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INTRODUCTION

The Cherry Hill Inn,'Cherry Hill, Neﬁ jéréej i; a éombination
country inn, hotel and convention center with "an international
reputation. The Inn hgs been in -operation mpre,phan 24 years
and during this time span, over 27,000,000'ﬁeoﬁle from all
over the world have been guests,‘attgnded mqey;ngf,xggggtions,
or just visited for a repast and énjoyed the Inn's hospitality.
Over the years, Management has endeavored to maintain its
facilty in outstanding.conditioﬁ. At the present time, the
Inn is in the midst of a complete renovation program. This
program includes refurbishment of all gueSt ;ooms, the addition
of more_athletic and health facilities, and a‘reﬁitalizationf
0f the energy_gonsuminglsystems including HVAC, hot water

services. and electrical systems.

As a result of being accepted as a participant in the PON 2
Solaf~DemonstratiOn Program, the Inn has installed a 331
panel array to produce more then 30 % of the required heating

and hot water energy.



INTERIM PERFORMANCE CRITERIA
CERTIFICATION

Agreement No. EG-77-A-01-4086
Project - Cherry Hill Inn

Participant - Garden Slale Raclng.Assoc1ét1nh'
Liquidation Trust, Bank of New Jersey Trustee

System location - Cherry Hill, New Jersey

System type - Space Heating & Hot Water

I certify that this solar system complies with IPC Document No.
98M10001.
Revision - Basic

Date - February 25, 1975

Certified bme ; P MTES

William P, Davis
Authorized Representative
Date - November 8, 1978




‘ PO. BOX 406
CHERRY Hll.L, NEW JERSEY 08002

. (609) 662-7200
‘ (215) 922-6720
: (212) 226-2969

EXECUTIVE OFFICES

- November 16, 1978

Mr. Dan Xenofos

Government Project Manager

Code FA33 L

Geo. C. Marshall Space Flight Ct.
Marshall Space Flight Ct., AL 35812

Dear Dan:

Please be advised the "Solar Energy Space Heating & llot Water Syatem"
at the Cherry Hill Inn, Cherry Hill, New Jersey (Cooperative Agreement
#EG-77-A-01-4086) became operational on. November 8, 1978.

I want to take this opportunity to thank you and the other D.0.E. Staff-
members -for your advise and cooperation during fhisvprojecta

All remaining data and as built drawihgs requésted on your recent visit
will be-in your hands within a few days. Thanks again, I remain.

Yours truly,

William P, Davis
Project Administratqr

.WPD:sd

CC: Howard Colm



SUMMARY OF PROJECT INFORMATION

. e, LT . . .

Owner/Builder Garden State Racing Association
Liquidation Trust, The Bank of '
New Jersey, Trustee

Designer Colm Engineering

Construction Manager Colm Engineering

DOE Project Managet  * NASA/Marshall Space Flight Center
Alabama

Operational Date ' | November 8, 1978

Bﬁilding ‘ Type - Hotel

Area - 70,000 Sq. St.
Location Cherry Hill, New Jersey

Climarie bata

Degree Days ‘ Heating 4600 Cooling 700
Avg. Temp. (°F) Winter 42 Summer 70

Avg. Insol. (Ly/d) Winter 357 Summer 552

Solar Energy System

Collector Type: . . Liquid evacuated tube
Manufacturer: General Electric Company
Area: " 5,759 Sq. ft. gross

4 899 Sq. ft. net .
Storage System: Insulated steel water tank (above ground)
Capaciiy: ‘ N 7?590 galiogs ‘ .
Auxiliary System Type: O0il fired steam boilers

Application

Heating 31.5% ' Cooling 07 - " . Hot water 29.8%
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1.0 Introduction

This document describes a program of activities with objective
of DOE/CustQmer“aceeg?anceipﬁ;a‘pommerﬁial;eﬁl&h”energy system.
The plan covers all activities required to satisfy contractual
commitments between the contractor (Colm Engineering), the
Federal DOE and the property owner/operator_G.S.R.A,L,T.

This system has been installed in existing buildings at the
Cherry Hill Inn in Cherry Hill, New Jersey. Gosts of this
system are shared between the owner/operator of the Cherry Hill
Inn and the U.S. Department of Energy in accordance with DOE
4Agreement #EG-77-A-01-4086.This project is one of these 1nc1ud~
ed in the National Solar Heatlng and Coollng Demonstration
Programn, “

The main feature of this system is the General Electric Type
TC-100 evacuated tube collector. Soﬁe'ef the steps emphasized
in this procedure are to provide additional assurance in the
successful use of this new type of collector in a oommereiel-
sized system. |

This procedure covers all actions required from the secure
handling and etorage of all materials to completion of the
simplified performance demonstration on the fully assembled
system .

No long term performance measurements have‘been‘included in
this program. This project has not been identified as one of
those selected for such measurements in the National Solar
Data Program. Performance measurements have been limited

to the minimum necessary to demonstrate system performance

in an limited manner, 6



iving/8torage

2.0 Rece

The syst

items wh

This bre
(1)

(2)

(3)
L)

em can be conveniently broken down into groups of
ich will be delivered to the installation site.
akdown is:

Structural support framework and fasteners for the
structure, assembly and installation.

Shop-assembled copper tubing manifold sections with
exﬁra'tubingfand‘additional fittings to complete the
entire 8upply and return piping.

Set of standard valves and other plutbing fittings.
331 collector frames packed in open wooden crates.

Each frame will ¢ontain all internal collector pip4

"ing and 10 plastic shrouds.

(5)
(6)

(7)
(8)
(9)

(10)
(11)

-(12)
(13)
(14)

(15)

3310 glass -collector shrouds packed, in boxes of 10,
similar in size and shape to fluorescent lamp tubes.
One lot of G pumps peculiar to this system in various
sizes..

Four Trane heat dump units.

7500 gallon stainless steel storage tank.

One lot of control valves, sensing devices, stc. for
the system, |

TyO'flat plate type heat exchangeré.

One 100 gallon expansion tank.,

One alarm/control panel for system operator,

Two solar integrators.

Approx.300 gallons of Prestone II (ethylene glycol
anti-freeze)

One set of special hardware to fasten the 331 collect-

ors to the structure.



(16)

(17)

(18)
(19)

One lot fibergiass pipe insulatioﬁ in sizes suitable
for each of the system lines and the various fittings.
Two sets of personal safety equipment for safe in-
stallation of the 3310‘glass shrouds. |
Miscellaneous additional hardware of a ﬁinor nature,
One lot of electrical hardware (discohnects, circuit

breakers, relays, controls, etc.)



3.0 Assembly/Checkout Procedure Summary

The general assembly process for this system will involve the

following phases A brief description of each phase is given

here, more detail follows.

3;i Phase' I. Preliminary Efforts
All large_itemg are to be set in place and fastened down.
Holes will be cut for_the passage of pipes,‘conduit, eto._
Wherever possible, patchwprk, etc, will be completed during
this phase. j
The controls and sensors will be inspected. The devices in-
cluded in this test will be:

(1) Automatic temperature controller (ATC)-1 with sensor

T=-1

(2) ATG-2 with T-4

(3) ATC-3 with T-5

(4) Differential tomperature_contrOller (DT-1) with T-2

~and T-3

(5) Pressure switch (PS-1)

(6) Ps-2

(7) Pressure relief valve (PRVl

(8) Tank safety valve

(9) Mixing valve V-6

(10) Tank level sensor

(11) Solar Integrators (two)

*Items 1,6,7, 8 and 10 are detailed in section 2.0



3.2 Phase 2. Piping/Wiring

Interconnecting piping, wiriﬁé, etd. will be completed in
accordance with 'the épbrdpriaﬁe dfawings. Simpleléﬁstem tests.
will be performed for’leﬁkage*,'continuity, etc. The cal-
brated items will be installed under supervision of'Colm

Engineering personal,

3.3 Phase 3. Collectors

The 331 collector frames will be set in ﬁlace and bolted down.,
The Solar Integrators will be installed and the electrical
connections will be made. The flared fittings‘connecting each
collector with the supply/return manifolds will be assembled.

Flow balance will be established with water in the system,

3.4 Phase L. Install Shrouds/Test

The collector loop is then ‘drained and refilled with glycol solution;

The collector shrouds will then be installed;.

3.5 Phase S.' Installation

The system will be kept operating (fluid flowing, if the sun is

shining) and all lines, fittings, etc. will be insulated.

\

3.6 Phase 6. Performance/Balance Tests -

Temperature/flow/pressure measurements will be made to deter=
mine that the system will operate and collect solar energy

as required.

#+A11 systems checked with water.

10



Sections 4;0 - 9;0 describe each of the actiQity phase listed
éboée. The level of detail should be sufficient for actual
comment on the nature and scope of the plénned actiQities;
The final sections are a reference list and a drawing list for

the project.

4.0 Phase 1. Preliminary Efforts

The activities during this period of time will center on final

location of the larger items of equipment included in the system;

A1l paperwork covering the site deli&eries (invoices, shipping
tégs, etc,) willlbe separéted)at time of delivery and held for

the Colm Engineering Co;'s representétive; Sténdard recei&ing
records will be maintained by the responsible Cherry Hill Inn
personal so that Colm Engineering will know the status of deliver-
ies. The most important 1arge‘item requiring installation will be
the éluminum support structure for the collector érray; A set

of six dréwings Shpws thisvstructure in detail with the mounting
provisi6ns designed for iﬁ;‘ The roof of the building must be
pierced, as shown on the drawings, in 126 places for the installa-
tion of the'stub columns which support the'framework; The base of
each stub column will be sealed to the roof with é pitch poCket;
Eéch of these pocketslmust be inspeéted prior to finél sealing to
provide .assurance that the Inn roof hés been properly reseéled;
The dimensional pattern géneréted by the stub column Upper flanges
must métch thét of the éluminum structure exactly; Final sealing
of. the pitch pockets will be éccomplished after the structure is
installed on the stub columns, Temporéry protective closures will

be pro&ided by the contractor ét eéch pitch pocket;

11



The system heat dump will consist of Trane unit heaters.

These four units will be installed on the.lower Inn roof.

The 7500 gallon stainless steel storage tank will be deliv-

ered completely finished without its insulation jacket in

place.

Drawing No. UL1000 shows the equipment arrangement for the sec-
ond floor equipment room, Heat exchanger No, 1, the expansion
tank and pumps P-1/P-1A will be ipstalled in this space as "
shown on the layout, Penetrations required between this spaocc
and the roof lines and the next lower floor should be made at
this time (lines should follow the elevator shaft to the base-
ment area).

The 331 collector frames, the 3310 shrbuds, the special mounting
hardware and the solar integratorscomprisé the collector ship-
ment form General Eiectric Co. The mbugting hardware must be
counted. The number of shrouds'(coﬁht 331 boxéé must be veri-
fied. The soiar integrators will be assiéned to Colm Engineering
for safe keeping.until it is needed.

The primary water and wafer-glycol cireulation systems will be
preassembled in the contractor's shop as much as possible. Draw-
ing No. R1010 shows the extent of this prefabrication. This willr
reduce the number of fieldljoints and subéequent system problems,
These prefabricated piping sections must be checked against the:
drawing when received, then’stored on the site. All fittings,
sensors, pumps, valves, etc. must be counted, idehtified‘as to
type, etc. and stored. Most other materiﬁlg needed at the site
will be included in the following list:

1. Approximately 300 gallons Prestone II

12



2., One lot assorted pipe 1nsﬁlntionl

3. One 1lot electrical hardware

L. Miscellaneous hafdware’
All that will be.requiré& for the latter items will be re-
ceiving and storage. The special scaffold for the collector
shroud installation and the special safety equipment for this

operation will be supplied when they will be required.

5.0 Piping/Wiring

All plumbing will be installed with the exception- of the
collector serpentines., All new plumbing will be pressure
tested one loop at a time with water, tq 150% of normal
operating pressure, Leakage will be observed and detected
with'a pressure gage holding pressure for 3 hours. All leaks
will be repaired,

Heating and Storage-Loop will not be tested compietely; valves

will be-instélled at each end of the new piping and only the
new section. will :be pressurized.

Domestic Hot Water Loop will be tested only between the booster

pump<diséhérge‘and the mixing valve.

Collector Loop cannot be tested during phase 3 checks. All of

the collector connections will be closed with piaStic caps.

The calibrated sensors and devices will be installed during
thi;s construction phase.

All wiring and electrical hardware will be installed during
this construction phase. This will include the controls,
the sensors, the power operating equipment, etc. The only

item not to be installed will be the GE Solar Integrator
13



" although conduit will be installed to the approximate location of the
integrator in the solar array. Multiphase equipment (pumps, fans, etc.)
will be checked for rotation as connected. All circuits will be checked for
continuity ahd-insulatibn resistance prior to the application of poWer.
Drawing No. E1000 constitute comp]ete wiring diagrams for the system.
Functidnal tests of the electrical items will be performed as part of

Phase 4 test.

6.0 Collector Installation

The 331 collector frames will be installed on the aluminum support structure.
When the frames have been bolted in place,the copper manifolds will be
brought into position. The individual collector serpentines will be connected
to them. The flare fittings will be made hand tight only; final tightening
will‘not'take place until Loop No. 4 has been filled. Fill Loop No. 4 with
tap water in the following manners;
1) Use supply line to fill sump tank
2) Actuatc P=3 (manually) and begin pumpitg waler
through the Mains
3) Use wrenéhes to tighten the supply connection for
each collector. Loosen the return fitting.
4) Working one collector at a timé as each one flows
full of water, tighten the return fiarevnut.
5) Manually open valve V-1 & close valve V-2 until heat dump is filled.
6) Open the top valve of the éxpansion tank gntil it is half
full, close the top valve.
7) Check operation of manual vent valve. Use it to aid in bleeding

excess air from the loop.

14



8) Wwhen the loop has been filled, pressurize it to LOpai
with pumps P-1/P-1A running and check for leaks.
Hbld for 3 hours, Repair any leaks,
At the conclusion of the above tests, shut down all system
pumps and drain Loop No. L4 as much as possible.
(Collectors will not drain.)
The lowest point in this system is in the second floor equip-
ment room at heat exchanger No. 1. The manual vent valve
should be open when the system is drained. Care will be
required té make certaiﬁ that the heat dump has been drained.
‘Mount the Solar Integrator'on é callector frame in the back

row and make necessary electrical connections to it.

7.0 Install Shrouds and Test

The collector loop (Lbop‘No. L) must be filled with glycol
solution before this operation can begin. At this point in
time, the colleqtor serpentines should be filled with water

and the remainder of Loop No. 4 will be dry.

Appfoximately 800 gallons of 35% ethylene glcol 65% water
solution will be mixed thoroughly in the sump tank. .Solution's
specific gravity will be used as a measure of a proper nmixture.
The solar loop will be filled with the glycol solution without .
disturbing the collector connections. The manual vent valves
will be used to assist in removihg air from the Loop. Pump‘
P-3 will be used to move solution from the Suﬁp tank into the
loop. Care will‘be observed to fill the heat dump and partial-
1y fill the expahsion tank. When the loop is filled, pump |
P-1/P1-4 will ve startéd to force the glycol solution through

the collectors as well as the rest of the loop.

15



Operate in this manner, with the pumps ruﬁning, and vent the
loop periodically using the manual vent valve. Three hours
of operation should be sufficient. The final check will be
based on lack of air from the manual valve when it is opened.
The shroud installation is a complex proéedure involving &
degree of risk for the two men involved. Each of the men
will be equipped with a face shield, protective gauntlets
and outer garments so that no injuries will result from glass
splinters.
WARNING: Once the shroud installation procedure is started,
liquid must be kept flowing in loop No. l during the daylight
hours (P-1 or P-1A running check to see that they alternate.)
If this system must be shut down for service, it must be done
at night. The heat dump will protect the system from damage
even though the other loops are not activated. The installa-
tion‘crew should be cautioned against handling the heated
tubing without their gloves. In order to do this, the heat
dump must be activated by‘supply electrical power to ATC=-1,
#V-1, V-2 and the heat dump fan. Make a simple manual check
(V-1 opens, Va2 closes, fan goes on when ATC-1 is activated.)
The shroud installation procedure is simple, but it must be
repeated 3310 ﬁimes for the entire array, A representative
of General Electric Co. will train the crew and demonstrate
the procedure at the site. 1In brief, the following must be
done: |
1) The rear man must reach over the upper end of the
collector frame and remove the wire clip which holds
a plastic tube (contains one leg of the serpentine)

to its V-shaped reflector and save the clip.

* See control schematic (Drawing No. E 1000)
16



2)

3)

)

5)

6)

7)

The front man tilts that serpeﬁtine leg with its tubular cover

free of the reflector so that its upper end is roughly 6-8" away

from the reflector surfaces.

The front man starts to remove the plastic tube (a.shipping protector)

from the serpentine by sliding it away from himself toward the

rear man.

When the plastic tube is completely'remOVed from the serpentine, the
front man will hold the serpentine (by means of the -1/4" tube not the
heat transfer surfaces.) The rear man will remove the plasﬁic tube
and discard it.

The rear man will remove one shroud from the cardboard carton
and strip off the polyéthylene shipping bag.

The rear man will start to slide the shroud over the serpentine

leg by geptly squeezing the uppermost heat transfer fin until it

fits inside of the shroud.

‘The shroud is slid in:place by a.team action of both men. The front

man preparés the way by squeezing the heat transfer fin; the rear
man prepares the shroud from the free' end. When the shroud is almost
in place, the front man guides the rubber bushing (at the base of

each shroud) into the hole provided for it in the collector frame.

WARNING:

If one of the heat transfer fins is caught on the lip of

the shroud, it will most likely be deformed. This déformation must

be corrected and the fin surface restored (as much as possible) to

the origihal condition. The entire installation procedure must be

" stopped whenever this occurs.

o 17



Care will be required to protect the shroud involved during
the heat transfer surfabé‘repaif. ﬁand bufhishiné is an
acceptable method to repair the'coppér fin:
8) When the shroud is seated at its lower ehd,fits upper
end should be lowered into the V-shaped reflector.
9) Reinstall the wire clip over the shroud,
10) Repeat steps 2) to 10) for the other nine shrouds in each

collector,

11) Move to the next collector,
12) Repeat steps 1) to 12) for the 330 other collectors.
Continue with the preliminary tests as foilows:'

A. Activate P-2/P2a via ATC-3. Storage tank water
will be cold therefore either P-2 or P-24 should
start. (Check to see that they alternate.)

B. Activate DT-1 and P-L, lock in ATC-2.

C. Tank water temperature should start to rise. Run
in this manner until tank temperatureAcauses DT-1
to close starting P-4.

D. . Warm water should cause heat exchanger No. 2 to
risefinftemperature.

E. Let system run in this manner for 3 hours; look it
over carefully to note any peculiar conditions.

¥F. Secure thelsystem as followé:

Remove power from\ATC-Z, ATC-3, P-2/P-2A and DT-1.

Leave the rest active.

18



8.0 Installation

All of the pipes, pumbs; fittings, tanks, etc. which comprisav
this system will be insuiatedltb reduce heat iloss between the
’collectdrsAand the system supply points; All bnt the solar
collector loop will be inactive and cool thPOughont this
process; Tne solar loop will be actiQe and warm; care nill

be required to nretentlinjury.to'WOrkmen who will insulate
these linas as it will not be possibile to shut down this part
of the syétem.fdr insulation application; When the insulation
has been Completely installed, the entire system will be
actitatéd and noutine opefating experience will start to be

accumulated;

19



9,0 Performance Demonstration

It will noet be possible to evaluate the performance of the
assembled system in the terms described in the "Project
-Information Summary Sheets'" of the Colm.proposal. Thé in- -~
stallation of long term performance test instrumentation was
not made a part of this contract; performance therefore will
have to bé inferred from a limited amount of measured infor-
mation. Flow balance between collectors, for example, will
noﬁ be possible but balance on a temperature basis will be
possible. Proof of solar utilization will not be feasible,
bﬁt it will be possible to estimate system losses with limit-
ed accuracy. The procedure which follows is a compromisé bet-
ween the restrictions of the program budget and a desire to
evaluate the system performance in-depth for a short period
énd on a simpler basis over a period of several years.

The key to this procedure lies in a few basic assumptions.
These are:

1. Acceptable flow balancé will be achieved by adjust-
ing flow in groups of 11-15 collectors. When this
is done, it will be reasonable to assume that all
collectors in the array will be receiving approxi-
mately the same flow. |

2. All heat removed from Loop No, L4 is transferred
to the storage tank via the lines §f Loop No. 3.

3. The analysis of energy distribution from storage is
demand sensitive. There is no'point in evaluating
this distribution as a measure of solar system

performance.
2Q



Part I. Limited Flow Balance

VSimpie flow resgricting_valves will. be installed in each major
system of the supply mains. Each collector is to have a total
flow of 0.22 gpm. Thiﬁ flow will be adjustéd in éach main fo
proyide a total flow equai to the. number of collectors fed by
that main times the rated flow. Flowmeters will be installed

in the lines to permit the‘flow'bhlance ad justments,

/
v

vPart 1I. Energy Collection

The object of this procedure will be the short term demon-
stration of the fact that the collectors will feed enefgy into
Loop No. 4. A coarse measure of this relative efficiency

of that collection process will be made.

Part III; Heat Exchanger Effectiveness

The object of this part of the test is to obtain‘a measure of
inlet and outlet conditions for heat exchanger No. 1.wh11e
tranferring energy from Loop No. L} to Loop No. 3.. Inlet and
outlset temperatureg of the heat exchanger and flow in both

loops will be rquired over a period of several daylight hours.

21



Part IV, Heat to Storagse

For the period of times used in Part III the flow and tempera-
tures in Ldop No. 3 will be used to mehsnre‘the'heat enfefed
into storage. This will be compared with the energy collected

over the same period.:

Part V. Trouble Simulation

All trouble mode indications on the control panel will be,
simulated electrically in a way to show that the psnel is

indicating correctly.

Part V1. Training

Cherry Hill Inn personnel will be trained in system operation
with special emphasis in possible problems and their proper

solution.
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1.

- ACCEPTANCE TEST PLAN RESULTS

‘Lowerlloop ﬁee hydrostatically tested at 1.5'tiMes working

pressure on August 11 1&, and 15, 1978 Leaks were repaired,

and loop was retested.

Upper loop and collector loop were flushed, drained, cold
water filled and hydrostatically tested at 1.5 times working
pressure on September 12, 1978, Leaks were repaired and the

loops were retested.

Complete electricaIAsystem'simulation and testing‘took place

on September 19, 2C, and 21, 1978.

Final locak tesating of the glycol collectur luop system

took place during the week of September 25, 1978.
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_ SUMMARY .. .

The Cherry Hill Inn has instélled—a Solar System to provide space
héat and hot water. This solar heating system should p?ovide approxi-
mately 30% of the yeariy space heat and hot water i‘equiféﬁlents. This
manual describes-the operation of the solar energy system:and gives in-

_structions on how to maintain it and keep it operating properly.
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1. OPERATION -OF THE SOLAR.SYSTEM

1.1 -INTRODUCTION

_ The Cherry Hill Inn has three distinct heating and cooling systems.
Each was installed during a phase of construction to support the parti-
cular area being built at the time. The heating systems are intercon-
nected in that the boilers can be valved to support one another. Normal
winter operation for the section that is supported by the solar system
(the original building) utilizes two 125 horse power boilers to supply
15 pound steam to produce hot water for the main air handler fan coil
unit and the individual room heater coils. Domestic and kitchen hot
water is produced by 5 pound steam supplying energy to three Patterson-
Kelley storage water heaters. An instantaneous hot water heater is ‘
available to boost water temperature as required Lu meet kitchen oani-

tizing requirements.

The solar system as installed, is operable during the entire year as
a prime energy source. In ‘the ‘evént sufficient energy is not available
from the solar system in operation, or from its storage tank, the ex1st—
ing o0il fired b011ers will automatically supplement the solar output and
meet the needs of the facility.

1.2. SOLAR ENERGY COLLECTION

The solar system consists of an'array of evacuated tube collectors,
storage tank, heating system éxchanger, domestic water system exchanger,
pumps, piping networks, controls, etc. These components are arranged in

~a manner which will allow the solar system alone, the solar system in
~ conjunction with the existing system, or the existing system alone to

meet the thermal requirements of this building and its occupants.

In operation, the solar collectors absorb radiant energy from the

sun, transfer it to an ethylene glycol anti-freeze solution which in turn
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heats water via a heat exchanger. This hot water can then be used to

heat the building, hot water or both.
A simplified diagram of the basic system is on the following page.

The actual Cherry Hill Inn solar system will be described in detail

loop by loop in the next section of this manual.

e

Collector Loop

See Diagram A,
This loop consists of:

331 Sclar Collectors

Solar Integrators (two)

Piping Network

Expansion Joints

Temperature Controller

Motorized Valves

Heat Dump (4 units)

Relief Valves ) b

Heat Exchanger I

Air Separator and ATFL

Expansion Tank <

Pump Set

Pressure Switch )

Manual Fluid Make-up Supply - Tank — Pump

Strainer

The solar integrator controller provides a turn~on and turn-off func-
tion by sensing solar insolation rate and energizing two (2) outpute
2

when an average insolation level of 353TU/ft” is reached. The signal
will activate pump P-1A or P-1B. Fluid will be pumped through the col-
lector array and monitored by temperature control ATC-i. If the fluid
temperature is below 270°F, fluid will bypass the heat dump and flow
through Heat Exchanger 1. Air will be removed from the circuit by the
'Airtrql and ATFL. A compression tank is in the circuit to absorb fluid

expansion.

If ATC-1 senses a temperature higher than 270°F, valve V-1 opens and
valve: V-2 closes. The heat dump is activated and remains on until the
fluid temperature drops below 265°F. Relief valves set at 48-50 psi are

located on the roof and in the upper mechanical room.
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In the event of pressure loss and the line pressure drops below 3 psi,
a pressure switch activates an alarm.at the Inn's front desk. The Inn
keepér will then contact the engineer on duty, who in turn will investi-
gate the pfdblem.

A fill tank is located in the upper machinery room. Water and Prestone
IT (ethylene glycol) are mixed in a 35% by weight solution and can be
manually pumped by P-3 to fill or replenish the system.

Hot Water Loop

~ See Diagram B

This loop consists of:

Piping Network

Storage Tank (7500 gal)

Temperature Controller

Relief valves

Pumps

Motorized valvceo

Hot water storage tanks (3 existing)

Pressure regulator & gauge set
'Pump Péé or P-2A is controlled by temperature controller ATC3 as well
as the.sglar integrator. P-2 pumps water through the cold side of heat
exchanger 1. If the temperature in the tank is equal to or greater
than 2000F, ATC 3 causes P-2 to stop by overriding all other commands
to P-2. An alarm advises the engineer (via the Innkeeper) to add

additional facilities to the load when T5 approaches 200°F.

Existihg cold‘water supply pressure is reduced to about 15 psi and is
allowed tc‘fldw into the tank as required via motorized valve V-3.

Hot water is supplied to'the existing hot water storage tanks-via pump
P-5 and tw6 (2) pgéssure boosters. The pressure boosters are main-
tained at'45—65.psi. .When pressure drops below 45 psi, Pump P-5 is
activated by a pressufe switch and will stay on until 65 psi is reached
The hot water storage tanks are individually connected to this solar
circuit. In the event one tank cannot use all of the hot water pro-
duced by the solar system, the second and

31



¢

" HEAT EXCHANGER Ne|

¢ 3 3 - <
V4 - s
__{>3'<;' 3 ALARM TO CONTROL EXIST. STORAGE TANKS
| > QPANEL7 \ (HOT WATER)
. P L
P < h ~ M—
P-2A P2 _~ S N | )
| P-5 V-5
by . .
i |
' | D \
YT e .
/= ATC . A
3 |/C 3 > 10 PSI : ‘\‘
)]
TS L |
SOLAR HOT WATER | LEVEL [ G
STORAGE TANK . { CONT. |
N i | 1"
2 |
2 i I

: v-3T__,____J.____J
_N.o.% | va NC.

C 447 o COLM ENGINEERING
7EXIST. WATER SUPPLY  ~ JIAGRAM B =



finaily;the third,tgnk‘can be va;ved into operation. In .the event of
pump fgilqhg, valve V-3.will clqse,(and the system will operate in a
bagkup modé W;tn 5vP§i steam heating, the water in the tanks (past prac-
tice). An alarm is in this circuit to advise when solar hot water
Supply'is below 90°F. The engineer may then manually delete. this

phase of solar supply'from its operating condition and use the exis-
ting backup system. It iS possible to utilize solar heating in one
tank and steam heat in the other tanks. '

Heating Loop

See Diagram C

This loop consists of:

Heat Exchanger II

Pumps

Piping Network

Differential temperature controller

Hot water convertor (existing)

Pumps (existing)

Heating coils (existing)
‘Ih operation, if there is a temperature differential of 6° F and T2 is
greater than T3, controller DT, allows pumps P4 to pump heated water
through heat exclianger 2. This heated water in turn heats the exist-
ing hydronic heating 100p. If the temperature differential is less
than 3OF, pumps P4 will not operate. Also pumps P4 will not operate
if T4 is greater than 175FF. If weather conditions indicate that less
heat is required, the engineer can disconnect one or more_PéApumps as
required. '

1.3 FUNCTIONAL MODES OF OPERATION

Condition 1
Solar Integrator on:
Signal to pump Pl and P2 to operate. P2
operatés on an adjustable 3-30 minute time
delay.
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Solar Integrator off:

Pl off

Pl on if:
system temperature as sensed by ATCl 1s too
high
then

_ heat dump operates and V1 opens and Ve closes

Pumps P4 can pump if required, as P4 is controlled by the temperature
differential between T2 and T3.

NOTE

Heat dump, ATCl, Pl, V1 and V2 are connected to a back=up
electric generator. Two solar integrators are in parallel

. circuits.- One is back-up to the other & either unit can

operate the system.

Condition 2

Space Heating with Solar Energy:

During solar energy collection or non-solar energy collection
periods, if T2 is greater than T3 by more than six degrees
(69F), differential temperature controller DT1 allows pumps
P4 to pump heated water through Heat Exchanger 2.

" Pumps P4 will' not -operate if T4 is greater than 1750F (ATC2)

Conditjon 3

NOTE

Collector Loop Overheat Protectlon

- When Tl is greater than 270°F, P1 will operate regardless of

any other condition. ATCl will cause valve V1 to open and
valve V2 to close. The hot Prestone will flow through the
Heat Dump circuit and reduce fluid temperature. When Tl drops

below 2709, the Heat Dump fans stop, valve V1 closes and valve

V2 opens.

Heat dump, ATC1, P1, V1, and V2 are connected to a back-up
emergency generator system.
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Condition 4
Storage Tank Overheat Protection:

The maximum allowable storage tank temperature is 200°F.
When TS is equal to 2009, ATC3 causes. P2 to stop by over-
riding all other commands to P2. An alarm advises the
Engineer to add other facilities to the load when T5
approaches 200CF.

The Engineer will manually be able to valve in othor heat.
luads such as!
kitchen water requirements
additional building wing domestic water
laundry requirements

‘Condition 5
Filling:

The system will maintain the Prestone II inventory in the
collector loop. If the pressure at PSI drops below a preset
value (3 psi), an alarm rings at the control panel and a
warning light will indicate a potential system leak. Fluid
‘can be mixed in the reservoir tank and can manually be fed
into the system via pump P3. The mixture is 35% Preston II
by wéight.

Condition 6

Hot Water Supply - To operate place summer-winter switch in .
summer pnsition.

Pressure reducing valve is set to reduce water supply
pressure. to 15 psig. . Valve V3 maintains a full tank.
Booster pump P5 and booster tanks maintain, line pressure.
If booster pump PS5 fails, valve V3 closes. Fresh water

. will then bypass the storage tank and will be fed directly
to the existing domestic hot water heatlng and - storage
system. ,

Additional valves V5 and manually operated valves (see

Condition 4) are part of this system. Valves V3 & V5 open
when the summer - winter switch is in the summer position.
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Condition 7
Mixing:
Thermostat mixing valve V6 automatically limits the

delivered water temperature to a preset maximum of
140CF,

Condition 8

Alternaﬁe Hot Water Preheating or Bypass:

Valve V3 is capable of directing the city water supply
through the hot water storage tank for domestic pre-
heating. During normal winter heating season, valve V3

is closed. This diverts the city water supply directly to
the existing domestic hot water storage tank system. In
the spring, summer and fall, valve V3 will most likely

be open and will permit solar heatlng of the domestic hot
water.

In winter, during periods of low occupancy, seasonal
-conditions, time of day, etc. valve V3 may be opened to
furnish solar heated domestic hot water.

See Condition 6

Condition 9:

If water in the.storage tank is below 90°F, a signal will
advise the Engineer to manually disconnect the domestic
hot water service from the system. When temperature in
the tank is above 90°F the Engineer will reconnect hot
water service. -
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2. : MAINTENANCE

"In this section maintenance data,pumps schedules, biueprints and

manufacturers operating instructions are located for the following items:

Pressure rcgulating valve-Watson McDanicl
Motorized Valves-Conbraco Industries |
Pumps-Bell & Gossett ' I ' e
Airtrol System-DBell & Gosset;‘ A (
Solar'integrators—cgncral_Eléctficj
Solar Collectoksteneral Electric_-f
Turbine Flow Meter-Mead Instruments
Heat Exchangers-American Heat Reclaiming Corp.
~‘Control Aid Co. |
‘ Booster Tanks—Airtrol.Inc.
Heat Dump-Trane Heating Products
Thermoflo Indicator-Bell & Gossett
Differential Temperature Control-Rho Sigma

* Automatic Tcmperature Control-Minnesota Honeywell

Motor Stértefs, Reléys;Allen'Bradléy

2.1 GENERAL INFORMATION

Problems with the solar energy syétem will most likely be due to omne
of the following causes: leaks, pump'failure, or control failure. The
system should be periodically inspected for leaks. If any are found,

they should be fixed as soon as possible.

