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NOTICE

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federsl employees, nor any of their contractors, subcuintractors
or their employees, make any warranty, express or implied, or
assume any legal liability or reavonsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.
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1.0 INTRODUCTION

A solar domestic hot water and space heating system using air type solar
energy collection techniques is presented for a specific-design. The system
consists of a modular designed prepackaged solar unit containing solar col-
lectors, a rock storage container, blowers, dampers, ducting, air-to-water
heat exchanger, DHW preheat tank, piping and system controls. The system
was designed to be installed adjacent to a small single family dwelling.

The prepackaged unit is documented for 135, 203 or 271 square foot collector
arrays utilizing a particular commercially available solar collector with
appropriate storage capacity. This document describes design, performance
and hardware specifications in sufficient detail to (1) fabricate a pre-
packaged unit, (2) to allow architectural engineers and contractor to pro-
cure, install the site oriented hardware and finally (3) to permit a con-
tractor to operate and maintain the system.



2.0 SYSTEM DESCRIPTIOM

SIMS Prototype System 4 is an air-operated solar space and domestic hot-water
heating system. Eleven functional components, as described below are, con-
figured in the system as illustrated in Figure 2.0-1.

Functional Components

(1) Solaron Corporation Series 2001 flat plate afr-type solar
collectors

(2} Pre-fabricated modular pebble bed, tﬁerma] storage unit
(3) One Grainger Inc. Model 7C812 air hlower

(4) One Grainger Inc. Model 2C986 air blower with 5K900 motor
(5) Two Ruskin Model CD454PW/MP1161 control dampers

{6) Two American Warming Model SHB-D-1217 back-draft dampers with
cohrelastic blades

(7) Two American Warming Model DAA-P-815C balancing dampers

(8) Jackson Manufacturing Model UCO 5225 hot water tank for system
preheat tank

(9} Halstead Mitchell Model SKZ-18-18-8 air-to-liquid heat exchanger
{10) The conventional hot water heater
(11} The auxiliary heat source -

(12) Control components {described in later section)
PRECEDING PAGE BLANK MOT filiwls,
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As illustrated in Figure 2.0-2, the system has three modes of operation to
maintain three different air circulation loops: (1) Collector to Storage,
(2) Collector to Load and (3) Storage to Load. Air flow is controlled by
two blowers and two control dampers as indicated in Table 2.0-1. Solar

energy is coliected in modes {1) and (2). Space heating is accomplished
in Modes (2} and (2).

Water is circulated in the domestic hot water preheat Toop between the
air-to-water heat exchanger and the preheat tank by syphon action. Domestic
hot water heating is prima?i]y accomplished in mode 1 when air temperatures
to the heat exchanger are hottest; however, when air temperatures to the

heat exchanger are higher than preheat tank.water temperatures, water heating
can also be accomplished in modes 2 and 3.

Two non-solar components {18), a conventional domestic hot water tank, and
(11}, an auxiliary heat source, operate in conjunction with the solar hard-
ware to augment system heatiﬁg requirements. These components are site de-
pendent and existing items at the site. Their location in the overall system
is illustrated in Figure 2.0-1. The two non-solar components (10), a domestic
pot water tank, and (11), an auxiliary heating unit, are contained within the:
site dwelling and are connected to the Remote Solar Assembly by insulated
piping and ducting. .

A11 of the solar components (1) through (8) are assembled together in a modu-
larized structure, to form a stand alone Remote Modular Assembly. This pre-
packaged unit is documented for 135, 203 and 271 net square foot collector
array sizes utilizing the Solaron Corporation Series 2001 collector. Appro-
priately sized modular thermal storage units are included in the designs for
each of the three collector array sizes. Larger Remote Modular Assemblies
could be assembled using the same modular hardware, but with appropriate
blower and duct changeé.

System control consists of simple on-off temperature sensitive components.
These components and electrical circuits are described in the Control Sub-
system, Section 2.5.
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The system can be fynctiona1]y divided into Collector, Energy Storage, Energy
Transport, Domestic Hot Water, Controls and Auxiliary Engrgy Subsystems. Each
of these subsystems is described in the following sections.

2.1 COLLECTOR SUBSYSTEM

System 4 collector subsystem consists of either 8, 12 or 16 Solaron Corporation,
Series 2001, air heated ¢ollectors with appropriate mounting and flashing hard-
ware, The basic collector is a 3 ft. wide by 6.5 ft long by 7 1/4 inches

thick rectangular parallelopiped shaped unit with a 24-gage steel enclosure.-,
The back surface insulation of the collector is 1 inch thick, 2 pounds per
cubic foot fiber glass batt. The absorber is 24-gage steel with a PPG "Dura-
cron 600" surface finish. The absorptivity and emmissivity of the absorber

1s 0.94 and 0.82 respectively. The weight of each collector is 153 pounds.

The collector is double glazed with 1/8" thick low iron tempered saféty glass
(Fourco) having a total transmittance of 0.77. The Series 2001 collectors can
be ganged 2-high for serial air flow. Many additional collectors can be ganged
together by paralleling the 2-high collectors to form 2 by X collector array.
System 4 Design Description Drawing, 7934983, shows series-parallel air Flow
paths for 2x2, 2x4 and 2x8 collector arrays. Air manifolding between collec-
tors is maintained within the collectors.

The Soiaron series 2001 collector efficiency is described by Figure 2.1-1.
The collector parameters used in plotting this curve are defined as follows:

n = Collector efficiency

Tin = Collector inlet air temperature in °F

Tamb = Ambient outside air temperature in °F

T = " Effective combined transmittance of both
glazings at normal incidence

o = Absorber solar absorptance

F! = Collector efficiency factor

Fo L= Collector heat removal factor

U = Collector heat loss factor

NC = Air flow rate test condition

I = Solar insolation in Btu/hr Ft?

(ta}, = Effective transmittance - solar absorptance

product at normal incidence
7



2.2 STORAGE SUBSYSTEM

System 4 storage subsystem consists of a bed of pebbles contained. in -a
rectangular shaped thermal]y insulated enclosure. The enclosure fabricated
for the System 4 demonstration is 117.5" long by 70" wide by 52 3/4" high and
contains approximately 5 1/2 tons of washed rounded stones 3/4" to 1 1/2" dia-
meter,

The storage subsystem is designed and documented per 7934940 drawing for 75,
112.5 and 150 cubic feet capacities as required for 8, 12 and 16 collector array
sized systems respectively. These storage capacities result in a thermal
storage capacity of approxié%te}y 10 Btu/°F per square foot of collector.

Afr is circulated from top to bottom through the pebbles when operating in the .
collector to storage mode of operation. Air flow is reversed and passes up
through the pebbles when-operating in either the storage to load or collector
to Toad modes of operation: In the latter mode, only a portion of the total air
passes up through storaqF (about /1/2 of the total Toad).

The pebble bed enclosure is constructed by assembiing side panels, end panels
and top céver panels within the Remote Solar Assembly. The floor in the
structure forms the base of the storage enclosure. Pebbles are supported 12
inches above the floor of the enclosure by a welded steel grating assembly.
The space between the grating and the floor forms a Tower plenum. The space
between the top cover and the surface of the pebbles forms an upper plenum.
The enclosure has three openings. One opening, 18" x 18" {s located in the
top éenter cover and provides passage to the upper plenum. The other two
openings, 6" x 48" are located one each near the base of the ends of the
enclosure and provide passage to the lower plenum.

Basic building - block panels have been designed to fabricate each of the
three capacities described above. Larger storage .capacities can be ob-
tained in 37.5 cubic feet increments by assembling the necessary combinations
of the existing design building - block panels. Panels require& for a 8, 12
and 16 co]lector'systems are defined in Table 2.2-1.



Tab}e 2.2-1

Rock Bed Storage Enclosure Hardware

System Panel Panel Panel
Description Usage Part No. Size Qty.
8 Collector Assy
7934940-1 Side 7934936 48"x36"x4 3/4" 4
7934940-1 Top 7934978  70"x40 3/4"x4 3/4% 1
7934940-1 Top 7934937  70"x40 3/4"x3/4" 1
7934240-1 End 7934938  70"x48°4 3/4" . 2
12 Collector Assy
7934940-2 Side 7934936 48"x36"x4 3/4" 6
79343402 Top-End 7934937  70"x40 3/4"x4 3/4" 2
7934%40-2 Top-Center 7934933 70"x36"x4 3/4" 1
7934340-2 End Panel 7834938 70"x48"x4 3/4" 2
16 Collector Assy
79343940-3 Side 7934936  48"x36"x4 3/4" 8
7934940-3 Top-Inner 7934939  70x36"x4 3/4" 1
7934940-3 Top-Inner 7934977 70"x36"x4 3/4" 1
7934940-3 Top-Outer 7934937 70x36'x4 3/4" 2
7934940-3 End 7934938  70"x48"x4 3/4" 2
g LT BLiEEs

PREGEDING. PAGE B~
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Openings

None
18"x18"
None
6"x46"

None
None
18x18
6"x46"

None
18"x18"
None
None
6"x46"



The_insu1ated pane}s are a sandwich typé construction consisting of 4.25

thick isocyanurate foam, Upjohn CPR 9545, with .060 "thick polyester-glass
face sheets bonded with epoxy adhesive, Dexter Corp. EA934. Polyester-glass
channel, 4 3/4" x 1 5/8" x 3/16" is bonded to all edges of the sandwich panels

including openings to protect the foam. Isocyanurate foam sheets are laid on
the floor of storage to insulate the base.

The grating which supports the ‘pebbles is a welded assembly that is sized
consistent with the storage panel modular concept. One grating assembly is re-
‘quired for each 37.5 cubic feet of storage. The assembly consists of a rectan-
gular sheet of steel grating to which four legs are welded, The grating has
3/16" x 3/4" bearing bars 1 3/16" on centers with 1/4" square cross bars 4" on
centers. The legs are 2" x 2" X 3/16" steel structural angle. A 1/2" x 1/2"
mesh steel wire cloth with .040" diameter galvanized wire is laid above the
grating to prevent small pebbles from falling through the grating.

A piece of perforated sheet metal 1s placed on the tep surface of the pebble
bed and centered under the top center air opening. The purpose-of the sheet

is to deflect the air to eliminate channeling of air through the center of the
pebble bed. '

1



2.3 ENERGY TRANSPORT SUBSYSTEM

The energy transport subsystem is a two-blower system.with control dampers,
balancing dampers, back draft dampers.and interconnecting duct work. This
subsystem consists of the following hardware:

Item Description Qty.
Collector Loop Blower Assembly Grainger 7C812 1
Load Loop Blower Assembly Grainger 2C986 blower with 1

5K900 motor
Control Dampers Ruskin CD454PB/WMP 1161 2
Balancing Dampers American Warming DAA-P-8150 2
. Back Draft Dampers American Warming SHB-D-1217 2
Collector Loop Duct ’ ‘ 12" Round 26 gage galv. - AR

Load Loop Duct 14" Square 26 gage galv. . AR

Air flow is adjusted in either the collector loop or load Toop by varying the
pulley diameters of the motor shaft pulley. The blowers .are belt driven, "A"
width, with motors mounted to the blower housing on a swivel base to facili~
_tate belt tension adjustment. The motors are 115 VAC, sleeve bearing, auto-
matic-reset-thermally protected motors. The motor for the collector Toop is a
1/2 horse power, 1725 rpm, split-phase motor. The motor for the load loop is a
3/4 horse power, 3450 rpm, capacitor start motor.

The collector loop blower has a 4.35" pitch diameter pulley on the blower
shaft and a 1.9" to 2.9" pitch diameter variable pitch pulley on the motor
shaft. No adjustment in pulley diameter is considered necessary after the
initial setting. The load loop blower has a 6.85" pitch diameter pulley

on the blower shaft and a 2.8" to 3.8" pitch diameter variable pitch pulley
on the motor shaft. Pulley diameter adjustment will most 1ikely be required
when-the system is installed in the field so as to obtain the desired air
flow. Motor current should be monitored while adjusting pulley diameters to
verify that the motor rating is not exceeded.

12



The collectors are manifolded together in two eight (8) collector series -
paraliel arrays as shown in System 4 Design Description Drawing 7934983,
Air is ducted to each array in two parallel loops in a "Y" configuration..
Balancing dampers are installed in series with the collector arrays in each
paraliel logp so that‘the flow through the two loops can be equalized.

The purpose of the back-draft dampers is to eliminate the possibility of re-
verse air flow in the collector Toop and load loop ducts. The’damperé are
the fabric vane type and are 14"x14"x1 1/2". The vane material is #1010
cohrlastic. Dampers ére installed in the 14x14" ducts at outlet from
.storage in the collector loop and at the inlet to storage in the lead Toop.

Two 115 VAC motorized control dampers are dti1ized‘in the system to provide
on-off air flow control in the collector and load loops. The dampers are

- metallic parailel blade construction. A linkage between a crank on the drive
' ﬁotor shaft and a ‘crank on the damper blades provides the necessary force to
open the damper blades. A helical tension spring.attached to the crank of
the drive motor appiies the force necessary to close the damper when the
drive motor is de-energized.

The collector loop ducting is mainly 12" diameter round 26 gage galvanized

steel. The load Toop ducting is 14" square, 26 gage galvanized steel. Ir-
regular shaped transistion ducts are utilized at inlet and outlet to items

such as storage unit, blowers and air to water heat exchanger. These tran-
sistion pieces are fabricated of 26 gage galvanized steel sheet stock.

All ducting and items in the duct such as the air to water heat exchanger

and blowers are covered with 3 inches of Upjohn Inc., uthane 190, urethane
foam to provide insulation with a R value of 20 or better. The insulation
was bonded to the surface to"be insulated with vapor barrier contact adhesive,
Midwest Chemical Co. Bon-grip 169-24. The outside surface of the insulation
is painted with po]yviny]'chiorﬁde mastic weather barrier, WC-1 E2, which is
manufactured by the Vimasco Corp., Netro, West Virginia. The paint forms

a tough water proof surface over the otherwise delicate urethane insulation
surface.

13



2.4 DOMESTIC HOT WATER SUBSYSTEM

Figure 2.4-1 is a schematic diagram of the domestic hot water system. Hot
water 1§ provided in the solar system by means of (1) an air-to-water heat
exchanger in the air duct at the top of storage and (2) a 52-gallon water
storage tank to preheat the water supplied to the conventional building hot
water heater., Water circulates from the heat exchanger to the preheat tank
by thermosyphon action whenever water in the heat exchanger is heated above
the water temperature in the pfeheat tank. The conventional domestic hot
water heater draws its supply from the preheat tank and auxiliary energy is
used only if the temperature of preheat tank is below the water heater set
point. Cold supply water is drawn into the base of the preheat tank when
domestic hot water is used. Cold water at the base of the preheat tank is
drawn to the heat exchanger while hot water in the heat exchanger rises to
the top of the preheat tank through 1" diameter soft copper tubing to main-
tain the thermosyphon flow.

A thermal bleeder valve is installed at a low point in the thermosyphon 1ine
close to the heat exchanger to provide positive protection against freeze-ups.
The valve senses the surrounding water temperature in the water Tine near: the
heat exchanger and begins to open at temperature below 40°F and is full open at
34°F. When water is bled from the system, it will be replaced by warmer city
water to maintain the water temperature in the heat exchanger above freezing
temperatures. Water drawn by the thermal bleeder valve may raise or lower the
temperature of water in other parts of the domestic hot water system to tempera-
tures equal to the supply water temperature which serves to protect other parts
of the system from freezing.

14
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The-ﬁain components of the domestic hot water system for System 4 are:

Item - Description Qty.
Héat Exchanger Halstead Mitchell, ]
Sk2-18-18-8

Preheat Tank W. L. Jackson, 1.
Uc05225

Thermal Bleeder Valve - McMaster Carr, 1
"4858 N 16

DHW Heater 30 gal 4.5 KN 2

DHW Heaters *

* Any DHW heater available at the site is compatible with system,

16



2.5 CONTROL SUBSYSTEM

The control subsystem provides the means to control the collector Toop blower,

the load Toop blower and the auxiliary heating unit.

consists of the following component hardware:

Item

AT Controller No. 1

AT Controller No. 2
Storage Temp High
Limit Switch

Storaéé Temp Low .
Limit Switch

Preheat Tank'High
Limit Switch

Blower Relays (2)

Site Dwelling

Thermostat (2 Stage) -

Summer Mode Switch

Transformer (2)

Pressure Relief Valve .

Thermal Bleeder Valve

Table 2.5-1
Description

Solar Control Corp.
Mod., 77-171%

Solar Control Corp.
Med. 77-171*

ASCO Mod 10A/QF11A4

ASCO Mod  10A/QF11A4

Grainger 2EQ057 -

"Honeywell R8225D 1003

Honeywell T42H

Standard wall switch
(SPST)

Watts Mod 10x6

McMaster Carr .
Mod 4858N16

The control subsystem

Function

Closes with a AT > 40°F
Opens with a AT < 400F

Closes with a aT > 25°F
Opens with a AT < 250F

Opens at 200°F on temp. ris
Closes at 190°F on temp. fa

Opens at 95°F on temp rise,
Closes at 909F on temp. ris

Adjusted to open at 150°F
on temp. rise

o1l operates on 24 VAC anc
switch power to the blowers

Contacts close in sequence
with temp. rise

‘Manually operated

Converts 120 VAC to 24 VAC
Valve opens at 185%F on ris

Valve starts to open at 38
and is full open at 34°F

The control components are arranged in two basic circuits as shown in Figure
2.5-1. One circuit controls the collector loop blower so that solar energy
can be collected when available and/or transferred from pebble bed storage

to water storage on demand.

