
DOE /NASA CONTRACTOR 
REPORT 

DOE/NASA CR- 161 235 

SOLAR HEATING AND HOT WATER SYSTEM INSTALLED AT 
CHERRY HILL, NEW JERSEY 

Prepared from doaurnents furnished by 

Qarden State Raoing Association 
Liquidation Truet, Bank of New Jersey Trustee 

Under DOE Contraat EG-77-A-01-4086 

Monitored by the 

&tiorid Aermautio~ and Spaoe Administration 
George C. Marshall Sperm Flight Center, Alabama 35812 

For the U. 8. Department of Energy 

U.S. Department of Energy 

Soiar Enr --- 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

Thir mporr; w11 prepared to docwant work spansored by the 
United Seatea Covrmmnt. Naitber the Uaitad Stater nor Its 
agurtr the United States Departmmt of Energy, the United 
Statrr National Aeraaautica and Spaca Administration, nor any 
f.der.l eaplo).r.8, nor auy of their contractors, eubcontroctora 
or tlmir amployeem, mko amy warranty, expreaa or implied, or 
umme my l a w  Ifability or reuponaibility for she accuracy, 
completenear, or urafulnraa of any infomation, apparatw, 
product or procerr diacloaed, or reprareat that its w a  would 
aot infringe privately owned right.. 



T E C H N I C A L  REPORT S T A N D A R B  T I T L E  PAGE 
1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIP IENT 'S  CATALOG NO, 

DOE/ NASA CR-161235 
I I 

4 .  T I T L E  AND SUBTITLE 15. REPnRT DATE 

Solar Heating and Hot Water System Installed a t  Cherry Hill, 
New Jersey 

'May 16, 1979 
6. PERFORMING ORGANIZATION CClDE 

7. AUTHOR(S) 

I 
15. SUPPLEMENTARY NOTES 

This work was done under the technical management of Mr. Dan Xenofos, George C. 
Marshall Space Flight Center, Alabama. 

16 .  ABSTRACT 

8. PERFORMING ORGANIZATION REPOR'T I 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 

Garden State Racing Association 
Liquidation Trust, The Bank of New Jersey, Trustee 

12. SPONSORING AGENCY NAME AND ADDRESS 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

This  final repor t  descr ibes  i n  detail ,  the so la r  heating and hot water  
sys tem installed i n  existing buildings a t  the Cher ry  Hill Inn i n  Cherry  
Hill, New Jersey .  

t o .  WORK UNIT NO. 

1 1. CONTRACT OR GRANT NO. 

DOE E G-77-A-01-4086 
(3 .  TYPE OF REPOR-I' & PERIOD COVEREC 

Contractor Report 

1.9. SPONSORING AGENCY CODE 

Costs  f o r  the sys tem were  shared  by Garden State Racing Association 
Liquidation Trus t ,  The Bank of New J e r s e y ,  Trus tee  a s  the owner/ 
operator  of ,the Cherry  Hill Inn and the U. S. Department of Energy. This 
project is par t  of the National Solar Heating and Cooling Demonstration 
Program.  The designer  and construction manager was Colm Engineering. 

The sys tem went into operation November 8, 1978 and i s  expected to furnish 
31.5.70 of the overal l  heating load and 29.870 of the hot water  load. The 

. col lectors  a r e  General  Elec t r ic  Company liquid evacuated tube type. The 
s torage sys tem i s  an  above ground insulated s tee l  water  tank with a capacity 
of 7, 5 00 gallons. 

17. KEY WORDS 
NOTICE 

contractor% subconvacton, or their cmployccr, maker 
any warranty, express or Implied, or auumer any legal 
liability or responsibility for the accuracy,complctenes 
0, wrulncss of any lntormation, apparatus, produc# or 
process discloud. or reprerents that its u s  would hot 

1 8 .  DISTRIBUTION STATEMENT UC-59a 
Unclas sified-Unlimited 

I Mgr, Solar Energy ~ ~ ~ l i c a t i o n s ' ~ r o j e c t s  
I 

19. SECURITY CLASSIF.  (d thi. *.Part) 20. SECURITY CLASSIF. (of thl .p .ge)  2 1 .  NO. OF PAGES 22. PRICE 

I Unclassified Unclassified 1 212 1 NTIS 
1 I I 

1SFC - Fonn 8 4 8  4 (Rev. DBcember 18 12 ) For sale by National Technical Information Service. Spd~ifleld.  Ki%lnLa 2 2 1  6 1  





TABLE OF CONTENTS 

Introduction 

Interim Performance Criteria Certification 

Operational Certification Date 

Summary Of Project Information 

~ssembly/Checkout Of Cherry Hill Solar System 

Acceptance Test Plan Results 23 

Cherry Hill Inn Operating And Maintenance Manual 24 

Updated System Performance Data Revised From 
Original Calculati'ons 

Major Problems Encountered And Recommended Solutions 48 

Appendix "A" ~anufacturers Literature 

Appendix "B" Design Drawings (As-built) 

Appendix "c" Photographs 

iii 



INTRODUCTION : 

. . . . . . . . "  
The Cherry Hi1,l Inn, Cherry Hill, New Jersey is a combination 

country inn, hotel and convention cente; wi.th '.an international 

reputation. The. Inn has been in operation m,ore, than 24 years . .  . P .. . ,. . , . . . 
and during this .time ,s,pan, over 27,000,000 deople from all 

over the world have been guests, at tended meetings, .(fu,nc tions, . .. . .  .. . . .. I.... , ' .. '.-.",. .. 

or just visited for a repast and enjoyed the Inn's hospitality. 
. ... . 

, >... . . '. 

Over .the years, Management has endeavored to maintain its 

facilty in outstanding,condition. Atthe present time, the 

2nn is in the mida't of a oomplete renovation program. 'This 

program includes refurbishment of. all guest rooms, the addition 

of more athletic and health facilities, and a revitalization. 

$of .the energy,.c.onsuming systems including HVAC, hot water 

services ... and electri.ca1 systems. 
. . 

. . . . . 
. . .  %. .. 

. .. . . : 

AS' a result of being accepted as a participant' in the PON 2 
. . . . 

Solar Demonstration Program, the Inn has installed a 331 

panel array to produce more then 30 % of the required heating, 

and hot water energy. 



INTERIM PERFORIWNCE CRITERIA 

CERTIFICATION 

Agreement No. EG-77-A-01-4086 

P r o j e c t  . - Cherry   ill Inn  

P a ~ - t i c i p x l L  - G*!-cle!! 3 LaLe 8ac1rlg . ~ssnc l  a'r.1 nn 
Liqu ida t ion  T r u s t ,  Bank o f  New J e r s e y  Trus tee  

System l o c a t i o n  - c h e r r y  H i l l ,  New J e r s e y  

System type  - Space Heat ing & Hot Water 

I c ' e r t i f y  t h a t  t h i s  s o l a r  system complies with IPC Document No. 

Revision - Baslc 

Date - February 25, 1975 

C e r t i f i e d  by ~&MV& 
William F. Davis 

. Authorized R e ~ r e s e t l t a t i v e  
Date - November 8, 1938 

, . .  



PO, BOX 406 
W R  R Y HII.L, NEW JERSEY 08002 

ESECUTIVh OFFICES 
. . November 16,  1978 

Mr. Dan Xetmfos 
Government P ro jec t  Manager 
Code FA33 
Geo. C. Marshall Space F l i g h t  C t .  
Fiarshall Space F l i g h t  C t . ,  AL 35812 

Dear Dan : 

Please be advised t h e  llSolar Energy .<;pace Iicating & llot Water System" 

a t  t h e  Cherry H i l l  Inn, Cherry H i l l ,  New Jersey (Cooperative Agreement 

#EG-77-A-01-408@became opera t ional  on November 8, 1978. 

I want t o  take  t h i s  opportunity t o  thank you and t h e  o t h e r  D.O.E. S t a f f -  

members f o r  your adv i se  and cooperat ion during t h i s  p ro jec t .  

A l l  remaining d a t a  and ' as b u i l t  drawings requested on  o our recent  . v i s i t  

will b e . i n  your hands wi th in  a few -days. Thanks again ,  I remain. 

Yours t r u l y ,  - 
F*- William P. Davis 

P ro jec t  Administrator 



SUMMARY OF PROJECT INFORMATION 

Garden State Racing Association 
Liquidation Trust, The Bank of ' . 
New Jersey, Trustee 

Designer Colm. Engineering 

Construction Manager Colm Engineering 

DOE Project Manager 4 NASAIMarshall Space Flight Center 
Alabama 

Operational Date November 8, 1978 

Type - Hotel 
Area - 70,000 Sq. St. 

Locat ion Cherry Hill, New Jersey 

Degree Days 
Avg. Temp: (OF) 

Avg. Insol. ( ~ y / d )  

Heating 4600 
Winter 42 
Winter 357 

Cooling 700 
Summer 70 
Summer 552 

Solar Energy System 

Collector Type: . Liquid evacuated cube 

Manufacturer: General Electric Company 

, 1  9 '  

Area: 5,939 Sq- ft. gross 
4899 Sq. ft. net . , 

Storage System: Insulated steel water tank (above groutid)  

Capacity: 7,5QO gallons I 
. I .  

Auxiliary System Type: Oil 'fired steam boilers 

Application 

Heating 31.5% Cooling 0% 
$ .  

Hot water 29.8% 
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1.0 Introduction 

This document describes a program of activities with objective 

of DOE/Cus t-omer acceptance . o;f *a commercigl .+s.ol.a.r.,. enerm 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. Costs of this 

system are shared between the owner/operetor of the Cherry Hill 

Inn and the U.S. Department of Energy in accordance with DOE 

Agreement #EG-77-~-01-4086.~his project is one of these includ- 

ed in the National Solar Heating and Cooling Demonstration 

Program. 

The main feature of this system is the General Electric Type 
- , .  . 

TC-100 evacuated tube collector. Some of the steps emphasized 

in this procedure are to provide a.d.ditiona1 assurance in the 

successful use of this new type of collector in a aommorcial- 

sized systetn. 

This procedure covers all actions required from the secure 

handling and storage of all materials to completion of t,ha 

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 



The system can be conveniently broken down into groups of 

items which will be delivered to the installation site. 

This breakdown is: 

(1) Structural support framework and fasteners for the 

structure, assembly and installation. 

(2) Shop-assembled copper tubing manifold sections with 

extra tubing and additional fittings to complete the 

entire supply and return piping. 

(3) Set of standard valves and othe~ plubbing fittings. 

(4) 331 collector frames packed in open wooden crates. 

Each.frame, will contain all inte-rnal collector pip- 

ing'and 10 plastic shrouds. 

(5) 3310 glass .collector shrouds packed, in boxes of 10, 

similar in size and shape to fluorescent lamp tubes. 

(6) One lot of 9 pumps peculiar to this system in various 

sizes.. ' 

(7) Four Trane heat dump units. 

(8)'7500 gallon stainless steel storage tank. 

(9) One lot of control valves, sensing devices, etc. for 

the system. 

(10)Two. flat plate type heat exchangers. 

(11) One 100 gallon expansion tank. 

(12) One alarrn/control panel for syste~ operator. 

(13) solar integrators. 

(14) Approx.300 gallon8 of Preatone II (ethylene glycol 

anti-freeze) 

(15) One set of special hardware to fasten the 331 collect- 

ors to the structure. 



(16) One lot fiberglass pipe insulation in sizes suitable 

for each of the system lines and the. various fittings. 

(17) Two sets of personal safety equipment for safe in- 

stallation of the 3310 glass shrouds. 

(18) Miscellaneous additional hardware of a minor nature. 

(19) One lot of electrical hardware (disconnects, circuit 

breakers, relays, controls, etc. ) 



3.0 As8embly/~heckout Procedure Summary , 

The general assembly process for t h i ~  system will involve the 
. . , .: . I . .  . , , 

following phases A brief description of each phase is given 

here, more d.etai1 follows: 
. . . . '  . ' . .  ." ' . . ,; . .; : 

3.1 Phase I. Preliminary Efforts 
. .  . . t . .  , . 

All 1arge.items are to be set in. place ,and fastened down. 

Holes will be cut for the passage of pipes, conduit, etc. 

Wherever possible, patchw.ork., etc. will be completed during 

t.hfe phase. 

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) ATC-2 with T-4 

( 3 )  A W - 3  with T-5 
(4) Differential temperature controller (DT-1) with T-2 

and, T-3 

(5)  Pressure switch (PS-1) 

(6) PS-2 

(7) Pressure relief valve (PRv) 

( 8 )  Tank safety valve 

.( 9 ) .  Mixing valve V-6 

(10,) Tank level , , qenaor 
I .. 

I 

(11) Solar Integrators (two) . 

*Items 1,6,7,,8., and 10 are detailed in a,ection 2.0 
, , 

, , m, , . ' .* . I .  ' 



3.2 Phase 2. Piping/~iring 

. . .  . 
Interconnecting piping, wiring, etc. will be completed in 

. ., 

accordancd with 'tho appropri.ite drawings. Simple system tests 

will be performed for leakage*, continuity, etc. The cal- 

brated items will be installed under supervision of Colm 

Engineering personal. 

3.3 Phase 3. Collectors 
I 

The 33.1 collector frames wi'll be set in place 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 4. Install shrouds/Test 

T h e  c o l l e c t o r  l o o p  is, t h e n  . d r a i n e d  a n d  r e f i l l e d  w i t h  g l y c o l  s o l u t i o n .  
. .. 

T h e  c o l l e c t o r  s h r o u d s  w i l l  t h e n  b e  i n s t a l l e d . .  

3.5 Phase 5.' Installation 

T h e  s y s t e m  w i l l  b e  k e p t  o p e r a t i n g  ( f l u i d  f l o w i n g ,  ' i f  t h e  s u n  i s  

s h i n i n g )  a n d  a l l  l i n e s ,  f i t t i n g s ,  e t c .  w i l l  b e  i r i s u l a t e d .  

3.6 Phase 6. Performance/Balance Tests 

~empenature/flow/pressure measurements will 'be mad.e to d.eter- 

mine that the sjtstem will'operate and collect solar energy 

as required. 

jtAll systems checked. with water. 



. . 

Sections 4.0 - 9.0 describe each of the activity phase listed 
above. The level of detail should be sufficient for actual 

comment on the nature and scope of the planned activities. 

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. 

All paperwork covering the site deliveries (invoices, shipping 

tags, etc,) will be separated at time of delivery and held for 

the Colm Engineering Co..'s representative. Standard receiving 

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 large item requiring installation will be 

the aluminum support structure for the collector array. A set 

of six drawings shows this structure in detail with the mounting 
, , 

provisions designed for it.' 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 a pitch pocket. 

Each of tliese pockets must be inspected prior to final, sealing to 

provide.assurance t'hat the Inn roof has been properly resealed. 

The dimensional pattern generated by the stub column upper flanges 

must match that of the aluminum structure exactly. Final sealing 

of. the pitch pockets will be accomplished after the structure is 

installed on the stub columns. Temporary protective closures will 

be provided by the contractor at each pitch pocket. 



The system heat dump will consist of Trane unit heaters. 

These four units will b.e installed on the lower Inn roof. 

The 7500 gallon stainless,,steel storage tank' will be d.eliv- 

ered completely finished. without its insulation jacket in 

place. 

Drawing No. ULlOOO shows the equipment arrangement for the sec- 

ond. floor equipment room. Heat exchanger No, 1, the expansion 

tank and pumps p-l/P-l~ will be installed in this space as 

shown on the layout. Penetrations reguired between t.him epnoo 

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 shrouds, the special mounting 

hardware and the solar integratorscomprise the c-ollector ship- 

ment form General Electric Co. The mounting hardware must be 

counted. The number of shrouds (couht 331 boxes must be veri- 

fied. The solar integrators will be assigned to Colm Engineering 

for safe keeping until it is needed- 

The primary water and water-~lycol circl1.1ation systoms will be 

preassembled in the contractor's shop as much as poasible. Draw- 

ing No. RlOlO shows the extent of this prefabrication. This will 

reduce the number of field joi-nts and. subsequent 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, identified as to 

type, etc. and. stored.. Most other materials need.ed at the site 

will be included in the following list: 

1. Approximately 300 gallons Prestone I1 

1 2  



2. One l o t  aa@orted . .p ipe  in8u ln t ion .  

3 .  One l o t  e l e c t r i c a l  hardware 

4. Miscellaneous hardware 
.r 

A l l  t h a t  w i l l  be r equ i red .  f o r  t h e  l a t t e r  i tems w i l l  be re -  

ce iv ing  and s torage.  The s p e c i a l  sca f fo ld  f o r  the  c o l l e c t o r  

shroud i n s t a l l a t i o n  and t h e  s p e c i a l  s a f e t y  equipment f o r  t h i s  

opera t ion  w i l l  be suppl ied when they w i l l  be required.  

A l l  plumbing w i l l  be i n s t a l l e d  with the  exception of the  

c o l l e c t o r  serpent ines .  A l l  new plumbing w i l l  be pressure  

t e s t e d  one loop a t  a time with water, t o  150% of normal 

opera t ing  pressure.  Leakage w i l l  be observed and detected 

with a  pressur.e gage holding pressure  f o r  3 hours. A l l  l eaks  

w i l l  be r epa i red  ... 
H e a t i n g  a n d  S t o r a g e  Loop w i l l  n o t  b e  t e s t e d  c o m p l e t e l y ;  v a l v e s  

w i l l  b e  i n s t a l l e d  a t  e a c h  end  o f  t h e  new p i p i n g  a n d  o n l y  t h e  

new s e c t i o n  w i l l  b e  p r e s s u r i z e d .  

D o m e s t i c  Hot W a t e r  Loop w i l l  b e  t e s t e d  o n l y  b e t w e e n  t h e  b o o s t e r  

pump d i s c h a r g e  a n d  t h e  m i x i n g  v a l v e .  
! 

C o l l e c t o r  Loop c a n n o t  b e  t e , s t e d  d u r i n g  p h d s e  3 c h e c k s .  A l l  o f  

t h e  c o l l e c t o r  c o n n e c t i o n 3  w i l l  b e  c l o s e d  wi ' th  ~ ' l a s t i c  c a p s .  

The c a l i b r a t e d  sensors  and. devices  w i l l  be i n s t a l l e d  d.uring 

t h i g  construction phase. 

A l l . w i r i n g , a n d  e l e c t r i c a ~ l !  hardware w i l l  be i n s t a l l e d  during 

t h i s  cons t ruc t ion  phase. Thie w i l l  inc lude  the  con t ro l s ,  

t h e  sensors ,  t h e  power opera t ing  equipment, e t c .  The only 

i tem not  t o  he i n s t a l l e d  w i l l  be t h e  OE Sola r  I n t e g r a t o r  

13 



a l though  condu i t  w i l l  be i n s t a l l e d  t o  t h e  approximate l o c a t i o n  ef t h e  

i n t e g r a t o r  i n  t h e  s o l a r  a r r a y .  Mult iphase equipment (pumps, f a n s ,  etc.) 

w i l l  be checked f o r  r o t a t i o n  as connected. A l l  c i r c u i t s  w i l l  be chqcked f o r  

cont inui .ky and . i n s u l a t i o n  r e s i s t a n c e  p r i o r  t o  t h e  a p p l i c a t i o n  o f  power. 

Drawing No. El000 c o n s t i t u t e  complete w i r ing  diagrams f o r  t h e  system. 

Func t iona l  tests o f  t h e  e l e c t r i c a l  i t ems  w i l l  be performed as p a r t  o f  

Phase 4 t e s t .  

6.0 C o l l e c t o r  I n s t a l l a t i o n  

The 331 c o l l e c t o r  frames w i l l  be i n s t a l l e d  on t h e  a lu l~ inur l  suppor t  st ,ruc t.~ire. 

When t h e  f'rames have been bo l t ed  i n  p l a c e , t h e  copper manifolds w i l l  be 

brought i n t o  p o s i t i o n .  The i n d i v i d u a l  c o l l e c t o r  s e r p e n t i n e s  w i l l  be connected 

t o  them. The flare f i t t i n g s  w i l l  be made hand t i g h t  on ly ;  f i n a l  t ightel i i l ig  

w i l l  n o t  t ake  p l ace  u n t i l  Loop No. 4 has  been f i l l e d .  F i l l  Loop No. 4 wi th  

t a p  water i n  t h e  fo l lowing  manners: 

1) Use supply l i n e  t o  f i l l  sump tank 

2) Actuatc  P-3 (manually) and begin pumpir~g wwaLer8 

through t h e  Mains 

3 )  Use wrenches t o  t i g h t e n  t h e  supply  connect ion f o r  

each c o l l e c t o r .  Loosen t h e  r e t u r n  f i t t i n g .  

4 )  working one c o l l e c t o r  a t  a time a s  each one flows 

f u l l  o f  water ,  t i g h t e n  t h e  r e t u r n  f l a r e  nu t .  

5 )  Manually open va lve  V-1  & c l o s e  va lve  V-2 u n t i l  h e a t  dump is f i l l e d .  

6 )  Open t h e  t o p  va lve  o f  t h e  expansion tank  u n t i l  i t  i s . h a l f  

f u l l ,  c l o s e  t h e  t o p  va lve ,  

7 )  Check ope ra t ion  o f  manual ven t  valve.  Use it t o  a i d  i n  b leeding  

excess  a i r  from t h e  loop.  



8 )  When the loop ha8 been fiiled, praerarrize it to 40pai 

with pumps P - ~ / P - ~ A  running and check for leake. 

Hold for 3 hours. Repair any leaks. 

At the conclusion of the above tests, shut down all aystem 

pumps and drain Loop No. 4 as much as possible. 

(Collectors will not drain.) 

The lowest point in this system is ih 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 to make certain that the heat dump has been drained. 

Mount the Solar Integrator on a collector frame in the back 

row and make necessary electrical connections to it. 

7.0 Install Shrouds and Teat 

The collector loop (Loop No. 4)  must be filled with glycol 

solution before this operation can begin. At this point in 

time, the collector serpentine8 should be filled with water 

and the remainder of Loop No. 4 will be dry. 
Approximately 800 gallons of 35% ethylene glcol 65% water 

solution will be mixed thoroughly in the sump tank. Solution's 

specific gravity will be used aa a measure of a proper mixture. 