If a pump does not run when expected, it could be due to a pump
failure or control failure. If the pump should be running and is not,
check the voltage at the pump. If 208V is present and the pump is not
running, repair or replace the pump. If 120V on control lines is not

present, the controls are probably malfunctioning. One way to tell if a
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pump is running is to listen to the motor. However, even if the pump
"motorria running,'the pump may not be working properly. If the pump im-
pellefhis damaged,'the motor may run, but the pump will not move the
fluid at the desired rate. This problem can be diagnosed with the pres-

sure gauges. The use of the pressure gauges will be described later.

The solar sYstem controls are used to operate the pumps and the heat
dump fan and valves., If the pumﬁs, fans or valves do not operate when
expected, but operate when connected to a proper power source, the con-
trols may be faulty. The first step in solving control problems is to
see if the wiring connections are clean and tight. If there is a relay
between the temperature controller or thermostat and the pumps, fans or
Valves,’check the relay contacts for dirt or corrosion and ch;ck the re-
lay for proper opération. Then check the temperature sensors and wiring.
If the sensor is bad or there is a bfeak in the wiring, the controller
will not operate properly. If these checks fail, the temperature con-

troller or thermostat should be replaced.

The pressure gauges in the solar heating system are highly useful
in spotting problems. There are a number of pressure gauges in the pip-
ing going to and leaving pumps. The pressure gauges are located so they
éan be easlly read; they are not necessarily located next to each pump.

_ When a pump is not running, the pressure gauge in the pipe going to the
pump (pump inlet) and the pressure gauge in the piping leaving the pump
(pump outlet) should have approximately the same readings. When a pump
'is operating, the pressure~gaugelconnected to the pump outlet should
read noticeably higher than the pressure gauge connected to the pump in-
let piping. If a pump motor is running and both pressure gauges have
-the same readings, then one of the gauges.is clogged witﬁ dirt or defec-
tive, there is air in the piping, or the pump impeller is damaged.

If the piping is full of 1liquid, check the pressure gauges. Tap
‘them to see if they are stuck. If they still read low and appear to be
defective, replace them. If the pressure gauges are working properly

and there is no air in the system, the pump impeller should be checked.
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2.2 PRESTONE IT MAINTENANCE

A representative sample, taken during circulation and packaged in a
clean, glass, one-pint container, should be sent to Union Carbide Corpora-
tion, Consumer Products Division,. Tarrytown Technical Center, Tarrytown,
New York 10591. Information on the application and the case history of
the sample, date and concentration installed, approximate total hours of

operation, amount of water and/or "Prestone II" added, etc. should be

provided. This should be done every 6 months.

There is no simple dependable way, except chemical analysis, to de-
termine inhibitor condition of used coolant. However, in a system con-
taining. iron or steel, which was reasonably rust-free when the coolant
was installed, inhibitor exhaustion is generally indicated by a brown or
rusty color of solution, and when this occurs, the solution should be

drained and discarded and a fresh fill installed.

It is recommended not to add anything to "Prestone II" solutions
except water and fresh "Prestone II" Winter-Summer Concentrate or "Pres-
tone" brand Cooling System Sealers and Stop Leaks. Other products may
_contain materials not compatible with '"Prestone II". Adding an inhibitor
to a used coolant solution will not eliminate contamination already

present.

2.3. PUMP SCHEDULE

Copy attached. (See next page)

2.4 PUMP CHECKOUT

Only one pump is required to operate the collector loop and the
loop between heat éxcﬁanger 1 and the storage tank réspecfively. The
second pump is a backup unit. Totinéure proper pump seal 1ubricatioﬁ,
the pumps are automatically alternated electrically. Thus, if the sys-
tem is deact;vated regardless of time of day, or day of week, the next
time the system is activated the other pump is used. The pumps can be

electrically tested by moving the control selector switch form "1-1A"
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Note: All pumps are ITT Bell & Gossett

Pump No.

P~1 & P-1a
P-2 & P-2a
P-3

P-4
(Qty 3)

P-5

PUMP SCHEDULE

Description

Series R0, #145T, 2 H.P., 208 Vnlts/3 phase
2" Flanged Suction & Discharge Nozzles 1750 RPM

Series 80, #808T, 5 H.P., 208 Volts/3 phase
3" Flanged Suction & Discharge Nozzles 1750 RPM

Series 60, 6017T, 1 H.P., 208 Volts/3 phase
1 1/2" Suction & Discharge Flanged Nozzles 1750 RPM

Series 60, #6016T 3/4 H.P., 208 Volts/3 phase
1 1/2" Flanged Suction & Discharge Nozzles 1750 RPM

Series 1535, #356T, 2 H.P., 208 Volts/3 phase

1 1/4" N.P.T. Suction Nozzle, 1" N.P.T. Discharge
Nozzle 3500 RPM
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automatic alternating cycling to position "1 or "1A". If the light does
not luminate, -check the bulb and if after a bulb change the light does
operate, the electrical alternator has malfunctioned. This is a weekly

check procedurc for pumps 1-1A, and 2-2A.

2.5 SYSTEM OPERATION

The solar sysfem consists of 331 General Electric TC-100 evacuated
vacuum tube c¢ollectors mduntéd onto an aluminum truss frame netwdrk which
is in turn bolted to the existing building gcrﬁctural beams. - The solar
collectors are manifolded together in grouﬁs'so that only a very small
portion of the system need be turned off in the event a collector re-
quired maintenance. Thé collector loop'is dgsigned to pump fluad at
approximately 73 GPM via Pump P1. A Mead "Turbine Flowmeter" is used -to
adjust the flow réte.- The probe is:inserted into é 1-1/2" pipe tap,
~screwed in place, the gate valve opened, and then the probe is inserted
down into the center of the pipe.line. The read out device is calibrated
in gallons/minute. 'The ball valve in the flow line is used to adjust
the flow to meet the design specificatioh of 73 GPM. After the flow is
checked and calibrated, the Turbine Flow-meter is removed from the line

and tho gato valve ie closed.

The pump system is protected by a 20 mesh strainer. For initial
flush and clean out a 50 mesh strainer is used. The 50 mesh strainer
will be discarded prior to installation of the glass shrouds on the solar

collectors.

Pump P3 is used to fill the system and is manually controlled. Dur-
ing the filling operation, the heat dump system is kept in an operating
position. This insures that the heat dump fans and associated pipe lines
are full of fluid. A manually operated vent is also kept open to insure

that air is eliminated.

The collector loop has a pressure switch connected to an alarm at
the Innkeeperé desk. In the event line pressure drops below a certain

valve, the alarm alerts the person on duty who then contacts the Engineer.
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The collector loop contains pressure relief valves (set at 50 psi)
and an air separator andiexpansion tank. Expansion tank pressure is

- maintained at about 20 psi.

Pump P2 is also adjusted using the Mead '"Turbine Flowmetér;" will
be. set at about 125 GPM.

Pumps P4 are adjusted using the B&G Thermoflo Indicator and will be
set at 125 GPM.

2. 6 COLLECTOR LOOP FILL PROCEDURE

1; Use supply line to fill sump tank.

2. Actuate P-3 (manually) and begin pumping 35% G1ycol/65£ Water
through the mains., 4

3. Use wrenches to tighten the supply connection for each collec-
tor. Loosen the return fitting.

4. Working: one collector at a time as each one flows full of
water, tighten the return flare nut. A

5. Manually open valve V-1 and close valve V—2 until the heat
dump is filled.

6. Open the top valve of_the expansion tank until it is half
full. Close the top valve.

7. Check operation of manual vent valve. Use it to aid in
bleeding excess air from the loop.

8. When the loop has beeh(filled; pressurize it to 20 psi with
pumps P-1/P-1A running and check for leaks. Hold for 3 hrs.
Repair any leaks.

Acceptable flow balance will be achieved by adjusting flow in groups
of 11-15 collectors. When this is done, it will be reasonable to assume
that. all collectors in the array will be receiving approximately the

same flow.

All heat removed from collector loop is transferred to the storage

tank via the lines of the loop between basement and the floor.
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Simple.flow restricting valves will be installed in each major sys-
tem of the supply mains; Each collecéor is to have a total flﬁw of 0.22
gﬁm. This flow will be adjusted in each main to provide'a totai fiow
equal to the number of collectors fed by that main tihes thé'fated flow.
The Turbine Flowmeter will be installed in various lines to permit flow

balance adjustments.

In the event it is necessary to repair a collector or its manifold,

do tlhe fulluwlug: supply

1. open drain valve
2. close subsection valve (3/4")
3. close subsection return valve (3/4")
4, open fill v
5. make repair
6. f£ill line with a:proper mixture of Prestone II and water
using a plumbers hand pump

7. be sure that all air is eliﬁinated from panels

8. open supply valve

9. 6pen return valve

10. close drain valve
11. close fill "T"

2.7 HEAT EXCHANGER MAINTENANCE

Heat' Exchanger Number 1, will be drained and inspected in the

. spring of the lst year of operation. Engineer and factory
representative can determine condition of plates and make
required changes.

Inspection the following year will determine if inspections
should be on an annual or other calendar basis._

Heat Exchangers will be under positive pressure from the
water side comparcd to the glycol side. The pressure gages in
the upper control room show water pressure and glycol pressure,
flow will be adjusted to insure that the water pressure will

be higher than the glycol pressure.

!
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2.8 GLYCOL TESTING

to

- A simple glycol presence test is:

1.

Chemical - Visual Colorimetric test

The best choice for a test to be performed in the field
must be specific, sensitive, rapid, uncomplicated, and use
stable reagents.

If specificity is not required, there is one test which is
outstanding in other respects. This test is detection of
a yellow to red color change with ammonium ceric nitrate.
The procedure is as follows: 3 droppers of reagent are
transferred to each of two stoppered 25 ml volumetric
flasks; sample water and tap water are added to the marks;
the two flasks are stoppered and mixed, then compared
against a well lighted white background. A redder color
in the sample flask indicates the presence of glycol in
the sample. Sensitivity is about 5 ppm, but will depend
upon the character of the water and the eye sensitivity
of the observer. Samples of water from the installation
will be obtained, and a test for glycol will be performed
in a' commercial laboratory once a year.

(ref. pg. 39ff in Snell and Snell, Vol. 3)

Mechanical
The heat exchanger can be isolated, a pressure time test

such as performed on car radiators will be performed once
a year.
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3. DRAWING LIST
(Appendix '"B'')

Title

Solar Panel System and Layout
7500 Gal. Holding Tank
5Hol.ding Tank, Section ""A-A"
Heat Dump Arrangement
Upper Level Mechanical Room
Lower Level Mecha'nicai f{oom
Electrical Line Diagrarﬁ

Solar Panel Mar;i'fold. Assembly

Roof Assembly Details

Solar System Schematic
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UPDATED SYSTEM PERFORMANCE DATA REVISED FROM ORIGINAL CALCULATIONS

Incident Space Heating ‘ Hot waterss: Solar Fraction
Month Radiationst Load (1083tu) Load(48py,) of Total Load
Jan. 979 .50 = 0 eeeaa 0.15
Feb. 1215 Bty emee- 0.19
Mar. 1441 3,17 eeee- 0.30
Apr. 1556 2.10 - ecea- ©0.49
May 1641 ———ea 2.19 0.50
June 1697 ————- 2.12 ' G.52
July 1723 ee-a- . 2.19 0.53
Aug. - 1672 eeee- - 2.19 0.51
Sept. 1647 0 eeee- S 2412 0.50
Oct. 1475 2,00  eeca-- , 0.51
Nov. 1179 2,58 eee-- ‘ 0.29
Dec. 903 | L.OO °  —eea- 0.15
ANNUAL 22.49 10.81 0.34

#Collector Area = 4899 sq.' ft. net
' Ti1t = 40°
Azimuth = 20° East

**Delivery Temperature .= 1uu F -
- Hot water load for rooms in main building, kitchen, laundry
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MAJOR PROBLEMS ENCOUNTERED AND RECOMMENDED SOLUTIONS
Our problems could be catagorized into four distinct groupings:
Materials Handling
Installation Techniques
Institutional
Operational Experience

Materials Handling

As part of our obligation, we installed an observation stairway and plat-
form for potential viewers. These items were installed at the end of
construction. In reality, we now feel that the stairway should have been
constructed and installed prior to any task, It would have afforded
rapid, safe access to the roof and eliminated haullng material with ropes
and slings.

The solar array should have been divided into two or more sections. This
would have permitted aisles perpendicular to the collector rows and
eliminated the need to walk about three hundred steps laterally whenever
one had to go to another section of the array.

Installaticn

We found it imperative to sub assemble as much of the manifold sections

as possible in our shop prior to field installation. This praclice was

used for about 70% of the roof piping. For future projects, we suggest

that a complete repeating section of collectors and support structure be
installed in a shop so that 100% of the piping may be prepared for sub-
assembly with the.absolute minimum amount of field layout work.

We suggest that all contractors consider purchasing some of the new
equipment available which can drill and pull "T" sections in copper tube
or pipe. This type of device eliminates the need .for a large number of
sweated "T" and can be utilized in areas where it might be difficult to
install reducers, etc.

All valves two inches and larger should be flanged instead of screw-
type with sweated or brazed adaptors. Present day adaptors are of poor
quality and readily leak after installation.. A flanged valve costs more
than a screwed type, however the labor savings will make’ up for the
increased material costs.
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Institutional

All institutional problems affected the cost of the project. This part-
icular project tried to obtain as much publicity as possible. Management
felt that since this was a public demonstration program, we should obtain
all available press and television coverage. During the course of the
project, there were at least ten newspaper articles and about seven
television presentations on our progress. As a result of all of this
publicity, every union shop business agent in our geographic area visited
to be certain "that his union would get their portion of the job." Since
our hotel is a union shop facility, we could not afford to risk a local
strike or demonstration as the hotel would be closed by our own union
staff. Our project became the jurisdictional test case for the iron
workers, steam fitters, sheet metal men, etc. Some of these jurisdic-
tional disputes had to be settled in Washington, D.C. at the unions
international level. All of this resulted in a 14% overrun rather than
anticipated 15% underrun. There were certain phases of this project which
were to be manned by hotel labor at $5.00 per hour rather than outside
union labor at $21.00 per hour. Naturally once a union group won a
jurisdictional dispute they had no desire to allow any other group to

do their work. Our recommendation, therefore, is to shun any publicity
prior to completion of the project. In this way it might be possible

to preévent the type of situation that faced Cherry Hill Inn.

It would be desirable to allow for some type of escalation in the
cooperative agreements. Our estimates were prepared about a year before
" contract negotiations and about 18 months before orders were placed.
During this period of time prices escalated about 15-18 percent. Need-
less ‘to say, we have not been granted an increase to date from DOE.

Another problem area had to do with progress payments. It was not
unusual to wait ninety days for a progress payment and sometimes we had
to wait one hundred twenty days. A small businessman is not in a
position to carry invoices for this length of time. As a result, he is
forced to borrow money to complete the project or must scale down his
progress to meet the DOE actual payment plan. The plan as it presently
operates is not geared to the small business situation but is more
designed for a business that could absorb and live with the unanticipated
delays associated with a federal contract.
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Operational Experience

After the system became operational we discovered that the insulation in
the collector (located around the bottom of the "hairpins' and in. the
vicinity of the "pigtail") could get wet and wick into the foam rubber
insulation. General Electric ran some tests and concurred. Presently
they are sealing all non-weather tight openings with silicon caulk. .

There was some collector vacuum tube breakage experienced just after
installation. This was due to the fact that the imsulator installers
turned some valves off and caused some collectors to locally stagnate.
When the valves were returned to their proper position, a number of
collector tubes broke, Presently we are in the process of removing all
valve handles to prevent a future occurance. We also intend to lock the
main and auxiliary circuit breaker boxes to prevent unauthorized personnel
from tampering with the system.

- Operdting experience now suggests that the P1/Pla-P2/P2a time delay be
adjusted as follows:

April - October 2 minutes
November - January 25 minutes
February 5 minutes

March 20 minutes

However, if a major cold spell (15°F or lower) is anticipated, the time
delay should be adjusted to 5 minutcs. This will prevent the potential
of freezing the water side of the heat exchanger if, for example, snow
covers the collectors and the solar integrators turn the system on
(sunny day) circulating sub—freezing glycol. If the P2/P2a pump did not
circulate water it might be possible to freeze the water side of the
heat exchanger.
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STYLE B

PRESSURE REGULATING
VALVE

FOR AIR OR WATER
INSTALLATION AND OPERATING INSTRUCTIONS

INSTALLATION: Before installing the pressure regulating valve, be sure to blow out the pipe line, removing all dirt,
pipe scale, pipe chips, etc.

WATSON
McDANIEL
COMPANY

Watson McDaniel Company recommends a “Y" type strainer be placed in the line on the inlet side of the
pressure regulating valve. A by-pass line with hand shutoff valves and gauges should also ke installed around the
regnlating valve, a¢ chown in clwotoh below.

Install the pressure regulating valve in a straight run of pipe away from any meters, tees, elbows or flow turbulence
that will affect good regulation.

The valve body is marked with an arrow to show direction of flow.

Install the Style B pressure regulating valve in a horizonlal run of pipe with the adjusting screw above the center
line of the pipe. However, if head room is scarce, the second best position is to install the valve in an inverted
position with adjusting screw pointing downward. (WARNING: The Style B valve should not be installed in a ver-
tical run of pipe because the weight of parts will interfere with good regulation.)

OPERATION: The Style 'B'’ pressure regulating valve is single seated, balanced, tight closing for dead end service.
it is a self-contained valve, therefore, both high pressure and low pressure sensing ports are integral in the valve
body casting. (no external sensing line is necessary.) The outlet pressure (Controlled Pressure) acts directly on the
underside of the diaphragm and exerting a force to oppose the spring downward force, thereby controlling the de-
sired pressure setting.

On start up, be sure all tension is off the spring by turning the adjusting screw counter-clockwise. Check to see
that the by-pass valve is CLOSED and hand valves in front and back of the regulator are open; also that the
inlet pressure gauge is reading line pressure and the downstream pressure gauge is reading approximately
zero or back pressure. By turning adjusting screw slowly clockwise, the desired controlled pressure can be
obtained. After the desired pressure is reached, the locknut on the regulating screw should be tightened to
assure holding the set pressure and prevent tampering. !

This instruction sheet is intended as general information and not to be interpreted as spe-
cific information on any particular application.

If after reading above instructions and you are uncertain as to the products adaptability for
Your application, please call the factory or authorized factory representative before instal-
ing ur using Lthe product.

Watson McDaniel Company recommends that the pressure regulating valve be installed as shown in the sketch
below and with a pressure relief or safety valve on the downstream side (Low Pressure) of the control valve.

f PRESSURE HAND  “Y' STRAINER STYLE "“B" PRESSURE RELIE?
GAUGE VALVE P.R.V. OR SAFETY VALVE

> ey el e al|

\'

L | % J

WARRANTY

Each Watson McDaniel Company Product is warranted against defects in material a_nd workmanship for one year from date of
shipment. This warranty extends to the first retail purchaser only. All defective material must ba returned to the person from wh'om
you purchased the Product, transportation prepaid, free of any liens or encumbrances, and if found to be dﬁfOF(IVG vynll be repaired
free of charge or replaced, at the warrantor’s or seller’s option. If the material is replaced, any replacement will be invoiced in the
usual manner and after inspection of alleged defective material an adjustment will be made tfor depreciation caused by purchaser use.
In no event will Watson McDaniel Company be liable to do m han refund the original contract price.

Incidental and consequential damages are excluded, whethe. w..der this warranty or otherwise. All implied warranties, including D8-1
warranties or merchantability and fitness for a particular purpose, are disclaimed and excluded.



1.

SCREWED CONNECTION

REGULATING SCREW

FLANGED CONNECTION

. 1.
2.
/ 3.
4.

REGULATING SCREW

LOCK NUT
TOP SPRING BUTTON

Q74 Madison Avenue, Valley Forge Corporate Center, Norristown, Pa. 19401

=3 2. LOCK NuT i REGULATING SPRING
3. TOP SPRING BUTTON 5. BOTTOM SPRING GUIDE NUT
= 6. UPPER DIAP. CASE
C — 4. DIAPHRAGM SPRING CASE = . Ditaa WASHER ToP
5. REGULATING SPRING C D+[D'A'] = 9. DIAPHRAGM HOLDER
Do) — | .Y S > %10. SET OF DIAP. NUTS & BOLTS
"' ~ 6. DIAPHRAGM NUT = 11. LOWER DIAPHRAGM CASE
7. DIAPHRAGM WASHER 12. TOP FLANGE BOLTS
8. DIAPHRAGM *13. TOP FLANGE GASKET
“‘( 9. DIAPHRAGM HOLDER N 14. CUP PACKING NUT
%10. SET OF DIAP. NUTS & BOLTS : 15, TOP CUT PACKING WASHER
I \PHRAGH CASE *16. CUP PACKING
1. LOWER DI | 7 ™~ 17. VALVE BODY
1Z. PACKING NUT & WASHER 2 18 CUP PACKING SLEEVE
%13, CUP PACKING ; % 119, MAIN VALVE STEM
L B 14. VALVE STEM 5 / . _{—20. VALVE SEAT RING
1 ~—— 15 VALVE BODY ! / .11 VALVE DISC
(16 VALVE DISC 122 VALVE DISC WASHER
B L7 VALVE STEM NUT & WASHER B vz, 95— 74—23. DISC LOCK NUT
(> 18 Lock 1 Z—24. BOTTOM FLANGE GASKET
=—25. BOTTOM FLANGE
19. BOTTOM PLUG A
A ~~26. BOTTOM FLANGE BOLTS
A % RECOMMENDED SPARE PARTS KIT | %RECOMMENDED SPARE PARTS KIT
NOTE: WHEN ORDERING PARTS GIVE SERIAL NUMBER OF VALVE, WATSON McDANIEL COMPANY
WATSON McDANIEL COMPANY VALY Tonte oo cewrn
NOTE: WHEN ORDERING PARTS GIVE SERIAL NUMBER OF VALVE 975 MADISON AVE, -
e S e STYLE B
STVLE B e
e
SIZE AND DIMENSIONS JOB:
SIZE A B C D '
ENGINEER:
CERTIFIED THAT DIMENSIONS ARE CORRECT: CONTRACTOR:
SUBMITTED BY: DATE:
WATSON McDANIEL COMPANY APPROVED B DATE. N
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115 volt, 60 cycle, current draw
locked 10lur 2.8 amps, 250
in/ibs-torque 5.5 seconds for
90° rotation, 15% duty cycle.

Gi

CONBRACO INDUSTRIES, INC.

PORMERLY CONSOLIDATED VALVE INDUSTRIES, INC.

P. O. BOX 125 PAGELAND, SC 29728 803/672-6181

MODEL EV.A. 25"

. MODELE VA 40

115 valt, 60 cycle, ourront dravw
locked rotor 3.1 amps, 400
in/lbs.-torque 8.5 seconds for
90° rotation, 15% duty cycle.

-
WIRING DIAGRAM o=
i =
! =
X VS
! - - - - - = ' -
' T U —
A = Q
PN
ELECTRIC ACTUATOR WITH A I
TWO WIRE CONTROL RELAY T . '
\ . ]
- o
A: Top Switch (Wire to OPEN)
NOTES: B: Bottom Switch (Wire to CLOSE)
Switches: Normally Closed. |
Shaft Rotation: Counterclockwise, viewing : COLOR CODING: EVA 25 & EVA 40
Actuator at top. Total of 360°. - -
Manual Override: Counterclockwise6 viewing 6 S:?:C gg};g:
Actuator at top. Total of 180% Travel, VOLTAGE H
but turn 90° On-Off. 115 VAC “RED BLUE
24 VAC ORANGE BLUE
Actuators mounted upside-down require 220 VAC YELLOW BLUE
special Factory modifications. 24 VDC BROWN BLUE
GREEN WIRE IS GROUND
NOTE: FOR LIGHT INDICATION, ETC.,
CONNECT WIRING TO OPERATION
CIRCUIT TERMINALS.
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3AM-L476
ELECTRIC ACTUATOR MOUNTING INSTRUCTIONS

Begin assembly by insuring Ball Valve is in the OPEN POSITION.

Remove Lever Mut "A" and Lever "B", (Fig. I)

Place Coupling "C" over Stem and assemble with Lever Mut "A", (Fig. II)

Remove all four (4) Body Bolts "D" and Lock Muts "E", Place Bracket "F"
in position over End Cap. (Fig. III) Replace all four (4) Body Bolts
"D" and torque Lock Muts "E" to proper torques as shown in Table One.

AT THIS POINT, INSURE BALL VALVE IS STILL IN THE OPEN POSITION.

Turn “anual Override Shaft on Actuator to align arrows (Stamped on top
end of Manual Override Shaft) so that they indicate the OFEN position
on the Actuator. Place Actuator onto Bracket "F" while engaging Shaft
into Coupling "C" and secure with four (4) Hex Head Screws "G". (Fig., III)

Actuated Ball Valve is now ready for electrical wiring, See Wiring
Diagram for proper installation,

TASLE OME -
(Body "olt Torques)

VAIVE SIZE TORNUE*

1A_n TO ]n 30
14" TO 14" 75
" 100

“Torque - Inch Lbs.

.-

M 1T



This page has been removed due to copy restrictions. For information
on 2" Bore 90° Ball Valve Actuators contact Conbraco Industri es, Inc.,
Matthews, NC. ’
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L2 7 T r I T 7T T7 21

ITEM

KO PART %O. DESTRIPTION’ TY
1——1-0676 — C-RIES, 0.D. 2
2 1-0499 SUAT PING 2
1-0677 C-RIYG, 1.D. 2
-—1-(‘611—-—C\R 210G 2
] 1-0473 8 2
[ 1-0469 E 1
? — 10466 YEX 7AP SCREW L
: 8 1-05C2 LEVER FIN 1
9 1-0M69 CCI™MEZTING ROD 1
‘¥ 10— 1-0484 — TUSE SEAL 2
X 11 1-eb2-2  TURE 1
F12  1-0476-2 FI3TCX “1
4 a-———l-ohco WiIEER 10
| -0kay EX T 6
2] 1= 1-0467-3  STUD 2
16—1~0k°3—F:.x OT 2
17 1-0467-k STUD 2

ITEM N
N0 FART NO. DESCRIPTION

18 —1-0L66 BLI'D E'D COVER—
19 1-0L02 STOP SCREW

20 1-C439 SPRIYG

2} —— 1-0436 ——PACKING

22 1-(::85 BUZHIG

23 1-CL78 DOVEL

2k — 2.0030 ACTU4TOR BODY

25 1-0L97 . SEAP RIG

26 1-0498 GASKET

27— 1-Cbgl — BCDY COVER

28 1-0LQ95 SEAL WASE

29 1-oLok WASEER

3 STOP SZREW

31 1-0471 LZVER

32 1-0470 WRIST PIN

33— 1-0474 ——BUSHING

O
|53
o
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SEAL KIT PARTS: ™Mawe.

Mgy e CONBRACO INDUSTRIES INC. ===See
NO PART ¥O. DECTPIPTION 9TY |—— == BT
1 37 9, 0. 2 n1s [

8 T 528l 3 [Tavass

is j SEA 2 -
21 1-0’:86 IJPACKINGA 1 BVA 35 ACTUATOR
28 1-049% SEAL WASEER 2 ORAWS s haad
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AM-1075-C.
ELECTRIC ACTUATOR~MOUNTING INSTRUCTIONS

1. Begin assembly by insurirng Ball Valve is in the OPEN POSITION.
2. THemove Lever Mut "A" and Lever "B". (Fig. I)

%, Flace Coupling "C" over Stem and assemble with Lever Nut "A", (Fig. II)
(*'0"Z: On Velve sires 11" and larger, kits contain one (1) wash>r to -
he rlaced between the Coupling "C" and Lever Mut "A" (Fig. II))

i, Fl~rce Bracket "D" on Valve Body Mount Pads and center large hole over
the Stem, Secure with two (2) Socket Head Cap Screws "E". (Fig. II)

“. AT TEIS POINT, INSURE VALVE IS STILL IN THE OPEN POSITION.

¢. Turn Manual Override Shaft on Actuator to align arrows (Stamped on
top end of Manual Override Shaft) so that they indicate the OFEN
position on the Actuator. Place Actuator onto Bracket "D" while
enraging Shaft into Ccupling "C" and secure with four (4) Hex Head
Screws "F", (Fig., III)

. Actuated Ball Valve 1s now ready for electrical wiring. See'wiring
diarram for rrorer installation.

\ IIEII

Fie, 1
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CONBRACO INDUSTRIES, INC.

PORMBRLY CONSOLIDATEO VALVE INDUSTRIES, INC.
P. 0. BOX 125 PAGELAND, SC 29728 803/672-6161

MODEL E V A 40

115 voit, 60 cycle, current draw 115 volt, 60 cycle, current draw
locked rotor 2.8 amps, 250 locked rotor 3.1 amps, 400
in/ibs-torqus 5.5 seconds for in/ibs.-torque 8.5 seconds for
. 90° rotation, 15% duty cycle. 80° rotation, 15% duty cycle.

-
WIRING DIAGRAM S~
oo
Y 3
: : "ua (V) L
"""_n_l_-“ e e — -
I 3-““ / \ &vo
T (Ve X
- - - ;‘.’
I
ELECTRIC ACTUATOR WITH A
TWO WIRE CONTROL RELAY !
‘e *
A: Top Switch (Wire to OPEN)
NOTES: B: Bottom Switch (Wire to CLOSE)
Switches: Normally Closed.
Shaft Rotation: Counterclockwise, viewing COLOR CODING: EVA 25 & EVA 40
Actuator at top. Total. of 3609, A -
Manual Override: Counterclockwise6 viewing SL??C gg¥}gn
Actuator at top Total of 180" Travel, VOLTAGE H
but turn 90° On-Off. 115 VAC RED BLUE
24 VAC ORANGE BLUE
Actuators mounted upside-down require 220 VAC YELLOW BLUE
‘sbecial Factory modifications. 24 vDC BROWN BLUE

GREEN WIRE 1S GROUND

NOTE: FOR LIGHT INDICATION, ETC.,
59 CONNECT WIRING TO OPERATION
CIRCUIT TERMINALS.




AMP-1075~A
PNEUMATIC ACTUATOR MOUNTING INSTRUCTIONS
(AIR-TO-AIR)

1. Begin assembly by insuring the Ball Valve 1is 'in the OPEN POSITION.
2. Remove Lever Nut "A" and Lever "B'". (Fig. I)

3. Place Coupling "C" over Stem and assemble with Lever Nut "A". (Fig. II)
(NOTE: On Valve sizes 1%" and larger, kits contain one (1) washer to be
placed between the Coupling ''C" and Lever Nut "A"., Fig. II))

4, Place Bracket "D" on Valve Body Mount Pads and center large hole over
the stem. Secure with two (2) Socket Head Cap Screws "E". (Fig. II)

5. AT THIS POINT, INSURE THAT THE VALVE IS STILL IN THE OPEN POSITION.

6. Turn Manual Override Shaft on Actuator to align Shaftr Flats so that they
are parallel with the centerline of the Actuator. Place Actuator onto
Bracket "D" while engaging Shaft End (Opposite end of previously aligned
Shaft Flats) into Coupling '"C" and secure with four (4) Hex Head Screws
"pY.  (Fig., III)

7. Actuated Ball Valve is now ready for air line installations. After
air line installations have been completed, cycle Actuated Ball Valve
to check the OPEN and CLOSED alignment. If Ball Valve Stem Flats are
not parallel to the Valve Body centerline in the OPEN position and are
not perpendicular to the Valve Body centerline in the CLOSED position,
refer to "Rotation Adjustment" to correct.

PNEUMATIC ACTUATOR
(FAIL-SAFE, SPRING RETURN)

1. Through 4. Same as above for Air-To-Air Pneumatic Actuators.

5. For SPRING-TO-CLOSE operation, turn Ball Valve to CLOSED POSITION.
Place Actuator onto Bracket "D'" while engaging Flats nn Manual Override
Shaft that are parallel with centerline of Actuator into Coupling 'C"
and secure with four (4) Hex Head Screws "F'". (Fig. III)

6. For SPRING-TO-OPEN operation, turn Ball Valve to OPEN POSITION. Place
Actuator onto Bracket ''D'" while engaging Flats on Manual Override Shaft
that are perpendicular to centerline of Actuator into Coupling "c" and
secure with four (4) Hex Head Screws "F". (Fig. III)

7. Same as above for Air-To-Air Pneumatic Actuators.

ROTATION ADJUSTMENT

Shaft rotation is regulated by two slotted and threaded screws located
at opposite ends of the cylinder. Adjustments are accomplished by turning
these screws in or out as follows:

1. Loosen lock nut and turn slotted screw IN TO REDUCE SHAFT ROTATION.
After desired position is reached, tighten lock nut. (Fig. III)

2. Loosen lock nut and turn slotted screw OUT TO INCREASE SHAFT ROTATION.
After desired position is reached, tighten lock nut. (Fig. III)
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Air-To-Air Actuators, when ordered
with Solenoids, are equipped with two (2)
3-4ay Yormally Closed Solenoid Valves., We
recommend wiring with Normally Open Push _*

e - e

Button Switches. This type installation
requires only 3 to 5 seconds opening or

closing cycle time and greatly increases
{ the 1ife of the Solenoid Valves.

g (Wiring Diagram "At) ‘ Wiring Niagram "A"

o)
‘10 115 VAC

O O

el R

%;J;_- : . 115 VAC

o~ SPDT Switch

J

Wiring Diagram "B"

Failsafe, Spring Return Actuators, when ordered with Solenoids, are
equipped with two (2) 3-V¥ay Mormally Closed Solenoid Valves, A SPOT
Switch is required in this installation. (YWiring Tiagram "B")

sl s

F MOTE: IF A MANUAL SELECTCR AIR VALVE IS USED INSTEAD OF ELECTRIC §
3 - SOLEMOID VALVES, A 4-WAY SELETTOR AIR VALVE SHOULD BT USED. b
: 2) |
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This page has been removed due to copy restrictions. For information
on Actuated Ball Values used on Electric and Pneumatic contact Consolidated
Valves Industries, Inc., Matthews, NC.
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INSTALLATION, OPERATION
AND MAINTENANCE GUIDE
FOR APOLLO SERIES

‘Apo@@ofl |
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(2)

INSTALLATION, OPERATION
AND MAINTENANCE OF THREADED
APOLLO BALL VALVES

INSTALLATION

1. Pipe connections ta be threaded into these
Valves should be accurately threaded, clean and
free of foreign material or metal shavings.