The other circuit controls the load loop blower

so the heat can be delivered to the site-dwelling when heat is required.

* Note: The controller is modified to eliminate the freeze and boil protection

features and to energize the control reIaH with a aT > 40°F and de-
- energize the control relay with a aT < 25YF,

17
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2.5.1 Collector Loop Blower Control

Collecting Energ&

Solar energy is collected when heat is available in the solar collectors by
running the collector loop blower., Energy can be collected in modes 1 and 2
with control component states as shown in Table 2.5-1. A AT Controller,
Controller No. 1, senses the temperature difference between the outlet of
collector and bottom of storage. A control relay within the controller is
energized when the temperature difference is 40°F or larger. This closes

the relay contacts which completes the collector blower circuit and energizes
the collector blower relay. The circuit is deenergized and the blower motor
power cut-off when any of the following events occur:

(1) The temperature difference between outlet of collector and bottom
of storage is less than 25°F.

(2) The Storage Temperature High Limit Switch contact opens when the
bottom of storage is 200°F or higher.

(3) The Preheat Tank High Limit Switch contact opens because the DHW
preheat tank is T409F -or higher.

Transferring Energy

Energy is transferred from éock bed storage to the. domestic hot water preheat
tank when an excess of solar energy is available. This is accomplished by
running the collector blower. Since hot air from storages passes through the
collectors on its way to the air-to-water heat exchanger, energy will be Tost
through the collectors. This mode of operation is therefore ot permitted in
the Spring, Fall and Winter seasons. '

_Energy can be transferred from storage to the preheat’ tank in mode 1 when solar .

energy is not available at the collector by running the collector blower with
control components states as shown in line 2 of Table 2.5-1,
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In the summer mode, a AT.Controller, Controller No. 2, senses the temperature
difference between the bottom of pebbie storage and bottom of the preheat tank,

The control relay within the controller is energized and .deenergized to” control
~the. co]lector blower 1 "the’ same manner Controller No. 1 does. Since thie con-

trol relay in both Controller No. 1 and Controller No. 2 are in parallel in the
blower control circuit, either controller can activate the collector blower; however

the control relay in both controllers must be open to deenergize the collector blower.

2.5.2 ‘Summer Mode Switch

The summer mode switch controls power to Controller No. 2. When switched to the
summer mode position, Controller No. 2 is capable of controlling the collector
blower motor. When switched to the alternate position, Controlier No. 2 is dis-
abled,

2.5.3 Load Loop Blower :Control

Heat is delivered to the site dwelling whenever the load Toop blower {s running
provided heat is either being collected or 1s avatlable in storage. Heat is de~’
livered exclusively from storage when the first stage contact of the site thermo-
gtat closes and the Storage Temperature Low Limit Control contact is open (top

of rock storage is above 90%F). lhen the second stage sites dwelling thermo-
stat contact closes or the Storage Temperature Low Limit Control contact closes
(top.of rock storage is above 95%F) and the first stage contact is closed,
auxiliary heat will be supplied in addition to any solar heat available from
storage.

2.5.4 Boil Protection

A preéshre relief valve is used as a safety device to 1imit the pressure and
temperéture of the water in the preheat tank. This valve will open permitting
water ‘to drain from the preheat tank if the water temperature exceeds 185CF,
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'2.5,5 -Freeze Protection

A freeze protection valve is used to protect the DHW heat exchanger from freez-
ing if the Remote Solar Assembly is inactive in freezing weather for an extended
period as if a prolonged power failure is encountered. The valve is thermally
operated and will begin to open at 40°F and be fully open at 34°F. Water will
flow through the valve to a drain when the valve opens. Make-up water from

the water supply system will supply the heat necessary to prevent freeze-up.

2.6 AUXILIARY ENERGY SUBSYSTEM

Since the solar system is not sized to provide 100% of the space heat required,
an auxiliary source of heat is required. The auxiliary heat device {5 sized to
carry the site dwelling load independent of the solar capability.

System 4 design incorporates auxiliary he&t in series with solar storage as
shown in Figure 2.0-1. Auxiliary heat in this configuration could be electric
strip heat, gas or oil fired furnace. The Toad Toop b]oﬁér should be capable
of moving air through the auxiliary devicgﬁ however, if the pressure drop is
excessive, another blower in series may be required. The operating tempera-
ture of this second blower motor in thé toad loop should be compatible with
the solar heated air that it will opergfe.in if it is duct mounted.

If System 4 were used with a heat pump, or if the heating ducts are also to
be used for air conditﬁoning, the heat pump or air conditioner would have to
be added in parallel with the solar heating system as shown in ?igure 2.6-1.
The auxiliary heat in the parallel configuration would operate from the site
dwelling thermostat second stage contacts.
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SYSTENM & DIAGRAM
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APPENDIX

Major Component Vendor Data
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SOLARON COLLECTOR PANEL DETAILS \

DOUBLE GLAZED PANEL
' (TEMPERED GLASS) ABSORSER
PLATE —

INSULATION ®

MANIFOLD .
PORT{TYPR OF &)

MANIFOLD |

AREA
PANEL DIMENSIONS, .

3-0°'wx e-6"Lx7Wi K

. NOTE: AIR FLOWS THRU THE
. . CHANNELS BENEATH .
COLLECTOR PANEL THE ABSORBER PLATE

FIGURE2 COLLECTOR FIGURE3 COLLECTOR MANi_FOLD
C. Components (Fig. 2,3 & 4)

1. Solar Collector (PATENTS APPLIED FOR)

The Solaron solar collector is an-advanced type of an air heating, flat plate collector. Our )
exclusive internal m.mﬂofdmg allows the Solaron collector to be completely . modular. Factory pre;l
assembled collector panels are plugged into each other with a mintmum of installation time. Air inlets
and outlets are field cut into each collector array as required. The Solaron solar collector is desighed
for installation on any structurally sound surface, such as a roof, wall or specially made supports:

The Solaren solar coliector has the following general construction characteristics:

Absorber: 28 gauge stee]rwith porcelain enamel coating.

Glazing: - ‘Two 1/8" sealed special Tow iron tempered glass panels with a long
" 1ife EPDM perimeter gasket. Glass plate can be easily removed for
serv1ce or replacement, '

Pan: .20 gauge steel, fully 1nsu1ated with 3 3/4" f1berg]ass batt. Painted
external surfaces.

Connection Ports: Unique fldange conﬁguratmn permts tight air seal automatmaﬂy
as-modules are installed.

Cap Strip: Painted. steel desicned to provide weather seal between pane]s.
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Adaptakle to 4 Discharge Positions on the Job
914 to 18%5" Dia. Single-Width Wheels
Designed and built for general duct ventilation, ex-
@haustm . alr conditloning, and industral amr-moving
applications Single-inlet type for quiet, effcient per-
formance. Adaptable to any of 4 standard discharges
$50.72 on the job by meraly re-locating adj. motor mount and
No 2C986 motor on frame—ses diagrams. Belt length remalns
» " same for each discharge position. Precision, balanced,
single-width wheels on ball bearings. Heavy gauge, die-Stamped steel
housings. Gray finish Resihent-mounted, automatic-reset thermally
E‘otected Dayton motor and drive packed separately when blower

ordered complete, Request Bulletin 706.

4 BASIC DISCHARGES SERVED

[af

BOTTOM up TOP DOWN
HORIZONTAL BLAST HORIZONTAL BLAST
BLOWER ONLY Shpg. Wt.
Wheal | Whes! Shaft Inlst Outlat Overall Sire Luss Motor & Drive Less Mtr.
Dla. | Wutth Dia. Dh. w w Steck No. Hetail Each & Drlve
YV | 434 'é' LU m‘;é- 8347 10367 1037 talg” ZC9B6 56470 %$50.72 22
10% | 6 PR 1145 8y [ 18 1233 163z | 2C987 9701 58.21 20
1234 6 sy 13lg 8 | 213 1284 14yl | 2€C388 15432 91.81 36
15° 6 1 153 1575 K¢ | 25 1244 o 2C989 15584 145.81 47
1814 v 1 1984 187 123y | Jo 171, 257 | 4C218 19310 180.67 82
SINGLE-INLET BLOWERS WITH MOTOR & DRIVE
- i BLOWER WITH 17256 RPM MOTOR & DRIVE
CFM AIR DELIVERY Ali With Avtomatic
AT RPM SHOWN MOTOR DATA Thermal Protaection
Whesl Froe 178 14" 3/8" /2" 5/8" | Blower Voits Stock
Dia. Ar SP 5P SP  SP SP RPM | HP  60Hr  Type No. Exth
9L | 1000 440 810 885 500 450 926 | I/4 115  Spht | 7CBO8 $80.43
1210 1075 945 865 745 645 ] 1030 | 1/3 115 Spht | 7CB1O 85,76
1330 1205 1045 980 885 800 | 1100 | §/2 115  Sphit | 7CB12 100.19
10%" | 1380 1205 1030 B840 600 — 705 | 1/4 115 Split ] 7¢814 92.47
485 1360 1220 1065 845 625 7658 1/3 15 Spht 7CB16 93.91
1680 1575 1445 1310 1175 1010 850 1/2 13 Splet FCB18 108.75
1935 1830 1740 1610 1485 1350 1030 /4 1157230 Cap. 7C820 121,14
12%" | 1820 1610 1310 1040 645 — 580 | 1/3 15 Spht | 7C€822 128.25
2050 1R85 1610 1300 1165  RBO G52 1/2 115 Spht | 7€824 142,01
2345 2100 2020 1815 1505 1285 750 | 374 1157230 Cap. | 7C826 153.33
f ¥ I ¥ 1820 1585 810 3/t 1157230 Cap. 7c828 151.52
15~ 2100 1775 1450 1000 - @ — 480 | 1/3 115 Splt | 7€830 183.84
2400 2150 1800 1550 107¢ — 500 1/2 18 Split | 7CB32 195.06
2670 U580 2375 2100 1750 1350 605 |3s4 115/230 Cap. | 7CB34 210,97
3010 2830 2650 2430 2105 1830 652 |1 115/230 Cap. | 7CB36 227.68
d010 2330 2040 2430 2165 1830 692 2307460 3-Ph 7CB37(*Y 218.47
181~ 4300 30RO 3510 2080 2220 — 487 i 2307460 3-Ph.| 7€337(") 296.03
4950 4570 <4180 3750 3250 2060 525 | 134 230/460 3-Ph.| 7C338(*) 299.08
5480 5190 4460 4440 4020 3480 583 |2 230/460 3-Ph,] 7C339{% 306.37
8120 5HUGD 5630 5320 4940 4530 653 13 2307460 3-I'h.] 7€340{*) 342.4%

| 3-phase rigul mounted motors—Not thermally protected.
!Q__@_utjr Overloadad—MNot recommended for operation at this static pressure, with this ITP.

Dayton Full-Fact Carton Label Makes Motor Stocking and Selection Easier

Qver 975 Dayton motor types have e | features clearly, for easy reference
l-Fret carton labels. The help- m:-’_-? by dealer and user. Providing com-
Ul Dayion 1abel illustrates and iden- =% | plete information on the label sim-
es speeific motor, and lisis all its @' Siwa | plifies motor selection, helps assure

portimt electrical and mechanical | 5K283 customer salisfaction.

——

SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX 649
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FURNACE BLOWER and FAN-DUTY MOTORS

AL, . 1/6 ta 374 HP, 1725 or 1725/1140 RPM v
;@ Spllt Phase. Thermat Protection 7 %

g 40%-2°50°C"Rise, Continuous Duty “

L.ow Nolse, Reduced Starting Torque 2

$26.83 3

1/8 HP 5NEM.#\

For furnace blowers, air coolers, belt-driven fans  ambient, Class A insulation, contlnuous -duty.

» and simular applications that require reduced Rotation casily reversed. Open, dripproof. Aute-

starting torque, low starting amps and low matic reset thermal protection. Recognized by
noise level, Spht phase, 115, 208-230 & [15/230V, UL for construction under the Motor Component
60 Hy, Resihent mounted, Sleeve bearings. 46°C Recognition Program CSA appioved Gray,

Volls NEMA Shaft Tyne Fubl-Lead °C  Service  Stock R Shpg.

HP RPIVE 68 Hz  Frame DIfa. Lony $halt Ampst Fise Factor” Ho. Retail Ezeh Wt
1/6 1725 i1n 48 X" 1% Flat 3.3 10 1,35 5SK906 $40.98 $26.83 13
1/4 1725 3t £8 lﬁ Flat 53 50 LO 5Ka08 4230 27,76 13
N 1725 115 48 1 Flat 4.4 40 135 Kag 44.13 28.90 15
1725 115 48/56* * 11 Fiat* «3.5 40 135 5S5K977* 4413 289D 16

1725 15 5 % 133 liev A4 40 135 5H260 44,13 28,90 16

1/3 19 15, B M 1M st 63 a0 1.0 5K909 46480 30.44 14
1725 i 115 18 ¥ 1} It 53 40 1,35 5K6BzZ 51,22 33.84 17

1735 208000 48 B 1% .llat 28 0 Lo 6K717 5137 35,60 17

1725 115 18/56* 14* 14  Flut* 5.8 40 135 6KO030* 5122 33,54 17

17 116 aft 3 13z Key 51 40 135 5SK261 51.22 33.54 19

1723 /11 0L« 113 a6 b3 175 Key G0 40 135 5K&54 79 59 52,12 21

1/2 1725 115 8 14 Ilat 7.0 40 125 SK9lo 7171 4896 18
1749 115 18/56% 14* 1% Flat* 70" 0 125 5K258* 7171 46,96 18

E725 115 o 1% Key 7.6 50 1.0 6K399 5300 37.98 18

. 172 208.9% 560 34 13 hey 3.0 40 1.25 7486 49,02 21
1725 113 56 %g’ 12i  HKey T4 40 1.25 7171 46,96 20
170/Ha08 115 56 124 Key 9.2 a0 1.0 7959 52,12 13
1725/11106 115 a6 3 11§ Key 8.5 40 125 6K394 10165 66,56 24

1

3/4 17.25 T15/230 56 53 hey 40 195 6K624 9692 63.47 24

(") Nos, K977, 5K 258 snd 61,030 have NEMA 48 frame body mounted on NEM.A 56 frame cradle base snd sup-
plied wath 3% split sleel bushung, (1) At 1725 RPM. {3)1/6 HP at 1140 RPM. (§) 1/4 HP at 1150 RPM,

1/2 to 2 HP CAPACITOR-START BLOWER MOTORS

g ‘For helt-driven furnace fans and blowers that re.
D quire reduced startng torque, lower starting amps
- and nose level, Capacitor-start, Inductiob-run

type. 40°C ambient, 1.25 service factor, Class A -
{nsulatlon (40°C rise), continuous duty. Automatie
1/2 HP reset thermal protection Open, dripproof. Sleeve
bearings, except No. 6K805 has ball bearings. Resfl-
ient mount, NEMA 48 and 56 frames. Reversible rotation, Recog-
nized by UL for construction under- the Motor Component Recog-

nition Program, CSA approved. Gray. Dayton brand.

NEMA Full-Load
Valts Framoe  Amps Stock *  Shpg
HP RPM E0Hz (Sesp.18) @15V No.  Rsuli Exch Wi,

1/2 3450 115/208-30 48 8.6 6KBD4 35989 $39.22 16
3{4 ad50 115/208-270 58 -p2 5K9S00 7.7l 4696 21 .
1

=
Zn
-
g
=

1725 115/208-230 56 . 12,8 6K157 12293 80,50 30
3450 115/208-230 56 11.6. S5K901 0062 59.34 23
2 3450 115/208-230 56 204 GKBOS 145358 95.46 I7

'1/4 HP, 1 & 2-SPEED FAN DUTY
Permanent Split Capacitor Type. TENV, Alr-Over,

$38 72 For direct driven’ exhaust and clreunlator fans
. 115V, 60 Hz. Resilient mounted. Sleeve bearings. -

rog Apw 40°C ambieont, 55°C rise, continuouns duty, Totally

. ,.enclosed. Automatic reset thermal Frotcct!on cw

rotation, easily reversed. NEMA 48 frame Overall length 103%”;

7%" less shaft, Recognized by UL for constructlon under the

Motor Component Recognition Program. CSA approved. Gray.

