5.4 | X Analysis :
Moving Parts '
: 1
« Accessibility for 6.1 X Analysis ] i
Maintenance ‘ . i
? '; I;
':
!
| i |
Installation, 6.2 X Analysis ! 1y
Operation and j
Maintenance Manual d
i
! 4
| |
|
Renair and Servige 6.3 X _Analysis \ |
Personnel ’ , ;
\ §
I
Dweilings/Facility
and Site
]
X
[
i-14 f
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[ % MEETS 1D
o rpe |LEEIS SO svacuaTio:
) - fam— .- - w R
IPC REQUIREMENT . YES N ' MITHCD COMIMENTS

Design 7.1 X Analysis

i ow

Adequate Space 7.2 X Fnalysis
,f3? ’ Functicning of 7.3 X Analysis
- Dwelling/Facility Site
- ¢
Interferance with g.1 X ' Analysis
fechanical Operat.on
Mechanical and 8.2 X Analysis
R Electrical Functioning
SH of Dwelling and Site
-5} Mechanical and 8.3 X Analysis
. 1 Electrical Functioning
of Connections
ge Structural Integrity 9.1 X Analysis
I 3
& Structural Integrity 9.2 X Analvsi
h-}L of Dwelling ) nalysts
e I-15
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1] [oc  |MEETS IRC CALLATION
RS KPR ' e i . Mo Canlun it
’ o IPC REGUIREMENI W, YES ha 7 mEeep COMMENTS
-~.y’i- Structural Cornections| 9.3 X Analysis
b Safety of Dwellings 10.1 X Analysis
R and Site
fﬁ*=
" §
e Durability 17.1 X ) Analysis
Durability and 11.2 X Analysis
b Reliablity o
e Dweiling and Site,
-:ﬂ Durabitity and 11.3 X Analysis
. Reliability of ' !
3 Cannections
LA
Maintainability of H, {12.] X Analysis
HC, HW Systems
Maintainability of 12.2 X Analysis
Dwelling and Sité
. l . l - .
P Connections 12.3 X Analysis
Ve
P Visuval Characteristics [13.1 X Analysis E£H315
e * ' Ome% SUAULTY
of ¥
=
I-16
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INTERIM PERFOI.JANCE CRITERIA DEVIATION APPROVAL RECUEST

1. Raport Nambor 2. Data 3. Prupared By 4. Organization b. System Type
-}2] 1 1A-001 11-15-76 T. G. Taniel IBM Dept. K42 Heating and Hot Water (AIR)
8, Sysiem Nodel No, 7. Systum SIN 8. Systun Contractor 9. {PC Daviation
1 1A - ICM Ultimate Load Combination (Collectors)
e 10. 1PC Number 11, IPC Puragraph 12. Approved By {IBM) 13. Approved By (MSFC) 14. Data Approved {MSFC)
& D Jan. 1, 1974 3.2.1

15. Doscription of Daviation

No data available to substantitate that coliectors meet requirements of ultimate load combinations.

3!
L
L 'l
e 18. Probeble Couss

17. Bomarks

- Load testing of collectors will be acconplished at MSFC.

- Data received from testing will verify collector ability to meet/not meet IPC requirements for
ultimate load combinations.

4. Dovintion Disposition

System deviation is requested for collectors.
Collectors are Government furnished to IBM.
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INTERIM PERFOHIANCE CRITERIA DEVIATION APPIIOVAL BEQUEST
F1. 1, port Nomber 2. Date 3. Prepared By 4. Organization B. System Typa
1A-002 11-16-76 T. G. Daniel

3. Systam Model No, 7. System S/N

IBM Dept. K42

Heating and Hot Water (Air)

TA -

1G. 1PC Numbor

8. Systein Contractor
1BM

9. IPC Daylation

Resistance to Damage

11, IPC Paragraph

14D Jan. 1, 1975 3.3.1

12. Approved By (I1BM)

13. Approved By (MSFC)

14. Date Approved {(MSFC)

3 15, Description of Daviation

o
2,
%

No data available to substantiate that collectors meet requirements of resistance to damage.

2

ro

Q2

=5

16. Probubla Cause O v
=k
B8

e

X7

t7. Romarks

requireaments.