2. Teflon tape is recommended for use as the
pipe joint sealant.

3. Use two wrenches when making the pipe joint.
Apply one wrench on the Hex pads nearest the
joint being tightened to prevent breaking Body/
Retainer seal. UNION END VALVES: Remove the
Union Nut from Valve and place over pipe. Thread|
Tailpiece onto pipe using a smooth jaw wrench.
Thread Union Nut onto Valve Body and LIGHTLY
torque.

OPERATION

The Valve Levers are marked showing proper
rotation direction for "ON" and "OFF" positions.
Rotation is clockwise for "OFF" and counter-
clockwise for "ON".

MAINTENANCE

Normal Stem Packing wear can be compensated
for by tightning the Packing Gland Nut clockwise.
If all adjustment tu Packing Gland Nut has been
made, remove the Lever and Packing Gland Nut and
add one or two replacement bearings on top of the
old packing. Reassemble the Packing Gland Nut
and Lever.

General repair of the Valve can be made by:
1. Close Valve.

2. Remove Retainer by turning counterclockwise.

7

3. 1/4" through 1" Valves only, pry out top

¥
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(3)

Seat being careful not to damage ball. 1-1/4" A‘\ ‘
1 through 3" Valves: Top Seat will come out with
Retainer.

4. Push Ball out of Body with finger.

5, ARemove Packing Gland Nut by turning counter-
cleckwise and push Stem down into body to remove.

6. Remove all Seats and Seals., To facilitate
removal of the Stem Packing, tut with knife.

7. Replace all Seats and Seals as furnished in
the Service Kits. Inspect Ball and Stem for
wear or damage and replace if necessary.

8. Reverse above procedure to reassemble using
a sealant on the Retainer threads equivalent to
Loctite Hydraulic Sealant.

NQTE: Union End Valves cannot be easily field
repaired, therefore it is recommended that Ehe
main Valve Section be replaced.
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(4)

L

“Apo@ﬁoi Ball Valve Division
CONBRACO INDUSTRIES, INC.

- P.0.BOX 125

PAGELAND, S. C. 29728

803/ 672-6161
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This page has been removed due to copy restrictions. For information on
Actuated Ball Valves used on Failsafe contact Consolidated Valves Industries,
Inc., Matthews, NC. '
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Thxs page has been removed due to copy restrictions. For information on
. Parts List used on 1 1/2" Ball Valve- Test at 100 P.S.1. contact Consohdated
Brass Company, Matthews NC.
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Pages 70 and 71 have been removed due to copyright. For information
on Series 1535, Close-Coupled Centrifugal Pumps contact ITT, Bell & Gossett,
8200 N. Austin Avenue Morton Grove Ill1n01s 60053
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LOCATION

The pump should be placed as near as possible to the
source of supply, particularly when operating with . a
suction-lift, and located to permit installation with the
fewest possible number of bends or elbows in the suction
pipe. The maximum suction-lift should not exceed 15
feet, including friction losses.

FOUNDATION

The Series 1535 pump, being mounted on its motor, needs
no special foundation. However, it is well to provide a
solid concrete base.

PIPING

Be careful that the pump and motor are not sprung out
of alignment by the weight of the piping. The pipes
should be supported by suitable hangers and not by the
pump.

1t is important that air be kept out of the system. On an
open system always place the end of the suction pipe at
least 3 feet below the surface of the water in the suction
well to prevent air from being drawn into the pump.
Avoid air pockets in the suction line and make sure that
each section of the suction pipe is absolutely air tight.
Where there is suction-lift, horizontal runs of suction
piping should slope downward from the pump toward the
suction well but never upward.

Install a gate valve and a check valve in the discharge
pipe close to the pump. The check valve should be be-
tween the gate valve and the pump discharge nozzle. The
gate valve can be used to control the capacity of the
pump or to shut off the discharge line while repairs are
being made. The function of the check is to protect the
pump casing from breakage that might occur due to the
action of water hammer. Install a foot-valve on the
bottom of the suction-pipe to keep pump primed.

PRIMING

DO NOT RUN PUMP DRY. Before starting, these
pumps must be filled with water and the air removed
from the casing by unscrewing the plug in top of the
volute shell. After the pump has been filled, turn the
shaft a few times by hand to allow all air to escape and
if necessary add more water. The gate valve in the
discharge should be kept closed until the pump is run-
ning at full speed and then gradually opened. Once the
casing and suction pipe have been primed, a small by-
pass around the check valve in the discharge line may be
used to keep the pump full of water and thus compensate
for leakage through the foot-valve.

When the pump is primed from an independent source,
a Y, inch pipe line controlled by a valve may be con-
nected to the top of the volute shell.

Do not attempt to prime a pump while it is running by
letting water into it through its discharge. This is an
unsatisfactory method that could damage the pump or
motor or possibly blow out a fuse.

To facilitate priming and draining, plugs in top and bot-
tom of volute casing may be replaced by Y4 inch cocks
or valves.

INSTALLATION AND OPERATION
INSTRUCTIONS FOR 1535 PUMP

LUBRICATION INSTRUCTIONS
Lubricate the motor with a good grade soda-soap grease
at least once a year.

To grease the front bearing force grease in the alemite
fitting at the top till new grease is observed coming out
the bottom vent.

To grease the rear bearing use a screwdriver to remove
the snap in blank at the end of the shaft. Remove the
old grease and repack with new grease.

HOW TO SERVICE YOUR 1535 CENTRIFUGAL PUMP
1. Close valve leading to supply-side of pump (If no
valve has been installed, it may be necessary to drain the
system).

2. Detach motor from pump volute by removing eight
cap-screws from center body-flange.

3. Remove impeller from motor-shaft (First turning im-
peller-nut counter clockwise).

4. Lift off seal-spring—then place screwdriver point
under top compression ring of seal and pry off. Seal can
then be removed by pulling upward.

5. Be sure that the shaft is thoroughly cleaned then lubri-
cate with a thin film of oil or water and push the replace-
ment seal on as far as possible by hand. Next, using a
screwdriver press down firmly all around the outer edge
of the top compression ring until the seal is tight against
the face of the remite insert. If end play is present push
the seal on tighter.

6. Replace impeller on shaft making certain that impeller-
nut is firmly tightened. The motor can then be reassem-
bled into pump volute and placed in service.

OPERATING THE PUMP

1. Be sure to operate the pump in the proper direction.
All B & G Centrifugal pumps run clockwise when looking
at the pump from the motor end. All pumps are provided
with arrows showing direction of rotation.

2. Liquids having a temperature near the vaporization
point cannot be raised by suction. There must be a posi-
tive suction-head depending upon the operating tempera-
ture and pressure at the suction nozzle of the pump.
When pumping liquids having a viscosity appreciably
different from water, a positive suction-head is required.
3. When there is danger of freezing, remove drain plugs
at top and bottom of volute shell and drain thoroughly.

4. Keep motor bearings lubricated.

5. Do not disassemble pump unless absolutely necessary
as impeller has been accurately adjusted and tested be-
fore leaving factory.

6. Ask for information or help if trouble is experienced
that cannot be rectified since this pump is guaranteed to
operate as recommended.

7. If pumps are to be idle for a very long period of time
the interior of the volute should be cleaned and oiled.
This prevents parts from rusting together and assures a
longer period of satisfactory operation.

8. The motor should be protected against overload and
under-voltage. Control devices for this purpose can be
obtained at a very low cost. They are inexpensive
insurance.

Bulletin No. SD-846-CA
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e GUARANTEE

Bell & Gossett Products are guaranteed only against defective material and
workmanship for a period of one year and can be returned only after
receiving written permission. Parts found defective upon inspection at the
Factory will be replaced, f.o.b. Factory. The Company shall not be held
liable for loss of material or products, damage or delays which might be
caused by defective material, nor shall it be liable for the labor in replacing
such products or material or for replacing defective parts or a completely
replaced unit. The Company also shall not be held liable when B & G
Products are used for purposes other than those for which they were

designed.
T . RETURNED GOODS
Written permission must be obtained before returning any material for
credit. Material so returned will be subject to a deduction of 10% for
i All transportation charges, including freight-and cartage, will

rehandling.
be paid by the shipper. Products which are obsolete or made to special
order are not returnable.

SERIES 1535 CLOSE COUPLED CENTRIFUGAL PUMPS

- N

e e ~

T

PARTS LIST -

VOLUTE ASSEMBLY
VOLUTE DRAIN PLUGS
VOLUTE FASTENERS
IMPELLER

IMPELLER NUT - -
IMPELLER WASHER

INSERT RETAINER
MECHANICAL SEAL ASSEMBLY
INSERT GASKET

REMITE SEAT INSERT
SHAFT KEY

VOLUTE GASKET

VOLUTE COVER PLATE

BELL. & GOSSETT COMPANY

MORTON GROVE, ILLINOIS
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Pages 74 thru 87 have been deleted due to copyrighted information.
Contact Bell & Gossett Company, 8200 N, Austin Avenue, Morton Grove,

Nlinois 60053 for information on the following:

W N e

Booster and Series ''60'" In-Line Centrifugal Pumps

Stock Sizes Series "'60"
In-Line Mounted Centrifugal Pumps Series ''80"
Airtrol System Installation and Operating Instructions.
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SOLAR INTEGRATOR INSTALLATION INSTRUCTIONS

- APPLICATION

" The Solar Integrator is designed to provide a turn-on and turn-off function,

as well as é saféfy delay in the event of a power failure and subsequent loss

of collector fluid pumping.

The Solar Integrator controller operates the high performance collector systems

by sensing solar insolation rate and energizing two (2) outputs when an average
insolation level is surpassed. The first output is pr;vided 5 to 25 minutes

after the unit senses a preset sunlight level. The second output is delayed

two (2) minutes from the first output to allow for pump staging or fluid-air
control. In the event of a power loss and subsequent return of power, the unit
will delay the éignal outputs until a 15 minute '"darkness" period has been sensed.
The unit is powered by a 24 Volt A.C. external supply. The ouéputs are one side of
the 24 Volt A.C. line relay-switched under the proper solar conditions (greater_
than 35 BTU/HR/FT2 average). The relays are sized to'handle a 24 Volt A.C., 2 VA A

relay or motor starter coil load. .

INSTALLATION"

location

The.Solar Integrator is nofmally mounted on topyof the solar collcctor (see 132D6370,%
sheet nos. 1 and 5, Figure 1), but may also be remotely mounted. For either type of
méunting, the sensor face of the unit must be parallel to the collector field, the
mounting bracket attached to the controller must be oriented horizontally. The
éontro]ler must not be Jocated where an obsttuction (chimney, tree, smoke sgack;

cct.) will shadow the BENSOT during any part of the day and the unit must not lie-

in the beam of a high inrensity light (floodlight) during darkness.
*See note on pag'é 90.
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Mounting and Alignment

4. Mount the adaptor bracket to the collector (132D6370F Sheet 5, Figure 1).

2, Align the front (see mounting detail drawing 132D637@fvsheet 5, Figure 2)
edge of the mounting bracket along the front horizontal edge of the adaptor

bracket.

(o4
.

Align the mounting bracket slots (as shown on 132D6370ﬁ‘sheet15, Figure 2)

with the holes on adapter brzcket.

4, Using hardware provided (nuts, bolts, washers), mount package to the bracket.
The top edge of the mounting bracket must be aligned with the top of the

adaptor bracket.
Wiring

All wiring must agree with applicable local codes. The unit has been designed to
operate as ailow power, Class 2 circult aliowipg the use of wire as small as #22.

A 1/2" conduit interface hole is provided on one side of the controller package.
Figure 3 on 132D6370}‘sheet no, 5, shows a typical wiring connection for the con-
troller.‘

Remove the four (4) outer scréws (nearcst to the side of the package) which removes
the sensor face.

A terminal strip is located on the electronics board mounted to the sensor face of
thé controller for the four (4) external wires to the Solar Integrator. It 1s re-
commended that color-coded (rcd, black, white, greeﬁ) four bonductor wire (22 gauge)

suitable for outdoor use be uscd to connect the Solar Integrator.

**See note on page 90.
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Wiring Insfallation

1. Mount package first. Lead tﬁe wires.thrbugh thé conduit opening (Figure 3,
drawing no. 132D6370fAsheét no. 5). A weatherproof conduit or strain-relief
fitting is recommended to maintain.the sealing of the controller package.

2. Connect wires to terminal strip as shown. Terminal strips use a rising surface
clamp to secure the wire.

3. Re-connect the sensor face to the package. !
CHECKOUT

Check that the Solar Integrator controller has been properly installed. .Apply
power to the unit (wires "R" and "B", 24 Volts A.C.). Upon any application of
power, the unit will lockout operation until a pericd of "darkness" has been
sensed. |
1. Cover the sensor element completely with a opadue cloth or other
opaque material;\
2. After a minimum of twnety (20) minutes, rcmove cloth.
3. Depending on the sunlight level, the first output (W wire, 24 Volts
A.C. between W and B) should operate within five (5) to twenty-five (25)
minutes; . ‘ : !
4. The second output should operate two (2) minutes after the first output
("G" wire, 24 Volts A.C. between "G" and "B").
The glass sensor face should be periodically wiped with a clean soft‘cloth to remove

dirt buildup. The sensor. face should be kept clear of abrasive materials.

NOTE: For additional information on Solar Integrator and drawing 132D6370,
please contact General Electric Company, Attn: Solartron Product Service,
P.O. Box 8861, Philadelphia, PA 19101.
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Rho Sigma Integrator Retrdfit

INTRGDUCTION

Previohs Zia units had both photosensor and electronics mounted in a package
at the collector field. The Rho Sigma controllers have an electrical package
which is mounted indoors, a‘photosensor which is mounted on the collector and

a temperature sensor which is mounted inside the collector.

Figure 1 shows the difference in package‘wiring. Applying fhe "R, B, W, G"
convention usgd on the Zia unjts, the system controls are now wired to a
'package iﬁdoors: Four wires must be run to the roof from the Rho Sigma package.
Al foﬁr.go,to the photosenéor condulet. Two are connected to the photosensor.
A black and red dot indicate the required hookup. The black-red convention for

the photosensor leads must be maintained to the electronics package (seé’Figure 2).

The temperature sensor must be clamped (pipe q]amﬁ supplied) to a return tube
on the serpentine, underneath the glass shroud. - A splice shall be made in the
collector manifold and two leads (#18) are run to the photosensor condulet.

There is no polarity on the temperaturé sensor.,

PROCEDURE FQR RETROFIT

Roof

1. Remove Zia unit.

| 2. Slide off g]asé shroud, clamp temperature sensor at least 6" up the
return tube of the serpentine. The sensor should be mounted on the

last collector (hottest fluid).
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Splice 2-#18 teflon -insulation wires to sensor leads in collector
manifold. . Run wire out the end of manifold.

Remove photosensor condulet from mounting plate. .Align p]éte with
collector attachment‘hole; and bolt to the side of the collector -

near the temperature sensor leads.

Bring 4-#18 wires from the Rho Sigma controls package into one side of the
coﬁdu]et, connect photosensor:]eads to colored-coded terminal board.

Use culur-coded wire. |

Splice leads from the temperature sensor to remaining two leads in the
condulet. ‘Use water-tight conduit fittinés to close both ends.
Mount photosensor condulet to mounting plate. Photosensor must "see"
“the same field of view as the collector.

Mount control]ef package near system controls. Connect photosensor and
temperature sensor leads from roof as shown 1in Figure 2. Add jumpers of
Figure 2. | ]

Connect "R, B, W, G " leads from system controls .as shown in Figure 2.
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Frame Only
Glass Installed
Dry
Wet

Frame
Reflector
Insulation
Fluid Lines
Glass Tubes

Hydraulic

Structural Attachments

GENERAL @3 ELECTRIC

VACUUM TUBE SOLAR COLLECTOR SPECIFICATION DATA SHEET

PHYSICAL
"WEIGHTS |
British
35 |bs.

57 Ibs.
59 Ibs.

COMPOSITION

—MODEL

SI

16 kg

26 kg
27 kg

18 Ga aluminized steel (51.6 mil)
Coilzak® aluminum (25 mil)

Fiberglass

1/4" type L copper

008 soda lime

CONNECTIONS

Brass 1/4'' 459 Flare Nut

Stainless Steel or aluminum

EQUIPMENT SIZING GUIDELINES

Heat exchanger area

Heating

Cooling & Heating

Storage Volume
Heating Only

Cooling & Heating

17 ft2/module 016 m2/module
.35 ft2/module .033 m2/module

15 gallons/
module

22 gallons/
module

56.8 liters/
module
83.3 liters/
module

TC-100— o

R T3 o 111/16"

X 8] 7 ¥

<ﬁ> <é> <ér 1#» <ﬁ> Téb Wﬁ» <ﬁ>

5253

s

3 HOLES

MOUNTING INTERFACE
TYPICAL 4 CORNERS

b—o

_JLT
re— ¥ 1

114 -! rll?" J“j d]l’s‘tl‘i
v e
IS T, a0 ety e )
lrf —_— 4770 — *{

OPERATIONAL
British
Insolation 0 to 400
BTU/ft2/hr
Fluid

Operating Temperature 100 to 300°F

Composition

H
VTS a0

FLARE NUTS

Sl

0 to 108
langleys

38 to 149°C

“Good" ! water with 35/50%

Prestone @;

MODULE DESIGN CONDITIONS

Pressure Drop-Design 7.0 psi
@ 180°F
Minimum 5.0 psi
Flow Rate 0.22 gpm
@ 180°F
Wind Velocity (Max) 100 mph
lce Load (Max) 13 psf
Snow Load (Max) 20 psf
Combined Load (Max) 33 psf

Maximum System Pressure 80 psi

MODULE AREA

Gross (Frame) 17.4 2

Net (Active) 14.8 12

(1) “Good" Quality Water:
Chlorides < 100 ppm
Sulfates < 100 ppm
Bicarbonates < 100 ppm

Total Hardness < 250 ppm

95

48.2 kPa
@ 82°c
34.5 kPa
0.83 I/m

@ 82°C
161 km/hr
63.5 kg/m?2
97.6 kg/m?

161.1 kg/m
551 kPa

1.62/m?
1.38/m2



ARRAY SIZE FACTOR

25

TYPICAL DESIGN CONSIDERATION

COLLECTOR LOOP SCHEMATIC
SOLAR
CONTROLLER

SOLAR
COLLECTORS

PRESSURE

[__[)rniusF VALVE
%
>

FLUID LEVEL
(NON-OPERATING)

PRV

ﬁk FLUID LEVEL
(OPERATING)
EXPANSION

TEMPERATURE

(TKX MAIN HEAT

! REGULATOR /[ EXCHANGER

M

[D | FROM
SIURAGE

PUMP (P2)

AIR
PUMP. (1) SEPARATOR

DnAIN-—ﬁ

TO
STORAGE

PRELIMINARY SOLAR ARRAY SIZING

NUMBER OF COLLECTORS = ANNUAL
DEMAND
(mm BTU/YR)
x ARRAY
SIZE FACTOR

30

%
SOLAR

20 '\ CONTRIBUTION
i ~ 70%
R = <
L e
L 50%
10 — s
30%
EXAMPLE: ATLANTA,
05 - LOAD = 1800x106 BTU/YR
FOR 50% SOLAR CONTRIBUTION
- NO. = 1800x.152 = 274 COLLECTORS
o iy et Vigias o] by O Tl A A e T (L5 B | P U
4 5 8 a
YEARLY HORIZONTAL INSOLATION " 108 BTU/FT? 'YEAR
| | |
BOSTON D.C. ATLANTA OKLA. LOS ANGELES PHOENIX
cITY
| | 11
MADISON SPOKANE FT.WORTH MIAMI

SINGLE ROW PLUMBING CONFIGURATION

MAIN

Moy fe--  scouecrons ol - scotecrons ok semiicions o]
EERTECIRERAESRTE I
;‘i%t‘}‘htk“ li*‘l‘“l‘%‘r‘:ﬁ

— EXPANSION

ANCHOR
COMPENSATOR ey

) - anchoR

DUAL ROW PLUMBING CONFIGURATION

12 COLLECTORS

- e

| -

R R TR J

ﬂ TTT ﬂTﬁhﬁhl# . ui M }‘H’I*? T*}_M N 13#”?3 T*#T*ﬁ*“l‘
f\ | 1 / | |

£~ EXPANSION
COMPENSATOR

MAIN S
SUPPLY 12 COLLECTORS 12 COLLECTORS

-

REITE R )

L - ancHoR £ aneron

MAIN
RETURH

MODULE PRESSURE DROP (@ 180°F)

FLUID A P (PSH)
100% water 6.0
35% glycol/water 7.0
50% glycol/water 8.0
HEADER
TUBE | TYPE MAXIMUM NUMBER
SIZE COPPER OF PANELS/ROW
3/8" L 18
1n L 36

OPTIONAL ACCESSORY HARDWARE

HEADER KIT
MOUNTING KIT
SOLAR CONTROLLER
LEXAN OR ACRYLIC WINDOW

For Further Information Contact:

Manager, Solar Heating and Cooling Marketing
General Electric Company,

P.0O. Box 13601.

Philadelphia, PA. 19101

Phone — (215) 962-2112/2113

GENERAL 3 ELECTRIC
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SPECIFICATION

EVACUATED TUBE HYDRONIC SOLAR COLLECTOR

GENERAL

The solar collector shall be an evacuated tube liquid type de-
signed for efficient operation at fluid temperatures ranging from
100 to 300° Farenheit (66 to 149° Celsius). The collector
module shall be furnished with all the necessary components,
excluding support attachments, ready for field attachment to
support and piping systems. Specifications and requirements
stated herein shall not supersede applicable Federal, State, or
Local Codes and Regulations.

SOLAR COLLECTOR MODULE
General Construction

The solar collector shall be composed of standard manufac-
tured modules which are designed for simple attachment to
the support structure and piping system. The modular unit
shall have a gross dimensions of approximately 4 feet by 4 feet
(1.2 by 1.2 meters) with an active-to-gross area ratio greater
than 0.85. The active (effective) area, as defined by the manu-
facturer, is the planar area onto which incident energy is
directed to the absorber surface (s). The gross operating weight
of the solar collector shall not exceed 4.0 pounds per square
foot (19.6 kg/mz) of gross area. The collector assembly shall
be capable of withstanding wind velocities of up to 100 mph
(161 km/hr) with an ice and snow lnad of 20 1b/ft2 (97 kg/m )
without structural damage.

Glass Tubes

The module shall consist of evacuated glass tubes which are
composed of two concentric glass tubes separated by a vacuum
of less than 10‘4 Torr. The glass construction shall contain the
vacuum without the usage of mechanical seals. The vacuum
shall be maintained for the life of the tube at temperatures up
to 660°F (343°C) with an active getter.

The outer radial surface of the inner glass tube shall have a
coating with an average hemispherical emittance less than 0.05
at 212°F (100°C) and an absorptivity greater than 0.85.
The solar absorptance of the glass shall be greater than 87
percent of the visible light spectrum.

Long-term degradation of coating and glass properties shall
have a combined effect of less than 10 percent of the total
absorbed energy.

Fluid Passages

The collector unit shall be suitable for use with water or a
mixture of water and anti-freeze solution (up to 50 percent
by volume) as the heat transfer fluid.

Fluid passages shall not be restricted, when the specified fluid
quality is maintained, to the point that collection efficiency
(as a function of fluid flow) is decreased by more than 5
percent over the design life of the collector.

Fluid passages shall be designed to withstand, without degrada-
tion, the effects of no fluid flow and high insolation condi-
tion. Fluid passages shall be designed for operational pressures
up to 80 psi (651 kPa) and fluid temperatures up to 300°F
(149°C).

Insulation

There shall be at least 1.5 inches (3.80 cm) of 3 Ib/ft3 fiber-
glass (48 kg/m3) or equivalent insulation surrounding all fluid-
carrying components which are not thermally protected by the
vacuum from the ambient environment. The insulation will be
properly protected from the ambient environment to preclude
significant insulation performance degradation resulting from
ambient conditions. Fluid temperatures up to 650°F (343°C)
shall not affect the performance or integrity of the insulation.

PERFORMANCE

Collector performance shall be defined by its instantaneous
efficiency based on active collector area in graphical (Figure 1)
and equation form as

n=A-BYy
where
n = jinstantaneous collection efficiency (active area)
v = (Teol - Tamb) / Qj OF-hr-ft2/BTU
Tcol average collector temperature, OF
Tamb = @mbient temperature, OF
Q; = insolation on the plane of the collector

BTU/hr-ft2)

o
m

o
>

MINIMUM PERFORMANCE
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Figure 1. Instantaneous Collector Efficiency



The constants A and B are obtained by placing a least squared
straight line through the data points located between Y = 0.0
and Y = 1.0. Certified test data from a recognized independent
testing agency, along with manufacturer’s test data, shall be
identified on Figure 1 and utilized to define the constants
A and B. Collector efficiency shall be determined in accord-
ance with ASHRAE 93-77 test procedures.

The solar collector shall have an efficiency plot which is
greater than the minimum performance line of Figure 1. The
constant A shall be greater than 0.58 and B shall be less than
0.37 BTU/hr-ft2.9F

QUALITY ASSURANCE
Manufacturer

The manufacturer of the solar energy collector shall be a
recognized producer of said equipment and shall submit docu-
mentation demonstrating a high capability in design engineer-
ing, testing, fabrication, installation and maintenance of equip-
ment the same as or similar to that called for on the drawings
and in the specification(s).

All Other

All materials, assemblies, coatings, thermal bond connection,
fluid connections, vacuum seals, structural members and hous-

98

ing configurations shall be of the highest quality and shall
fully meet those standards called for and required in the
“Interim Performance Criteria for Solar Heating and Cooling
Systems in Commercial Buildings” (NBSIR 76-1187-1976).
Any change and/or deviation from these criteria must be
fully clarified. Standards and work of a higher quality than
in the above cited, called for in these specifications and/or
on the drawings, shall be met by the manufacturer.

OPERATIONAL DOCUMENTS

The manufacturer shall provide, within one (1) week of col-
lector delivery, installation documentation for the collector.
These manuals shall describe preventive maintenance, general
maintenance, fluid quality cantral and replacement require-
ments and material replacement and control instructions.

WARRANTY

The manufacturer shall warrant that at time of delivery,
the solar collector will be free from defects in material and
manutacture and will be of good yuadlily and workmanship.
This warranty shall provide far the replacement or repair,
at the manufacturer’s election, of the collector or parts there-
of, provided that written notice of the defect shall be given to
the manufacturer within one (1) year after collector delivery.
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The various configurations included in this brochure are
included for illustration of several typical solar collector
system applications and are not intended as constructional
information. Although reasonable care has been taken in their
preparation to insure their technical correctness, no responsi-
bility is assumed by the General Electric Company for any
consequences of their use.

The solar products and arrangements disclosed herein may be
covered by patents of General Electric Company or others.
Neither the disclosure of any information herein nor the sale
of solar products by General Electric Company conveys any
license under patent claims covering combinations of solar
products with other products or components. In the absence
of an express written agreement to the contrary General
Electric Company assumes no liability for patent infringement
arising oul of any use of the solar products with other
products or components by any purchaser of solar products or
others.
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1. INTRODUCTION

This document has been prepared to provide ARCHITECTS,
CONSULTANTS, INSTALLING CONTRACTORS and
ENGINEERS the basic data required to integrate a TC-100
vacuum tube solar array into a building design and to provide
the mechanical contractor with the detail to install and check
out the subsystem. Instructions for approximate sizing of a
TC-100 array, component sizing and estimating system
performance have been described in_General Electric Docu-
ment No. 78SDS4216A — SolartronUM, Vacuum Tube Solar
Coliector ‘‘Commercial and Industrial Application Guide.”

Should you have questions regarding this material, or should '
you require additional information, contact:

Manager, Solar Heating and Cooling Marketing
General Electric Company

P.0O. Box 13601

Philadelphia, PA 19101

Phone: (215) 962-2112/3

2. GENERAL DESCRIPTION

2.1 PHYSICAL CHARACTERISTICS

The Genera) Electric Solartron TC-100 solar collector module
(Figure 2-1 consists of eight glass vacuum tubes nested in a
cusp-like reflector. The cnllertor is designed to be mounted
with the vacuum tube axis oriented up and down, with pro-
visions for simple four<corner mounting. Two flare fittings
connect each collector to the supply and return headers.

A collector module has an installed weight of approximately
57 pounds, or about 3.3 pounds per square foot. The col-
lectors are instalied without the glass vacuum tubes, and each
module without the tubes weighs about 35 pounds, providing
ease in handling. The TC-100 module collector is designed for
an environmental loading {combined wind, ice, and snow) of
33 pounds per square foot when installed.

2.2 COLLECTOR COMPONENTS

The collector module consists of:
1. An aluminized steel frame
2. An anodized, polished aluminum cusp-tike reflector

3. Copper finned-tube loops to transport the working fluid

4. Glass vacuum tubes with rubber grommets and
spring clips.

REFLECTOR
FRAME
GLASS SHROUD (8)

MOUNTING INTERFACE’ o ,.| HYDRONIC
Jone CONNECTIONS
Figure 2-1. GE TC-100 Collector Module
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The copper tubing between vacuum tubes is pre-insulated. The
collector modules are completely assembled except for the
glass vacuum tubes which are shipped separately. The modules
are shipped with protective plastic covers over the copper
finned-tubes. These plastic covers remain in place until the
system is checked out at which time, the plastic covers are
replaced with the glass vacuum tubes.

The glass vacuum tube and the finned-tube are shown in cross
section in Figure 2-2. The glass vacuum tube consists of two
glass cylinders joined to form a large “Thermos bottle”.
The outer cylinder serves as the window, and the inner cylin-
der, which is selectively coated on the outer surface, acts as
the absorber. The space between the two glass cylinders is
evacuated. The energy absorbed is transferred through the
inner glass tube and into a conforming cylindrical copper fin.
The thermal energy is then conducted along the fin-and into
the fluid passing through the U-tube. This design elimirnates
glass-to-metal seals, eliminates impact of potential glass
breakage on operational continuity, reduces thermal inertia,
and eliminates thermal expansion differentials between metal
and glass components. The 1/4 inch copper tubing which con-
tains the working fiuid terminates with 46-degree flare nuts for
mechanical attachment to headers.

2.3 COLLECTOR FLUID

The recommended non-freezing working fluid is a mixture of
35 to B0 percent {by volume) Prestone 11 ethylene glycol.

OUTER GLASS TUBE CONFORMING COPPER -
(WINDOW) HEAT TRANSFER FIN

THERMAL
ATTACHMENT

EVACUATED

COATED INNER
GLASS TUBE
(ABSORBER)

REFLECTOF
U-TUBE FLOW PASSAGE

Figure 2-2. Cross-Section of Active Collector Elements



with distilled, deionized, or demineralized water,1 which
offers freeze protection to -4°F and -34°F, respectively.

Operating temperatures should be limited to 300°F in order to
prevent decomposition of the ethylene glycol.

1Note: Water containing no _more than the following is
satisfactory:

chlorides 100 ppm
sulfates 100 ppm
bi-carbonates 100 ppm
total hardness 250 ppm

2.4 OPTIONAL COLLECTOR ACCESSORIES

In addition to TC-100 vacuum tube solar collectors, General
Electric offers several optional solar system accessory kits that
have been engineered to facilitate collector installation and to
cantrihute to the operational efficiency and reliability of the
system.

Mounting Bracket Kits (Figures 3-3, 3-4 and 3-5) for either
sloping surface, flat-roof or space frame applications are avail-
able. Direct mounting bracket kits (Figure 3-3) include
T-brackets which lock the collector to commercially-available
UNISTRUT® channels which are attached to the roof or other
substructure. “Internal’’ brackets utilize pins while “external’’
brackets are bolted. The strut mounting option (Figure 3-4)
offers a standard top and bottom brackel design for use with
contractor-supplied transition struts. Space frame bracket kits
(Figure 3-5) provide a standard L-bracket with a 3/8-inch
threaded U-clamp for 3’* diameter tubes. All three kit options
include the required nuts, bolts and washers.

Header Kits (Figures 5-4 and 5-9) are available for both single
and dual collector configurations. Header kits include prefab-
ricated header pipes with the appropriate hydraulic fittings,
alignment/anchor brackets and clamps, fiberglass insulation,
aluminized steel covers, joint and fastening hardware.