- FulkLoad Amps  Stock Shpg.
HP RPM @1100 RPM No. ~ Refall Each L

1/4 1100 38 . 30 - $38.72
178 L0/%spd. 33 3M3d0 eoas  3o.4% 1o
= SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX A,
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refrigeration/air conditioning -

R8225A,8B,C,D FAN RELAY .
rCa "

r\/\ul"‘ x

anda L

VMOLT w7 T
AND - T
CIRCLTS
Used 1in heating, cooling,
or heating-cooling systems
oy, Integral 1/2 inch conduit
R spud: allows relay to he
maounted on a standard
" junction box. Contacts:
Silver cadmium oxide Max. Operating Ambient 115 F.
Mounting Means* Threaded 1/2 inch NPT conduit spud.
Dimensions {inches): 2-11/16 high, 2-1/2 wide, 3-7/16
deep Listed by Underwriters Laboratories Inc.

RESISTIVE RATINGS: For N.O. contacts—1G amp at
120V, 8 amp at 240V; auxiliary contacts~3 amp at
120V, 2 amp at 240V ac.

CSWITCHING AND COLL RATINGS:

TRADELINE MODELS:

CONYROLS

Contact Ratings {(amperes)
Order 120V ac | 240V ac
Number MN.O. N.C. N.O. N.C.
- {1 hp} (3/4 hp) {1 hp) {3/4 hp)
-16 0 FL 138FL B.OFL 68 FL
RB225A10179
5A1017 S60'LR |-828LR | 4B0LR { 414 LR
Additionat Models
Contact Ratings {amperes)
Order - 120V ac 240V ac
Number N.O. NC. N.O, N.C.
i 374 hp) | (3/4 hp) {1-hp} {3/4 hp}
138 FEL | 138FL 80FL 6.9 FL
R 4
BA25A1041 | ao8 LR | 828 LR | 48OLR | 414 LR
138 FL 80FL i
R I ~ —
822581007 | oo g LR 480 LR
138 FL 138FL BOFL 69 FL
R3
225C1005 | oogir | 828LR | 480 LR | 414 LR
RB8225D1003 | 138 FL ~ 80FL
{marn) 828 LR 480 LR ~
o) 30FL 19FL
MR- 18 0LR ~ 114 LR -

".‘134259 Flush Mounting Bracket included.

L Configuration Operatung Coil Pull-in
Mndels. Switching and Cotor-coding Inrush Sealed . Voltage
B
Bl ALK b
RB225A spot "I_—‘E;{ﬂrm_
R82258 1 595? N.O. BLACK ‘{E HLACK 18V
HLACK LACK L maxsimum
R8225C Tspst N O. 1k % ”.VA 6 .VA at 75 percent of
. 1 spst N.C. ' HEnD %‘L‘ nn maximum maximum rated
voltage
LOAD (OHTACTS
dpst BLACK i I ACK
R82250D 1 main N O. AUXILIARY CONTACTS © T
i 1aux. NQ. YELLOW || YILLOW R
ml - .
RB146A ADD-ON R8093A THERMAL
HEATING RELAY TIME DELAY RELAY
B - . T N D T
! PROVIDES SWITCHING ST O ATII0R S
: FOR A SELF-GEl\iEHf\- ERAIISM oY STy
. TING  [POWERPILE) NG STAAT OF oot
HEATING SYSTEM

WHEN COOLING 15 ADD-
_ED T ECXISTING IN-
STALLATION.

Used'with R8568, RB2286,
R8227, or RBZ239 Fan
Centers and TB7F Room
Thermostat. R8146A .1so-
lates millivolt heating system power from 24 voit cooling
system control circuit. Electrical Rating: Contacts—0.25
amp at 0.25 to 12V dc or 1.5 amp at 24V ac. Relay Coil—
0.4 amp at 24V ac. Ambient Temp. Range: 0to 100 F,
Mounting Dimensions {inches}: 5-1/4 high, 4-1/4 wide,
3 deep. Listed by Underwrniters Laboratories Inc.

PRESSGHR 7 I 1%A

Pravents compressor dam-
age as a result of rapid
cycling. Prevents excessive
. inrush current on simulta-
neous start of 2 compressors. Switch Action: Spst
normaily open contacts. Contact Rating: 1.5 amp
at 24V ac, 50/60 Hz. Heater Voltage: 24V ac; heater
current 0.08 amp. Timing: Make—35 seconds {nominal};
Break—35 seconds maximum (minimum-on time is
3 seconds). Ambient Temperature: 40 to 140 F at §5
to 110 percent rated voltage., Unit will operate at
0. F at rated voltage. Quick-connect terminals. Case
Dimensions (inches): 3-3/4 high, 2-6/16 wide, 2-1/8 deep.

Order Number

Case and Cover

RBO93A 1003 Yes
Order Number Switching Coil Voltage - RB093A10248 ) No
RB8146A1005 spst 24V ac 8|nctudes mounting bracket. )
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DAYE __oEPTEMBER 1, 1978
/ SUPERSEDES WS— 11 ]
o reil 4 LAY AESA, ==
i‘:ﬁw i A DMSION OF HALSTEAD 'NDUS'"WS e il A7 SEE PRICE LIST FSP—11 FOR DE, cw & LARGRE
e SZE COILS,
Hot Water and Standard Steam Coils from  APy= 2
WITH PLATE FINNED SURFACE. 5/8” O D, STAG(.TRED TURL DESIGN
émc:»m ﬂpw = 4 fo'
MOST C-,QI_L SIZES SHIPRED.-FROM-STOCK - ; ’
1 ROW COILS . 2 ROW COILS
MBH @60° EAT 800 FPM | M2H & 60° EAT 800 FPM
200° - 180° ’ 200° . 180°
COIL MODEL Hot Water 5 PSI STEAM LIST FRICE COlL MODFL. Huat Water 5 PSISTEAM * LIST PRIC.
SW1-6-12-8 13 15 131.00 SW2-6-12.8 20 26 166.06
SW1-6-15-8% 16 19 136.00 SW2-6-15.8" 28 33 170.00
SW1-6-18-8 18 23 138.00 SW2.6-18-8" 31 40 173.00 -
SW1-9.9.8° 14 17 136,00 SW2-5.6.8" 23 30 168.09
SW1-9-12-8 18 23 14C.00 SW2.9-12-8 30 30 173.00
SW1.9-15.8* 23 28 145.00 SW2.9.16.8 38 49 180.00
SW1.9-18-8 28 34 150.00 SW2.9-18 8 46 60 166.00
SW1-12-12:8 25 30 150,00 SW2-12 12.8 41 53 185.00
SW1-12-15-8* 31 37 160.00 SW2 12158 51 . 66 156.00
SW1-12-18-8 37 46 170.00 SW2-12-18.8 &1 79 2112.00
SW1-12-24-8 C 49 61 120.00 SW2.12.24-8 81 106 . 232.00
SW1-12-30-8 63 75 198.00 SW2-12-30-8 102 133 - 254.G0
SW1-12-36-8" 75 50 220.00 SW2-12368 122 158 28100
SW1-15-18-8 46 57 180.00 2-15.18-8 78 99 | 21500
_SW1-15-24-8 61 76 195.00 SW2-15-24 8 102 . 132 251.00
"SW1-15-30-8 78 94 225.00 SW2-15-36-8 128 164 202.00 -3,
%1-15-36-8” 94 113 256.00 e 12-16-38. 3 152 198 328.00
_Xw1-18.18.8" 56 68 - 200.90 - “"@&% J"li“g iy; i1 ]
SW1-18-24-8 : 75 90 73200 TGO 120- ‘ Q‘m“’mﬁ‘?‘n"f"‘“’
SW1-18-20-8* - o4 113 260.00 SW2-18-30-8 152 198 333.00
SW1-18-36-8 113 135 280,00 SW2-18-36-8 163 238 359 09
SW1-18-48-8* 150 180 328.00 SW2-18-48.8 244 216 420.50
SW1-21-30-8* 110 131 283.00 SW2-21-30.8 178 231 287.00
SW1-21-36-8" 131 158 314 00 SW2.21-36-8 213 277 402.00
SW1-21-48-8* 175 210 368.00 | sw2.21.488 237 371 472.00
SW1-24-24-8 100 120 281.00 SW2-24.24-8 164 212 250.00
" SW1-24-30-8* . 125 150 318.00 SW2-24-30-8 205 2G5 20500
SW1.24-36-8 150 180 345.00 SW2.24-36-8 244 315 447,00
SW1-24.48-8 200 240 398 00 SW2-24-43-8 375 421 510 0D
SW1-27.54.8% 253 ¢ 304 459.00 SW2.27-54.8 415 537 509,40
- SW1-30-48.8* 250 300 470.00 SW2-30-48 8 410 530 co2.00

MODEL NUMBER EXPLANLTION:
Coll Type, Réws Doep, Fin Keight, Fin Length, Fins Per Inch

NOTES Example
SW—1—6—18—8 Steam o: Water, { Row Deep 6" Finned Height

18" Finnad Length, 8 Fins Per Inch,
AII prices are subjoct 1o change without notico. Length,

"F.O B.—~Scottsboro, Alabama; Terms-Net 30

Prices include casing.

Aluminum fins and copper tubing arg standerd. *NOBMALLY NOT STOCK ITEM
For copper fins, contact factory for quotation.

For red brass tubing, contact factory for quaotation.

Cleanable tube water coils are available, Contact

factory for quotation. SEE REVERSE SIDE FOR
FURTHER DETAILS

NemhALN

.3' ‘

HALSTEAD & MITCHELL © DIVISION OF HALSTEAD IND™ ““RIES INC. @ SCOTTSBORO, ALA, 35768 o (205) 259-1212
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HALSTEAD & MITCHELL BOOSTER COIL¢

DIMENSIONS
Single row Dual row -, ) , . . .
3 1 b 11, 11, - FINNED LENGTH ' 1 | 14
1% . p _ ]l‘é
T 0% Ry T
I } ! -
I } | .
| I &
l | | | MPT z
] [ 8
R A z
i | | i '-l-v
-L— oL (6] L
l% . 11/2
N 2910 FINNED o FINNED ‘
: T~ wiDTH  2.598 WIDTH
= 3 }|= == 414 = CIRCUITING & FITTING SIZES
. CORRESPOND TO CAPACITY
CAPACITY CORRECTION “FACTORS
FACE VELOCITY : STEAM TEMP, ' AVER. WATER TEMP, FINS/INCH
FPM Face Vel | Water Coil. [Steam Coil ' rPsl Corr * Factor 'Degree Corr.Factor{ - °| FPI |Corr. Factor |J
400 - i 2 95 140 .63 . 6 | 85
500 .83 A7 '_ 5 1.00 150 g1 8 1100
600 87 .85 10 1.07 160 79 " 10§ 113
700 .94 94 15 113 170 86 12 {122
800 1.00 100 - 20 1.18 18Q o3 14 1 1.31
a00 1.05 1.085 25 1.22 190 1.00 _
1000 1.09 1.125 . ’ ’ 200 1.07
* @ 60° EAT
“Inlet Air Dry Bulb Temp. :
STEAM ONLY WATER AND STEAM
P e -\ : =\
15 &«
o
=
Q
b
1.0
‘30 -20 ~10 0 10 20 30 . 40 . SO 80 70 80 -
INLET AIR DB, °F )
AIR SIDE FRICTION LOSS
CORRECTION FACTORS
» .+ FACE VELOCITY PRESSURE DROP - -
FPM (STD. AIR} . {inches W.G.) AIR SIDE FRICTION LOSS
* . 1 Row 2 Row TFINS/INCH | Corr, Factor
400 04 09 " 8 84
500 “ .07 .14 . 8 1'.00
600 09 .19 10 1.16
700 s .12 — 12 - 133
800 15 .30 | 14 - 1.52
1000 22 ©_ 45 : ,
1200 .30 .63 -
1400 - .39 .80
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5/8" 0.D, COPPER TUBES

T1/2x1.298 STAGGERED i ‘Eﬂfp ESQ?%
CORRUGATED PLATE FIN

. "é?"é

Tvee PRI

AlR "RECT!QE\! LOSS " servcusens
FOR DRY SURFACE.

—— I
f=te v

. / 8 ROW

—

;f,:_'r:;f:,; S /

SRS A o

i

6 ROW

AIR FRICTION LOSS — INCHES OF WATER

4 ROW
1o
- ; 3 ROW
_! .~ 2 ROW
EA
T
Epe-t-
[ 1 ROW
e -
o :
LT .
S - - . .
300 400 500 600 700
FACE VELOCITY —FPM !{%?%;WAL Bagu
WETTED SURFACE FINS PER INCH - YO0R QUALIp
CORRECTION FACTORS CORRECTION FACTORS =7
Entering Daw Point Minus , £ FPL : Factor
Refrlg or \ Watar Temp actar 5 84
o TUTTTTTT “1 oo’ 8 ____ . . oo
" T T 7 - it 10 B s
D TR &+ g2 AR P 2
T o T T T T4 27' 14 1.51
40 135
~ e
50 f?éz sf’ead eMitchell

Hienuee Pennswvama Wynne, Arkansds
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5/3" O:D. COPPER TUBES (g ﬁ 1

11/2 x 1.299 STAGGERED TYPE { y

CORRUGATED PLATE FIN

SECTION 8, PACE 807
SEPTEMBER 1969

HEAT TRANSFER COEFFICIENTS

6210 SURFACE CHILLED WATER COILS )
DRY SURFACE

200

AN

“K'" BTU PER HR PER °F. MTD PER $Q, FT. FACE AREA PER ROW

.Q'(?
GG,
D {]’;y
%,
9%

/: S g SR

VAR . oL ,

4/ ) : /lfp;cevmocnvi FPM N S JI[ ,—.—ﬂ

_:_. :—- :-—-- -—------J-a-———‘-. PR e ._._.l _.....: .........__.- l_._- '

: / : ', : : B b

Lo L . ' — 120 .

1 2 3 4 5 6
FLOW RATE PER CIRCUIT — GPM

Halsteade Mitchell

© Ivhenopte Pennsylvama X Wynne, Arkansas
Tloo.one 412 452 9400
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%3

SPEC I ICATIONS: . o VERTICALLY C r-
SRE FOLLOWING -“tCIfthv‘dS INOITATE NCRMAL CONSTRUCTION OF THE FAERIC T MDUINTED -
BLADE BAGA PRISSURE DAMPLRS -

FRAME = ,05U" EXTRUDED ALUMINDM, E763< 15 ALLDY

SLADCS- FUR DT ELUCITY Trid 300 7.9.M, A COAIED FABAIC MATERIAL 47 widE wiLl BL U=ED,
wHERL VELDCHTY 1S UNDER }DO F.P M, F10'0 COMELAST: c iS5 RECOMMENGEG, AVALLALLL
AT [A1AA CIST,  ADv.SE VELOTHTY 4. OLAGT WATERIA

HLAdL STLPS = SSATED 18" (Om) SALVANIZED SICEL SCREEN

FINISH » MrLL

HAX M OO DINDS L - BN TR 12" HIGH = c=3.4 "
13T HiGH —E /c
857 13 267 HigH -

BLAGE N:Lt Wil BT CONSIANT, ARPRUXI\MATLLY 6 DEGRELS, THERCFDAE, DEPTH wiLh vARv DIPLAD1YS
N HEIGHT, BJT Wikl NEWIS ExcE{D ABDYE 'L DNiMEASICNE,
M XM PANEL SIZE = 36" wiOE X 27 mcd wifN LARGER U1 1S RLQUIRED DAMPER Wil BE FASRICAICD

IN MILTIPLE SECTIONG FOR FiELY AESEMY

E‘?‘OIF;EHQM TCMPERATURE ALLUMANGE 250 DEGR:.[S F. FOR SPECIAL HIOH TEWPLHATURE APPLICATION, INFLAVATION
ULS

AB ARE OUCT Si120S. BALK PRESS K1 CAMMERS AR[ FARRICATED 1,8% ANLRSIZE,

WNIES ARE FAORICATED FOR EFTHER HORIZONTAL IR VERTICAL MOLNTING, PLEASC SPLCIFY,

OTHER GAULES ARD MATCRIAL FOR FRAME, HLADL STUP AMD BLADLS ARL AYAILAMLL ON RELVES!,

FASTENERS, IMOIR DTRFE A LUCATIUh ANO HETRID CF FRET(N s AHS SLOWLETE Tu SLY SELC%Tia TO
MAINTATH BEST CUNSTROCTION PRECTICES.  SPCCFICATAINS ARD SURLECT 1T RIIvAL DLERANCLS, ool

16°8{S GA ALUM
PLATE -

MULLION FOR_VERTICALLY

MOUNTED UNITS

HORIZONTALLY
_MOUNTED

1 Bis GA
/—N..UM FLATE ‘

rji't:;;?__; |

‘MULLION FOR_HORIZONTALLY

MOUNTED UMITS

LGy Hn L 12 t-- il

Jra

DATE

H
| G | REDRAWN,

FRAME CHE'D|12 2e.o8DWL

CUSTOMER ORDER NO

1017 SUMMIT BT foLeDD oM

CIMENS IShAL AND v..i.u.u F | FRAME MATERIAL CHG'D |5 14-6dNC
DRANINGS ARE SUBL.ECT .w CHAMGE Wi THOLT NOTICE . CUSTOMER_ __E_—; REDRAWN,GEN. RCY  |1-5-65|GH
REVISION DATE[BY
NO BLADE NO GA TYPE
REQD A B | maTL VELOCITY [paners fraame | MounTing (4 american woiming

' and venhlahng inc

o

AGENTS ORDER NO

JOB,

FABRIC BLADE BACRK -
PRESSURE. DAMPER
SHg—~P-1247

21236-3

CKD 8Y

lnr-c [:33 5 —

ORN DY D\VL_

DATE |2, 2T.60

Owa NO

SHb-D-1217

RCV

H

e
]

NOLL2AS 9090

4


http:ARESJ.AC

CATALOG SECTION 2
GAMPERS~-RACK PRESSURE

2B i american warming TEST DATA
4 and venﬂloﬂng INc

SERIES SHB-P-I2!7 DAMPER
FACE VELOCITY . STATIC PRESSURE

! - The-curves shown illusirate test results on -3~
a 18" x 18" 5HB-P-1217 Damper, The —=
face velovity was derived by dividing the ;7777
CFM by the face area of the Damper.