The  s o l a r  l o o p  w i l l  b e  f i l i e d  w i t h  t h e  g l y c o l  s o l u t i o n  w i t h o u t  , 

disturbing the collector connections. The manual vent valves 

will be used. to assist in removing air from the Loop. Pump 

P-3 will be used to move solution from the sump tank into the 

loop. Care will be observed to fill the heat dump and partial- 

ly fill the expansion tank. When the loop is filled, pump 

P-1/~1-A will be started to force the glycol solution through 

the collectors as well as the rest of the loop. 



Opera'te in this manner, with the pumps running, 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 procedure involving a 

degree of risk for . M e  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. 4 during the daylight 

hours (P-1 or P-1A running check to see that they alternate.) 

If this system must be shut d.own 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 ord.er 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, V-2 closes, fan goes on when ATC-1 is activated.) 

The shroud installation procedure is simple, but it must be 

repeated 3310 times for the entire array, A representative 

of General Electric Co. will train the crew and demonstrate 

the procedure at the site. In 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 ho1d.a 

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) 
1 6  



2 ) The f r o n t  man tilts t h a t  s e r p e n t i n e  legq wi th  its t u b u l a r  cover  

free o f  t h e  r e f l e c t o r  s o  t h a t  its llpper end is roughly 6-8" away 

from t h e  r e f l e c t o r  su r f aces .  

3 ) The f r o n t  man starts t o  remove t h e  p l a s t i c  tube  ( a s h i p p i n g  p r o t e c t o r )  

from t h e  s e r p e n t i n e  by. s l i d i n g  it away from himself  toward t h e  

rear man. 

. . 
4 1 When t h e  p l a s t i c  tube  is completely removed from t h e  s e r p e n t i n e ,  t h e  

f r o n t  man w i l l  hold t h e  ' s e rpen t ine  (by means o f  t h e  , l /4"  tube  n o t  t h e  

h e a t  t r a n s f e r  s u r f a c e s . )  The r e a r  man w i l l  remove t h e  p l a s t i c  tube  

and d i s c a r d  it. 

The rear man w i l l  r e m o v e  o n e  s h r o u d  f r o m  . t h e  c a r d b o a r d  c a r t o n  

a n d  s t r i p  o f f  t h e  p o l y e t h y l e n e  s h i p p i n g  b a g .  

The rear man w i l l  s tar t  t o  s l i d e  t h e  shroud over  t h e  s e r p e n t i n e  

l e g  by g e n t l y  squeezing t h e  uppermost h e a t  t r a n s f e r  f i n  u n t i l  i t  

fits i n s i d e  "of t h e  shroud. 

  he shroud is s l i d  i n '  p l ace  by a :team a c t i o n  o f  both men. The f r o n t  

man prepares  t h e  way by squeezing t h e  h e a t  t r ans ' f e r  f i n ;  t h e  r e a r  
* .  

man p repa res  t h e  shroud from t h e  f r e e '  end. When t h e  shroud is almost  

i n  p l ace ,  t h e  f r o n t  man guides  t h e  rubber  bushing ( a t  t h e  base o f  

each shroud)  i n t o  t h e  h o l e  provided f o r  'it i n  t h e  c o l l e c t o r  frame. 
. . . m . ., WARNING : I ' .. 

If. one of t h e  h e a t  t r a n s f e r  f i n s  1s caught  on t h e  l i p  o f  

t h e  shroud,  it w i l l  h o s t  l i k e l y  be deformed. This  dkformation must 

be c o r r e c t e d  and t h e  f i n  s u r f a c e  r e s t o r e d  (as. much as p o s s i b l e )  t o  
. . 

t h e  o r i g i n a l  condi t ion .  The e n t i r e  i n s t a l l a t i o n  procedure must be 

" ,  s tdpped  whenever t h i s  occurs .  



Care w i l l  b-e requi- red t o  p r o t e c t  t h e  shroud involved du r ing  

t h e  h e a t  t r a n s f e r  s u r f a c e  r e p a i r .  Hand bu rn i sh ing  i s  an 
. ' 

a c c e p t a b l e  method t o  r e p a i r  t'he copper  f i n .  

8) when' t h e  shroud i s  sea ted .  a t  i t s  lower end, ' i t s  upper 
. . 

end should. be lowered i n t o  t h e  V-shaped r e f l e c t o r .  

9 )  R e i n s t a l l  t h e  w i r e  c l i p  over t h e  shroud. 

10) Repeat s t e p s  2 )  t o  1 0 )  f o r  t h e  o t h e r  n i n e  shrouds  i n  each  

c o l l e c t o r .  

1 1 )  Move t o  t h e  nex t  c o l l e c t o r ,  

1 2 )  Repeat s t e p s  1 )  t o  1 2 )  f o r  t h e  330 o t h e r  c o l l e c t o r s .  

Continue wi th  t h e  p re l imina ry  t e s t s  a s  fo l l ows :  

A. Ac t iva t e  P-2/P2a v i a  ATC-3. S to rage  tank  water  

w i l l  be cold  t h e r e f o r e  e i t h e r  P-2 o r  P-2A should 

s t a r t .  (Check t o  s ee  t h a t  t hey  a l t e r n a t e . )  

B. A c t i v a t e .  DT-1 and P-4, lock  i n  ATC-2. 

C. Tank wate r  t empera ture  should s t a r t  t o  r i s e .  Hun " 

i n  L h i s  manner u n t i l  t ank  tempera ture  onuses DT-I 

t o  c l o s e  s t a r t i n g  P-4. 

D. Warm wate r  should cause  h e a t  exchanger No. 2 t o  

r i s e  i n  temperature .  

E. Let system run i n  t h i s  manner f o r  3 hours ;  look i t  

over  c a r e f u l l y  t o  n o t e  any p e c u l i a r  cond i t i ons .  

F. Secure  t h e  system a s  fo l l ows :  

Remove power from ATC-2, ATC-3, P-2/P-2~ and DT-1. 

Leave t h e  r e s t  a c t i v e .  



8.0 I n s t a l l a t i o n  
. . . . 

A l l  o f  t h e  p i p e s ,  pumps, f i t t i n g s ,  t a n k s ,  e t c .  w h i c h  c o m p r i s e  

t h i s  s y s ' t k m  w i l i  b e  i n s u l a t e d ' .  t o  r e d u k e  h e i t  l o s s  b e t w e e n t h e  

c o l l e c t o r s  a n d  t h e . s y s t e m  s u p p l y  p o i n t s .  A l l  b u t  t h e  s o l a r  

c o l l e c t o r  l o o p  w i l l  b e  i n a c t i v e ' a n d  c o o l  t h r o u g h o u t  t h i s  

p r o c e s s .  The s o l a r  l o o p  w i l l '  b e  a c t i ve  a n d  w a r m ;  care  h i l l  
b e  r e q u i r e d  t b  b r e v e n t  i n j u r y  ' t o  'workmen who w i l l  i n s u l a t e  

t h e s e  l i n e s  as '  it w i l l  n o t  b e  p o s s i b l e  t o  s h u t  down t h i s  p a r t  

o f  t h e  s y s t e m  f o r  i n s u l a t i o n  a p p l i c a t i o n .  When t h e  i n s u l a t i o n  

h a s  b e e n  c o m p l e t e l y  i n s t a l l e d ,  t h e  e n t i r e  s y s t e m  w i l l  b e  

a c t i v a t e d  a n d  r o u t i n e  o p e r a t i n g  e x p e r i e n c e  w i l l  s t a r t  t o  b e  
. . . . 

a c c u m u l a t e d .  
. . 



9.0 Performance Demonstration 

, , .  
., ., . . . . -.. . . 

It will not be possible to evaluate the performance of the 

assembled system in the terms described in the "Project 

Information Summary - sheets" of the Colm pro'posal. The 'in- , ' 

stallation of long term performance .test initrumentation was 

.not mad.e a part of this contract; performance therefore will 

have to be inferred from a limited amount of measured infor- 

mation. Flow balance between collectors, for example, will ' 

not be possible but balance on a temperature basis will be 

possible. Proof of solar utilization will not be feasible, 

but it will be possible to estimate system losses with limit- 

ed accuracy. The procedure which follows is a compromise bet-, 

ween the restrictions of the program budget and a desire to 

evaluate the system performance in-depth for a short period 

and 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 balance 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 xi11 be receiving approxi- 

mately the same flow. 

2. All heat removed from Loop No. 4 is transferred 

to the storage tank via the lines of 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. 
2 0  



Part I. Limited Flow Balance 

. . 

Simple flow restricting.valves will.be installed in each major 

system of the supply mains. Each collector is to have a total 

flow of 0.22 gpm. This flow will be adjusted in each main to 

provide a total flow equal to the.number of collectors fed by 

that main times, the rated flow. Flowmeters will be installed 

in the lines to permit the flow b'alance adjustments. 

Part 11. Energy Collection 

The object of this procedure will be the short term demon- 

stration of the fact that the collectors will feed energy into 

Loop No. 4. A coarhe measure of this relative efficiency 

of that collection process will be made. 

Part 111. Heat Exchanger Effectiveness 

The object of this part of the test is to obtain a meaaure of 

inlet and outlet conditions for heat exchanger No. 1 while 

tranferring energy from Loop No. 4 to Loop No. 3. Inlet and 

outlet temperatures of the heat exchanger and flow in both 

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



Part IV. Heat to Storage - . , .  . ,  . . . ..,. . . .  

. . 
For the period. of times used in Part 111 the flow and tempera- 

. . . . 
tures in L ~ O ~  No. 3 uill be .used to me'askre'theheat entered 

into storage. This will be compared with the energy collected 

over the same period. 

. 

Part V, Trouble Simulation 

All trouble mode indi.catian.s nn the control panel will bc, 

simulated electrically in a way to show that the panel is 

indicating correctly. 

Part VI. Trainin8 

Cherry Hill Inn personnel will be trained in system .operation 

with special emphasis in possible problems and their proper 

solution. 



ACCEPTANCE TEST PLAN RESULTS 

, . 

1. ~ o w e r ' l o o ~  was hydrostatically tested at 1 .S 'times working 
, . 

pressure on August 11,14, and 15, 1978. Leaks were repaired* 
. , . . 

and loop was retested. 

2. Upper loop and collector loop were fluahed, 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. 

3. Complete electrical system simulation and testing took place 

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

4. Final loalc testing of the glycol collecto~~ luuy system 
took place during the week of September 25, 1978. 



CHERRY HILL INN OPERATING

AND MAINTENANCE MANUAL

\
-

24



. . . :. . , .  .;-. , ; . .. . .. . 
, " .. " T i t  Z& . .'. " . ., , . . . s&cC<oi., 2 ; ... . . . _ .  _..'_ . ' Page 

(1.- : ,:CP&P&TTON OF WE SOLAR SYSTEM .. ;. . .  :. '.. . - .  2 7 
. - -  . .  . . . . . .. , , ( 1  .'. _ .l.:i " ~ n t r o d u c t i o n .  . ' . ' 27 

1.2 ' . S o l a r  Energy Co l l ec t ion  . 2 7 

Co l l ec to r  Loop. . . 
S o l a r  Block Diagram . 
Diagram A . . . 
Hot Water Loop. . . 
Diagram B . . 
Heating Loop . . 
Diagram C . . . 

1.3 Funct iona l  Modes of Operat ion . 
2 MAINTENANCE . . . . 

2.1 General Information . . 
2.2 Pr-estone I1 M a i n t e n e c e  . , '. . '  . 
2.3 'pump schedule  . - .  * 
2 . 4 .  Pump Checkout . 
2.5 System Operat ion . . .  . . -  

2.6 Co l l ec to r  Loop F i l l  Procedure . 
2.7 Heat , Exchanger ~ a i n t e n m c e  
2.8 Glycol ~ e g t i n ~  

3 DRAWING LIST 



The Cherry Hill Inn has installed a Solar System to provide space 

heat and hot water. This solar heating system should provide approxi- 
I. ' 

mately 30% 0% the yearly space heal: and hot  water kequirkments. This 

manual describes.the operation of the sol.ar energy system:and gives in- 

structions on how to maintain if and keep it operating properly. 
. . . . 

. , 



1. 0PERATION.OF THE SOLAR.SYSTEM . . 

The Cherry H i l l  Inn has t h r e e  d i s t i n c t  heat ing and cooling systems. 

Each was i n s t a l l e d  during a phase of cons t ruct ion  t o  support the  p a r t i -  
. . . . .  

cu la r  a r e a  being b u i l t  a t  the  time. The heat ing  systems ' a r e  intercon- 

nected i n  t h a t  the  b o i l e r s  can be valved t o  support  one another. Normal, 

winter  opera t ion  f o r  t h e  sec t ion  t h a t  is supported by t h e  s o l a r  system 

( t h e  o r i g i n a l  bui ld ing)  u t i l i z e s  two 125 horse .power b o i l e r s  t o  supply 

15  pound steam t o  produce hot water f o r  t h e  main a i r  handler f a n  c o i l  

u n i t  and the  individual  room heater  c o i l s .  Domestic and k i tchen hot 

water i s  produced by 5 pound steam supplying energy t o  t h r e e  Patterson- 

Kelley s to rage  water heaters .  An instantaneous hot  water hea te r  i s  

a v a i l a b l e ' t o  boost water temperature as required LU ueet k i tehen oani- 

t i z i n g  requirements. 

The s o l a r  sys tey  a s , i n s t a l l e d ,  is  operable during the  e i l t i r e  year  a s  
a . j ,  . 

a prime eeergy .sourc&t ~n ' " fh&~ev&nt '  s u f f i c i e n t  energy i s  not  availlable 
, ' .  , , !, . ' . 1 . .  , '  . .. 

from the  s o l a r :  system in o p e f a t i i n ,  p r  frOm i-ts i t o r a g e  tank,  t h e  ex i s t -  

ing  o i l  f i r e d  boi i ' e rs  w i l l  au tomat ica l ly  supplement t h e  s o l a r  output  and 
. . 

meet the  -needs, i f  ,' t h e  f a c i l i t y .  

1.2.  SOLAR ENERGY . . COLLECTION 

The s o l a r  system c o n s i s t s  of an a r r a y  of evacuated tube c o l l e c t o r s ,  

s to rage  tank,  heat ing  system exchanger, domestic water system exchanger, 

pumps, piping networks, con t ro l s ,  e t c .  These components a r e  arranged i n  

a  manner which w i l l  allow t h e  s o l a r  system alone,  t h e  s o l a r  system i n  

conjunction wi th  t h e  e x i s t i n g  system, o r  the  e x i s t i n g  system a lone  t o  

meet the  thermal requirements of t h i s  bui ld ing and i t s  occupants. 

I n  opera t ion ' ,  t he  s o l a r  c o l l e c t o r s  absorb rad ian t  energy from t h e  

sun, t r a n s f e r  i t  t o  an e thylene  g lycol  an t i - f r eeze  so lu t ion  which i n  t u r n  



h e a t s  water  v ia  a  h e a t  exchanger. This  ho t  water  can then  b e  used t o  

h e a t  t h e  b u i l d i n g ,  ho t  water  o r  both. 

A s i m p l i f i e d  diagram of t h e  b a s i c  system is  on t h e  fol lowing page. 

The a c t u a l  Cherry H i l l  Inn  s o l a r  system w i l l  b e  descr ibed  i n  d e t a i l  

loop  by loop i n  t he  next  s e c t i o n  of t h i s  manual. 
/ 

Col l ec to r  Loop 

See Diagram A. 

This  loop c o n s i s t s  o f :  

331 S o l a r  C o l l e c t o r s  
So la r  I n t e g r a t o r s  (two) 
Piping Networlc 
E x p a n s i o ~  J o i n t s  
Temperature Con t ro l l e r  
Motorized Valves 
Heat Dump (4 u n i t s )  
Rel ie f  Valves 
Heat Exchanger I 
A i r  Separa tor  and ATFL 
Expans ion  Tank 
Punip S e t  
P re s su re  Switch 
Manual F lu id  Make-up Supply - ~ a ; i k  - P~.unp 
S t r a i n e r  

The s o l a r  i n t e g r a t o r  c o n t r o l l e r  provides  a  turn-on and turn-off func- 

t i o n  by sens ing  s o l a r  i n s o l a t i o n  r a t e  and energixJng two (2)  output^ 
2 

when a n  average i n s o l a t i o n  l e v e l  of 358TU/ft i s  reached. The s i g n a l  

w i l l  a c t i v a t e  pump P-1A o r  P-1B. F lu id  w i l l  b e  pumped through t h e  col- 

l e c t o r  a r r a y  and monitored by temperature control.  ATC-I.. I f  t h e  f l u i d  

temperature i s  below 270°F, f l u i d  w i l l  bypass t h e  hea t  dump and flow 

through Heat Exchanger 1. A i r  w i l l  b e  removed from t h e  c i r c u i t  by t h e  

A i r t r o l  and ATFL. A compression tank  is i n  t h e  c i r c u i t  t o  absorb f l u i d  

expansion. 

I f  ATC-1 senses  a temperature h igher  than  270°F, valve V-1 opens and 

valve,V-2 c loses .  The h e a t  dump is  a c t i v a t e d  and remains on u n t i l  t h e  

f l u i d  temperature drops below 265OF. Rel ie f  va lves  s e t  a t  48-50 p s i  a r e  

l o c a t e d  on t h e  roof and i n  t h e  upper mechanical room. 

28 
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I n  t h e  event  o f  pressure  l o s s  and t h e  l i n e  pressure  drops below 3 p s i ,  

a pressure  swi tch  a c t i v a t e s  an  a l a r m , a t  t h e  Inn ' s  f r o n t  desk. The Inn 

keeper w i l l  then con tac t  t h e  engineer  on duty,  who i n  t u r n  w i l l  i nves t& 

g a t e  t h e  

A fill tank is loca ted  i n  the .upper  machinery room. Water and Prestone 

I1 (e thy lene  g l y c o l )  a r e  mixed i n  a 35% by weight s o l u t i o n  and can be 

manually pumped by P-3 t o  f i l l  o r  r ep len i sh  t h e  system. 

Hot Water Loop 

See Diagram B 

. . This loop c o n s i s t s  o f :  

Piping Network 
Storage  Tank (7500 g a l )  
Temperature Con t ro l l e r  
Relief va lves  
Pumps 
Motorized valvco 
Hot water s t o r a g e  tanks (3  e x i s t i n g )  
Pressure  r e g u l a t o r  & gauge set 

Pump P-2 o r  P-2A is con t ro l l ed  by temperature c o n t r o l l e r  ATC3 a s  we l l  
, . 

as the..  Golar i n t e g r a t o r .  P-2 . p h p s  water through t h e  cold  s i d e  o f  hea t  

exchanger 1. If t h e  temperature i n  t h e  tank is equal  t o  o r  g r e a t e r  

than 200°F, ATC 3 causes P-2 t o  s t o p  by ove r r id ing  a l l  o t h e r  commands 

t o  P-2. An alarm adv i ses  t h e  engineer  ( v i a  t h e  Innkeeper) t o  add 

a d d i t i o n a l  f a c i l i t i e s  t o  t h e  load when T5 approaches 200°F. 

Ex i s t ing  co ld  .water supply ,pressure  is reduced t o  about  15 p s i  and is 

allowed t o  flow i n t o  t h e  tank a s  requi red  v i a  motorized va lve  V-3. 

Hot water is suppl ied  t o  t h e  e x i s t i n g  h o t  water s to rage  tanks  v i a  pump 

P-5 and two ( 2 )  pressure  boosters .  The pressure  boos ters  a r e  main- 
51 

t a ined  a t  45-65 ps i .  When pressure  drops,below 45 p s i ,  Pump P-5 is 

a c t i v a t e d  by a pressure  swi tch  and w i l l  s t a y  on u n t i l  65 p s i  is reached 

The h o t  water s t o r a g e  tanks  are Ind iv idua l ly  connected to  t h i s  s o l a r  

circuit. I n  t h e  event  one tank cannot use a l l  o f  t h e  h o t  water pro- 

duced by t h e  s o l a r  system, t h e  second and 
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f i n a l l y  t h e  t h i r d  tank can be valved i n t o  operat ion.  I n  t h e  event  o f  

pump f a i l u r e ,  valve V-3 w i l l  c l o s e ,  and t h e  system w i l l  opera te  i n  a 

backup mode wi th  5 , ,ps i  steam heat ing  the  water i n  the  tanks ( p a s t  prac- 

t ice).  An alarm is i n  t h i s  c i r c u i t  to  advise  when s o l a r  ho t  water 

s u p p l y ' i s  below 900F. The engineer  may then manually d e l e t e  t h i s  

phase o f  s o l a r  supply from its opera t ing  condi t ion  and use t h e  exis -  

t i n g  backup system. It is poss ib le  t o  u t i l i z e  s o l a r  heat ing  i n  one 

tank and steam hea t  i n  t h e  o t h e r  tanks.  

Heating Loop 

See Diagram C 
. . 

This loop c o n s i s t s  of:  

Heat Exchanger I1 
Pumps 
Piping Network 
D i f f e r e n t i a l  temperature c o n t r o l l e r  
Hot water convertor  ( e x i s t i n g )  
Pumps ( e x i s t i n g )  
Heating c o i l s  ( e x i s t i n g )  

I n  opera t ion ,  if t h e r e  is a temperature d i f f e r e n t i a l  o f  6O F and T2 is 

greater than T3, c o n t r o l l e r  DT, allows pumps P4 t o  pump heated water 

through h e a t  exchanger 2, This heated water i n  t u r n  hea t s  t h e  e x i s t -  

ing hydronic hea t ing  loop. If t h e  temperature d j f f e r e n t i a l  is less 

than 3OF, pumps P4 w i l l  no t  opera te .  Also pumps P4 w i l l  no t  opera te  

i f  T4 is greater than 175OF. If weather condi t ions  i n d i c a t e  t h a t  less 

h e a t  is required ,  t h e  engineer  can disconnect  one o r  more P4 pumps as 

required  .. 
1.3 FUNCTIONAL MODES OF OPERATION 

Condition 1 

S o l a r  I n t e g r a t o r  on: 

S igna l  t o  pump P1 and P2 to  operate.  P2 

opera tes  on an ad jus tab le  3-30 minute time 

delay. 



COLM ENGINEERING 
DIAGRAM 'C 

I SOLAR S l O M  TANK 1 



Solar Integrator off: 

P1  off 
. . . . P l  ,on . i f :  

system temp&iture as sensed by A T C ~  is too 
high 
then 
heat dump operates and V 1  opens and V2 closes 

Pumps P4.can pump i f  required, as P4 is controlled by the temperature 

differential between T2 and T3. 