Collector Window Kits (Figure 2-3) are recommended ONLY
for areas of extreme vandalism or for regions having incidences
of large hail. The simply-mounted collector window kit is
offered either in UV-stabilized Lexan® or acrylic. Appropriate
attachment hardware is included.

Solar Controller Kits (Figure 2-4) are modular units containing
electronic logic and a silicon photosensor that digitally inte-

WINDOW ASSEMBLY

Figure 2-3. Collector Window Kit

PHOTO SENSOR
CONTROL
BOX

MOUNTING
BRACKET

o

COLLECTOR
SENSOR

Figure 2-4. Solar Controlier Kit

grates solar energy levels for system control. The controller
operates from a 24 VAC, 60 Hz source and outputs two
24-VAC signals. These functions control collector and storage
loop pumps and valves. The controller also provides a
“lockout’” function following power loss. The controller kit
includes all mounting hardware.

3. COLLECTOR INSTALLATION

3.1 INSTALLATION SUMMARY

A summary of the installation procedure follows. The
discussion herein includes GE optional accessories, but similar
steps are recommended for field-procured accessories. Roof,
ground, or space-frame mounting are all potential methods of
installation, depending upon structural considerations, aes-
thetics and cost. The collectors may be arranged in individual
rows (Figure 3-1) or in a dual row (Figure 3-2) utilizing
common headers.
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Upon completion of the collector supporting structure, the
collectors are mounted without the vacuum tubes (Section
3.4). The header tubes are then attached to the collectors and
brazed together (Section 4.2). A leak check follows (Section
4.3). Operation of the balance of the solar system, including
the controls is verified. The vacuum tubes are then installed
(Section 5.1), followed by high-temperature cycling and
checkout (Section 5.2). The piping is insulated and covered
(Section 5.3), and the system is operational.



Figure 3-1. Single-Mounted Collector

3.2 MOUNTING TECHNIQUES
There are many acceptable techniques for mounting solar
collectors. The method selected must consider structural,
architectural, cost and schedule constraints. As a guide for
collector mountings, three general techniques suitable for sim-
ple four-corner mounting are presented:

1. Direct mounting (Figure 3-3).
2. Strut mounting (Figure 3-4).
3. Space Frame mounting (Figure 3-5).

Specific requirements may warrant variations or a combination
" of the three.

A collector mounting technique that utilizes a UNISTRUT
channel attachment (Figure 3-3) provides a simple, quick
installation and will also allow flexibility in the lateral
positioning of the mounting brackets. By avuiding hard-
mounting ot indidual enllector support hrackets. installation
time can be reduced signiticantly in the alignment and atach-
ment of brackets and collectors. Installation time can be fur-
ther reduced by using the internal mounting brackets offered
in the General Electric mounting kits which use pins rather
than nuts and bolts for slide-on interconnection of adjacent
collector panels.

In a strut-mounted installation (Figure 3-4), hard mounting of
individual collector support brackets is required to provide
rigid support. Strut mounting will be somewhat more time
consuming than a direct mounting in terms of both alignment
and attachment. Cross-bracing may be required for lateral

Figure 3-2. Dual-Mounted Collectors

support.

A ““U-clamp” attachment, (Figure 3-5), can effectively be used
for most space-frame applications. Like the ““T-bracket’’ design
used with a UNISTRUT channel, ““U-clamp’’ brackets use both
pins and bolts for ease of installation.

©

INTER-COLLECTOR
T-BRACKET

.

PIN (2)

RETAINER
PLATE

I
N
it

%@

Wl

END OF ROW T-BRACKET

T

SLOTTED
UNISTRUT®
CHANNEL

(BY INSTALLER)

FLARE NUTS

Figure 3-3. Direct Mounting Kits
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BOLT (2)

TOP BRACKET

OPTIONAL WiNDOW

TRANSITION
STRUT
(BY OTHERS)

a1
BOTTOM
" BRACKET

BOLT (2)

DIA. TUBE)

INTER-COLLECTOR
BRACKET

SPACE FRAME = |
(BY OTHER)

DIA. TUBE)

END OF ROW BRACKET

Figure 3-6. Space Frame Mounting Kit
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3.3 LAYOUT AND SPACING

The initial step in collector installation is a layout of the array
pattern. Since the collector attachment points are fixed at the
four corners, spacing between UNISTRUTS or dimensions
between space frame members need to be closely controlled.
This will facilitate installation, assure dimensional integrity of
the array and preclude extraneous stresses on the collectors.
Spacing between rows is less critical.

Typical spacing for UNISTRUT installations is shown in
Figure 3-6 for single-mounted collectors and Figure 3-7 for
dual-mounted collectors. The distance between adjacent rows
is a nominal value to allow access. For a more compact collec-
tor array, the separation may be reduced, but provisions for a
sliding ladder or working platform should be implemented to
facilitate installation and potential maintenance. Lateral
spacing between collectors is nominally 1/4 inch to accom-
modate a 3/16-inch thick T-bracket and a 1/16 inch header
tube support bracket. In a dual row configuration, mounting
of tube support brackets are alternated between the top and
bottom collectors to maintain array symmetry and proper
fitting of the collector tubing to the headers.

Typical spacing of bottom brackets for a strut-mounted instal-
lation is shown in Figure 3-8. The separation between the
front and back brackets is flexible, but 49%" divided by the
cosine of the collector tilt angle is most appealing.

Typical space frame dimensions are shown in Figure 3-9.
Vertical members should be spaced to avoid interference with
attachment of the U-bracket that is required every 48.0
inches. .

3.4 INSTALLATION PROCEDURES

Note:

If the GE solar controller (Figure 2-4) is used, install an
adapter bracket during the installation of the collectors
preferably at the end of the row for convenience of
accessibility in installation, wiring and maintenance.
Mount controller in a position where it will not be
shaded at any time.
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Direct Mounting Collectors

2. Re-attach the transition cover with the six screws. Use

Install UNISTRUTS with spacing shown in Figure 3-6 or
3-7 and attach to the roof, (Figure 3-10), or substructure.
For roof mounting, include 1/4'' neoprene-type spacer under

the UNISTRUT at each attachment point. For dual mounted 3.

collectors, use P5500 series UNISTRUT or P1000 series with
1/4" spacers at the attachment points. Single- and dual-

mounted collector installation instructions are described
in the following sections. Use the instructions that apply to 4.
your configuration.

Note: 5

Retainer plate assemblies (plates, bolts, washers and
spring-type nuts), (Figure 3-12), used at the ends of each
row should be obtained from the mounting structure
manufacturer, or obtained locally by the installing
contractor.

Direct, Single-mounted Collectors:

1. Before positioning the first collector on the UNISTRUT,
remove the six sheet metal screws holding the transition
cover at the base of the collector. Remove the transition
cover and attach an end-of-row T-bracket (without pins)
to the side of the collector that will face out, (Figure
3-11), using two bolts for each bracket. Removal of the
transition cover is only required for end-of-row
collectors.
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two bolts to attach the other end-of-row T-bracket to
the same side of the collector.

Slide the collector into place so that the T-brackets grip
the UNISTRUTS. Finger tighten the retainer plates to
the UNISTRUTS. (Figure 3-12).

Place one internal T-bracket (pinned) into each UNI-
STRUT and a pipe support bracket at the header end
and continue installing internal collectors.

. Verify the correct location and squareness of the first

collector and secure the two retainer plates to the
Unistruts.

. To mount the adjacent collector, place tube support

brackets over the pins of the T-brackets, (Figure 3-13),
at the header end of the collector and slide the next
collector laterally until the pins are fully inserted and
the collectors are snug one to the other.

. For subsequent collectors, insert a pinned T-bracket into

each UNISTRUT and a pipe support bracket at the
header end and continue installing internal collectors.

. At the end of each row, install the last collector as

described in Steps 1-3. Insure that each collector is snug
against the next and then secure the two retainer plates.
The next step is installation of headers (Section 4).
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PINNED T-BRACKET |

TUBE SUPPORT
BRACKET

Figure 3-13. Internal Collectors are Fastened by Pinned

T-Brackets

Direct, Dual-mounted Collectors:

i

N

w

Before positioning the first collector on the UNISTRUTS,
remove the six sheet metal screws holding the transition
cover at the base of the collector. Remove the transition
caver and attach the two end-of-row T-brackets (without
pins) to the side of the collector that will face out,
(Figure 3-11), using two bolts for each bracket. Removal
of the transition cover is only required for end-of-row

collectors. :

Temporarily re-install the transition cover with one

screw.

Slide the collector into place s that the T-brackets arip
the UNISTRUT. Place one internal T-bracket (pinned),
(Figure 3-10), into each UNISTRUT and insert into the
curresponding holes in the collector frame. Assurc the
position and squareness of the collector and tighten the
retainer plates (Figure 3-12) to the UNISTRUT.

. To install subsequent internal collectors in the first row

of the dual configuration, place one internal T-bracket
(pinned), (Figure 3-13), into each UNISTRUT and insert
into the corresponding holes in the collector frame. At
the collector header end, a tube support bracket, (Figure
3-13), is inserted over the pins of the T-bracket at every
other collector. Remove five of the six transition cover
screws at the base of the collector and place the collec-
tors on the UNISTRUT. With the brackets in place, slide
the collector laterally until the pins are fully inserted
and the collectors are snug one to the other.

. At the completion of the row, the last collector is

installed as indicated in Steps 1 and 2. Be sure all collec-
tors in the row are snug one against the other before
tightening down the two retainer plates.

. The second row of the dual configuration is now mount-

ed. Repeat Step No. 1.

. Attach the end closure and cover to the header channel,

(Figure 3-14). Re-install the collector transition cover

and attach the bottom header channel to the collector
(Figure 3-15) using the six screws previously removed.
The outside edge of the channel should be 1/8" beyond
the end of the collector to prevent overrun of the chan-
nel assemblies.

END COVER

Figure 3-14. Attach End Closure and Cover for End-of-Row

Collectors

Figure 3-15. Attach Bottom Channel to the Collector

8. Remove the remaining transition cover screw from each

10.
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collector on the bottom of the first row.

. Place the collector and channel assembly on the UNI-

STRUT below the first collector row installed (Figure
3-16) with the T-brackets in position. Attach the header
channel to the top collector using two of the screws
removed in Step 1.

Place aninternal T-bracket (pinned) into each UNISTRUT
and insert into the corresponding holes in the collector.
Verify the correct location and squareness of the first
collector, and secure the retainer plates, (Figure 3-16),
to the UNISTRUT.

At the collector header end, a tube support bracket will
be inserted over the pins of the T-bracket every other
collector, alternately to those placed on the opposing
row.




END-OF-ROW
BRACKET

Figure 3-16. In Dual Arrangement, Place the Next Collector

1.

Below the First

Continue - to attach bottom channels to collectors and
complete installation of internal collectors. At the end
of the row, the last collector is installed as indicated in
Steps 1, 7 and 9. Be sure all collectors in the row are
snug one against the other before tightening down the
two retainer plates. The next step is installation of head-
ers (Section 4).

Strut-mounted Collectors

With bottom brackets complietely

installed and spacing

verified, (Figure 3-8), the collectors are mounted as follows:

1.

Install all transition struts (Figure 3-4) and top brackets
to the bottom brackets.

. Remove the six sheet metal screws and the transition

cover at the bottom of the collectors.

. Beginning at the end of a row, place collectors of the

row between the bracket assemblies on the mounting
surface with the flare nuts on the lower edge.

. Lift the header end of the first collector and align the

outside mounting bracket hole with a hole in the collec-
tor. Temporarily insert one bolt (finger tight) through
the assembly. Before inserting a bolt in the mounting
bracket on the opposite side of the collector, align the
adjacent collector, position a tube support bracket
(similar to Figure 3-13) between the two collectors, and
temporarily insert a bolt. This procedure is repeated in
sequence until the header end of all the collectors in the
row is attached.

. Lift the other end of each collector and attach to the

transition strut/bracket in a similar manner to step 4.

Use two bolts for each attachment bracket until the row
is complete. Tube support brackets are not required at
row ends.

. Complete the assembly at the header end of each collec-

tor by adding one more bolt for each bracket attach-
ment. Before completing attachment, check collector
alignment.

. Re-install the collector transition section covers using

the six sheet metal screws removed in Step 2. The next
step is installation of headers (Section 4).

Cross bracing of the collector support structure may be
recpirect

Note:

Space Frame Mounted Collectors:

After the space frame has been dimensionally verified, (Figure
3-9), using ““U-clamp’’ brackets, the collectors are installed as
follows:

1.
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Install (finger-tight) intercollector U-clamps (pinned) at
approximate locations along the top and bottom space
frame members. The U-clamp flange should face away
from the first collector to be installed to allow access.

. Remove the six sheet metal screws and the transition

section cover. Attach an end-of-row bracket (without
pins), similar to Figure 3-11, to the outer side of the
collector using two bolts. Removal of the transition sec-
tion cover is only required for end-of-row collectors.
Re-install the transition section cover. Use two bolts to
attach the other end-of-row bracket to the same side of
the collectors.

. Position the collector on the space frame (flare niits

down) at the end of the row and loosely install the
U-clamps (Figure 3-5). Slide the intercollector bracket so
that the pins are inser led intu the collector.

. Adjust the location and squareness of the first collector

and secure each U-clamp to the space frame and the
collector.

. Mount the second and subsequent collectors using the

pinned internal U-brackets, similar to that shown in
Figure 3-13. At the header edge, place header support
brackets over the exposed pins of the U-bracket between
adjacent collectors. After positioning each collector,
tighten U-bolts.

. Install end-of-row collectors as indicated in Steps 2

through 4.

. For dual-mounted collectors, use a procedure previously

described for “direct, dual-mounted’’ collectors.



4. COLLECTOR PLUMBING AND CHECKOUT

4.1 HEADER DESCRIPTION/PLUMBING

The TC-100 collector utilizes two 1/4-inch, 45-degree brass
flare nuts for mechanical attachment to supply and return
headers. These fittings protrude from the insulated transi-
tion section of the collector as shown in Figure 2-1. The
design allows lateral flexibility in these connections, pri-
marily to accommodate up to 3/4-inch lateral thermal
expansion in the headers. These nuts are nominally 40
inches apart. Pipe headers may be used to supply one
collector row (Figure 4-1) or two collector rows (Figure
4-2). Alternative designs may be utilized, provided all
plumbing requirements are satisfied.

TC-100 collectors are designed for parallel flow circuit
hookup and for uniform flow in each collector. Optimum
performance is achieved at flow rates of 0.22 gpm/collector.
Uniform flow distribution throughout the array s
accomplished by providing comparable pressures to each
header. Good distribution through the collectors connected
to each header is achieved by sizing the headers for a pres-
sure drop equal to or less than one-tenth that of the collector.
Using this criteria, header sizes of 3/4 inch and 1-inch type-L
copper tubing will provide uniform flow distribution for up
to 18 and 36 collectors, respectively.

Type L copper tubing and wrought copper fittings are
recommended throughout the collector loop to minimize
galvanic reactions and eliminate the need for dielectric
fittings. All non-mechanical connections should be brazed
with AWS (American Welding Society) BCu-P-b class
(15% silver bearing) brazing alloy. Headers require 1/4-inch
45-degree male fittings at specified locations to connect
with the collectors. The installation of the header assembly
should normally include thermal expansion devices, anchor
clamps, and alignment clamps. Air removal from the col-
lector loop is accomplished by an air separator, combined
with an expansion tank. Air vents at the high points are
not required.

The collector is designed with a hydraulic interface that can
accommodate up to 3/4 inch of thermal expansion in the
header piping. The piping design must preclude excessive
loading on the collector tubing or header piping. To avoid
excessive flare deformation and resultant leakage, torque
fluid connections to the collector approximately 12-15 inch
pounds.

Recommended manifold configurations showing optional
General Electric header accessory kits are shown in Figures
5-4 and 5-9 for single and dual arrangements, respectively.
The kits provide prefabricated header piping in 4- and 8-
foot lengths with correctly-spaced tee fittings and male
connectors, prefab insulation, covers, pipe clamps, header
support brackets, and all the necessary fasteners.
Dimensional specifications for 8-foot on-site assemblies
are shown in Figure 4-3.

4.2 HEADER INSTALLATION PROCEDURES

It is recommended that the joining operation of lengths of
headers be performed in place on the roof. In a “compact”
array configuration for direct roof mounting, it is suggested
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Figure 4-1. Single Collector Header Configuration
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that dual headering be employed and the plumbing installation
be performed following installation of the collector frames
and bottom channels. Thermal expansion compensators and
clamps may be required.

Installation procedures for header tubing:

1. Before starting header assembly, thoroughly flush each
header section with tap water. The supply and return
lines to the headers will be flushed separately to pre-
vent potential debris and water from entering the
collectors.

2. The plumbing installation should begin at the supply
end of each header row. Attach a supply header pipe
as the bottom pipe, (Figure 4-4,) to the collectors.
Position the pipe by connecting (finger tight) the appro-
priate collector tittings and be sure that the pigtails
coming out of the collectors are centered in the slot.
Braze adjacent headers and end plug(s). When brazing
next to a collector connection Tee, remove the adapter
from the Tee in order to avoid damage during brazing.

3. Attach the return header above the supply header,
(Figure 4-4), just installed. Position the pipe by con-
necting the appropriate collector flare nut fittings
(finger tight) and attach the header support clamps
(Figure 4-5). Braze adjacent headers and end plug(s).
When brazing next to a collector connection Tee, re-
move the adapter from the Tee in order to avoid damage
during brazing.

" With completion of header brazing in each row, adapters
should be installed using lock-tite high-temperature pipe
sealant (with Teflon) or equivalent (do not use tape).

Before connecting headers to supply and return, completely
flush the supply and return pipes. For single-row collectors,
insert the end covers onto the headers (Figure 4-6) prior to
attachment of feeder connections.

Figure 4-4. |nstall Headers

| HEADER SUPPORT
- | BRACKET

HEADER SUPPORT CLAMP
s v 5
y

Figure 4-5. Connect Header to Collector Flutings and Artach
Pipe Support Clamp

Figure 4-6. For Single Row Mounting, Insert End Covers

Caution must be exercised to prevent freezing of pipes
during flushing Flush the supply and return lines. When
all header connections have been completed and the col-
lector loop installation verified, the system is ready for
a total collector system leak check.

4.3 LEAK TEST PROCEDURES

It is recommended that the collector loop be leak checked
using compressed air by charging the system to 60 psig.
Presence of leaks is indicated by loss of pressure within 4
hours. If leaks are indicated, all fittings and connections
should be bubble tested (soap solution) and defective connec-
tions repaired.

Note:

Collectors are leak checked at the factory and do not
require internal leak checking.

With the leak test completed, the collector loop can be filled
to the prescribed level with working fluid (ethylene glycol/
water as specified). Open the pressure relief valve to allow air
to escape. When filled, the primary pump may be activated



and fluid circulated through the collector loop. A strainer in
the collector loop, upstream of the pump, is mandatory during
the initial operation to collect any residual installation par-
ticles. This strainer should have a bronze body and stainless
steel 20-mesh screen.

Circulate the fluid for a minimum of two (2) hours. Re-inspect
the entire loop for leaks and remove, inspect, clean and replace
the strainer. Repeat this procedure until the strainer is clear of
residual particles.

Installation Reminder

The Thermal Energy Storage Tank must be filled in the
following manner to avoid an air bound tank. Add water
at the top of the tank. The air displaced by the water
must be exhausted at the expansion tank (normally in
the Airtrol fitting). Add a corrosion inhibitor to the
water.

5. FINAL ASSEMBLY AND CHECKOUT

Once leak tests have been completed and the system is opera-
tional, installation of the glass vacuum tubes may proceed.
After vacuum tube installation, a functional checkout at
elevated temperatures is recommended with repeated cycling
to verify plumbing integrity . With completion of high-tempera-
ture checkout, insulation, header covers and protective win-
dows (if used) should be installed.

5.1 VACUUM TUBE INSTALLATICN

Vacuum tubes are shipped in separate, protective containers
with 10 tubes per container. The containers should be
inspected for external damage upon receipt. The tubes are
individually wrapped in black plastic bags. These bags should
bec kepl sealed untll installation. Although glass tubes can be
installed by one person, two installers are recommended for
ease of installation.

Caution:

The glass tubes (similar to fluorescent bulbs and vacuum
bottles) could mplode if improperly handled. Person-
nel handling the tubes must wear suitable eye and hand
protection. (See Section 6.5).

The following procedures are recommended for installation
of the glass vacuum tubes:

1. Inspect the reflector troughs in each collector and
carefully remove any debris.

2. Activate collector and storage loop pumps to mini-
mize temperature buildup in the headers.

If the system can not be operated, retain the black
plastic bags on the tubes or cover the collector modules
until the system is activated.

3. Glass installation begins by removing the wooden re-
tainer bar. Raise the outer end of the fin-tube assem-
bly 1-2 inches from the edge of the collector as shown

in Figure 5-1. Excessive deflection will damage the
collector. Slide the plastic shroud off and discard.

4. Inspect and remove grit or foreign matter from the
copper fin with a cloth or soft bristle brush.

GLASS SHROUD
RUBBER GROMMET

FIN-TUBE ASSEMBLY

1-2 INCHES—

SIDE VIEW ey ]

COLLECTOR TUBING
COMPARTMENT

COMPARTMENT

: PANEL (TYPICAL) ”
| LM:
‘ |
|

|
¥

CORRECT INSERTION
DEPTH AND TILT

| COLLECTOR TUBING

INCORRECT INSERTION
DEPTH AND TILT

Figure 5-1. Glass Shroud Installation
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5. The second installer should lightly support the fin tube
to insure that it does not come in contact with the
reflector trough and should continue to support the fin
tube as the glass tube is installed.

. Unseal the end of the protective black plastic bag at
the open end of the glass tube and slide the glass tube
over the fin tube assembly being careful not to bend
or distort the cylindrical shape of the soft copper fin.
Use the following procedure:

a. Lightly compress first fin segment leading edge be-
tween the thumb and first finger just enough to
insert into the glass tube.

. Center the open end of the glass tube over fin assem-
bly and slowly slide on, (Figure 5-1).

c. Continue by slightly compressing the leading edge
of each fin segment as the glass tube is installed
until the tube has slid past the last fin segment.

7. Seat the glass tube and grommet into the hole in the
collector panel, (Figure 5-2). Insure that the grommet
is completely seated (snapped in place) tor weather
protection, (Figure 5-1).

8. Slide off the black plastic bag. The bags should remain
on the glass tubes if the system is not ready for
operation.

9. Install the metal spring clip retainer over the elastomeric
bumper strip on the glass tube and into the two retaining
holes in the reflector, (Figure 5-3).

10. Repeat procedure until the ten tubes are installed in

each collector.

5.2 OPERATIONAL CHECKOUT

It is recommended that a total system operational checkout
be performed with repeated cycling to elevated tempera-
tures for several sunny days. After removing the black plastic
bags from the glass tubes and after completing checkout of
the control system, operational checkout can begin. On a

Figure 5-2. Firmly Seat Grommet into the Collector
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RETAINING SPRING CLIP /"‘

BUMPER STRIP

B

Figure 5-3. Install the Metal Spring Clip

bright day, the collector loop fluid will begin to get hot within
1/2 hour to 1 hour. Continue running in an energy collection
mode without the storage pump, (P2, Fig. 6-1), running until
the collector fluid temperature can be maintained. between
200°F and 250°F for high-lemperature tests. These tests
will provide a comprehensive leak check for the enllector loop
as well as an operational checkout of the system. With regard
to the collector loop, the following procedures are
recommended:

1. After the first four hours of operation at elevated
temperatures, perform a complete visual inspection of
the collector loop and manifolds for leaks. If no leaks
are found, proceed to Step 5.

2. If leaks are found, wait till low sunshine (or cover the
collectors) and let the system cool down. Correct leaks.

. Refill system and repeat high-temperature test procedure
from start.

. Repeat Step 1. If no leaks are found proceed to Step 5.
If an additional leak is found, return to Step 2.

. After a minimum of 2 sunny days of operation (2 high
temperature cycles), check the strainer for residual par-
ticles and take a sample of the working fluid for analysis,
(Section 6.2). Clean and replace the strainer. Perform a
final visual inspection for leaks.

With the integrity of the loop piping under high temperature
verified, the insulation may be installed and the final assembly
of header covers and protective windows (if any) may proceed.

5.3 INSULATION AND COVER INSTALLATION

Pre-fabricated insulation is provided as an intleyral part of the
General Electric header accessory kits. If General Electric
header accessory kits are not used, Z inches or more ol [liber-
glass insulation is recommended with an appropriate moisture
barrier on all outdoor headers. It is also recommended that
1-1/2 inches or more of fiberglass insulation be used on all
indoor piping. The following procedures are established for use
with the General Electric header accessory kits.



Note:

Select a low-sunshine day or keep the storage tank cool

5. Apply a silicone-based sealant around the gap before

installing the joint covers. Install joint covers over the
gaps between adjacent header covers with sheet metal

screws as shown in Figure 5-4 and complete by crimping

and pumps, (P1, P2 Fig. 6-1), running. This procedure
lips over the adjacent collector frames.

is recommended to eliminate the hazard of hot header
piping.

6. If optional protective windows (Figure 2-3) are used
with the collectors, apply window standoffs to the Vee-
troughs as specified. Install supplied clips and snap win-
dow into place.

For single row header assemblies (Figure 5-4):

1. Remove the six sheet metal screws from the collector
transition section for all collectors and without
removing the covers, install the bottom channels using
the same holes and screws, (Figure 5-5). The insulation
is attached to this section.

For dual row header assemblies (Figure 5-9), the bottom chan-
nel should be installed before plumbing. See Section 3.4,
installation procedure for dual-mount=d -:ollectors.

1. Apply flashing (aluminized, water-proof tape) inside
the header channel over the gaps between channels as
a moisture barrier. Slide the bottom layer of insulation
under the pipes. Slit the side insulation to fit around the
collector connections and insert on both sides of the
pipe, (Figure 5-10).

2. Slide insulation away from joints to be sealed. Apply
flashing (aluminized, water-proof tape) as needed in-
side the header channel over the gaps between collectors
as a moisture barrier, (Figure 5-6). Re-position the
insulation.

2. Install the cover, (Figure 5-11), by hooking the lip over
the top of the upper collector transition section cover
and push on the center of the cover to snap the bottom
lip in place over the bottom transition cover. Screw onto
the end covers.

3. Install the covers by hooking the lips over the top of the
collector transition section cover (Figure 5-7) and attach
the covers to the bottom channel flanges with six (6)
sheet metal screws.

4. Attach the end covers (Figure 5-8) which were installed
with the piping, by positioning inside of the header
cover and attaching with sheet metal screws.

3. Install joint covers over the gaps between adjacent
header covers with sheet metal screws as shown in Figure
5-9 and complete by crimping lips on slotted end over

the adjacent collector frames. Also, it is recommended

that a silicon-based sealant be applied at the gap inter-
face before installing the joint covers. Apply flashing
to the end closures for weather proofing.

Note:

End covers for the single header arrangement, if feeder
connections are at the end of the row, must be installed
on the header pipes during the plumbing sequence,
(Figure 4-6), or must be cut to allow installation during
final assembly.

4. If optional protective windows, (Figure 2-3), are used
with the collectors, apply window standoffs to the Vee-
troughs as specified. Install supplied clips and snap win-
dow into place.

COVER, JOINT

INSULATED COVER, TOP

SHEET METAL

WASHER, FLATZ o> >
SCREW, /X%’

CONNECTOR

CLAMP, SUPPORT
FLASHING, JOINT

INSULATED BOTTOM CHANNEL

Figure 5-4. Assembly of Single Row Header Kit (8 Feet Long)
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Figure 5-5. Install Bottom Channels Figure 5-7. Install Cover

COVER, /
LEFT HAND
END
Figure 5-6. Apply Flashing Figure 5-8. Single Row Header End Cap

-SCRFW, SHEET METAL

1

INSULATED COVER, V
A ==

__— CONNECTOR

WASHER, L
.[\0‘//

SCREW, SHEET METAL

INSULATION,
SIDE

PLUG FLASHING

INSULATION,
BOTTOM

BOTTOM CHANNEL

Figure 5-9. Assembly of Dual Row Header Kit (8 Feet Long)
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SINE INSHI ATIAN

Figure 5-10. Insert Insulation Around Header Pipes

| END cover
_4
gl FLASHING

Figure 5-11. Install Cover

6. COLLECTOR LOOP OPERATION AND MAINTENANCE

6.1 COLLECTOR LOOP OPERATION

In the recommended system shown in Figure 6-1, automatic
operation of the collector loop is assured by an optional solar
controller. When the average solar radiation level is 35 BTU/
ft“-hr. for a period of 14 minutes, circulation of the collector
loop begins with activation of Pump P1, with Valves V4 and
V5 in their normally de-energized ’‘B” flow position and open
position, respectively. During this initial operating period,
fluid is circulated through the solar collectors and any air is
directed into the expansion tank. Two minutes after the
initial energization of P1, Valves V4 and V5 are energized to
the “A” flow position and the closed position, respectively.
In addition, Pump P2 is started, and solar energy is transferred
to the Thermal Energy Storage (TES) tank. P1 and P2 remain
energized until the average insglation (continuously moni-
tored) drops below 35 BTU/hr-ft“ set point. In the event of a
power loss, Pumps P1 and P2 stop, and Valves V4 and V5
return to the ““B"” flow and open position; respectively. This
allows the fluid from the collectors to flow through the temp-
erature regulator (HX6) and into the expansion tank TKX1.
This flow out of the collectors is induced by the pressure dif-
ferential between the hot collectors and cool condenser.
During this stagnation period, collector temperatures could
rise to 600°F. Water boiled out of the temperature regulator
is replenished with cold water as controlled by a conventional
float/valve assembly. Upon return of power, the collector
loop Pump P1 is inhibited to prevent cold liquid from flashing
to vapor in the collectors, if the collectors are hot.

Other controls are required to assure proper operation of the
whole system. 3

After this period, the lockout is lifted and with sufficient
solar insolation, the collector loop will return to normal opera-
tion beginning with another 2-minute fluid fill/air removal
cycle.

An additional mode of operation is recommended to maxi-
mize system reliability. In the event that the storage tank is
fully charged to 250°F (T4) or the collector loop exceeds
280°F (T1), Pump P2 and Valve V4 are de-energized, and the
flow is diverted through the temperature regulator. Valve V5
remains closed in this mode. This mode is preferred to
stopping circulation and allowing the system to go into
stagnation.

6.2 PERIODIC MAINTENANCE

Collector loop fluid requires periodic inspection and/or main-
tenance to assure proper chemical balance and fluid level. An
analysis is recommended for both water-glycol and all-water
loops for the initial fill, quarterly samples for the first year,
and yearly thereafter. Most commercial manufacturers of cor-
rosion inhibitor additives offer a test kit for this purpose.
Collector loop fluid composition is described in Section 2.3.
Normal maintenance procedures should be used for other
system components.

1%
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Figure 6-1. Typical Commercial and Industrial Collector Loop Schematic

6.3 PERIODIC INSPECTION

The overall collector array should be periodically inspected
for broken tubes and debris buildup in the reflector troughs.
The frequency of this maintenance is a function of the loca-
tion of a particular solar system and its environment.

6.4 GLASS TUBE REPLACEMENT

Remove the spring clip, (Figure 5-3), holding the shroud
(vacuum tube) in place. The clip is flexed into two holes pro-
vided in the collector vee-trough reflector. Deflect the tube to
be replaced upward no more than 1 to 2 inches from the edge
of the collector and away from the vee-trough, (Figure 5-1).
The tube will now slide off the collector fin-tube in the
direction away from the header assembly. The boot on the tub
tube at the header end of the collector should be removed
with the tube being replaced as the new tube will contain a
new boot. If the old tube is broken, be sure to clean the
reflector completely and wipe down the fin assembly. After
wiping down the fin-tube to eliminate all grit, the new tube
is simply slid over the fin-tube, seating the boot into the bulk-
head hole. Re-install the spring clip.

6.5 SAFETY CONSIDERATIONS

Handling of the vacuum tubes is comparable to handling
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fluorescent bulbs. Caution must be exercised to avoid break-
age and hot pipes. Protective gloves, clothing and safety
goggles must be worn when inspecting or working on a

szstem.

1. Glass vacuum tubes are evacuated and may implode if
improperly handled.

2. In an operating system loop, fluid temperatures can
reach 280°F. Hot pipes can be a safety hazard to per-
sonnel working around the pipes during final assembly
and checkout. Personnel must be advised of loop tem-
peratures and of appropriate provisions to cool down the
system. Hand and eye protection is recommended when
working around hot pipes.

3. Collector fluids composed of ethylene glycol are gener-
ally considered as showing a low order of toxicity except
for oral ingestion. They do not vaporize at normal tem-
peratures and, therefore, do not ordinarily constitute a
hazard from inhalation. However, precautions should be
taken against the vaporized fluid. Handling of waste
fluid and its disposal should be in accordance with local
ordinances.