-
afeeempanan

PRESSURE DROP iN INCHES OF WATER

TR S S
P4

FACE VELOCITY IN FEET PER MINUTE

- GRIGINAL ?AGE,gS
ap POOR QUALY
P.O. BOX 1717CS
1017 SUMMIT ST.
34 TOLEDO, OHIO 43603
AMCA MEMSER (419) 243-7151



Pages containing Ruskin Mfg. Co. 1976 copyright information have
been deleted. For damper actuator, model MP-1161-B, information,
contact Ruskin Mfg. Co., Graundview, Missouri 64030.
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Thermal Bleeder Valves

Antomutlcally denins water lines und witer
cooled  equimient  for  posithe  protection
auninst {freese-ups . eliminates freeze dam-
age repairs, down-time, and wasted water,
‘s anly when danger of freesng Ly -
neal wnik closes s soait (s temperniure risey
to & sufe level, Self-actuating and self-operat-
Ing .. does net depeidd on any power source,
Atnnum worklng pressure J0) I'SIL Has
3" IPS nlet and outlet  Constructed of
heary brass body, stainless steel sprng, and
Buna S poppet ., . will nul rust or corrode,
sensor 18 sealed, never needs to be replaced under normal
operating conditions . . . requires no service ‘

Nos. 4838N12 & N14—is full open or closed for use where
temp drops rapidiy, Nig-trickle starta at 38*F

Actuated Full Full NET
Xo By Temp open Closed EACH
R38N 12—Ambient Alr ... . 34°F. .. . 40°F.,.. $103.93
$858NI1i—Amblent Adr | |, J20°F. .. . 35*F, _. 105.98
858N 16—Surround Water 34°F... ._40°F _  103.98

1

By-Pass Relief Vulves

‘This wahve haa hronso body and sininleys
steel trim. It Iy populsr for use wiih ha-
deanlle puniing unils, where n predetermined
pump dhhehnrge pressure mist be putntnined
on such equipnteat ad . machine ton! hy-
draulie niechnlent, ram. press, Uit or any
system reqmining regulation of the pump dis-
churge pressure  Surtable In systema where
the valve”must discharge into high or var-
abfe pressures in the bvpass refurn lines
Suitable for water, other lquids and fuel
u oils of all types Not recommended for aieam

Marlmum Temprerature, 450°F,

- B

A E W
R
Pressure-Temperature Relief Valves
LConstruction feutures luclude: Brass on
Inwer end of valve, bronze on upper part,
stamless steel spring and all working pa?ts
brass
{ombines the ootstanding qualitles of o
pressure reflef and a tempernture rellef vnlye
Inie one vnll Valve reseats antomancally
AR connections $47 frmnle threrd, Meels
ASME requirenients, Itnted nnd certitied by
the Natlonal Board ‘Temperttore reliet on-
pacities established by AGA ot 205,000 BT,

hE. {steam). Thormostatic element starts to
apen at HUPF, cpens fully at 210°F

No .

. .- BIGINT] 99GINIZ 976IN13 9TGINI4
Opening Pressure, PSI
75 100 125 -
Pressure Rellef, BTU/Hr. Steam Disch ASME
1,229,000 1,576,080 1.924,000 2,271,000
SI4.45  S14.43  S13.45  S14.45

150

NET EACH

ring Adjustment NET .
‘0. e Spripg adine gacn Stl-'c;r%ed Stieci'l Rehelfs Vc‘clves .
WEIREZ e e . 1’&""_._ — 5.75 e .. s:lﬁ-ﬁg ~landar construction provldes Or (nk O‘h
sieel springs for relieslng pressure to 600 PSI
A662KI3 s e e B e e o B5O-150 L L 3668 g¢ temperntures to 450°,
de82h14 . 100-300 . 36.68 A} ahgs u;g ﬂv;']:i‘;’le for greater reileving pres-
- . sure {to i PS and higher temperatures.
6215 . 200-600. .. ... .368F 40 lon Reguest
1191 3 36.68 A maximum working pressure of 20000 PSI
EONIT e - Y ~ .. 3863 at 100°F or 700 PSI al R50°F 13 permissable '
hIRIR 3 160-300 26 68 Meets ASME code for unfired pressure vessels. o
PR s T e e e somern o uw Relleves pressure in pump lines, drums, heat [&H=SY
6621819 - % 200-600 . . - 36,63 exchangers. unﬂl:cd pressure vesselg handitng
I B R TS e - . 7637 water, steam, oll, or sapor. May be used to H -]
{86;\\ ,: 575 - 3.; relieve into the atmosphere or into another part 'Qﬂ
EIN2Z . - - A0 of the piping system  Forged steel bedy, stalnless A
{66IN23 _. —--100-300. ., . . 96 37 steel ball and seat, Angle patiern, screwed con- .
IR 2L .. . 200-600 . . 7637 hections No. 4708%
1], 0% . " _ . .. TB. - M
iy oz e se In ... % ®oow oy 3
ABGZNE o - v D W et 50- ces e 6 NET EACH .. ... $57.00 $57.00 $7§.53 $93.32 $112.71
6BIN2T e s A A00.300 . . .. ... 7631  NOTE: When ordering specify: Set Pressure, Service Tem-
L117] 7. S— 1% v we e 2 200-600.. . . . . T78.37 pernture, Slze and Mumber,
@] Guided Piston Relief Valves
ol ALUMINT'M o BHAYS & &TAINLESS STEEL
o These rellef valves ure nvailable with Aluminum, Brass or Stainless Steel bodles. foring and
w8 nision are all stainless steel
e i Furalshed with a soft seat for gas and Nquld service, Seat Material: 5-325 PSI Synthetic rub-
et her, 195.3100 PPST Teflon For servieo from ~65 to 225°F,
] Also aveilable with metal 1o metal seat, designed for general (ndustrial lquid application such
o m ag cil and water and Silicone:seat designed for fuel, chemical and other services . . Frices on
request.
1 Furnished standard with female inlet and outlet. Male inlet and female outlet avallable . . .
! Prices on request.

Avallable with factory set.pressure as Indlcated
Direct acling rellef vahe with excellent charmacteristlcs of

curate operation wititn the pressure range.

quick, smooth unteading and ac-

NOTE: When ordering apecify Ne 47T06K, 8ize, Factory Pressure Sewting, Type of Service and vhether aluminum, brass

ot siairnless steel 1s desired
No. 4706HK

NET EACH
14" &Size 147 Slze 34" Slze
Yumigum . s e § 32,38 § 3317 § 3448
Braay . 12 38 4317 REEE
Malolews Steel .. .. ... 91,44 83.02 94.21
NET EACH
H” Slze 147 Slze B Klze
Muminum ., L oL %R § 4807 § 3494
Favg 0 T 32,34 1317 HIET!
Nunlegs hteel ... .. .o 94,02 "11.21
NET EACH
N L4, Stre 15" kize B4 Llze
;lumlnum v EXEET] EINT § 4418
aly L., 2R 1505 41 14
hinlens Steed . . . 1.0 J06.08 107.27

Pressure Hange Setflngs Avafinble

1/ Slre 347 Slze Range Factory Set
S 34.63 § 40.38 515 PSI 10 PSI
38 63 40.38 | 10-50 PSI 35 PSI
109.25 111.63 1 40-125 PSI 99 PSI

Pressure Range Setiings Awvallable

- Range Factory Set
115-250 PSI 200 PSI
1 Slge 847 Slze 235-450 P51 360 PSE
§ 3.0 5 40 3R 430-650 PSI 550 PSI
38.03 40.38 630-850 PSI - 750 PSI
108,25 I111.63 G30-1020 PSI 850 PSL
Fressure Hange Settings Avallable

Hanhge Factorv Set
14" Slze 847 Size B00-1500 PS1 1000 PS1
§ $H.01 § S0 6L 1400-2100 PSI 1750 PSI
4K.61 fi0.51 1500-2750 PSI 2200 PSY
1271 124.93 2000-3100 PSI 2600 PSE

MeMASTER-CARR

GRIGINAL PAGE 18
OF POOR QUAL

36


http:5-75-------------70.37

 ascos TRI 7 POINI
TEMPERATURE SWITCH

incorporates the features most wanted!

e C1fteen Different Standard
! Switch Units Avallable

Available 1n General Purpose.
Watertight, and Explosion-
Proof Construction
{Explosion-Froof Gonstruction
Shown)

Separate Electrical Chamber

Fixed Factory Mounted
Snap Action Switch

Watertight Gasket

Two %~ Through Wining
Adustable Reactuation Conduit Hubs

(Reset) Point Over = .
Full Scale \ R d Externa! Mounting Lugs

Cover and Gasket for
Adjusting Nuts Furnished
on Watertight and Explo-
ston-Proof Models

Externally Visible Temperature
Scale in °F and °C

Adjustable Actuation {Set}
Point Over Full Scale

Unique TRI-POINT
Alternating Fulcrum

Copper-Free® Atummum Balance Plate

Die-Cast Body

Separate Temperature Transducer .

for Field or Dustributor - -i | S %" Diameter

Assembly to Switch Unit \" ST N .J-—-—-—Bulb {or Probe) may be
Mounted Horzontally or

Thirty-six Different

Vertically Without
Standard Temperature Affecting Operation
Transducers

Available in 9 Diffgrent
Standard Temperature
Ranges

Vapor Pressure Operation—
- Limited Fill of Volatile

Liquid Assures High

Over Temperature

Protection and

Mimimizes Ambiant

Temperature Effects

Gapillary Standard with
Double Braided Copper or
Plam Stainless Steel. Also
é@tanlable with Galvanized
r Stainless Steel
@g;zocked Armor

4@\?:59

Temperature Sensing Element
Available Standard as Direct
Probe or Capitiary and Bulb in
Copper or Stainless Steel

37 ’ *0 6% copper conlent or kasa




SERIES: SA10 @ SAT1 « SA12

Temperatee Switches
ADJUSTABLE QgADBAND. TYPE

independently £tjustable Set and
Reset Points Over Entire Range

GENERAL DESCRIPTION: This senes .of ASEO- TRI-
POINT Temperature Switches is the adjustablz deadband
type. They consist of two separa’e sub units, a factory ad-
justed swilch assembly umit and a temperature transducer
unit. The lemperate transducer utifizes a vapor {ill 1o
actuate the switch assembly unit in response o {empera-
turz changes. These temperature switches may be pur-
chased as an assembied umt, or thay may be purchased
as two separate units for fieid assembly. /n all cases, when
ordenng, the third digit of the swiich assembly unt must
be identical to the third digit of the temperature trans-
ducer urit.

~Example: SAT0A Assembled to QAT0A1
. Must Be ldenbcal___

CPERATION The temperature transducer uses the vapor
pressure prirciple in which tne vapor pressure of the liquid

SPECIFICATIONS

i the sensing bulb 1s related 1o the temperature being
sensed. This pressure is converled into a force and trans-
mitted 10 the balance plate Two independently adjustable
springs apply a counter force 1o the batance plate. Move-
ment of the batance plate in two steps Is transmitted to the
snap action electrical switch by an operating rod. The actu-
ation {set) point and the reactuation (reset) point are hoth
independently adjustable over the full ternperature rarge
of the switch The temperature difference between the set
and reset-paints 15 the deadband and is adjustable from the
menmum as hsted below to the maximum of the fuli range. -

OPTIONAL FEATURES: Several options are avalable;
for details and avaitability, consult pages 9, 10 and 11.

ELECTRICAL INFORRIATION; Consult page 9 for elec-
trical ratings and schematics for standard and optional
snap aclion switches.

. HOW_ T{] SELEET AND ﬂ_ﬁDER . SEM‘ITCH AS“S_E_IIEL_Y__UN_IIS ! TEMPERATURE TRANSBUGER UNITS
b Determine tre temperalure ranpe peeded Preferably fte j B ]
attuation g0t shoilo Le n (t m $fie Ino thds of {Twe 33" NPT Condust Hubs Standard), Direct Capiliary and
the span Cheik {hat the mawmum iemperatyre fating - Probe Buth
15 suicient . !
2. Prad actoss and sslect one Swiich assembly umt with [ ar i e
the proper enclosure . i "_ R N
e L e o e £ TR ey
3. Freld Ass:mhlyt- gme; the swefeh assemb'ly vmt and lhﬁ — f f :
1 I Ll H Bt
v Gesive 10 ot sesemble Tha- femptratine. smich. w1 gl ! é
The theed digal 1n pach rataiog numpser must beudenhical, " '
5, Factory :;sts’cm!ﬂyi: Andd( the 1!vm c:.:‘ta!og numbers tuglether -\,"r"m‘" ' ‘
aparsi a skash { ), #f you 2 7 COm as- i
;::Fna‘:laeg terz':nci:l?.ue sv)ulich]' = omRIeIcly "'““-E“"’%ll N
Example. For & temperatire swilch seqired 1o actuate at 1 .
5I°F, select a O90°F switch Such a tempersture swatch Genessl Explosiens ! - Armgeed Copper Capfiary
wih 2 penerai purppse epcicsure angd copper capstiary.and Putpose Type Proaf Type st Pl Stainless Sieel
byl ncuid Ge cataleg number SAR10A QBIIAL. - 1 Gepillary
T - o ; 5 CAPILLARY ANE BULR
GENERAL EXPLUSIOR. | DHIELY PROJE COPPER 36 5.5 )
ADJUSTARLE DEADBARD PURPOSE WATERTIGHT PROOF L (Mrynler] - (P_hm
OP'EA?S;;NG Th;ﬂﬁ, - H.NGE" EHCLBSUREM_ EHSLOS_{TE_, EMCLOSURE EQPFER 76 S.8. Capiliary} Capitlany}
{in Degress)  (in Degrets}  (ladfegrees)  CATALGG MO.  CATALOG NO.  CATALOS NO. - CATALOG M. - CATALOG RO. : CATALOE HQ.! CATALOG HO.
IR O T A -
. A Al1A SAIZA QAIQAL QAICA4 QAllAt QAl1A4
"G —§l-—7 ! 83 33 SAI0A 5 )
°F o+ --30- 807 250 . ‘B : i :
" SAL0A SABIA SAIZA (B10A1 QB10A4 Q811A1 OB11pad
0 - —2-16 ¢ 121 33 !
toef 0- 98 300 :
S e e wmor e e e - SAl1A SA12A  ;  QDIDAY ¢ QDICA4 apliAl Qb11Ad
L —18- 32 148 44 sa1d *
:Fm _—50*- ISG— - .35&(‘)_—_.*-7_—_“.“-"_ o - 1
C e s o —_—— SAL0A SAIIA  * SAI12A QFI0Al -j QF10A4 QFilal OF11Md
=g 10- 7 177 38 i
TTeE T Thamnez2e T 456 ST T o , :
R A10A SAL1A SAlZA ¢ 0s1eal Q1104 Q1tal Qt1as
<C 38-104 232 44 SAI0 :
*F 180 - 260 500 9 .
e T - e SAT0A SAL1A SA12A ! (L10AL QLI0AS [HRETS OLT1A4
vC 7i-127 260 50
F T 2253000 600 T T T T
e e e amameem em e e e SAL0A SAIIA SAT2A QN1GAT ;  ON10AZ anl1iAz OnliAs .
G 107 -171 316 6.7 X
f 300-450 700 12 ] i
P e e s e e T SAIOA | SALlA SAIZA OTIOAL *  (T10A¢ aTiial QrliAd
e 143.232 3N o 6.7 ; '
- 350- 510 800 18 .
SR s o B SAL0A SALIA ‘SA12A QUIDAL | QUIOA4 "| QU1IAL QUi1A4
“g 177 - 266 437 10 28 ot A

“AY Extremae £ndy of Ranpe, Valucs May Vary ud lo 50% of Listed Deadband.
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Model 77-171
Solid-State Soiar Hot Water Controller

Description

The mode! 77-171is a solid-
state differential thermostat
capabie of fully controling a
solar hot water heating
systern. The unit 1s designed
for alifetime ot maintenance
free service, and incorporates

freeze and boil protect circuitry.

Air and V\{ater Probes

. Specifications

Input Voltage

tnput Power .........

Control Relay

Quiput Voltage
Sensars

Differential Turn-off
Offset

Differential Turn-on
Offset

Temperature

Range ..............

Tracking Accuracy

...........

..........

................

..................

ratings avaiable.