NOTE Heat dump, ATC1, P1, V1 and V2 are coruiected 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 wi th  Solar Energy: 

During solar energy collection or non-solar energy collection 
periods, i f  T2 is greater than T3 by more than six degrees 
(6OF), differential temperature controller DT1 allows pumps 
P4 to pump heated water through Heat Exchanger'2. 

' -Pumps P4 will- not .operate i f  T4 .is. greater than 1750F (ATC2) 
, .  . . . 

Collector Loop Overheat Protection : 
, . . , , , ,. 

When . T l  is .greater than 270°F, P1 w i l l  operate regardless of 
, .  

any other condition. ATCl w i l l  cause valve V 1  to open and 
valve V2 to close. The hot Prestone w i l l  flow through the 

,Beat Dump circuit and reduce fluid temperature. _When T 1  drops 
below 2709, the Heat Dump fans stop, valve V 1  closes and valve 
V2 opens. 

NOTE Heat dump, ATC1, P1,  V 1 ,  and V2 are connected to  a back-up - 
emergency generator s y s  tem . 



Condition 4 

Storage  Tank Overheat Protec t ion:  

The maximum al lowable s t o r a g e  tank temperature is 200'~. 
When T5 is equal  t o  200°, ATC3 causes. P2 t o  s t o p  by over- 
r i d i n g  a l l  o t h e r  commands t o  P2. An alarm advises  t h e  
Engineer t,o add o t h e r  facil i t ies t o  t h e  load when T5 
approaches 200°F. 

The Engineer w i l l  ~nanually be able  t o  valve  i n  other heat. 
Puads such as: 

k i tchen water requirements 
a d d i t i o n a l  bui ld ing  wing domestic water ' 
laundry requirements 

Condition 5 

F i l l i n g  : 

The system w i l l  maintain t h e  Prestone I1 inventory i n  t h e  
c o l l e c t o r  loop. I f  t h e  pressure  a t  PSI drops below a p rese t  
va lue  ( 3  p s i ) ,  an alarm r i n g s  a t  t h e  c o n t r o l  panel and a 
warning, l i gh*  w i l l  i n d i c a t e  a p o t e n t i a l  system leak .  F lu id  
can be mixed i n  t h e  r e s e r v o i r  tank and can manually be fed 
i n t o  t h e  system v i a  pump P3. The mixture is 35% Preston I1 
by weight. 

Condition 6 
. . 

Hot Water Supply - To opera te  place summer-winter switch i n  
smner pos i t  ion.  

Pressurle reducing valve is set t o  reduce water supply 
pressure .  t o  15  psig.  ,. Valve V3 maintains a f u l l  tank. 
Booster pump P5 and .booster tanks  mainta in . , l ine  pressure.  
If boos ter  pump P5 fails, valve V3 c loses .  Fresh' water  
w i l l  then bypass t h e  s t o r a g e  tank and w i l l  be fed d i r e c t l y  
t o  t h e  e x i s t i n g  domes t i c  ho t  water hea t ing  'and. s t o r a g e  
s y s  tem. 

Addit ional  va lves  V5 and manually operated va lves  (see 
Condition 4 )  are p a r t  o f  t h i s  system. Valves V3 & V5 open 
when t h e  summer - winter  switch is ' i n  t h e  summer pos i t ion .  



Condition 7 

Mixing : 
I.. ( 

Thermostat mixing valve V6 automatically limits the 
delivered,water temperature to a preset maximum of 
140°F. '. 

Condition 8 

Alternate Hot. Water Preheatirw 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 existhg domestic hot water storage tank system. In 
the spring, summer and fall, valve V3 will most likely 
be open and will permit solar heating 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 

t .  . . ,.. . ... 

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. . . '  

I .  

. , . , .. . f .  . . . ._. . . 
. . .  , , a , .  . .. . 

, .  I . ,  . 



2. : MAINTENANCE , ., , . . . . 

. . .  

' I n  t h i s  s e c t i o n  maintenance d a t a ,  pumps schedules ,  b l u e p r i n t s  and 

manufacturers  ope ra t ing  i n s t r u c t i o n s  a r e  l oca t ed  f o r  t h e  fol lowing i tems:  
. . . - I .... . 

Pres su re  r c g u l a t i n g  valve-Watson McDanicl , 
. . . . 

Motorized Valves-Conbraco I n d u s t r i e s  
' .  ,.. r u m p s - ~ k l l  & Gosse t t  ' I  I 

Ai. r t ro l  System-Dell & Gossett  . .. 

Sola r  ' In tegra to ' r s -Gencrd  ~ l e c t r i c .  

So la r  Collectors-General  E l e c t r i c  . .  

~ u r b i n e  Flow ~ e t e r - ~ e a d  1ns truinents . . 

Heat Exchangers-American Heat Reclaiming-Corp. 

~ o n t r o l  Aid Co. 

Booster T a n k s - ~ i r t r o l  .Inc. 

Heat Dump-Trane Heating Products  

Thermoflo Ind ica to r -Be l l  & Gosse t t  

D i f f e r e n t i a l  Temperature Control-Rho Sigma . . .. 

Automatic Tcmperature Control-Minnesota Honeywell 

MoLor S t a r t e r s ,  Relays-Allen Bradley 

Problems wi th  t h e  s o l a r  energy system w i l l  most l i k e l y  b e  due t o  one 

of t h e  fo l lowing  causes:  l e a k s ,  pump f a i l u r e ,  o r  c o n t r o l  f a i l u r e .  The 

system should be p e r i o d i c a l l y  inspec ted  f o r  l eaks .  I f  any a r e  found, 

they  should b e  f i x e d  as soon a s  poss ib l e .  

I f  a pump does no t  run  when expected, i t  could b e  due t o  a pump 

f a i l u r e  o r  c o n t r o l  f a i l u r e .  I f  t h e  pump should be  running and is  n o t ,  

.chec.k t h e  vo l t age  a t  t h e  pump. I f  208V i s  p re sen t  and t h e  pump i s  no t  

running,  r e p a i r  o r  r e p l a c e  t h e  pump. I f  120V on c o n t r o l  l i n e s  i s  n o t  

p r e s e n t ,  t h e  c o n t r o l s  a r e  probably malfunct ioning.  One way t o  t e l l  i f  a 



pump is running is t o  l i s t e n  t o  the  motor. However, even .if  t h e  pump 

motor is  running, t h e  pump may not  be working properly.  I f  the  pump im- 

p e l l e r  is  damaged, t h e  motor may run, but  the  pump w i l l  not move the  

f l u i d  a t  t h e  des i red  r a t e .  This problem can be diagnosed with t h e  pres- 

s u r e  gauges. The use  of the  pressure  gauges w i l l  be  described l a t e r .  

The s o l a r  system con t ro l s  a r e  used t o  opera te  the  pumps and the  heat  

dump fan  and valves.  I f  t h e  pumps, f ans  o r  valves do not  opera te  when 

expected, but  opera te  when connected ' to  a proper power source, t h e  con- 

t r o l s  may be  f a u l t y .  The f i r s t  s t e p  i n . s o l v i n g  con t ro l  probl.ems is t o  . . 

s e e  i f  the  wiring connections a r e  c lean  and t i g h t .  I f  t h e r e  is a re lay  

between the  temperature c o n t r o l l e r  o r  thermostat and the  pumps, f ans  o r  

va lves ,  check the  r e l a y  con tac t s  f o r  d i r t  o r  corrosion and check the  re- 

l a y  f o r  proper operat ion.  Then check t h e  temperature sensors  and wiring.  

I f  t h e  sensor is  bad o r  t h e r e  is a break i n  t h e  wiring,  the  c o n t r o l l e r  

w i l l  not  opera te  properly.  I f  these  checks f a i l ,  t he  temperature con- 

t r o l l e r  o r  thermostat  should b e  replaced.  

The pressure  gauges i n  t h e  s o l a r  heat ing  system a r e  highly u s e f u l  

i n  s p o t t i n g  problems. There a r e  a number of pressure  gauges i n  t h e  pip- 

ing  going t o  and leaving pumps. The pressure  gauges a r e  located  so they 

can be e a s i l y  read;  they a r e  not  necessa r i ly  located  next t o  each pump. 

When a pump is not  running, t h e  pressure  gauge i n  t h e  p ipe  going t o  t h e  

pump (pump i n l e t )  and the  pressure  gauge i n  the  piping leaving t h e  pump 

(pump o u t l e t )  should have approximately t h e  same readings.  When a pump 

is opera t ing ,  the  pressure-gauge connected t o  the  pump o u t l e t  should 

read not iceably  higher than t h e  pressure  gauge connected t o  the  pump in-  

l e t  piping. I f  a pump motor is  running and both pressure  gauges have 

the  same readings,  then one of t h e  gauges is  clogged with d i r t  o r  defec- 

t i v e ,  t h e r e  is  a i r  i n  t h e  piping, o r  t h e  pump impeller  is  damaged. 

I f  t h e  piping is  f u l l  of l i q u i d ,  check t h e  pressure  gauges. Tap 

them t o  s e e  i f  they a r e  s tuck.  I f  they s t i l l  read low and appear t o  be 

de fec t ive ,  r ep lace  them. I f  t h e  pressure  gauges are working properly 

and t h e r e  is  no a i r  i n  the  system, t h e  pump impeller  should be checked. 



2.2 PRESTONE I1 MAINTENANCE 

A r e p r e s e n t a t i v e  sample, taken du r ing  c i r c u l a t i o n  and packaged i n  a 

c l ean ,  g l a s s ,  one-pint con ta ine r ,  should be  s e n t  t o  Union Carbide Corpora- 

t i o n ,  Consumer Products  Div is ion , .  Tarrytown Technical  Center ,  Tarrytown, 

New York 10591. Infoi-mation on t h e  a p p l i c a t i o n  and t h e  case  h i s t o r y  of 

t h e  sample, d a t e  and concen t r a t ion  i n s t a l l e d ,  approximate t o t a l  hours of 

ope ra t ion ,  amount of water  and/or  "Prestone 11" added ,  e t c .  should b e  

p ~ o v i d e d .  T h i s  shuufd b e  done every 6 months. 

There i s  no s imple dependable way, except  chemical a n a l y s i s ,  t o  de- 

termine i n h i b i t o r  cond i t i on  of used coolant .  However, i n  a system con- 

t a i n i n g  i r o n  o r  s t e e l ,  which was reasonably r u s t - f r e e  when t h e  coolant  

was i n s t a l l e d ,  i n h i b i t o r  exhaust ion i s  gene ra l ly  i nd ica t ed  by a  brown o r  

r u s t y  co lo r  of s o l u t i o n ,  and when t h i s  occurs ,  t h e  s o l u t i o n  should be  

dra ined  and d iscarded  and a  f r e s h  f i l l  i n s t a l l e d .  

I t  is  recdmrnended n o t  t o  add anything t o  "Prestone 11" s o l u t i o n s  

except  water  and f r e s h  "Prestone 11" Winter-Summer Concentrate  o r  "Pres- 

tone" brand Cooling System S e a l e r s  and Stop Leaks. Other products  may 

. c o n t a i n  m a t e r i a l s  no t  compatible w i th  "Prestone 11". Adding an i n h i b i t o r  

to  a used coolant  s o l u t i o n  w i l l  no t  e l imina te  contamination a l r eady  

p re sen t .  

2 .3 .  ,PUMP SCHEDULE 

Copy a t t ached .  (See next page) 

2.4 PUMP CHECKOUT 

Only one pump i s  r equ i r ed  t o  ope ra t e  t h e  c o l l e c t o r  loop  and t h e  

loop  between h e a t  exchanger 1 and t h e  s t o r a g e  t ank  r d s p e c t i v e l y .  The 

second pump i s  a backup u n i t .  To inBure proper pump s e a l  l u b r i c a t i o n ,  

t h e  pumps a r e  au toma t i ca l ly  a l t e r n a t e d  e l e c t r i c a l l y .  Thus, i f  t h e  sys- 

t e m  i s  deac t iva t ed  r e g a r d l e s s  of t ime of day, o r  day of week, t h e  next  

t ime t h e  system i s  a c t i v a t e d  t h e  o t h e r  pump i s  used. The pumps can be  

e l e c t r i c a l l y  t e s t e d  by moving t h e  c o n t r o l  s e l e c t o r  swi tch ' form "1-1A" 



PUMP SCHEDULE 

Note: All pumpe are ITT Bell & Gossett 

Pump No. Description 

P-1 & ?-la S ~ r i e s  An, #,,45T, 2 H.P., 2nR ~nlts/l phase 
2" Flanged Suction & Discharge Nozzles 1750 RPM 

P-2 & P-2a Series 80, #808T, 5 H.P., 208 Volts13 phase 
3" Flanged Suction 6 6ischarge Nozzles 1750 RPM 

Series 60, 6017T, 1 H.P., 208 Volts13 phase 
1 1/2" Suction & Discharge Flanged Nozzles 1750 RPM 

P-4 Series 60, #6016T 314 H.P., 208 Volts13 phase 
(Qty 3)  1 112" Flanged Suction & Discharge Nozzles 1750 RPM 

6eriee 1535, '1/356T, 2 H.P., 208 Volt013 phaae 
1 114" N.P.T. Suction Nozzle, 1" N.P.T. Pischarge 
Nozzle 3500 RPM 



automat ic  a l t e r n a t i n g  cyc l ing  t o  p o s i t i o n  "1 o r  "1A". I f  t h e  l i g h t  does 

n o t  1uminate;check t h e  bulb and i f  a f t e r  a bulb change t h e  l i g h t  does 

ope ra t e ,  t h e  e l e c t r i c a l  a l t e r n a t o r  has malfunctioned. This  is  a  weekly 

chcck proccdurc f o r  pumps 1 - l A ,  nnd 2 - 2 ~ .  

2. SYSTEM OPERATION 

The s o l a r  syst.em c o n s i s t s  of 331 General E l e c t r i c  TC-100 evacuated 

vacuum tube  c o l l e c t o r s  mounted onto  an aluminum t r u s s  frame network which 

is  i n  t u r n  bo l t ed  t o  t h e  e x i s t i n g  bu i ld ing  s t r u c t u r a l  beams. The s o l &  

c o l l e c t o r s  a r e  manifolded toge the r  i n  groups so  t h a t  only a  very  small  

p o r t i o n  of t h e  system need .be  turned o f f  i n  t h e  event  a  c o l l e c t o r  re- 

qu i red  maintenance. 'Yhe c o l l e c t o r  loop i s  designed t o  pump f l u i d  a t  

approximately 73 GPM v i a  Pump P1. A Mead "Turbine Flowmeter" i s  used, . to  

a d j u s t  t h e  flow r a t e .  The prdbe i s  ' i n s e r t e d  i n t o  a  1-112" p ipe  t a p ,  

screwed i n  p l ace ,  t h e  g a t e  va lve  opened, and then  t h e  probe is  i n s e r t e d  

down i n t o  t h e  c e n t e r  of t h e  p i p e . l i n e . '  The read  o u t  dev ice  i s  c a l i b r a t e d  

i n  gal lons/minute.  The b a l l  va lve  i n  t h e  flow l ' ine  is  used t o  a d j u s t  

t h e  flow t o  meet t h e  des ign  s p e c i f i c a t i o n  of 73. GPM. Af t e r  t h e  flow is  

checked and c a l i b r a t e d ,  t h e  Turbine Flow-meter is  removed from t h e  l i n e  

and t h o  ga t0  valve i.~ 61068d. 

The pump system i s  p ro t ec t ed  by a  20 mesh S t r a i n e r .  For i n i t i a l  

f l u s h  and c l ean  ou t  a  50 mesh s t r a i n e r  is  used. The 50 mesh s t r a i n e r  

w i l l  b e  d iscarded  p r i o r  t o  i n s t a l l a t i o n  of t h e  g l a s s  shrouds on t h e  s o l a r  

c o l l e c t o r s .  

Pump P3 i s  used t o  f i l l  t h e  system and i s  manually con t ro l l ed .  Dur- 

i n g  t h e  f i l l i n g  ope ra t ion ,  t h e  h e a t  dump system is  kept  i n  an ope ra t ing  

p o s i t i o n .  This  i n s u r e s  t h a t  t h e  h e a t  dump fans  and a s soc i a t ed  p ipe  l i n e s  

a r e  f u l l  of f l u i d .  A manually opera ted  ven t  is a l s o  kept  open t o  i n s u r e  

t h a t  a i r  is  e l imina ted .  

The c o l l e c t o r  loop  has a  p re s su re  swi tch  connected t o  an alarm a t  

t h e  lnnkeeperk desk. I n  t h e  event  l i n e  p re s su re  drops below a c e r t a i n  

va lve ,  t he  alarm a l e r t s  t h e  person on duty  who then  con tac t s  t h e  Engineer.  



The c o l l e c t o r  loop conta ins  pressure  r e l i e f  va lves  ( s e t  a t  50 p s i )  

and an a i r  sepa ra to r  and expansion tank. Expansion tank pressure  is 

maintained a t  about 20 ps i .  

Pump P2 is  a l s o  adjus ted  using t h e  Mead "Turbine Flowmeter;" w i l l  

be. set a t  .about 12.5 GPM.. 

Pumps P4 a r e  adjus ted  using t h e  BCG Thermoflo Ind ica to r  a n d ' w i l l  be  

s e t  a t  125 GPM. 

2.6 COLLECTOR LOOP FILL PROCEDURE 
, . . .  . . 

1. U s e  supply , l i n e  t o  f i l l  sump tank: 

2. Actuate P-3 (manually) and begin pumping 35% Glyco1/65% Water 
. ,  , 

through the  mains. . ' 

3. Use wrenches t o  t i g h t e n  t h e  supply connection f o r  each col lec-  

t o r .  ~ o o s e n  the  r e t u r n  f i t t i n g .  

4. Working.one c o l l e c t o r  a t  a time a s  each one flows f u l l  of 

w a t e r ,  t ighten '  t h e  r e t u r n  f l a r e  nut .  

5. Manually open valve V-1'. and c lose  va lve  V-2 u n t i l  t he  heat  

dump is f i l l e d .  

6. Open t h e  top  valve  of t h e  expansion tank u n t i l  i t  is  hal f  

f u l l .  Close t h e  top valve. 

7. Check opera t ion  of manual vent valve.  Use i t  t o  a i d  i n  

bleeding excess a i r  from t h e  loop. 

8. When t h e  loop has beeh , f i l l e d ,  p ressu r i ze  i t  t o  20 p s i  wi th  . 

pumps P-1/P-1A running and check f o r  leaks.  Hold f o r  3 hrs .  

Repair any leaks .  

Acceptable flow balance w i l l  be  achieved by ad jus t ing  f low i n  groups 

of 11-15 c o l l e c t o r s .  When t h i s  i s  done, i t  w i l l  be  reasonable t o  assume 

t h a t  a l l  c o l l e c t o r s  i n  t h e  a r ray  w i l l  b e  rece iv ing approximately t h e  

same flow. 

, A l l  heat  removed from c o l l e c t o r  loop i s  t r ans fe r red  t o  t h e  s to rage  

tank v i a  the  l i n e s  of t h e  loop between basement and the  f l o o r .  



Simple flow r e s t r i c t i n g  va lves  w i l l  be  i n s t a l l e d  i n  each major sys- 

tem of t h e  supply mains. Each c o l l e c t o r  i s  t o  have a  t o t a l  flow of 0 .22 

gpm. This  f low w i l l  b e  ad jus t ed  i n  each main t o  provide a  t o t a i  flow 

equal. t o  t h e  number of c o l l e c t o r s  f e d  by t h a t  main t imes t h e ' r a t e d  flow. 

The Turbine Flowmeter w i l l  be  i n s t a l l e d  i n  va r ious  l i n e s  t o ' p ' e rmi t  flow 

ba lance  adjustments .  

I n  t he  event  i t  i s  necessary  t o  r e p a i r  a  c o l l e c t o r ' o r  i t s  manifold, 

do t l ~ r  Iu l luwl~ lg :  supply  

open d r a i n  v a l v e  

c l o s e  subsec t ion  va lve  (314") 

c l o s e  subsec t ion  retllrn V R ~ V P  (3/411) 

open f i l l  "TI1 

make r e p a i r  

f i l l  l i n e  w i th  a proper m i x t ~ l r e  of P re s tone  I1 and water 

u s ing  a plumbers hand pump 

b e  s u r e  t h a t  a l l  a i r  i s  e l imina ted  from panels  

open supply va lve  

9. open r e t u r n  va lve  

10. c l o s e  d i a i n  va lve  

11. close f i l l  "TM 

Heat. Exchanger Number 1, wi . l l ' he  dra ined  and inspec ted  i n  t he  
, sp r ing  of - the 1st year  of ope ra t ion .  Engineer and f a c t o r y  

r e p r e s e n t a t i v e  can determine 'condi t ion of p l a t e s  and make 
requi red  changes. 

Inspec t ion  t h e  fol lowing year  w i l l  determine i f  i n spec t ions  
should be on an annual o r  o t h e r  ca lendar  b a s i s .  

Heat Exchangers w i l l  b e ' unde r  p o s i t i v e  p re s su re  from t h e  . 
water s i d e  compared t o  t he  g lyco l  s i d e .  The p re s su re  gages i n  
t he  upper c o n t r o l  room show water p re s su re  and g lyco l  p re s su re ,  
flow w i l l  be ad jus t ed  t o  i n s u r e  t h a t  t h e  water  p re s su re  w i l l  
be h ighe r  than  t h e  g lyco l  p re s su re .  



. . 
2.8 GLYCOL TESTING 

. . ,  ; . .  . . . .... ? . .  . :, 

I . . . A simple glycol presence test is: 
I , . I  

'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 che eye tje~~sitivity 
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 )  

2. Mechanical 

The heat exchanger can be isolated, a pressure time test 
such as performed on car radiators will be performed onke 
a year. 



3 .  DRAWJNG LIST 
(Appendix "B") 

Title - 
Solar  Panel  System and Layout 

7500 Gal. Holding Tank 

Holding Tank, Section "A-A" 

Heat Dump Arrangement  

Upper Level ~ e c h a n i c a l  Room 
1 . . 

Lower Level Mechanical Room 

Elec t r ica l  Line Diagram 

Solar  Panel  Manifold Assembly 

Roof Assembly Details 

Solar  Sys t em Schematic 

Number 
. . 