7. SPECIFICATION DATA SHEET

'F—.‘ﬂ%r
<ér wé» <F> 4&} é é <F> <ﬁ, T
, szs:! 1’_ - _‘i.
R 4925 ';E.-@_?
427127‘5‘ Ml DI'A
e
g
I‘L —~1 r—ll/r Jll“j “HJ’,‘U"U FLAHE ANUTS
T —a.. —;—
‘ ’l= ~—— —‘ 4170 =“
PHYSICAL OPERATIONAL
WEIGHTS British S|
British st Insolation 0to 40(2) 0to 108
Frame Only 35 Ibs. 16 kg _ BTU/ft¢/hr langleys
Glass Installed Flu(inperating Temperature 100 to 300°F 38 to 149°C
Dry 57 Ibs. 26 kg 1
Wet 59 Ibs. 27 kg Composition "Good" ' water with 35/50%
) Prestone®||
COMPOSITION
Frame 18 Ga aluminized steel {51.6 mil) MODULE DESIGN CONDITIONS
Reflector Coilzak® aluminum {25 mil) Pressure Drop-Design 7.0 psi 48.2 kPa
Insulation Fiberglass @ 180°F @ 82°C
Fluid Lines 1/4"" type L copper Mir(\imum 5.0 psi 34.5 kPa
Glass Tubes 008 soda lim Flow Rate 0.22 gpm 0.831/m
8 soda lime @ 180°F @ 82°C
Wind Velocity (Max) 100 mph 161 km/hr
CONNECTIONS Ice Load (Max) 13 pst 63.5 kg/m2
Hydraulic Brass 1/4'' 459 Flare Nut Snow Load (Max) 20 psf 976 kg/m2
Structural Attachments Stainless Steel or aluminum Combined Load (Max) 33 psf 161.1 kg/m
' Maximum System Pressure 80 psi 551 kPa
EQUIPMENT SIZING GUIDELINES
Heat exchanger area MODULE AREA
Heating 17 ft2/module .016 m2/module Gross (Frame) 17.4 2 162/m2
35 ft2/module .033 mZ/module Net (Active) 14.8 f12 1.38/m?

Cooling & Heating
Storage Volume

Heating Only 15 gallons/ 56.8 liters/
-module module

Cooling & Heating 22 gallons/. ' 83.3 liters/
module

module

(1) “Good’ Quality Water:

Chiorides < 100 ppm
Sulfates < 100 ppm
Bicarbonates < 100 ppm
Total Hardness < 250 ppm
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BTUH
DHW
EMM
HVAC
HX
Insolation
M
MMBTU
MO

PRV

TC-100
TES
TKX
vT

x or

te

ABBREVIATIONS

Refers to valve position

Refers to valve position

BTU per hour

Domestic hot water

Energy Management Module

Heating, ventilation and air conditioning
Heat exchanger

Solar radiation rate (sunshine intensity)
Motor or electrically actuated

108 8TU

Month

Pressure relief valve

Used with a number, denotes a
temperature sensor

General Electric Vacuum Tube Solar Collector
Thermal energy storage tank

Expansion tank .

Used with a number, denotes a valve

Used with a number, denotes a temperature
limiting valve

Symbol for multiptication
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1 CONVERSION UNITS

Length
1in = 0.0254 meter (exactly)
-1 ft = 0.3048 meter (exactly)

Area
1in? = 6.45 x 1074 m%ter2
1 ft© = 0.09290 meter

Volume :
1 inS = 1.630 x 10°8 meter3
1 gal (U.S. liquid) = 3.785 x 1073 meter3 -

Mass A
1 ounce-mass (avoirdupois} = 2.834 x 10'2 kilogram
1 pound-mass (avoirdupois) = 0.4536 kilugram

Pressure or Stress (Furce/Area) . .
1 inch ot mercury (BU +) = 3.3//7 X G- pascai
1 pound-force/inch“ {psi) = 6.895 x 103 pascal

Energy
1 foot-pound-farce (ft-jbf) ='1.356 {oule
1 Btu (International Table) = 1.065 x 10~ jouie
Power
Twatt=1x 107 erg/second
1 Btu/h = 0.2929 watt -

Temp_erature
] IC = 5/9. (tF - 32)

Heat
1 (Btuin)/(hft2 F) - 1.442 x 1071 = W/(m'K)
{thermal conductivity)
1 (Btu/llbm'F) * 4.184 x 10° = J/(kg'K) {specific heat)

Solar terms 9 2
1 BTU/ft2 =271 langley = .271 cal/cm“ = 1.136 joule/cm
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FOREWORD

The plate heat exchanger is made up of a number of

pressed metal plates bolted in a frame.

On each plate, a boundary gasket confines a flow path
inward from one port, across the heat-transfer surface,
aud vul thie other port. 'I'wo ring gaskets confine the flow
path of another fluid into and out of the space on the op-
posite side of the plate.

Flows in alternate spaces betwcen plates are usually
in opposite directions to achieve countercurrent heat ex-
change. Herringbone patterns on the plates are arranged
alternately point-up and point-down. As a result, fluid flow
patterns in the spaces between plates are intricate. The

resulting turbulent flow enhances heat transfer.

The rigid metal covers that serve as clamping mem-
bers have ports in them and appropriate gaskets to mate
with fluid passages in the plates. Inlet and outlet con-
nections are made at (hese covers.

Al] heat-transfer surfaces and all gaskets are ac-
cessible for inspection. cleaning, repair or replacement
when the unit is disassembled.
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 Heat Exchanger Serial No. BB-//6

éerﬁﬂed Drawing No. : PHE— 2372
Frame Type | 3R-9SF

Plate Material 3y 98 (08 mm thick
‘Gaskets | A irei

Gasket Adhesive }210R00D

Bolts | SA-193Bg

Carrying bars ST, Srs.
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THEORY OF OPERATION

The plate heat exchanger is built the way it is for
several reasons.

Perhaps the most important advantage of the plate
heat exchanger from an operating point of view is that
it can be taken apart completely for inspection and clean-
ing. In contrast.to heat exchangers with welded passages
© ur rolled tubes, it makes every  surface readily acces-
sible. All that is necessary is to drain and cool the unit,
remove tie bolts and pull the movable cover back. Then,
the plates can be taken out individually.

Each plate is supported laterally by points of contact
with adjacent plates. The typical unit has herringbone
patterns arranged V-up, then V-down from plate to plate.
Such a unit can withstand fluid-to fluid differential pres-
sures without plate deflection, even though those metal
barriers are relatively thin. As a result, the plate heat ex-
changer conserves material. On some units, if pressures
are relatively high, the gasket channels may be backed up
mechanically at locations where they are not backed up
by gaskets in adjacent plates.

Because the plates are patterned to create turbulent
flow across their surfaces in the spaces between them, and
because the flow from space to space are countercurrent,
heat transfer is highly efficient. The spaces between plates
are small relative to plate area, so that hold-up volume
is small with relation to heat-transfer surface area. These
factors combine to make the plate heat exchanger much
smaller physically than, for example, a shell-and-tube
heat exchanger designed for the same duty.
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American Heat Reclaiming Corp. employs computer-
ized design to match thermal and pressure drop require-
ments for each installation. Changing requirements can
oftecn be accommodated by adding, removing or changing
plates.

Gaskets are cemented into formed channels in each
plate. There are open spaces between the boundary gasket
that confines the flow between plate surfares and the two
ring gaskets at the ports into the next inter-plate space.
In the event of gasket leakage, therefore, fluid will be de-
tectable cxternally, but neither fluid will contaminate the
other. '

Boundary and ring gaskets may be separate pieces.
One-piece molded gaskets, with boundary and ring fun-
ctions combined, have weep holes that reveal any gasket

leakage between ring and boundary.
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DESCRIPTION

Principal parts of the plate heat exchanger are the
frame with carrying bars, a fixed cover, a movable cover
and a pack of gasketed plates. Tie bolts between the two '
covers clamp the plates in place. In accordance with OSHA
requirements, a - protective shroud is supplied. It covers
the heat exchanger to protect personnel in the event of
spraying leakage.

Each pass is made up of plates that have foﬁr ports.
Thqy accomodate one fluid in and out plus the other fluid
in and out. In a heat exchanger with several passes for
one of the flpi'ds, the passes are separated by -special‘turn-
ing plates. One port of a turning plate is blanked. A con-
nection correspbnding to a blanked-off port is then made
at the movable cover.

The end plates are special, too. There are no flow
paths between end plates and covers. . These special
plates have appropriate ports and gaskéting so that they
serve .only to make connections with the covers.

For heat exchanger performance characteristics, see
the Certified Drawing. '

The plate heat exchanger is designed, tested and
stamped in accordance with the latest ASME Unfired Pres-
sure Vessel Code, Section VIII, Division I

129



INSTALLATION

Plate heat exchangers are assembled and tested at the
American Heat Reclaiming Corp. plant in Lykens, Pen-
nsylvania. They arrive ready to be installed and hooked

up.
Set the unit in place on a level foundation.

See the Certified Drawing for piping connections. This
same drawing shows the pack length dimension - - the dis-
tance between inside faces of the covers. Check that the
covers are exactly that farapart all around their peripher-
ies. Tighten or loosen bolts if a correction is needed.

Allow provisions for. thermal expansion when laying
out. pipe connections. A valve should be provided in each
inlet line. Clean foreign matter ouf of pipe and fittings.
Make up the piping accurately so that it is not necessary
to distort any line in order to mate the flanges.

The heat exc-hang‘er is then ready for service.
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OPERATING INSTRUCTIONS

'CAUTION

- If the heat exchariger is operated with wide
temperature fluctuations, the gaskets will be
subjected to strains that may shorten their life.
They may leak during the thermal shock
periods, even though the Ilcakage may stop
when stable operating temperatures are reach-
ed.

Units are provided with aluminum shrouds
to protect personnel from leakage.

At startup, the flows of both fluids should be increased
gradually, and they should both build up at the same time.
Inlet valves on both fluid lines should be provided for this
purpose.

-If the fluids are pumped, start the pumps first against
closed valves. Then - - with either a pumped system or
one with another pressure source - - crack both inlet
valves slightly. Open them both gradually and slowly un-
til operating pressures and temperatures have been reach-
ed.

When shutting down, close both inlet valves slowly
and at the same time. If this is not practical, slowly close
the valve for the heating medium first.

if the heat exchanger is to stand idle for a consider-
able length of time, drain it and loosen the tie bolts. Then
tighten them to enocugh tension so that plates and gaskefs
are in moderate contact. This will keep dust and foreign
matter out of the unit. '

If either fluid is corrosive or if
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there is danger of freezing, take a shutdown unit apart
and clean it. Then reassemble it with plates and gaskets
in contact, but not tightened up. (See the MAINTENANCE

Section.)
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MAINTENANCE

_ The plate héat exchanger may be disassembled period-
ically for inspection and cleaning while other equipment
in the same system is shut down. On the other hand - -
based on operating experience - - it may be left in service
until the appearance of one of the symptoms listed in the
TROUBLE-SHOOTING Section.

DISASSEMBLY

Drain and cool the unit to.room temperature before
attempting disassembly. Facilities should be provided for
flushing out both sides of the heat exchanger with cold
water. ' ‘ '

_ Loosen‘and remove any piping connections on the
movable cover. Take off the shroud.

Loosen nuts on the cover tie bolts at the four corners
first. Back the nuts off and remove the bolts. Then loosen
nuts in,,_the center portion of each side of the cover about
%-inch. I;ea’ve them, then loosen the other tie bolts.about
%-inch. Continue this process until the nuts are slack.
Finally, back off the nuts on the center bolts and remove

them.

) Now, the movable cover can be pulled clear of the
plates. Sepérate the‘ plates from one another carefully.
All ga-skéts should stay in their channels - - should not
stick to adjacenf plates. If a short length of gasket should
come loose, cement it back in place immediately. But if
the entire gasket is loose or if it seems to be damaged,
.pull the plate and do a complete repair job.

LI
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Verify that plate numbers are legible and that plates
are in order. Mark any plates that have obscure numbérs.
Looking toward the fixed cover, plates should be number-
ed at their upper left-hand corners, and the numher se-

‘quence should start at the fixed cover.

CLEANING THE PLATES

Unless there is some problem material to remove, the
plates can be cleaned without rembving them from the
unit. Use a hand brush or a rotary power brush. Brushes
with nylon or stainless steel bristles are often used.

CAUTION

Do not use brushes with carbon steel bristles.
Po not use steel wool. Be very Qare_fu) not to
damage the gaskets.

REPLACING GASKETS

Remove plates with loose or damaged gaskets. Scrape
out any pieces of gasket materijal that may remain in the
channels. Clean out all ti‘aces of oil, grease or foreign mat-
ter from the channels. Use a nylon or stainless steel wire
brush and a solvent such as toluol, xylol, trichlorethylene
or ethyl acetate.

Wipe the channels dry. To check whether they are
completely grease-free, put some water in them. If they
are grease-free, the water will wet their surfaces, and it
will form a thin film instead of gathering in nodules.
When the channels are clean and grease-free, wipe them
dry again. "~ : t A

Apply a bead of cement in each channel about %-inch
in diameter. Use a flexjble plastic container with a spout
on it. Let the cement dry until tack time.
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Apply cement to the gaskets the same way. Let them
dry. ’

NOTE

Gaskets are color-coded at about the 3-o'clock
positions to identify their compb’sitions. Color
codes of different suppliers may not correspond.
The color-coded side should be out. Apply ce-
ment to the opposite side, and be very "careful
to keep cement off the color-coded Slde

When the cement is ready, fit gaskets into their chan-
nels. If any stretching is necessary, do it in the middle of
the straight long sides .- - not at the corners. Press the
gaskets down all around to be sure that they are flrmly
cemented in place '

P

REPLACING PLATES

If a plate is damaged, it can be replaced, but the re-
placement must be of the same type. It should be marked
with the same number as the plate it replaces. Consult
American Heat Reclaiming Corp. to obtain the proper
replacement. '

- In an emergency, a standard plate (with four p01'£s)
can be removed. Then, an adjacent standard plate must
also be removed in order to keep the flow pattern r_iéht.
'Capacity of the ur‘li_t will be reduced very slightly,. but op-
eration will otherwise be normal. The pack length dimen-
sion will be reduced, of course, as each pair of plates is
removed. Multiply the former pack length

Number of plates now

DY e e e

Number of plates before

to calculate the new pack length.
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ASSEMBLY

- If several plates were removed, put them back in the
frame in the proper numerical order. Move the pack of
plates away from the fixed cover. Apply the parting agent,
DC 200 silicone oil to the backs of the gasket channels of
the first plate. Give them a very thin coat where they will
mate with gaskets on the fixed cover. Slide the plate
against the cover. Now, do the same thing to the second
plate and to all the rest of the plates. Slide each one again-
‘st its mdtmg plate as you work, Look at the gaskets each
time to see where the mating surfaces w111.be.

If all the pla’tes' were removed, arrange them in nu-
merical order. The numbers are stamped on the gasket
sides - - the sides that face you as you look at the fixed
cover. They are at the upper left-hand corners of the
plates. Number 1 goes against the fixed cover. Assemble
the others against it in numerical sequence. Handle the
plates carefully to avoid damaging them or their gaskets.

Apply the parting agent, DC 200 silicone oil to the
backs of gasket channcls where they will mate with other
gaskets Do thls plate by-plate as you insert them in the
frame and push the pack toward the fixed cover.

CAUTION

While applying silicone o0il and assembling

the plates one-by-one, inspect each plate to be

sure that all gaskets are sound and that there is

no forelgn matter on surfaces that will mate
- with’ gaskets of plates already in place.
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TIGHTENING THE MOVABLE COVER

The important things to watch for when tightening
the tie bolts are that the movable cover should not be
cocked at an angle: and that bolt tensions should be
built up evenly. Clean the bolt threads and oil them
lightly.

Push the movable cover into place against the pack of
plates. Insert the bolts and run the nuts up until there is
somc resistance.

Measure the pack length between covers all around.
Tighten the nuts that will bring the two covers parallel.

. Now, continue to tighten all the nuts a turn or so at a
time, keeping the covers parallel. Check the pack'length
dimension as you proceed. :

The pack length dimension on the Certified Drawing
isa minimum. The unit should not be tightened more than
this. Plates should be drawn up to achieve metal-to- metal
contact, but they should not be deformed.

Finally, check the dimension between covers all
around to be sure that they are still parallel. If they are
not, make them so.

Before putting the unit back into service, hydro-
statically test both sides independently if this is feasible.
ASME test pressure is 1.5 times design pressure, and.
American Heat Reclaiming Corp. tests to this standard.

137



TROUBLE-SHOOTING

SYMPTOM

High pressure drop in
2ither stream

PROBABLE
CAUSE

Fouling with material
deposited by fluid

CORRECTIVE
ACTION

Leakage

Damaged plate
Broken gasket
Loose tie bolts

!

Back flush the unit
Front flush the unit

Chemically clean
affected passages

Disassemble the unit
and clean the plates

Repair or replace the
plate

Install a sound gasket

Tighen to specified

pack length

Contamination of one
fluid by the other

i Perforation of one or
‘more plates
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FORM U-1 MANUFACTURERS’' DATA REPORT FOR PRESSURE VESSELS
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1

1. Manufactured by American Beat Reclaiming Corxporation Lvkens, Pennsylvania
(Name and address of manufacturer)

2. Manufactured for Garden State Racing Association Cherry Hill, New Jersey

(Name and address of purchaser)
3. Location of installation Cherry Hill Inn Cherry Hill, New Jersey
{Name and address)
4. Type Vert. Vesse! No. 13339 - PHE-232 10346 Year Built__1978
(Horiz . or vert. tank) {Migr's Serial No.) {CRN) {Drawing) {Nat‘l Brd No.}

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND
PRESSURE VESSEL CODE. The design, construction, and workmanship conform to ASME Rules, Section VI, Division 1

and Addenda to _Ql_(]’-[')r'e)—m and Code Case no. ' (Year
ate

Special service per UG-120(d)

Manufacturers’ Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
items of the report:

(Namge of part. item number, migr's ngme and identitying stamp?

SR2 .
& : Maleria Nom. Thickness.0315n. Corrosion Allowance_&i%m_'Ln‘_Lin. Length__3 ft.__8 in.

(Spec No . Grade)

Iterns 6-11 incl, X b; &%m%(%l d for single wall vessels, jackets of jackeled vessels, or shells of heat exchangers
b

7. Seams: . (Overail
Longitudinal NA R.T. Efficiency % H.T. Temp F Time —__Girth R.T. No.of Courses
(Dbl Sngl ) (Spot or Full) (Dbl , Sngl.) (Spot. Partial, or Fulh)
8. Heads: (a) Material SA-515,70 {b) Material Same
{Spec No, Gradcl (Spec. No.. Grade)
Location (Top. Minimum Corrosion Crown Knuckle Elliptical Conical Hemispherical Flat Side to Pressure
Bottom. Ends) Thickness Allowance Radius Radivs Ratio Apex Angle Radius Diameter (Convex or Cancave}
@ Sta. 1-5/8" 15-3/4"_x 51" Flat
o) Mov. 1-5/8" 15-3/4" x 48-3/4" Flat
If removable, Lolls used (describe othei fasleniings) 1 Be " ]
(Material, Spec. No.. Gr.. Size, No.)
9. Type of Jacket Proof Test
10. Jacket Closure If bar, give dimensions If bolted, describe or sketch.
(Describe as ogee & weld, bar, elc.)
11. Constructed for max. allowable working pressure ____ 150 psi at max. temp. _ZB_Q_OF Min. temp. (when lessthan -20F)____F.

Hydrostatic, sRubm T XU CONIIIaMEX test pressure 225 psi.
items 12 and 13 to be completed for tube sections

12. Tubesheets: Stationary Material Diam. in. Nominal Thick.
(Spec. No., Gr.) (Subject to pressure)

in. Corrosion Allow. in. Attachment ________
3 (Welded, Bolted)

Floating Material Diam. in. Nominal Thick. in. Corrosion Allow.

{Spec. No., Gr.)

in. Attachment

13. Tubes: Material 0.D. in. Nominal Thickness in. or gauge Number Type
i {Spec. No . Gr ) _ (Straight or “U')

ltems 14-17 incl. to be completed for inner chambers of jacketed vessels or channels of heat exchangers

14, Shell: Material ____________ Nomina! Thickness in. Corrosion Allowance in. Diam. ___ft. in. Length tt. in.
{Spec. No., Gr.) )
15. Seams:
Longitudinal .T. Efficiency % H.T. Temp F Time Girth R.T. No. of courses
(Dbl.. Sngl ) (Spot or Full) {Dbl., Sngl.) (Spot, Partial or Full)
16. Heads: (a) Material {b) Material
(Spec No ., Grade) (Spec No . Grade)
LocationtTop. Minimum Corrosion | Crown Knuckle Elliptical Conical Hemispherical Flat Side to Pressure
Bottom. Ends) Thickness Allowance Radivs Radius Ratio Apex Angle Radius Diameter {Convex or Concave)
(a)
(b}
If removable, bolts used (describe other tastenings)
{Material, Spec. No., Gr., Size, No.)
17. Max. allowable working pressure_______psiatmax temp.________F. Min. temp ___F. Hydro.testpressure _________ psi.
Items below to be completed for all vessels where applicable
18. Safety Valve Outlets: Number _ Size Location
NB-26
This form may be obtained from the Natlonal Board of Boller and Pressure Vessel Inspectors, Columbus, Ohio. Rev. 3
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FORM U-1 (BACK) !

19. Noazzles:
g Fldilge
Purpose Diam. . . Nominal xmmmg«x How
(Inlet, Outlet, Drain) Number or Size Type Material Thickness Mafserial Attached
Inlets 2 3" Flg. $A-.i03,304L Sch.l0 SA-105 Welded

Outlets 2 3" " " . T " "

20. Inspection Openings:

Manholes No. Size Location
Handholes No. Size Location
Threaded No. Size Location
21. Supports: Skirt Lugs Legs Other Cover Pad__ __ Attached __Welded to Sta. Cover
(Yes or no) {No) (No} (Describe) {Where and how)

22. Remarke: __Hydro-tested per UG 99 (b). Vessel is a Heat Exchanger. Designed and constructed

in accordance with ASME Code, Section VIII, Div 1-1977.

CERTIFICATE OF COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of
this vessel conform to the ASME Code for Pressure Vessels, Section VIII, Divi§iol 1. o D\ o )
i A VW\/\M

Date ___5-12-78 Signed __Amer, [eat Recl., Corp. by Cohktds e
. (Manufacturer) \Representative)

"“U" Certificate of Authorization No. 1793 expires March 30 .19 81

CERTIFICATE OF SHOP INSPECTION

Vessel made by_ Amexr., Heat Recl. Corp. at Lvkens, Pennsylvania
l. the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and the State or
Provinceof____Pennsyly ania andemployed by Commercial Inion Insurance Company

Boston, Mass, of have inspected the pressure vessel described in this Manufacturers’ Data
Reporton___ 5-8, 5-10 .19_78 . and state that. to the best of my knowledge and belief. the Manufacturer has constructed this

pressure vessel in accordance with ASME Code, Section VIII, Division 1.

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the pressure
vessel described in the Manufacturers’ Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for
any persona| injury or property damage or a loss of any kind arising from or connected with this inspection.

Date May 12/ 19784

S|gnedz1/(,/l’1 ol Z/Lg‘ﬁ 207 /Z Commissions NB-7967 & WC-2516
RICHARD“R.O('T:YNC(H . {Nat'l Board, State, Province and No )

CERTIFICATE OF COMPLIANCE FOR FIELD WORK
We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of
this vessel conform to the ASME Code for Pressure Vessels, Section Vilt, Division 1.
Date Signed by

(Manutacturer) {Representative)

“U" Certificate of Authorization No. _ expires , 19

CERTIFICATE OF FIELD ASSEMBLY INSPECTION
1, the undersigned, holding a valid commission issued by the National Board and Pressure Vessel Inspectors and the State or
Province of and employed by

of have compared the statements in this Manufacturers' Data
Report with the described pressure vessel and state that parts referred to as data items , not included in the
certificate of shop inspection, have been inspected by me and that, to the best of my knowledge and belief, the Manufacturer has constructed
and assembled this pressure vessel in accordance with ASME Code, Section VI, Division 1. .
The described vessel was inspected and subjected to a hydrostatictestof ____________ psi.
By signing this certiticate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the pressure
vessel described in this Manufacturers' Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for
any personal injury or property damage or a loss of any kind arising from or connected with this inspection.
Date

Signed Commissions
{Authurized Inspector) (Na1’l Board, State, Province and No.)
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DIVISION OF JOSLYN .
MFG AND SUPPLY CO.

FORT WAVYNE, IND. 46804

2400 TAYLOR ST. WEST

F.O.B. FORT WAYNE, INDIANA

(' oied »-/3 N e

, I - OPDER DATF pep(0l WROP B AHIP VIA INVOICE MO
/ 67825 C61i6YTT| P C7 ¢CiG|S 33705 Q4P
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- JOSLYN .
. e, c7125177] : |corpL|BALTIMO 07125]77 OROER NO.

—

-

CUSTOMER NO PRIORITY

L) INDUSTRTAL SERVICE CENTERS INC 09707 |
oD ACCOUI\T I Nl) D EP T . SALESMAN ALSH STATE Tar
. 10 5000 E MONUMENT ST A % 15| [166(38]04
S BALTIMORE MARYLANO 212(&{ (7 C’. (/‘ /
INCUSTRIAL ScRVICE CENTERS INC l/"
- - THOMPSQN & WHEATSHEAF STS.
10 PHILADELPHIA PENNSYLVANIA 19137
- (
REPRESENTATIVE MECHANICAL AND CHEMICAL TEST REPORT
‘ HEAT SIZE i SHAPE  FIMNISH 18s OFD 1BS SHIP HAPONESS TEHISILE STo , PSI YIELD S1@ | PSI % FLONG %P
- 14211 29101 —RO--CG=] 43¢CO ] BHN163 82700 | 38600)64.5178.
: rveE \ 3 IMn e , S s, C' N Il.\n Cor If.a OfHER OMHER OTHER HARDENABLE
® 304 10531 437[027{1n191lclas]1829]ca74] 25| ci2c 03
SPECIFICAIIONS:
_ ASTMA 479 - ASMESA 479
L 4
3 HEAT SIZE SHARt  FINISH 1BS ORD 1BS SHIp HARDNESS TENSILE S1R, PSI YIELD STR . PSI « HONG o RA
TYPE . C . Mn | P . S . S ?' 'I" IMD l(u ICo OTHER QTHER OTHER HARDENABLE
C 1 N T P B B
SPECIFICATIONS: .
~ WE CERTIFY THAT THIS MATERTAL HAS BEEN PROCESSED AND TESTED
[ 4 IN ACCORDAMCE WITH THE REFERENCED SPECIFICATION AND IS IN
CONFORMANCE WITH ALL REQUIREMENTS.
' THIS MATERIAL MEETS THE SPECIFICATIONS CHECKED BELOW:
® [ astmaieass [] asme secrm (] macro ercH - ok
] astmea 27675 [ asme secrm (] emeritriement Test - oK
(] astm-a 18275 [] asme-sa 32074 [ ] FreE OF CONTINUOUS CARBIDE NETWORK
¥ [ asma 32074 [:] FREE OF MERCURY CONTAMINATION
(R astmea 479.75 W n I !
_ [] astm-a s82.75 LLOY " ‘ [X] sotunion ANNALED AT 1950 °Fr
# [ astmaziazs ic¥ehon —_1 / 2 HOURS AND WATER QUENCHED
[ aas 7s3¢ D LIQUID PENETRANT TEST-OK '
—~ [ aas 768 'D_,.MAGNE”C PARTICLE-OK i A ) [ ] INTERGRANULAR TEST - OK
’ o [ I/ [ ~micaco st ox
(] mus 231938 ] reeo/ssv‘( ISR (] eeno Test - ox
. . '] . Jo—
[] mus 7720 L P
7 [ mus 7720 cHem onin [ terere ™ DA TE MAX (] macnNeTic permeABILITY
(] miw 52263
(] meacts ] orain size
7 [ swaoom
1| HEREBY CERTIFY THAT THE REPORTED FIGURES ARE CORRECT,
AS CONTAINED IN THE RECORDS OF THE CORPORATION
"
CLERK
R, STINNETT

CERTIFICATION CLERK

—. NOTARY PUBLIC
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florace 1. i'olts Lompany

ESYABLISHED (RIS

SOLD TO A

P.

STEEL AND STEEL PRODUCTS
R ERIE AVENUE AND D STREETS
PHILADELPHIA, PA. 19134
IRICAR AT RRCIATLTNT CORP, Date  ganuzr:- 12, 197°
00 Caestnut Strnct ' 4 '
0. T 10 Customers Qrder No. 1531832
Ltens, Pa. 170070 Our Order No.

§59752-01

ITEM DESCRIPTION
\ c) P
92\ 1) % 7 . 6]/&/ /,
CIDL /i
( P asTee
DEPX © Pes. 2 " feh AN Soeedcon 702 L1 WA
77
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c?%i}i;
per s Al
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Aolubion Anncaled
ITEM CHEMICAL COMPOSITION
HEAT NO. T My ‘ [ l s'J st l <R 1 N1 ‘ MO ] cu l
Soholn L1 0Re 0% 62 10 S0
{
ITEM MECHANICAL PROPERTIES
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We hereby certify that the above data is a true copy of the
data furpished us by the producing mill or the data resulting
from tests perform}d!in approved laboratories.
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Waterman Machine and Manufacturing Company — Forged steel pipe flanges
1215 Germantown Ave., Philadelphia,Pa.19122 - 215-763-0900

' CONFORMANCE
METALLURGICAL MATERIAL CERTIFICATION

Date of Report: APRIL 11, 1973

customer Name: AMERICAN HEAT

Customer Order No.: 8611

Waterman Machine and Manufacturing Company hereby certifies that, to the
best of our knowledge and belief, the product furnished is in accordance
with material specification ASTMSA-105, dimensional specification ANSI
B16.5, and marked in accordance with specification MSS SP-25.

ASTMSA-~105
C Mn P S S1
MAX. MAX. MAX. MAX TENSILE YIELD ELONGATION REDUCTION
.35 .60-1.05 | .040 .050 .35 70,000 36,000 S22 ' 30%
P.S.I. MIN. P.S.I. MIN. MIN. MIN.

W8 G

n . Gregory, (7és(7ént

. - DATE

CERT. 12:16:77 " 4148 )
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CALCULATED DIMENSION- NOT FIXED . WEIGHT, Approx 1450 Lbs ]

DESIGN TEMP . 280 °F
DESISN PRESS : 150 P Sy
. 7EST_PRESS 225P5 1
! HEATING SURFACE . 213.6 59T
i . . : NUMBER OF PLATES -~ (Type32 x 0.8 mm —
] - ; __itg.w PLATE MATERIAL 304SS
’ *LENGTH OF CARRYING BARS ] T |
- - BOYTOM 38
¥®LENGTH OF COVER BOLYS 39
* NOT
ALL “LANGES Sa-105, 15S0% ans)
ALL COVERS SA-3I8 - 70- THICKNESS REFCFE MECHINING
CARRYING BARS -  STN STL
CUVER BO.TS -  SA-193 88
NUTS, - TOBIN BRONZE
NITRIL (62 Fistd A28 Fo.: Gutv)
GASKETS - N ~ -
Figta ¢ Podj Q!'!l
BOLY HOLES TO STRADDUE SHOWN CEZNTER ' INES
ALL CBN STL PARTS SAND BLASTEN AND PaiNTED
WITH G £ NO 1272 METAL PRIMES, RED IRON OXiDE
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[
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COLD SIDE - i y
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3" 150 # "L 4. | VANSTONE
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MARK NO REQ O[SIZEIRATING[FaciNG| ¥ MARKS
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HQUNTING PAD DELL

. " DESIGNER FUR_T4_ PLATES
{1 B ' UN'T_PROVIDED W!TH SPLASH PROTECTOR
Ka)} 0 Holes e ) DIMENSION TOLERANCE = & 145

/"— LCCAT-Or . . AMERICAN HEAT DIVISION ALFA- LAVAL
: SOMERVILLE , N.J.
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r.t Y - The Numbers Determine The Bind Corners - Holes Punched As Shown
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rEY - The Numters Determine The Bhind Cciners - Holes Punched As Shown
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26" % CALCULATED DIMENSION- NOT FIXED WEISET, Approx 1450 Lbs l
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TECHNICAL DATA
WELL-X-TROL
October, 1976

AAMI‘RODNC

WELL-X-TROL

Therels A

For Pressurizing
Any Size Water System

AVAILABLE IN 19 MODELS e WELL-X-TROLS ARE PRESSURIZED, HAVE
SEALED-IN DIAPHRAGMS AND ARE USED WITH ANY TYPE PUMP

DESCRIPTION

Complete elimination of waterlogging is one of
several outstanding features of the WELL-X-
TROL system ... most efficient means of pres-
surizing water systems.

It consists essentially of a prepressurized tank
with a sealed-in diaphragm that prevents con-
tact of the water with air in the WELL-X-TROL.
The diaphragm, which is permanently sealed
in, is a specially compounded material that
imparts neither odor nor taste to the water.
Since it merely flexes (does not stretch) it will
last indefinitely.

Another exclusive feature is the custom
molded polypropylene liner used in the WX-
100 Series, WX-200 Series and WX-250 Series.
Water in the WELL-X-TROL contacts only the
sealed-in liner and diaphragm which form a
completely corrosion-proof water reservoir.

The polypropylene liner has
been tested and accepted by
the National Sanitation Founda-
tion.

With this type of system, air absorption prob-
lems are eliminated and pump cycling is
greatly reduced. There is no need for air
controls of any type. Additional significant
featuresare:

e Cool, fresh water is always available, and
separation of air and water prevents iron
oxide discoloration.

e Available in 19 compact sizes, and most can
be simply installed by one man. The WX-202
model, for example, weighs 40 Ibs. yet is
equivalent to a conventional 42-gal. storage
tank.

e The same amount of water is obtained be-
tween pumping cycles as in a conventional
tank 2% times larger.

e All models can be installed at any conven-
ient location in the piping system.

e Can be used with all types of pumps — shal-
low well, jet, piston, submersible, centri-
fugal or turbine.