Either 120 VAC =10V or 24 VAC =4V
.... 3 watts, no load.
SPDT, 10A. {resistive) at 28 VDC or 120 VAC Higher

Either 120 VAC or 24 VAC.
Matched thermistors, (= 1°C over range from 0°C to +i00°C)

in a metal housing. with high temperature teflon leads

resistor change}

Typically 4°F +2° @100°F, (can be adjusted by a

Typically 20°F +2° @ 10(°F, (can be adjusted by a resisior chai

Controller chassis —40°F to 140°F

Sensors. —40°F to +300°F
+ 5°F over entre operating range  QRIGINAL PAGE Ui

Isolation Protection....... 1500 V OF POOR QUALITY
L7 Y 4" x 4" x 3Kk" ’
Weight.................. 2 lbs
Mounting ............... Mounts on 4" x 4" *J” box
Wiring Diagram wiring Code
——  Low vohage
o -_—
‘-9 - m——e Figh vollage
""\w. ——-—~— Confractor insiallea
Air probes are available for
clamp or screw mounting.  f (N~ e gzg’elk
SR Red!Whi
LED Relay closes when
rg TTTTTTTETTY 3 collector temperature 1S
- R IS I ] .
: iI tigher than storage lemperature
I 1
! N
i T VAC ou
: ! 4 VAC input 24 output
Water probes have ¥%2" ! 2 np B -
NPC thread, in lengths from ! !
| E— 3
2347 1o 28" H Aux InfQut I
. | ‘High +a-f Collector probe
U | )
g ) P Common —:—5
! g——-l‘ .
115 VAC mput, wire nut || " : # Low 5 _ﬁj Storage probe:
connecton or 6' ine cord | ' - ! r— I
S — i ! !
(I i
* Stepdown transformer Biue
Yellow

& SOLAR CONTROL CORP. 5595 Arapahoe Road, Boulder. Colorado 80302 303/449-9180
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FIELD INSTALLATION DIAGRAM

TERMINALY 24 .V AC -
AUX. QUTLET //,/”'“\ \TRANSFORMER e
: g Yiu NPUT/QUTPUT “1

I
" E //,/—**" RED/BLACK
By " ,(:

COLLECTOR - ,::.L (NC}
PROBE — - 3 ) ‘{{,:ﬂiﬂ‘

STORAGE i
PROBE OUTRPUT

RED/WHITE
TO PUMP OR BLOVIER (NO

VHITE

WIRE NUTS

RELAY WIRES
s

X
' "f‘\
RED/BLACK (NC) BLACK \\\
COMMON RED
RED/WHITE (NO)

d

| OPTIONAL RELAY POLES

WIRING CODE 4% X 4" QUTLET BOX

3 120 V AC
Y
¢« INPUT

2ND. ORG/BROWN (NC)
COMMON ORG

LOW VOLTAGE
ORG/WHITE (HO) ez HIGH YVOLTAGE

3RD BROWN/BLACK (NC)
COMMON BROWN

BROWN/WHITE (NO) SK
1 CAP IF NOT USED.




e ' - Ne= R24l~@ T
SR N I S % {! <— LED
il N 4, ACRZING4 Y, CRZ ING004: T- /o) =S
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series Y61,
BESO" TRANSFORKERS

For Use With PENN-BASC Gas Conmirels cnd ignifion Systems

APPLICATION

These transformers are designed to macch: the 25 volit
power requirements of Pean-Baso gas controls and
1gmtzon systems.

Transformers for use with Penn motor actuators, Actrolyy
staging and other low voltage control cireus are
described in Bulletin 3742, Bulletin 3740 describes the
Pénn-Baso igniter transformers,

"FEATURES

- — Transformers deliver 25 volts minimum at their VA,
ratings at 1009, power factor.

~— Choice of primary voltages to meet power require-

N ments.

— Plate, foot or conduit hub mounting models availabte.

— Choice of terminal board or lead wire conncctions.
. —Two or three terminal secondary as selected.

— Color coded lead wires for simplicity and standard-
ization,

GERERAL DESCRIPTION
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Fig 1 —~ Y81AA-2 plote mount- Fig. 2 — The foot mounted
od 20 VA transformer 15 illus- YO61AC-2 s Hlustrated. Note
trated obhove HNote the three addiion of the concuit hub

secendary formineis

MISCELLANEQUS SPECIFICATIONS
Open Circuit Veoltage {No Load): Y61, 27.5; Y62, 29.5;
Y63, 27.5.

Finish: Cold drawn sicel end bells, frame, feet and plate,
zinc plated with dichromate dip:

Laminations: d>oft Silicon iron with edges painted black,
Identification: Stamped on laminations, foot or hub
moeunted models. Stamped on plate of plate mounced
models.

Minimium Ambient Temperature: —) T (—10- C).
Packaging: Buik pack supplied to OEM's. ladividual
reshippable packape supplied ar extra cost.

. . . ) S Bl Pack Approx.
Baso transformers are high quality devices that provide N:r:,:;, La,:: Wi s Ga)
rated secondary output under rated load. ¥é1 Plate 16 S0 a7 7
. f———" -- T F"' -
Secondary voltage of 25 volts. Transformers may he used I Y51 Foor ——— 35 _ | S4_ 243
) Y62 Plnn 35 ! 75 342)
on 50 or G0 Hz. power supply. — ko J_.

. . L Y52 Feot 30 T
Series Y61 and Y62 are NEC Cluss 2 energy limiting, » Y43 Picio 4 30 i35
Series Y63 is NEC Class 2 internally fuse protected. Y53 Hub 32 |66 297)

PRODUCT NUMBER SELECTION CHART
Primary Secondnry . .
Product - " Dimensions
Electrical Eloctrice] Mounting See Finure
Number Voltage Connection Voltage Connection ¢ Ju_)_
20 VA. CAPACITY TRANSFORMERS

Y61 AA3 120 87 B & W Lecd Wires 25 3 Terminals 2" % 4" Plate 3

Y61AB-3 120 8" B & W Lead Wires 25 2 Terminals 2" x 4* Plote 4

Y&1AC2 120 8 B B W Lead Wires 25 2 Terminals Foot, 12'-14 NP5 Muale Hub 5

' Y&1AE-2 120 10" B & W Lead Wires 25 3 Terminals Foot ]

Y61AE-2 120 B 8 & W Lead Wrres 25 2 ferminols 157.14 NPS Male Hub 7

Y&1BF-2 240 8" 3 & Y Lead Wires 25 2 Termnels 12".14 NFS Male Hub 7
TH Trodemark of Penn Controls 44
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1.0 INTRODUCTION

.This performance specification establishes the requirements for the design and

performance of the solar heating and domestic hot water system utilizing air
collectors and a forced air {central) heating auxiliary energy subsystem. It
designates the Performance Criteria applicable to this type system and defines
the deviations. The appendices specify the system performance for the defined
site location and system size, the installation drawings, and the detailed con-
figuration diagrams and drawings.

2.0 APPLICABLE DOCUMENTS
The fo]]bwing documents form a part of this specification to the extent specified
herein. Specific document reference made in subsequent paragraphs shall be by

basic title or reference number only.

2.1 Government Documents

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 Systems, April, 1976, NBSIR 76-1059, U. S. Department of Housing and
Urban Development.

SIMS Contract Statement of Work, NAS8-32036, Apr%1 4, 1976 {with current.
modifications).

2.2 IBM Documents

The following documents are referenced for information only:

System Four Dééign Description Drawing, 7934983
Remote Solar Assembly Drawing, 7934940
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3.0 APPLICATION OF INTERIM PERFORMANCE CRITERIA BY TYPE OF SYSTEM

The application of each paragraph of the Interim Performance Criteria (IPC) to ‘
this type of system is provided in Table 1. Since this system provides solar
heating and domestic hot water, system type "H" designates the IPC appliication

to .this system,
4,0 DEVIATION FROM INTERIM PERFORMANCE CRITERIA

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

4.1 Dev%ations to Residential IPC

The coilector subsystem evaluation has identified several areas of non-conformance

as tabulated below. No.vendor analysis or test data was available to substantiate

that these requirements can be met.

Paragraph Description

3.3.1 Resistance to damage
5.1.1 Solar degradation
5.2.1 Thermal degradation

4,2 Deviations to Commercial IPC

Not applicable.
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TABLE T

&y
w1

7933649

RESIDENTIAL SYSTEMS, INTERTM PERFORMANCE CRITERIA ﬁUHMARY
Sheet 1 of 7

APPLICATION

NA - NOT APPLICABLE

A - APPLICABLE TO SYSTEMS INDICATED
,-I - APPLICABLE TO SYSTEM AND BUILDING

TYPE SYSTEMS

H - BEATING

HC -~ HEATING AND COOLING

HW - HOT WATER ONLY

RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE
" PERFORMANCE CRITERIA SYSTEM. PERFORMANCE CRITERIA SYSTEM.-
PARAGRAPH H PARAGRAPH B
1.1 H and HC System A 1.3.1 Collector Efficiency A
Performance .
) 1.4 ° Thermal Storage A
1.1.1 BHeating Design I
Temperatures - 1.4,1 Storage Cepacity and A
. ‘{7 Rate '
1.1.2 Cooling Design NA -t
Temperatures ' - 1.5  Habitability of A
. QOccupied Spaces
1.1.3 Relative Humid- 1
ity and Water Vapor Pressure 1.5.1 Heazat or Rumidity I
’ Transfer Effects
1.1.4 Solar Contribution A ] )
i 1.6 Energy Transport— A
1.1.5 Operation & Efficiency
Impairment .
1.6.1 Thermal Losses and A
1.2 HW System ° A Electrical Power
Subsystem Pérformance .
1.7 Control A
1.2.1 Water Design I
Temperature 1.7.1 1Instzllation and A
. Mzintenance
1.2,2 Storage Design A
Capacity 1.7.2 Manual Adjustment A
1.2.3 Solar Contribution A 1.7.3 Inhzbited Space A
Temperature
1.2.4 Operational A
Inpairment 1.7.4 Hot Water Temperar A
. ture
1.3 Collector Performance A )
1.8 Auxiliary Energy A
1.8.1 Design Leads A
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TABLE I

7933649

(COUTINUED)

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERTA SUMMARY _ .. .- - -
- e e = T - oo T Sheet 2 of 7
APPLICATION TYPE SYSTEMS
A = APPLICABLE TO SYSTEMS INDICATED H - HEATING
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AKD COOLING
NA - HOT APPLICABLE HW .- HOT WATER OKLY .
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM. PERFORMANCE CRITERIA SYSTEM
PARAGRAPH H PARAGRAPH H
2.1 System. Design A 2.3 Leakage Prevention A
Conditions
. 2.3.1 Pressure Test A
2.1.1 Equipment Capabilities A Nonpotable Fluids
2.1.2 Noise or Erosion- A 2.3.2 7Pressure Test: A
Corrosion , Potable Water
2.1.3 Operating Conditioms A 2.3.3 Adlr Trinspor A
Systens :
2,1.4 Fluid Flow in A
Collectors ' 2.4 Collector Adjust- A
ment — o
2,1.5 Entrapped Alr A L
2.4,1 Orientgtion and Tiit A
2.1.6 Thermal Expansion A ‘
of Fluids ' 2.4,2 Mutual Shadowing A
2.1.7 Pressure Drops - A ‘2.5 Subsystem Isolation A
2.1.8 Condensate Removal RA 2.5.1 Shutdown in Multi- A
. . family Housgine
2.2 Mechanical Stresses A -
. 2.6 Heat Transfer Tluid A
2.2.1 Vibration Stress A Quality
Levels -
2.6.1 Liggid Quality A
2,2.2 Vibration from Moving A ’
Parts 2.6.2 Adir Quality . A
2.2.3 Water Hammer A 2.6.3 Fluid Quality A
2.2,4 Vacuum Relief. A 2.6.4 Freezing Protection A
rotection .
' - 2.7 Piping Supports A
2.2.5 Thermal Changes A .
2.7.1 Applicable Plumbing A
2.2.6 Flexible Joints . A Standards

50

T

LY T I TR YRR

P L T T N T TR ¥ T Y )

[

A 0w A A o A Ao E oA

W7
.

g
.



CODE 20234

Lo

e e R e e ———— —

7933649
TABLE I (COXKTINUED)
RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
Sheet 3 of 7
APPLICATION TYPE SYSTEMS
A - APPLICABLE TO SYSTEMS INDICATED H - BEATING
I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
NA - NOT APPLICABLE ) HW - HOT WATER ONLY
RESIDENTIAL INTERIM “TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM. PERFORMANCE CRITERIA SYSTEM..
PARAGRAPH H PARAGRAPH H
2.8 Excessive Pressure A 3.5.1 Design Provisions 1
and Temperature Protection
. 3.6, Creep and Residual 1
2.8.1 Relief Valves and A Deflection
Vents . .
3.6.1 Deflection Limita- I
3.1 Structural Design A tions
Basis
3.7 Hail Resistance A
3.1.%7 Applicable Standards A
‘ - 3.7.1 Hail Size and &
3.1.2 Service Loads A Loading
3.2 Failure Loads and . A 3.8 Constraint Loads A
- . |Load Capacity :
3.8.1 . Foundation Settle- 4
3.2.1 Ultimate Load A ment ’
Combinations
3.8.2 Comstrain Loads A
3.2.2 Ice Loads A
3.9 Ponding Condition A
3.2,3 Vehicular Leads. I ’
3.9.1 Design Provisions A
3.2.4 Load Capacity A . )
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
Elements 4,2.2 Automatic Pressure A
) Relief Valves
51
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. 7933649
TABLE I (COXTINUED) .
RESIDENTIAL SYSTEMS, INTERIY PERFORMANCE CRITERIA SUMMARY
. - - Sheet __‘_*__, of 7
APPLICATION TYPE SYSTEMS
A = APPLICABLE TO SYSTEMS INDICATED H - HEATING
1 - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
KA - NOT APPLICABLE HW - HOT WATER ONLY
RESIDENTIAL INTERIM TYPE RESIDENTIAL INTERIM 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, A
: Heated Components
4,3.2 Penetrations through I i - .
Fire Rated Assemblies 5.1 Effects of External A
R Environment
4.4 Toxie A
) : . 5.1.1 Solar Degradation A
4.4,1 Provisions of Catch A
Basins 5.1.2 Soil Corrosiom A
4.4,2 Detection of Toxic and A 5.1.3 Airborne Pollutants A
Flammable Fluids
. 5.1.4 Dirt Retentien A
4.5 Safety I on Cover Plate Surface
4.5.1 Emefgency Egress I 5.1.5 Abrasive Yeszar A
and Access
5.1.6 Fluttering by Wind A
4.5.2 IJdentification and A .
Location of Controls 5.2 Temperature and A
. Pressure Resistance
4.6 Protection and Potable A
Water and Circulated Air 5.2.1 Thermal Degradation A
4,6.1 Contamination by A 5.2.2 Daterioration of A
Materials Heat Transfer Fluids
4.6.2 Separation of A 5.2.3 Thermzl Cyecling A
Circulation Loops Stresses
4.6.3 Backflow Prevention A 5.2.4 Leakage 4
4.6.4 Growth of Fuagl A 5.2.5 Deterioration of A
. . Gaskets and Sealants ~
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TABLE-I (COITINUED) 7933649
RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITEREIA SUMMARY
Sheet 5 of 7
APPLICATION TYPE SYSTEMS
* A = APPLICABLE TO SYSTEMS INDICATED B - HEATING |
1 «~ APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING
NA - NOT APPLICABLE HW - HOT WATER ONLY
RESIDERTIAL INTERIM TYPE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM. PERFORMANCE CRITERIA SYSTEM.
PARAGRAPH H PARAGRAPH ' H
5.2.6 Transmission Losses A 6.1.5 TFilters . A
Due to Outgassing
. . 6.1.6 Potable Water A
5.3 Chemical and Compati- A Shutoff
bility of Components .
- 6.2 Installation,’ A
5.3.1 Materials/Transfer A Operaticn and Mainte-
Fluid Compatibility nance Manuzl
5.3.2 Corrosion of A 6.2,1 Installation A
Dissimilar Materials Instructions .
5.3.3 Corrosion by A" 6.2.2 Maintenance and A
Leachable Substnace, Operation Instructions
5.3.4 Effects of Decom~ S 6.2.3 Maintenance Plan A
position Products ’ ’
. - : 6.2.4 Replacement Parts A
5.4 Components Involving A A
Moving Parts . 6.3 Repair and Service A
. . Personnel
5.4,1 Wear and Fatigue A
.- - 6.3.1  Maintenance of H A
6.1 Accesesibility for A ané HC Systems
Maintenancs ’
” . 6.3.2 Maintenance of DHW A
6.1.1 - Access for System . A System’
Maintenance
: 7.1 Design 1
6.1.2 Access for System A
Monitoring o 7.1.1 Dwelling Design I
6.1.3 Draining and A 7.1.2 Mobile Home Design I
Filling of Liquids )
- 7.1.3 Site Design I,
6.1.4 TFlushing of Liquids &
Subsystems 7.1.4- Passive Use of I
' Solar Energy
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TABLE I (CONTINUED)