Six Drawings 
(un-numbered) 
C7802-1825 



UPDATED SYSTEM PERFORMANCE DATA REVISED FROM O R I G I N A L  CALCULATIONS 

Incident  Space Heating Hot waterw Solar  Frac t ion  
Month Radiation* 8 Load (10 Btu), Load ( 1 uagtu) of Total  Load 

979 Jan. 4.50 ----- 0.15 

Feb. 1215 4.14 .---. 0.19 

Mar. 1441 3.17 ----. 0.30 

. Apr. 1556 2.10 . ----- ' 0.49 

May 
June 

Ju ly  

Aug . 
Sept. 

Dsc 903.  4.00' ---__ 0.15 

ANNUAL 22.49 10.81 0.34 

 collector Area = 4899 sq.. f t .  n e t  

Azimuth = 20' East  

 delivery Temperature .= 14u0 F - 
Hot water load f o r  rooma i n  main bui lding,  kitchen, laundry 



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 hauling'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. 

1nstalJaticn 

We found it imperative to sub assemble as lriuch of the manifold sections 
as possible in our shop prior to field installation. This psacLice was 
used for about 702 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 f:langed valve costs more 
than a screwed type, however the labor savings will make:'up for the 
increased material costs. ' 



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. A11 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 prevent the type of situation that faced Cherry ~i\ll Inn. 

It would be desirable to allow for some type of escalit2dn in the 
cooperative agreements. Our estimates were prepared about a year before 

' contract negotiations and about 18 months be£ore 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 progrese 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. 



Operational Experience 

After the system became operational we discovered that the insulation in 
the collector (located around the bottom of the "hairpins1' and in.the 
vicinity of.the "pigtail") could get wet and wick into the foam rubber 
insulation. General Electric ran some tests and co.ncurred. 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 insulator 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 futur.e occurance. We also intend to lock the 
main and auxiliary circuit .breaker boxes to prevent unauthorized personnel 
from tampering with the system. 

Operating experience now suggests that the Pl/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'~ or lower) is anticipated, the time 
delay should be adjusted to 5 minutc~. 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. 11 the P2/P2a pump did not 
circulate water it might be possible to freeze the water side of the 
heat exchanger. 





WATSON STYLE B 

McDANIEL PRESSURE REGULATING 
COMPANV VALVE 

FOR AIR OR WATER 
INSTALLATION AND OPERATING IHSTRUCTIONS 

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 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 be installed around the 
r r g ~ ~ l a t ! n [ ~  valve, ac chswn In oltotoh bclow. 

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 horizor~lal run of pipe with the adjusting screw above the center 
line of the pipe. However, i f  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 cast.ing. (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 star? 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 tamperir~y. 

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

I f  after reading above Instructlons and you are uncertain as to  the products adaptability for 
your application, please call the factory or authorized factory representative before instal- 
i l l y  ur us l r~g Ltle produci. 

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 
GAUGE I OR SAFETY VALVE 

1 I 

WARRANTY 
Each Watson McDaniel Company Product is warranted against defects i n  material and workmanship for one year f r o m  date of 
shipment. This warranty extends t o  the f irst retail purchaser only. A l l  defective material must be returned t o  the person f r o m  whom 
you purchased the Product, transportation prepaid, free o f  any liens or encumbrances, and if found t o  be defective w i l l  be repaired 
free o f  charge o r  replaced, at the warrantor's or seller's option. I f  the material is replaced, any replacement w i l l  be invoiced i n  the 
usual manner and after inspection of alleged defective material an adjustment W i l l  be made t o r  depreciation caused by purchaser use. 
I n  no  event wi l l  Watson McDaniel Company be liable t o  d o  m han refund the original contract price. 

a I5 
Incidental and consequential damages are excluded, whethc. -..der this warranty o r  otherwise. All implied warranties, including 
warranties o r  merchantability and fitness fo r  a particular purpose, are disclaimed and excluded. 



SCREWED C O N N E C T I O N  FLANGED CONNECTION 

1 ‘ 1 ~ l r  1. REGULATING SCREW 

LOCK NUT 

TOP SPRING BUTTON 

DIAPHRAGM SPRING CASE 

REGULATING SPRING 

DIAPHRAGM NUT 
DIAPHRAGM WASHER 
DIAPHRAGM 
DIAPHRAGM HOLDER 
SET OF DIAP. NUTS & BOLTS 
LOWER DIAPHRAGM CASE 
PACKING NUT & WASHER 
CUP PACKING 
VALVE STEM 
VALVE BODY 
VALVE DlSC 
VALVE STEM NUT & WASHER 
LOCK NUT 
BOTTOM PLUG 

k A I  * RECOMMENDED SPARE PARTS KIT 

NOTE: WHEN ORDERING PARTS GIVE SERIAL NUMBER OF VALVE 

WATSON McOANlEL COMPANY 
915 MADISON AYE. 
V l l E Y  FORCE CORMRATE CENTER 
NORRISlOW. PA. 19401 

STYLE B 
DRAW. A.C. 

DATE 6-1.73 

A -- - 1. REGULATING SCREW 

H, 2. LOCK NUT 

SIZE AND DIMENSIONS 

TOP SPRING BU l lON  

REGULATING SPRING 

BOlTOM SPRING GUIDE NUT 
UPPER DIAP. CASE 
DIAPHRAGM WASHER TOP 
DIAPHRAGM 
DIAPHRAGM HOLDER 
SET OF DIAP. NUTS & BOLTS 
LOWER DIAPHRAGM CASE 
TOP FLANGE BOLTS 
TOP FLANGE GASKET 
CUP PACKING NUT 
TOP CUT PACKING WASHER 
CUP PACKING 
VALVE BODY 
CUP PACKING SLEEVE 
MAIN VALVE STEM 
VALVE SEAT RING 
VALVE DlSC 
VALVE DlSC WASHER 
DlSC LOCK NUT 
BOTTOM FLANGE GASKET 
BOlTOM FLANGE 
BOTTOM FLANGE BOLTS 

I n rn -1 *RECOMMENDED SPARE PARE KIT 

NOTE: WHEN ORDERING PARTS GIVE SERIAL NUMBER OF VALVE. 

CERTIFIED THAT DIMENSIONS ARE CORRECT: 

WATSON McDANiEL COMPAAIV 
a75 Madison Avenue. Valley Forne Corporate Center. Norristown. Pa. 19401 

C B SIZE 

WATSON McOAlllfl COMPANY 
915 MADISON AM. 
VALLEY FORGE CORWRATE CtNTtr! 
NORRISTOWW. PA. 19001 

STYLE B 
DRAW. A.C. 

DATE 6.1.73 

D A 
JOB: 

ENGINEER: 
CONTRACTOR: 
SUBMIll€D BY: r 

DATE: 
APPROVED BY: DATE: .%-. . 



CONBRACO INDUSTRIES, INC. 
#)IMII~V COWIOUDATID VALVI Inousrnlrs, INC 

P. 0. BOX I25 CAOIUND, SC 29728 803/672-6161 

ELECTRIC ACTUATOR WITH 

TWO WIRE CONTROL RELAY 

115 volt, 60 cycle, current draw 
locked ~ulur 2.8 amp%, 250 
ln/lbs-torque 5.5 seconds for 
90' rotation, 15% duty cycle. 

NOTES : 

115 vnlt, lj0 cycle, ourront draw 
locked rotor 3.1 amps, 400 
in/lbn.-torque 8.5 second8 tor 
90e rotation, 15% duty cycle. 

Switches: Nonnally Closed. 

Shaft Rotation: Counterclockwise, viewing 
Actuator a t  top. Total  of 360'. 

Manual Override: Counterclockwise vlewing b Actuator a t  top. Total of 180 Travel, 
bu t  t u r n  90' On-Off. 

Actuators mounted upside-down requ i re  
special Factory modif lcat ions. 

WIRING DIAGRAM 

A: Top Swltch (Y l re  to OPEN) 
B: Bottom Swltch (Y l re  t o  CLOSE) 

COLOR COOING: EVA 25 EVA 40 

'?A4@ l4 B I' 
TOP BOTTW 

VOLTAGE WP' SWITCH 
l?-!mr BLUE . -  - - 

24 VAC OR~NGE BLUE 
220 VAC YELLOW BLUE 
24 VDC BROWN BLUE 

GREEN WIRE I S  GROUND 

NOTE: FOR LIGHT IND[CATION, ETC., 
CONNECT WIRING TO OPERATIOlJ 
CIRCUIT TERHII4ALS. I 



3. Place Coupling "CH over Stem and assemble wi th  Lever Nut "A". (Fig. 11) 

5. AT THIS POINT, INSUFX BALL VALVE IS STILL I N  THE OPEN POSITION. 

6. Turn 'hnual  Override S h a f t  on Actuator t o  a l i g n  arrows (Stamped on t o p  
end of Manual h e r r i d e  Sha f t )  so t h a t  they ind ica t e  the O P E N  p o s i t i o n  
on t h e  Actuator. Place Actuator onto Bracket "F" while engaging Shaft 
i n t o  Coupling "C" and secure  with  fou r  (b) Hex Head Screws "G". ( ~ i ~ .  111) 

7. Actuated Ball  Valve i s  now ready f o r  e l e c t r i c a l  wiring. See Wiring 
Diagram.for proper i n s t a l l a t i o n .  

(i30d:l ?ol t Torques ) 

Y 41,:JE SIZE 'I'OR?UE* 

. . ... . . 



This page has been removed due to copy restrictions. F o r  information 
on 2" Bore 90° Ball Valve Actuators contact Conbraco Industrf es ,  Inc. ,  
Matthews , NC. 
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: BVA -3s 

F A R T  NO. DESPRIFTIO? QTy 
19-I-0466-BiI!D 5'9 COVER-1 
1 9  l-OLQ? ST@? SC%SI 
20 I -Ck39 STRI'IS 
21- I - C L 9 6 - P 4 C K I ? : G  
22 1 -('.:1q5 ::G 
23 1-CL75 D Q i X L  
24 - 2-0030- ACTCkTOR B03Y- 1 

8 1-OCC:! LE'GR FIN 1 25 1-04q7 . SEhP RI'IG SE4L KIT PA3TS 
76 1-0498 CASKET 21 ITEM 
27- 1-0464 - BC3Y CCVER 

COHBRACO INDUSTRIES, INC. Y a : ? 2  
1 NO Ph9T ?lo. DZC"?iFTICY 

1 28 1-0495 SE:L '::kt?= 2 1 I-Ch?7 0-XI':;, 0.3. 2 
29 1-0L94 t*l:.ZtX3 2 2 1-C'+?f) S:;hF 5i:;C 2 

1 0  30-1-&?7-9TOP SC!?Eil 1 3 1-r.676 0-RIX,  1.D. 2 "- 
6 31 1 - 7 1  LrE3 

1 1-0467-3 5 7 3  7 32 1-0470 'AIST PIN 
1 1 0  l - C L 3 i  mX EZLL 2 BVA-3S AC TUA TOR 

2 
1 21 1-0436 P A C K I V C  

16 -1-0403 -EZX zCT 33- 1-0474 -3USHING 
1 - 

1 28 1-0495 SEAL VASFXR 2 mm OYIM mu- - I 

"" .l7 1-0467-4 s m  2 / - ~ ~ - ~ ~ I A I R o Y A L  No. 211386 1 



1 . 
AM-1075-C . 

ELECTRIC AC'SOATOR-MOUNTING INSTRUCTIONS 

& g i n  assembly by i n s u r i n g  hll Valve i s  i n  the  OPEN POSITION. 

liemove Lever N u t  "A" and Lever "B" . (Fig. I) 

Fl.iice Coupling "C" over Stem and nssemb1.e wi th  Lever Put " A "  (Fig. 11)  
C :  On Vr?lve s i r e s  and l a r g e r ,  k i t s  con ta in  one (1)  wa .shr  t o  *. 

k r.i.ace3. between the  Coupling "c" and Lever Nut " A "  (Fig. 11))  

F3qce 3rncket  "9" on iralve Bcdy F#tount Pads and c e n t e r  l a r g e  ho le  over - 
the 5tt.m. Secure wi th  two (2) Socket Head Cap Screws "E". (FQ. 11) 

kT 3 I I S  PGINT, I.NSURE VALVE I S  STILL I N  THE O P X N  POSITION. 

Turn I4anual Override Sha f t  on A c t ~ ~ a t o r  t o  a l i g n  srrows (Stamped on 
t o p  end of Manual Override Shaft) s o  t h a t  they  i n d i c a t e  the OPEN 
pos;. t i o n  on the  Actuator. Place Actuator onto  Bracket  "D" while 
e n ~ a g i n g  Sha f t  i n t o  Ccupl.ing "C"  and secure with f o u r  (4) Hex Ilend 
f?icrcws II FII . (F ig .  111) 

4ctuated Ball Valve i s  now ready f o r  6 l . ec t r ic .a l  wir ing.  Eee wir ing 
?io r ra?  f o r  Froner i n s t a l l a t i o n .  

F i g .  I1 



CONBRACO INDUSTRIES, INC. 
mWLI 00)))C)UOA110 VALVI I N # n l l I l l ,  INC 

115 volt, 60 cycle, current draw 115 volt, 60 cycle, current draw 
locked rotor 2.8 amps, 250 locked rotor 3.1 ampa, 400 
In/lbn-torque 5.5 seconds for In/lbs.-torque 8.5 seconds tor 
90° rotation, 15% duty cycle. QOO rotation, 15% duty cycle. 

i 

ELECTRIC ACTUATOR WITH 

TWO WIRE CONTROL RELAY 

NOTES : 

Switches: Normally Closed. I 
Shaft  Rotat ion:  Counterclockwise, vlewing 

Actuator a t  top. Tota31. of 360'. 

Manual Overr ide: Counterclockwise viewing b Actuator a t  top. Tota l  of 180 Travel ,  
bu t  t u r n  90° On-Off. 

Actuators mounted upside-down requ i re  
specia l  Factory modi f i ca t ions .  

WIRING DIAGRAU r 
U- 
u r n  

A:  Top Switch, (Nlre t o  OPEN) 
B: Bottom S w l  tch ( Y l n  t o  CLOSE) 

COLOR C001NG: EVA 25 & E V A  40 

"A8'  "0" 
TOP BOTTOM 

VOLTAGE m w SWITCt4 
BLUE 

24-  VAC ORANGE BLUE 
220 VAC YELLOW BLUE 
24 VDC BROW BLUE 

GREEN WIRE I S  GROUND 

NOTE: FOR LIGHT INDICATI (N ,  ETC., 
CONNECT Y IR ' ING TO OPERATI OF( 
C I R C U I T  TERMINALS. 



AMP-1075-A 
PNEUMATIC ACTUATOR MOUNTING INSTRUCTIONS 

(AIR-TO-AIR) 1 
1. Begin assembly by insuring the Ball Valve is 'in the OPEN POSITION. 

2. Remove Lever Nut "A" and Lever "B". (Fig. I) 

3. Place Coupling "C" over Stem and aseemble with Lever Nut "A". (Pig. 11) 
(NOTE: On Valve sizes 1%" and larger, kits contain one (1) washer to be 
placed between the Coupling "C" and Lever Nut "A". Pig. 11)) 

4. Place Bracket "D" on Valve Body Mount Pade and center large hole over 
the stem. Secure with two (2) Socket Head Cap Screws "E". (Fig. 11) 

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

6. Turn Manual Override Shaft on Actuator to align Shaft Flnte so that they 
are parallel with the centerline of the Actuator. Place Actuator onto 
Bracket "D" while engaging Shaft End (Opposite end of previouely alfgned 
Shaft Flats) into Coupling "C" and secure with four (4) Hex Head Screws 
"F". (Fig. 111) 

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. Fur SPRING-TO-CLOSE opetation, turn Ball Valve to CLOSED POSITION. 
Place Actuator onto Bracket "D" while engaging Flz~t~ nn Manual Override 
Shaft that are parallel with centerline of Actuator into Coupling "C" 
and secure with four (4) Hex Head Screws "F". (Fig. 111) 

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. 111) 

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. 111) 

2. Loosen lock nut and turn slotted screw OUT TO INCREASE SHAFT ROTATION. 
After desired position is reached, tighten lock nut. (Fig. 111) 



F l a t s  On Shaf t .  

Manual Override Shaf t .  

Air-To-Air Actuators,  when ordered 
with Solenoids ,  a r e  equipped wi th  two (2 ) 

r e q u i r e s  o n l y  3 t o  5 seconds openine o r  
cl .osing cyc le  time and great1.y increa.ses 
t h e  l i f e  of the  Solenoid Valves. 
(':/iring Diagram 

o/' SPDT Switch 

lAiring Diagram "B" 

ti.'. ' 
<I* 



This  page has been removed due to copy restr ic t ions.  F o r  information 
on Actuated Bal l  Values used on Elec t r ic  and pneumatic  contact  Consolidated 
Valves Industries,  Inc. , Matthews, NC. 



INSTALLATION, OPERATION 
AND MAINTENANCE GUIDE 

FOR APOLLO SERIES 



INSTALLATION, O P E R A T I O N  
AND MAINTENANCE OF THREADED 

APOLLO BALL VALVES 

INSTALLATI ON 

1. Pipe connec t ions  t a  be threaded i n t o  these 
Valves shou ld  be a c c u r a t e l y  threaded, c l ean  and 
f r e e  o f  f o r e i g n  m a t e r i a l  o r , m e t a l  shavings. 

2. T e f l o n  tape  i s  recommended f o r  use as t h e  
p i p e  j o i n t  sea lan t .  

3. Use two wrenches when making t h e  p i p e  j o i n t .  
App ly  one wrench on t h e  Hex p a d s  nearest  the 
j o i n t  be ing  tzghtened t o  p reven t  breaking Body/ 
R e t a i n e r  sea l .  UNION END VALVES: Remove t h e  
Union Nut from Valve and p lace  over  p ipe.  Threat 
T a i l p i e c e  o n t o  p i p e  u s i n g  a  smooth jaw wrench. 
Thread Union Nut on to  Valve Body and LIGHTLY 
torque.  

OPERATI ON 

The Valve Levers  a r e  marked showing proper  
r o t a t i o n  d i r e c t i o n  f o r  nON" and "OFF" p o s i t i o n s .  
R o t a t i o n  is c lockw ise  f o r  "OFF' and counter-  
c l ockw ise  f o r  "ON". 

M A 1  NTENANCE 

Normal S t e m  Packing wear can be compensated 
f o r  by t i g h t n i n g  the Packing Gland Nut  c lockwise.  
I f  e l l  adjustmerlt t w  Packing Gland Nut  has been 
made, remove t h e  Lever  and Packing Gland N u t  and 
add one o r  two replacement bea r i ngs  on t o p  o f  t h e  
o l d  packing.  Reassemble t h e  Packing Gland N u t  
and Lever. 

Genera l  r e p a i r  o f  t h e  Valve can be made by: I 
1. Close Valve. I 
2. Remove Re ta ine r  by t u r n i n g  counterc lockwise.  

3. 1/4" t h rough  1" Valves on ly ,  p r y  o u t  t o p  

I - >  



S e a t  b e i n g  c a r e f u l  n o t  t o  damage  b a l l .  1-1/4" 
t h r o u g h  3" V a l v e s :  Top S e a t  w i l l  come o u t  w i t h  
R e t a i n e r .  . 

4 .  P u s h  B a l l  o u t  o f  Body w i t h  f i n g e r .  

5. Remove P a c k i n g  G l a n d  N u t  b y  t u r n i n g  c o u n t e r -  
G j o & k w i s e  a n d  p u s h  S t e m  .down i n t o  body t o  r emove .  

6. Remove a l l  S e a t s  a n d  S e a l s .  To f a c i l i t a t e  
r e m o v a l  o f  t h e  Stem Packing, t i u t  w i t h  knife. 

7, R e p l a c e  a l l  S e a t s  a n d  S e a l s  a s  f u r n i s h e d  i n  
t h e  S e r v i c e  Kits. I n s p e c t  B a l l  a n d  S t e m  f o r  
w e a r  o r  damage  a n d  r e p l a c e  i f  n e c e s s a r y .  

8 ,  R e v e r s e  a b o v e  p r o c e d u r e  t o  r e a s s e m b l e  u s i n g  
a s e a l a n t  o n  t h e  R e t a i n e r  t h r e a d s  e q u i v a l e n t  t o  
L o c t i t e  H y d r a u l i c  S e a l a n t .  

NOTE: U n i o n  End V a l v e s  c a n n o t  be e a s i l y  f i e l d  
r e p a i r e d ,  t h e r e f o r e  i t  i s  recommended t h a t  t h e  . z- -  

m a i n  V a l v e  S e c t i o n  b e  r e p l a c e d .  
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This page has been removed due to copy restrictions. For information on 
Actuated Ball Valves used on  ails safe contact Consolidated Valves Industries, 
Inc. , Matthews, NC. 
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This page has beah rsmdved due to co,py restrictions. For information on 
Parts List used on 1 1/2" Ball Valve-Test at 100 P. S. I. contact Consolidated 
Brass Company, Matthews, NC. 



Pages  70 and 71 have been removed due to copyright. F o r  information 
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8200 N. Austin Avenue, Morton Grove, Illinois . . .  60053. 

. . . . . .  . i : ,  .; ": ' ; .  .... .i. . .  , j  ;*:. .:. . .  . , , '  . . .  
. . . . .  / .  . , ' .  .. ,- . . . . . . . I  . . .  . . .: I * : 

' ., . .: r I ! -  
8 .  

. . . . .  . .  .... :.: ,.. ;(: . . .  . . . . . . 



I N S T A L L A T I ( O M  A ~ O P 6 R A T U O W  
I N S T R U C T I O N S  F O R  1 5 3 5  PUMP 

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 

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. 

The Series 1535 pump, being mounted on its motor, needs 
no special foundation. However, it is well to provide a HOW TO SERVICE YOUR 1535 CENTRIFUGAL PUMP 

solid concrete base. 1. Close valve leading to supply-side of pump (If no 
valve has been installed, it may be necessary to drain the 

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. 
It 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 1/4 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 $6 inch cocks 
or valves. 

system 1. 
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 
a t  the pump from the motor end. All pumps are provided 
with arrows showing fiirection 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. 

B u l l e t i n  N o .  S D - 8 4 6 - C A  
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I - GUARANTEE 
~ e h  & Gossett Products are guaranteed only against defective material and 
wo-nship 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.0.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. 

RETURNED GOODS 
 en pennission must be obtained before returning any material for 
credit. Material so returned will be subject to a deduction of 10% for 
re-. All transportation charges, including freight and cartage, will 
be paid by the shipper. Products which are obsdete or made to special 
order are not returrtable. 