Load testing of collectors will be accomplished at MSFC.

Data received from testing will verify collector ability to meet/not meet IPC resistance to damage

13, Duviation Disposition

- System deviation is requested for collectors.
- Collectors are Government furnished to 1BM.
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! _ INTERIM PE{FORMANCE CRJTERIA DEVIATION APPROVAL HEQUEST . Lot
1. Report Mumnber 2. Data 3. Prepared By 4. Organization 5. System Type
i 1A-003 11-16-76 T. G. Danfiel IBM Dept. K42 Heating and ot Water {(Air)
: 6. System Modal No. 7. Systain S/N 8. System Contractor ] 9. 1PC Deviation
g 1A - IRM Transmission losses due to outgassing
: 10, IPC Number 11. IPC Paragraph 12. Apyroved By (IBM} 13. Approved By (MSFC) 14. Data Apuroved {MSFC)
ilub Jan. L, 1975 5.2.6

15, Descrption of Daviation

No data available to substantiate that collectors meet requirements of transmission
losses due to outgassing.

61-T

e 16. Probabls Cause

17. Hamusks
- Heathering test will be conducted on collectors at MSFQ.

- Data received from testing will veri?y collector ability to meet/not meet IPC requirements for outgassing.

18. Duviation Disposition

- System deviation requested for collectors.
- Collectors are Government furnished to IEM,
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SYSTEM 1T PERFOIMANCE ~ANALVSIS SUAMDMARY

Evaluation of the Svstem I design was acceorplished using a detailed simu-,

lation model of the svstem formulated using TANSYS-A Transient Simulation

Program for Solar Energy Systems. The purpose of this report is to summa-

rize the predicted system performance and the methods used to achieve it,

Each major component of the System I design was modeled in detail resulting

in time dependant interaction between the subsvstems and producing true

system-level performance predictions., The simulation period was one year in

duration at integrating time steps of one-fourth hour,

Inputs to the simulation in addition to svstem configuration and subsystem

periormance were forcing functions of hourly wezther and space heating and hot

water load information. Outputs arz extensive and include system ané subsystem

performance such as system temperatures, collector performance, loads, and

percent contribution o the solar emergy system.

Sensitivity studies were conducted to uetermine optimum values for several key
. [

system parameters:

o System flowrate was varied from 900 to 3000 CFM (1.5 to 5 CFM

per square foot of collector). Based on the results, a value

of 1500 CFMM (2.5 CFH/FTZC) was chosen,

t
4

o The effect of the size of the storage subsystem was evaluated

over the range of 150 to 600 FT3 of pébble bed (5 to 20

i
!

BTU/OF/FTZC). Results showed that inprovement in performance

-——"""

was significant enough to offset additional costs up to 600 FT
and the selection of a specific value should be limited only by
architectural constraints on the building design., A storage
volume of 500 FT3 (17.9 BTU/OF/FTgc) was thus selected,

ORlGINAL PA.GE
l OF POOR QU ALI li
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o The temperature differential setting controlling collector o;arétion
was varied Jrom 25 to 45 T degrees to identify the value pgiving
optimum loug torm system performence, The resultant value was 30 F
degrees.
Tte optimum values determined from these parametric studies were incorporated

into the svstem design.

The following paragraphs define in somewhat more detail 'the pertinent parameters
and conditions on which the system simulation was based, Finally, the resultert
system performance predic:tions are summarized for the System I design on a monthly

and/or yearly basis.

Systen Conficuration

The system simulation schematic is shown in Figure 1. Major components and

their defining parameters are listed below.
o] Collector

- Solar Erergy Products manufacturer
- 591 FT2 effective area

- 45° tilt angle .

- 0° azimuth {due south) ‘ \

- Hottel-Whillier—Bliss Motel

- SEPCO performance data ' \
o Storage

- 500 FT3 bed volume

- 7.2'W x 10.8'L x 6,5'H
- 17.9 BrU/°F/FT%e \
- 3/4 - 2 1/2" pebble size
- R1l Insulation

- 10 layer model
- Inside building

e s ke
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DHW Heat Exchanger

- Cross flow

- 725 BTU/HR’F  UA

- 4 GPM water flowrate
DHW Pump

- 4 GPM

DHW Pre-Heat Tank

- 80 gallons

- Un-stratified

- R-22 dinsulation

DHW Tank

- 52 gallons

i

- Electrizal auxiliary

- 140°F thermostat

- Unstratified .
- R~-22 insulation E
- 55°F mazke-up water temperaturé
Air Handler. _

:
!

