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SIMS System 4
Design Concept showing Prepackaged Solar Unit

1 Arranged with Single Family Dwelling
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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.
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2.0 SYSTEM DESCRIPTION

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) Sotlaron Corporation Series 2001 flat plate air-type solar
collectors

(2) Pre-fabricated modular pebble bed, thermal storage unit
(3) One Grainger Inc. Model 7C812 air blower

(4) Ore Grainger Inc. Model 2C986 ;ir blower with 5K900 motor
(5) Two Ruskin Model CD454PW/MP1161 contré] dampers

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

(7) Two American Wa}ming Model DAA-P-8150 balancing dampers

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

(9) HaTstead Mitchell Model SW2-18-18-8 air-toéliquid heat exchanger
~(10) The conventional hot water heater
(1) The auxiliary heat source

(12) Control componénts”(des¢¥ibed in later section)
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As 111ustr§téd-in Figure 2.0-2, the syStem has three modes of operation to
maintain three different air circulation Toops: (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 collected in modes (1) and (2). Space heating is accomplished
in Modes (2) and (3). .

Water is circulated in the domestic hot water preheat loop between the
air-to-water heat exchanger and the preheat tank by syphon action. Domestic

~hot water heating is primarily accomplished in mode 1 when air temperatures

to the heat exchanger are hottest; however, when air temperatures to the
heat exchanger are higher thanrpreheat tank water temperatures, water heating
can also be accomplished in modes 2 and 3.

Two non-solar components (10), a conventional domestic hot water tank, and
(11), an auxiliary heat source, operate in conjunction with the solar hard-
ware to augment system heating 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
hot 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.

A1l of the solar components (1) through (9) 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 200]”Co11ector. 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 changes. '

System control consists of simple on-off temperature sensitive componenfs. '
These components and é]ectjical circuits are described in the Control Sub-
system, Section 2.5.




R S R e —
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Figure 2.0-2, System 4 Modes of Operation




The system can be functionally divided into Collector, Energy Storagz, Energy
Transport, Domestic Hot Water, Controls and Auxiliary Energy 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 Corpdration.
Series 2001, air heated collectors 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

is 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 safety 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 ariays. Air manifolding between collec-
tors is maintained within the collectors.

The So]aron 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 OF
Tamb = Ambient outside air temperature in °F

Effective combined transmittance of both
glazings at normal incidence

Absorber solar absorptance

T

R
1}

F' o= - Collector efficiency factor

Fr = Collector heat removal factor
~UL = . Collector heat loss factor

We : = Air flow rate test condition

I o= Solar insolation in Btu/Hr Ft2

(Td)n = Effective transmittance - solar absorptance
‘ product at normal incidence

7




2.2 STORAGE SUBSYSTEM

System'4 storage subsystem consists of a bed of pebb]es contained in a
rectangular shaped thermally 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,i
112.5 and 150 cubic feet capacities as required for 8, 12 and 16 collector array
sized systems respectively. Thase storage capacities result in a thermal
storage capacity of approximate1¥_10 Btu/°F-per square foot of collector.

Air is circulated from top to bottom through the pebbles when operating in the
collector to storage mode of operat1on. Air flow is reversed and passes up
through the pebbles when operating in either the storage to load or collector

to load modes of operation. In the latter mode, only a port1on of the total air
“passes up through storage (about 1/2 of the total load).

The pebble bed enclosure is construsted by assembling side panels, end panels
and top cover panels within the Remote Solar Assembly. The floor in the
structure forms the base ofﬁthe 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 lower 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" is located in the
top center 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. g o

. Basic building - block pane1s ‘have been designed to fabricate each of the

three capacities descr1bed above. Larger storage capacities can be ob-
tained in 37.5 cubic feet increments by assembling the necessary combinations

eof the existing design bui]ding - block panels. Panels requ1red for a 8, 12
and 16 collector systems are defined 1n Table 2.2-1.




W, = 2cfm/g2
T =377
d = 95
(Te)y= 74
Fp = .20
U, = .90
F* = 85

80 ’ ]
' ns= FR(T‘,N - FR UL (—m-r—BT ~Tam )

TIN -TAMB)
e

— n=.52-.63( -
20 \
s

EFFICIENCY (n) %
=

0 2 4 6 8 10

TIN - TAMB (HR. FT2 °F)
1 BTU

Figure 2.11, Solaron Corp. Series 2001 Collector Efficiency
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Table 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
’7934940-1 End 7934938 70"x48"4 3/4" 2
12 Collector Assy
7934940—2 Side 17934936  48"x36"x4 3/4" 6
7934940;2 Top-End 7934937 70"x40 3/4"x4 3/4" 2
7934940-2 Top-Centér, 7934939 70"x36“x4 3/4" 1
7934940-2 End Panel 7934938 70"x48"x4 3/4" 2
16 Collector Assy
79349¢O-é j Side 17934936  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

0

Openings

None
18"x18"
None
6'"x46"

None

‘None

18x18

6"x46"

None
18"x18"
None
None

6"x46"

[

kg i 554
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The 1nsu1ated pane1s are a sandwich type construction consisting of 4,25

thick isocyanurate foam, Upjohn CPR 9545, with .060 "th1ck po1yester—gIass ]

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 pane1 modular concept. One grating assembly is re-
‘quired for each 37.5 cubicifeét of storage. The assembly consists of a rectan-
gular sheet of steel grating to which four legs are welded. The grating has
3/]6“ 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 p%ece of berforated sheet metal fis placed on the top 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.

n




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

Item ‘ Description Qty. .

“Collector Loop Blower Assembly Grainger 7C812 1 }

Load Loop Blower Assembly Grainger 2C986 blower with R ‘

e 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

Collector Loop Duct 12" Round 26 gage galv. AR

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

Afr flow is adjusted in either the collector loop or load loop by varying the
pulley diameters of the mctor 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 loop 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 @611ector.1oop 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 mator
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" pftch diameter variab]e pitch pulley
on the motor shaft. Pulley diameter adjustment will most 1likely 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. '

2 ‘ . F
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The collectors are manifolded together in two eight (8) collector series -
parallel 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
parallel loop 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 loop and load loop ducts. The dampers are
the fabric vane type and are 14"x14"x1 1/2". The vane material is #1010
cohrlastic. Dampers are installed in the 14x14" ducts at outlet from
storagé in the collector loop and at the inlet to storage in the load loop.

Two 115 VAC motorized control dampers are utilized in the system to provide
on-off air flow control in the collector and load loops. The dampers are
metallic parallel blade construction. A linkage between a crank on the drive
motor 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 applies 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 loop ductihg is 14" square, 26 gage galvanized steel. Ir-
regular shaped transistion ducts are utilized at inlet and outlet to jtems
such as storage unit, b]owéys and air to water heat eXchanger. These tran-
sistion pieces are fabricated of 26 gage galvanized steel sheet stock.

A1l ducting and items in‘the,duct such as the air to water heét 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 insu]ated with vapor barrier contact adhesive,

Midwest Chemical Co. Bon-grip 169-24. The outside surface of the insulation

“is painted with polyvinyl chloride 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
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2.4 DOMESTIC HOT WATER SUBSYSTEM

- | . - |
Figure 2.4-1 is a schematic diagram of the domestic hot watéf:syStem Hot
water is prov1ded in the solar system by means. of (1) an air- to-water heat
exchanger 1n the air duct at the top of storage and (2) a 52- ga11on water
storage tank to preheat the water supplied to the conventional bu11d1ng 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 preheat tank. The conventional domestic hot
water heater draws its supply from the preheat tank and aux111ary energy is
used on]y if the temperature of preheat tank is below the water heater set
point. Cold supp]y 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 line
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 4Q°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. ' ' '
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REMOTE SOLAR ASSEMBLY SITE DWELLING
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Figure 24-1, Hot Water Subsystem Diagram




The ﬁéinzcomponents of the domestic hot water system for System 4 are:

h

Item Description Qty.
f

Heat Exchanger ~ Halstead Mitchell, 1

| SW2-18-18-8

Preheat Tank © W. L. Jackson, 1

! rUC05225

Thermal Bleeder Valve  McMaster Carr, 1

4858 N 16
DHW Heater 30 gal 4.5k0 2

DHW Heaters *

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

L
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2,5 CONTROL SUBSYSTEM

Thé control subsystem provides the means to control the collector loop blower,

the load loop blower and the auxiliary heating unit.
'consists of the fo1low1ng component hardware

Item

AT:Control1ef No. 1
AT Controller No. 2
Storage Temp High

Limit Switch

Storage Temp Low
Limit Switch

Preheat Tank High
Limit Switch

Blower Relays (2)

Site Dwelling
|Thermostat (2 Stage)

~ Summer Mode Switch

TLansformer (2)

Pressure Relief Valve

Thermal Bleeder Valve.

ﬁescrigtion:

. Solar Control‘Corpy

Mod. 77-171%*

Solar Control Corp.
Mod, 77-171% -

ASCO Mod jQA/QF11A4
ASCO ﬁee‘10A/QF11A4
Grqinger“éé051
Honeyﬁé11 R8225D 1003

HoneyWe11’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. rise
Closes at 190°F on temp. fall

Opens at 95%F on temp rise
Closes at 90°F on temp. rise

Adjusted to open at 150%F
on temp. rise .

Coil operates on 24 VAC and

4sw1tch poyer»to the blowers

Contacts close in sequence
with temp. rise

Manually operated

Converts 120 VAC to 24, VAC
Valve opehs,at 185°F on rise

Valve starts to open ag 38°F
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 Table
- 2.5-1 shows the control component states for all possible modes of operat1on.

‘»jf-e*4Note: The controller is modified to eliminate the freeze and boi1 protect1on

features and to energize the control reIax witha- AT > 40°F and de-
~ energize ‘the control relay with a AT < 25°F

17
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y8l

Jable 2.5-1 System 4 Control Modes with Component States

Cont. “Summer Cont. Room
Mode Mode* | No. 1 | Mode No. 2 |Stor. Temp IPreheat Stor. Temp Temp. Therm.
(Relay) | (Switch (Relay) [Hi Limit  |Hf Limit |lo Limit | 1st Stage | 2nd Stage

Collector 1 C 0 - C c - 0 0

to 1 0 C C o C - 0 0
Storage 1 C c c c c - g 0
Collector to 2 C 0 - C C - C 0
Load ' ;
Collector to
Load with 2 s 0 - C ( C C 0
Aux. Heat
1st Stage
Collector to
Load with 2 ( 0 - C C - - C
Aux. Heat
2nd Stage
Storage to 3 0 - 0 i - - ( f 0
Load |
Storage to
Load with 3 0 - 0 - - (W C | 0
Aux. Heat
1st Stage
Storage to
Load with 3 0 - 0 - - - - c
Aux. Heat
2nd Stage

KEY: € - Switeh or relay centacts closed

0 - Switch or relay contacts open
- - Switch or relay contacts in either state
acceptable

* NOTE: Afr flow is per mode as shown in Figure 2.0-2 on page 6.

¢
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255;1‘ Co1iéctor Loop ‘Blower Control

] .Collecting Energy

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
gnergized when the temperature difference is 40CF 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 2009F or higher..

(3) The Preheat Tank High Limit Switch contact opens because the DHW
preheat tank is 140°F or higher.

‘T?ahsferring Energy

Energy is transferred from Fock bed storage to the domesticiﬁot water preheat

' ; tank when an excess of solar energy is available. This is accomplished by

~‘funning the collector blower. Since hot air from stdrages passes through the
- collectors on its way to the air-to-water heat éxchanger, energy will be lost
through the collectors. This mode of operation is therefore ‘not permitted in
the Spring, Fall and Winter -seasons. | U

~f | | L
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:]; |

Sl ! - SRS il e
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In the summer mode, a AT Controller, Controller No. 2, senses the temperature
difference between the bottom of pebble storage and bottom of the preheat tank.

The control relay within the controller is energized and deenergized to control
" the collector blower in the same manner Controller No. 1 does. Since the 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
blowerumotor. When switched to the alternate position, Controller No. 2 is dis-
abled. =

2.5.3 Load Loop Blower :Control

Heat 1s delivered to the site dwelling whenever the load loop blower is running
provided heat 1s either being collected or is available in storage. Heat is de-
1ivered exclusivelylfrom,storage when the first stage contact of the site thermo-
stat c]oses and the Storage Temperature Low Limit Control contact is open (top

of rock storage {s above 9Q°F). When 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 1s closed,
auxiliary heat will be supplied in addition to any solar heat available from
storage. L B '

2.8.4 Boil Protection -

A preéshre relief valve is used as a safety device to 1imit the pressure and
'temper&ture of the water in the preheat tank. This valve will open permitting
water ‘to drain from the preheat tank if the water temperature exceeds 1850F,

. 2
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2.5.5 Freeze Protect{oh

A freeze protection valve is used to protect the DHW heat exchanger from freez-
ing if the Remote Solar Assembly is imactive 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 is sized to
carry the site dwelling load independent of the solar capability.

System 4 design incorporates auxiliary heat in series with solar storage as
shown in Figure 2.0-1. Auxiliary heat in this configuration could be electric
strip heat, gas or o0il fired furnace. The load loop blower should be capable
of moving air through the auxiliary device; however, if the pressure drop is
excessive, another blower in series may be required. The operating tempera-
ture of this second blower motor in the load logp should be compatible with
the solar heated air that it will operate 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 conditioning, the heat pump or air conditioner would have to
be added in parallel with the solar heating system as shown in Figure 2.6-1,
The auxiliary heat in the parallel configuration would operate from the site
dwe11ing'thermostat second Qtﬁge contacts.
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3.0 SYSTEM PERFORMANCE

The performance .of any heating system is influenced to a large degree by the
integration of the system with the total building design and construction.
With solar heating systems, the type of auxiliary heating equipment will also
effect the overall system performance. In this section, the expected perfor-
mance for a particular Remote Solar Assembly, part number 7934940-2, when
installed at a particular site with its auxiliary heating system is described.
Then a technique for determining the size of the Remote Solar Assembly to
obtain the desired system solar heating fraction when used at any site lo-
cation will be presented.