--., , .- 
PARTS -LIST - 

1 VOLUTE ASSEMBLY 

5 VOLUTE DRAIN PLUGS 

3 VOLUTE FASTENERS 

15 IMPEUER 

30 IMPEUER NUT - 
31 IMPEU8l WASHHt 

86 INSERT R€TAlNW 

9 MECHANICAL SEAL ASSEMBLY 

78 INSERT GASKET ' 

n REMITE SEAT INSERT 

16 SHAFT KEY 

6 VOLUTE G A S m  

8 VOLUTE COVEB PLATE 

BELL, 8 GOSSETT COMPANY MORTON GROVE, ILLINOIS 



Pages  74 thru 87 have been deleted due to copyrighted information. 
Contact Bell & Gossett  Company, 8200 N. Austin Avenue, Morton Grove, 
Illinois 60053, for  information on the following: 

1. Booster and Ser ies  "60" In-Line Centrifugal Pumps 
2. Stock Sizes Ser ies  "60" 

a 

3 .  In-Line Mounted Centrifugal Pumps Ser ies  "80" 
4. Air t ro l  System Installation and Operating .Instructions. 

74 thru 87 



SOLAR INTEGRATOR TNSTALLATIO~ INSTRUCTION@ 

' me So la r  I n t e g r a t o r  i s  designed t o  p rov ide  a turn-on and turn-of f  func t ion ,  

a s  well as a s a f e t y  d e l a y  i n  t h e  even t  of  a power f a i l u r e  and subsequent  l o s s  

of c o l l e c t o r  f l u i d  pumping. 

The S o l a r  I n t e g r a t o r  c o n t r o l l e r  o p e r a t e s  t h e  h igh  performance c o l l e c t o r  systems 

by s e n s i n g  s o l a r  i n s o l a t i o n  rate and e n e r g i z i n g  two (2) o u t p u t s  when a n  ave rage  

i n s o l a t i o n  l e v e l  i s  surpassed .  The f i r s t  ou tpu t  is  provided 5 t o  25  minutee 

a f t e r  t h e  u n i t  s e n s e s  a p r e s e t  ' s u n l i g h t  l e v e l .  The second o u t p u t  i s  de layed  
I 

two (2) minutes  from t h e  f i r s t  o u t p u t  t o  a l l ow  f o r  pump s t a g i n g  o r  f l u i d - a i r  

c o n t r o l .  I n  t h e  event  of a power l o s s  and subsequent  r e t u r n  of  power, t h e  u n i t  

w i l l  d e l a y  t h e  s i g n a l  o u t p u t s  u n t i l  a  15  minute  "darkness" pe r iod  h a s  been aensed.  

Tile u n i t  i s  powered by a  24 Vo l t  A.C. e x t e r n a l  supply.  The o u t p u t s  are one a i d e  o f  

the 24 Vo l t  A.C. l i n e  re lay-swi tched  under t h e  proper  solar c o n d i t i o n s  ( g r e a t e r  

than 35 BTU/HR/FT~ average)  . The r e l a y s  are s i z e d  t o  handle  a 24 Vol t  A.C., 2 VA 

r e l a y  o r  motor starter c o i l  load.  

Locat Lon 

' Ihe .Solar  I n t e g r a t o r  i s  normally mounted on t o p  o f  t h e  s o l a r  collector (see 132D6370,* 

shee t  nos.  1 a ~ r d  5, F i g u r e  l), b u t  rnay a l s o  be  remote ly  mounted. For  e i t h e r  t ype  of  

mounting, thc: s cnso r  f a c e  of t h e  u n i t  must be  p a r a l l e l  t o  t h e  c o l l e c t o r  f i e l d ,  t h e  

mounting h rackc t  a t t a c h e d  t o  t h e  c o n t r o l l e r  must b e  o r i e n t e d  h o r i z o n t a l l y .  The 

cont : ro l lc r  must no t  be l oca t ed  whcre a n  o h s t r u c t i o n  (chimney, tree, smoke s t a c k ,  . . 

c c t . )  w i l l  sllrtdow t h e  fiensor d u r i n g  any  p a r t  of  t h e  day  and t h e  u n i t  must n o t  lia 
. .> 

i.n . the beam of n high  i n t c n s $ t y  light: ( f  1oodlj .ght) d u r i n g  darkneqs .. 

*See n o t e  o n  page 90. 



' f - .  . . .. ., 

.. Mounting and Alknment 
! 

f ,  Mou,nt the  adaptor  bracket  t o  t h e  c o l l e c t o r  (132~6370F Sheet 5, F igure  1). . : 

2. Align the  f r o n t  ( see  mounting d e t a i l  drawing 132~637Uf sheet  5, F igure  2) 

. edge of t h e  mounting bracket  a long the  f r o n t  h o r i z o n t a l  edge of t h e  adaptor 

bracket  . 

3 .  Align the mounting bracket  s l o t s  (as shown on 1 3 2 ~ 6 3 7 0 5  sheet . 5 ,  Figure  2) 

with the  holes  on adapter  brzcket .  

4 .  Using hardware provided (nuts ,  b o l t s ,  washers),  mount package to. the  bracket .  

The top edge of the  mounting bracket  must pe a l igned with t h e  top  of the  

adaptor  bracket .  

A l l  wi r ing  must agree  with a p p l i c a b l e  l o c a l  codes. The u n i t  has been designed t o  

ope.rate a s  a low power, Class  2 c i r c u i t  a l lowing t h e  use of w i r e  as small  as ' f l22.  

A 1/2" conduit: in ' terface hole  i s ,  provided on one s i d e  of t h e  c o n t r o l l e r  package. 

F i g u r e  3 on 132D6370? sheet  no, 5, shows a t y p i c a l  wir ing  connection f o r  the  con- 

t r o l l e r .  

Remove the  four  (4) o u t e r  screws (neares t  t o  t h e  s i d e  of t h e  package) which removes 

. , t h e  scrisor face. 

A te rminal  s t r i p  i s  located on t h e  e l e c t r o n i c s  board mounted t o  t h e  sensor f a c e  of  

the controller f o r  the  four  (4) e x t e r n a l  wires t o  t h e  So la r  I n t e g r a t o r .  It is re -  

commended t h a t  color-coded (~ -c !d ,  black, white,  green) four conductor wire (22 gauge) 

s u i t a b l e  f o r  outdoor use be us~?cl  t o  connect t h e  Solar  I n t e g r a t o r .  

*See note on page 90. 



wir ing  I n s t a l l a t i o n  

1. Mount package f i r s t .  Lead t h e  wires through t h e  co ' r~dui t  opening (F igure  3, . 

drawing no. 1 3 2 ~ 6 3 7 0 T  s h e e t  no. 5).  A weatherproof  condui t  o r  s t r a i n - r e l i e f .  

f i t t i n g  i s  recommended t o  m a i n t a i n , t h e  s e a l i n g  of  t h e  c o n t r o l l e r  package. 

2. Connect w i r e s  t o  t e r m i n a l . s t r i p  as shown. Terminal s t r i p s  u se  a . r i s i n g  s u r f a c e  

clamp t o  s e c u r e  t h e  wire. 

3. Re-connect t h e  senso r  f a c e  t o  t h e  package. i 

CHECKOUT 

Check t h a t  t h e  S o l a r  . Int .egrator  . con t ro l , l e r  has been propcrly i n s t a l l e d .  . A p p l y  

power t o  t h e  u n i t  (wi res  "R" and "B", 24 V o l t s  A.c.). Upon any a p p l i c a t i o n  of 

power, t h e  u n i t  w i l l  lockout  o p e r a t i o n  u n t i l  a per iod  of "darkness" has  been 

sensed. 

1. Cover t h e  senso r  element completely w i t h  a opaque c l o t h  o r  o t h e r  

opaque m a t e r i a l .  

2 .  A f t e r  a minimum o f  twnety (20) minutes ,  renlovc c l o t h .  

3. Depeiiding on . the 6unli.ght: l e v e l ,  t h e  f i r s t  ouCput ( W  wi re ,  24 V o l t s  

A.C. between W and B) should o p e r a t e  w i t h i n  f i v e  (5) t o  twenty- f ive  (25) 

minutes .  . 

4. The second ou tpu t  should o p e r a t e  two (2)  minutc+s a f t e r  the f i r s t  ou tpu t  
t 

("G" wi re ,  24 V o l t s  A.C. between "GI' and "HI') . 
The g l a s s  s enso r  f a c e  should be p e r i o d i c a l l y  wiped w i t 1 1  a c l e a n  s o f t  c l o t h  t o  remove 

d i r t  bui ldup.  The senso r  Eace should be kep t  c l e a r  of a b r a s i v e  m a t e r i a l s .  

NOTE: For a d d i t i o n a l  i n f o r m a t i o n . o n  S o l a r  I n t e g r a t o r  a n d  d r a w i n g  132D6370,  
p l e a s e  c o n t a c t  G e n e r a l  E l e c t r i c  C o m p a n y ,  At tn :  S o l a r t s o n  P r o d u c t  S e r v i c e ,  
P. 0. B o x  8861,  ' P h i l a d e l p h i a ,  PA' 19101. 



Rho Sigma In teg ra to r  Ret ro f  i t 

INTRODUCTION 

previous Zia u n i t s  had both photosensor and e lec t ron ics  mounted i n  a package , 

a t  the c o l l e c t o r  f i e l d .  The Rho Sigma c o n t r o l l e r s  have an e l e c t r i c a l  package 

which i s  mounted indoors, a ptiotosensor which i s  mounted on the c o l l e c t o r  and 

a temperature sensor which i s  mounted ins ide  the co l l ec to r .  

Figure 1 shows the d i f fe rence  i n  package w i r ing .  Applying the "R, B, W ,  'G" 

convention used on the Zia un i t s ,  the system con t ro ls  are now wired t o  a 
I 

package indoors: Four wires must be run t o  the r o o f  from the Rho Sigma package. 

A l l  four.go * t o  the photosensor condulet. Two are connected t o  the photosensor. 

A black and red dot  ind ica te  the required hookup. The black-red convention f o r  

the photosensor leads must be maintained t o  the e lec t ron ics  package (see Figure 2). 

The temperature sensor must be clamped (pipe clamp suppl ied) t o  a r e t u r n  tube 

on the serpentine, underneath the glass shroud. . A sp l i ce  sha l l '  be made i n  the . 
c o l l e c t o r  mani fo ld and two leads (#18) are run  t o  the photosensor condulet. 

There i s  no p o l a r i t y  on the temperature sensor. 

PROCEDURE FOR RETROFIT 

Roof - 
1. Remove Z i  a u n i t .  

2. S l ide  o f f  shroud, clamp temperature sensor a t  l e a s t  6 "  up the 

r e t u r n  tube o f  the serpentine. The sensor should be mounted on the 

l a s t  c o l l e c t o r  ( h o t t e s t  f l u i d ) .  



3.  Splice 2-#18 teflon .insulation wires to  sensor leads in col lector  

manifold. , Run wire out the end of manifold. 

4. Remove photosensor condulet from mounting plate.  A1 ign plate w i t h  
-. 

colle'ctor attachment. holes and bolt  to. the s ide of the col lector  .: 

near the temperature sensor leads. 

5. Bring 4-118 wires from the Rho Sigma controls package into one s ide of* the 

condul e t ,  connect photosensor 1 eads t o  col ored-coded terminal board. 

Use culur-coded wire. 

6. Splice leads from the temperature sensor to  remaining two leads in the 

condulet. Use water-tight conduit f i t t i n g s  t o  close both ends. 

7. Mount photosensor condulet t o  rrlounti ng plate .  Photosensor must "see" 

the same f i e ld  of view as the col lector .  

8. Mount control 1 e r  package near system control s .  Connect photosensor and 

temperature sensor leads from roof as shown i n  Figure 2. Add jumpers of . 
Figure 2. 

1 

9.  Connect " R ,  0 ,  W ,  G " leads from system controls .as' shown in Figure 2. 







a 
G E N E R A L  ,B E L E C T R I C  

VACUUM TUBE SOLAR COLLECTOR SPECIFICATION DATA SHEET 
-MODEL TC-100- 

YOUNTING INTERFACE 
TYPICAL .CORNERS 

'ar . ie ' L 7 t- l lZ 3.  

3 r t T  . , , G&. , '"hi 
-- 40 

-- ---- --- 47 70 --I 
' : M Y S ~ , ~ ~ L  * OPERATIONAL 

WEIGHTS British SI 

Rriti* Sl l nsolation Oto402 Ot0108 

35Ibs. 16kg BTU/ft/hr langleys 
Frame On1 y 

t t  

Glass Installed. 
Fluid 

Operating Temperature 100 to 300OF 38 to 14g°C 
Dry ST I bs. 26 kg 
Wet 59 Ips. 27 kg Composition "~ood" '  water with 35150% 

Prestone 8; 
. - 

'L 
COMPQSlTION 

Frame 18 Ga aluminized steel (61.6 mil) 
Reflector Coilzaka aluminum (26 mil) 
Insulation Fiberglass, 
Fluid Lines 114" type L copper 
Glass Tubes 008 soda lime 

CONNECTIONS 

Hydraulic Brass I/&" 45O Flare Nut 

1 - Structural ~trachinents Stainless Steel or aluminum 

, . 
' " '&QUIPME.N~"~~~IN~WIDELINE~ 

Heat exohanger area . 
Heating .17 h$hmdule .a16 m2/modula 
Cooling & Heating .35 ft~/module ,033 m2/module 

. Stofage Volume 
Heating Only 16 gallonsf 66.8 liters/ 

module module 
Cooling & ~ e a t h g  . r22 gallons/ $5.3 liters/ 

* ',module module 

MODULE DESIGN CONDITIONS 

Pressure Drop-Desigii 

Minimum 
Flow Rate 

Wind Velocity (Max) 
Ice Load (Max) 
Snow Load (Max) 
Combined Load (Max) 
Maximum System Pressure 

Gross (Frame) 
Net (Active) 

7.0 psi 
@ 18WF 
5.0 psi 
0.22 gpm 
@ 18oOF 
100 mph 
13 psf 
20 psf 
33 psf 
80 psi 

MODULE AREA 

T 1 .62/m2 
14.8 ft2 1 .38/rn2 

(1) "Good" Quality Water: 
Chlorides < 100 ppm 
Sulfates < 100 ppm 
Bicarbonates < 100 ppm 
Total Hardness < 250 ppm 
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SIZE FACTOR 
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HEADER WI- 
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EXAMPLE. ATLANTA 
MOUNTING KIT 
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FOR 60% SOUR COIYTRWTION LEXAN OR ACRYLIC W l m  
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SPECIFICATION 

EVACUATED TUBE HYDRONIC SOLAR COLLECTOR 

1 

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 1490 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 Conrtruodon 

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 0.86. 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 

2 foot (19.6 kglm ) of gross area. The collector assembly shall 
be capable of withstanding wind velocities of up to 100 mph 
( la1 krnlhr) with an ice and snow l a d  of 20 lb/ft2 (97 kg/m2) 
without structural damage. 

Glass Tubes 

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 (661 kPa) and fluid temperatures up to 300'~ 
(14Q0c). 

Insulation 

There shall be at least 1.5 inches (3.80 cm) of 3 1b/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 (343OC) 
shall not affect the performance or integrity of the insulation. 

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

q = A - B $  

where 

v = instantaneous collection efficiency (active area) 

The module shall consist of evacuated glass tubes which are $ . = (TmI - Tamb) I Qi ~ ~ - h r - f t ~ / B ~ u  
composed of two concentric glass tubes separated by a vacuum 
of less than 10 '~  Torr. The glass construction shall contain the Tcoi = average collector temperature, OF 
vacuum without the usage of mechanical seals. The vacuum 
shall be maintained for the life of the tube at temperatures up Tamb = ambient temperature, OF 

to 6600F (343OC) with an active getter. 
Qi = insolation on the plane of the collector 

The outer radial surface of the inner glass tube shall have a B ~ u / h r - f t ~ )  
mating with an average harnispherical emittance less than 0.06 
at 212'~ ( 1 0 0 ~ ~ )  and an absorptivity greater than 0.86. 
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 R ~ u r y s  
The collector unit shall be suitable for use with water or a 
mixture of water and anti-freeze solution (up to 60 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 B function of fluid flow) i s  decreased by mom than 6 
percent over the design life of the collector. 
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The constants A and B are obtained by placing a least squared 
straight line through the data points located between J/ = 0.0 
and J/ = 1 .O. 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 8. 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 B T U / ~ ~ - ~ ~ ~ - O F .  

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 speci fication(s). 

All Other 

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

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 76-1 187-1976). 
Any change andlor 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 
mointcnancro, fluid quality contrnl 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 guud qualily and workrnonship. 
This warranty shall prnuirls fnr the renlsncement or repair, 
at the manufacturer's election, of the collector or parts there- 
of, provided that written notice af the defect shall be given ta 
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 
arisirig out of any use of the solar products with other 
products or components by any purchaser of solar producrs or 
others. 
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1. INTRODUCTION 
This document has been prepared to provide ARCHITECTS, Should you have questions regarding this material, or should 
CONSULTANTS, INSTALLING CONTRACTORS and you require additional information, contact: 
ENGINEERS the basic data required to integrate a TC-100 
vacuum tube solar array into a building design and to provide 

Manager, Solar Heating and Cooling Marketing 
the mechanical contractor with the detail to install and check 

General Electric Company 
out the subsystem. Instructions for approximate sizing of a 
TC-100 array, component sizing and estimating system 

P.O. Box 13601 . . 

Philadelphia, PA 19101 
~erformance have been described insenera1 Electric Docu- 
ment No. 78SDS4215A - solartronw, Vacuum Tube Solar 
Collector "Commercial and Industrial Application Guide." Phone: (21 5) 962-21 1213 

2. GENERAL DESCHlPTlON 

2.1 PHYSICAL CHARACfERlSTlCS The copper tubing between vacuum tubes is  pre-insulated. The 
collector modules are completely assernbled except for the 

The General Electric Solartron TC-100 solar collector module glass vacuum tubes which are st-lipped separately. The modules 
(Figure 2-1 consists of eight glass vacuum tubes nested in a are shipped with protective plastic covers over the copper 
cusp-like reflector. The cnllector i s  dosigned to bc mounted flnned-rubes. 1 hese plastic covers remain in place until the 
with the vacuum tube axis oriented up and down, with pro- system is  checked out at which time, the plastic covers are 
visions for simple fourcornsr mounting. Two flare fittings replaced with the glass vacuum tubes. 
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 installed without the glass vacuum tubes, and each 
module without the tubes weighs about 35 pounds, providing 
ease in handling. The TC-100 module collector i s  designed for 
an environmental loading (combined wind, ice, and snow) of 
33 pounds per square foot when installed. 

2.2 COLLECTOR COMPONENTS 
The collector mod~rle consists of: 

1. An aluminized steel frame 

2. An anodized, polished aluminum cusp-like reflector 

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

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

. R E F L E C T O R  

GLASS SHROUD t8 

MOUNTING INTERFACE' 

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 i s  
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-tubc. This design elinririales 
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 114 inch copper tubing which con- 
tai~ls tt~e working fluid terminates with 46-degree flare nuts for 
mechanical attachment to headers. 

2.3 COLLECTOR FLUID 
The recommended non-freezing working 
35 to 66 percent (by volume) Prestone 

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

THERMAL 
ATTACHMENT 

EVACUATED \ 
GLASS TUBE u' 
(ABSORBER) U-TUBE FLOW PASSAGt 

Figure 2-1. GE TC-100 Collector Module Figure 2-2. Cross-Section of Active Collector Elements 
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B . -  I -6 I ' 
1 :', ' . ' , 

with distilled, deionized, or demineralized water,' which WINDOW ASSEMBLY 

I coffers freeze protection to - 4 ' ~  and -34O~, respectively. 
CLIP 

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

' N ~ :  Water cdntaining 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 
cnntrihrrte 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 
UNISTRUTB channels which are attached to the roof or other 
substructure. "Internal" brackets utilize pins while "external" 
brackets are bolted. The strut mounting option (Figure 3-41 
offers a standard top and bottom bracket 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 
thrcadcd U-clamp for 3" diameter tubes. All three kit options 
include the required nuts, bolts and washers. 

Header Kits (Figures 5-4 and 5-91 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. 

Figure 2-3. Collector Window Kit 

PHOTO SENSOR 

CONTROL 
BOX 

Collector Window Kits (Figure 2-3) are recommended ONLY Figure 2-4. Solar Controller Kit 
for areas of extreme vandalism or for regions having incidences 
of large hail. The simply-mounted collector window kit is  grates solar energy levels for system control. The controller 
offered either in UV-stabilized Lexad  or acrylic. Appropriate operates from a 24 VAC, 60 Hz source and outputs two 
attachment hardware i s  included. 24-VAC signals. These functions control collector and storage 

loop pumps and valves. The controller also provides a 
Solar Controller Kits (Figure 2-4) are modular units containing "lockout" function following power loss. The controlter kit  

- electronic logic and a silicon photosensor that digitally inte- includes all mounting hardware. 

3. COLLECTOR INSTALLATION 

3.1 INSTALLATION SUMMARY 
A summary of the installation procedure follows. The 
discussion herein indudes 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. 

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 i s  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. 



3.2 MOUNTING TECHNIQUES 
Tt~c~rc are many acceptable techniques for mounting solar 

Figure 3-1. Single-Mounted Collector 

Figure 3-2. Dud-Maunted (Tollacton 

lNTER+OLLEClOR 
T-BRACKET 

\ 
PIN (2) 

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 34). 

3. Space Frame mounting (Figure 3-51, 

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

A c.ollector mounting technique that utilizes a UNISTRUT 
chan'nel attachment (Figure 3-3) provides a simple, quick 
installation and will also allow flexibility in the lateral 
pnsit~brllrl~ of fhl! mountirig brackuls. By avuid;~r~ hard- 
mounting ~t ~nd~vld l l~ l  crrlldlftnr support brrrckers. installation 
time can be reduced s~ghitidiihtl~ in drs alignment and a t ~ a c t ~ -  
ment of brackets and collectors. Installation time can be fur- 
ther reduced by using the internal mounting brackets offerd 
in the General Electric mounting kits which use pins rather 
than nuts and bolts for slidesn interc~nnection of adjacent 
collector panels. 

In a strut-mounted installation (Figure 3-4), hard mounting of 
individual collector support brackets i s  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 
support. 