- 1500 crM

Heat-Pump (Air-to-Air)

- Westinghouse Model HP(O36D

- Vendor performance data
I-24
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Auxiliary Heater

Electric resistance .

16,7 KW capacity

Thermostat

First stage heating at room temperature below 68°F
Second stage heating at room temperature below 66°F

Air conditioning at room temperature above 77°F

Controls

Numerous controllers are used in the si--tlation to accom-
plish the required operation. The functional control modes

are described below. .

Cellector on (fan turned on} when cellector surface tempera-
ture exceeds temperature at bottom of storage by 30 F degrees.
Collector off (fan off) when collector outlet temperature
drops to less than 15 F degrees above bottom of storage. In
the summer by-pass mode, the fan operates only when this logic

is satisfied and the DHW preheat tank needs heat.

DHW pump is turmned on whenever the collector 1s operating and
the collector outlet temperature exceeds 9F degrees above pre-

heat tank temperature.

The summer bypass mode is initiated at inception of cooling

load requirement; disengaged when heating load begins in Fall.

When can collect and first stage of room thermostat is

satisfied (T 68°F - no reaquirement for heating) air

ROOM =
from cellectors is supplied to storage.
AL PAGE I8
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- When can collect and have daemand for f£irst stage heat,
air from collectors is diverted to load. If in this mode

load then demands «<cdond stage heat (T i_66°?), auxiliary

ROOM
electric strip nhe=ater is powered on to supplement,

- tWhen cannot collect and have demand for first stage heat
and temperature in top of storage is 3_90°F, heat is supplied
from the pebble bed to the load., If in this mode load then

R demands second stage heat (T 5.66°F), auxiliary electric :

ROOM
strip heater ic powered on to supplement.

- Ten cannot collect and heve demand for first stage heau and
temperature in top of storage is <90°F, the heat pump is

] powered up. If in this mode J.ad then demands second stage

00N 5_66°F), auxlliary electric strip‘heater is

powered on to supplement.

heat (TR

. Weather Data

Measured hourly weather dz*ta, obtained from the U.S. Weather Bureau, was used as
input to the simulation program. This provided a means of analyzing the per-
formance of the system for realistic climatological conditions. Since hourly

weather data are not avzileble for Huntsville, data for Nashville for the vear

1957 was sclected for use as the design year. This year was selected because it

approximated the typical winter corditions experienced in Huntsville, Alabama,

TS L TR LA M . TV S W a———— = =

U NUPY L IR - U Y T b b S A S

Inputs to the program from the weather tapes are hourly values of total inso-

lation on a horizontal surface and the ambient temperature. A solar radiation

ol s

processor component within the simulation model converts the horizontal inso-

lation values to the proper value incident on the tilted collector surface.

A The ambient temperature is used in conjunction with the building conductance

‘ -

(UA) and the inside room temperature to actively determine the heat loss rate.

For information only, the average daily insolation for each month and a com-

A puted value of the heating degree (°F) days per month are provided in Table I.

1-26




Table I. Summary of Weather Data

Month Insolation on ngizcnta.‘ Heating Dagree
Surface (BIU/FT<) - Avg daily Days (°F)

January 597 847
February 834 506
March 1136 530
April 1635 188
Mav 1833 67
June 1882 3
July 2176
August 2071 8
September 1360 35
October 1136 305
November 821 492
December 702 612
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OF POOR © -

I-27




e e r————

____.‘. e

§g§+fnﬂ nd Hot Water Loads

T'e sp:ie heating and service hot water lcads are handled independently in
the system model, ‘the space heating lead ic modeled as & single node
with a thermal capacitance of 2.1 x lO“’"l BTU/®F and a heat loss rate (UA)
of 750 BTU/Eour-CF. The internal temperature was wmaintained during

the heating season with & two stage thermostat. The thermostat settings were
68°F and 66°F for the first and second stages respectively. The hourly heating

load of the building (QL) is expressed in the following equation:

Q, = UA (Tp = Tomp)
where UA = 750 BTU/Hour - °p
TR = Inside temperature (OF) %
b
= ¥ - 0 "
Tamb Ambient temperature ( F)

4
The hot water load is established by a daily usage schedule. This schedule
is defined on a hourly basis with the outlet water at 140°F and the inlet at
55°F. A total of 41.5 gallons per day was established for this particular site.
For a residentual application, this ﬁould typically be doubled. The following

table presents the daily usage schedule on an hourly basis:

Table II. Daily Hot Water Consumption

Hour of Dav ! Gallons/Eour
0-7 0
7-8 2.5
8-9 5
9-10 2.5

10-11 12.5
i1-1z t]
12-13 2.5
13-14 0
14-16 1
16-18 0
18-20 2.5
20-21 7. 5
21-23 1
23724 0
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A listing of the input data for the TRNSYS Systen I medel is shown in
Table III,

Performance Results £

e

The results of the one-year simulation are presented graphically in Figure 2

through 4 for each month, As shown:

the solar energy system to the space

rh

o The annual contribution o

heating load is 58%.

o The annual contribution of the solar energy system to the

domestic hot water load is 57%.

o The annual contribution of the solar energy system to the overall
load 1s 58%.

Tt should be noted that these results are highly dependent on a number of
: assumed input conditions, including weather. Although the conditions used

for this simulation are typical, significant variations can occur,

' 8
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I B MAP
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o a * _ . 3 ;
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UNIT 16 TYPE 16 REDIATION PROZESSOR '
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‘ «0C0% 0Q 1.09C% 20 3.600Z 01 4.500% 21 0.0
L 4eBT2C G2 2.00G>~01 Cmme e L
NPUES 1

L O T o

I UNIT™ 1 C o TYRs LIR CSLLECTOR {¥nD: 1) i
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{‘ | - Ve s WG 8NT ) -
i ) 2.0908 ©1 3. u 0es 2.3
T untt 2 Tves 2 EOLLECTSR  OMTROLLER R
BT PARAMET=ES 3 _
1 3,000% 0% 1.6703F 91 5,3 0% 00
" IIFUTS >
R by 1. . 10, 1 2.1 . A e
T 2.000% Ci 2.00us Q1 el
B 3 BT Tyor 11 SAMPER N3, 1
L PRELvETTIS ) R
. 3.000F ¢
R fepPUis '3
O 10, 3 1), & 43, 1 43, 2 2, 1
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PROTOTYPE SYSTEM NO. 1
HAZARDS ANALYSIS

A hazards analysis was performed to define potential hazards or undesired
events relative to the System No. 1 design, to identify the safety requirement
to eliminate the hazard, and to indicate the means of compliance with each
safety requirement. A summary of the hazards analysis results are given in
Tabie 1. '

A1l potential hazards identified are minor level hazards and no major
hazard levels have been found. No residual hazards have been identified,
and no failure modes have been identified which would contribute to the
occurrence of a hazard. As shown in Table 1, the use of standard off-the-
shelf hardware minimizes potential hazards.
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HAZARD DATA SUMMARY

| Areas of Consideration

Safety Regquirement

Hazard,Undesired Event

Means of Compliance

| Mechanical Protection

i Sy
. )
R

ALITVNO ¥00d d0
Sl OV TYNIDIYUO

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

¢ Injury due to pinch ur
sharp edges.

® Short circuits due ta
wire abrasion.

® Mechanical damage due
to faulty installation.

¢ Mechanical damage dua
to migration of com-
ponents during opera-
tion

e Rotating Equipment

® Humidity and Fungus

e A1l operator and service area
edges rounded.

¢ Design does not present unusual
or unique mechanical hazards.

@ Approved tie down, strain relief
and Veed through hardware and
tnstallation.

@ Drawings provided with sufficient
design detail and notes to high-
light proper installation.

e Motor, Belt and Fan enclosed

e DHW Pump has all rotating parts
enclosed.