3.1 SYSTEM PERFORMANCE AT DEMONSTRATION SITE

The Remote Solar Assembly which is to be used with the demonstration site
in C]inton, Missicsippi was fabricated with characteristics as follows:

Collector Area - 203 square feet (effective)
Pebble Storage - 113 cubic feet/5.4 tons
Collector Tilt - 45 degrees

Collector Azimuth - 0 degrees

Collector Loop Air Flow - 400 cfm

Load Loop Air Flow - 800 cfm

The optimum tilt angle for heating systems is the site latitude plus 10 to

20 degrees; however, tilt variations from the latitude to latitude plus 30
degrees will have 1ittle effect on the cost of energy delivered for heating.
This suggests that System 4 with the fixed tilt angle can be used effectively
at site latitudes up to 45 degrees. L
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Installation of the Remote Solar Assembly can effect the performance of the
system. The RSA should be oriented due south in a area free of shadows.
Variations of orientation up to 20 degrees from due south will not signifi-
cantly effect the overall system performance. Shading of the collectors

can cause a significant decrease in system performance and should be avoided.

The System 4 demonstration site in Clinton, Mississippi has a mean daily winter

solar insolation of 1140 Btu/Ft2 with heating load characteristics as follows:

2300

Yearly Heating Degree Days
Peak Heating Load
Average Annual Heating Load

Space Heating
DHW Heating
Hot Water Demand
i ‘ Water Set Temperature

Average Yearly Ground
Water Temperature

140
67

OF day
30,604 Btu

30.69 MM Btu

28.94 MM Btu
130 gal/day

°F

°F

The auxiliary heating equipment available at the site is as follows:

One (1) 15KW Duct Strip Heating Unit

Two (2) 30 gal DHW Heaters each with 4.5KW heaters

The performance parameters of this system with the
above is as follows:

% Space Heating Load Supplied by Solar
% DHW Load Supplied by Solar-
% Total Load Supplied by Solar
Maximum Electrical Enérgy

~Average Annual Auxiliary Energy
Domestic Hot Water Capacity

Maximum DHW Recovery Time

2%

TR T I T S A ¢ i e T A it g T r + S s S S L. e B T T

characteristics described
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- 63

- 48
- 25.5 KN
- 30.89 MM Btu
- 100 Gal
- 1.5 Hr.




DHW Minimuh Delivery Rate - 1.7 gal/min
% DHW-Load from Auxiliary - 37

Maximum Electrical Power to Drive Solar - 650 watts
Maximum Electrical Power for Total - 25.5 KW

System

Maximum Averagé Annual Electrical
Energy for Total System

10,720 KW Hr.

3.2 SYSTEM SIZING

The primary system parameters which determine the overall performance of
System 4 design at any given site are the collector area and pebble bed size.
A simplified procedure has been developed for determining the collector area
required to obtain the desired solar energy contribution necessary to meet
the total heating and hot water load. In this section, the development of
the simplified sizing procedure is described and then two example cases are
presented to illustrate its application. Sizing of pebble bed storage,
blowers, heat exchanger and domestic hot water tank is also discussed.

3.2.1 Description of Collector Sizing Technique

A curve of % solar contribution vs. the ratio Solar Incidence/Load was
generated by using the F-Chart analysis. Site UA values of 300 and 900
Btu/Hr. OF and collector areas of 135 and 339 square feet were used to
determine the % solar fraction that can be obtain from the four combi.
nations of these paraméters-for the following cities:

25



City Latitude
Birmingham, Alabama 33.34
Boston, Massachusetts 42,22
Forth Worth, Texas 32.50
Jackson, Mississippi 32.19°
Mpls. St. Paul, Minn. 44,53°
Nashville, Tennessee 36.07
New York City, NY 40.46°
Omaha, Nebraska 41,22°
Washington, DC 38.51°

The curve obtained from this data is shown in Figure 3.2.1-1.

fhis curve can be used to either predict solar contribution for a particular
system or calculate the area of the collector array necessary to obtain the

desired performance. To obtain % solar contribution, the ratio Solar Incidence/

lLoau (R) must be calculated and then the system performance (% Solar) can be
read directly from the curve. To obtain the area of collector array reqguired
for the desired system performance (% Solar), the R value must be obtained
from Figure 3.2.1-1; the total annual load calculated; the solar 1nc1denre/1t
/«alcu1ated and the following equation should be used: '

A= R Total Annual Load 2
Solar Incidence/ft

where

>
]

effective area of collector array
ratio annual solar incidence/total annua1 load obtained
from Figure 3.2.1-1.

~
1
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This technique is intended for rough system performance estimates and system
sizing. When determ1n1ng a system size, the economics of system costs vs.
yearly savings should be evaluated; however, this is beyond the scope of this
exercise. The inaccuracies of this technique are not considered a serious
problem because small variations from the optimum system size have little
effect on the system economics. When economics of the system is considered
critical in the sizing of the system, the use of the FCHART method as described
in reference 4 is recommended.

Example 1

Let us assume'tﬁatjone desires to determine the % Solar contribution that can
be obtained from a system with 203 square feet of collector area when used with
a dwelling with a UA value of 556 (given by dwelling architect) located in
Nashville, Tennessee. The average daily domestic hot water consumption is
estimated to be 75 gallons per day, and the DHW heater temperature control

will be set at 140°F.

The system space heating load can be calculated by multiplying the UA value
times the local degree. day value. Degree day value is found in reference 1
to be 3696. L

Space Heating Load = 556 x 3696 = 49.3 MM Btu

The syStevaHw load can be calculated from the daily water consumption rate,
the ground water temperature, and the DHW heat set point temperature. The
average annual ground water temperature is required. This temperature is

close to the average annual air temperature which is available from reference 3
The annua1 DHH load can be calcu]ated as follows:
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‘ Specific Heat Avg. Annual Temp
Loadp, -[?earIy DHW Consumption (#/Yr)|x| of Water x)|Deliverable Water] -
[Avg Annual Temp
Water Main
Loadp,, [75 Gal/Day x 365 Days/Yr x 8.34 #/Gal]x[] Btu/#oF] X [140°F - 59.4° ]

Loadp,, = 18,40 MM Btu/Yr

The total annual heating load is found by adding the Space Heating Load and
DHW load together. :

Total Heating Load = Space Heating Load + DHW Load
Total Heating Load = 49.3 + 18.4 = 67.7 MM BTU/Yr.

The average annual incidence radiation can be calculated by first obtaining
the monthly average daily total radjation on the horizontal surface, Tﬁ and
monthly Kt value from Table A-4 in reference 2. Knowing the collector tilt
(0 = 45 degrees), the latitude of the site (8 = 36 degrees), and the monthly
Kt values; monthly R values can be obtained from Table A-5 of reference 2.
Monthly average daily rgdiation on the ti]ted‘col1ector array, IT’ is calcu-
lated by multiplying IH'vaIues by R values. Columns I-IV of Table 3.2.1-1
were generated in this manner. To obtain the total average insolation per
month, the monthly average daily radiation on the tilted collector array (1)
values are multiplied by the number of days in each month to obtain the total
average insolation per month (S). Columns V and VI were generated in this
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Table 3.2.1-1  Incident Solar Radiation

oc

1 8 30 v v i
Month- T, (Btu/bay Ft°)  E, R T, (Btu/Day Ft°) N Days/Mo S Btu/Mo. Ft®
 dan 589.7 0.373  1.48 '872.8 31 27,055
 Feb 907.0  0.440 1.3 2426 28 34,793
Mar 1246.8 0.472  1.16 1446.3 N 44,835
mr662.3 0.514 0.9 1578.2 30 47,376
My 1997.0 0.55  0.82 1637.5 3 50,764
dun : - 2149.4 0.573  0.76 ©1633.5 30 49,006
W 2079.7 0.565  0.79 1643.0 .31 50,932
Aug i 1862.7 0.554  0.89 1657.8 o 51,392
Sep 1600.7 0.55 1.8 1728.8 30 51,863
Oct 1223.6 0.540  1.34 1639.7 31 50,828
Nov 823.2 0.454  1.47 1210.1 30 36,303
Dec 614.4 0.426  1.59 976.9 3 30,284
Dec . 2 ’ -
Jz;rsr = Total Annual Insolation/Ft™ of Collector = 525,431




-~ manner. Finally to obtain the total average insolation per year, the monthly
values of S are added. For the example problem, this value is 525,431
BTU/Ft2 year. The total insolation per year that is available on the col-
lector array is the insolation value per square foot times the effective
collector area.

525,431 BTU/Ft2 Yr x 203 FtZ

Annual Solar Incidence

Annual Solar Incidence = 106.67 MM Btu/Yr.

The ratio, Annual Solar Incidence/Total Annual Heating Load, is therefore
106.7/67.7 = 1.6

Using the curve of Figure 3.2.1-1 gives a 38% -Salar contribution.

3.2.2 Collector Array Sizing

The technique described in Section 3.2.1 will now be used to determine the
size of the Remote Solar Assemly required for a particular application.

Example 2

Let us assume one desires to determine the required collector array area that
is necessary to provide 50% solar contribution to the total annual heating
load. The site dwelling has a UA = 556 (given by dwelling architect) and 1is
Jocated in Nashville, Tennessee. Thé‘avarage daily domestic hot water con~
sumption is estimated to be 75 gallons per day and the DHW heater tempera-
ture control will be set at 140°F. |




To obtain the area of the col1ector.‘we'soive for A in the equation.

Total Annual Load
Incidence/Ft2

A = R x

Using the curve of Figure 3.2.1-1 with 50% Solar, we find R to be 2.25.

Since the UA value, site geographical location, DHW consumption and DHW heater
set point are all identical to Example 1, the total annual heating load will be
the same (67.7 MM BTU/Yr.); and therefore, it will not be recalculated here.

Since the site location, collaction ti1t (always 45° for the Remote Solar Assembly)
are fdentical to Example I, the total annual installation per square foot of col-
lector can be takeh from Table 3.2.1-1 (525,431 BIU/th Yr. or .525 MM BTU/Ft2 Yr).
The total annual insolation will therefore not be recalculated here.

Solving the equation above gives:

67.7
L 07.7 - 290 Ft
A = 2.25 g

2

The collector array sizes for the modular designed Remote Solar Assembly are
‘varied in 68 square foot increments (4 collectors) starting with the smallest
~unit 135 square feet (8 collectors). Possible array sizes are therefore

135, 203, 271 and 339 square feet. Since the closest collector array sizes

for théwhodu1ar designed Remote Solar Assembly.are 271 and 339 square feet,

one must decide whether a solar fraction slight larger or smaller than the 50%
value is acceptable. Using the above equation and solving for the annual solar
incidence/total annual load ratios for 271 square foot and 339 square foot col- |
lector array gives: v ‘ '
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525,431 BTU/FtoYr x 271 Ft
67.7 MM BTU/Yr

(2N th Coilector Array)

) 525,431 BTU/Ft2 Yr x 339 Ft°
Collector Array) 67.7 MM BTU/YY'

(339 Ft = 2.5

Using the curve of Figure 3.2.1~1 to find the % solar for the 271 square feet
and 339 square foot collector array gives: '

2

271 Ft® collector array -~ 48%

2

339 Ft© collector array - 56%

3.2.3 Pebble Bed Storage Sizing

The Remote Solar assembly modular design is based on maintaining a storage
capacity of slightly higher than 10 BTU/OF th. Storage size therefore
varies with collector array size as follows:

Storage Capacity

Collector Area Volume Mass
135 75 Ft3 3.6 Ton
203 - - : 112.5 Ft3 - 5.4 Ton
271 150.0 7.2 Ton
339 187.5 9.0 Ton
33
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3.2,4 Blower Sizing

The collector loop and load loop blowers are identica1 b]oWerérthat are
capable of delivering varying amounts of‘air flow. A performance curve for
the blower is contained in Figure 3.2.4-1. Amount of air flow can_bé varied
by adjusting the speed of the blower. This is accomplished by adjusting the
split sheave on the blower motor to vary the pulley ratio between motor pulley
and blower pulley. ' o ’

The collector loop air flow should be adjusted tc maintain a flow equal to
2 cfm per square foot of effective collector area.

The load loop air flow should be adjusted to maintain a flow which produces ap-
~ proximately six (6) air change per hour to the load volume.

The blower is considered adequaté fb? any Remote Solar Assembly size; however,
the blower motor and pulleys may have to be changed to obtain the desired
blower speed. Blower motor power may exceed the 1/4 and 1/2 horsepower rating
of the collector loop and load loop motors. A higher horsepower rating should
be selected in the same frame size if a higher horsepower rating is required.

3.2.5 Heat Exchanger Sizing - The heat exchénger described in Section 2.4 is
adequate for all Remote Solar Assembly variations. ‘ o

3
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3.3  PERFORMANCE SUMMARY

The system with the Remote Solar Assemb1y is designed to operate in any
region with a latitude less than 45 dégrees; In regions with high heating
1oads;f6500 degree days or higher, the system becomes excessively large.