A "U-clamp" attachment, (Figure 3-51, can effectively be used 
for most space-frame applications. Like the "T-bracket" design 
used with a UNISTRUT channel, "Uclamp" brackets use both 
pins and bolts for ease of installation. 

I END OF ROW TdRACXET I 
Figure 3-3. D i r e  Mounting Kits 

'v 
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3.3 LAYOUT AND SPACING Typical spacing of bottom braCkets for a strut-mounted instal- 

The initial step in collector installation is a layw lation is shown in Figure 34%. The separation between the 

pattern. Since the collector attachment points are fixed at front and back brackets is flexible, but 49%" divided by the 

four corners, spacing between (JNlSTRUTS or dimensions c-ine of the t j l t  angle is most appealing. 

between space frame members need to be closdy controlled. 
This will facilitate installation, assure dimensional integrity of 
the array and preclude extraneous ,strqpseq on the  collwtors. 
Spacing between rows is less critical, 

~ i r p i d i  ' spacing for UN IS;TRUTL installations is showfi in 
Figure 3-6 fqr single-mounted collectors and Figure 3-7 for 
dual-mounted collectors. The dis~nce between adjacent rows 

' 

is a nominal value to clllow acces,.For a more'cmpact collec- 
tor array, the separation' may be redud, but provisions for a 
sliding ladder or working. platform should be implemented to 
facilitate installation and poterttial maintenahce. Lateral 
spacing between collectors is  omin in ally 114 inch to accorn- 
modate a 3116-inh pick T-bmket and g 106 inch header 
tube support bracket. In a ,dud row ccmflguredsn, mounting 
of tube suppdrt brackets' are alternated between the top and 
bottom collectors to maintain array symmetry aqd proper 
fitting of the collector twbing to the headers. . . 

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 

3,4 INSTALLATION PROCEDURES 
. r i  ' .  'i 

I - If the GE solar controller (Figure 3-41 is used, install an 
adapter bracket during the installation of the collecto~ . 
preferably at the end of the row for convenience of 

Figure 3-6. UNISTRUT Spacing (Single Mounted Collector) For Direct Mounting 
' 

acc~s6ibility in insmllation, wiring and maintenance. 
Mount controller in a position h e r e  it will not be 

s shaded at any time. 
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Figure 3-7. UNISTRUT Spacing (Dual-Mounted Cdlector) For Direct Mounting 

Direct Mounting Collectors 
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 114" neoprene-type spacer under 
the UNISTRUT at each attachment point. For dual mounted 
collectors, use P6600 series UNISTRUT or PI000 series with 
114" spacers at the attachment points. Single- and dual- 
mounted collector installation instructions are described 
in the following sections. Use the instructions that apply to 
your configuration. 

> 

m: 
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 structunr 
manufacturer, or obtained locally by the installing 
contractor. 

Direct, Single-mounted Collecton: 

1. Before positioningthefirst 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 
3-1 I ) ,  using two bolts for each bracket. Removal of the 
transition cover i s  only required for end-of-row 
collectors. 

2. Re-attach the transition cover with the six screws. Use 
two bolts to attach the other end-of-row T-bracket to 
the same side of the collector. 

3. Slide the collector into place so that the T-brackets grip 
the UNISTRUTS. Finger tighten the retainer plates to 
the UNISTRUTS. (Figure 3-1 2). 

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

5. Verify the correct location and squareness of the first 
collector and secure the two retainer plates to the 
Unistruts. 

6. 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. 

7. 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. 

8. 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). 



TRANSITION 
STRUT 

C(#1(COLLECTOR 

COLSECTOR 
LOCATION 

(47.7") 

Figure 3-8. Bottom Bracket Sprcing for Strut Mounting 

Figure 3-9. Space Fnme Bracket Swing 

Figure 3-1 1. B d t d  Lower T -Bracket 

Figure 3-12. Place Collator on UNISTRUT 



Figure 3-13. Internal Collectors are Fastened by Pinned 
T-Brackets 

Direct, Dual-moun'ted Collectors: 

'1 .: Before positioning the first collector on the UNISTRUTS, 
remove the six sheet metal screws holding the transition 
cover at the base of rhe collector. Remove the transition 
cover and attah ths rwo end-af-raw T-brackets (wi th~ut 
pin61 t o  the side of the collector that will face out, 
(Figure 3.1 1 ), ?sing two bolts for each bracket. Removal 
of the transitiod' cover is only required for end-of-row 
collectors. 

.'$. Tqmporarity re-install" .the transition ewer with one 
screw. % 

i. t 

" .  

3. $lid@ the collactor irito alaog sa that the. T-brackets ~ r i ~  
the UNISTRUT. Place one internal Tfbracket (pinned), 
(Figure'S~lO), into e;ich UNISTRUT" and insert into the 
c~~.resporvdding holes in the collector f~ame , Assure the 
p~sition and squareness of the collector and tighten the 
retainer plates (Figure 3-12) to-tho UNISTRUT. 

4. To install sublquent internal Collectors'in- the first row 
of the dual'configuration, place one in.ternal T-bracket 
(pinned), (Figure 3-13), into each UNISTRUT and insert 

" "into the corresponding hbles in the collector frame. At 
the coltector header end, a tube support bracket, (Figure 
3-13), is inserted over the pins of the T-bracbet a t  every 
other collector. Remove five of the six transition cover 
'screws at the bask of the coflector and place the collec- 
tors on the UNI'STRUT. With the brackets in place. slide 
the collector laterally until the pins are fully inserted 
and the cdllectois are snug one To the other. 

5. At the completion of the row, the las t  collecror 1s 
installed as indicated in Steps 1 and 2. Be sure all collec- 

' tors in the row are snu$ one against the other bef~re 
tightening down the two retainer plates. 

6. l'h$ second row of the dual configuration i s  now.mount- 
ed, Repeat Step 1Vo. 1. 

7. 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 118" beyond 
the end of the collector to prevent overrun of the chan- 
nel assembl'les. 

Figure 3-15. Attach Bottom Channel to the Collector 

8.' Remove the remaining transition cover screw from each , 
collector on the bottom of the first rbw. 

9. 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. 

.lo. Placean internal T-bracket (pinned) intoeach 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. 



Figure 3-18. In Dual Arrangement, Place the Next Collector 
Below the Fint 

11. Continueato 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 completely installed and spacing 
vdrified, (Figure 3-8), the collectors are mounted as follows: 

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

2. Remove the six sheet metal screws and the transition 
cover a t  the bottorii of the collectors. 

3. 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. 

4. Lift the header end of the first collector and align the 
outside mounting bracket hde 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. 

5. Lift the other end of each collector and attach to the 
transition strutlbracket 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. 

6. 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 $? 

-4-% +'E 8 -  

7. Re-install the collector transition saction covers using b - 2 1 ' a  ' - ' L ~ ~  

the six sheet metal screws removed in Step 2. The next 
step is installation of headers (Section 4). - >  . , *  3 4 

e A 

, . , T 2  

Crass bracing of the collmtor support structure may be 

, Frame Mounted Collecton: 
. ~ h r  tho space frame has been dimensionally verified, (Figure 

3-91, using "Uclamp" brackets, the collectors are installed as 
fdlows: 
. , 

1. Install (finger-tight) intercollector U-clamps (pinned) a t  
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 bdts to 
attach the other end-of-row bracket to the same side of 
the collectors. 

3. Position tho colloator on the apace frame (flare flirts 
down) a t  the end of the row and loosely install the 
U-clamps (Figure 3-5). Slide the intercollector bracket so 
that the pins are inwr Ld i~rta tho collector. 

4. Adjust the location and squareness of the first collector 
and secure each U-clamp to the space frame and the 
collec$or. 

5. 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. 

6, Install end-of-row collectors as indicated in Steps 2 
through 4. 

7. For dual-mounted collectors, use a procedure previously 
described for "direct, dual-mounted" collectors. 



4. COLLECTOR PLUMBING AND CHECKOUT 

4.1 HEADER DESCRlPTlON/PLUMBlNG 
The TC-100 collector utilizes two 1 M-inch, 45-degree brass 
flare nuts for mechanical attachment to supply and return 
hegders. 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 314-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 al l  
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 gpmlcollector. 
Uniform flow drstr~but~on throughout the array i s  
accomplished by providing comparable pressures to each 
header. Good distribution through the collectors connected 
to each header i s  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 314 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 114-inch 
45-degree male fittings a t  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 314 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 

1 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 &foot on-site assemblies 
are shown in Figure 4-3. 

HEADER PIPE 
SUPPORT BRACKET 

/ \ PREFABRICATED CLAMP, TUBE 
HEADER. PIPE SUPPORT 

Figure 4-1. Single Collsctor Header Configuration 

COMMON HE4DER 
COMPONENTS 

Figure 4-2. Dual C o l l m r  Header Configuration i 

a.l EFT SINGLE HEADER VI 

NOTE: 

1. JOINTS TO BE BRAZED 

BOLLECTORS 

PIPES 

4.2 HEADER INSTALLATION PROCEDURES s.l HEADER PITTINO ORIENTATION FOR DUAL M(I@TINO 
It is recommended that the joining operation of lengths of 
headers be performed in place on the roof. In a "compact" Figure 4-3. Header Dimensional and Orientation 
array configuration for direct roof mounting, it is  suggested Requirements 

a ill 



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 ,  

.. 1. Before sta$tiflg headet assemblyr. thoroughly flush each ' 
header section with.tap .water. Tfte suwty and return 
lines to  the headers will be flushed separately to Pre- 
vent ,potential debris and water fmm inrering the 
collectors, . . 

2. The plumbing instalwon should begin at the supply 
end of each headet row. Attach a supply header pipe 
as the bottom pipe, (Fiwre 44,) to  the collectors, 

, Pwition the pipe by connecting (finger tight) the appro- 
priate collecbr fittings and lbe sure *at the y21gh1ls 
coming out of the d0llectors ate cmered in the slot. 
Bra? adjacent headers and end pluqbf. When brazing 
pBXt : t6 a colleaor mnection Tee, remove the adapter 
from ;khe Tee in order to avoid Clamage during brazing. 

9 

8. k a c h  the return header above the supply header. 
(Figure 4-41. just installed. Position the ptpe by con- 
necting the approprim coll~<:tCK flare nut fittings 
(finger tight) and attach the header support damps 
(Figure 4-91, Braze adjarrent headers and end plu@CgjP 
When ,bra;LIq n8xt to a 'colleaor connection Tee, 
,mGye LtB~ .  aciapterfxern the Ted, in ordeP tn avoid damage 
ckP~Ag ~brarlnsl; 

b i th  oompletitnn bf hader brazing in each row, adapters 
Should be installed using lock-tite high-temperature pipe 
seelgnt (with Teflon) or equivalent (do not use tape). 

, 

' I  
Before connecting headers to supply and return, completely 

1~ 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. 

is? 

Pigute 4-9. Cunnilsct Header to Cullector r l n l ng  and A d  
Pipe Support Clamp 

Figure 5-6. For Single Row Mounting, Insert End Covers 

Caution must be exercised to prevent freezing of pipes 
dtrring fltrshin~ F111.sh the supply and return lines. When 
all header connections have been completed and the col- 
lector loop imallation verified, the system is ready for 
a total collector system leak check. 

4.3 LEAK TEST PROCEDURES 
It i s  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. 

Collectors are leak checked at the factory and do not 

With the leak test 
to the prescribed 

completed, the collector loop can be filled 
level with working fluid (ethylene glycol/ 

water as specified). Open the pressure relief valve to allow air 
F w r e  U. Install Heders to escape. When filled, the primary pump may be activated 
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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 andsremove, 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 i s  opera- in Figure, 91. Excessive Seflwtion will damage the 
tional, installation of the glass vacuum tubes may proceed. collector. Slide the plastic shrpud off and discard. 
Aftsr vacuum tube Installation, a functional checkout at 
elevated temperatures i s  recommended with repeated cycling 4. Inspect and remove grit a,' foreign matter from the 
to verify plumbing integrity. With completion of high-tempera- copper fin with a cloth or soft bristle brush. 
ture checkout, insulation, header covers and protective wia- 
dows (if used) shollld be installed. 

5.1 VACUUM TUBE INSTALLATION 
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 wtapped in black plastic bags. These bags should 
bc kept sealed ur!rll installltlbn. Although glass tubes can be 
installed by one person, two installers are recommended for 
ease of installation. 

CBution: 

The glass tubes (similar to fluore~~~ent bulbs and vacuum 
bottles) could implode if improperly handled. Pemn- 
nel handling the tubes must wear suitable eye and hand 
protection. (See Section 6.5). A p GLASS SHROUD & rRUBBEP GROMMET 

SoE v p b  
1. Inspect the reflector troughs in each collector and '1' carefully remove any debris. ' COLLECTOR TUBING 

r CWPARTMENT, 

L. 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 gystem is activated. 

CORRECT INSERTION INCORRECT INSERTION 
3. Glass installation begins by removing the wooden re- DEPTM AND T~LT DEPTH AND TlLT 

tainer bar. Raise the outer end of the fin-tube assem- 
bly 1-2 inches from the edge of the collector as shown Figure 5-1. Glass Shroud Installation 



5. The second installer should lightly support the fin tube e' I 

$$.J 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 i s  installed. 

6. Unseal l e  end. of the protective Mack 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 sof t  copper fia, 
Use tjle 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. 

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

c. Continue .by dightly compressing the leading ed* 
of each fin segment a3 the glass tube is installed 
until the tube .has slid past the last fin segment. 

7. Seat the glass tube andzgrommet into the hole in the 
collector panel, (Figure 532). Insure that the grammet 
is completely seated (snapped in place) tor weather 
protection, (Figure'51 ). 

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

9. Install the metal Spring clip retainer over the elastomeric 
bumpei strip on the glass tuba and into the two ietaining 
holes in the reflector, (Figure $3). - 

10. Repeat until the ten tubes are installed irt 
each collector. 

5.2 OPERATlOiNAL CHECKOUT 
It is recorhmended that a total system operational checkout 
be performed with repeated cycljng to elevated tempera- 
tures for several sunny days. After remoying the black plastic 
bags from the glass tubes and after completing checkout of 
the control system, operational Checkout can begin. 0 1 1  d 

Figure $2. ~ijtri&y'Wat Grommet OM6 the ,Cd%e&Wr 

Figure 53. lnrtdl the Metal .Spring Clip 
- 

bright day, the collector loop fluid will begin to get hot within 
112 hour to 1 hour. Continue running in an energy collectidn 
mode without the storage pump, (P2, Fig. 6.1 ), running until 
the collector fluid temperature can be maintained. between 
'LOUOF and 2500F for Iliyh-temperature tc-. These tests 
wil l  provide a comprchcnsive leak'check for the enllector loop 
as well as an operational checkout of the systetn. 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. 

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

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

5. 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 ~nsulatldn is provided as all i~~teyral part of tho 
General Electric header accessory kits. If General Electric 
header accessory kits are not used, Y Inches or more or Tibl- 
glass insulation is recommended with an appropriate moisture 
barrier on al l  outdoor headers. It is also recommended that 
1-112 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 
and pumps, lP I ,  P2 Fig. 6- 1 ), running. Ehis procedure 
is recommended to eliminate the hazard of hot header 

I piping. I 

For single row header assemblies (Figure 5-41: 

1. Remove the six sheet qetal 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 5-51. The insulation 
is  attached to this section. 

2. Slide insulati~n 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. 

5. Apply a silicone-based sealant around the gap before 
installing the joint covers. lnstall joint covers over the 
gaps between adjacent header covers with sheet metal 
screws as shown in Figure 5-4 and complete by crimping 
lips over the adjacent collector frames. 

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

For dual row header assemblies (Figure 541, the b . an- 
nel shodd be installed before plumbing. See Secti~n 3.4, 
installation procedure for dual-mount" collectors. . 

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 f i t  around the 
coltectox connections and insert on both sides of the 
pipe, (figure 5-10). 

3. Install the covers by hooking the lips over the top of the 2. Install the couer, (Figure 5-1 1). by hooking the lip over 
collector transition section cover (Figure 5-7) and attach the top of the upper cbllector transition section .cover 
the covers to the bottom channel flanges with six (6) and .pusht an the center of the cover to snap the battam 

sheet metal screws. lipbin place over the bottom transition covet. Screw onto 
the end covers. 1 

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. 

End covers for the single header arrangement, if feeder 
connections are at the end of the row, must be instailed 
on the header pipes during the plumbing sequence, 
(Figure 4-61, or must be cut to allow installation during 
final assembly. 

I 

3. Install joint 'covers over the gaps between adjacent 
header covers with sheet metal screws as shown in  Figure 
5-9 and eomplete by crimping lips on slotted end over I 
the adjacent .collecror frames. Also, it is reeomrnended 
that a silicon-based sealant be appfied at the gabtinter- 
face before instalking the joint covers. Apply'flaShing 
to the end closurssfof~yveather proofing. . . . . ~ 

I 

4. If optional protective windows, (Figure 2-31, are used 
with the collectors,' apply window standoffs to the Vee- 
troughs as specified. Install supplied clips and snap win- 
dow into place. 

I 

Figure 5-4. Assembly of Single Row Header Kit (8 Feet Long) 
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Figure 6-7. Install Cover 
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Figure S-9. Assembly of Dual Row H W r  Kit (8 Feet Long) 
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'figure 6-1 1. Instdl Cwrr 
' I  . 

Figure 5-10. Insert Insulation Around Header Pipes 

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 BTUI 

2 f t  -hr. for a period of 14 minutes, circulation of the collector 
loop begins with activation of Pump PI, 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 PI, 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. PI and P2 remain 
energized until the average ins lation (continuously moni- 3 tored) drops below 35 BTUIhr-ft set point In the event of a 
power loss, Pumps PI and P2 stop. and Valves V4 and V5 

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

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 filllair 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'~ (T4) or the collector loop exceeds 
280'~ (TI,), Pump P2 and Valve V4 are de-energized, and the 
flow is diverted through the te'mperature regulator. Valve V5 
remains closed in this mode. This mode i s  preferred to 
stopping circulation and allowing the system to go into 
stagnation. 

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 TKXI. 
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'~. Water boiled out of the temperature regulator 
is replenished with cold water as controlled by a conventional 
floatlvalve assembly. Upon return of power, the collector 
loop Pump PI is inhibited to prevent cold liquid from flashing 
to vapor in the collectors, i f  the collectors are hot. 

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. 
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Figure 6-1. Typical Commercial and Industrial Collector Loop Schematic '4 
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 sdar system and i t s  environment. 

6.4 GLASS TUBE REPLACEMENT 
Remove the spring clip, (Figure 6-31, 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 5-11. 
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. I f  the old tube i s  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 

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 
system. 

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

2. In an operating system loop, fluid temperatures can 
reach 280'~. 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 i t s  disposal should be in accordance with local 
ordinances. 



SPECIFICATION DATA SHEET 

F i a i ~ r e  01l lv  
Glass Installed 

Drv 
Wet 

PHYSICAL 

WEIGHTS 

British SI 

35 Ibs. 16 kg 

57 Ibs. . 26 kg 
59 I bs. 27 kg 

COMPOSITION 

Frame 
Reflector 
Insulation 
~ l u i d  Lines 
Glass Tubes 

18 Ga aluminized steel (51.6 mil) 
~o i l zakm aluminum (25 mil) 
Fiberglass 
114" type L copper 

008 soda lime 

CONNECTIONS 

- Hydraulic Brass 114" 450 Flare Nut 
Structural Attachments Stainless Steel or aluminum 

EQUIPMENT SIZING GUIDELINES 

Heat exchanger area 
Heating .17 ft2/modulk ,016 m2/module 
Cooling & Heating .35 ft2/module .033 m2/module 

OPERATIONAL 
British SI 

Insolation 0 to 400 0 to 108 
~ ~ ~ / f t ~ / h r  langleys 

Fluid 
Operating Temperature 100 to 300°F 38 to 14g°C 

Composition " ~ o o d " '  water with 35150% 
Prestonee1 1 

MODULE DESIGN CONDITIONS 

Pressure Drop-Design 7.0 psi 48.2 kPa 
@ 180°F @ 8 2 ' ~  

Minimum 5.0 psi 34.5 kPa 
Flow Rate < 0.22 gpm 0.83 I/m 

@ 180°F @ 82OC 
Wind Velocity (Max) 100 mph 161 km/hr 
Ice Load (Max) 13 psf 63.5 kg/m2 
Snow Load (Max) 20 psf 97.6 kg/m2 
Combined Load (Max) 33 psf 161.1 kg/m2 
Maximum System Pressure 80 psi 551 kPa 

MODULE AREA 

Gross (Frame) 17.4 ft2 1 .62/m2 
Net (Active) 14.8 f t2 1 .38/m2 

Storage Volume 
Heating Only 15 gallons1 56.8 liters/ 

module module (1) "Good" Quality Water: 
Cooling 81 Heating 22 gallonsh , ' 83.3 liters/ Chlorides < 100 ppm 

module module Sulfates < 100 ppm 
Bicarbonates < 100 pprn 
Total Hardness < 250 ppm 



A 

B 

BTUH 

DHW 

EMM 

HVAC 

HX 

Insolation 

M 

MMBTU 

MO 

PRV 

T 

TC- 100 

TES 

TKX 

v 

VT 

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 

lo6 BTU 

M or1 t1.1 

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 multiplication 

SI CONVERSION UNITS 

Length 
1 in = 0.0254 meter (exactly) 
1 f t  = 0.3048 meter (exactly) 

Area 
1 in! = 6.45 x mger 2 

Volume 
5 1 in3 = 1.639 x 10- meter 3 

1 gal (U.S. liquid) = 3.785 x meter 3 

Mass 
1 ounce-mass (avoirdupois) = 2.834 x lcilogrii!~~ 
1 pound-mass (avoirdupois) ' 0.4536 kiluy~.am 

Pressure or Stress (Furi:elArea) - .  
1 Inch of mercury (YU I-( = 3.31 l X IU" PdScdi 

3 I pound-forcelinch (PSI) = 6.895 x 10 pascal 

Energy 
1 fool-pound-farce (ft-lbf l = 1.358 ioule 

, 

1 Btu (International Table) = 1.055 :i 10 loule 

Power 
7 1 watt = 1 x 10 erglsecond 

1 Rtalh = 0.2929 watt 

Temperature 
tC'= 519. (tF - 32) 

Heat 
1 ( ~ t u . i n ) / ( t a . f t ~ . ~ )  ' 1.442 x 10-I = W1lm.K) 

(thermal conductivity) 
3 1 (Btu/(lbm'F) ' 4.184 x 10 = .J/(kg'K) (zpecific: hsilt) 

Solar terms 
1 B T U / ~  = .27 1 langley = .271 cal/cm2 = 1 . 1  36 joule/cm 

2 



@ OMCE TLGHTEHED, DE- 1% FIXED. 
NON- %WAGING FI lTiYG AVAI-BCE 

F O R .  LINE PFlESIti RES L E S S  T H A N  
30 PS\. ADD SUFC\X" L" 

-am... - 



1NS.TRUMENT S CORPORATION 
R i v e r d a l e ,  N. J. 07457 

L 

SUGGESTED MOUNTINGS 
FOR 

PT-200  SERIES PROBE ' 

~ L I G H ~ E N  f O  SEAL k, FIK 
A T  D E f \ R b D  DEPrH 

14 x I & .  (OR L~RGER) 

REf)UclrYG COUPL\NG 

OR RETRILT 
PROBE THRU GATE V A L V E  . 