THE BANSE COMPANY

5 WOODL
wILLOW GROVE

US. Pat No.3.524,475

VAl VENUE
AN APA 19090

155




THE WELL-X-TROL PRINCIPLE (Model WX-101 shown)

How It Operates

AIR PRESSURE

An initial air charge is injected into
each WELL-X-TROL at the factory.
This original air charge, which is
retained for the life of the system,
is indicated on the pressure
gauge.

The illustrations of a WX-101
(right) show how the WELL-X-
TROL works, with an arbitrary
pressure setting of 20-40 PSI. All
models operate with this same

A. Whenthe pump first starts
to operate, no water will
enter the WELL-X-TROL be-
cause of the charge pressure
behind the diaphragm. When
the pump develops a pres-

AIR' PRESSURE
b0

10
Jle

B. As the water enters the
WELLXTROL, the diaphragm
begins to invert and the air
pressure in the tank in-
creases. When the pressure
reaches 40 PS| the pump

C. When tap water is drawn,
the air pressure behind the
diaphragm forces water from
the WELL-X-TROL. When the
air pressure in the tank again
reaches 20 PSI, the pump

prmmple. sure in excess of 20 P8I, cool  stups. The waler pressure in - sldarls replacing the water
tresh water enters the WelLL  the WELL-X-TROL is then drawn from the tank.
X-TROL. also 40 PSI.
DIMENSIONS AND WEIGHTS
Model Dimensions (in.) Pl::é:rt‘::ze i S:;:Z:Itg
Mo ® | ® | pres(si)| Connection (Lbs.)

wiig; WX-101 SRR S O R B

WX-102-IN WX 102 11 15 1 750 3/4" NPTM 9
WX-103 WX 102-IN 1208 15 15878 | 0o 000 | aseNPTM: | . 10,
WX-200 WX 103 1 24.3/4 30 3/4°NPTM | 15 |
WX-200-UG WX-200 (In-Line) | 15-3/8 22 30 1Gplg ] a0 ]
WX-200-UG 15-1/2 | 221/8 30 o | T
WX-201 Tl 1538 23.7/8 30 |1"FPSEbow | 32 |
WX-201-IN 16.7/16 24.5/8 T30 |1"FPSElbow ﬂ"—?a'"__
WX-202 15-3/8 315/8 30 [1"FPSElbow | 40 |

WX-202-IN 167716, | 59 30 |1"FPSElbow 41

,'——lg-—j( - wx203 | 153/8 | 511/2 | 30 [1"FPSElbow | 54

WX-250 22 35.5/R 30 [1-1/4" NPTF 70
ey WX-251 22 | 463/4 | 30 [11/4"NPTF 925

& WX-201-IN WX-252 SRire 62-1/8 30 |11/4"NPTF 113

T WX-202

wtggg‘"" Type Dim. A" (ins.) e

WX-301 1 47 Must  |2-1/2" NPTF 585

WX-302 2 55.3/4 Be |2-1/2" NPTF 775

WX-303 2 67-1/2 Specified | 2-1/2" NPTF 930

WX-304 2 82.1/2 By |21/2"NPTF | 1065

WX-305 2 103-1/2 Customer |2-1/2"'NPTF 1230

WX-250
® WX-251
WX-252

1" NPTF REMOTE AIR
TANK CONN.

PRESSURE
SWITCH
CONNECTION

TYPE 2

ARSI

WX-302
WX-303

WX-304
WX-305



INSTALLATION

Compactness is a major feature of the WELL-X-TROL
because it allows installation in out-of-the-way areas
not large enough to accommodate conventional
tanks. Smaller models will fit into such places as
closets, under stairs or between floor joists, and may
also be placed anywhere in the piping system, in any
position, and can be mounted wherever is handiest
— at the pump or on the wall, ceiling or floor. Models
WX-101, WX-102, and WX-103 may be connected to
any point in the system by simply using %' pipe
nipples.

The stand-up models (WX-201 through WX-305) are
simply placed in a convenient location and a single
connection is made to the system.

The Model WX-200 is installed in the system in the
same manner as the WX-101 through WX-103 but
with a single 1" coupling. The Model WX-200-UG is
also connected by a single 1" coupling but is
designed to be installed underground.

To insure the integrity of the system, the pressure
switch should be located as close to the WELL-X-
TROL as possible.

All models can be used in multiples where greater
capacity is required.

The diagrams below show some typical methods of
installation.

. MODELS WX-101

TO SYSTEM

WELL Ca¥

R 7> TR o)

WX-102
WX-102-IN
WX-103
WX-200

S rmostuwe_ |
PRESSURE ; 1, |
swncHi 3 P
PRESSURE — ; :
SWITCH * 1
N TO | | el
SYSTEM | : i
il
',._} WAVEI LEVEL

WELL CASING

WX-200-UG

]
|
|
|
|
|
|

|

[
i
I
{
|
|
|
|
|
1

| MODELS WX-201

L.

Single WELL-X-TROL Installation

Lzl PRESSURE
SWITCH

WX-201-IN| 7/
| WX-202 | MODELS WX-250
' WX-202-IN| | WX-251 A=
| WX-203 | WSO | O TN Typical Multiple WELL-X-TROL Installations
Multiple WELL-X-TROL
Installation
TO SYSTEM .
PRESSURE
TO SYsTIM Pgaﬁ?ng \ SWITCH

MODELS wigg; \ A separate air tank can be used with the spherical shaped

Model WX-301, if desired, and can be placed in any con-

\
wiggi venient location.
L,i, _ WX-305

Single WELL-X-TROL Installation
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SIZES AND CAPACITIES

Although all WELL-X-TROL models are precharged,
this initial air charge may easily be changed by
means of the standard air charging valve. The
charge of 20 PSI (Model Nos. WX-101 and 102) is
correct for use with a pump cut-in setting of 20 PSI
on the pressure switch. The charge of 30 PSI (Model
Nos. WX-103 through WX-252) is correct for a cut-in
setting of 30 PSI.

Generally, for most efficient operation the cut-out
pressure should be no more than 25 PSI above the
cut-in pressure.

Examples:

If the pump begins to operate at 25 PSI and stops
operating at 45 PSI, your WELL-X-TROL must be
precharged to 25 PSI.

If the pump begins lo operate at 50 PSI and stops
operating at 70 PSI, your WELL-X-TROL must be
charged to 50 PSI.

Table A below shows the drawdown factors for
various pressure conditions. To determine drawdown
between pump cycles, multiply these factors by the
WELL-X-TROL volumes shown in Table B. The draw-
down should never exceed the amount shown in the
column headed ‘Maximum’'. If it does, select the next
size WELL-X TROL.

IMPORTANT —Maximums should never be exceeded.

In order for the WELL-X-TROL to perform to its rated
drawdown capacity, it is necessary to adjust the pre-
charge pressure to equal the cut-in pressure of the

pump.

TABLF “A" — DRAWDOWN FACTORS

F.G. PRINTED IN US.A.

PUMDP CUT-IN PRESSURE — PSIG
20 | 25| 30 | 35 | 40 | 45 | 50 | 55 |60 |65 | 70 | 75 | 80 | 85 | 90 | 95 | 100 | 105 | 110 |115
30 20 T 7 ShTE
35 26 | 17 e | |
a0 32 | 23| 16 | ‘ | . el ; T
asl-a7 | o8l 4 . 1 i i 5
S50 a1 | 33 26 | 20 | .13 o | 1 \
7} o |
a|s5] a4 | 370 30 1 24 | 18 | 12 1 Lo it
|60l 47 | 40! 35 [ .28 | .22 | A7 | a1 | | ! [ FOR 300 SERIES
W esl B0 .43 38| 32 |.27.| .21 16 | 11 | e ~ ONLY
Pl 70] 52 [ 46| 41 36 30 25 | 20 | 15 | .10 | | ‘
@l 49| 44 38 1 33 28 | 23| 19 |14 L10 5 | P
| 80 46 | 41|36 |32 | 27| 22,18 |13 09 L |
- | 85 44 | 30134 3025 |21 ].07 {32 o8 ;
8 90 41 | 37 | 33 (28 |24 {20 |16 | 12| 08
| 95 | 139 (35 [ 31 |27 [23 |19 | .15 | 12 | 08
3 100 ! | 38 | 33 |20 |26 |22 | .18 | 15 | .11 | 07
a (105 | 36 |32 |28 | 25 ['21.| a8 | .14 [ .107] 07
% 110 FOR 300 i 34 181 oy Hes |20 el BN St 10507
a. (115 SERIESONLY 33 | .30 |26 |23 {20 | 16%] 137 10 {"06
120 32| 28| 25 | 22 |19 ]| .16 | 12 | 09 | 06
125 30| 27 | 24 |21 |18 |.15 | .11 | 09 | .05
TABLE “B" — WELL-X-TROL VOLUME/DRAWDOWN
Model | Volume DRAWDOWN (GALS.) | Model [volume| _ DRAWDOWN (GALS.)
No. | (Gals.) [Maximum |20-40 PSI | 30-50 PSI [ 40-60 PSI No. | (Gals.) |Maximum |20-40 PSI [30-50 PSI | 40-60 PSI
Range Range Range ; Range Range Range
WX-101 20 1.0 7 5 4. | WX-203 360 | 115 115 94 79
WX-102 46 25 15 12 10 | | WX-250 444 | 360 14.0 115 98
WX-102-IN| 46 25 15 1.2 1.0 WX-251 620 | 360 198 16.1 136 |
WX-103 85 32 27 22 19 | |Wx252 870 | 360 278 2256 19.1
WX-200 140 | 115 45 36 31 | [wx3o1 [1500 | 750 480 39.0 330
WX200UG| 140 | 115 45 36 31 | |WxX302 | 2000 | 1000 64.0 52.0 44.0
WX-201 140 | 115 45 36 31 WX303 | 2500 | 1250 80.0 65.0 55.0
WX-201-IN| 140 | 115 | 45 36 31 WX-304 | 3100 | 1500 99.0 80.5 68.0
WX202 | 200 | 115 6.4 52 44 WX-305 | 4100 | 1500 | 1310 | 1065 90.0
WX-202-IN| 200 | 115 64 52 | 44 ki TS
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Vv Fﬂﬂf . PAGE NO. TRANE ONDER NO. |
4 A CONDITIONING
OYP?C-."IIIA?J: ZO?APANV, LA CROSSE. WISCONSIN B48001 SUBMITTAL DATA l OF I s DZ-K43‘
TRANE JOB NUMBER CUSTOMER 6‘0(' NUMBER NO. OF PRINTS DATE TO SHIP TYPE OF ORDER
D2=-N0OJOIH 7124 10 04-19-78
ARCHITECT ENGINEER

«RANE SALESMAN

WeHANSEN

SOLD TO

GARDEN STATE RACING ASSOCe.

SHIP TO/PROJECT

GARDEN STATE RACING ASSOC

1-30.11-2 19/

PHILA HANSEN 4-19-78 PT

PeOe BOX 406 CHERRY HILL INN RT 38
CHERRY HILL s NeoJoe 08002 HADDONFIELD RD
CHERRY HILLs NeoJde 08002
MARK PACKAGES - PROJECT NAME
TAG:
rew | GUAR. TRANE ORDERING NO. SPECIFICATIONS
A 4 UHSA3S4S8ACAS.
MOTOR 1-2 HP 208-60-3

1140 RPM

BANE

g AIR CONDITIONING

SPEC. SHEET ATTACHED

INSTALL./OPER./MAINT.

OPER./MAIN.

PARTS LIST

WIRING DIAGRAM

UH-8-2

THE TRANE COMPANY - LA GROSSE, WISCONSIN 54601



ﬂ””£® _ FILE:

TRANE HEATING PRODUCTS
UNIT HEATERS
Steam - Hot Water
Submittal

MARCH, 1976

THE TRANE COMPANY — LA CROSSE, WISCONSIN 654601

COMMERCIAL AIR CONDITIONING DIVISION

MODEL $
PROPELLER TYPE
HORIZONTAL
UNIT HEATERS

MODEL 18-S THRU 354-S

MECHANICAL SPECIFICATIONS

CASING - Two piece with "picture frame" front
formed into wrap-around sides, top and bottom.
Horizontal louvers with louver keepers standard.
Eighteen gauge back panel with deep-draw fan
orifice for rigidity. Cast brass coil supply
and return pipe tap connectors bolted to back
panel. Casing phosphatized to prevent corro-
sion and painted with green baked enamel.

FAN - Trane designed and built Model "A" fan with
aluminum blades, dynamically balanced in factory.
For standard or sparkproof applications.

COILS - Hot water - steam coils are single
tube single serpentine on all sizes except
230 thru 354 which have two circuits. Sigma
Flo aluminum fins bonded to .031'" seamless
copper tubing. All coils one-row deep in air
flow direction. Coils tested at 300 psig air
pressure under water. Optional, heavy .049
red brass tubing suitable for 200 psig steam
or 390 F water at 200 psig. Cupro-nickel
tubing (.031'') suitable

for 450 F water at 400 psig. Steel tubing (.049")
suitable for 450 F water at 600 psig. Optional
coils with turbulators available tor high perfor-
mance on hot water, Odd model number units (19,
77, 273 etc.) have modified coils which provide
air bypass.

MOTORS - Totally enclosed 115/60/1 Class "B" in-
sulated, shaded pole and permanent split capacitor
motors are standard. Sleeve bearing motors
(which can be oiled) for 1/25 thru 1/8 H.P. Ball
bearing motors (permanently lubricated) for 1/6
thru 1/2 H.P. Single phase motors with built in
overload protection. Standard 115/60/1 motors
for unit sizes 18S thru 100S can be operated at
multiple speeds with the addition of solid state
control. Explosion proof and 3-phase motors
available for all unit sizes.

LOUVER FIN DIFFUSER (OPTIONAL) - Used with stand-
ard louvers for lateral diffusion. Provides four
direction confrol. Ships separately and clips
onto horizontal louvers,
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TABLE 1— Roughing-In Dimensions For Model S Unit Heaters

= B

SUSPENSION
| TAPPINGS

[

Motar Mount
Type 1 is used
on all standard
single phase
motors

e

MOTOR MOUNT TYPE-I

*i |——E

o
SUSPENSION
| TaPPINGS ] F

DD

m
m

Motor Mount
Type 2 is used
on three phase,
explosion-proof
1 or 3 phase,
or other

special motors

P

|
e

MOTOR MOUNT TYPE-2

; ldodel Fan Dia.| A B L
18, 19 &720 g 11-1/4 | 20-7/8 | 14-1/4 | 9-3/8 20-5/8 8-5/8
318 11-1/4 | 20-7/8 | 14-1/4 | 9-3/8 | 16-1/8 | 20-5/8 | 6-3/4 | 11-1/4 | 3-1/8 | 8-5/8
& 4 4 11-1/4 | 20-7/8 | 14-1/4 | 9-3/8 | 16-1/8 | 20-5/8 | 6-3/4 | 11-1/4 | 3-1/8 | 11-5/8
459 | 13-1/2 ['23-7/8 | 17-1/4 | 10 17 21-1/4 [ 7 11-1/4 | 3-1/2 | 11-5/8 | 2-5/8 [ - 2 1-1/4
605 La=1/204- 23=7/8 | 17=1/4" | 10 17 21-1/4 | 7 11-1/4 | 3-1/2 | 14-5/8 | - 2-5/8711 2 1-1/4
538 13=1/201028=7/8) | L7=1/4 | 10 17-1/4 | 21-1/4 | 7-1/4 | 11-1/4 | 3-1/2 | 11-5/8 | 2-5/8 | = 2 1-1/4
208 13-1/2 1 23-7/8 | 17-1/4 | 10 17-1/4 | 21-1/4 | 7=1/4 | 11-1/4 | 3-1/2 | 14-5/8 | = 2-5/8 | 2 1-1/4
695 13-1/2 | 26-3/4 | 20-1/4 [ 11-1/4| 18-1/2 | 22-1/2 | 7-1/4 | 11-1/4 | 4-1/8 [ 14-5/8 | - 2-5781 2 1-1/4
90S 13-1/2 | 26=-3/4 | 20-1/4 | 11-1/4| 18-1/2 | 22-1/2 | 7-1/4 | 1i-1/4 | 4-1/8 | 17-5/8 | 2-5/8 | - 2 1-1/4
778 16-3/4 | 26-3/4 | 20-1/4 | 11-1/4| 18-3/4 | 22-1/2 | 7-1/2 | 11-1/4 | 4-1/8 | 14-5/8 | - 2-5/8 [ 2 1-1/4
08 16-3/4 | 26=3/4 | 20-1/4 | 11-1/4| 18-3/4 | 22-1/2 | 7-1/2 | 11-1/4 | 4-1/8 | 17-5/8 | 2-5/8 | - 2 1-1
918 16-3/4 | 31-1/8 | 23-1/4 | 11-1/4] 21 22-1/2 | 9-3/4 [ 11-1/4 | 4-1/8 | 14-5/8 | - 2-5/8 | 2-1/2 | 1-1/2
1265 16-3/4 | 31-1/8 | 23-1/4 | 11-1/4] 21 22-1/2 | 9-3/4 | 11-1/4 | 4-1/8 | 20-5/8 | - 2-5/8 | 2-1/2 |1-1
1688 19-3/4 | 33-3/4 | 26-1/4 | 12-3/8| 22-1/8 | 23-5/8 | 9-3/4 | 11-1/4 | 4-5/8 | 23-5/8 | 2-5/8 | - 2=3/2 i =W/2
1865 19-3/4 | 33-3/4 | 26-1/4 | 12-3/8 22-1/8 | 24-5/8 | 9-3/4 | 12-1/4 | 4-5/8 | 23-5/8 | 2-5/8 | - 2-1/2 | 1-1/2
1278 19-3/4 | 33-3/4 | 26-1/4 | 12-3/8| 22-1/8 | 23-5/8 | 9-3/4 | 11-1/4 | 4-5/8 | 17-5/8 | 2-5/8 | - 2-1/2 | 1-1/2
19-3/4 | 33-3/4 | 26-1/4 | 12-3/8) 22-1/8 | 24-5/8 | 9-3/4 | 12-1/4 | 4-5/8 | 17-5/8 | 2-5/8 | - 2-1/2 | 1-1/2
19-3/4 | 39-3/8 | 32-1/4 | 13-1/4] 23 25-1/2 | 9-3/4 [ 12=1/4 | 5-1/8 | 23-5/8 | 2-5/8 | - 2=1/2 IR1=172
19-3/4 | 39-3/8 | 32-1/4 | 13-1/41 23 25-1/2 | 9-3/6 | 12-1/4 | 5-1/8 | 22-1/8 | - 2-5/8 | 2-1/2 |1-1/2
25-1/4 [ 39-3/8 [ 32-1/4 | 13-1/4] 24-1/2 | 26 11-1/4( 12-3/4 [5-1/8 | 23-5/8 | 2-5/8 | - 2=1/2 [1-1/2
25-1/4 | 39-3/8 | 32-1/4 | 13-1/4| 24-1/2 | 26 11-1/4| 12-3/4 | 5-1/8 | 22-1/8 | - 2-5/8 | 2=1/2 \[F\1-1/2
25-1/4 | 52-1/8 | 32-1/4 | 13-3/4]| 25 26-1/2 | 11-1/4( 12-3/4 | 5-3/8 [ 22-1/8 | - 2-5/8 | 2-1/2 [1-1/2
25-1/4 | 52-1/8 | 32-1/4 | 13-3/4]| 25 26-1/2 | 11-1/4| 12-3/4 | 5-3/8 | 23-5/8 | 2-5/8 | - 2-1/2 | 1-1/2

TABLE 2 — Capacities, High Capacity, High Out-
let Temperature Hot Water Units

Cunditivns: 200° enteiing watei, 60” sitering air,
20° water temperature drop.

20-W2 | 10,500 | 315 | 90.7 | 1050 1/25
38-w2 | 27,200 | 514 | 108.8 | 1550 1/20
42.W2 | 27,600 | 530 | 108.1 | 1550 | 1/20
60-W2 | 43,100 | 755 | 112.6 | 1550 1/20
70-W2 | 49,500 | 1004 | 105.4 | 1550| 1/8
90-W2 | 66,200 | 1162 | 112.5 | 1550 1/8
lloo-w2 | 73,000 | 1427 | 107.2 | 1550] 1/8
[126-W2 | 97,100 | 1661 | 113.9 | 1100 1/6
168-W2 | 129,800 | 2267 | 112.8 | 1100] 1/6
186.W2 | 140,500 | 2690 | 108.1 | 1100] 1/4
230.W2 | 187,500 | 3200 | 114.0 | t100] 1/4
260-w2 | 207,400 | 3933 | to8.6 | 1100] 1/2
320-W2 | 266.200 | 4350 | 116.4 | 1100 1/2
[354-w2 | 298 100 | 5528 | 109.7 | 1100] 1/2

TABLE 3-— Steam and Hot Water Capacities, Standard Units
Conditions: 2 Lbs. Steam, 60° entering air, CFM for standard air at

70 F 200° entering water, 60° entering air, 20° temperature drop.

18-8 17,400 280 117 3,500 .36 72.0 | 1050 1/25|

20.82| 20,000( 318 118 6,400 .66 79.0 | 1050] 1/25

38-8 | 38,700 | 544 126 19,100| 1.97 92.4 | 1550 1/20

42.8 | 41,600| 590 125 20,000| 2.06 91.2 | 1550 1/20|

| 60-S | 60,500 815 129 34,600/ 3.56 99.1 1550 | 1/20]
70-S | 68,200] 1100 117 40,400| 4.17 93.9 | 1550 1/8
$0-S | 87,600 1214 127 55,700| 5.74 102.3 | 1550 1/8
100-§ | 96,000| 1535 118 62,500| 6.44 97.5 | 1550 1/8
126-8 (125,700 1760 126 84,900| 8.74 104.4 | 1100| 1/6
168-8 (172,000 2380 127 115,300] 11.88 104.6 | 1100 1/6
186-§ |185,200| 2808 121 125,400{ 12.92 101.2 | 1100 1/4

30-8 229,700 3300 124 161,200( 16.67 105.2 | 1100 1/4 |
60-§ |256,300| 4100 118 181,100] 18.67 100.7 | 1100} 1/2
320-8 324,000 4480 127 234,300({ 24.15 | "108.2 | 1100 1/2
.S _1355,500] 5660 118 264,900| 27.30 103.1 1100 1/2
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SHEET OF

Fﬂﬂl MODEL S HORIZONTAL UNIT HEATER

SALES ORDER NO.

SUBMITTAL DATA

ARCHITECT
APPROVAL STAMP
ENGINEER
PROJECT AND
LOCATION
ORDER DATE CUSTOMER ORDER NO. CUSTOMER ACCOUNT NO.
s
o
L
D
1
o
(INCLUDE ZIP CODE)
frie i, TAG UNIT MO TOR CFM #STEAM °ENT. WATER "ENT. AIR
2 NO. SIZE HP RPM CURRENT 297 MBH IlF'lNAL AIR TEMP. GPM REMARKS
i
|
TABLE 4— Steam and Hot Water Capacities, Low Outlet Temperature
(By-Pass) Units.
19-52 19,300
31-8 30,400| 635 104 9,800| 1.01]| 74.2 1550| 1/20|
45- 45,800| 897 107 25,000 2.58| B85.7 1550( 1/20
53-8 53,300/ 1090 105 28,900| 2.98| 84.4 1550| 1/8
69- 69,400 1335 108 41,800| 4.31| 88.8 1550| 1/8
77-8 76,600| 1510 107 47,000 4.84| 88.7 1550( 1/8
81-8 91,000] 1740 108 60,600| 6.25| 92.1 1100| 1/6
127.8 125,800| 2440 108 79,900| 8.23| 90.2 1100| 1/6
137-8 135,800| 2700 107 88,100 9.08| 90.1 1100| 1/4
181-8 180,700| 3392 109 134,300|13.84| 96.5 1100| 1/4
207 - | 206,900 4060 107 153,100|15.77 | 94.8 1100| 1/2
243- 238,700 4607 108 179,300|18.48| 95.9 1100| 1/2
73 272,200] 5644 105 207,800)21.41 93.9 1100 1/2
PRINTED BY PRODUCTION SERVICES - LA CROSSE K.LC.
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Pages 163 thru 171 have been deleted due to copyrighted information.
Contact Bell & Gossett Compnay, 8200 N. Austin Avenue, Morton Grove,
Illinois 60053, for information on Thermoflo indicators and the installation
and operating instructions. '
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NTROLS
MANUAL

APPLICATION

DIFFERENTIAL PUMP/F, CONTROL
(SPACE HEATING)

PROPORTIONAL PUMP CONTROL
(DOMESTIC WATER HEATING)

PROPORTIONAL CONTROL w/DUAL OUTPUTS
(DOMESTIC WATER HEATING)

INTEGRATED SOLAR/CONVENTIONAL
HEATING SYSTEM CONTROL

AUTOMATIC VALVE CONTROL
(POOL AND SPA HEATING!

DIFFERNTIAL PUMP CONTROL
(POOL AND SPA HEATING)

SENSORS

E RHO SIGMA

MODEL
RS106

RS500-1 Series
RS500-2 Series

RS360

RS260

RS280

INCORPORATED

11922 VALERIO STREET, N. HOLLYWDOD, GA 91605, (213) 982-6800
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P=

DIFFERENTIAL FAN/PUMP CONTROL
FOR SPACE HEATINuU SYSTEM

RS 104
RS 106

The space heating application, using the
RS106, provides fan or pump control
based on the temperature difference
between the solar collector and the
rock or water storage. The RS106 has
an adequate dead-band between the turn-
on and turn-off temperature differentials
to prevent cycling of the circulaling fan
or pump. This dead-band eliminates the
need for time-delays.

SPECIFICATIONS RS106:
Input: 120 VAC
Standard Output:
SPDT Relay rated at 10 ams.
1/3 hp at 120 VAC
1/2 hp at 240 VAC
Relay contacts make when AT on=
Tlcollector) — T (storage) >20° *3°F
Relay contacts break when T off =
T(collector) — T (storage) <3° *1°F

Housed in standard NEMA box to assure
compatibility with standard electrical
trade hardware.

The RS106 has adequate room in the
bottom, high-voltage compartment for
mounting a contactor to control horse-
power rated fans and pumps.

Optional Outputs:
2PDT relay, 10 amp per contact.
3PDT relay, 10 amp per contact.

RS104

The RS104 in addition to operating the
collector pump has an additional out-
put control relay circuit. This circuit
(relay B) is activated when the collector
approaches freezing and can control
drainrdown valves in an anti-freeze mode.
The RS104 relay B circuit may also be
used to switch from solar storage to
auxiliary bagk-up when the solar energy
is depleted. For this mode of operation
relay B is set to activate at a preset
temperature (customer-supplied) in the
order of 100°F. The version of the
control is identified as the KS-TU45K.

Relay B contacts made when:
Ton = Tlcollector) = 37° +1°F
Relay B contacts break when:
Toff = Tlcollector) = 41° £1°F

® RS 1062

| @©
‘
° L
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PLUMBING

LINES

LT

RHO SIGMA
DIFFERENTIAL THERMOSTAT INSTALLATION DRAWING

RS 500-1 SINGLE OUTPUT (Rev. A)

FLAT PLATE COLLECTOR

W

st

NOTICE:

<« COLLECTOR SENSOR

S

>

«—
TFITTING WITH
%" THIRD PORT

ALL ELECTRICAL POWER TO THE SYSTEM MUST BE

REMOVED BEFORE ANY HIGH VOLTAGE WIRING

CONNECTIONS ARE MADE. THE AUTO/OFF/ON SWITCH
DISCONNECTS THE LOAD FROM 115VAC POWER ONLY.

PUMP

-

STORAGE SENSORY

T FITTING WITH
%" THIRD PORT.

SENSOR WIRING CLASS 2
12 VDC %2 AMP

|

M S

A

‘V
PLUMBING
LINES

45

STORAGE

TANK

RAALS

TO

—> HOT WATER

HEATER

INLET CITY WATER

PUMP WIRING 120 VAC 3 AMPS

PUMP MOTORS (YELLOW OUTPUT)

500 P SHADED POLE
PROPORTIONAL i g:p';scw(?:E"T
5005
ON / DEF 1/10 HP ANY

‘ LIGHT INDICATOR |
PUMP LIGHT
OFF OFF
PROPORTIONAL PULSING
SPEED ON
oN ON

]

w w
P “ (a] (=]
= - w w
o om o« [
& I JD o
STORAGE COLLECTOR
OFF
AUTO @ ON
% g Z| ¥| w
il == wili ol -
-l e | w < =
w w o < =
> > Ol o] =
Grd.
120 VAC
3.5 AMPS
WARNING:

RS 500

PUMP CONTROL SWITCH
AUTO —Thermostat

OFF

ON

ALL FIELD WIRING

MUST BE RATED

AT 90°C MIN.

Controls Pump

—Manual Controls
Pump Off

—Manual Controls
Pump On

50 1 REV.A




AHO SIGMA

TEMPERATURE vs. RESISTANCE |RHO SiGMA

SPECIFICATIONS SENSORS
INCORPORATED

RESIST. RESIST. RESIST.
°F o5 EQIV. ] 3 G EQIV. °F 7 63 EQIV.
32 0.0 32664, 106 41.1 50903. 180 82.2 1170.
34 T3 30859. 108 42.2 4873. 182 83.3 1129.
36 2.2 29174. 110 433 4663. 184 84.4 1090.
38 3.3 27592. 112 44 .4 4464, 186 85.6 10563.
40 44 261065. 114 456 4274. 188 86.7 1017.
42 5.6 24709. 116 46.7 4093. 190 87.8 982.
44 6.7 23395. 118 478 3921. 192 88.9 949.
46 78 22160. 120 489 3758. 194 90.0 917.
48 8.9 20998. 122 50.0 3602 196 91.1 886.
50 10.0 19903. 124 51.1 3453. 198 92.2 857.
652 1.1 18873. 126 52.2 3312. 200 933 828.
54 122 17903. 128 53.3 3177. 202 944 801.
56 13.3 16988. 130 54.4 3048. 204 95.6 /75,
58 14.4 16126. 132 55.6 2925. 206 96.7 749.
60 16.6 16313. 134 56.7 2808. 208 97.8 725.
62 16.7 14546. 136 57.8 2697. 210 98.9 702.
B4 17.8 13822. 138 58.9 2590. 212 100.0 679.
66 18.9 13139. 140 60.0 2488. 214 101.1 658.
68 20.0 12493. 142 61.1 2391. 216 102.2 637.
70 21.1 11883 144 62.2 2298. 218 103.3 617.
72 22.2 11307. 146 63.3 2209. 220 1044 597.
74 233 10762. 148 64.4 2124. 222 105.6 579.
76 244 10247. 150 65.6 2043. 224 106.7 561.
78 25.6 9760. 152 66.7 1966. 226 107.8 543.
80 26.7 9298. 154 67.8 1891. 228 108.9 527.
82 278 8862. 156 68.9 1820 230 110.0 511.
84 289 8448. 158 70.0 1763. 232 1.4 495.
86 30.0 8056. 160 713 1688. 234 112.2 480.
88 It 7685. 162 72.2 1625. 236 113.3 466.
90 32.2 7333. 164 73.3 1566. 238 1144 452,
92 33.3 6999. 166 744 1509. 240 116.6 438.
94 344 6683. 168 75.6 1454. 242 116.7 425,
96 356 6382. 170 76.7 1402, 244 117.8 413.
98 36.7 6097. 172 77.8 1351. 246 118.9 401.
100 37.8 5827. 174 789 1303. 248 120.0 389.
102 38.9 5570. 176 80.0 1257. 250 1211 378.

104 40.0 5326. 178 81.1 1213.

Accuracy of sensors is . 4°C over range of 0°=70°C. Maximum operating temperature is 220°C (428°F). Sensors
having tighter tolerances are available.

11922 VALERIO STREET * NO. HOLLYWOOD, CA. 91605 ° (213) 982-6800
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RS 500
SINGLE

PROPORTIONAL PUMP CONTROL
FOR DOMESTIC WATER HEATING

P=

OUTPUT

The domestic water heating application of the
RS500 provides proportional pump motor
speed control based on the temperature
difference between the solar collectors and
the storage tank. This proportional pump
control increases solar energy collection
efficiency by 6-8% during winter, cloudy days
and other periods of marginal solar intensity
when maximum efficiency is important. The
RS500 is designed to control permanent-
capacitor and shaded-pole motors. The control
sesnes very small temperature differentials
and modulates the pump speed in response
to the small changes in the temperature
differential between the collectors and the
storage.

Power delivered to the pump by the all-solid
state circuitry is switched on and off at zero
crossover, thus eliminating bothersome line
noise. The power delivered to the pump
reaches full line voltage on each cycle, thus
assuring full torque even at low speeds.

Proportional controls should be used in
systems where the pump is required to over-
come only line friction. Proportional controls
are not recommended for use in drain-back
systems in which the solar collectors drain
when the pump shuts off. In such systems,
the pump may not receive enough power in
the proportional mode to overcome the high
initial static head.

Standard features:
a) pulsing indicator
speed.
b)switch meets local electrical code require-
ments for pump power disconnect switch
when control is located within 6 feet of
pump.
c)eliminates the need tor balance valves and
circuit setters.
SPECIFICATIONS RS500-1 SERIES:;
Input: 110 VAC, 50-60 Hz
Output: 110VAC, 1/12 hp
Optional configurations available for 220 VAC,

light indicates pump

50-60 Hz.