A Remote Solar Assemlby with an effective collector array size of 339 square
feet is 30 feet long. Systems larger than this are considered too large to
be compatible with the small single family dwelling applicaton.
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4.0 SYSTEM OPERATION AND MAINTENANCE
4.1 OPERATING DESCRIPTION

System No. 4 is an air-operated solar space and-domestic hot-water heating
system. The system operates in any one of three modes of operation as shown
in Figure 2.0-2. The operation of the system is described for each of these
three modes as follows: |

Mode I - Collector to Storage

Normal Mode

The system operates in this mode when solar heat is available in the solar
~collector, but is not demanded by the heating load. Operation begins when
~air at the collector air outlet is heated by the Sun's radiation to a

temperature which is 40%F or higher than the temperature at the bottom of

stdragg. The relay in Controller No. 1 closes as shown in Figure 2.5-1,

completes the collector blower control circuit and therefore picks the

blower relay which applies power to the collector blower. Operation is

terminated if the air temperature difference between outlet from collec-

tor and bottom of storage decreases to 25%F or less. Also, if either

rock storage or preheat tank temperatures exceed 200 or 140°F respectively,

the collector loop blower circuit will not be completed and the blower and

control damper will not operate.

Summer Mode

A summer mode switch as shown in Figure 2.5-1 introduces a second contro-
ler, Controller No. 2, into the collector blower control circuit. This
controller is identical to Controller No. 1. The relay within this con-
‘troller is installed electrically in parallel with the relay in Controller
No. 1. The relay closes when the air temperature at bottom of storage
is 40%F or higher than the water temperature at the bottom of the preheat
tank. Operation of the collector blower can be initiated by either con-
troller. Operation is terminated when the~control‘temperature difference
for both controllers is 25°F or less. Rock,storage or preheat tank tempera-
tures also Can terminate collector blower operation in the same manner

- described for the Normal Mode above. | -

Operation of the collector loop blower as described for this mode 9¢o11ector to
storage" is independent of any other mode. '
; , 4.




Mode II - Collactor to Load

The system operates in this mode when solar heat is available at the
collectors and heat is demanded by the heating load. Operation in
this mode requires that heat be available from the collectors as
described for Mode I and also that heat be required by the load. The
collector loop blower and control dampers are operated in the same
manner as described for Mode I. The load loop blower and control dam-
per must also be initiated in this mode. This is accomplished by the
first stage contacts of the site dwelling thermostat which will close
when heat is required.

The air flow in the collector and load loops is 400 and 800 cfm respec-
tively. In this mode, since only 400 cfm is available from the col-
lectors, the balance of the air, 400 cfm, is drawn through storage.

Auxi]iary heat can be supplied in this mode if either the storage tempe-
rature low 1imit control contact closes or the site dwelling thermostat
second stage contacts closes. The latter condition occurs when heat
subp]ied from solar is insufficient to meet the thermal load.

Mode IIl - Storage to Load

The system operates in this mode when heat is not available at the col-
lectors but heat is demanded by the heating load. It does not matter
whether or not heat is available in storage because air to the load
always passes through storage. When the storage temperatufe drops
below 90°F, auxiliary heat is called for by the site dwelling thermostat

first stage contacts, while air continues to pass through storage allowing

storage to be depleted of heat.
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4.2 MAINTENANCE

System 4 shall be inspected quarterly and routine maintenance performed at
that time. Larger maintenance tasks such as repairing rain water leaks into
the collectors, replacing a back draft damper or replacing the thermal bleeder
valve, shall be scheduled for the earliest possible completion.

4.2.1 System Control

If the system fails to bperate the schematic, Figure 2.5-1, shall be used

to troubleshoot the control circuits. Each control element in the collector
and Toad blower control Toops can be opened or jumpered as necessary to 1o~
cate the malfuntion. ‘

Performance of Controllers No. 1 and 2 shall be evaluated with a spare set of
temperature sensors. The}40°F "on" and 25°F "off" control temperature dif-

- ferences shall be evaluated with controlled environments. Faulty controllers
shall be returned to the manufacturer for repair. ‘

4.2.2 Blowers

Blower "V" belts shall be inspected for proper tension and excessive wear. A
belt has proper tension when a force of approximately ten pounds applied to the
‘mid span of the belt in the direction of the apex of the "V" produces a ‘
1/2 inch deflection. Tension adjustments can be made by adjusting motor

swivel base to shorten or lengthen the pulley to pulley spacing. Excessive
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wear on the belts can be detected by highly glazed surface and deep cracks
in the inside of the belt. Tension adjustments and belt replacements shall
be made as required. The belts for the collector and load blowers are
4L360 and 4L440 respectively. e

Blower motor bearings shall be lubricated with 30 weight non detergent lu-
bricating oil by applying several drops of o0il in each of the two oil cups
on both of the two blower motors at each inspection.
E .

The b]owek wheel bearings are sealed ball bearings lubricated for the life
of the bearing; therefore, no maintenance is required. The blower is nor-
mally extremely quiet. If during servicing a growlling or squealing noise
is heard, the insulation and ducting should be removed and the bearings in-
spected. B

Replace both bearing if either is faulty or if in doubt. Use Lau replacement
bearings part no. 38-2588-01 (a pair of bearings) or equivalent.

Blower speeds are initially set to obtain 400 cfm in the collector loop and

800 cfm in the load loop. Adjustment in blower speed can be made by adjusting
the variable pitch sheaves on the motor shafts. Air flow in the collector

loop should be maintained at 400 cfm. Air flow in the load loop may be changed
to meet installation requirements. A minimum speed variation is available with
the existing split sheave on the motor. Other pulleys can be used to make
b]ower:speed adjustments. Nhen adjusting blower speed, the current drawn by
the motor should be monitored and the rated current of the motor should not be
‘exceeded. A higher horsepower motor in the same frame size could be used if
 necessary. |
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4.2.3 Dampers

The two back pressure‘dampers and two control dampers contained in the
Remote Solar Assembly shall be visually inspected by removing the access
plugs in the duct insulation and viewing the dampers by shining light
through the transparent lexan port covers.

Back Pressure Dampers

Any deterioration in the back pressure damper fabric blades shall be corrected
by replacing the blade or the whole damper assembly. Replace with identical
hardware (see design description drawing 7934983).

Cbntro1 Dampers

Damper blades shall open fully so that the blades are parallel with the air
flow. When closed, the damper blade seals shall fit tight. Impropeb opening
and closing of the control dampers shall be corrected by adjustihg the
linkages between motor crank and damper crank and/or by adjusting spring
tension. See illustration showing linkage installation in the appendix.

“When blade edge'and side seals show sufficient wear to cause leaks, the
seals or complete damper shall be replaced. See the sheets in the appendix

‘which describe this item.

4.2.4 Water Leaks

~Collector Array

'_The"c011éctor arbay shall be inspected for water leakage. Leakage may be into
'the Remote Solar ASsemb1y or into the collectors. Leakage between collectors can
be detected by observing thé insulation on the back side of the collectors for
wet spots and/or water stains. Water leakage into the collectors can be detected
~ by visible water condensation on the inside surface of either the first or second
" glazing. Either of these two types of 1eaks'sha11,be,repaired by removing cap
strips, cleaning hardware and reassembling cap strips per drawing 7934940. Col-
lector glazings, cap strips and rubber seals shall be cleaned with a cloth uSing

detérgent and water. 41




Plumbing -

AIIVDHw plumbing shall be inspected for leaks. Leakage can be detected by
wet spots or water marks on the floor of the Remote Solar Assembly and/or
in the plumbing insulation. The source of any leakage shall be localized
and repairs made.

Drain pipes shall be inspected for valve leaks. Washers shall be replaced
where peceésary in leaky shut-off valves. A leaky thermal bleeder valve
should be checked for debris that may prevent valve from seating properly.
Thé'va1ve seat should be cleaned of debris, the valve seat repaired to elimi-
nate erosion grooves or the valve should be replaced.

4.2.5 Maintenance Personnel

Maintenance and repair work shall be performed by qualified personnel. The
skills required to service the system are listed below.

Task - Personnel

Repair plumbing leaks Plumber

Repair or replace dampers Tin-Smith

Inspect and service blowers Heating and Ventilating Technician
Troubleshoot system failure Heating and Ventilating Technician

Most heating and ventilating firms would have the necessary skilled personnel
to service the system.




5.0 INSTALLATION
5.1 COLLECTOR SUBSYSTEM INSTALLATION

For optimum results, the collector array should be"%nsta]]ed facing south.
Variations up to 30% toward east or west, however, would decrease system
performance by only 2%. ‘ The tilt angle for System 4 is fixed at 45% when the
base of the Remote Solar Assembly is leveled. The array must be installed

in an area free of shadoWs from trees or other objects.

Installation of collectors on the System 4 Remote Solar Assembly is similar

‘to the installation shown in Figure 5.1-1 except that the collectors are
assembled over 2 inch thick rigid isocyanurate foam insulation, Upjohn CPR9545,
and secured to the aluminum rafters as shown in IBM drawing 7934940.

Manifolding of air between collectors is accomplished through gasketed ports
between collectors. Unused ports are sealed off by capping plates. The in-
let and outlet air openings in the collectors to fastened ducting are sized
for the air duct leading to and from the collector array. Attachment of
ducting to the collectors is accomplished as shown in Figure 5.1-2.

5.2 STORAGE SUBSYSTEM INSTALLATION
The following hardware is installed in the Remote Solar Assembly in accord-

ance with assembly drawing 7934940 to generate the pebble bed storage sub-
system for System 4. |
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Figure 5.1-1, Collector Installation
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NOTE:

TILT PANEL TO ALLOW ACCESS

FOR CUTTING HOLE IN BOTTOM

(DUCT CONNECTION). DO NOT

INVERT PANEL. GLASS IS NOT

CLAMPED IN PLACE AND COULD I e e
DROP FROM FRAME WITH

IMPROPER HANDLING.

LAY BEAD OF DOW-CORNING
CAULKING No. 781 UNDER e
COLLAR FLANGE FOR
AIRTIGHT SEAL.

£74

SEE COLLECTOR ARRAY
INSTALLATION PLAN FOR -

HOLE SIZE.
-£ !
STARTING COLLAR e
(with FLANGE) FOR N S &
FLEX-DUCT CONNECTION. e — _ |
CLAMPING RING FOR -~

SECURING FLEX-DUCT
CONNECTION TO COLLAR.

Figure 5.1-2, Duct to Collector Installation




Part Number

Item or Description Qty.

Side Panel 7934936 6

Top End Panel 7934937 2

Top Center Panel 7934939 1

End Panel 7934938 2

Plate 7934981 8

Angle 7934982 2

Grating Assembly 7934976 3

Base Insulation 7934948 3

Steel Band .02 "thick x 5/8" wide AR

Self taping screws 10-24 1/2" long 92

Silicone Rubber Sealant RTV 77 AR
Silicone Rubber Sealant RTV 3110 AR

Pebbles 3/4 to 1 1/2 diameter (1) AR (approx.

5 1/2 ton)

Air Deflector Perforated sheet (2) 1

Six side panels, 7934936, are first assembled into the Remote Solar Assembly
structure using eight plates, 7934981, and screws, to fastened the panels at
the top to vertical “I" beams within the structure, 7934975. The panels are
fastened at the bottom to structural channels at the base of the RSA structure
with screws. End panels, 7934937, are then assembled using plates, 7934981, and
screws to fastened.the panels at the top to "I" beams within the structure.

The panels are fastened at the bottom to an angle, 7934982, which is fastened

to the base of the RSA structure.

(1) Rounded pebbles washed clean

(2) Sheet size 24" x 24" x (.03" to .060" thick)
.25 to .38 diameter holes in sheet, 20 to 30% open
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After side and end panels are installed, three insulation batts, 793448, are
laid over the base p1ate of the structure in the area enclosed by the panels
and three grating assemblies are installed. The mounting feet of the grating
assemblies must rest on the base plate of the structure, so the insulation
batts must be cut to fit around the mounting feet.

Three steel bands 0.020 "thick by 5/8" wide are installed around the side and
end panels and stretched to obtain 600 pounds tension in each band.

The center top panel is next installed using plate, 7934981 to fasten the top
panel to the side panels and the "I" beams within the structure, 7934975. Sili-

~ cone rubber sealant RTV77 is applied to the joint between the top panel and

side panel to maintain an air tight seal. The end top panels are next in-
stalled using plates 7934981 to fasten the end top panels to the side panels,
end panels, center top panel and the vertical “I" beams within the structure.
Silicone rubber sealant, RTV 3110, is applied to all sealing edges of the
panels to form and air tight seal between panels. The adhesive properties

of the RTV 3110 are such that the end panels can be removed for access for
fi1ling and removing pebbles. Any RTV 3110 that remains on the surface of
the panels can be easily peeled off by hand.

The air deflector plate is pﬁaéed on the top surface of the pebble bed and
cenitered under the top center air opening before the last top cover is in-
stalled. o R |

5.3 ENERGY TRANSPORT SUBSYSTEM INSTALLATION

The energy transport system is installed within the Remote Solar Assembly

except for the ducting in the load loop between the RSA inlet and outlet

ducts and the site dwelling heating system ducts.

The two blowers are installed by attaching them to the structural "I" beams

‘within the RSA by using 2.0" x 2.0" x .12" aluminum angle and .25" aluminum

plate as shown in Remote Solar Assembly drawing 7934940,
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Ducting is installed between items such as collectors, storage, blowers
and heat exchanger using sheet metal screws. Ducting is supported by over-

head structure in the RSA using metal straps or by the flooring in the RSA
using structural angle fastened to the ducting to serve as supports. All
joints in the ducting are sealed with RTV 140 sealant.

Control dampers are mounted in the 14" square duct using sheet metal screws.
RTV 140 sealant is used to seal between the damper frame and duct. The
control motor mounts external to the duct on a bracket fastened to the duct.
Linkages between the damper and control motor are installed as shown in the
appendix.

The back draft dampers are installed in horizontal runs of the 14" square
duct using sheet metal screws. RTV 140 sealant is used to seal between
the damper frame and duct.

The balancing dampers are installed in the 12" diameter round ducts using
sheet metal screws. RTV 140 sealant is used to seal between the damper
frame and duct.