7933643

- RESIDENTIAL SYSTEMS, INTERDM PERTORMANCE CRITERIA SUMMARY
Sheet 6 of 7
APPLICATION TYPE SYSTEMS
A - APPLICABLE TO SYSTEMS INDICATED H - HEATING
I - APPFLICABLE TD SYSTEM AXD BUILDING HC - HEATING AXD COOLING
NA - NOT APPLICAEBLE HW -~ BOT WATER ONLY
RESIDENTIAL INTERIM TIPE RESIDENTIAI, INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM PERFORMANCE CRITERIA SYSTEM.
PARAGRAPH - H PARAGRAPH H
7.2 Adequate Space I 8.3 Mechanical and I
Electrical Functicning
7.2.1 Collector Area 1 of Connections
7.2.2 Storage Area I 8.3.1 Plumbing I
- Connections
7.2.3 Utility Chases I
; 8.3.2 Electrical I
7.3 Functioning of I Connectlons
Dwelling Site N
9.1 Structures I
7.3.1 Space Use I Integrity
7.3.2 Shading of Adjacent - I §.1.1 Movement In I
Structures Adjacent Srructures
7.3.3 Impact on Eaviromment I 9.2 Structural 1
Integrity of Dwalliing
7.3.6 View 1
9.2.1 Lecads I
8.1 Interference with 1
Mechanical Operation 9,2.2 Penetration of I
. Structural Membars
8.1.1 Blockage of Solar I
Subsystenm 9.3 Structural I
Connecticns
8.1.2 Shading cf Collectcr I
9.3.1 Structuzal I
8.1.3 Sensor Locatiom I Cornections
8.2 Mechanical and I 9.3.2 Brittle 3ub- I
Electrical Functioning of system
Dwelling Site
9.3.3 Strengch and I
8.2.1 Exhaust and Venting 1 Stiffness
8.2.2 Utilities I 10.1 - Safety of Dwelling I
and Eite
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TABLE I (CONTINUED)

7933649

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY

Sheet _7_ of 7

APPLICATION

A -~ APPLICABLE TO SYSTEMS INDICATED

I «~ APPLICABLE TO SYSTEM AND BUILDING

NA -~ NOT APPLICABLE

TYPE SYSTEMS

H -~ HEATING

HC - HEATING AND COOLING

EW - HOT WATER ONLY

RESIDENTIAL INTERDM

Dwelling and Sité

' TIFE RESIDENTIAL INTERIM TYPE
PERFORMANCE CRITERIA SYSTEM. PERFORMANCE CRITERIA SYSTEM
PARAGRAPH =l PARAGRAFH H
10.1.1 Fire I. 12.2.1 Accessibility I
10,1.2 Accidents- I 12.2.2 Ice Dams 1
11{1 Durability I 12,3 Connections I
11.1.1 Vegetation . I 12.3.1 Accessibility ' 1
11.2 Durability and I 13,1 Visual Character- 1
Reliability ‘of Dwelling istics of Dwelling and Site
and Site . .
. ' 13.1.1 Dwelling- I
‘11.2.1 Chemical Corrosion A .
« . 13.1.2 Neighborhood . I
11.2.2 Heat and Moisture . I .
11.2.3 Exterior Penetra- I
tiens :
11.3  Durability and A
Reliability of Ceonnections
11.3.1 Material Compatibility A
12.1 Maintainability of H, 1
HC, HW Systems ‘ )
12,1.1 Accessibility T
'12.1.2 Misuse I
12.1;3. Permanent Maintenance I
Accessories ’
12.2 Maintainability of I

f
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5.0 GOVERNMENT FURNISHED PROPERTY

The following items shall be provided by the government:

(1) Co11ector subsystem: SOLARON 2001 Air Collectors and
Installation Hardware

(2) control subsystem: Solar Control Corp., Model 77-171, Controllers

6.0 GOVERNMENT DIRECTED REQUIREMENTS

The following requirements are specified in NAS8~32036 and by verbal direétion

from the contract officer:

(a) IBM shall deliver one system for the following application:

o
0
0
0

Single Family Residence

Solar Space Heating and Domestic Hot Water
Direct Air System (Air Collector)

Forced Air (Central) Heating Auxiliary

{b) A1l hardware and subsystems, except collectors and controllers,
shall be purchased by IBM to good commercial practices as off-
the-shelf hardware.

(c) The solar hardware, including collector subsystem, stdrage sub-
system, air transport system, DHW preheat tank, and contrcl subsystem
shall be assembled together to form a complete stand-alone remote

solar assembly.

(d} The remote solar assembly shall be a modular desian such that
collector and pebble bed size can be varied.
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(e) The system including the remote solar assembly shall be sized and
fabricated for a sma11 single family dwelling in the Jackson,
M1ss1ss1pp1 area such that a solar capability of approximately
50% can be achieved for the combined heating and hot water load.

7.0 GEOGRAPHICAL AREA

This heating and hot water system is designed for a single family residence
Tocated in the United States. Areas of application include all regions of the
u. s. except the extreme north, and regions. with Tow heating degree days. such
as Southern California and Florida. The Remote Solar Assembly, 7934940- 2, that

"will be delivered is intended for the Jackson, Mississippi area. The Remote

Solar Assemblies 7934940-1 and 7934940-2 are documented and permit a modular
size variation for solar heating capability. These three assemblies contain
135, 203 and 271 square feet of collector area. Although a larger size is
not documented, 339 and 407 sguare feet collector sizes could be obtained by
selecting add1tlona1 structure and storage modules without changlng duct -or
blower sizes.
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Appendix A!
Performance Specification for Clinton, Mississippi

Af-0 SYSTEM IDENTIFICATION

This appendix defines the system performance prediction for SIMS Prototype
Heating and Hot Water System, Model Number 4, as installed at the designated
site in Clinton, Mississippi. The design dajly average horizontal insclation
(typical winter mean) is 1140 BTU/ft2 and the typical annual heating degree

déy {9F winter mean) is 2300. The system solar hardware configuration for this
site is defined by assembly drawing 7934940-2. Two hot water tanks each with
a 30 gallon volume and each containing 4.5 kilowatt heater elements will be
contained in the hot water system. Auxiliary space heat will be prdvided by

a 15 kilowatt duct heater.

Al-1 SYSTEM PERFORMANCE SHEETS

Space Heating Capacity

The system will provide solar energy for 35 percent of the total space heating
load during the heating season based on a&n, average annual heating load of 30.69 MM
BTU and a peak space heating load of 30,600 BTU/Hr.

Cooling Capacity

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

The average annual rate of auxiliary energy supplied to the heating and
hot water load shall be. no greater than 30.89 MM BTU. This shall be no
greater than 51.8 percent of the total energy required for heating and hot
water. The average rate of auxiiiary energy used for cooling during the
cooling seascn shall be no greater than'ﬂig.BTU/Month. This shall be no
greater than N/A percent of the total energy required for cooling. .

Hot Water

One hundred gaiions of potable (or usable) hot water shall be delivered at
no less than 1.7 gal/min at temperature no less than 140°F. Recovery time
shall be no greater than 1.5 hours. The average hot water heating Toad
will be 2.41 MM BTU/Month of which 37 percent is provided by auxiliary
energy;

Operating Requirements

The maximum electrical energy required to drive the solar portion of the system
at its rated capacity shall be no greater than 0.6 K.M. The maximum electrical
energy required to drive the complete system shall be no greater than 2575 K.W.
The average yearly electrical energy required to drive the sygtem‘sha]l be no
greater than 10,720 K.W.H. Water requirements for cooling condensers and/or air

humidification shall be no greater than N/A gal/hr.
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Al-2 Physical Data

The following subsystems shall -have:

Heating

Cooling
Auxiliary énergy
étorage

Potable waier
Collector

Energy Transport

Controls

’ Design 1ife no

Tess than

20 years

N/A years

20 years

20 years

10 years

20 years

20 years

20 years

Note T: See Installation Drawings

Note 2: See Remote Solar Assembly Drawing 7934940

60

7933649
Weight (filled) Installation
no_greater than dimensions -
N/A Tbs N/A
N/A 1bs N/A
75 1bs Note 1
11,600 1bs Note 2_
1600 1b§ N Note 1 & 2
2000'{bs Note 2
900 Ths Note 1 & 2
40 1b§ Note T & 2
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System Documentation
System 4 design is documented in the following documents:

Title Reference No.

Design Description Drawing 7934983
Remote Solar Assembly Drawing 7934940
Design Data Brochure DOE/NASA CR-150759
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Hot Water System Model No. 4
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CDRL Item Numbers - 2a
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1. PURPOSE

1.1 The purpose of this document is to present the plan/procedufe for verifying
. the requirements of Performapce Specification for prototype solar energy heating and

hot water system model No. 4.
2. SCOPE

2.1 This document describes the plan/procedure for performiﬁg prototype systems
verification and includes development, qualification, and acceptance verification.
Requirements for analysis verification and/or test verification are included in this

plan/procedure,
3. APPLICABLE DOCUMENTS

3.1 The following documents form a part of this plan to. the extent specified

herein:

™ -Interim ﬁerformance Criteria for Solar Heating and Combined Heating/

“Cooling Systems and Dwellings, HUD. - Jaouary 1, 1975

¢  Performance Specification for Prototype Heating and Hot Water System
Model No. 4.

L) System 4 Design DescriptioﬁnDrawing
4.,  VERTFICATION APPROACH

4,1 Protgtype system verification to the requirements of the systgm‘performance
specification and interim performance criteria will he'acgomplishqd in three verifica-

tion categories - development, qualificatiom, and acceétance. The verification methods :

utilized for system.verification will be similarity, analysis, inspection, demgnstra-
tion and test as required.

Protétype system verification will commence with a detailed analysis of all system
hardware, components, and. subsystems and progress through system. evaluation and

testing. Figure I of this plan depicts a summary flow for system verification.
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A detailed system test procedure for performing the test requirments of this docu-
ment will be prepared. This procedure will describe the methods and procedures for

conducting prototype System test on the MSFC system test breadboard facility.

Following completion of verification program, final system verification documen-
-tation will be prepared and submitted to MSFC. This will contain all information

pertinent to system verification.

5. DEVELOPMENT VERIFICATION REQUIREMENTS

5.1 Hardware/Component/Subsystem Verification - All 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. Verifi®ation of hardware, components, and subsystems
will be accomplished by engineering analysié, similarity, inspection, demonstration

and/or testing methods.

- 1

Subsystem test evaluation will be conducted on the system collecters. All'qther
prototype system subsystems, hardware and components will be verified individually

by analysis and/or during prototype system verification.

5.2 System Development Verification - Developmedt verification will be con-

ducted on prototype system M/N 4 to ensure that system will perform to the require-
ments of the system performance specification and interim performance criteria.
Development. verification will consist of the following:-
° Analysis of hardware, component, and subsystem evaluation data for com-
pliance to system performance specification and interim performance cri-

teria requirements.

] Analysis of system design for compliance to system performance specifi-

cation and interim performance criteria requirements,
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) 7933648
) System testing on MSFC System Test Breadboard Facility. Tests

to be conducted are as follows:
- System operational functional test
- System capacity for ééntrol, energy collection, storage,

and distribution to load at outside ambient weather con-
ditions and with simulated load conditions.

5.2.1 System Operational Functional Test - System operational functional
testing shall be performed on prototype system M/N4 to verify proper operation
of the system. )

5.2.1.1 System Checkout and Adjustment: Prior to beginning verification

testing, the system shall be checked out to insure that wiring is assembled cor-
rectly and controls will work as required per System & Design Description Drawing
7934983. )

 Blower spéed and balancing damper adjustments shall be made to obtain air
flow in accordance with System 4 Design Description Drawing, 7934983.

Limit switches operating ranges and dead band shall be adjusted in accord-
ance with System 4 Design Description Drawing, 7934983.

5.2.1.2 Collector Loop Control Evaluation - The perfofmance of the collector

loop controls shall be evaluated during available -solar radiation periods.

Collector Loop Blower On-0Qff Control ~ The berfoimance of the collector thermo-

switch shall be evaluated by continuously monitoriné.(l) collector absorber tempera—
ture near the switch and (2) air outlet temperature from collector in which the
switch is located. A plot of absorber and air temperature versus time shall be
generated to evaluate contro} at start-up and shut-down. _The thermoswitch opening

and closing event times shall also be marked on these plots.
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Storage Temperature high Limit Control - The temperature of storage at the

location of the Storage Temperature High Limit Switch (bottom of storage) shall
be monitored to establish. a reference. The temperature at which the collector
loop blower is interrupted and then initiated by the Storage Temperature High

Limit -Switch -shall be measured &nd recorded.

Preheat Tank High Limit Switch - The temperature of water in the top of the

preheat tank shall be monitored to establish a reference. The temperature at which
the collector blower operation is terminated and then initiated by the Preheat Tank

High Limit Switch shall be measured and recorded.

5.2,1.3 ZLoad Loop Control Fvaluation ~ The performance of the load loop con-

trol shall be evaluated during available solar radiation perieds. The demand for
heat shall be introduced by ‘applying 24 VAC to the Load Loop Blower Relay coil and

Storage Temperature to Limit Switch in series.

- Storage Temperature Lo Limit Control - The temperature of storage at -the

location of the Storage Temperature Lo Limit Switch (top of storage) shall be
monitored to establish a reference. The temperature at which the first stage
Room Thermostat Control would be interrupted and then initiated by the Storage

Temperature to Limit Switch shall be measured and recorded.

Freeze Protection Bleeder Valve - Water at 34°F from the thermal simulator

shall be introduced into the thermosyphon loop at the tee at the ocutlet of the pre-
heat tank. The temperature measurement nermally, at this point, shall be tempo-
rarily removed so that the cold water can be Introduced into the line. Water

shall be caused to drain at 2 gpm through the heat exchanger by drawing water £from
the line that goes to the domestic hot water tank. As the water temperature begins
to drop in the heat exchanger, the flow rate from the bleed line (pressure drain)
and water pressure in the water system shall be measured and recorded. A plot of
flow rate in gpm versus temperature of the heat exchanger shall be generated. An
alternate approach to this test is to perform a comﬁonent test. The heat exchanger
and thermal bleeder wvalwve shall be set up on a tench and insulated in a similar

manner to a System 4 installation.

5.2.2 System Operational Functional Test Procedure — Test procedures for con-

ducting system operationél:function tests will be prepared. These procedures will
describe the detailed test methods, instrumentation ard all other procedural infor-

mation pertinent to system operational funmctional testing.
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5.2.3 System Verification Tests - System performance shall be evaluated

during available solar radiation periods. Domestic water supply to prehéat tank

shall be at normal tap water supply Eemperatures; however, the temperature of

water from beginning to end of draw shall be as uniform as possible. Temperature,

flow and insolation measurements shall be made at 2-minute intervals throughout
the tests. Test measurements shall be as described inm Appendix B.

5.2,3.1 Domestic Hot Water Heating - The performance of the domestic

hot water heating system shall be evaluated during good solar insolation days.
The thermal loads shall consist of draining hot water and replacing with tap
water as follows:

Load A ~ 52 gallong just prior to collector blower turn on. _
Load B ~ 12 gallons at 10 AM, 12 Noon, 2 PM and 3 PM,
Load C - 10 gallons at 10 AM, 10 gallons at 12 Noon,

20 gallons at 2 PM and 20 gallons at 3:30 PM.

The above loads shall be run starting-early in a solar day with collector
turn-on with a depleted rock storage, i.e., storage pumped down to a uniform
70°F temperatures throughout the rock bin. The loads shall also be run starting
with rock storage saturated, i.e., bottom of stoféée at 95°F, The high Idmit
switch shall be jumpered to maintain collector blowa operation in the saturated

condition.

5.2.3.2 System Loads — Heat shall be qollecte& during good solar days.
Heating load shall be applied by controlling the air temperature of the air input

to the return air duct of the Remote Solar "Assembly and dumping hot air from

storage and air from the collector depending on the mode of operation. Temperature,

flow and insolation measurements shall be made at 2-minute intervals throughout the

solar days.. loads shall be applied to the system as follows:

5.2.3.2.1 No Load Storage - The rock bin shall be‘depléted of heat by
drawing air-through the bin at 70°F from a load simulator until stabilized. The

test shall then be started at the beginning of a good solar day with collector
turn-on. Heat shall be collected without load except losses, until the rock bin
is saturated, i.e., bottom of storage is at 95%F,

6.7

[ R R R I T R T ]

WM


http:gallons.at

IBM

CODE 20234

3.2.3.2.2 Storage Pump-Down - The rock bin shall be saturated by

supplying heat until storage is saturated. The test shall then begin by
circulating 70°F air from the load simulator to the cold air return ducts

of the Remote Solar Assembly and dumping heat from the hot air supply ducts of
the Remote Solar Assemlby until storage is stabilized at 70°F.

5.2.3.2.3 Modulated Load ~ The rock bin shall be depleted of heat by

drawing air through the bin at 70°F from a load simulator until stabilized.