RS500-1P

Minimum Flow: AT = 3° +1°F
Full Flow: AT =12° +1°F
RS500-1PH

Same proportional flow control characteristis
of RS500-1P with additional high temperature
detection circuit to shut-off pump when
storage tank approaches excessive tempera-
tures. Standard shut-off temperature is 140°F.
Other shut-off temperatures may be specified.
When specifying other turn-off temperatures,
consideration should be given to temperature
stratification between the bottom of the tank
where sensor is installed and top of tank where
delivered water is located.

WOTE :

o]

| | P&/ Rss00! O
1 PROPORTIONAL
CONTROL

INLET

* SEWNSORD AR

WELL WRAPPED
TO WSV NTE
FROWM AMBIENT

« RELEY NALVE

’\TANK SENSOR

RS500-1PHL

Same characteristics as RS500 1PH
with addition of anti freeze cir
cuit to turn pump full on when

TEMPERNKTURE . collector approaches freezing.
RS Anti-freeze circuit overrides all
4 200 other control commands and

APRLJSAL turns pump full on at 37°F until

collector temperature reaches 44°F.

AND CWECK, All Rho Sigma controls operate
NAWE WOT high temperature cut-off and low
SHROW . temperature start functions from

the primary collector and storage
sensor. Thus no extra sensors are
required, greatly reducing instal-
lation time and cost.

The following are some of the
permanent capacitor and shaded-
-pole pumps which have been
tested and found to perform well
with the RS500: Taco 007, All
Grundfos models, March 821BR
and 809, Teel 1P761 and 1P760,
Sunstrand LA4302.
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P E PROPORTIONAL CONTROL w/DUAL ouTpuTs| RS500
DOMESTIC WATER HEATING

*DUAL
JOUTPUTS

This application of the RS500 provides
proportional pump control identical to
that provided by the RS500-1 series.

Additional control capability to operate

solenoid valves to drain the collector .

array is provided by the second output.
With normally closed valves at points
B and C and a normally open valve at
noint A, the second output of the

RS500-1PHL-2L can break power to the
drain valves on approach of low
temperature conditions. When the
control removes power from B and C,
they close, preventing city water from
reaching the collector. Simultaneously,
valve A opens and drains the system.
This drain-down action also takes place
in the case of primary power failure to
the sytem, e.g., ice storm.

QO
PE Rrss00|0

DUAL OuUTPUT

PROPORTIONAL (3
CONTROL
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RS 360 INTEGRATED SOLAR/CONVENTIONAL P E
HEATING SYSTEM CONTROL

The application of the RS360 to con-
ventional and solar heating systems pro-
vides integrated control of the solar
heating system and the conventional
heating system. The RS360 provides
the following control functions:

1) Pump J activatecl when solar colloct
ors are hotter than large storage
tank;

2) Pump K activated when large storage
tank is hotter than domestic water
tank;

3) Pump L activated when room ther-
mostat calls for heat and storage tank
is hot enough to heat the living
space; and

4) Furnace activated when room ther-
mostat calls for heat and storage
tank is too cold to heat the living
space.

Pumps J and K arc switched an ai 20¢F
differentials and are switched off on
3°F differentials. The call for heat from
the room thermostat is switched to the
storage tank when its temperature is
above 100¢F. The call for heat is switched
to the furnace when the snlar storage
tank drops below 105°F.

All contacts in the RS360 are SPDT and
are rated at 10 amps.
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P2

AUTOMATIC VALVE CONTROL
FOR POOL AND SPA SOLAR HEATING

RS 260

The pool heating application of the
RS260 provides automatic solar system
control based on the temperature dif-
ference between the solar collectors and
the pool water. The RS260 provides the
additional control capability of shutting
off the solar heater when the pool water
reaches a temperature threshold which
is customer-adjustable over the range of
55°—115°F. The control is designed to
regulate normally open or normally
closed valves located as shown. The
RS260 can also simultaneously control
a second valve (either NO or NC)
located in the supply line or the return
line of the collector array.

Relatively lower temperature differences
between collector and pool water,
resulting from use of unglazed or plastic
collectors and relatively high flow rates,
makes Lhe selection and location of
sensors more important in pool appli-
cations than in domestic water applica-

RHO SIGMA

PE

RS 26

tions. The SF sensor is designed to
simulate the important features of
plastic or unglazed metal collectors
under varying solar and wind conditions.
The SP sensor is recommended for
sensing the pool water temperature.

The RS260 is housed in a raintight
NEMA enclosure designed for outdoors
mounting. It is designed for easy retrofit
wiring to the load side of the existing
pump timer.

SPECIFICATIONS RS260:

Input: 110 VAC or 220 VAC
(Specify as required)
Output to valves: 24 VAC, 30VA, SPDT

Range of Customer-adjustable thermo-
static control: 55°F—115°F
Conlrol points: & Ton — 7°F;

A Toff = 3°F
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RS 280

DIFFERENTIAL PUMP CONTROL
FOR POOL AND SPA SOLAR HEATING

The RS280 provides control capability
for direct switching of pumps in solar
systems used in heating large pools. Use
of auxiliary pumps rather than valves
to circulate water through the solar
panels is recommended in systems
having filter lines of 2%’ diameter. In
such systems, the cost of booster pumps
is generally less than the cost of valves.

Ihe R5280 activates the solar circulating
pump when the s$olar sensor i1s 7°F
hotter than the pool water. The control
turns off the pump when the tempera-
ture differences decreases to 3°F. A
customer-adjustable thermostatic control
is a standard feature of the unit and is
designed to shut off the solar system to
prevent over-heating of the pool.

The RS280 is housed in a raintight NEMA
enclosure  designed for outdoors
mounting. It is designed for easy retrofit
wiring to the load side of the existing
pump timer.

RHO SIGMA

P=

RS 280

SPECIFICATIONS RS280:

Input: 110 VAC or 220 VAC
(Spccify as 1eyuired)

Output: 2PDT relay rated at 15 amps.
Sensor voltage: less than 5.6 Vdc

Range of customer-adjustable thermo-
static control: 55°F - 115°F
Control points: A T on = 7°F;

A T off = 3°F
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SENSORS

Selection and installation of sensors are two
of the most important factors affecting the
operation of the solar system. Sensors must
be located with adequate consideration to
assure accurate sensing of the key portions of
the solar system. They must be properly
insulated (excepting the SF sensor when with
unglazed collectors) to assure that they are
not influenced by the ambient temperature,

All Rho Sigma sensors are electrically identi-
cal and are designed to withstand stagnation
temperatures of solar collectors approaching
420°F. Two and only two sensors are required
with each differential thermostat.

The SA Sensor is the temperature sensing
element encased in epoxy.

The ST Sensor has a copper housing with a
hole punched in it for bolting directly to the
collector plate or suspending inside air ducts.
Alternatively, a radiator hose pipe clamp may
be used to secure the rugged sensor to the
surface of a pipe. Or it may be slipped inside
the insulation of the storage tank.

The SF Sensor is a 1"x1"'x2", sandblasted
and black-anodized aluminum sensor designed
for use with unglazed solar collectors or in
high flow rate, low AT systems. The screw
provided with the sensor may be used to
mount the sensor near the collector where it
will sense the temperatre and availability of
solar energy at the collector. Designed
primarily for all use with the RS260 and
RS280.

The SPT-XX Sensor has a probe at the end of
its %2'"' pipe threads. The temperature-sensing
element is at the tip of the all brass sensor.
It is designed primarily for insertion into
tanks to obtain the most accurate measure-
ment of the fluid or air temperature inside.
Standard probe lengths are 1%, 3", 4%",
6,12, and 24".

Rho Sigma Inc.

11922 Valerio Street
North Hollywood, Ca. 91605

TO:
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The SP Sensor is epoxied into a rugged brass
housing with standard %' pipe threads for
easy installation into standard plumbing
fixtures.

The SPR Sensor may be screwed into the end
of a pipe which may be inserted into the top
of a deep tank. Wires run inside of the pipe to
the control. Provides accurate sensing of
temperature at the bottom of deep tanks.

Sensors having a temperature range extending
400°C are available.



THE T675 AND T678 TEMPERATURE CON-
TROLLERS REGULATE THE TEMPERATURE
OF AIR OR LIQUIDS IN DUCTS, PIPES,
AND TANKS. TYPICAL USES INCLUDE
CONTROL OF DAMPERS AND VALVES IN
HEATING, COOLING, OR HEATING-COOL-
ING SYSTEMS.

O T675A High Limit Controller makes a
circuit on a rise in temperature.

0 T675B Low Limit Controller makes a
circuit on a decrease in temperature.

O T678A Low Limit Controller makes two
independent circuits in sequence on a de-

crease in temperature.

O Fast response models with adjustable dif-
ferential available.

O Ambient temperature compensated.
O Setting knob on front.

O Sensing element may be mounted up to
20 feet from controller case.

E.S. FORM 60-2200 —1
REV. 11-75 a5 RESIDENTIAL DIV.

TEMPERATURE|
CONTROLLERS |

T675A, T678A
! ok FAST RESPONSE

T675A,B
T678A

Honeywell
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MODELS (also refer to Table I):

T675A Temperature Controller — spdt switching
to make or break a circuit on a temperature change;
fast response models operate approximately seven
times faster than standard models.

T675B Low Limit Temperature Controller —
breaks a circuit on a temperature fall; must be man-
ually reset.

T678A Temperature Controller—two spdt switches
operate two independent circuits in sequence; fast
response models operate approximately seven times
faster than standard models.

TABLE I
MODEL : MAX.
YO RANGE rEMP,| SWITCHING
Oto 100 Fa/-15t0 35C| 125 F
55t0 175 Fa/ 15to 75 C| 200 F
T6T5A | 80t0180F / 30to 80C|200 F|  SPdt

160t0260F / 75t0 125 C|280 F

T675Bb 30to 50 F 125 F spst
0to 100 F2/-15t0 35C| 125 F
55t0 175 F2/ 15to 75 C|200 F i
T678A | 80to 180 F / 30to 80C|200 F| two spdt

160t0260 F / 75t0125C| 280 F

aAvalla.ble with fast response sensing element,
bT675B scale is marked 30, 40, 50; set point is fac-
tory set and locked at 37 F.

SWITCH DIFFERENTIALS:
T675A—fixed differential models—1 F (.6 C);
adjustable models—3 to 10 F (1.7 to 5.6 C);
fast response models—3.6 to 12 F (2 to 6.6 C),
T675B—fixed 10 F (5.6 C),

T678A—fixed 3 F per switch with adjustable inter-
stage 3 to 10 F (1.7 to 5.6 C);
models with 55 to 175 F scale—fixed 3.6 F (2 C)
per switch with adjustable interstage 3.6 to 12 F
(2 to 6.6 C).

ELECTRICAL RATINGS:
T675A adjustable models and T678A:

120 v ac 240v ac
Full Load 8.0 9:1
Locked Rotor 48.0 30. 6

T675A nonadjustable models, 125 va at 120/208/
240v ac,
T675B 125 va at 240v ac pilot duty.

MAXIMUM AMBIENT OPERATING TEMPERATURE:
125 F.

NOTE: The maximum recommended ambient for the
T675B, when used for freeze-up protection, is
100 F. Anambientof 125 F lowers the switchbreak
point about 1.5 F.

BULB SIZE: 1/2 x 4-3/16 inches for 0 to 100 F
models; 1/2 x 3-9/16 inches for other scale ranges.

MAXIMUM BULB PRESSURE: 50 psig direct immer-
sion,

CAPILLARY LENGTH AND MATERIAL:

T6T5A, T678A standard response models—5 or 20
foot copper, or 20 fout Munel or stainless steel.

T675A, T678A fast response models—5 foot copper
with the sensing portion of element 1-1/2 inch dia. x
5 inches long (coiled 1/8 inch tubing). The coil may
be stretched to approximately 10 inches,

T675B—10 foot copper.

CAPILLARY HOLDER: Honeywell part 131524A in-

cluded with all fast response models.
(continued on page 3)
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DIMENSIONS: See Fig. 1.

LISTING BODIES: Listed by Underwriters' Labora-
tories, Inc.

ACCESSORIES:

1. Separable immersion wells; short necked, 1/2
inch NPT, copper—order 112622AA. For additionalin-
formationonimmersion wells see Honeywell Tradeline
Catalog.

2. Pressure fitting rated at 50 psi water or 15 psi
air—order 7617TABY. For additional information on
pressure fittings see Honeywell Tradeline Catalog.

3. Duct bulbholder 311266; also refer to Honeywell
Tradeline Catalog.

4, T-strap 105900 for strapping the bulb to a pipe.

5. Bag assembly 7617TABZ with bracket for mount-
ing the controller to fan coil units.

6. Calibration wrench 801534.

7. Bag assembly 7640HY with standoff bracket for
mounting the controller to an insulated duct.

8. Q615A weatherproof enclosure.
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r'G. 1-DIMENSIONS (IN INCHES) OF T6756 AND T678 CON-
TROLLERS.

ENSTALLATHON

msc@wct powe

._Always conduct a thorough checkout when installa

I.OCATION AND MOUNTING

The controller may be installed in any convenient
position. Be sure to consider the length of the cap-
illary before mounting controller.

Install the sensing element where it is exposed to
the average temperature of the controlled medium.
T675A fast response models must use the capillary
holder furnished with the device. The sensing bulb
of standard models should be held in place with a bulb
holder, immersion well, or pressure fittings. (See
Figs. 2-4.) Sharp bends or kinks in the capillary
tubing affect the efficiency of the controller and must
be avoided. Excess capillary should be carefully
coiled and left directly beneath the controller.

NOTE: When pressure fittings are used in areas of
vibration such as pipe lines, the bulb must be ade-
quately supported.

FIG. 2—BULB HOLDER FOR MOUNTING SENSING ELEMENT.
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FIG. 3—IMMERSION WELL ASSEMBLY FOR MOUNTING SENS-

ING BULB.
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FIG. 4-COMPRESSION FITTING FOR PRESSURE TIGHT
MOUNTING OF SENSING ELEMENT.
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WIRING

All wiring must comply with local electrical codes
and ordinances.

Disconnect the power supply before proceeding
Two knockouts for 1/2 inch conduit are provided,
one at top and one at bottom of case. Follow the

wiring instructions furnished with the heating or cool-
ing system. Fig. 5 shows the switching action.

RISE RISE

FALL FALL

COM COM 1414
ON TEMPERATURE RISE, SWITCH ON RIGHT PROVIDES FIRST STEP *
SWITCHING; SWITCH ON LEFT PROVIDES SECOND STEP SWITCHING.

FIG. 5-T678A SWITCHING ACTION. T675A IS SIMILAR BUT
HAS ONLY ONE SPDT SWITCH. T675B HAS ONE SPST
SWITCH.

OPERATION

T675A

As the temperature of the controlled medium falls

below the set point, less differential, the T675A
switches to make terminals R to B and energize a
normally closed solenoid valve to provide heat. In
cooling applications, the T675A makes terminal R to
W as the temperature rises above the set point and
energizes cooling equipment. Fig. 7 shows the
operation of the T6T5A.

TERMINAL SCREWS (3)

1415

T675A DIFFERENTIAL ADJUSTMENT

FIG. 6—-INTERNAL VIEW OF T675A SHOWING THE SWITCH
DIFFERENTIAL ADJUSTMENT WHEEL (APPLICABLE

MODELS).
SET POINT = R-W MAKES
ADJUSTABLEW— R-B BREAKS
= SWITCH DIFFERENTIAL
= ADJUSTABLE 3-10 F
|
— 4TO12F ONS5TO 175 F
=} MODELS.
=3
b o e AT RARRAKS:
— R-B MAKES
—
=
/\ ALSO AVAILABLE WITH A FIXED DIFFERENTIAL,
1416 APPROXIMATELY 1F.

FIG. 7-DIFFERENTIAL ADJUSTMENT RANGE OF T675A.

FREEZE-UP PROTECTION

When using the T675A (auto-recycling) for freeze-
up protection, the recommended set point is 38 F plus
the switch differential.

example: SET POINT 38 F, plus 1 F (fixed differen-
tial model) equals an actual set point of 39 F,

example: SET POINT 38 F, plus 3 F (adjustable dif-
ferential model) equals an actual set point
of 41 F,

This ensures adequate safety factor for freeze-up
protection.

NOTE: The T675B is a manual reset device and is
specifically designed for freeze-up protection,

T6758B

Used as a low limit controller, the T675B interrupts
the operation of equipment if the temperature of the
controlled medium falls below a predetermined limit.
The device is reset manually after a rise in tempera-
ture of approximately 10 F. The operation of T675B
is shown graphically in Fig. 8.

MANUALLY RESET
TO MAKE CONTACTS

HDONDND)

RESET
DIFFERENTIAL
10F

SET POINT
(ADJUSTABLE,
BUT SET AND
LOCKED AT
37 F)

CONTACTS BREAK

NOTE:
THE TEMPERATURE OF THE CONTROLLED
MEDIUM MUST DRIFT UPWARDS THROUGH
RESET DIFFERENTIAL BEFORE SWITCH
CAN BE MANUALLY RESET.

( S 671 0 T T (e e i

1417

FIG. 8—DIFFERENTIAL ADJUSTMENT RANGE OF T676B.
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T678A

When the temperature at the sensing bulb rises
above the setting of the controller, the switch on the
right completes a circuit between the R-W terminals
of that switch. Should the temperature continue to
rise through the preselected interstage differential of
the controller, the switch on the left will complete its
R-W circuit.

Conversely, on a temperature fall the switch on the
left provides first step switching. If the temperature
continues to fall, the switchon the right completes its
R-B circuit to provide sequencing of equipment.

Each T678 has a between-switch differential adjust-
ment. Make this adjustment by inserting a narrow
screwdriver into the rectangular hole in the chassis
(See Fig. 9) and pushing the star wheel. At its maxi-
mum position, interstage differential is 10 F. At
minimum position differential is 3 F. Adjust until
satisfactory operation is achieved.

LEFT SWITCH

T678 BETWEEN SWITCH
DIFFERENTIAL ADJUSTMENT 1418

FIG. 9—INTERNAL VIEW OF T678A SHOWING THE BETWEEN
SWITCH DIFFERENTIAL ADJUSTMENT.

The T678A Temperature Controller may be adjusted
to give an interstage differential of three to ten degrees
above the set point. The set point adjustment dial
determines the temperature at which the right switch
operates. The operation of the left switch is adjust-
able from three to ten degrees above that point of
operation. An illustration depicting the operation of
the T678A is shown in Fig. 10,

R-W MAKES
R-B BREAKS

LEFT SWITCH SWITCH DIFF.
R-B MAKES

R-W BREAKS

INDDNINNNS)

INTERSTAGE
DIFTCRENTIAL
3-10F

R-W MAKES
R-B BREAKS t

SWITCHI DIFF.

SET POINT
ADJUSTMENT

NnNNEEDDn

i

RIGHT SWITCH
R-B MAKES

R-W BREAKS

T

NOTE:
SWITCHES HAVE NOMINAL DIFFERENTIAL OF 3 F.
R-W CONTACTS OF RIGHT SWITCH MAKE AT SET
POINT ON A TEMPERATURE RISE.

i

ATHE INTERSTAGE DIFFERENTIAL IS THE DIFFER-
ENCE BETWEEN THE R-W MAKE OF THE RIGHT
SWITCH AND THE R-W MAKE OF THE LEFT SWITCH.

1410

FIG. 10—DIFFERENTIAL ADJUSTMENT RANGE OF T678A.

All controllers are carefully tested and calibrated
at the factory under controlled conditions. If the con-
troller is not operating at a temperature correspond-
ing to the scale setting and differential setting, check
to see that the bulb senses theaverage temperature of
the medium controlled. If the temperature of the con-
trolled medium is changing rapidly the differential will
appear wider than its setting.

For calibration, an accurate temperature reading
of the controlled medium mustbe taken., Place an ac-
curate thermometer near the bulb of the controller,
or refer to a thermometer that has been installed as
part of the system. If the bulb of the controller is in-
stalled in an inaccessible area, or if the controlled
medium is unstable, it should be removed and placed
in a controlled bath for accurate calibration,

T675A

These controllers are calibrated so that the dial
setting is the point at which the R-W switch contacts
make on a temperature rise. Measure the tempera-

ture at the bulb. Rotate the dial counterclockwise
¥\ from the top of the scale, simulating a temper -
ature rise, until the R-W switch contacts make. Note
the dial reading. If it differs from the set point, cal-
ibrate the dial as follows:

1. Determine the number of degrees difference
between the set point and the point at which the con-
tacts make.

2. Remove the dial knob and slip the fingers of the
calibration wrench into the slots of the dial. Rotate
the dial until the fingers of the wrench drop intothe
slots of the calibration nut under the dial, Note the
dial indication at this point. Turn the dial and the
calibration nut upor downscale the number of degrees
that the set point differs from the point at which the
contacts make (determined in step 1). For example,
move dial from 45 to 65 degrees for a 20 degree
change in calibration.

3. Check the calibration adjustment by moving the
dial up and down the scale while watching the contacts
make and break. If dial is still out of calibration,
repeat calibration procedure.

60-2200 -1
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16758

These controllers are calibrated so that the dial
setting is the point at which the switch contacts break
on a temperature fall. Measure the temperature at
the bulb. Rotate the dial clockwise /~ X from the
bottom of the scale to simulate a temperature fall un-
til the switch contacts break. Note the dial reading.

If it differs from the set point, follow the calibra-
tion procedure outlined for the T675A.

T678A

These controllers are calibrated so that the non-
adjustable (right hand) switch makes on a temperature

rise and the adjustable (left hand) switch makes 3 to
10 F higher. The point at which the nonadjustable
switch makes represents the dial setting. Rotate the
dial reading. Continue rotating the dial until the left
hand switch makes., The difference between the two
readings is the interstage differential, The left hand
switch must make at a lower reading than the right
hand switch. Adjust the differential if necessary.
Changing the differential may change the calibration.

Measure the temperature at the bulb. Rotate the
dial counterclockwise ¥~ \ from the top of the scale
to simulate a temperature rise until the contacts of
the left hand switch make. Note the reading.

If it differs from the set point, follow the procedure
outlined for the T675A.

Check the operation of the controller by raising and
lowering the set point through the temperature range

of the air or liquid being controlled. Make sure that
controlled equipment operates as intended.

HONEYWELL MINNEAPOLIS, MINN. 65408 INTERNATIONAL Sales Offices in all principel cities of the world. Manufacturing in Australia, Canads, Finland, France, Germeny, Japen,

Mexico, Netherlands, Spain, Taiwan, United Kingdom, U.S.A.
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THIS SERIES OF MAGNETICALLY OPERA-

TED DEFINITE PURPOSE CONTACTORS

PROVIDE LINE OR LOW VOLTAGE CON-
TROL OF MOTORS IN REFRIGERATION
AND AIR CONDITIONING EQUIPMENT OR
OF NONINDUCTIVE ELECTRIC HEAT
LOADS.

O These two, three, or four pole contactors
switch motors up to 50 amps full load and
resistive loads up to 60 amps.

O Provide up to three main poles with motor
rating or up to four main poles with resistive
rating.

O Auxiliary poles are available on two and three
pole models to switch fans, pumps, or other
auxiliary loads.

O Main pole contacts are double break, bridge
type of silver cadmium oxide alloy. Auxiliary

pole contacts, made of fine silver, are bifurcated

for high contact reliability on low power
applications.

O Pressure lug or screw terminals with quick
connect or screw accessory terminals.

0O Phenolic arc box with continuous barriers
that prevent phase to phase arcing.

O Shock spring minimizes contact bounce.

D Stabilizing lever prevents armature rocking
and assures ‘kiss-free’” (no burning contacts)
operation.

O Specially coated and welded magnet lamina-
tions minimize core and excitation loss.

ES. FORM 71-92162
REV. 4-72 RESIDENTIAL DIV.
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"SPECIFICATIONS

TRADELINE MODELS

Tradeline models are selected and packaged to provide ease of stocking, ease of handling, and maximum
replacement value. Tradeline model specifications are the same as those of standard models except as
noted below:

TRADELINE MODELS AVAILABLE: R4214G, P, er mounting plate and screws, four double
R4220B, R8212G, R8214G,P, R8220B Contactors, quick connects for contact terminals, and two
R8214G,P are available with or without coil single quick connects for coil terminals.
(specify when ordering). Four pole models—bag assembly includes all

TERMINALS: hardware listed for three pole models and in-
Coil—screw terminals. cludes hardware to convert fourth pole from
Contact poles—pressure lug connectors; poles a normally open fan pole, and normally closed

L1-T1 and L3-T3 have accessory screw auxiliary pole.
terminals.
Auxiliary pole (four pole models)--10 amp nor- ADDITIONAL FEATURES:
mally open contacts with bifurcated surface Tradeline bag assembly provides hardware for
for low power loads. terminal options.

BAG ASSEMBLY INCLUDED: Tradeline pack with cross reference label and

Three pole models—bag assembly includes adapt special instruction sheet.

STANDARD MODELS

MODELS: Magpetically operated, definite purpose TABLE II—MODEL SUFFIX LETTERSd
contactor series. Refer to Tables I-IV. (25, 30, and 40 Amp Contactors)
Table I Model Numbers (POLES) |A|B|C|D|E|F|G|H|J|KP|LIM|N|P|Q|RC
Table II Model Suffix Letters Main 212 22251834 22123183
Table I Contact Ratings 1 (I?“O aloTololorotolotolol o Til2 il 0
Table IV and V Contactor Coil Ratings ux, AL 2 T
Aux. (N.C.)*|0]0{1]0]2]1{0[0]1{0]0j0f1[0]0] O
TABLE I—MODEL NUMBERS 2For low voltage or low power (pilot duty) switching,
use auxiliary poles only.
MODEL? b30 and 40 amp K models have resistive rating only.
MAIN WITHOUT WITH 25 amp K model has inductive and resistive ratings
POLE ENCLOSURE ENCLOSURE on all poles.
INDUCTIVE | 24 LINE 24 LINE CResistive rating only on 25, 30, and 40 amp models,
RATING |VOLT | VOLTAGE | VOLT | VOLTAGE rating omy on €9, 5% mp
COIL COIL COIL COIL NOTE: Main polesplus normally open auxiliary poles
35 Amp _ |R8210 | R4210 | R8211 | R4211 cannot total more than 4.

30 Amp R8212 R4212 R8213 R4213

d -
20 Amp REI1Z RA31d REI1E RAITE 50 amp contactor suffix letters

50 Amp R8220 R4220 R8221 R4221

poles.

3petermine appropriate suffix letter from Tables II
and III when ordering. poles.

Suffix A—2 main poles, no fan, and no auxiliary

Suffix B—3 main poles, no fan, and no auxiliary

{continued on page 3)

ORDERING INFORMATION

WHEN ORDERING REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR COMPLETE ORDERING SPECIFICATION
NUMBER,OR.. ..

SPECIFY~— ORDER FROM—
1. MODEL NUMBER, INCLUDING SUFFIX LETTER. 1. YOUR USUAL SOURCE, OR.
SPECIFY TRADELINE MODEL, IF DESIRED. 2. HONEYWELL
2. TYPE OF COIL TERMINALS (INCLUDE VOLTAGE 1885 DOUGLAS DRIVE NORTH
RATING). SPECIFY TRADELINE R8214G P MINNEAPOLIS, MINNESOTA 55422
WITHOUT COIL, IF DESIRED. (IN CANADA-HONEYWELL CONTROLS LIMITED
3. TYPE OF CONTACT TERMINALS. 740 ELLESMERE ROAD
4. TYPE OF ACCESSORY TERMINALS, IF OTHER THAN SCARBOROUGH, ONTARIQ)
STANDARD. INTERNATIONAL SALES AND SERVICE OFFICES
6. NORMALLY OPEN AUXILIARY OR NORMALLY IN ALL PRINCIPAL CITIES OF THE WORLD.
CLOSED AUXILIARY AND ACCESSORY TERMINALS, )
{F DESIRED. :

6. NAMEPLATE CONFIGURATION IF OTHER THAN
STANDARD. REFER TO FIGS. 3 AND 5.

7. INFORMATION ON HORIZONTAL MOUNTING, IF
DESIRED. .

8. ACCESSORIES, |F DESIRED.
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TERMINALS: and copper wire, For 25-30 amps-—screw ter-
minals with number 10 binding head screw (for
Coil: number 8 wire or smaller) is standard. Pres-
Choice of 1/4 inch single or double quick connect sure connector is optional.
or number 8§ binding head screws.
Accessory (on poles):

Contact Poles: 1/4 inch double quick connect is standard on poles
For 40-50 amp—Pressure lug connector is stand- 1 and 3 and is available on all poles. Number 6
ard; 40 amp—for one number 4 wire or smaller; binding head screw terminal is optional on any
50 amp—for one number 2 or smaller aluminum pole. '

TABLE III—CONTACT RATINGS
RATING IN AMPERES

MAIN POLES FAN POLES AUXILIARY POLES
(NORMALLY OPEN ONLY) | (NORMALLY OPEN ONLY) | (NORMALLY OPEN OR
NOMINAL| LINE ; NORMALLY CLOSED)
RATING |voLTs [MOTOR RATING®|ppgyapyyg |MOTOR RATING | g poqpyg [MOTOR RATING | praariyg
3 3P OR 10 2P | "pariNG | PER POLE) | "pirrys | _(PER POLE) | "phriyg
FULL [LOCRED | pp 0 ) [FOLL [ LOCKED | o8 TORG [ FULT TLOCKED | ot povE)
1.0an | ROTOR OLE)\y 0AD | ROTOR LOAD | RoTOR [T
240 | 25 150 362 15 & 5 ) 50 10
25 Amp | 480 25 125 35 10 60 10 5 30 5
600 | 25 100 35 10 60 10 5 30 5
240 | 30 180 402 15 90 15 10 60 10
30 Amp | 480 | 30 150 40 10 60 10 5 30 5
K00 | 30 120 40 10 60 10 5 30 5
240 | 40 340 508 15 90 15 10 60 10
40 Amp | 480 | a0 200 50 10 60 10 5 30 5
600 | 40 160 50 10 60 10 5 30 5
277 50 300 60 - = — pn — =
50 Amp | 480 50 250 60 - - — - - -
600 50 200 60 — — — — — -
3240 resistive raling also apply at 277v.

b25 and 30 amp model ratings are per pole. Two pole, 40 amp models have a per pole rating if used with loads
0f 240v or less and locked rotor rating of 180 amp or less. Allother 40 amp models have 38 3P or 1f 2P ratings.

TABLE IV—25, 30, AND 40 AMP CONTACTOR RATINGS: Coils are rated for 50/60 Hz, reference data is for

60 Hz.
RATED) B b |DROP-
COIL |coLoRr SEALED “:JNS-H R4IZ,II((:)J U§4‘2,?2L TA%Ezm ouT ADMITTANCE? __
vgé;- CoDE | VA TAMPS WATTS|" ()] pesiol Rea12 | Re214 vggg- OPEN CLOSED
24 | Black [10.0]0.40 3.2 |100 | 13:1.5{13.5*1. 5] 14%1.5 8 [0.178 @.5 pfl0.0167 @.32 pf
120 Red 10.0[0.078 | 3.2 1100 | 63+10 | 6810 | 71*10 51 [0.007__@.51pf|0. 00065 @.33 pf
208/240| Green |11.5]0.048 | 4.0 | 115 [120:15 | 12715 [132%15 92 [0.002 @.57pf]|0.0002 @.35 pf
277 Blue 110.0]0.033 | 3.2 | 100 |164+20 | 174+20 |180%20 | 132 [0.0013 @.52pf]0.00012 @.33 pf
480 | Grey [10.0]0.0197] 3.2 [100 |285+35 | 300235 | 31035 | 225 |0,00044@.51pf]|0.000041@.33 pf
500/600] Brown |10.0]0.0168] 3.2 | 100 |355+40 | 375240 | 390%40 | 240 0.00030@.51pf]0.000028 @ .32 pf
TABLE V—50 AMP CONTACTOR COIL RATINGS:
RATED IN- | . PICKUP [ DROP '
COIL |COLOR SEALED RUSH VOLTAGEP| ouTr ADMITTANCE?2
VOLT- | CODE | VA |AMPS | WATTS| ") R4220 | VOLT- OPEN SEALED
AGE R8220 AGE
24 Black |16.8 | 0.700| 6.5 158 | 15.5%1,5 12 [0.275 @O0.54 pf |0.0290 @ 0.38 pf
120 Red |17.6]0.147] 6.6 166 7510 55 10,0115 @ 0. 53 pf |0.00123 @ 0. 37 pi
208/240 | Green [25.4 [ 0.106| 9.0 200 145:15 105 |0.00348 @ 0.57 pf | 0. 00044 @ 0. 35 pt
271 Blue [18.3]0.066] 6.9 164 185:15 140 | 0. 00211 @ 0. 57 pf [0. 000238 @ 0. 38 po
480 Grey |19.2]0,040| 6.5 176 310220 235 | 0.00075 @ 0.53 pf | 0. 000083 @ 0. 34 pf
500/600 | Brown |22.2 | 0.037] 7.1 ] 38030 275 | 0. 000495 @ 0. 55 pf | 0. 000062 @ 0. 32 pi

3 Admittance is the reciprocal of coil impedance. To find the coil current draw at any voltage, multiply the
admittance by the voltage; for instance at 18v with the armature open, I = (18) (0. 178) = 3. 2 amps.

bPickup va: R8210 - 32. 5 va, R8214 - 35 va, R8220 - 66 va.

. 71-92162
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CONTACTS: Main contacts of silver cadmium alloy;
auxiliary contacts of fine silver.

MOUNTING MEANS: Screws through zinc die cast
base that can be mounted in any position on a verti-
cal plane. Special models are available for hori-
zontal mounting when "kiss-free' operation is de-
sired. Standard models may be mounted horizon-
tally for switching resistive loads. For replacing
another contactor, see Replacement Guide.