5.4  DOMESTIC HOT WATER SUBSYSTEM INSTALLATION

The preheat tank air to water heat exchanger thermal bleeder valve, inter-
connecting piping, drain piping, and shut-off valves are installed in the
Remote Solar Assembly in accordance with assembly drawing 7934940. The
domestic hot water heater is considered part of the QXisting sitekplumbing.

It is connected to the preheat tank with 1/2" CPVC piping so that it draws its
supply water from the preheat tank. A bypass valve is installed around the
domestic hot water heater so that supply water can be directed to the heater if
the preheat tank is disabled. The System 4 domestic hot water system overall
plumbing installation configuration is shown in System 4 Design Description
drawing 7934983. A1l piping in the RSA and between the RSA and the site
temperature controlled area is insulated with 3 inches'ofturethane foam to
obtain a R-20 or better. : | |
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One mounting surface of the air to water heat exchanger is fastened to the
center top thermal storage cover panel with self tapping screws. The other
mounting surface of -the heat exchanger is fastened to a sheet metal duct
adapter with sheet metal screws.

The preheat tank is installed on a shelf in the RSA several feet above the
heat exchanger. The base of the preheat tank is bolted to the shelf. A
3 1/2 inch thick blanket of fiber glass insulation is wrapped around the
preheat tank to add additional insulation. )

The thermal bleeder valve is installed in the one inch copper line between
the preheat tank and the heat exchanger. Pipe unions are installed in the
lines at the heat exchanger and preheat tank to facilitate removal.

5.5 CONTROL SUBSYSTEM INSTALLATION

The control subsystem is installed within the Remote Solar Assembly except for
the Site Dwelling Thermostat and the Override Switch. Each of the control sub-
system components are physically installed as described below and wired as shown
in drawing 7934983. o |

5.5.1 AT Controllers

The two AT controllers are mounted on the back side of power control panel
which is immediately inside the entry door.

Controller No. 1 - One sensor is mounted on the back side of the air duct in the
top collector which is located fourth from the west wall. An opening is pro-
vided in the air duct attached to this collector for access to the sensor. In-
sulation must first be removed from the duct and then a cover panel removed to
gain access. The lead wires from this sensor are attached to terminals 4 and 5
on the outside of the controller. The other sensor is inserted into the storage
~ high temperature 1imit switch probe tube wh1ch_is ]otated as described below.
Lead wires from this sensor are attached to terminals 5 and 6 on the outside of

the controller.
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Controller No. 2 - One sensor is mounted in the thermosyphoning return line
by drilling a 3/16 inch hole in copper tubing inserting a neoprene rubber "Q"
ring over the forward portion of the sensor, inserting the sensor into the
tubing and clamping the sensor to compress the "0" ring with a radiator hose
clamp. The lead wires from the sensor are attached to terminals 5 and 6 on
the outside of the controller. The other sensor is inserted into the storage
high temperature 1imit switch probe tube in the same location as one of the
sensors for Controller No. 1. The lead wires from the sensor are attached to
terminals 4 and 5.

5.5.2 Storage Temperature High Limit Switch

The Storage Temperature High Limit Switch is mounted by means of a bracket to

a stud within the Remote Solar Assembly near rock storage. The sensing element
of the switch is a thermal bulb with 6 feet of capillary tubing between the
bulb and body of the switch. The bulb is inserted into rock bed storage at a
point which is 4 inches up from the bottom level of pebbles near the center

of the bed. A 1/2 inch diameter hard-copper tube with small holes near the end
of the tube to facilitate air flow is inSta11ed in the rock bed when the bed

is being filled with pebbles. This tube facilitates insertion and removal of
the sensing bulb into and from the rock bed after the bed has been filled with
pebbles. View K-K and detail P of drawing 7934940 show the Storage Temperature
High Limit switch installation. ' ‘

5.5.3 Storage Temperature Low Limit Switch
The Siorage Temperature Low Limit Switch insta]]ation is identical to the
Storage Temperature High Limit Switch above except that the sensing bulb is

located at a point 4 inches down from the top level of pebbles.

5.5.4 Preheat Tank Hi Limit Switch

The Preheat Tank High Limit Switch is installed on the Preheat Tank in the
location of the upper heating element control thermostat. Both heating‘ele-
ments and the lower control thermostat are removed from the preheat tank -
which was purchased as a DHW heater. - )
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5.5.5 Blower Relays

The b1ower relays are mounted on standard electrical outlet boxes. The boxes
are mounted to studs in the Remote Solar Assembly in close proximity to the
blowers. One hundred fifteen volt (115V) AC service to the outlet box is
routed in rigid conduit from the circuit breaker box. Wiring from the relay/
outlet box to the blower is routed in flexible metal conduit.

5.5.6 Transformers

‘One of the two control voltage transformers is mounted in the Remote Solar
Assemb]y. The other transformer is considered part of the existing site
heating control system. It will therefore be located within the site
dwelling.

5.5.7 Site Dwelling Thermostat

The Site Dwelling Thermostat is considered part of the existing site héatihg
control system. It will therefore be located within the site dwelling.

- 5.5.8 Pressure Relief Valve

The Pressure Relief Valve mounts in the upper side of the Preheat tank in
the opening provided in the tank for the pressure relief valve if the tank
were used as a domestic hot water heater.

5.5.9 Thekmal Bleeder Valve

The Thermal Bleeder Valve is installed in the cold water side of the heat
exchanger. The valve is installed with a Tee in the one-inch diameter

- copper tube line. A 3/4 inch diameter PVC tubihg is attached to the drain
port of the valve to carry away drain water.

5.5.10 Summer Mode Switch

The Summer Mode switch is physically installed on Controller No. 2‘which,
is 10cated on the back side of the_power’contro] panel immediately inside
the entry door. 57




5.6 AUXILIARY HEATING SUBSYSTEM

The auxiliary heating subsystem shall be installed in the sitg dwelling in accor-
dance with local codes. Figure 2.0-1 shows the preferred 1océtion of the auxiliary
heating subsystems. In this configuration, the auxiliary heat subsystem is in-
stalled in series with the solar subsystem. It is expeéted that the solar load
blower is adequate to provide the air flow desired in thé load loop. The blower
in the auxiliary heating system shall therefore be removéd. If however the
pressure drops through the load is excessive, the auxiliary heating system blower
shall be operated in series with the solar load loop blower. In the later case,
an additional relay shall be added in the load loop control circuit. The coil of
this relay shall be wired in parallel with the existing Toad loop blower relay.
The operating temperature capability of the auxiliary heating system blower shall
be compatible with the solar heated air environment or be replaced with one that
is. :

If the system were used with a heat pump or if the heating ducts are also to be
used for air conditioning, the heat pump or air conditioning, the heat pump or
air conditioner would have to be added in parallel with the solar heating system
as shown in Figure 2.6-1. A control damper and back draft damper identical to
those described in section 2.2 are required to separate the solar system from
the auxiliary heating system. The control damper and auxiliary heat would be

‘controlled by the site thermostat second stage contacts and by the air condi-

tioner contacts.

5.7 REMOTE SOLAR ASSEMBLY INSTALLATION

5.7.1 RSA Module

The Remote Solar Assembly module shall be installed on the concrete pad described

| ~in Design Description Drawing 7934983. The requirements for transporting and
~ lowering the RSA to the pad are also described in 7934983.
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The RSA shall be anchored at gusset plates located inside at the four corners
of the base frame. One half inch diameter machine bolt anchors shall be
centered on the ‘holes in the gusset plates and installed 2 inches deep in the
. concrete pad. Large washers shall be used when installing the bolts to com-
_ pensate for the oversized clearance holes in the gusset plates.
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5.7.2 Rock Storage Filling

The top west-side storage panel, 7934937, shall be removed. Washed pebbles
0.75 to 1.5 inch diameter shall be installed over the top of the grating to a
level 6 inches from the top inside surface of the storage bin. The site in-
strumentation temperature measurement tubes for T200, T201 and T202 and the stor-
age high and low temperature 1imit switch probe tubes shall be inserted as shown
in drawing 7934940 while storage is filled. The air baffle plate, described

in drawing 7934940 shall be placed over the top layer of stones and the top

panel shall be reinstalled. RTV 3110 shall be applied to mating surfaces of

the cover to obtain an air tight seal. Machine screws, 10-24 x 1/2 long round
head, shall be used to hold the cover in place.

. 5.7.3 RSA Electrical Ground

The Remote Solar Assembly main structure shall be grounded to earth with an

8 foot long by 0.50 inch diameter grounding rod with a number 2 AWG bare copper
wire instaT]ed from rod to structur:. Use Graybar GR128 rod, with ABS 12
safety rod clamp or equivalent. : '

%
;
{
;

5.7.4 RSA to Site Dwelling Interconnections
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5.7.4.1 MWater Connections

Cold water SUpp]y,'hdt water return and pressure drain lines shall be installed
~ between the RSA and attach points within the site dwelling as follows:
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Cold water supply - 3/4 inch PVC tubing
Preheat hot water return - 1/2 inch CPVC tubing
Pressure drain - 3/4 PVC tubing

A1l lines shall be insulated R-20 or better. Insulation shall be covered with
a weatherproof cover. Lines shall be physically supported to insure excessive
stresses are not developed. Drain valves shall be installed at low points in
the lines to facilitate draining.

5.7.4.2 Air Ducts

Supply air and return air ducts shall be 14 x 14 inches or have equivalent
flow characteristics. Ducts shall be insulated R-20 or better. The insula-
tion shall be covered with a weatherproof cover, Duct joints shall be sealed
to eliminate all potential leakage. Ducts shall be physically supported to
insure that excessive stresses are not developed.

5.7.4.3 Air Filters

One inch thick dust - stop replaceable filters shall be installed in the re-
placeable filters shall be installed in the return air registers.

5.7.4.3 Electrical Power Service
A 100 amp electrical service line shall be installed to the RSA. The service
~1ine shall be connected to the master control switch on the power control

panel. The electrical service installation shall meet local codes and UL
“requirements.
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6.0 REMOTE SOLAR ASSEMBLY TRANSPORTABILITY REQUIREMENTS

The fol]owidg transportability requirements apply to the Remote Solar Assembly,
7934940, hereafter referred to as the RSA.

6.1 PREPARATION FOR SHIPMENT

Before 1ifting the Remote Solar Assembly for’trai1er loading operations, the
following shall be performed:

1) Remove the west cover panel from the pebble storage enclosure,
remove pebbles and reinstall cover panel. The sealant should
not be applied to the panel when reinstalled.

2) Drain the preheat tank.

3) If the Remote Solar Assembly is to be shipped during freezing
weather, blow all water from preheat tank, heat exchanger,
valves and pipes.

4) Secure the preheat tank for shipment.

5) Remote SDAS and ship separately.

6.2 LIFTTNG AND LOWERING REQUIREMENTS

When 1ifting or lowering the RSA from or to its mounting pad, the fol]owing'
requirements app1y:

1) The RSA sha11 be lifted by app1y1ng forces to the base frame
at six po1nts.
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2)

3)

4)

The 1ifting points sha11 be the two outside and middle 1ifting
sockets at the north and south side of the RSA as shown in
Figure 6.2-1,

When 1ifting or lowering the RSA, all 1ifting points shall be
moved together such that all points remain in a plane within

1/4 inch.

OQutrigger bars may be inserted into the 1ifting sockets to obtain

jack clearance as necessary to facilitate 1ifting. The 1ift points -

on the outriggers shall be as close to the RSA frame as possible
to minimize torsional loading on the base.

The RSA shall be Towered either to beams on the transporter as
described below or a concrete slab as described in Design
Description Drawing 7934983,

6.3 TRANSPORTER REQUIREMENTS

When moving the RSA by transporter, the following requirements apply:

1)

2) -

3)

s

A 1ow-boyksemi-tréi1er shall be used to minimize overhead
clearance problems.

The base of the RSA shall be supported by four (4) 6" X 6"
wood beams running crosswise on the trailer. The mounting
surfaces of all the beams shall be in a plane within 1/4 of an
inch. ' ' | -

The RSA shall be securely tied to the tra11er frame at each'

'of the 6 1ift sockets described above.

The transporter maximum Speed'sha11 be 1imited to 40 mph
to minimize emergency stop inertia loads on the RSA.

N
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5)

6)

Bumpy roads shall be avoided. When crossing bumps (existing at
railroad crossings, etc.), the speed shall be reduced to 5 mph
or less as deemed necessary.

‘Tire air pressure shall be lowered to the minimum safe pressure

to obtain a soft ride.
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4. Beckman, W. A., Klein, S. A., and Duffie, J. A., "Solar Heating Design
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SOLARON COLLECTOR PANEL DETAILS

DOUBLE GLAZED PANEL
(TEMPERED GLASS) ABSORBER

PLATE

% |
/4 !
/ INSULATION i
\ / . 3
MANIFOLD
MAM,OLDJ PORT(TYP,OF 6)
AREA

3-0'wxe-6"Lx7Yan
NOTE: AIR FLOWS THRU THE

1
!
i
PANEL DIMENSIONS . =)
i
]

c ELS BENEATH
COLLECTOR PANEL 7:: "A:S‘bﬂ BER PAL ATE
FIGURE 2 COLLECTOR : FIGURE 3 COLLECTOR MANIFOLD

e S

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 manifolding allows the Solaron collector to be completely modular. Factory pre-
assembled collector pancls are plugged into each other with a minimum of instaliation time. Air inlets
and outlets are field cut into each collector array as required. The Solaron solar collector is designed
for installation on any structurally sound surface, such as a roof, wall or specially made supports.

The Solaron solar collector has the following general construction characteristics:

Absorber: 28 gauge steel with porcelain enamel coating.

Glazing: Two 1/8" sealed special low iron tempered glass panels with a long
life EPDM perimeter gasket. Glass plate can be easily removed for
service or replacement.