The test shall then be started at the beginning of a good solar day with col-
lector turn—on. Simultanecusly, the leoad loop blower shall be turned on at
30-minute intervals and allowed to run for 20 minutes, i.e., on for 20 minutes,
off for 10 minutes. Air shall be supplied to the cold air return duct of the
Remore Simulator Assembly at 70°F from the load simulator and hot air shall be

dumped out the_ hot air supply duct of the Remote Solar Simulator.

5.2.3.3 Data Requirements

Domestic Hot Water Heating Tests — The following measurements shall be re-

corded at Fhe most frequent time interval capability of the test facility for
subsequent review and processing.

Preheat tank - water inlet and outlet temperature (°F)

Heat exchanger - water inlet and outlet temperature (OF)

Heat exchanger - air upstream and downstream temperatures (OF)

Heat exchanger - air flow (SCFM)

This data shall be processed and integrated to obtain the heat stored in the

preheat tank and the heat lost with the drained water, i. e., f m Cp A Tdt Btu/day

(or test run duration)

Other measurements defined in Appendix B for the preheat tank/thermosyphon loop
shal; be recorded at start of test rumns, before and after water loading (water
draws), at start of test runs and prior to completicn of test runs to provide

information on preheat tank stratification, limit switch performance and quantity

of heat removal from preheat tank. Thermal/elevation plots shall be prepared _

showing the temperature vs. elevation location in the thermosyphon

loop (including preheat tank).
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Incident Radiation - The pyronometer, total radiation measurement, in the tilt

plane of the collectors shall be recorded at the most frequent time interval
capability of the test facility for subsequent review and processing. This
data shall be integrated to obtain the avallable average daily insolation.
i.e., /I dt Btu/day (or test run duration).

System Loads ~ The following measurements shall be recorded at the most fre—
quent time Interval capability of the test facility for subsequent review and
processing.

Rock bed storage - air inlet and outlet temperatures °F)

Rock bed storage ~ air flow to storage {(collector loop flow minus load

loop flow) (SCFM)

Collector -~ air inlet and outlet temperatures (OE)

Collector - air flow in collector loop (SCFM)

Load - air to load and from load temperatures (OF)

Load - air flow to load (SCFM) - ’

This data shall be processed and integrated to determine the heat obtained from

the collectors heat stored in the rock bed and heat delivered to load, i.e.
fm Cp AT dt Btu/day (6r test run duration).

Other measurements defined in Appendix B for the collector, rock bed storage and
load loop supply shall be reéorded at start of test runs, hourly throughout test
runs and at completion of .test runé to provide information on collector absorber
surface, blower control and limit switch operation. Temperatgre/distancé plots shall

be prepared showing the temperature vs. distance relationship in the

rock storage bed.

Blower powér and air pressure measurements shall be made and recorded after

the system specified flow rates are established.
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5.3 System Development Verification Test Procedures - Test procedures for

conducting prototype éystem verification testing will be prepared. These pro-
cedures will describe the hardware configuration for testing, detailed test
methods and procedures, sketches of test setup, test time, limits, data and re-

port requirements, and all other procedural information pertinent to test eval-

uation proéram.

5.4 BSystem Design Changés During Development 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 performance criteria requirements and that the

resultant change has no adverse effects on the total system performance.

5.5 Development Verification Data - Test data accumulated during the early
stages of development testing will be thoroughl& evaluated and assessments will be
performed on necessary system design changes. This will assure early design matur-

ity of prototype.system M/N 4.

5.6 Development Verification Extent/Levél - Development verification program

will be comducted to the extent necessary to verify that the final prototype system
design meets or exceeds the requirements of thea system parformance 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 the final
verification documentation and will become a part of the prototype system per~

formance specification.

5.7 Additional bevelopment 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 representa-

tive. Additional testing and evaluation will be properly controlled, documented and

reported.

6. .QUALIFICATION VERIFICATION REQUIREMENTS/FROCEDURE

6.1 Qualification Verification Reguirements - Requirements for qualification

verification are as follows:
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Verification that the prototype system meets or exteeds the require-~

ments of system performance specification. These requirements are:

W OB Y g, o e 3 R

Interim Performance Criteria Requirements

.
o

Government Directed Requirements

-
-

System Identification Requirement

o
S

T
[

Site Identification Requirement

ot
d-

System Heating Capacity Requirement _ _ ::
Auxiliary Energy Requirement ik
Hot Water Requirement . :z
Operating Requirements 20
System Physical Requirements (Design Life, Weight, Dimensions) 5

6.2 Qualification Verification Procedures - Procadures for verification of

each qualification verifjcation requirement are contained in the following sub-

paragraphs.

6.2.1 Interim Performance Criteria Requiremeat - An anmalysis will be conducted
on prototype system M/N 4 to satisfy this requirement. Each interim performance
_criteria requirement will be analyzed individually and recorded on an intevim per-

formance criteria certification form, This form will indicate compliance or non-

sy e

compliance to the requirement and will identify the evaluation method utilized to

cation form is contained in Appendix I of this document. The certification form

when completed will become a part of the final verification report.

3
satisfy th2 requirement. A sample copy of the interim performance criteria certifi- i

4

i

6.2.2 Government Directed Reguirements ~ This requirement will be satisfied by
an analysis of the directed requirement, prototype system and the system performance 4

specification to verify that the directed requirements have been satisfied. )

6.2.3 System Identification Requirement - This requirement will be satisfied

by ravievw of performance specification and the prototype system to verify that the 32

systam is properly identified (type, contractor name, system model no.).

6.2.4 Site Identification Requirement - This requirement will be satisfied by :-
review of performance specification to verify that the site for the prototype system :
is properly identified and described.
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6 2.5 System Heating Capacity Requirement - This requlrement will be 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 1ocated Test data ob~
talned durlng system development testing will be utlllzed to verlfy the design
models for the prototype system.

6.2. 6 Auxiliary- Eneégz Requirement - This requirement will be satisfied by an

analy51s of the prototype system load requirements and the prototype system auxiliary
energy subsystem de51gn.

6.2.7 Hot Water Requirement - This requirement will be satisfied by an analy-

sis of the frototype system design and the hot water load reqpiremeﬁts specified for
the prototype system. Test data obtained during system development testiang will be.

utilized to‘verify the design models for the hot water subsystem.

6.2.8 Operating Requirements - This requirement will be satisfied by an. anal--

v8is of the prototype systew-design and the system operating requirements (maximum
pover to'driVe'system‘ average yearly electrical power,'watér requiremonts)..'Tégt
data obtained during system development testing will be utlllzed to verlfy the
des1gn models for the prototype system.

6.2.9 Sggtem Physical Requirements ~ This requlrement will be satisfied by an

analysxs of the prototype system design and the-system thSlCal requlrements (d351gn

life, weight, dzmensxons)

" 6.3 Prototype System Qualification
6 3.1 Qualif‘cation verification will consist of an analysis of all
changes jmplemented during development verification. A1l test, analysis,
and evaluation data originating during development verificatfon will be.

evaluated to the fequirements of the prototype system performance speci-
fication and interim performance criteria.

72

M M W) Gh O W f B e

P N

$3 er 2



"oy

CODE 20234

7933648

6.3.2 The prototype system will be considered qualification verified when it
is determined that the final gystem &esign and hardware has met or exceeded the
requirements of the sfsteh performance specification and'thé'interim performance’
criteria or that any requirement which .has not been met has been properly disposi-
tioned andrHSFC'approved by a deviation approval request.,

i

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

7. ACCE?TANCE VERIFICATION REQUIREHENTS/PR@CEDURE

7.1 Acceptance verification will be conducted on prototype system M/N 4 to

verify that the system meels all specified requirements. Acceptance verification
will consist of the following.

P =

e . Inspection of system to verify performance specification and workmanship
standards

o - Inspection of operational test data and evaluations to verify system
performance

e . Inspection of acceptance data package

© Inspection of shipping list versus hardware to be delivered

o Inspection of shipping instructions and precautions

e Inspection of documentation required for system (installation, operation,

maintenance requirements, system drawings and specifications, etc., in
accordance with protetype system performance specification and data

package requirements).

7.2 The results of acceptance verificaticn will bé documented and submitted to

MEFC,
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PROTBT¥PE‘SYSTEM VERIFICATION ﬁARDWARE DISPOSITION

Following the completion of prototype system development, qualification and

acceptance verification program, the system hardware shall be removed from the

MSFC breadboard facility. The assembled system, including all contained sub-

systems shall be available for shipment to a designated demonstration site.

Miscellaneosus hardware used during system test will be retained at the MSFC bread-

board facility for possible future utilization.

9.

9!1

PROTOTYPE SYSTEM VERiEICATION DOCUMENTATION

Prototype System Test Procedure - Prototype system test procedure for

prototype system M/N 4 will be generated utilizing the requirements of this docu-

ment, prototype system performance specification, and drawings. Test procedure .

. will be prepared prior to the start of system verificatibn'testing. Test proce-

dure shall contain at a minimum the following informatiom.

(2

(b)

(c)

(D

(e)

(£3

(g) -

(h)

&8

Identification of hardware/system to be verified (model number, serial

number, manufacturer, size, descr%ption, etc.)
Tast requirements

Development verificaticn test methods/procedures
Instrumentatién and data requirements

Location of tests to be conducted

Test limits and tolerances

Test equipment to be utilized

Detailed test setup and system configuration sketches

Test reporting procedures
74
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9.2 Verification Documentation - Final prototype system verification documen-

tation will be generated following completion of system verification and submitted to
MSFC. The verification documentation shall consist of the following:

(a) Performance Test Report
(b) Verification Status Summary
(c) Design Déta Bfﬁchure

9.2.1 Performance Test Report - Performance Test Report shall contain the

fbllowing as a minimum:
(é) System i&enéification a9§<§§§c;iption
(b) Tést ofjéctives
(c) _Tegt desc?iption’and procedure

(d) Subsystem test results

(e) System tast results

(f) Analysis of test dzta
(z) System performance
(h) Discussion of special tests

(1) Significant observations and conclusions
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9,2.2 Verification Status Summary — Verification Status Summary shall con-

tain the following as a minimum:

-(a)

(b)

(c)
(@)

(e)

Verification requirements

Results of system interim performance criteria analysis and certifi-

cation

Performance specification verification analysis
Acceptance verification analysis

Performance analysis summary

..9.2.3 Decign Data Brochure - Design Data Brochure shall contain the following

verification documentation as a ninimum:

(a')
(b)
(e
(@
(e

(£)

10.

System configuration description
Systeg functional‘description
Identification of system components
Operating instructions

Maintenance requirements
Install&tion requirements

L

VERIFICATION MATRIX

Cross reference matrix for prototype systen M/N 4 verification is contained

in page no. 78 of this docvment. This matrix is épplicable to system selected for

physical testing.
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APPROACH /FLOW

PROTOTYPE SYSTEM MODEL 4 VERIFICATION

System Performance

Specification,

‘ Verification
Plan/Procedure

Prototype System
Test Procedure

MSFC Approval

MSFC Approval

Development
Verification

— Subsystem/Mardware Evaluation
o Analysis and Test

-~ System Analysis
® IPC and Performance Spec

- System Test
a8 Operational Functional
¢ System Operatipon at Ambient
Weatlier Conditious

Qualification
Verification

- Analysis of Development
Verification Results

- System will be considered
qualified when all performance
specification requirements

- have been met during develop-
ment verification

Acceptance ,
Verification

Performance
Test Report

I

Verification
Status Summary

Design
_Data Brochure

Figure I

- System Lnspection

~ Analysis of System
Acceptance Package
Evaluate cowmpliance
to all requirements
verification
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CODE 20224

ITEM {Name & Part No.) VERIFICATION CROSS
. ) REFERENCE MATRIX
Prototype System M/N 4
VERIFICATION METHOD: ‘ ' i )
A 1. Similarity 3. Inspection - _ N/N Not Applicable
2, Analysis 4, Tast
|
VERIJFICATION PHASE
PERFORMANCE SPECIFICATION

REQUIREMENT - . - REMARKS

DevelopmenyQualification| Asceptance

[ntarim Performance Criteria Z "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
Auxiliary Energy Requirement 2, 4 2-
Hot Water Reguirement 2, 4 2
Operating Requirements 2, & 2
System Physical Requirements 2 2 3
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SYSTEM 4 VERIFICATION
TEST MEASUREMENTS
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System 4 Verificatioh Test Measurements

Temperature and flow measurements shall be made as follows:

Preheat Subsystem

Measurements shall be made in the preheat .subsystem as follows:

(1)

(2)

(3)

Five preheat tank surface temperature measuremeﬁts shall be
made along a longitudinal line whers accessibi]ity'can be
gainad. One of these five measurements shall be as high on
the tank as possible {top). One measurement shall be as Tow
on the tank as possible (bottom). One measurement shall’ be
at the center of the tank. One measurement shall be on the
tank midway between the top and center measurements. One
measurement shall be on the tank midway between the bottom
and center measurements.

One inlet and one outlet preheat tank water temperature shall
be.installed in the thermosyphon loop through one leg of a tee

in the water Tines. Sensors shall not protrude into the thermo-
-"syphon loop water flow path so as to restrict the flow. The tee

shall be 3/4 inch female national pipe thread.

One inlet and one outlet heat exchanger water temperature measure-
ments shall be installed through one leg of a tee in the water
lines. Sensors shall not protrude into the thermosyphon loop
water flow path so as to restrict the flow. The tee shall be

3/4 inch female national pipe thread.

A water “temperature probe shall be installed into each of the
two heating element probe openings on the preheat tank. “The
heating eleménts shall be permanently rémoved and replaced by
adapters to faciﬂitaté mounting the temperature sensors. The
temperatures probes shall sense the temperature near the center
of the tank.
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(5} One inlet and one outlet preheat tank water temperature measure-’
ment shall be installed in the water supply Toop through one leg
of a tee in the water lines. The tee shall be 3/4 inch female’
national pipe thread.

(6) -One water supply Tlow measurements sha1iA£e installed in the
preheat water supply line. Measurement shall be installed close
to the supply line entrance-to the Remote Solar Assembly wall.

Collectors

Inlet and outlet temperature measurements shall be instalied in the ducts.
One sensor shall be in each of the two manifold ducts that enter and leave
the collectors. One collector has five temperature sensors on its absorber

These measurements shall be mpn1tored. The measurements are platinum res1stance

temperature sensors and they are located as follows:

(1) No. 1 at geometric center.

(2) No. 2 and 3 along Tongitudinal axis 2/3 the way out from the
geometric center toward the edge of the coliector.

{3) No. 4 and 5 along the transverse axis 2/3 the way out from
the geometric center toward the edge of the collector.

A flow measurement shall be located in each of the two ducts that lead to
the inlets to the collectors. One flow measurement shall be Tocated in the
duct that Teads to collector between the tee in the duct and the blower.

Rock Storage

The rock storage bin shall be evaluated for channeling by measuring the

" temperatures at 8 paints in each of three parallel planes as shown in _
Figure 1. The planes shall be established 4 inches down from the top rock
surface, at center and 4 inches up from the bottom rock surface. Air inlet
and outlet temperature measurements shall aiso be installed. One tempera~
ture measurement shall be at the inlet and one measurement shall be at each

of the two outlets. A flow measurement 'shall be installed in each of the
two outlet ducts leaving storage.
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Other Measurements

Ambient air temperature measurement shall be made to monitor the ambient air
environment around the Remote Solar Assembly.

Total incident radiant energy shall be measured in the tilt plane of the col-
lectors. Blower and control damper. motor power shall be measured.

Pressure measurements shall be made around the col]ec;oé and load air flow

loops to determine the pressure differential delivered by the blowers and
the pressure drops developed along duct runs and acorss dampers and storage.
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- System 4 Verification Test Measurements Summary

Temperature Flow ' Insolation Pressure Dror

‘Collector
Air inlet
Air outlet
Absorber Surface
Insolation - - 1 - -
At Collector Thermoswitch 1 - - - -

—t
1
—
[ ]

Storage
Air inlet ) - - - . -
Air outlet 2 2 - - -
Rock Bed 24 - - 2 -
- At Storage High Limit Switch 1 - - - -
At Storage Low Limit Switch 1 - - - -

"Preheat Tank
Thermosyphon Loop
Preheat Tank Surface
Water inlet
Water cutlet
Submerged in Tank (water)
. At Preheat Tank Limit Switch
‘Heat exchanger
Water inlet
Water outlet
Air dinlet
Air outlet

'-—!—l—l—d—-l-—lt\}—-l'—-lm
]
]
]
1

Load Supply Loop
Inlet 1 ) - - - -
Qutlet 1 - - - -

Ambient Temperature 1 - - - -

Blowers @ rated flow (a,) . - - - 2
Controi Damper motors - - - -
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CONTRACT NO. .

NAS8-32036

VERIFICATION STATUS SUMMARY
FOR
SYSTEM NO. 4

PROTOTYPE SOLAR HEATING AND HOT WATER SYSTEM

FIRST ARTICLE REVIEW DATA PACKAGE
REGUIREMENT PARAGRAPH 4.3.3(a)
APPENDIX B .