@ All equipment mounted within the
residence.
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HAZARD DATA SUMMARY

| Areas of Consideration Safety Reguirement Hazard/Undesired Event Means of Compliance
Primary Voltages ¢ Section 516 and 616 e Personnel Shock ¢ Use conventional equipment and
' MPS (4900.1 and installation.
4910.1}. o Equipment damage due to
short circuit or over- s All external metal parts, sur-
s Part E of ANSI A71S8.1 Toad. faces and shields to be at
electrical ground.
s Hazard exposure not
significantly greater
than conventional . # UL approved 15A circuit breaker
B » ' residence.
¢ A1l wire UL approved
ey ’ . . s
L 2 Primary voltage in service areas
are protected by shields or shrint .
sieeve insulation.
e e T s Stored Energy g Stored energy minimal
~ . & Low voltage control circuit
Secondary Voltages I | & Short between primary ¢ Trarsformer isolation and phyéi—
' and secondary circuits cal separation between primary anc -
secondary circuits.
Electromagnetic ¢ Maintain circuit a Interference between # Sensor and control wires separater
Interference separation povwer, data and control Sensor inputs are protected by -
' functions ] ground wires for sach channel.
- / -

e e g




HAZARD DATA SUMMARY

Areas of Consideration

Safety Requirement

Hazard/Undesired Event

Means of Compliance

Fire Safety

g-f

& Use materials which

do not present a fire
hazard significantly
greater thar con-
ventional systems

Proper clearance and
venting of elevated
temperature surface

Fmergency egress and
access not be less
than conventional
system

Identified and
accessible main shut-
off valves and
switches

o Flammability o7 materials

¢ Alr flow Toss due to
fan fatlure or blockage

¢ Occupant entrapment

e Difficulty in terminating
system operation or
1solating failure

o Used conventiognal components
of proven safety

® UL recognized components as

@ UL acceptance of air handler and
control subsystems

o Interlocks to insure fan opera-
tion when heat strips in use

& Conventional design criteria
met for egress and access.
Convenient and accessible
equipment room

8 Main shutoff valves and switches
are clearly labeled and easily
accessible within equipment ropm
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Areas of Consideration

Safety Requirement

Hazard/Undesired Event

Means of Compliance

Domestic Hot HWater

Contral

e Where applicable
Section 515 and 615
MPS (4900.1 and 4910.1)

¢ Part C ANSI AT119.1
@ Hazards not signifi-
cantly greater than

conventional residen-
tial installation

e Fail Safe control

® Personnel exposure to
high temperatures

Personnel exposure to
high pressures

Equipment damage

water

# Primary 115 Yolit Shock

to 24V control circults

» Damage to collector hy
over temperature

3 Control fallures

b Contamination of potchle

h Shorts from primary 115V

# Used commercially available
DHW tanks, pumps and heat
exchanger of proven design

s Automatic 210°F temperature
and 150 PSI pressure relief valve

e Stainless steel potable rated
DHY pump

e Fatl Safe DilW temperature control
on both water tanks

¢ Insulated heat exchanger and
connecting pipes

s Non potabie fluid not used

8 Safety shield used over primary
terminal and shrink sleeving
used on 115V wire terminals
within service area.

e Primary and control voltages
transformer isolated with
wiring physically separated

% Collector temperature protect
mode foy summer operation

¢ Autonomous temperature limits
and interlocks within control
circuits
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HAZARD DATA SUMMARY

Areas of Consideration

Safety Requirement

Hazard/Undesired Event

Means of Compliance

- JiAir Handler

~1

J‘L Auxiliary Heat

.
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@ Section 516 and 616
MPS (4900.1 and
4910.1)

¢ Part C ANSI Al1719.%

¢ UL acceptance

g Primary 115 Volt Shock

¢ Toxic or Flammable
materials

® Rotating Equipment

entanglement

@ Electrical Shock

® Fire hazard if air flow

interrupted

e Excessive surface

temperatures

@ Primary 115 Volt circuit

[ /]

terminations enclosed

Over temperature protected motor
UL approved wire nuts

Use commercial components of
proven design

Independent review of material
hazards

UL acceptance of the completed
air handler and controlier
assenbly

Fan, motor and belt totally
enclosed

Use conventional equipment of °
proven design and installation

Primary power terminations
enclosed

Control interlocks between fan
and heat strips

Positive action air flow velocity
switch interle<k

Heater installed in insulated
duct
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