RETRACTABLE PROBE: 
FOR U)W F'RE S U R E  (30 ps\ ORLESS) 

FLOW LINES.  PROBE MAq BE 
I N ~ T ~ L L E D  OR REMOVED FROM 
ACTIVE L I N E .  

T-cE,"eF4 CI PI PE 

USEFUL FOR \h(sPEcTlo~ f 
REPAIR O R  MULTI -POINT FLOW 

M EASUREm ENT ,  

" ~ l l , , , , , , ,  ,I,\\\ 

See Dug. No. 1 0 0 1 7  f o r  dimensional d e t a i l s .  - 
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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 pla*ve, a boundary gasket confines a flow path 

inward from one port, across the heat-transfer surface, 

a d  uul llle otlltr part. 'l'wo ring gaslrcto confino tho flour 

path of another fluid into and out of th,e space on the op- 

posite side of the plate. 

Flows in alternate spaces between plates are  usually 

in opposite directions to achieve counl:el-current 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. Thc 

resulting turbulent flow enl.iar.ces heat transfer. 

The rigid metal covers that  serve a s  clamping mem- 

bers have ports in them and appropriate gaskets t o  malt! 

with fluici passages in the platles. Inlet and outlet con- 

nectioi?s a re  made a1 lhese covers. 

All heat-transfer surfaces and all gaskets are ac- 

cessible for inspection, cleaning, repair or  replacement 

when the unit is disassembled. 



Heat  Exchanger Serial No. B 23- / / 6  

Cert i f ied Drawing No. pHE-- 2 3 2 

Frame Type 32 - ,C/9 

Plate Material 13. J 3, Q ( 0 . 8  mm thick) 

Gaskets 

Gasket Adhesive 

Bolts ------.- 
SA-193,Bej 

S=';rw,. S T L I  . Carrying bars --- 
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THEORY OF OPE?RATION 

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 

i t  can be taken apart completely for inspection and clean- 

ing. In contrast .to heat exchangers with welded passages 

ur rvlled 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, cven 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 a t  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. 



American Heat Reclaiming Corp. employs computer- 

ized design to match thermal and pressure drop require- 

ments for each installation. Changing .requirements can 

oftc'n be accommodated by adding, removing or changing 

platies. 

Gaskets are  cemented into formed channels in each 

plate. There are  open spaces betweell the boundary gasket 

tha t  confincc the flow between plate NIII'PRI:PS. and the two 

ring gaskets a t  the ports into the next inter-plate space. 

In  the eve'nt of gasket leakage, therefore, fluid will be de- 

tectable cxtcmully, but neither fluid will contaminate the 

othler. 

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. 



' 

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 four ports. 

They accomodate one fluid in and out plus the other fluid 

in and out. In a heat exchanger with several passes for 

one of the fluids, the passes are separated by special turn- 

ing plates. One port of a turning plate is blanked. A con- 

nection corresponding to a blanked-off port is then made 

a t  the movable cover. 

The end plates are special, too. There are no flow 

paths between end plates and covers. , These special 

plates have appropriate p o r t .  and gasketing 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 Vm, Division I. 



INSTALLATION 

Plate heat exchangers are assembled and tested a t  the 

American Heat Reclaiming O r p .  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 t.he pack length dimension - - the dis- 

tance between inside faces of the covers. Check that the 
covers are exactly that far 'apart 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 out of pipe and fittings. 

Make up the piping accurately so that i t  is not necessary 

to distort any line in order to mate the flanges. 

The heat exchanger is thcn ready for service. 



. . 
OPERATING INSTRUCTIONS 

. . .  

CAUTION 

If the heat exchanger is operated with wide 

temperature fluctuations, the gaskets will be 

subjected to s t ~ x i n s  that  may shorten thcir life. 

They may leak during the thermal shock 

periods, even though the lcalrage may t o p  

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 a t  the same time. 

Inlet v a l v c ~  on both fluid lines should be provided for this 

purpose. 

If the fluids are  pumped, s tar t  the pumps first against 

closed valves. Then - - with either a pumped system o r  

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 a t  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 enough tension so tha t  plates and gaskets 

are in moderate contact. This will keep dust and foreign 

matter out of the unit. 

If either fluid is co_rrosive or if 



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.) 



. . 
MAINTENANCE 

, The plate heat exchanger may be disassembled period- 

ically for inspection and cleaning while other equipment 

in tbe same system is shut down. On the other hand - - 
based on operating experience - - i t  may be 1eft: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 a t  the four corners 

first. Back,   he nuts off and remove the bolts. Then loosen 

nuts in the center portion of each side of the cover about 

%-inch. Leave 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. Separate the plates from one another carefully. 

All gaskets should stay in their channels - - should not 

stick to adjacent plates. If a short length of gasket should 

come loose, cement it back in place immediately. But if 

the entire gasket is loose o r  if it seems to  be damaged, 

pull the plate and do .a complete repair job. 

. . 6 i ,  



Verify that plate numbers are legible and that plates 

are in order. Mark any plates that have obscure numbers. 
Looking toward the fixed cover, plates should be number- 

ed a t  their upper left-hand corners, and the nurnher se- 

' quence should start a t  the fixed cover. 

CLEANING THE PLATES 
. . 

Unless there is some probleni matel.ia1 to ~-emuvc; .the 
plates can be cleaned without removing them from the 

unit. Use a hand brush or a rotary power brush. Brushes 

with nylon or stainless steel bristles qre often used. 

CAUTION 

Do not use brushes with carbon steel bristles. 

Da not use steel wool. Be very careful ,not to 
damage the gaskets. 

REPLACING GASKETS 

Remove plates with loose or damaged gaskets. Scrape 

out any pieces of gaskct matcrial that may rcmain in the 

channels. Clean out all traces of oil, grease or foreign mat- 

ter from the'channels. Use a nylon or stainlesn 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 i t  

will form a thin film instead of gathering ip nodules. 

When the channels are clean and grease-free, wipe then1 

dry again. 

Apply a bead of cement In each channel about %-inch 

in diameter. Uae a flexible plastic container with a spout 

on it. Let the' cement dry until tack time. 



Apply cement to the gaskets the same way. Let them 

dry 

NOTE 

Gaskets are color-coded a t  about the 3-o'clock 

positions to identify their compositions. 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 side. 

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 a t  the corners. Press the 

gaskets dowri all around to be sure that they are firmly 

cemented in place. 

" I 

REPLACING PLATES 

If a '  plate is damaged, it can be replaced, but the re- 

.pl'acernent must be of the same type. I t  should be 'marked 

with the same 'number a s  the plate it replaces.. Consult 

American Heat Reclaiming Corp. to obtain the proper 

replacement. 

In an emergency, a standard plate (with four ports) 

can be removed. Then, an adjacent standard plate must 

also be removed in order to keep the flow pattern right. 

Capacity of the unit 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 i s  

removed. Multiply the former pack length 

Number of plates now 
by -. ..- . . , . . . .. .. .. . 

Number of plates before 

to calculate the new pack length. 



ASSEMBLY 

, If several plates were removed, put them back in the 

framle 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 whem 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 t;o all the rest. of t h e  plates. Slide each one again- 

' s t  its rrlalirig plate -as you work, Look a t  the gaskets each 

time to see where the mating surfaces will be. 

If all the pla.tes were removed, arrange them in nu- 

mlerical 'order. The numbers are  stamped on the gasket 

sides - - the sides that  face you a s  you loolk a t  the fixed 

cover. They are  a t  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 gasltct channels where they will mate with other 

gaskets. Do this, plate-by-plate a s  you insert them in the 

frame and push thc paclt toward the fixed cover. 

CAUTION 

While applying silicone oil and'assembling 

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

sure tha t  all gaskets are  sound and tha t  there is 

no foreign matter on surfaces tha t  will mate 

with gaskets of plates already in place. 



TIGHTENING THE MOVABLE COVER 

The important things to watch for when tightening 

the tie bolts are tha t  the movable cover should not be 

cocked at a n  angle ,and tha t  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 

some 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 a t  a 

time, keeping the covers parallel. Check the pack'length 

diinension a s  you proceed. 

The pack length dimension on the Oertified Drawing 

is a 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 tha t  they are  still parallel. If they are  

not, make them so. 

Before putting the unit back into servics, 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. 



TROUBLE-SHOOTING 

L e a k a e  , ' 1 Damaged plate 
I 

SYMPTOM 
- . -- 

High pressure drop in 
either stream 

i Broken gasket 

PROBABLE 
CAUSE 

. . . - . . . - . - . . . - - . . . - . -. - . - . . . . . .- 
Fouling with material 
deposited by fluid 

Loose tie bolts 

Contamination of one j Perforation of one o r ,  
fluid by the other l more plates 

CORRECTIVE 
ACTION 

Back flush the unit 

Front flush the unit 

Chemically clean 
affected palssages 

Disassemble the unit 
and clean the plates 

- -. -. - - - . - . . 
Repair or  replace the 
plate 

Install a sound gasket 

Tighen to specified 
padk length 

Replace the defective 
plates 



FORM U-1 MANUFACTURERS' DATA REPORT FOR PRESSURE VESSELS 
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1 

1. ~ ~ ~ ~ f a ~ t ~ ~ ~ d  by American h a t  Reclajmirlg C o r p o r a t i o n  Lvkens . Pennsvlvania 
(Name and address 01 manulacturer) 

2, Manufactured for Garden S t a t e  Racinq A s s o c i a t i o n  Cherry  Hill, New J e r s e y  
(Name and address ol purchaser) 

3. ~ o c a t i o n  of installation Cherry H i l l  Inn  C h e r r m ,  New ~ S P V  
(Name and address1 

4 .  Type Vert.  Vessel No. 13339 --- PHE-232 
(Hor i t  . or vert. tank1 (Mlgr 's  Serial No.) ICRNI (Drawing) INal ' l  10346 Brd  No.) Year ~ u i l t  1 9 7 8  

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 VIII, Division 1 1977 

(Year1 
and Addenda to C u ~ ~ ~ t  and code Case no. 

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: 
I N a m c ~ f  par l .  i tem number, mlgr's nameand idcnl@lying $l;lmpl 

Items 6- 1 1 incl s p , b ~ & ~ m ~ ~ ~  lor single wall vessels. jackets of jacketed vessels, or shells of heat exchangers 
S m :  Mater~a ' Nom. ~ h i c k n e s s m n .  Corrosion A l lowance_ lYB i  \ m - f t . A i n .  Length-fl. 8 in. 

i5pt.c No .Gradel (Overall) 
7. Seams: 

Longitudinal NA R.T. E f f i c i e n c y %  H.T. 
iDbl  Sngl 1 rSpol or Fu l l l  

Temp - F Time G i r t h  R . T .  No. of Courses - 
IDbl . Sngl.1 iSpol. Parl ial. or Ful l )  

8. Heads: (a) Material SA-515.70 (b) Material %me 
ISprc N O .  Gradcl (Spec. No.. Gradel 

If i ' t m ~ v & ~ l i .  l ~ ~ l t j  ujzd  ( d i ~ c i i t i  othtl. fbsttnings) EA 133. 1381 1 0 0 ~ 0 0 0 ( 1 0  1 I'D. T-,c l h l t n  
(Malerial. Spec. N o .  Gr.. Size. No.] 

9. Type of Jacket Proof Test 

10. Jacket Closure If bar, give dimensions If bolted, describe or sketch. 
(Describe as ogee 8 weld, bar. elc.) 

Side to Pressure 
(Convex or Concave) 

F l a t  
Flat .  (b) 

11. Constructed for max. allowable working pressure 150 psi at max. temp. Min. temp. (when less than -20 F ) F .  

Hydrostatic. ~ S W W X ~ L ~ ~ ~ ( X # X % ~ E I D L  test pressure 225 psi. 
ltems 12 and 13 to be compleled lor tube sections 

12. Tubesheets: Stationary Material Diam. i n .  Nominal T h i c k . i n .  Corrosion Allow. i n .  Attachment 
 spec. No.. Gr.1 (Subiect to pressure) (Welded. Bolted) 

Floating Material Diam. 
(Spec. N o .  Gr.) 

Locallon (Top. 
Bottom. Ends) 

S t a .  
MOV. 

i n .  

Corrosion 
Allowance 

Minimum 
Thickness 

1 -5/8It 
1 -5/8" 

Nominal Thick 

crown 
Raclius 

Corrosion Allow. Attachment 

Knuckle 
Radius 

13. Tubes: Material 0 . D . i n .  Nominal T h i c k n e s s  in. or gauge Number 
(Spec. N o .  Gr I Type (Straighl or "U"1 

ltems 14- 1 7 incl. to be completed lor Inner chambers of jacketed vessols or channels of heal exchangers 
' 

14.  Shell: Material Nominal T h i c k n e s s i n .  Corrosion A l l o w a , n c e i n .  D i a m . 1 1 .  - in. L e n g t h  It. i n .  
(Spec. No.. Gr.1 

15. Seams: 

Ell iptical 
Ratio 

Longitudinal R . T . E f f i c i e n c y %  H.T. T e m p F  T i m e G i r t h R . T .  No. of courses.-. 
IDbl . Sngl J (Spol or Ful l )  (Dbl.. Sngl.1 (Spot. Partial or Ful l )  

Heads: (a) Material (b) Material 
(Spec N o .  Grade) (Spec N o .  Gradel 

Conical 
Apex Angle 

- 

If removable, bolts used (describe other fastenings) . 
(Malerial. Spec. No.. Gr.. Size, No.) 

Hemispherical 
Radiur 

1 5 - 3 / ~ . ~  

17. Max. allowable working p r e s s u r e p s i  at max t e m p . F .  Min. temp - F. Hydro. test pressure psi. 

Items below to be completed for all vessels where applicable 

18. Safety Valve Outlets: Number . Size - Locat ion 

F la l  
Diameter 

x 51" 

Side to Pressure 
(Convexorconcave) 

This form may be obtained from the Natlonal Board o l  Boiler and Pressure Vessel Inspectors, Columbus, Ohlo. 
NB.26 
Rev. 3 
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15-3/4" x 48-1/4" 

F la l  
Diameter 

Hemispherical 
Radius 

' (a) 

(b) 

Conical 
Apex Angle 

LocationiTop. 
Bottom. Ends) 

Crown 
Radius 

Minimum 
Thickness 

Knuckle 
Radius 

Corrosion . 
Allowance 

Ell ipl ical 
Ratio 



20. Inspection Openings: 

Manholes No. Size Location 

Handholes No. Size Location 

FORM 11-1 (BACK) 
19. Nozzles: 

Threaded No. Size Local ion 
21. Supports: Skirt - L u g s L e g s  Other Cover Attached Welded t o  _Sta, Cover 

[Yes or no1 (No I (No I (Describe) (where and howl 

22. Remarks: Hydro-tested per UG 99 IbIl Vessel i s  a Heatxxchanqer.  Desicmed and constructed 
i n  accordance with ASME Code, Sect ion V I I I .  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 lo 1. 

Date 5-1 2-78 S1gn.d Amer. Heat Recl. 0,. by.Q<l-',J- c .-/ F, c J ! !  
( M ~ i ~ l ~ l ~ i c t ~ r ~ r l  Rcprc~cnlal#vcl  

"U" Certificate of Authorization No. 1791 expires -, 1 9 8 1 .  

CERTIFICATE OF SHOP INSPECTION 

Vessel made by Amer. Heat Recl. Corp. . at Lykens , Pennsylvania 
I. the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and the State or . . 
Province of Pennsvb an la  and employed by C c  

Boston. Mass. o f have inspected the pressure vessel described in this Manufacturers' Data 

Report on 5-8, 5 - 1 0 , 1 9 a ,  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 lnspector nor.his employer makes any warranty, expressed or implied, concerning the pressure 
vessel described in the Manufacturers' Data Report. Furthermore, neither the lnspector 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. 

'L ' Commissions - 7 & NC - 2516 
(Nat'I Board. Statc. Province and No I 

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 o f  

this vessel conform to the ASME Code for Pressure Vessels, Section VIII, Division 1. 

Date Signed 
IManulacturerl 

by 
IRepresenlalivel 

"U" Certificate of Authorization No. expires , 19 

CERTIFICATE OF FIELD ASSEMBLY INSPECTION 

I, the undersigned, holding a valid commission issued by the National Board and Pressure Vessel Inspectors and the Slate or 

Province of and employed by 
of have compared the statements in this Manufacturers' Data 

Report with the described pressure vessel and state lhal parls referred to as data items , not included in the 

ceitificate 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 pressurevessel in accordance with ASME Code. Section VIII, ~ i v i s i o n ' l .  . 
The described vessel was inspected and subjected to a hydrostatic test of psi. 

By signing this certificate neither the lnspector nor his employer makes any warranty, expressed or implied, concerning the pressure 
vessel described in this Manufacturers' Data Report. Furthermore, neither the lnspector 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 

(Aulllur iLcd Ilbbpcctor I ' 
i --- . (Nill ' l  Bodrd. Slatu. Pruvirlce dlld NO.) 

Malerial 

:;A-.103,304L 
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Purpose 
(Inlel. Outlet. Drainl  

I n l e t s  
Out le t s  

Diam. 
or Size 

3" 
3 l1 

Numher 

2 
2 

Type 

Flq. 
II 

Nominal 
Thickness 

Sch-10 
I t  

X 
Material 

SA-105 
11 

HOW 
Attache0 

ed 
I1 
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\ 
OIVISION OF JOSLYN . 

MFG. AND SUPPLY CO. 
2400 TAYLOR ST. WEST FORT WAYNE, IND. 46804 

I 

r 
0 

1 
I N D U b T R I A L  S l . - K V I C E  C E N T E R S  I N C  

SOLD A C C O U N T I N G  D E P T  
. . TO 5000 E MOKl1M::NT S T  

M A R Y L A N D  

... I N C U S T R I A L  S t i i l V I C l ' i  C E N T E R S  I h C  - SHIP T H O K P S O N  & % H E A T S H E A F  STS.  
TO 

I 
P H I L A D E L P H I A  P E N N S Y L V A N I A  19137 

I 

F.O.B. FORT WAYNE, INDIANA 

REPRESENTATIVE MECHANICAL AND CHEMICAL.TEST REPORT 
. . 

r 

6 7 8 2 5  

JOSLYN 
' b F.W. NO. 

.- A S T M A  4 7 9 .  A S M E S A  $79 
0 

- .  

'. i 

I O D O ~ P  n n l l  

G 6 l ; r ; [ 7 7  
s A 

C i ' ( 2 5 1 7 7  

WE C E R T I F Y  T H A T  T H I S  Y A T E X I A L  H A S  BEEN P R O C E S S E D  AND T E S T E D  
I N  ACCORDANCE W I T H  T H E  R E F E R E N C E 0  S P E C I F l C A T I O N  AN0 I S  I h  
C O R F O K M A N C E  WITH A L L  REQUIREMENTS.  -- - - 
THIS MATERIAL MEETS THE SPECIFICATIONS CHECKED BELOW: 

ASTM-A 193-75 ASME SECTII. MACRO ETCH - OK 

ASTM-A 276-75 (7 ASME SECT Iu (7 EMBRITTLEh!ENT TEST - OK 

ASTM-A 182-75 ASME.SA 020.74 C] FREE OF CONTINUOUS CARBIDE NETWORK 

(7 AS1M.A 320-74 FREE OF MERCURY CONTAMINATION 

ASTM-A ASTM-A 479.75 582-75 @fFif \ f i /~~ LLOY 

BY: SOLUTION ANNCA1C.D AT 1950 " ~ r  
ASTM-A 3 14-75 u AS IC E .m 1 -u HOURS AND WATER QUENCHED 

a S  763C LIQUID PENETRANT TEST.OK 

(7 QQS 7648  MAGNETIC PARTICLE-OK . ,- /-I INTERGRANULAR TEST - OK 

I 1. 1 -  i, 8 NITRIC ACiD TESl - OK 

MILS 231958 '0 .EQ/SEV\ \ ! L- 
. . 1 .,., 1 BEND TEST - OK 

MlLS 7720 

MlLS 7720 (CHEM ONLY) 
& 

rrawrr " , MAX MAGNETIC PERMEABlLlrY 

MlLW 52263 

H t A l  

W R  

- 

IMPACTS GRAIN SIZE 

SW 300M 

rrn(n~ 

F'. 
WP NO 

: 

I HEREBY CERTIFY THAT THE REPORTED FIGURES ARE CORRECT. 
AS CONTAINED IN THE RECORDS OF THE CORPORATION 

r /  

SPECIFICATIONS: 

St21 

C L E R K  
R .  S T I N N E T T  

r/ CERTIFICATION CLERK 
-- -- NOTARY PUBLIC 

143 

W'R 00 CL 

ODDIIA(ICOUP 

CuFPL 

S H A R  IINISW 

- 
r r ~ o ' ~ ~ a  

IPI.I~YI t o ~ a ~ ~ z i o  ~ I H  

U A L T I N O  

185 OPD 

YAPMN4BLt 

INVOICI *I<> 

~7 C C i C  
4 ~ v O ~ C t  DAIE 

0 7 1 2 5 1 7 7  

OIHEP C 
I 
I 

I 

S 33705 04P 

ORDER NO. 
CUSTOMER'S 

LBS SHIP raPDtrrss 

MI 
I 
1 
I 

n S a  

I .  