Pan: 20 gauge steel, fully insulated with 3 3/4" fiberglass batt. Painted
external surfaces.

Connection Ports: Unique flange configuration permits tight air seal automatically
as modules are installed.

Cap Strip: Painted steel designed to provide weather seal between panels.

Al
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| SINGLE-INLET, 4-WAY DISCHARGE BLOWERS
Adaptable to 4 Discharge Positions on the Job .
| 9V4 o 18%” Dia. Single-Width Wheels 2
1 Designed and built for general duct ventilation, ex-
@haus , air conditioning, and industrial air-moving =
applications. Single-inlet type for %ulot, efficient per- <
formance. Adaptable to any of 4 standard discharges :
$s°,72 on the job by merely re-locating adj. motor mount and
Ne. 20986 motor on frame—see diagrams. Belt length remains 5
iz same for each aischarge position. Precision, balanced, i
| siogle-width wheels on ball bearings. Heavy gauge, die-stamped steel v '
| housings. Gray finish. Resilient-mounted, automatic-reset thermally e
r'rotecud Dayton motor and drive packed separately when blower A
ordered complete. Request Bulletin 706. N
S:z 4 BASIC DISCHARGES SERVED T}:
‘,"' =% ( : !‘ , - ‘\\ ’
50 B € A »
\ 3 h ” [
Sy \_? ottt st -r,
BOTTOM up TOP
HORIZONTAL BLAST HORIZONTAL 4
= s
BLOWER ONLY Shpg. Wi, i
Whoel | Wheel Shaft  Inlet Outlet Overall Size Less Motor & Drive Less Mtr, :
Dia. Width Dia. Dia. HH w H w D Stock No. Retail Each & Drive t
914" | 414" %° 10" 10%" 63| 103" 10%” 14%° | 2C986 $8470 $50.72 22 ;
“?t &V NI M R 0 | 2eeer i YSeal 29 i
12 6 513 13% By | 21 1235 10 | 2C988 153.32 91.81 36 £
15 6 1 15 1574 137 25 124 2244 2C989 15584 14581 47 &
184 9 1 10%g 1873 12)4 30 1774 2675 | 4C218 193.10 180.67 82 2y
SINGLE-INLET BLOWERS WITH MOTOR & DRIVE
Sassres Jaamenrye e | BLOWER WITH 1725 RPM MOTOR & DRIVE S
CFM AIR DELIVERY All With Automatic
AT RPM SHOWN MOTOR DATA Thermal Protection £
Whee! | Free I/ 1€ 38 12 B/ | Blewar Volts Stock i
Dla. Alr sP sP sP sP RPM HP 60 Mz Type No. Each B
9%" 1000 940 B10 6685 590 450 926 1/4 115 Split 7Cc808 $80.43 !
1210 1075 945 865 745 645 1030 1/3 115 Split 7C810 85.76 [
1330 1205 1085 980 885 800 1100 1/2 - 115 Sphit 7C812 100.19 §
10%" 1360 1205 1030 84C 600 ~— 705 1/4 115 Split 7C814 92.47
1485 1360 1220 1065 885 625 765 1/3 115 Split 7C816 9391 ¢
1680 1575 1445 1310 11756 1010 850 1/2 115 Split 7C818 108.75 |
1935 1850 1740 1610 1485 1350 1030 3/4 115/230 Cap. 7C820 121.14 N
12%~ 1820 1610 1310 1030 645 — 580 1/3 115 Solit 7C87:2 128.25 k '
2060 1885 1600 1390 1165 880 652 1/2 115 Sylll FCa24 142.01 |
2345 2190 2020 1815 1505 1285 750 /4 115/230 Cap. 7CB26 153.33 |
/ ] / 4 1820 1565 816 | 3/4 115/230 Cap. | 7C828 151,52 I
15~ 2100 1775 1450 1000 - —_ 480 1/3 115 Split 7C830 183.84
2400 2150 1860 1550 1070 — 500 1/4 115 Spht 7C8B32 195.06
20670 2580 2375 2100 1750 1360 605 3/ 115/230 Cap. 7CB34 210.97
3010 2830 2640 2430 2165 1830 652 1 115/230 Cap. 7CB36 227.68
3010 2530 20640 2430 2165 1830 652 1 230/460 3-1!;1. 7C837(%) 219.47
1814~ 4300 3980 3510 2080 2320 — 467 1 230/460 3-Ph, 7C337(%) 296.03
4950 4570 4180 3750 3250 2660 525 134 230/460 3-Ph.| 7C338(*) 299.08
5480 5190 4860 4490 4020 3480 583 | 2" 230/460 3-Ph.| 7C339(%) 306.37 =
6120 5900 5630 5320 4940 4530 653 3 230/460 3-Ph. 7C340(*) 342,49
® 3-phase rigid mounted motors —Not thermally protected.
n\lolof Overloaded —Not recommended for operation at this static pressure, with this I1P. %
Dayton Full-Fact Carton Label Makes Motor Stocking and Selection Easier =
Over 975 Dayton motor types have features clearly, for easy reference
l-Fact carton labels. The help- by dealer and user. Providing com-
Ul Dayton label illustrates and iden- plete information on the label sim-
s specific motor, and lists all its S.5= | plifies motor selection, helps assure
Portunt clectrical and mechanical ! 5K283 Z2% | customer satisfaction.
\. —
SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX 649 :
)
A2
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FURNACE BLOWER and FAN-DUTY MOTORS

For furnace blowers, air coolers, belt-driven fans
and similar applications that require reduced
starting torque, low starting amps and low
noise level. Split phase, 115, 230 & 115/230V,
60 Hz. Resilient mounted. Sleeve bearings. 40°C

1/6 10 3/4 HP, 1725 or 1725/1140 RPM
Split Phase. Thermal Protection
40° & 50°C Rise, Continvous Duty

Low Noise, Reduced Starting Torque

$26.83

1/8 WP

Dexyizon

ambient, Class A insulation, continuous duty.
Rotation easily reversed. Open, dripproof. Auto-
matic reset thermal protection. Recognized by
UL for construction under the Motor Component
Recognition Program. CSA approved. Gray.

olts ype Full-Loa ervice  Stock hpg.
Volt NEMA Shaft T Full-Load °C S S
HP RPM 60 Hz  Frame Dia. Lony Shaft Ampst Rise Factor No. Retail Each W,
1/6 1725 115 48 Y¥" 14" Flat 3.3 40 1.35 5K906 $4098 $26.83 13
1/4 1725 115 48 ¥ 1 Flat 53 50 1.0 K908 42.30 2.76 13
1725 115 48 1 Flat 4.4 40 135 K907 44.13 8.90 15
1725 115  48/56° ¥* 1 Fiat®* .35 40 135 K977+ 44.13 8.90 16
1725 115 56 14 Key 4.4 40 135 5K260 44.13 28,90 16
1/3 1725 115 48 1 Flat 6.3 50 1.0 S5K909 46.49 44 14
1725 115 48 1 Flat 58 40 135 5K682 5§1.22 33.54 17
1725 208-230 48 1 Flat 28 0 10 6K717 5437 5.60 17
1725 115 48/56* a’ 1 Flat* 58 40 135 030* 51.22 3.54 17
1725 115 56 173 Key 5.4 40 135 5K261 51.22 54 19
1725/11408 115 56 54 175 Key 60 40 1.35 5Ké654 79.59 32 21
12 1725 115 48 ;2 139 Flat 7.0 40 125 S5K91l 7171 46.96 19
T2 115 48/56* 16* 1 Flat* 7.0 40 1.25 5K258* 7171 4696 18
1725 115 56 55 17 Key 7.6 50 1.0 6K399 58.00 37.98 18
1725 208-230 56 I;ﬁ Key 3.9 40 1.25 74.86 49.02 21
1725 115 56 l‘i Key 7.4 40 125 71.71 46,96 20
1725/1140§ 115 560 14 Key 92 50 1.0 79.50 52.12 23
1725/1140§ 115 56 17§ Rey 8.5 40 1.25 6K394 101.65 66.56 24
3/4 1725 115/230 56 3% 1%, Key 120 40 1.25 6K624 0692 63.47 24

L

e:
g
o
=

K258 and 6 K030 have NEMA 48 frame body mounted on NEMA 56 frame cradle base and sup-
split steel bushing. (1) At 1725 RPM. (3) 1/6 HP at 1140 RPM. (§) 1/4 HP at 1140 RPM.

1/2 to 2 HP CAPACITOR-START BLOWER MOTORS

DayZord

$39.22

1/2 WP

For belt-driven furnace fans and blowers that re-
quire reduced starting torque, lower starting amps
and noise level. Capacitor-start, induction-run
type. 40°C ambient, 1.25 service factor, Class A
insulation (40°C rise), continuous duty. Automatic
reset thermal protection. Open, dripproof. Sleeve
bearings, except No. 6K805 has ball bearings. Resil.

fent 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

Volts Frame  Amps Stock © Shpg,

HP  RPM 80 Hz  (Seep.18) @116V No.  Retall  Each WL
1/2 3450 115/208-230 48 8.6 4 §50.80 $39.22 16
3‘4 3450 115/208-230 56 9.2 S5K900 7171 4696 21
1725 115/208-230 56 128 6K157 12293 80.50 30

1 3450 115/208-230 56 116 5K901 0062 59.34 23
3450 115/208-230 56 204 6KBOS 14578 95.46 37

>
$38.72

1100 RPM

1/4 HP, 1 & 2-SPEED FAN DUTY

Permanent Split Capacitor Type. TENV, Air-Over

For direct driven exhaust and circulator fans.
115V, 60 Hz. Resilient mounted. Sleeve bearings.
40°C ambient, 55°C rise, continuous duty. Totally
enclosed. Automatic reset thermal protection. CW

r’otgtlon, easily reversed. NEMA 48 frame. Overall length 10%”~;
7%" less shaft. Recognized by UL for construction under the
Motor Component Recognition Program. CSA approved. Gray.

Full-Load A
HP RPM '&;na AP s;::k Retail Each s\';l.:'.'
1/4 1100 3.6 am ¥ %
=3 1/4 1100/2-8pd. 3.1 3u==3 ‘:‘6.:1’8 ‘33.3 }g
SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX M



| refrigeration/air conditioning _

1 R8225A B,C,D FAN RELAY

TRADELINE MODELS:

CONTROLS

Cin “Contact Ratings (ampares)
BOMT I Order 120V ac Ves
3 MOEE e T Number N.O. N.C. N.O. NC.
4 AND (1hp) | (3/amp) | O F%i (3/4 hp)
CIRCUI 73, R8226a10170 | 16O FL | 138FL L] SR
; ' _ 960 LR | 828LA | 480LR | 414 LR
Used in heating, cooling, Additional Models: e
or heating-cooling systems. Contact Ratings (amperes)
Integral 1/2 inch conduit Order 120V ac 240V ac
spud allows relay to be Number N.O. N.C. N.O. N.C.
mounted on a standard (3/4 hp) | (3/4 hp) (1 hp) (3/4 hp)
junction box. Contacts: R8225A1041 | 'S8 FL | 138FL | BOFL | 69FL
Silver cadmium oxide. Max. Operating Ambient: 115 F. 828LR | 828LR | 480LR | 414 LR
Mounting Means: Threaded 1/2 inch NPT conduit spud. RB8225B 1007 ;gg i: - 42'3 F; 3
Dimensions (inches): 2-11/16 high, 2-1/2 wide, 3-7/16 : 2L
N d Listert By Und : 2 R8225C 1006 138 FL 138 FL 80FL 69 FL
eep. Listed by Underwriters Laboratories Inc. 828LR | 828LR | 480LR | 414 LR
RESISTIVE RATINGS: For N.O. contacts—16 amp at sl S le s BE B BT T
120V, 8 amp at 240V; auxiliary contacts—3 amp at s 3‘0 F 280 LA
120V, 2 amp at 240V ac (aux.) - = 19FL
; 5 ’ . 180 LR 114 LR
8134259 Flush Mounting Bracket included.
SWITCHING AND COIL RATINGS:
Eici Configuration Operating Coil Pull-in
s S and Color coding Tnrush Sealed Voitage
PED
: RB225A spdt _"_"‘L{:ll-_— 'mm
|
- | R82258 1 5pst N.O. —sack g wack =
7| Bl ACK BLACK maximum
' R8225C g B ol 2 5 at 75 percent of
1spst N.C. i n%k NED maximum maximum i
1 voltage.
| LOAD CONTACTS
] dpst BLACK 1 RLACK
R8225D 1 main N.O. AUXILIARY CONTACTS
1 aux. N.O. YELLOW Ji_ YFLLOW
=
R8146A ADD-ON R8093A THERMAL
! <2} HEATING RELAY TIME DELAY RELAY
| S S AT
i % PROVIDES . WITSHLMG > A F e pARE S .
{l < = = Sy e eI "M) [ | wos iF POES T WIFS TR e
; P =) FOR A tncn.\-ﬂ-tu.ui(.;w;_\- e EBATICN =S¥ %1 14
! < HNG  (POWERRMLZ) I NG STAdT OF 20
ﬁ : HEATING - 370 en PRESSOR °N ~ :31AnNs
& WHEN COOLING 14 ADQ- FROM THEIMOSTAT,
! g? ALTL?\T:E(i(l\llST‘Nb . > Prevents compressor dam-
E £xy g st age as a result of rapid
o Used with R8568, R8226, ‘ﬂ cycling. Prevents excessive
R8227, or R8239 Fan inrush current on simulta-
Centers and T87F Room neous start of 2 compressors. Switch Action: Spst
Thermostat. R8146A iso- normally open contacts. Contact Rating: 1.5 amp
lates millivolt heating system power from 24 volt cooling at 24V ac, 50/60 l-!z._Heater Voltage: 24V ac; hgater
system control circuit. Electrical Rating: Contacts—0.25 current 0.08 amp. Timing: Make—35 seconds (norplnal?;
amp at 0.25 to 12V dc or 1.5 amp at 24V ac. Relay Coil— Break—35 seconds maximum (minimum on time is
0.4 amp at 24V ac. Ambient Temp. Range: 0to 100 F. 3 seconds). Ambient Temperature: 40 to 140 F at 85
Mounting Dimensions (inches): 5-1/4 high, 4-1/4 wide, to 110 percent rated voltage. Unit will operate at
3 deep. Listed by Underwriters Laboratories Inc. 0 F at rated voltage. Quick-connect terminals. Case
Dimensions (inches): 3-3/4 high, 2-5/16 wide, 2-1/8 deep.
Order Number Case and Cover
RB0O93A1008 Yes
Order Number Switching Coil Voltage RB0O93A 10242 No
RB8146A1005 spst 24V ac 8|ncludes mounting bracket.
A4
R e e T - B oo et AR ) Beren e B s RS e R e B I B 1 e
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/ -~ La l. o L) o
2ecienils  ga0 a7 filor PRICE BULLETIN WS- 12
DATE SEPTEMBER 1, 1976
A DIVISION OF HALSTEAD INDUSTRIES INC. SEE PRICE LIST FSP—-11 FOR DE, CW & LARGER
SIZE COILS
Hot Water and Standard Steam Coils » Yapm APz 29¢
| WITH PLATE FINNED SURFACE. 5/8” O.D. STAGGERED TUBE DESIGN
i é prm DPw z Y, 26‘
| MOST COIL SIZES SHIPPED FROM STOCK 3
1 ROW COILS 2 ROW COILS
MBH @60° EAT 800 FPM MBH @60° EAT 800 FPM
| 200° . 180° g 200° . 180°
i COIL MODEL Hot Water 5 PSI STEAM LIST PRICE COIL MODEL Hot Water 5 PSI STEAM LIST PRICE
|
| SW1-6-12-8 13 15 131.00 SW2.6-12-8 20 2 166.00
: SW1-6-15-8* 16 19 136.00 SW2.6-15-8" 26 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 Sw2-9-9-8* 23 30 168.00
; - SW1-9-12-8 18 23 140.00 SW2-9-12-8 30 39 173.00
SW1.9-15-8* 23 28 145.00 SW2-9-15-3 38 49 180.00
SW1-9-18-8 28 34 150.00 SW2-9-18-8 46 60 186.00
SW1-12-12-8 25 30 150.00 SW2-12-12-8 41 53 186.00
SW1-12-15.8* 31 37 160.00 SW2-12-15-8 51 66 196.00
SW1-12-18-8 37 46 170.00 SW2-12-18-8 61 79 202.00
SW1-12.24-8 49 61 180.00 SW2-12-24-8 81 106 232.00
SW1-12-30-8 63 75 198.00 SW2-12-30-8 102 133 254.00
SW1-12-36-8* 75 90 220.00 SW2-12-36-8 122 158 281.00
SW1-15-18-8 46 57 180.00 SW2-15-18-8 76 99 215.00
. SW1-15-24-8 61 76 195.00 SW2-15-24-8 102 132 251.00
$W1-15-30-8 78 94 225.00 SW2. 1530-8 126 164 292.00 3¢
3W1-15-36-8" 94 113 256.00 . 152
gmama' 56 68 200.00 ~~"¢ 35.00¢
1-18-24-8 75 90 232.00 - 4.8 122~ ;
SW1-18-30-8* 94 113 260.00 SW2- 18 30-8 152 198 333.00
E SW1-18-36-8 113 135 280.00 SW2-18-36-8 183 238 359.00
| SwW1-18-48-8* 150 180 328.00 SW2-18-48-8 244 316 420.00
! SW1-21-30-8* 110 131 288.00 SW2-21-30-8 178 231 369.00
| SW1-21-36-8* 131 158 314.00 SW2-21-36-8 213 277 402.00
, SW1-21-48-8* 175 210 368.00 SW2-21-48-8 287 371 472.00
SW1-24-24-8 100 120 281.00 SW2-24-24-8 164 212 360.00
SW1-24-30-8* 125 150 319.00 SW2-24-30-8 205 265 409.00
SW1-24-36-8 150 180 345.00 SW2-24-36-8 244 316 442.00
SW1-24-48-8 200 240 398.00 SW2-24-48-8 325 421 510.00
SW1-27-54-8* 253 304 459.00 SW2-27-54-8 415 537 589.00
: SW1-30-48-8* 250 300 470.00 SW2-30-48-8 410 530 602.00
MODE). NUMBER EXPLANATION:
Coil Type, Rows Deep, Fin Height, Fin Length, Fins Per Inch
NOTES: Exampie:’
', 7 SW—?!—6—18—8 Steam or Water, 1| Row Deep 6' Finned Height
1. All prices are subject to change without notice. i TP T PO T
« 2. F,0.B.—Scottsboro, Alabama; Terms-Net 30
i, 3, Prices include casing.
,f 4. Aluminum fins and copper tubing are standard. *NORMALLY NOT STOCK ITEM
*'!;. 6. For copper fins, contact factory for quotation.
<1, 8. For red brass tubing, contact factory for quotation.
¢%r 7. Cleanable tube water coils are available. Contact
B e SEE REVERSE SIDE FOR
’é}'{l ORIGINAL PAGE IS FURTHER DETAILS
¢7 3 OF POGR QUALITY
" i, ;
i NAlSTEAD & MlTCHElI. e DIVISION OF HALSTEAD IND A;RIES INC. @ SCOTTSBORO, ALA. 35768 e (205) 259-1212
- —, P R e




HALSTEAD & MITCHELL BOOSTER COILS A ’

DIMENSIONS ]
Single row Dual row
‘ 1% 1% e FINNED iLENGTH 1%
1Y%
-
*
&
w
MPT T
o
w
F 4
z
“w
‘t 15,
FINNED FINNED ‘
WIDTH 2.598 WIDTH

A CIRCUITING & FITTING SIZES

CORRESPOND TO CAPACITY
CAPACITY CORRECTION FACTORS

FACE VELOCITY STEAM TEMP. AVER. WATER TEMP, FINS/INCH |
{FPM Face Vel. | Water Coil. |Stenm Coul PSI Corr.* Factor Degree Corr. Factor FPl1 |Cor. Factor
400 2 .95 140 .63 6 85
500 .83 77 : 5 1,00 50 2 8 1100
600 87 .85 10 1.07 160 79 10 | 1.13 f
700 .94 .94 15 1.13 170 .86 1211328 f
800 1.00_ 1.00 20 1.18 180 93 14 | 1.31
900 1.05 1.085 25 1.22 190 1.00 (
1000 1.09 1.125 200 1.07
+ @ 60° EAT 1
Inlet Air Dry Bulb Temp.
STEAM ONLY WATER AND STEAM
: l c — = ~
N -} 11 3
1.5 pe
o
7}
=
m l.o -
|
-30 -20 -~10 0 10 20 30 40 50 60 70 80
INLET AIR D.B. *F
3 AIR SIDE FRICTION LOSS
e CORRECTION FACTORS
& R Y PRESSURE DROP
: E\:,- = ';‘:f.‘.‘s',‘é,"f.'.}, (Inches W.G.) AIR SIDE FRICTION LOSS
Bar o = Corr. F
: 4. = 1 RO: 2();0\.« FIN:IINCH 01;4 actor ORI(}II"IAL PAGE IS
B 1 o o s Ry Y
‘. 500 S 07 14 8 1.00 OF POOR QUALITY
g 600 .09 19 10 1.16
700 i 12 24 12 1.33
| &, 800 .15 .30 14 1.52
B 1000 22 45
5= 1200 .30 63
| 1400 39 80
";'.-"."{.'.
yor 25 :
P'v-."-f.“ st . As

7" HALSTEAD & MITCHELL ® DIVISION OF HALSTEAL " DUSTRIES INC. ® SCOTTSBORO, ALA. 35768 ® (205) 259-1212
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AIR FRICTION LOSS — INCHES OF WATER

5/8" 0.D. COPPER TUBES P
11/2 x 1.299 STAGGERED TYPE E621ﬁ

CORRUGATED PLATE FIN TYPE 66210

AIR FRICTION LOSS  ““errsvacaons
FCR DRY SURFACE

R

CORRECTION FACTORS

Entering Dew Point Minus | Focsar

Rdng or Wnu Tmp
S W 4__:‘ 06

10 e L
20 oS RN
30 1.27
40 SRR

tHHH:
= GE == :
300 400 500 600 700
FACE VELOCITY — FPM
WETTED SURFACE FINS PER INCH

A7

ORIGINAL PAGE IS
OF POOR QUALITY

CORRECTION FACTORS

FPl ’ Factor
B : Sar | o
&
e 1.16 e
= e 1.33 o
14 1.51

n’a/st‘ead & Mztc/ze//

ehude Pennsyivdania Wynre, Arkansas




5/3" 0.D. COPPER TUBES ﬁ i
siz-0p.comen 1uses_Lrypp AR )]

CORRUGATED PLATE FIN

SEGTION 8, PACE 807
SEPTEMBER 1969

HEAT TRANSFER COEFFICIENTS

6210 SURFACE CHILLED WATER COILS |
DRY SURFACE

“K” BTU PER HR PER °F. MTD PER SQ. FT. FACE AREA PER ROW

|
. ) N
I - |
] . . 1
2 Sy Bl \
v g /Ace VELOCITY = FPM
g = o
e !
| ! [
1 2 3 a 5 6
FLOW RATE PER CIRCUIT — GPM

130

120 ‘

- /‘/a/stead & Mztc/ze/l

Z Lienopie. Pennsylvama Wynne, Arkansas
Toleonone. 412-452.9400




Pages A9 and A10 are deleted because they contain Ruskin Mfg., Co. 1976
copyright information. For control damper, type CD454, information, contact
Ruskin Mfg, Co., Grandview, Missouri 64030,
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HORIZONTALLY

AN, ANV ZOVd ONIQEOH Y

|
SPLCIP ICAT IONS: 1t sis oAu ;
oAl
InE FOLLOWING s-(c.nur.avs INOICATE NORMAL CONSTRUCTION OF THE FABRIC > ‘ z
BLADE BACK PRESSURE DAMPERS [
n §RAME - " EATRUDED ALUMINGM, €763+ 15 ALLDY. e » #” E:
™ SLADES- FOR DUCT wELICITY ey 00 F.P M, A COANED FAERIC MATERIAL &% wiDL witl BE :CD. e B 13
~ -;t:(‘:u'cg;v niouu'){k }ao f'P I"’Oéb‘o L:Nn‘.:sl iC 15 RECOMMINOEG, AVAILASLE i
-, LRLTY W v SE \SL2Z1 Y AL AADE VATERIAL. . »
BUAL SILPT - CCATED 1/8T LM} SALVeWIZLD SiCEL SCRCEN i 16 8lS GA. ALUM MULLION FOR HORIZONTALLY e
N - My H
WAX 108 1Y DIMENS o - 37 D 127 MiGn - ¢ ;L MOUNT UNIT ;
" 15 19" miGe -
4 10 28" WGy - | g
BLADE ANGLE will BE COSTANT, Anounul(u 6 DEGRELS, THERECFORE, DEPIM will VARY DEPENGING i
N MEIGHT, BUT Wil NEVES EXCELD A3NE *C D IMENSIONS. i
Mox I PANEL SIZE = 36" wiDE & 2b” WIGH. wiEN LARGER UNiT IS REGUIRED DAMPER will BE FASR.CATED
IN MULTIPLE SECTIONS FIR FiELs SSSEMBLY. W,
2t :llnﬂ‘ '(l'llAll"l ALLUWANCE 290 DLGREES F. FOR SPECIAL MilH TEWPLRATURL APPLICATION, INFURVAT 1IN
> 4 )
ARE DUCT S126S. BACK PRESS: RS ARE FABRIZATED 1,8 ADIRSIZE. -
e OUCT SIZES. BACK PRESSURE CAMMERS ARE FAERIZATED 1,8" 2ORSI2E LION FOR VERTICALLY —
UNI IS ARL FASRICATED FOR £11MER MORIZONTAL DR VERTICAL MOUNTING, PLEAST SPECFY. MOUNTED UNITS
OTMER GAUGES AND MATERIAL FOR FRAMEL, BLADL STUP AND BLADCS ARE AVAILABLE ON REGAEST, tHil ek s
FASTENERS, WWE IR [ YFE AND LUCATION AND METROD CF FASTENIIG AMI SUDULL] 15 SU3 SELEST 5 1O H oo o SEINTURE 5 b i !
MAINTAIN OEST CONSTRUCT(UN PRACTICES. SPEC.F 1CRT.ONS ARD Sub.ECT 12 NoAMe. TOLERANCES, @ais G | REDRAWN, FRALE CHG'D|12-2c-08l0WL fal -
LIMENSISNAL A°D VISUAL. DATE T [Fnoaie witcha DTS aednc B ‘
DRAWINGS ARE SUB.LCT TU CHANLE wiTHO LT NOTICE. W CE 5 . I
CUSTOMER__ _g REDRAWN,GEN REV ~ |i-5-85|GH
REVISION bATE BY
NO BLADE NO GA TYPE [
REQD £ B MATL |VELOCITY loaners |FRAME | MOUNTING il amencan warming
CUSTOMER ORDER NO.____ _ A and venhlaling inc
YOLT BuMmMIT By foLTRDO om0
AGENTS ORDER NO. FABRIC BLADE BACK
PRESSURE DAMPER Y
JOB i S it Sug-P-1217 21236-3
CKD BY Im W —
DRN. BY mv M
[OATE 12 27, SHB D-1217 |H




PRESSURE DROP IN INCHES OF WATER

AMCA MEMBER

american warming

CATALOG SECTION 2
OAMPERS — SACK PRESSURE

TEST DATA

and venfilotinq Tal=

SERIES SHB-P-12!7 DAMPER
FACE VELOCITY

V3. STATIC PRESSURE

e s i Rt e
SIS EESTIR EEESIEER REF B
The curves shown illustrate test results on -:—

a 18" x 18" SHB-P-1217 Damper. The ——
face velocity was derived by dividing the -7

1

|

i

=

CFM by the face area of the Damper. sl
:
!