JUNE 9, 1978

S
PREPARED Bv@,@«é gij; A
APPROVED BY /%/’6;,,:/,;____ |
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1.0

1.1

2.0

2.1

PURPOSE

The purpose of this document is to present a suimary of the verification’
status for Prototype Solar System No. 4.
SCOPE

This document provides a summary of Prototype System No. 4 verification
which 1nc1udes verification of performance spec1f1cat1on requ1rements and
acceptance verification requirements. REqu1rements of the performance

' specification will be satisfied by analysis and test.

3.0

3.1

3.2

VERIFICATION REQUIREMENTS .

Performance Specification Reguirementé

Prototype System No. 4 shall be in accordance with the requirements of
Performance Specification (IBM Document No. 7933648). A1l requirements
will be verified by test or analysis. Requirements are-as follows:

Interim Performance Criteria Reguiremerts.
'Goﬁernment Directed Requirementsi

System Ident1f1cat1on Requ1rement

System Performance Requirement

System Installation Description ﬁeﬁuiremeﬁt

Acceptance Verification Requirements
Prototype System No. 4—sha11 be 1n accordance with the acceptance. ver1-

fication requirements IBM Document No. 7933648. Requ1rements are as
fp]]ows.
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] Inspection of system to verify performance specification
and workmanship standards.

() Inspection of acceptance data package

- Shipping and handling instructions

- Warranty and Test Agency Certification

- "Final Acceptance" and Shipping Form (DD250) including
forms for all ship-separate items '

4.0 VERIFICATION SUMMARY

4.1'Narraiﬁve Abstract - Prototype System No. 4 was subjected to test and
analysis verification to verify the requirements of performance speci-
fication No. IBM 7933649, Verification was conducted in accordance
with the requirements of IBM Document No. 7933648 (ﬁerification
Plan/Procedure for Prototype Solar Energy Hot Water System Model
No. 4) Acceptance verification will be conducted during final accep-
tance of Prototype System Modal No. 4. '

Prototype System No. 4 meets all requirements of Performance Specifi- -
cation No. 7933649 with the exception of interim performance criteria
deviations on the system collectors. Deviations are identified in
Appendix I of this document.

Verification of Prototype System No. 4 will be considered completed with
MSFC approval of deviation approval request for system-collectors and
with the successful completion of acceptance verification to be conducted
during final system acceptance. '

4.2 Verification Results

4.2.1 Performance Specification Verification
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4.2.1.1 Interim Performance Criteria - Prototype System No. 4 meets all
interim performance criteria‘requirements with the exception of col-
lectors. Deviations were required for the collectors. A deviation
from these requirements is requested by 1BM since the subject col-
lectors are Government furnished to IBM. Detailed interim performance
criteria evaluation is contained in Appendix I of this document.

4.2.1.2 Government Directed Requirements - These requirements have been
satisfied by review of performance specification requirments and system
design drawing, System 4 meets requirements.

4.2.1.3 System Identification Regquirement ~ Requirement haé been satisfied.
by identification of system in the performance specification (system type
and system model number}. System 4 meets requirements.

4,2.1.4 Site Identification Requirement - Requirement has been satisfied by
identification of the geographical areas which the design accommodates-as
listed in the performance specification. System 4 meets requirements.

4,2.1.5 Hot Water Requirement - Requirement-has been satisfied by test and

analysis of system design. System 4 meets requirements.

4.2.1.6 Operating Requirements - Requiremént has been satisfied by test and

analysis of system design. System 4 meets requirements.

4.2.1.7 System Physical Requirements - Requirement has been satisfied by
analysis of system design. System 4 meets requirements.

4.3 Acceptance Verification Requirements

4.3.1 Inspection of System - This requirement will be satisfied during
_“final acceptance of System 4. )

4.3.2 Inspection of Acceptance Data Package - This requirement will be
 satisfied during final acceptance of:System 4. '
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APPENDIX I
PROTOTYPE SYSTEM NO. 4

INTERIM PERFORMANCE CRITERIA EVALUATION
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INTERIM PERFORMANCE CRITERIA .
CERTIFICATION

System Type Heating and Hot Water

System Model No. Prototype System 4

System Mfg. 1BM

Analysis Conducted by U o S

oate \X,.,M, %, 1978
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INTERTM PERFORMANCE CRITERIA EVALUATION INSTRUCTICNS

I. Evaluate system for each IPC requirement listed on IPC Certification
Sheets. All requirements are to be in accordance with HUD. Interin
" Performance Criteria for Solar Heating and Combined Heating]Cooling

Systems and Dwellings.

11, Check each requirement status

Yes - Meets TPC requiretent
Mo = Does not meet IFC requirément

N/A ~ Requirement not applicable

IIY. List. IPC requirerent evaluation method utilized

Analysis
Test
Inspection
Demonstration

Other

IV. All requirvements which dre not met shall be defined and recorded en

IPC Deviation Report Form attached.
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METTS IPC

- , IeC w/a | EVALUATION
[PC REQUIRENMENT il0. YES o HETHOD COMMENTS
Heating and Heating 1.1 X - Analysis Requires: vgriﬁcaﬁor} for
and Cooling System \ specific site.. Cooling
Performance - portion N/A.
Hot Water System 1.2 | X Test &
Subsystem Performance Analysis
Collector Parformance 1.3 X Test &
- Analysis
Thermal Storags 1.4 X Test &_
' Analysis
Habitability of 1.5 X Design
Occupied Space Review
Energy Transport 1.6 X Test &
Efficiency Analysis
Control 1,7 X Test &
Analysis
Auxiliary Enargy 1.8 X Analysis

g3 .




MEETS IPC

_ 1L = ii/a | EVALUATION
IPC REQUIREH!‘.NT MO, (ES (0] HMETEQD COCMMENTS
System Design 2.1 X i Test and Condensate removal N/A
Conditions Analysis
Mechanical Stresses 2.2 X Test and
- Analysis
Leakage Prevention 2.3 X Test Applicable portions of
system will be pressure
tested during system in-
stallation or during
system performance test..
Collector Adjustment 2.4 X Analysis Fixed by assembly design.
Subsystem Isolatiom 2.5 X Single family dwelling
Heat Transfer Fluid 2.6 X Design
Quality Review
Piping Supports 2.7 X Design
Review
Excessive Pressure and | 2.8 | X Design Pressure relief valve
Temperature Protection Review dinstalled in DHW preheat
tank and in DHW tanks.
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Ipe | EETS TPC o ,
- N/A EVALUATION .
IPC REQUIREMENT no. YE HO METECD COMMENTS
Structural Design Basis 3.1 X Design
i ‘ Analysis i
Service Loads 3.1 X Test and Collector tested
' Analysis '
Failure Loads and 3.2 X Analysis
Load Capacity
Ultimate Load 3.2.11 X Test and Collector tested
Combination 3.2.41 X Analysis
Damage Control 3.3 Analysis
Resistance to Damage 3.3.11 X Test and Collector tested
' Analysis
Glazing Design 3.3.24 X Design
¢ 3,4 Review
Cyclic Loads 3.4 X Design
’ Review
Cutting of Structural 3.5 X Design
Elements : Review
Creep and Residual 3.6 X Des{gn
Deflection ' Review
Hail Resistance 3.7 X Design
Review
Constraint Lcads 3.8 X Design
Review
Ponding Conditicns 3.9 | X Design
Review

95




l\,‘ —
e |m I 4| evaLuaTION
IPC REQUIREMENT - n0. YES o METHOD COMMENTS

Plumbing and Electriecall 4.1 X L Design
Installation . Review
Fail Safe Controls 4,2 X Design

Review
Fire Safety 4.3 X Design

Review
Toxic and Flamnable 4.4 X Design No toxic of flammable
Fluids Review fluids used
Safety 4.5 X Design

Review
Protection of Potable 4.6 X Design No toxic fluid used
Water and Circulated _ Review ’ '
Air
Excessive Surface a7 X Design A1l heated surfaces
Temperatures Review insulated. No excessive

temperatures possible.

Effects of External 5.1 X , Test and Long term affects on
Environment Design collector not yet

Analysis available
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HEETS IPC

1

- LPC | evawarton]
H LT ® . ll ‘L\ = 't. 'H ]‘ - -

IPC REQUIRENEHT no. Jves | ono | VYA vemco CCHHENTS
Temperature and 5.2 X X Test &’ Long term affects -not
Pressure Resistance ) | Analysis .iyet available
Transmission Tosses 5.2.6] X Collector subjected to long
due to outgassing ' | term stall condition testing
Chemical Compatibility | 5.3 X Design
of Components’ T Analysis
Components Involving 5.4 X Test &

Hoving Parts Design
Review °
Accessibility Zor 6.1 X Design
Maintenance ) Review
Installation, Operaticn | 5.2 X Design
and Maintenance Manual |- Data
. Brochure
Review
Repair and Serv{cé . 6.3 X ] DESiQh
Personnel Review
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IPC REQUIREMENT

IFC
M0.

HEZTS IPC

EVALUATIOH

METHGD

CONMENTS

Design

.{Adequate Space

Fa

Functioning of
Dwelling/FAcility Site

Interference with
Mechanical Operation

2
T

Mechanical and
Electrical Functioning
of Dwelling and Site

Mechanical and
Electrical Functioning
of Connections

Structural Integrity

Structural Intagrity
of Dwelling

7.1

b |
.
M

7.3

8.1

8.3

9.1

8.2

Design
Review

Design
Review

Design'
Review

Design
Review

Design
Review

Analysis
and Design
Review

Design
Review

Prepackaged solar system
des?gneag$orsadequa¥e space

for all solar components

Site dwelling is com-

‘patible with prepackaged

solar system installation.

Prepackaged solar system
is compatible with site
auxiliary heating and DHH
systems

Prepackaged solar system

is compatible with site

and will be installed in
accordance with local codes.

Interconnections between
site and prepackaged solar
system meet requirements




MEETS IPC ; '
. IFC s/a | EYALUATION i
IPC REQUIREMENT i0, TES 10 METHCD COMMENTS
Structural Connections | 9.3 X Analysis
Safety of Dwellings 10,1 |. X Desjgn
and Site Review
Durability 1.1 ] X Design
Review
Durability and 1.2 X Design
Reliability of Dwelling Review
and Site
Durability and 11.3 ] X Design
Reliability of Review
Connections
Majintainability of H, 12,11 X Design Cooling N/A
HC, HW Systens Review
Maintainability of’ 12.21 X Design
Dwelling and Site Review
Connecticns 12.3 X Desicn
Review
Visual Characteristics | 13.1 X Design
. ’ Review
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INTERIM PERFORMANCE CRITERIA DEVIATION REPORT

1. Report Number 2. Date 3. Prepared By 4. Organization 5. ltem Name
. 6/9/78 D. L. Linton . Flat Plate Collector ‘ i
6. itom Part Number 7. Ttem S/N 8. 1tem Mig. By [0.TPC Deviation '
Solaron ' )
10. IPC Number 11. IPC]Pa{ragraph 12. Approved By (1BM) 13. Approved By (MSFC) 4. Date Approved (MSFC)
5.1. . .
5.2.1 '

00T

15, Description of Deviatian

flow temperatures.

No data was supplied by vendor to show the effects of prolonged exposure to sunlight and elevated no .

16. Probable Cause

17. Remarks

18. Deviation Disposition




PROTOTYPE SYSTEM 4
HAZARDS ANALYSIS

May 1977
Revised January 23, 1978
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PROTOTYPE SYSTEM NO. 4
HAZARDS AMALYSIS

A haiards analysis was perforned to define potantial hazards or undesired
events relative to the System llo. 4.design, to identify the safety reguirement,
to eliminate the hazard, and to indicate the means of comoliance with each
safety requirement. A summary of the hazards analysis results are given in
Table 1.

A1l potential hazards identified are minor level hazards and no major
hazard levels have been found. HNo 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 T, the use of standard off-the-
shelf hardware minimizes potential hazards.
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HAZARD DATA SUMMARY

TABLE 1

Areas of Consideration

Safety Requiremant

llazard/Undesired Event

Heans of Compliance

R e AR e e W L

- e BRI P .

Hechanical Proteclion

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

2

Injury due to pinch or
shaip edges. -

o Short circuits-due to
wire abrasion. °

2 Mechanical dewrge due

to faulty instaltation.

e Mechanical damage due’

to migration of com-
ponents during opera-
tion

# Rotating Equipment

o Humidity and Fungué

¢ A1l operator and service area

edges rounded.

Design does not present unusual
or unique mechanical hazards.

Approved tie down, strain relief
and feed through hardware and
installation.

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

Belt guard on blower belts

Heat exchander to préheat tank
is thermosyphon loop

Al1 equipment mounted within the
residence or weather procf en-
closure, .
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HAZARD DATA SUMMARY

TABLE 1 Cont'd

Aresas of Consideration

Safety Requirecment

Hazard/Undesired Event

4

Means of Comp]iance.

Primary Voltages

Secondary Voltages

Electromagnetic
Interference

¢ Section 516 amd 616
MPS (4900.1 and
4910.1).

¢t Part E of ANSI A179.1

# Hazard exposure not
significantly greater
than conventinnatl
residence.

2 Maintain circuit
separation

# Personnel Shock

* Equipment damage due to
short circuit or over-
Toad.

o Stored Energy

s Short between primary
and secondary circuits

¢ Interference between
pover, data and control
functions

¢ Use conventional equipment and
installation.

¢ All external metal parts, sur-
faces and shields to be at
electrical ground.

e UL approved 60A main circuit
breaker

e UL approved 15A individual circuit
breakers

e 115V wiring run in conduct

o A1l wire UL approved

e Primary voltage in ‘service areas
are protected by shields or shrink
sleeve insulation.

¢ Stored energy minimal

e Low voltage control circuit

e Transformer isolation and_physi-
cal separation between primary and
secondary circuits.

e Sensor and control wires separated;

Sensor inputs are protected by
ground wires for each channel.
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_HAZARD DATA SUMMARY
TABLE 1 Cont'd

Areas of Consideration

Hazard/Undesired Event

Means of Compliance

Fire Safety

-

e Use malerials which
. do not present a fire

hazard significantly
greater than con-
ventional systems

Prover clearance and
venting of elevated
temperature surface

Emergency egress and
access not be tess
than conventional
system

Identified and
accessible main shut-
off valves and
switches

a Flammability of materials

s Air flow Toss due to
fan failure or blockage

» QOccupant entrapment

o Difficulty in terminating
system operation or
isolating failure

.s Used conventional components

of proven safety

8 UL recognized components

e Duct and pipe insulation good to
2509F

® Storage and collector insulation
* good to 3009F. C(Classification UL~
723-. *

& Over temperature protect to cut
“out furnace.

¢ Conventional design criteria met
for egress and access. Convenient
and accessible equipmant room

¢ Main shutoff valves and switches
are clearly labeled and easily
accessible within equipment room
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HAZARD DATA SUMMARY

TA

BLE 1 Cont'd

Mreas of Consideration

Safety Requircment

Hazard/Undesired Event

Means of Comp]ianée

Domestic liot Vater

Control

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

& Part C ANSI A119.1

o Hazards not signifi-
.cantly greater than
conventional residen-
tial insiallation

e Fall Safe control

]

Personnel exposure to
high temperatures

e Personnel exposure to
high pressures

s Equipment damage

) Contam1nat1on of potable
water

s Primary 115 Volt Shock

i Shorts from primary 115V
to 24V control circuits

® Control faflures

e Used commercially available

DHY tanks, pumps and heat
exchanger of proven design

¢ Automatic 210°F,temperature
and 150 PSI pressure relief valve

) Fa11 Safe DHW temperature control

s Insu]ated heat exchanger and
connecting pipes

¢ Non-potable fluid not used

o Safety shield used over primary
terminal and shrink sleeving
used on 115V wire terminals
within service a?eas

¢ Primary and contro] voltages
transformer isolated with
wiring physically separated

8 Autonomous temperature 1imits
and interlocks within control
circuits




HAZARD DATA SUMMARY
TABLE 1 Cont'd

Areas of Consideration

Safely Requirtment

Hazard}Undesired Event

Means of Compliance .

-L0T

Air Handler Fans

Auxiliary Heat

» Section H16 and 616

MPS (4900.1 and
4910.1)

e Part C AHSI-AT19.1

» UL acceptance

% Primaiy 115 Volt Shock

¢ Toxic or Flammable
materials

t Potating Equipment
. entanglement

[ E]ectr1ca1 Shock
5 Fire ha?ard if alr fTow
interrupted

¢ Excessive surface
temperatures

s Primary 115 Volt circuit
terminations enclosed

s Over temperature protected motor

s UL approved components

¢ Use commercial components of
proven design

¢ Independent review of mater1a1
hazards

¢ Fan totally enclosed -

¢ Use conventional equipment
of proven des1gn and instal-
Jdation

® Pr1mary power terminations
enclosed, =

¢ Over temperature protected
heat strips

¢ Heater installed in insulated
duct




Item ¢.  (Acceptance Data Package)

Warranty & Test Agenty Certification

Limited warranties as received from suppliers.

Blowers 1 year
Control Dampgrs 1 year
Preheat tank 5 years
Roof ventilator 1 yeér

Underwriters Laboratories (UL} is reviewing the system and will submit

a final report. A1l components and materials were selected to use only
those items with UL approval when possible. UL 1isting or approval of

this system is therefore expected without difficulty.
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