SWITCH MOLDING: Electrical grade phenolic.
COVER/NAMEPLATE: 40 and 50 amp models only.
DIMENSIONS: See Fig. 4.

ACCESSORIES AND REPAIR PARTS (25, 30, and 40
amp contactors):

1. Adapter plate 126870 that allows R8210series to

replace R843, R8172 series (furnished with Tradeline
models).

2. All metal enclosure 129703A, See Fig. 1.

3. Contactor coils for replacement or for contact-
ors R8214G, P ordered without coils.

RATED REPLACE-
COIL |COLOR PART NUMBER COIL
VOLT-| CODE AND TERMINALS ORDER
AGE

NUMBER

116616-sorcw terminala] 1074BPF
24 | Black 7ggTs-quick connects —

120 Red 716617-screw terminals] 4074BPG
116613-quick connects —

116618-screw terminals| 4074BPH
208/240| Green 116614-quick connects —

977 Blue 116622-screw terminals| 4074ACA
116626-quick connects —

480 vGrey 116623-screw terminals| 4074ACB
116627-quick connects —

600 Brown 116848-screw terminals| 4074BWE
116847-quick connects —_

4, Replacement or optional terminals (25, 30 and
40 amp contactors).

DESCRIPTION? PART NO.
Heavy duty—replaces 40 amp
main poles. 4074BPE
Medium duty—replaces 25 and
30 amp main poles and 15 4074BPV
“amp fan poles.
Auxiliary-light duty—10 amp
and low voltage:
Normally open 4074ACC
Normally closed 4074BPD

a1 isted assemblies include power terminals and
movable contacts and springs.

ACCESSORY ANDREPAIR PARTS FOR 50 AMP CON-
TACTORS

1. Adapter plate 137397 for interchangeable mount-
ing with competitive models.

2., All metal enclosure 129703A.
3. Replacement coils.

RATED REJ%LI\‘TA‘TCE'
COIL [COLOR PART NUMBER COIL
VOLT- | CODE AND TERMINALS
AGE ORDER

NUMBER
, 137226-screw terminals| 4074BVU

24 Black 137220-quick connects —_
137227 screw terminals | 4074BVV

120 Red 137221-quick connects —
137228-screw terminals| 4074BVW

208/240 | Green 137222-quick connects —_

137229-screw terminals| 4074BVY
277 | Blue 1437993 quick connects —_

137230-screw terminals| 4074BVZ
480 | Grey |137924-quick connects —

137231-screw terminals| 4074BWA
600 | Brown | 137595 quick connects -

UNDERWRITERS' LABORATORIES, INC. COMPO-
NENT RECOGNIZED: File E14480, Guide NLDX2
(magnetic motor controller models),

R4210 and R8210A-H, J-N, P, Q

R4211 and R8211A-H, J-N, P, Q

R4212 and R8212A-H, J, L-N, P, Q
R4213 and R8213A-H, J, L-N, P, Q
R4214 and R8214A-H, J, L-N, P, Q
R4215 and R8215A-H, J,.L-N, P, Q

‘R4220 and R8220A, B
R4221 and R8221A, B
File E40514, Guide WHMZ2 (magnetically operated

switch models)

R4210 and R8210R

R4211 and R8211R

R4212 and R8212K, R

R4213 and R8213K, R

R4214 and R8214K,R

1L
32

-]
!

KNOCKOUT FOR
1/2 OR 3/4 INCH
CONDUIT (4}

L-,L,

;_T_,J
T v Rl I"az'l

' VAL (8
& [+
3/8 MTG.
HOLE (2} KNOCKOUT
63 FOR 1/2 IN.
8 CONDUIT (3}
sl
3/16 MTG.
13 H/OLE(Z) ﬁ-
16
J_{ 15 \ —3
| 7 \
.’— i s L '
16 is
1
t:-si )
1
6 -
9
'76 i
5 15 2140a
3 llG:r'

FIG. 1—M6UNTING DIMENSIONS (WITH ENCLOSURE NO.
129703A). CONTACTOR MOUNTING SCREWS ARE
INCLUDED WITH ENCLOSURES.
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STANDARD REVERSED
NAME PLATES NAME PLATES
c L1 L2 L3 L4 F T T2 T3 T4
HONEYWELL HONEYWELL
MAGNETIC CONTROLLER MAGNETIC CONTROLLER
T1 T2 T3 T4 L1 L2 L3 L4
A B D E
L1 L2 L3 L1 L2 Ti T2 T3 T T2
HONEYWELL HONEYWELL HONEYWELL HONEYWELL
MAGNETIC CONTROLLER MAGNETIC CONTROLLER MAGNETIC CONTROLLER MAGNETIC CONTROLLER
T1 T2 T3 T T2 (W] L2 L3 Ll L2

NOTE: NAMEPLATE A IS FOR 40 AMP 4-POLE CONTACTORS. NAMEPLATE B IS FOR 40 AND 50 AMP 2. AND 3-POLE CONTACTORS; SPECIFY

TWO POLE NAMEPLATE (C) OR REVERSED NAMEPLATE, IF DESIRED FOR INDIVIDUAL APPLICATION, WHEN ORDERING. NAMEPLATES

AVAILABLEC ON 40 AND 50 MODELS ONLY. 758C

FIG. 2-R4214, 18, 20, 21/R08214, 15, 20, 21 GONTACTOR NAMLPLATES.

REVERSED

STANDARD INVERTED
A A
C‘Cé % @é\ ( i O@q r\®\% “®Dﬂ
| é£0§£0§ 2] _@_%o%@_oég | iéo%_@_o%ég
| (2] IETI T |[] [? L et ey |11 [ () G0l G | 1]
s f%@%o@o@a el
sl et (el
STANDARD lNVEél\;TED

|| HONEYWELL ||

MAGNETIC CONTROLLER

MAGNETIC CONTROLLER

HONEYWELL :ll :
|

. AQ\ HONEYWELL ! | 'l:
' MAGNETIC CONTROLLER

A\ NOTE POSITION OF COIL TERMINALS.
/A L—LINE, T-LOAD.
/A NAMEPLATES FOR 40 AND 50 AMP MODELS ONLY.

760A

FIG. 3—R42--/R82-- CONTACTOR POLE CONFIGURATIONS.

71-92162
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SIDE VIEW

>
si=

A FOUR POLE ARC BOX EXTENDS 7/32 IN. ON EACH SIDE OF MOUNTING BASE.

A COVER/NAMEPLATE ON 30 AMP TRADELINE AND 40 AND 50 AMP MODELS ONLY.

B

@i 5]
=
—1—L
[

|
zls-!

?
@_
:

0.5 DIA.

COUNTERSUNK 3
HOLES (7) ACCOM-
MODATE A

NO. 10 SCREW.

~
(1

w
al=

ANGLE SLOTS (2)
AND SINGLE SLOTS
{2) ACCOMMODATE A

NO. 10 SCREW.
=l
¥+ + T
O . 16
|

N S ——

BOTTOM VIEW OF BASE

21478

FIG. 4—MOUNTING DIMENSIONS IN INCHES (WITHOUT ENCLOSURE).

INSTALLATION

MOUNTING

When replacing an old contactor, follow the proce-
dure below. In new applications, choose a suitable
location on a vertical surface and omit steps 1 and 2.

CAUTION

Disconnect power supply before installing to pre-
vent electrical shock and equipment damage.

’

1. Disconnect leadwires from old contactor one at
a time, tagging them for correct reconnection.

2. Remove screws mounting old contactor to base
or enclosure,

3. Mount the new contactor. Mounting holes of
these contactors will align with those of most other

1O
CONTROL CIRCUIT

R4210A
{OR 8210A)
WIRING CODE
SINGLE FACTORY INSTALLED
PHASE = === LINE VOLTAGE
POWER | € —— —- LOW VOLTAGE
SUPPLY FIELD INSTALLED
‘ "1 '@ LINE VOLTAGE
e LOW VOLTAGE
TO 4_.@ ; LIMIT CONTROLS OR
CONTROLLED ) . OVERLOAD PROTECTORS
LOAD
cotL
TERMINALS

& ADD DISCONNECT MEANS AND OVERLOAD PRO-
TECTION AS REQUIRED.

A INCLUDES LINE OR LOW VOLTAGE POWER SUPPLY,
THERMOSTAT, ETC. e

FIG. 5—INTERNAL SCHEMATIC AND TYPICAL HOOKUP FOR
2 POLE CONTACTORS.

10
R8210G CONTROL CIRCUIT
{OR R4210G) <=
} RING CODE

FACTORY INSTALLED
+ esemes = LINE VOLTAGE

AN

manufacturers.

(To replace R843 or R8172 contac-

tors, use adapter plate 126870.) See Replacement
Guide, page 9.

4. Connect leadwires to terminals.
WIRING

All wiring must comply with applicable codes and
ordinances. Follow wiring instructions supplied with
equipment being installed. Typical hookup diagrams
are shown in Figs., 5-7. Other models are similar,
refer to Table III for pole designations.

!

THREE Prase | 4]
POWER SUPPLY | 3

TO \
CONTROLLED
LOAD !

& ADD DISCONNECT MEANS
TECTION AS REQUIRED.

THERMOSTAT, ETC.

"q%:%

A INCLUDES LINE OR LOW VOLTAGE POWER SUPPLY,

— — —— LOW VOLTAGE
FIELD INSTALLED

LINE VOLTAGE

LOW VOLTAGE

{ LIMIT CONTROLS OR
{ OVERLOAD PROTECTORS

coIL
TERMINALS

AND OVERLOAD PRO-

FIG. 6—INTERNAL SCHEMATI
3 POLE CONTACTOR.
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70
R4210H CONTROL CIRCUIT

A B wieecon
R8210H) WIRING C /

ig‘ﬁé: :Sp‘;iEy‘ < FACTORY INSTALLED
{4.. o= o= =e = LINE VOLTAGE

THREE PHASE § ] ——~ - LOW VOLTAGE
L L9 L

POWER SUPPLY @@ FIELD INSTALLED
THREE PHASE | 4 é §5
COMPRESSOR | 4
pl

e LINE VOLTAGE
MOTOR

LOW VOLTAGE
SINGLE PHASE :4—-———1 A

TO LIMIT CONTROLS OR
OVERLOAD PROTECTORS
£AN MOTOR COIL TERMINALS
(RETURN LINE NOT

INTERRUPTED)

& ADD DISCONNECT MEANS AND OVERLOAD PRO-
TECTION AS REQUIRED.

/A\ INCI IDES LINE OR LOW VOLTAGE POWER SUPPLY, et
THERMOSTAT, ETC.

FIG. 7-INTERNAL SCHEMATIC AND TYPICAL HOOKUP FOR 3 POLE CONTACTOR WITH N.O. AUXILIARY OR FAN POLE.

TRADELINE TERMINAL OPTIONS

Tradeline contactors are shipped with screw termi-
nals for coil connections and pressure connectors for
the contact terminals; contact poles L1-T1 und L3-T3

liave acccooory screw terminals, The auxiliary pole S'N%"EC o
1.4-T4 on four pole models has 10 amp normally open N neCT

contacts with a special shorting bar that huas bifuicated
contacts for switching low power loads. Standard
models have terminals as specified when ordering;
see options in Specifications section.

ColIL
TERMINALS

The following terminal options are possible using
the accessory parts (order separately for standard
models; furnished in the contactor bag assembly for
Tradeline models).

CONTACT TERMINALS-—Double quick connects (four

[

provided) may be added to accessory screw termi-
nals on contact poles1.1-T1and L.3-T3. See Fig. 8.

COIL TERMINALS—Single quick connects (two pro-
vided) may be added to screw terminals on the con-
tactor coil if desired. See Fig. 9.

PRESSURE-SCREW
CONNECTOR

DOUBLE
QUICK CONNECT
TERMINAL

2681

FIG. 8~ATTACHING DOUBLE QUICK CONNECTS TO CONTACT
SCREW TERMINALS. .

194

FIG. 9—ATTACHING SINGLE QUICK CONNECT TO COlL
SCREW TERMINALS.

AUXILIARY POLE—The auxiliary pole L4-T4 may
be adapted to the following:

A. 10 AMP NORMALLY CLOSED CONTACTS.

1. Remove the .green spring, the shorting bar
with bifurcated contacts, and the existing set
of stationary contacts from terminals L4 and
T4.

NOTE: Use a long nose pliers to remove the
spring and shorting har. The shorting bar
must be turned slightly to remove. See
Fig. 10.

2. Turn contactor over and place shorting bar
in position as shown in Fig. 11.

3. Compress green spring and insert between
shorting bar and molded base of the contactor,
see Fig. 11. Make certain spring is firmly
positioned.

4. Turn contactor upright and place new station-
ary contacts from bag assembly over the top

) of the shorting bar. Make certain four
( rounded points on bar make contact with the
stationary contacts. Firmly fasten each con-

tact with screw as shown in Fig., 12,

71-92162



FIG. 10-USE LONG NOSE PLIERS TO REMOVE SHORTING
BAR.

BIFURCATED
SIHORTING
BAR

FIG. 11-WITH CONTACTOR HELD UPSIDE DOWN, REPLACE
SHORTING BAR AND SPRING.

15 AMP NORMALLY OPEN CONTACTS for
switching fan or other load.

HEAVY DUTY NORMALLY OPEN CONTACTS for

Remove the green spring and shorting bar

from contactor terminals L4-T4.

NOTE: Uselongnose pliers to remove spring
and shorting bar. Shorting bar must be
turned slightly to remove. (See Fig. 10.)

Insert new heavy duty bar (from bag assembly)
over stationary contacts (Fig. 13).

Compress green spring and insert between
bar andplastic base. Do not use orange spring
from bag assembly. Make certain spring is
firmly positioned between the plastic and
metal boss.

switching up to 50 amp resistive load.

1.

Remove ,the green spring and shorting bar

from cohtactor terminals L4-T4.

NOTE: Uselongnose pliers to remove spring
and shorting bar. Shorting bar must be
turned slightly to remove. (See Fig. 10.)

Insert new heavy duty bar (from bag assembly)
over stationary contacts. Make certain bar
contacts match stationary contacts.

Compress orange spring (from bag assembly)
and insert between bar and plastic base (Fig.
13). The orange spring must be used to elim-
inate contact chatter under certain load con-
ditions, Make certain spring is firmly
positioned.

FIG. 12-ATTACHING STATIONARY CONTACTS FOR NOR-

MALLY CLOSED CONTACT ASSEMBLY.

195

GREEN SPRING (UP TO 15 AMP)
OR ORANGE SPRING
(UP TO 50 AMP)

HEAVY
DUTY
CONTACTS

2686

FIG. 13—INSTALLING HEAVY DUTY SHORTING BAR.
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CHECKOUT

installation and wiring are
completed, turn on the power supply., Actuate the
system components through the contactor, Before
leaving the installation, observe system operation

After the system

through at least one complete automatic cycle to
make certain that the contactor operates properly
and that the safety controls break the control circuit

as required,
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FIG. 14—-MOUNTING DIMENSIONS OF COMPETITIVE CONTACTORS.
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REPLACEMENT GUIDE

/

TO REPLACE COMPETITIVE CONTACTORS
(SEE FIG. 14)

TO REPLACE HONEYWELL
CONTACTORS R443, R843

Mounting hole arrangements on the R82-- series contactors will usually
permit direct replacement of the following models:
GENERAL ELECTRIC:

Type CR153—20, 25, 30, and 40 amp (2, 3, and 4 pole) Fig. 14A.

Type 3AAR—25 amp (2 pole), Fig. 14B.
R-B-M

Type C-30—30 amp (2, 3, and 4 pole), Fig. 14C.

(Catalog Numbers 109151 through 109155)

Type C-40—40 amp (2, 3, and 4 pole), Fig. 14C.

Type 85—25 amp (2 and 3 pole) Fig. 14D.

Type 80—25 amp (2 pole), Fig. 14E.

Type 136—30, 40 amp (2, 3, and 4 pole) Fig. 14C.

Type 154—25, 30, 40 amp (2 and 3 pole) Fig. 14D.
ARROW, HART, AND HEGEMAN:

34300 Series—30 amp (2, 3, and 4 pole) Fig. 14J.

34400 Series—40 amp (2, 3, and 4 pole) Fig. 14J.

Type '"B’* (32200 Series)—25 amp (2 and 3 pole) Fig. 14G.

Type "B" (32400 Series)—30.and 40 amp (2, 3, and 4 pole) Fig. 14F.

Type ACC—25, 30, and 40 amp (2, 3, and 4 pole), Fig. 140.
CUTLER-HAMMER: :

9560 Series—25, 30, and 40 amp (2, 3, and 4 pole), Fig. 14H.
FURNAS

Type 41NA, NB—25 amp (2, and 3 pole) Fig. 14L.

Type 41CB—20 amp (2, 3, and 4 pole) Fig. 14K.

Type 41DB—30 amp (2, 3, and 4 pole) Fig. 14K

Type 41EB—40 amp (2, 3, and 4 pole) Fig. 14K.

Type 42BC, CC, DC—20, 30, 40 amp (2, 3, and 4 pole) Fig, 14Q,

Type 42BD, CD—30, 40 amp (2, 3, and 4 pole) Fig. 140.
ROWAN: ‘

Type B—25, 30, and 40 amp (2, 3, and 4 pole), Fig. 14M.

Type FRC—25, 30, and 40 amp (2, 3, and 4 pole) Fig. 140.
SQUARE D:

Type Y—30 amp (3 pole) Fig. 14N.
CLARK

Type AT7—25, 30, and 40 amp (2 and 3 pole) Fig. 14P.
ELMWOOD SENSORS:

Type 30D, E, F—25, 30, 40 amp (2 and 3 pole) Fig. 140.

R4172, R8172

Use adapter plate 126870.

MAINTENANCE

TO REPLACE MOVABLE TO REPLACE FIXED

TO REPLACE COIL

CONTACTS CONTACTS
1. Disconnect power supply. 1. Disconnect power supply. 1. Disconnect power supply.
2. Remove arc box cover.
3. Remove all wiring connections
(line, load, coil), '
2. Remove arc box cover. 2. Remove arc box cover. 4, Remove contactor from mounting
surface.
5. Place contactor upside down on
flat surface and remove the four
3. Remove contact holding spring(s). | 3. Disconnect wiringto the fixed counter-sunkscrews in the base.
’ If movable contact is n.c., itis contacts. Tag leads for prop- 6. Lift base up; the nested magnet
necessary to first remove the er reconnection. lamination may come with it.
fixed contacts—see steps 3 and 7. The coil can now be removed.

4 next column.

Note position of coil leads, then
replace with identical coil in
identical position.
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TO REPLACE MOVABLE TO REPLACE FIXED
CONTACTS CONTACTS TO REPLACE COIL
\ .
4. Loosen screw(s) fastening IMPORTANT
contact(s) to arc box; loosen On models with open (not encap-
4. Remove and discard movable: until contact and screw canbe sulated) coils, two metal locators
contact(s). Replace with con- lifted out. are used. When an open coil is
tact(s) of correct rating. reassembled to the contactors,
the metal locators must be re-
placed exactly in their original
positions, or premature contact
5. Replace contact holding spring(s). | 5. Replace with contact of cor- failure may result. If the re-
If movable contact is n. c., also rect rating and screw down placement coil is the fully en-
replace the fixed contacts. tightly. -capsulated type, the locators are
not needed and can be discarded.
8. With magnet lamination held
. nested in base, replace base on
6. Reconnect wiring, if necessary, { 6. Reconnect wiring, then re- arc box. Fasten the four screws
then replace arc box cover. place arc box cover. firmly.
9. Remount the contactor. Recon-
* onect all wiring and veplace the
are hox cover.
7. Re-establish power and check | 7. Re-establishpower andcheck |10. Re-establish power and check
operation of the contactor. operation of the contactor. operation of the contactor.
WARRANTY “‘Unless otherwise specified, the Company warrants all R Division equip f: d by it and bearing its nameplate !o be free from defects in workmanship
and materials under normal use and service as follows:
1. Equip which is ived portation prepaid at the factory ongmaﬂng shipment (1) wn.hm twelve mom.hs a!(er date of manu!acture or (2) with a certification by the installer to be
within twelve months after date of installation, and found by the Comp fon to be def: in or Is within the will be rep or at the

Company 's option, free of charge and relurned lowest cost transportation prapaxd Pren-uum u-nnxportadon will be used at customer’s request and expense;
f i ion by the C does not d d d and the Company's regular service charge will apply;

2, P p any defect covered by the g will be rep or rep
3. WITH EXCEPTION OF THE FOREGOING AND UNLESS SPECIFICALLY EXPRESSED IN WRITING, THE COMPANY MAKES NO EXPRESS WARRANTIES, NO WARRANTIES
OF MERCHANTABILITY AND NO WARRANTIES WHICH EXTEND BEYOND THE DESCRIPTION OF THE FACE HERECF."”

HONEYWELL MINNEAPOLIS, MINN. 55408 INTERNATIONAL Sales Offices in all principal cities of the world. Manufacturing in Australia, Canada, Finland, France, Germany, Japan,
Mexico, Netherlands, Spain, Taiwan, United Kingdom, U.S.A.
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BULLETIN .

INSTRUCTIONS . .

.

{ i
Bulletin 841, NEMA Type 1 Enclosure w/Cover Removed

ENGINEERING DATA -

Maximum Contact Ratings per Pole

Maximum Continuous -Ampe

AC Voltage Amperes Carrying Volt-Amperes

50 or 60 Hz.| Make Break Current Make Break
120 60 6 10 7200 720
240 30 3 10 7200 720
480 15 L5 10 7200 720
600 12 1.2 10 7200 720

OPERATION — The Bulletin 841 is used in conjunction
with two magnetic starters and two float or pressurc
switches. One of the float or pressure switches is set to
operate when the demand is such that one motor can
handle it. The other switch is set to operate when the
demand is 50 heavy thal both motors are needed.

Control device “D1” (normal demand) alternately en-
ergizes one or the other motor each time it closes. When
control device “D2" (heavy demand) closes, the idle mo-
tor is also started. This heavy demand switch can be omit-
ted if not needed. The panels are designed for use with
pilot devices having two normally open contacts.

Automatic alternators are often used with starters
which have a ‘‘Hand-Off-Auto’’ selector switch in the
cover. This feature permits manual operation of each
motor.

Three-position selector switch units can be used for
selecting the type of automatic operation desired. One
position provides automatic alternate operation of each
motor; the other two positions select one or the other
motor for automatic operation by the first stage control
device “D1”. This feature is useful when one motor is
disconnected from the line for maintenance or repairs.

*CAUTION: Before working on a pump, motor or
starter, open its disconnect switch — unless discon-
nected from the power circuit, a starter may pick-up
regardless of the position of selector switch “S1"’.

MAINTENANCE — Periodic inspection is recommended
(monthly intervals are suggested initially, to be changed if
indicated by experience}. Check for cleanliness, condition
of wiring connections and insulation, evidence of over-
heating, and condition {(welding or excessive wear) of
contacts. The armatures should operate freely.

REPAIRS — Control devices disassemble as depicted in
the illustration below. Additional consideration should be
given to the following techniques. Removal of at least one
side of the stationary contact blocks is necessary to re-
move the cross bar. Movable contacts are best removed by
pulling the contact sideways and upward. Removal of the
operating coil is achieved, by removing the cross bar and
the plunger screws and allowing the plunger to drop
down. The coil is then “free’’ to be pulled out rrom the
front. NOTE — when reassembling, the coil clamp MUST
BE replaced with its concave side up. In general, ali com-
ponents should be carefully observed before removal and/
or dis-assembly to help assure proper replacement.

Normally Open
Movahle Contact
Assembly
X-226345

T

Cross Bar

(Complete w/Movable Contacts)

X-217648 (1CR)

X-217735 (2CR)

X-217644 (3CR)

(Less Movable Contacts)
X-229528 (1CR)

X-229614 (2CR)

X-229524 (3CR)

Left Hand Contact Block Assembly
(Complete w/Stationary Contacts)

A Rotaining Ring
© * 03964 F-19419

A Included with Solenoid Assembly.

Solenoid Assembly (Less Coil)
*X-464742

Normally Closed
Movable Contact
Assembly
X 229484

=

M-7944

i Screw Assembly
| *

h N

Right Hand Contact Block Assenthly
(Complete w/Stationary Contacts)
X-137723 (1CR)

X-137722 (ACR) <D X-137707 (2CR) ¢
X-137706 (2CR) Screw X-137711 E3CR)
X-137710 (3CR) - Assembly
A Screw Assembly X-228038
. ACoil * M-793
ASpring Clamp
B-26687 E-149c8 Operating Coil
m — (See Table Back Page)
ABushing
B-11103 @ APlunger Refer to Handy Catalog for
Guide replacement terminal blocks.

% Added or changed since previous issuve.

Instructions 841-800 — July, 1971
Supersedes Instructions 841-800 Dated June, 1965
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WIRING INSTRUCTIONS — Control Device “D1" is the
first stage control and provides automatic alternating
operation of both starters. Control device “D2"” is the
second stage control which operates the stand-by starter
when the demand requires simultaneous operation of both
starters. Disregard connections to control device ‘D2
when it is not used.

Both starters will operate automatically, and alternate-
ly, when their respective “HAND-OFF-AUTQO” selector

switches are set in the “AUTO" position and selector

switch “S1” is set for position **1-2"".

When starter #1 or starter #2 is taken out of service,
selector switch ““S1”’ must be set in position correspond-
ing to remaining starter. The remaining starter will then be
operated by the first stage control device “D1".

*CAUTION: Before working on a pump, motor or
starter, open its disconnect switch — unless discon-
nected from the power circuit, a starter may pick-up

regardless of the position of selector switch “S1”’.

OPERATING COILS —

. Coll % Coll Current * Volt-Amperes
Volts | Hert | mber Inrush | Sealed | inrush | Sealed
110 25 0AO6P .35 .109 39 12.0
110 60 0A01P .99 A7 109 19.5
120 60 91 .163 109 19.6
m [ 5 | Y™ e Twm T % [ w1
208 60 0A113P .52 .094 108 19.6
220 25 0AllP A7 054 38 11.9
220 60 0AQ6P 495 .089 109 19.6
240 60 .45 .081 108 19.4 -
220 50 0AB3P .43 091 95 20.0
440 25 0A15P .089 027 39 11.9
440 60 0AllP 248 044 109 19.4
480 60 227 041 109 19.7
440 50 0A288P 22 046 9/ 40.1
550 25 0A20P 071 022 39 12.1
5§50 60 DAL6P 198 .035 109 19.3
600 60 182 033 109 19.8
550 50 0ABIP 173 .036 95 19.8

Selector switch “S1” may be omitted but then
permanent connections must be made between duplex
panel terminals #/ & #8 and #5 & #9. TermInal #10 has
no external connections.

Starter #2 will be operated only by control device
D2 when selector switch “S1”’ is not used and discon-
nect switch #1 is open. Panel terminals #8 and #10 must
be jumpered, if starter #2 is required to be operated by
control device 'D1”.

For manual operation of either starter, the selector
switch must be set in the "HAND"’ position.

Wire terminais #2 and #6 on the panel to the “AUTO"
position on the selector switches when “HAND-OFF-
AUTO" selector switches are used. Terminals #1 on both
panel and starter are common to the “HAND" position on
the selector switch for starter #1; terminal #5 on panel
and #1 on starter are common to the “HAND’’ position
on the selector switch for starter #2. The common termi-
nal of the selector switch is then wired to terminal #3 on
the starter. :

Terminals #2 and #6 on the panel are wired to termi-
nal #3 of starter #1 and #2 respectively when ‘“HAND-
OFF-AUTO selector switches are not desired.

Lt
.2

b—
" L
b Gy
10
COVNTACTS 3CR

OVERLAP L

* Added ar ¢changed since provious issve.

ORDERING INFORMATION — Your order cannul be
entered unlese tho following informatien is given: Part
number, description of part, the catalog number and scries
letter of controller. This instruction sheet applies also to
these controllers when used on control apparatus listed
under other Bulletin numbers.

TYPICAL WIRING DIAGRAM - (See applicable codes

and laws)
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for every air handling, power,
sewage, marine and industrial
application

TEN OUTSTANDING ADVANTAGES

Adequate pratection from surge pressures assured by Mercer
Joint construction using strongest fabrics compatible with

" lightness.

Every Mercer Joint is finish coated with Hypalon to provide
&otectmn against acid fumes and ozone attack.

ercer Jointg assure exgeptionally long life. They employ only
the finest grades of rubber. They neither crack nor fracture under
repeated flexing. They have fong life expectancy because of
materials and gonstruction technigues.
nghtweught and can be inserted in the minimum of space. On
pipe sizes up to eight inches, only six inches face to face is
needed.

Mercer Joints are superior to metal, since they avoid any prob-

"5 OVER, g

Mercer
one: 7-

REPRESENTED BY:

6.

7.
8.
9.
10.

lems of ejectrolysis, corrosion or erosion. Require less spage.
hut provide more lateral movernent.

Joints can be designed for W.P. up to 165 PSI on standard gﬂ
and higher on higher pressure grades. Vacuum ratings are ut‘y
30" depending on type.

Expansion Joints can be supplied for a temperature range of
—20°to +400°F.

Mercer Joints are many times less expensive than broken pumps
and compressors, with resultant downtime.

No gaskets are required between flanges of Mercer Joints and
pipe flanges.

Insulate against vibration and help prevent transmission of
sound along piping systems.

Woarld’s largest maker of Rubber Expansion Joints

ME GER RUBBER Company

mmon,u.l 08680 P.O. Box CN-90001
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sox.  and flanges supplied vnth spec al
ELASTOMERS thick galvanized split steel retaining

FLANGE— rings
g#e":"'m Working Pressure to 150 PSIG in all sizes

Can be Furnished with Filled or Unfilled Arch
and Standard Control Units

STANDARD SPOOL TYPE Styles 400, 500,
N 700 510 710,
2000EP, 2100B,
2500Av. The short-
est face to face

dimensions are
l available with this
2! type of construc-

tion.

Styles same as
Standard Spool
Type. Spool-type
with straight
through or tapered
ID. Single arch may
be filled with soft
rubber to inhibit
restricting sub-
stances. Ideal for lines carrying heavy slurries or sus-
pensions. Filled arch prevents materials obstructing
arch and reducing flexibility. Allowable movement is
reduced one-half.

Vacuum to 15" with Open Arch
Vacuum to 25" with Filled Arch

Another Expansion Joint of Mercer’s Superior Quality ... FOR
HFAVY DUTY USE. Variety of Elastomer’'s permits multi-purpose
applications—A designed single arch with double arch imuvement,
within a single arch standard length.

ALLOWABLE MOVEMENT *

Lateral
Deflection Elongation Compression
+ 3" + 3" 1 3"
4 + 3" + 3" 134"
8 + 35" + %" 1 %"
8 + 3" 13"
8 +3" 1 %"
8 2 %" 1 3"
1 12 +3y" 13"
1 12 +3" 1 %"

*For Filled Arch—half the above movement

TEFLON LINED JOINTS

/cres
il h o= Lo\

(%]
(4]

Style 1000. All
standard con-
structions can be
supplied with a
Teflon liner and will
operate to standard
pressures, tempera-
tures and move-
ments.

MULTIPLE ARCH TYPE
Styles same as

Standard Spool
Type. Ideal for in-
stallations where
maximum expan-
sion and con-
traction is present.

TAPER JOINTS

ke,

ends. Concentric or eccentric.
piping to pump flanges of different diameters. Save
space and installation costs.

Styles same as
Standard Spool
Type. See factory
for face to face
lengths for 510 and
710 styles. Spool-
type with tapered
ID. Single or double
arch, with flanged

Ideal for connecting

Styles same as
Standard Spool
Type. See factory
for face to face
lengths for 510 and
710 styles. De-
signed to remedy a
specific misalign-
ment of ¥ inch or

more, plus any non-parallelism of the flange taces.
Straight through ID and single arch.

REPLACEABLE LINERS

Style 3000. A
custom-made flexi-
ble connector for
use with rectangu-
lar flanges on low
pressure service.
The arch design
accommodates
greater movement
than the “U" type
joinl. Made also
without arch.

Bulletin No.—3377 A 10/78 10M

SLEEVE TYPE
EXPANSION JOINTS

Style 5000. Note
joint designed for
W.P. as style 500 or
700 but clamps are
limiting param-
eters. This joint is
of the same design

as the Full Face-Integral Flange Type Joint except that
capped sleeve ends have an ID dimension equal to
the OD of the pipe. The joints are designed to slip over
the straight ends of the open pipe and be held se-
curely in place with “‘King'" Clamps or Knox Sectional

Clamps.

Can be furnished
with our regular
style 500 pressure
only expansion
joints.

“U" TYPE EXPANSION JOINTS

Created and produced by Lenhart Advertising usa, Princeton. N.J

Style 401 is recom-
mended for full vac-
uum service or a
maximum pressure
of 15 psig.




APPENDIX "B"
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APPENDIX "C"
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PHOTOGRAPHS

Installation photographs are on the following pages
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INSTALLATION COMPLETED




ROOF AREA AT AN EARLY PREPARATION STAGE
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STORAGE TANK AND COLD WATER INLET

HEAT EXCHANGER NUMBER 2
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P- 2 PUMP AND STRAINER

HEAT EXCHANGER NUMBER 1

MAIN HEADER LINES
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INSULATION PRIOR TO COATING

INSULATED MANIFOLD PRIOR TO COATING
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HEAT DUMP - AERIAL VIEW
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COLLECTOR CONNECTION

MANIFOLD PRIOR TO INSULATION
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