FACE VELOCITY

IN FEET PER MINUTE

P.O. BOX 1717CS
1017 SUMMIT ST,

. TOLEDO, OHIO 43603
(419) 243-718

SR s I e

-

ErmEreae—og _canil



Pages Al3 and Al4 are deleted because they contain Ruskin Mfg. Co. 1976
copyright information, For damper actuator, model MP-1161-B, information,
contact Ruskin Mfg, Co., Grandview, Missouri 64030,
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Thermal Bleeder Valves

Automatically drains water lines und water
covled  equipment  for  positive  protection
Sgninst freeze-ups . . eliminates freeze dam-
spe repairs, down-time, and wasted water,
Opens only when danger of freezing iy ol
nent and closes s soon iy temperature rises
10 n safe level, Self-actuating and nll-ownl-
ing does not depend on any power 8o
Mastmum working pressure 100 PSI, Ilu
4,” IPS inlet and outlet. Constructed of
heuvy brass body, stainless steel spring. and
Buna 8 poppet . . .nm-otr-lum
gensor is sealed, never needs to be npluod under normal
operating conditions . . . requires no service

Nos. 4808N12 & xu—u full open or eloood for use where
temp. drops rapidiy; N16—trickle starts at 38°F,

Actuated Full Full NET
Ne. By Temp. Open Closed EACH
R38N 12—Amblent Alr M°F Y $105.98

838N 14-~Ambient Alr
838N 16— Surround. Water

20°F.
Wy

By-Pass Relief Valves

Thix valve has bronze body and stainless
steel trim. It Is popular for use with hy-
draulic pumping units, where a ermi
pump discharge pressure must be maintained
on such equipment as s machine tool hy-
draviic mechanism, ram. press, lift, or any
system requiring regulation of the pump dis-
charge pressure. Suitable in systems where
the valve must discharge into high or vari-
able pressures in the bypass return lines
1 Sultable for water, other liquids and fuel

. 105.98
- eveneie 105.98

VALVES =

E3 3 £3 Bl RELIEF -

Prouuro-‘lompcrmn Relief Valves
Construction features include: Brass on
lower end of valve, bronze on upper part, !/
stainless steel spring and all working parts é/
brass
L8 s the ding litles of a
pressure relief and o temperature rellef valve
into one unit, Valve reseats automatically, O
All connections %" female thread. Meets
ASME requirements, Rated and certified by
the National Board., Temperuture relief ca-
pacities estublished by AGA at 205,000 BTU / i

-

hr, (steam). Thermostatic element starts to ‘L
open at 200°F, opens fully at 210°F.
No. i 9T6IN]T] 976IN1Z 9761N13 976IN14
Opening Pressure, PSI
7 100 125 150

Pressure Rellef, BTU/Hr. Steam Disch. ASME
1,229,000 1,576,000 1,924,000 2,271,000

oils of all t Nof recommended tor steam. NET EACH . - S14.45  S1448 SME 810G
Mavimum Temperature, 450°F.
3 i ring Adjustment NET
R B e e e
BN e Wi 575 ... -S000 - SISRSRIC. canmiree peoy ey o
springs for relieving pressure to 600 PSI
H6ZK13 - % 50-150.. :‘.: .“"T"n'.":mo' 1
Witk % 100-300.. . 38 nlves ure a lor greater relieving pres- i \
WEIN15 v. ...200-600 R T Thu Nyt vt
W6HIR18 EA 5:75 . -~ 36.68 A maximum working pressure of 2000 PSI
(G eSS G 50-150.. 36.68 t 100°F or 700 PSI at 850°F is permissable.
werRIN 5 100-300 36.68 I(uu ASME code for unfired pressure vessels. =
$ : 2 Relieves pressure in pump lines, drums, heat | i
AR - % 200-600. 36.68  exchangers. unfired pressure vessels handling
weN21 1 575 .. 76.37 water, steam, oil, or vapor. May be used to I
N 1 50-150 76.37 relieve into the atmosphere or into another part
$6IN22 ] e e T of the piping system. Forged steel body, stainless =
662N23 1 100-300 . 6.7 stee! ball and seat. Angle pattern, screwed con- N
nections.
.“..!“" ik 200-800 .. .. 16.37 No. 4700N
2h33 .. 1% 875 .. - S08Y- oo oo % % % . s
6N ... A% 50-150.. 76.37  NET EACH .U $57.00 $57.00 $78.53 $93.32 $112.71
662N27 ... -1% 100-300.. 7637 NOTE: When ordering specity: Set Pressure, Service Tem-
(1.1 ;| [— " g .. .200-600..... . 16.37 perature, Size and Number
e Guided Piston Relief Valves
@‘ ALUMINUM « BRASS « STAINL)ISS STEEL
- These reilef valves are a with Al Bruss or Stainless Steel bodies. lpﬂn‘ and
;":,_ piston are all stainless utul
* Vg Furni with & soft seat for gus and liquid service. Seat Material: 5-125 PSI Synthetic rub-
. | per. 125.-3100 PSI Teflon. ¥or Service from - 65 to 225°F.
- Also avallable with metal to metal seat, designed for general industrial liquid application such
’ m as oll and water and Silicone seat designed for fuel, chemical and other services . . . Prices on >
l?urnlohad standard with female inlet and outlet, Male inlet and female outlet avallable . . . j
/ Prices on request.
Avallable with factory set pressure as Indicated.
Direct acting rellef valve with excellent characteristics of quick, smooth unloading and ae-
curate operation within the pressure range.
NOTE: When ordering specify No. 47T06K, Bize, Factory Pressure Seiting, Type of Service and whether aluminum, brass
or stainless steel is desired.
No. 4706K
NET EACH Pressure Range Settings Avallable
4" Size r" Size 4" Size mng‘ Factory Set
$ 3317 3444 38.63 40.38 5-15 PSI 10 PSI
43,17 ad.44 38, 40.38 ‘I 10-50 PSI 35 P8I
93.02 94.21 109.25 111.63 40-125 PSI 90 PSI
Pressure Range Settings Avallable
Range !-‘aclory Set
NET FEACH 115-250 PSI 200 PSI
14" Size 14" Size ” Slze ” Size 4" Size 235-450 PSI 360 PSI
Vuminum § 2N $ 3307 § 344 .63 40.38 430-650 PSI 850 PSI
Brass 42,38 507 REN ) 3863 40.38 630-850 PSI 750 P81
044 wi.02 94.21 109.25 111.63 630-102¢ PSI 850 PSI
Pressure Range Settings Avallable
NET EACH Range Factory Set
~ Size 14" Slze Size S 84" Size 800-1500 PSI 1000 PSI1
$ 42.08 s 4.! 15 § 4408 $ 8.6 $ 50.51 1400-2100 PSI 1750 PSI
4128 $.15 44158 4%.61 5K0.51 1500-2750 P8I 2200 PSI
104.50 qu 107.27 12291 124.93 2000-3100 PSI 2600 PSI

McMASTER-CARR

ORIGINAL PAGE 18
OF POOR QUALITY
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! AscO's IRl 7POINI. oo e
| TEMPERATURE SWITCH
incorporates the features most wanted!

4 f—_ Fifteen Different Standard
Switch Units Available

Available in General Purpose,

5 Watertight, and Explosion-
Proof Construction

{ (Explosion-Procf Construction

Shown) Separate Electrical Chamber

.

Fixed Factory Mounted
Snap Action Switch

Watertight Gasket
Two %" Through Wiring
Adjustable Reactuation Conduit Hubs
(Reset) Point Over
Full Scale

O] % il 3 2 ) 4

External Mounting Lugs

Cover and Gasket for
bﬁ. Adjusting Nuts Furnished
{r" on Watertight and Explo-
sion-Proof Models

Scale in °F and °C

= Adjustable Actuation (Set)
Point Over Full Scale

Unique TRI-POINT
Aiternating Fulcrum
Balance Plate

Copper-Free* Aluminum
Die-Cast Body

Separate Temperature Transducer
for Field or Distributor i T — %" Diameter
Assembly to Switch Unit \* e < ..r_..gmb (or Probe) may be
= - Mounted Horizontally or
¢ Thirty-six Different ( . | \ ; Vertically Without
. Standard Temperature \) ) 'j ! i Affecting Operation
Transducers :

Available in 9 Different
Standard Temperature
Ranges

e

Vapor Pressure Operation—
Limited Fill of Volatile
Liquid Assures High

Over Temperature
Protection and

Minimizes Ambient

Temperature Effects Capillary Standard with

Double Braided Copper or
Plain Stainless Stee!. Also
Available with Galvanized
Steel or Stainless Steel
Spiral Interlocked Armor

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

i

Externally Visible Temperature

‘06% content Or less.
= A16 = s

L —
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ASCOIRI g%pa"g %  Temperature Switches
bk R R PR A, ADJUSTABLE DEADBAND TYPE

Independently Adjustable Set and
Reset Points Over Entire Range

SERIES: SA10 » SA11 » SA12

/

in the sensing bulb is related to the temperature being
sensed. This pressure is converted into a force and trans-
mitted to the balance plate. Two independently adjustable
springs apply a counter force to the balance plate. Move-
ment of the balance 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 both
independently adjustable over the full temperature range
of the switch. The temperature difierence between the set
and reset points is the deadband and is adjustable from the
minimum as listed belc' . to the maximum of the full range.

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

ELECTRICAL INFORMATION: Consult page 9 for elec-
trical ratings and schematics tor standard and optional
snap action switches.

GENERAL DESCRIPTION: This series of ASCO TRI-
POINT Temperature Switches is the adjustable deadband
type. They consist of two separate sub units, a factory ad-
justed switch assembly unit and a temperature transducer
unit. The temperature transducer utilizes a vapor fill to
actuate the switch assembly unit in response to tempera-
ture changes. These temperature switches may be pur-
chased as an assembled unit, or they may be purchased
as two separate units for field assembly. In all cases, when
ordering, the third digit of the switch assembly unit must
be identical to the third digit of the temperature trans-
ducer unit.

~Example: SA10A Assembled to QA10A1
— Must Be Identical .

OREEITIOL" The temperature transducer uses the vapor
pressure principle in which the vapor pressure of the liquid

SPECIFICATIONS

prooaQUAIIfY

S N”_ 10 SELECT AND 0@00 e . SWITCH ASSEMBLY UNITS ! TEMPERATURE TRANSDUCER UNITS
1. Determine the temperature range needed Preferadly the =
aLtuation point should be n the m.ddle two-thirds of (Twe 35" NPT Conduit Wubs Standard) I Direct Capillary and
::'su‘!"?:ni n(inecu that the maximum temperaiure rating i Probe u'ﬂ
2 'l::ap':c’;?:n:v;dms:.lm one swilch assemdly umt with (‘\1’1 b 3 = i s
3. Continue across the same line and select one transducer ' i : j—
according 10 the construction desired. . s
4. Field Assembly: Order the switch assembly un.t and the - - | \
transducer umit by thewr respective catalog numbers if ._ E[ ’ i
you desire to field assembdle the temperalure switch. - rFy_n {
The third digst in each catalog number must be idenlical. = :
5. Factory Assembly: Add the two catalog numbers together ~— '
separated by a slash ( ), if you desite a completely 23-
sembled temperature SwitLh @‘l ;
Example: For a temperature switch requited to actuate at | P
s s Do ‘e ane com s %8 b s T S T
:ulo -o:ia De catalog number SAI0A QDI1AL : ——— . | Capillary
e S E i I &' CAPILLARY AND BULB
GENERAL EXPLOSION- | DIRECT PROBE COPPER 316 §.5.
ADJUSTABLE DEADBAND PURPOSE WATERTIGHT PROOF . (Armored (Plain
OPERATING MAX. AT ENCLOSURE ENCLOSURE ENCLOSURE COPPER 36 5.8, Capillary) Capillary)
RANGE TEMP, MID RANGE® - e e o s o
(in Degrees) (In Degrees) (In Degrees) CATALOG NG. CATALOG NO. CATALOG NO. CATALOG NO. - CATALOG NO. ;| CATALOG NO. | CATALOG NO.
—— — i € ArE—— S . er—— — >
= o e : SAICA SA11A SAI2A ' QA10A1 QA10A4 QA11A1 QA11A4
°C —~51.-7 93 33
—— - $ SA10A 11A ! SA12A QB10A1 QB10A4 QB11A1 QB11A4
C 3. 16 121 33 X |
.F' l = *3‘00 o "8 SAI0A SAL1A SAI2A | QD10Al1 QD10A4 QD11A1 QD11Ad
°C —~18. 32 149 44 l
= e - : 10; : .S—A:u SAI2A ! (QF10Al QF10A4 QF11A1 QF11A4
°c 10- 71 177 = - \ A
A 100- 29 s : - SA10A SAI;A_ﬂ—‘ . SAI12A QJ10A1 QJ10A4 QJ11A1 QJllMM
°c 38104 232 44 1
: - e - SA10A SALIA SA12A l QL10A1 I QL10A4 QL11A1 QL11A =
€ - 7-121 %0 50 s = ;
4 b = = SA10A SALIA SA12A QN10A1 QN10A4 QNilAl QNHM.M
R R s ke F S T A R et e B e i
€ 107 - 171 316 6.7
F 300 - 450 700 12 =
vy i i SaCe e A10A 11A SAI2A QT10A1 QT10A4 QT11Al1 QT11A4
< - Mm om 67 = 2 .
s 350- 510 800 18
-- - - s - ——— e Al0A SAl1IA SA12A QU10A1 QU10A4 QU11A1 QU11A4
*C 177 - 266 427 10 o :
*At Estreme Ends of Ranpe, Valurs May Vary up = 0% of Listed Deadband A”

—
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Model 77-171
Solid-State Solar Hot wWater Controller

Description

The model 77-171is a solid-
state differential thermostat
capable of fully controlling a
solar hot water heating
system. The unitis designed
for alifetime of maintenance
free service, and incorporates

freeze and boil protect circuitry.

Air and Water Probes

>l
)
’
=
=

Air probes are available for
clamp or screw mounting.
/

Water probes have 2"
NPC thread, i1t lengths from
2%" to 28"

. Specifications

Input Voltage ............
Input Power .............
Control Relay ...........

Output Voltage
Sensors

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

Differential Turn-off
ot
Diffarential Turn-on

Offset
Temperature
Range

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

------------------

Tracking Accuracy
Isolation Protection.......

.......
--------------------

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

Wiring Diagram

Either 120 VAC =10V or 24 VAC =4V.
3 watts, no load.

SPDT, 10A. (resistive) at 28 VDC or 120 VAC. Higher
ratings available.

Either 120 VAC or 24 VAC.

Matched thermistors, (= 1°C over range from 0"C to +100°C)
in @ metal housing, with high temperature teilon leads

Typically 4°F £2° @100°F, (can be adjusted by a
resistor change).

Typically 20°F +2° @ 100°F, (can be adjusted by a resistor change)
Controller chassis: —40°F to 140°F

Sensors: —40°F to +300°F
+ 5°F over entire operating range.

1500 V
4" x 4" x 3%" ORIGINAL FAUS O
2 Ibs. OF POQR QU
Mouiits on 4" x 4" “J" box.
wirnng Code
Low voltage

m— High voltage

Contractor installea

LED

115 VAC input, wire nut
connection or 6’ line cord

r——i/#——-——-——— —— Red/Blk
------- Red
C—1 ———F—Reawnt

Relay closes when
Fafootumasegaiety collector temperature is
|— : higher than storage temperature
I
s ————— |
| -+ ] —— e e e
} 24 VAC input | 24 VAC output
I s D w5 e o s e
| |
G Aux. In/Qut ! 3
| |
| .
4 -1 Collector probe
: High + S;L ector p
s o e 25 st i |
Y - i Common T 5
' i |
: o B : i Low 1e >—-G3 Storage probe
| - ‘ + r—4--- =
: | |
oo e = —— - — — | \
L i J
Stepdown transformer Blue
Yellow

@ SOLAR CONTROL CORP 5595 Arapahoe Road, Boulder Colorado 80302 303/449-9180

A19



FIELD INSTALLATION DIAGRAM

TERMINALS

AUX. OUTLET

| COLLECTOR
PROBE "‘:1 =
. //’
‘s

[

STORAGE
PROBE

WHITE

i WIRE NUTS

-~ ,,::"A"
COMMON RED —°

RED/BLACK (NC)
COMMON RED
RED/WHITE (NO)

1T —ca— R ==

OPTIONAL RELAY POLES

: b
RELAY WIRES . WF§§§QETT>§§}

2=V AT
TRANSFORMER N
INPUT/OUTPUT
RED/DBLACK
Je=TE, (NC)

|
| I
| FROM PUMP l
OR BLOWER |
3 '/ 1
E3
2. %
A e e e S

WIIITE

.

BLACK\*§§§§ s

WIRING CODL

2ND ORG/BROWN (NC)
. COMMON ORG

3JRD BROWN/BLACK (NC)

ORG/WHITE (HNO) exeaxs HIGH VOLTAGE

LOW VOLTAGE

COMMON BROWN
BROWN/WHITE (NO)

_ CAP IF NOT USED.
A20

L T poreag ool e .

et

GINAL PAGE 12
gﬁgpoug,QUAJITY

OUTPUT

RED/WHITE
TO PUMP OR BLOWER (NO

L %8 OUTLET BOX

\, 120 V AC
¢ INPUT
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RESIS . A\NCE TEMPERATURE TABLE
U.S. INDUS ' RIAL SPEC. Rpypp /Rape = 1.3911

PLATINU | RESISTANCE THERIAOMETER
Q@ 100 OHIMS AT 32°F.

=
TABLE
12:100

29000 ¢ o wneice sy Rinmeapohis, P ot £500000 WY i Ay et o Fotaahane L (012) 786 3121
: /
N ==
TIF)  RLOMNS) TIF)  RIOwMS) Tir)  R(ONMS) TIF)  RIDuMS) Ti6)  RIOWNS) Tie)y  Qtomus) Tir) 2(owws) TIF)  QtDwes)

0,0 17én ZR.12 | «228,0 38479 | =153.0 “v.28 “14R,0 59,66 | «10),0 89,51 A%.00 13,0

=)¢te0 1750 28,138 23,0 19402 19240 “1a7,0 $9.487 102,10 .00 o, 22 12,0

17.0% 28,80 | «2)6,0 19428 “14%.23 60,10 | 101, ™, 32 80443 11,0

17499 | =2h0,1 28,84 | +235,0 39449 =145,0 63432 | =i09,2 .55 80487 “10.9

11423 «219,n 29,08 =340 39.7 1480 63455 .39,0 19,77 ADebd 9,0

17,48 =218, 29.32 =243,0 =1a3.0 Lre TR =¥8,n T1.00 alel2 =he

IF 12 e277,a 29,56 | eci2.n 142,20 hle0) ) 71,23 LIPS TS “?,n

10,98 | «274,0 29,79 | 23,0 “l4140 Slade 95,0 11,4% 81,57 kol

14,21 “2/8,n 30,03 | <2)0.0 “14040 [ ERT 34 %8, 11 .68 a1 .19 NS

19,88 274,80 In,27 «2e9.0 =139,0 t1.69 =94,n 190 82,21 4,0

19.49 «213,0 30,51 «228,9 =130 bl.92 =531 12,13 R2,24 3.0

12,50 | =272,0 30,75 | -227.0 =137.0 62418 U3, n 12,36 e 2.0

20,18 | =211,0 30,99 | «228,0 “116.0 LR L 51,8 72,50 2,69 14t

20,82 21,0 3182 | #2250 *13%,0 62,51 -G, 0 12,81 29 8.0

20,66 | «d%v.n Ji.ah | w2280 =134,0 42,8 A%, 13,03 (ST 1ot

20.%1 e2hd 0 Mte | oeted =13%.0 63,05 =ni.n 13,08 43,38 Pt

2ralS | <2410 31,98 | ~222,0 =132.0 81,2 A, 73,48 13,51 3.0

21a39 | =200,0 12,17 | «221.0 =131.0 6),.5¢ At 13,7} n3emd ')

clah) | =788,9 12,81 | «220,0 =13¢.¢ 8.7 -nh, 0 13,4 PYors 8.0

Ale81 | elba,p “2.8% | #219,9 =129.0 63,97 84,0 Te.l8 Re 25 4.0

“2ell | etV 32,49 | <2180 =128.0 ba,20 81,0 T4, 44 Bh.e? Te0

¥t 2298 | it 1342 | <2170 =127.0 b4.40 =N2.9 Ta b B4.70 8.0

LS LA RPILE) Eal ) 13,36 | <218, =12640 64,65 “h].n T4.8) Ae, 92 9.3

=365.¢ PEPLLE BT 33,60 | «21%.0 =12%.0 64,88 LT 15,18 Alale 10.0

=108,0 23,08 “299,0 33,83 | «2168,0 LI L =124,0 6511 =19, 78,24 RS, 3% 11.0

1,0 23,32 | =?58,0 3,07 | <213,0 AaL e “123,0 69434 -79,0 4,8 85,%7 120

2.0 21,56 | «257.0 Ja | s21200 48,87 =122.0 65,56 .77, 15,7 88,01 13,0

“Inlet 23,80 | «250,0 34,54 | <210,0 45,10 =121.0 65,19 =T6.n 15,50 Bfand 14,0

=3oh.0 26,08 | 255,00 3o, t8 | <210,0 45,36 =1£0.0 t£,02 =75.0 16,140 «30,1 Rb . 2E 198

2950 26,29 2980 15,02 «209.0 45.57 =119.2 60,75 ¥, TE,.6, «29,0 BAL4H 18,0

~298.0 24,51 | =253,0 35,25 | «208,0 45.80 =118.0 66,47 13,0 16,83 «20,0 08,72 17,0

-297.0 B 07 | 2329 35,49 | <207,0 ab.te | «182,0 1170 6h, 70 12,8 16,76 21,9 18,62 18,0

248,00 2S.01 2510 15,73 206, 46,27 =181.0 “118.0 86,91 71,0 77,03 wib,0 BT412 19,0

=295.0 25.25 ] =25n.0 35,90 | -205,0 46450 | «153,0 =115.0 67,15 =70,0 2 PO 25,0 87,37 20,6

~29440 25449 “249,0 3%, 20 “204,0 BT =159,0 =114,0 67,34 -69,0 17,51 «24,n AT.5y 21.0

“20).1 5.13 203,10 36,43 =2173,0 a7 «15%,0 =i13.0 67461 68,9 17.76 «32,0 AT.82 22,0

29240 25.%7 “207,0 36,867 «207,0 ar.20 “157.0 =1j2.0 67.8) “al,.n S E «22,9 LUTRE 239

“291.0 26,21 w2sb,0 36,91 «201,0 47,43 «150.0 1110 66,06 88,0 TR.2] wdlyd L) 24,0

29,0 28,85 | <245,0 37,18 | <200,0 ~15%,0 =110.0 ha, 29 “65,n 78,43 20,0 ar,.3 2%5.0

209,04 26469 3T, 38 | «199,0 154,40 “109.0 68,51 5440 19,65 9.1 ARLTL 28,0

AR 28,93 | <243,0 17,61 | «198,0 ~153.0 “108.0 68,76 53,4 18,88 18,0 48,93 27,0

*?287,0 27,17 282,80 37,85 «197,0 -152,¢ =107.0 08,97 62,0 79,10 =170 89.15 21,9

“2Rb,0 21,41 | =241, 38,08 | «196,0 =1%1.0 *106.0 69.1% hl,.n 79,33 “lo,n £Ge 37 290

~285.0 27.85 | <240,0 N2 | «195,0 «1%80.0 =195.0 69,42 80,0 T4, 55 =1%,0 85,860 30,9

“2R4,0 27,88 | <239,n 38,55 | «194,0 149,06 =104,0 69,64 =50, 79,74 l ~l4,0 B9, A2 3.0
TIF)  RICHMS) TIF) RIOWMS) TiF) R(OWMS) T(F)  fidnus) TIF)  AOuMS) TirF)  RIOHwS) l Ti6) RIOMMS) T(F)  RIOMMS)
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APPLICATION

These transformers are designed to match the 25 volt
power requirements of Penn-Baso gas controls and
ignition systems.

Transformers for use with Penn motor actuators, Actrolyy
staging and other low voltage control circuits 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-
ments.

— Plate, foot or conduit hub mounting models available.
— Choice of terminal board or lead wire connections.
— Two or three terminal secondary as selected.

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

GENERAL DESCRIPTION

BASO" TRANSFORMERS

For Use With PENN-BASO Gas Controls and Ignition Systems

Fig. 1 — Y61AA.3 plate mount-

ed 20 VA. transformer is illus-

trated aobove. Note the three
secondary terminals.

Fig. 2 — The foot mounted

YS1AC-2 is illustrated. Note
addition of the conduit hub.

MISCELLANEOUS SPECIFICATIONS

Opon Circuit Voltage (No Load): Y61, 27.5; Y62, 29.5:
Y63, 275

Finish: Cold drawn steel end bells, frame, feet and plate,

zinc plated with dichromate dip.

Lamirations: Soft Silicon iron with edges painted black.

Identification: Stamped on laminations, foot or hub
mounted models. Stamped on plate of plate mounted
models.

Minimum Ambient Temperature: —40 F (—40 C).

Packaging: Bulk pack supplied to OEM's. Irdividual
reshippable package supplied at extra cost.

. . . . Series Bulk Pack Approx.
Baso transformers are high quality devices that provide Number Qty. Wt.-Lbs. (kg)
rated secondary output under rated load. Y61 Plote 16 605 (27.2)
Secondary voltage of 25 volts. Transformers may be used Y61 Foor o S 54 243 |
on 50 or G0 Hz. power supply. ShS s 3¢ S WL
: = Y62 Foot 30 49 (22)
Series YG1 and Y62 are NEC Class 2 energy limiting. = Y63 Plate 12 (035
Series Y63 is NEC Class 2 intermally fuse protected. Y63 Hub 32 66 __129.7)
PRODUCT NUMBER SELECTION CHART
Primary Secondary g
Product " Dimensions
Electrical Electrical Mounting 2
Number Voltage i Voltage Conasifiin (See hgule),
20 VA. CAPACITY TRANSFORMERS B
Y61AA3 120 8B & W Lead Wires 25 3 Terminals 4" x 4" Plate i 3 = »]
Y6143 120 8" B & W Lead Wires 25 2 Terminals 2" x 4" Plote LT .
Y61AC2 120 8" B & W Lead Wires 25 2 Terminals Foot, '2''-14 NPS Male Hub | 5 _]
Y61AE2 120 107 B & W Lead Wires 25 3 Terminals Foot | |
Y61AF-2 120 8B & W Lead Wires 25 2 Terminals 15”14 NPS Male Hub | T
Y61BF-2 240 8'B&Y Lead Wires 25 2 Terminals ¥2".14 NPS Male Hub | 7. s
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