I 

I P 

I 
I 

IINSILC S I P .  PSI 

( 5  
8 
I 

C. I 

I 

I 

YWJ SIP. 61 . HONC s e n  

N.  
I 
I 

I 

Mo 

I 

1 

Cu 

I 
I 

Co 

I 
I 

O ~ M E P  OlHIP 
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. . . -  . . . . . .  .* . . .  . . . . . . . . . . .  .... - . - ............ - - .. 
S E R I A ~  F A T .  IIEAI 

NUMBER NO r4uh$nER DUCl l l l IY  (701 Lb 
..................... -. 1,. --3-.. -1 2 

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

. . . . . .  . . . .  C H E M I C A L  A N A L Y S I S  . . . - .  - . . . . . . .  - ......... - . 
c Mn P . . . .  S C r M o  V ' Cb 

.............. . . . . . .  -. ... .- ...... -- . - N 

...... 
,, , ,\ i.1 i; (.;a :? 

A (j (?I . (:I fi @i , {.j 1:) 
4 2 ):{ 4 7 1:; ( A 13 (4. i) ::! (3 i.) I,:( 

........................... G . ' ,  . . . . . .  

I c e r l i f y  t h n l  Ihr! n l m v e  r e w ~ l l r  nrr! a l r u c  n n r l  c o l r e c l  c o p y  o f  r c r o r d r  p r e p n r e d  o n d  main .  

l n i n e d  by 8*1I1Icl!*m i n  r o n ~ l ~ l i , t n r r  w i l l1  the r ~ r l u i r r m c t t l t  o f  I h r  s p e c i l i c n l i o n  c i t e d  a b o v e .  - - 
144 

cniri k i t t ~ l l i ~ i ~ i j i -  

#I71 .... ........... REPORT OF TEST A N D  ANALYSIS i . -. . . . . . . . . . . . . . . .  
SIiIPt.\ENI NO.  AIL ~ l l l ~ r f . l >  c*6 .v.ElllcLi i6 -- 
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SOLD TO SHIP TO 
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b 9 131iidla,m~ $I; ; !~I~IO~$ Cti[.j i[iq Corrosiorr Resistant Piping Specjolt: 
a 

OFFICS AND WAREHOUOP: 1 1  COTTERS L A N E  
) ~ * I L ~ N G  Aooness:  P. O. BOX - . EAST BRUNSLVICK. N .  J, 0 0 8 1 G  . . NEVf  U I (UNSW1FK.  N. J .  00 

T W X  7 1 n . ~ s a . s 1 1 a  

CUS'I'O;flLf< American Heat Division 1 !;\.'i1I*: 3-16-78 - I 

P.O. I\JllI'iUEIt 8501 I~ ; ; . ,~ : I~ : I I  E.B. - 
.-- ! 

; I 
;'fi,j'l.'l:;l[.! ;\I , 1.; ia,i;'i1J il'.l ..:.'\'I1 l ' (  ): i I 

I 
I 

THIS I S  1'0 I . '  I i i '  ' I  1 :  i I .  !>:.I i b ~ ~  1:: ; I ;  ; PURCHASE ' I 
ORDER '>/AS iI/INII i?ACfLl.l ltl!;l) 'I.Y.! A t j  I1 i l ;  'Ill I li I ,  i j  ~ i i :  

I 

. . 

- ------- -- - - - - - - - - - - - -  -_--_- -- -- - 
. G R A D E  C . ; U X  l'f~itl . ~ f l ~ , r [ ' .  ;(I:\ X. , yj . ,ii/\;< :3i . 1 1  . I ,  I . ~ I ~ I ~ ~ < ~  . 260 . . . . , . .  ';; 0 
,304- ' .Os 2 . '39 I . 1 .  1 . . . . J ' . '1 . 13. I J - ~ ~ J .  3 
304L sf335 2 . QO !.I .~'L!~.~J . I .  1 )  $1.1 . I ,  , o~, I  3 .[)-I..:: . d I. ? . ( I - 29 .  :I , 

316 -03 2 . ( c,! :..'I . I.'~., J . ) .,!,)-$!) :I. . 111.) : I .~J . ij.-:I /la . o '1.6 . (1-14 . 9 2 . 0-3 . o . ' 

316L - 2 3 5  2 1 J:.) ,.l . *.I/~,:.J ... ) .,.),:{i) I. .(I:.') I . \  . l..)-'I . (1) '1.0 . (11-14 . 0 2 . 3-'j .a 
317 , .3.3 l? . ..y~:j  .\.j . ! / l , l . '~  4,;) . 1 1  .I. . 1 )(.I .I. 1 . 1.1-.I.!+ . r, 1- 3 , (1)-20 . 0 3 . 0-4 . 0 
33-71, .ilji 2 . .'!I"J , i . , i , l l ; )  . I . : )  l . , : )o .I .I . : . I - . I ! , , .  1 1 . ~ ~ , ~ : ) - 2 ! 3 . , 3  3'.0-4.0 
-. - - - - - -  

2 _ - . -  -. - .- - .- 
'1'Ei'IS. ,Ti I I.1 . I-'S I I I .  f i l i  I I l l .  i l l  ; I .  A ' OTHER 

304: '/ 5 ,\.I:-):.) h.1 , J..lO .:;I ) 5(j . - 
ljOl,.L . -  1 I l : i \ ,  

/ ' I .  , ;'!; 1 1 0  1 1 )  
' I '  

II 1 

316 
5 0 

'15 , t.!OO .$,I , * J ,  11,) ! I  ) ) . .  50 
3 1 6 ~  */! 1 , i.11 !' ;I ;.) 5 I.;II j $0 50 . 

317. 
. . 

' /5  , I . ) .  ii) .?I.) , 1.J 1: 1 .I(.) 50 
3 17L 

. . 

70 , c)!J!j 10 50 ;: 5 O~.-KI . . 
. . 



C S 1 4 B t . I S W E D  I R I S  , 
S T E E L  A N D  S ' T  E E L P R O D U C T S .  

E R I E  A V E N U E  A N D  D S T R E E T S  

PHIL+DELPHIA. PA.  19134 

SOLD TO P,: C;~;I ; : IZX I F ~ A T  ~i;31 J; q . : ~ i ~  CO!:.D. 
233 Ci i c l n t n ~ ~ t ,  Zt.:*~r:.!: 
P. 0.  ?OX 1.3 
T,;-\:c:i?, p t j .  y;:)J:F: 

Dace Jn:7u~r:,- I.?,, 

Customers Order No. l ,T?l ,?? 

Our Order No. ~ 5 3 3 7 ?  . - -33. 

M E C H 4 N I C A L  P R O P E R T I E S  
- -- 

Y I E L D  P O I N T  E L O N G A T I O N  
P.  5 .  1. 

T E N S I L E  I 1 REO~'-'~~O~ OF 1. S r R E N G T H  P .  S .  1 .  B R I N E L L  
. - - -- - - - - .- - 

I T E M  

(0 ' 3 1  1 / I I' . * , 

T j  

, .  , .: . 

DATE 

C H E M I C A L  COMPOSITION 

H E A T  NO.  C MN M 0 C U 

U'e herehg cert i fy  that the above data i s  n true copy of the 

data furnished us by the protlucinp mi l l  or the data result ing 

from tests i n  approved laboratories. 
.4 / 17 



Waterman Machine and Manufacturing Company - Forged steel pipe flanges 1 
1215 Germantown Ave., Philadelphia, Pa. 191 22 - 215-763.:0900 . 

CONFORMANCE 
METALLURGICAL MATERIAL CERTIFICATION 

Date of Report: A P R I L  11 , 1978 

customer Name: AMERICAN mAT 

Customer Order No. : 86 1 1 

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 ASTISA-105, dimensional specification ANSI 
B16.5, and marked in accordance with specification MSS SP-25. 

aS'1"Mc: A - I  DS 

C E R T .  12.16.77 

REDUCTION 

30% 
MIN . - 

- - . - - - - - - 

TENSILE 

70,000 
P.S.I. MIN. 

S 
MAX. 

-050 

P 
MAX. 

.040 

C 
MAX.  

. 3 5  

YIELD 

36,000 
P.S.I. MIN. 

- - 
S i 
MAX 

.35 

Mn 

.60-1.05 

ELONGATION 

.22 
MIN . 



CoLD S IDE 1 1 5 5 s  \ HOT S IDE 
OUTLET 2 INLET  

\ -17g- 

3L?l - 
WEIGHT, Appmr 1 4 5 0  Lbs 

*LENGTH OF CARRYING BARS - T 3 P  
BOrTOM 

*LEIUGTH OF COVER tli)CTS 
w n r c  

39 
m 

ALL  "LANOES SA- 105, 1 5 0 * a ~ ~  I 
ALL COVERS SA-519 - 7 0 -  THlCKNESSirEFCfiE 
CARRYING BARS - STN m 
COVER .BI)LTS - SA-  193 88 - - 

NUTS - TOBIN BRCNZF I - - . - -. -- 
C,ASKETS- a ( 6 2  Fidd f(2Bfo::adr) 

( F d a  $ Pai Gktr) 
BOLT HGLE5 70 STRAOOE SHOWN PEN:ER '.INES 
ALL 38N STL ?ARTS SAND BLASTEr) AND q l N T E 0  , 
WrTH G 5 NO 1272 METAL PRIUE7,RED IRJN OXiDE 

DTSltiNEO. CON_STPUCTFr) AND N B S T L M g O ~ . _ C C O ~ C E  
WITH A S M E C 0 6 E  SFCTION-C& J__ x77 

I NOZZLE SCPFQUl t I 
I1U N O Z Z L E S  S A - 4 0 3 , 3 0 4 L  SCH.10 I 

I I I I 
8 1 2 1 3 '  .150# ~ L _ J .  VANSTONE 
A 1 2 1 3:' 1150 i ' L.,J, VANSTONE 

.NO REOOISIZEIRATING~ACIG-~t IFMARKS 



f v . !  \i - 'The N u n - ~ e r s  Detertn~nc The Blmd Corners - Holes Punched As ~ ~ L ~ W U P  

I 

i PLATE MA7 L : - .  304 S.S. - 0.8 mm GASKET MA\ i N l T R l L  Type - - 32 
i-ti:QU,iiF.D tJO OF PLATES: - - . - -. 62" . . - . - .. . . - . . - I+.)?- SIDEl f1LL.D -:I -- NO .. .  31 
M4X NO OF PLATE!;, -- 74 -- . ---.A- 11 , P3RT ---- . . 'I 

A. ... . 64 
1 No --- 

i3<1i-P LEKGTH , -.- . - - .. 39l' - . - . . -- COLD SIDE, FIELD- _- -- No 31 
I1 ' 

---- .- 

CARaYlhKj U k  LNG. Upper: ..-. .-.- 41'' .. - .  .i 11 , POR I' i 
I I 

. . - --- -- 62  NO - . -  - 
I ( ' c ~ ~ R ~ ~ ~  BAR LNG., Lower. 38" --  7.if 'E 31 PORT I I 

I -. -- -- - --- --- -- - No 2 
! 
i 

ATE DESIGNATION 

1 

OVABLE COVER 

' ' 1 5 0  i I 



r 
c.E Y - T M  Numbers Dsttrrntnr The Bl~nd Cctnerr - Holes Punched As shown 



WlOsllEMP . 280 ' F  
DE5lW PRESS IS0 P S I  
TEST 'RE53 2 2 5 P ~ l .  
HWNS SURFACF 2 1 a s  so -& 
N H B S  OF PLATES (Type32 a 0.8 m; - 62 
PLATE MATERIAL 304 SS 

k L E W H  DT CARRYING BARS - TOP 41" 
BOTTOM 38" 

*LGMGB' OF COVER BOLTS 39" 

*=;LL S ~ I N G E S  SA-105, ~ ~ ~ * A N S I  
ALL COVERS Sk-519 - 70-THICKNESS REECPE h~&CHINIMG 
U$!RTlffi 8ARS - STN Sn 
CDWER B X T S  - SA- I93 BL) 

NUTS. - TOBIN BROW? 
lTRll (=held d28Fa.?BL)rl 

CASKETS- ( h a 6 8  hws)  
BC-LT HOLES TO STRADDW SHOWN CLN7EP INES 
A L L  CBN STL ?ARTS SAND BLASTEfl AND QlNTED 
WPlM O E NO 1272 METAL PRIME?, RED IR5N CtXiOE 

DESIGNED CONSTPUCTFO AND N & S T A M 0  :N AVDRRCE 
WITH a S M  E &E, SFCTION PIU - 1977 I 

I 
NOZZLE SCPFr)UI E 

ALL NUZZLES SA-403,304L SCH10 I 

&OLD SIDE -/ ,-llf .- '- KOif SIDE 
OUTLET 18 -- A IFLET 

WMARKS 

" DESlG:JEO fcff,= PLATES 

UNIT PROVIDEO  WIT^ SPL~IW PWTECTI)~ ! 
IXiMEPSIOa TOLERANCE - : 1'5" 

AMERICAN HEAT DIVISION ALFA-LAVAL 
SOMERVILLE , N.J. - 

-&rto~Wr COLM ENGINEERING 
I -10rdcrN0 9303--z 2 

I 
- 

-- TYPE 32 SA PL4TE HEAT EXCHAYGER 

UPRT a SUE ~ & & n  8y D.B I~hk'd ;_ , ~ p d d  Wm-24 
Raw mm SY D* 3-15-78 No 99-116 
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There Is A 

For Pressurizine 
Any Size Water System 

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

Complete eliminatior 
several outstanding 
TROL system . . . most efficient means of pres- greatly reduced. There is no need for-air 
surizing water systems. controls of any ,type. Additional significant 

It consists essentially of a prepressurized tank features are: 

with a sealed-in diaphragm that prevents con- 
tact of the water with air in the WELL-X-TROL. Cool, fresh water is always available, alid 
The diaphragm, which is permanently sealed separation of air and water prevents iron ' 

in, is a specially compounded material that oxide discoloration. 
imparts neither odor nor taste to the water- Available in 19 compact sizes, and most can 
Since it merely flexes (does not stretch) it will be simply installed by ong man. The WX-202 
last indefinitely. model, for example, weighs 40 tbs. yet is 
Another exclusive feature is the custom equivalent to a conventional 42-gal. storage 
molded polypropylene liner used in the WX- tank. 
100 Series, WX-200 Series and WX-250 Sries. The same amount of water is obtained be- 
Water in the WELL-X-TROL contacts only the tween pumping cycles as in a conventional 
sealed-in liner and diaphragm which form a tank 2% times larger. 
completely corrosion-proof water reservoir. 

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

.$*... The polypropylene liner has 
been tested and accepted by - _ Can be used with all types of pumps - shal- i(NSfj .kLG,.- the National anitation ~ o u n d r m  low well, jet, piston, submersible, centri- 

1.11. 0 tion. :Sf ---. !.-: fugal or turbine. 
~ 

THE BAASE COMPANY 
6 WOODI-.~\NN AVENUE 
W\LLO;'J GROVE, Pk 19090 

U.S. Pat. No. 3,524,475 



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

How It Operates 

An initial air eharge 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 
principle. 

A. When the 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- 
sure rn owcoccr ot 20 PC[, cool 
t re~h  watw enters the W t  LL 
X-TRDL. 

B. As the water enters the 
WELL-X-TROL the diaphragm 
beglns to invert and the air 
pressure in the tank in- 
creases. When the pressure 
reaches 40 PSI the pump 
5tup4. TI te waler I essur u ill 
the W E L L - X - T R ~  is then 
also 40 PSI. 

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 
sldr 1s replacing the water 
drawn from the tank. 

DIMENSIONS AND WEIGHTS 
Dimensions (in.) 

Dim. "A" (ins.) 

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 Spec~f~ed 2 -1 /2  NPTF 930 

WX.304 2 82-1/2 By 2-1/2"NPTF 1065 

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

I I 

TYPE 2 

---- 

1" NPTF REMOTE AIR 
TANK CONN. 

I 

CHARGING I 

TYPE 1 
PRESSURE 

1%'' NPTF - SWITCH 
COkNECT ION 

SYSTEM CONN. 



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 Y4" pipe 
nipples. 

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 ttie 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. 

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. 

TO 
SYSTEM 

n TO SYSTEM 

' MODELS WX-101 
I WX-102 

Single WELL-X-TROL lnstallatiin 

f -7 ,r l I--'> 

W X - % ~  ) MODELS WX-250 
wX-202-INI I WX-251 

CH 
Typical Multiple WELL-X-TROL Installations I WX-203 I I WX-252 ( PRESSURE SWITI 

Multide WELL-X-TROL 

PRESSURE "'""*I SWITCH 

Singk WELL-XbTROL Installation 
A separate air tank can be used with the spherical shaped 
Model WX-301, if desired, and can be placed in any con- 
venient location. 

167 

MODELS WX-301 
WX-302 
wx-303 
WX-304 
WX-30s 
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v SIZES AND CAPACITIES 
Although all WELL-X-TROL models are precharged, Examples: . 
this initial air charge may be changed If the pump begins to operate at 25 PSI stops means of the standard air charging valve. The operating at 45 PSI, your WELL-X-TROL must be charge of 20 PSI (Model Nos. WX-101 and 102) is precharged to 25 PSI. correct for use with a pump cut-in setting of 20 PSI 
on the pressure switch:  he charge of 30 ( ~ o d *  If the pump begins to operate at  50 and stops ,Nos. WX-103 through WX-252) is correct for a cut-in operating at your WELL-X-TROL must be setting of 30 PSI. charged to 50 PSI. 
Generally, for most efficient operation the cut-out 
pressure should be no more than 25 PSI above the 
cut-in pressure. 

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. 

TABLF "A" - ORAWRQWN FACTORS 

TABLE "B" - WELL-X-TROL VOLUME/DRAWDOWN I M;~I I ~ o ~ u m e  I DRAWDOWN (GALS.) 
(Gals.) Maximum 1 20-40 PSI 1 30-50 PSI 1 40-60 PSI 

I I Range I Range I Range 1 
Model Volume DRAWDOWN (GALS.) 

No. (Gals.) Maximum 

h d  36.0 1 11.5 1 11.5 1 9.4 1 7.9 

I Range I Range I 

P.G. PRINTED IN U.S.A. 



SUBMITTAL DATA , . 

W OHANSEN 

WLO TO 
GARDEN STATE R A C I N G  ASSOCe 
PeOe  BQX 406 
CHERRY H IL1 . r  N+J. 08002 

CHFRRY H I L L  INN R T  38 
HADDONFIELD RD 
CHERRY HILL. NeJo 08002 

I 

t @MI( CACKAQEl - CROJICT NAME 



FILE: 
TRANE HEAT1 #O ~ R ~ W C T S  

UN-I T . HEATERS 
Steam - Hot Water 
Submittal MARCH, 1976 I 

> $v;:3';<-;;:#,;:, ;y:$ 
hb! p,.7&%j&~&, !&.$;>J 

a THE TRANE COMPANY - U CROSSE, WlSCONllN 81601 COMMERCIAL AIR CONDITIONING DIVISION 

MODEL S 
PROPELLER TYPE 

HORIZONTAL 

MODEL 18-S THRU 354-S 

MECHANICAL SPECIFICATIONS 

CASING - Two piece w i t  "p icture framet1 f ron t  
formed in to  wrap-aroun 1 sides, top and bottom. 
Horizontal louvers with louver keepers standard. 
Eighteen gauge back panel with deep-draw fan 
o r i f i c e  f o r  rigidity. Cast brass co i l  supply 
and re turn pipe tap connectors bolted t o  back 
panel. Casing phosphatized t o  prevent corro- 
sion and painted with green baked enamel. 

FAN - Trane designed and b u i l t  Model "Aw fan wi th  
aluminum blades, dynamically balanced i n  factory. 
For standard o r  sparkproof applications. 

COILS - Hot water - steam co i l s  are single 
tube single serpentine on a l l  sizes except 
230 thru 354 which have two c i rcu i t s .  Sigma 
F lo  aluminum f i n s  bonded to .031" seamless 
copper tubing. A l l  co i l s  one-row deep i n  a i r  
f low direct ion. Coils tested a t  300 psig a i r  
pressure under water. Optional, heavy .049 
red brass tubing su i tab le  fo r  200 psig steam 
or  390 F water a t  200 psig. Cupro-nickel 
tubing (.0311') sui table 

fo r  450 F water a t  400 psig. Steel tubing (.049") 
suitable f o r  450 F water a t  600 psig. Optional 
c o l l s  with turbulators avai lable f o r  high perfor- 
mance on hot water. Odd model number un i t s  (19, 
77, 273 etc.) have nodif ied coi  I s  which provide 
a l r  bypass. 

MOTORS - Tota l ly  enclosed 115/60/1 Class "8" ip- 
sulated, Brld88d pole and permanent s p l i t  capacitor 
motors are standard. Sleeve bearing motors 
(which can be o i  led) fo r  1/25 thru 1/8 H.P. Bal l 
bearing motors (permanently lubricated) fo r  1/6 
th ru  l/Z H.P. Single phase motors with bu l l+  i n  
over load protect ion. Standard 1 15/60/1 motors 
fo r  un i t  sizes 18s thru 100s can be operated a t  
lnul t ip le speeds with the addit ion o f  so l id  s ta te  
control. Explosion proof and 3-phase motors 
avai lable f o r  a l  l un i t  sizes. 

LOUVER FIN DIFFUSER (OPTIONAI.) - Used with stand- 
ard louvers fo r  latera l d i f f us ion. Prov l des four 
d i rect ion control. Ships separately and c l i p s  
opto horizontal louvers, 



' IKI-' 
I4 LLPIPE TAP STEAM RETURN 

OR H O T  WATER SUPPLY 

f on all standard 

+c-----I CI*~ 
MOTOR MOUNT TYPE-I 

L c 4  LI*~ 
MOTOR MOUNT TYPE-2 

TABLE 2- ClplG&iW, wh C8pleiQ, Hi* 0 6  
kt T ~ m p r r b m  Hot WIW U n b  
Cmmlitiwr: ZOBn mlmin wlita", 00" m t u i ~  air, 
M" mur-n Lp. 

TABLE 3- Stun and Hot W8tu Capaeitiw. Standard Unitr 
emathns: 2 Us. Mwr, W" rcltring air, CFY far amdud air mt 
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I 

SALES ORDER NO. 

ARCHITECT 11 APPROVAL STAMP 

PROJECT AND 
LOCATION 1 I 
ORDER DATE I CUSTOMER ORDER NO. I CUSTOMER ACCOUNT NO. I I 

IINCLUOC ZIP CODC1 I 
MOTOR 

CFM - -- RSTEAM - ENT. WATER * LN T,kI& 
I T E M  OUAN. lAG 

NO. S I Z E  HP RPM C U R R E N T  " M BH F I N A L  A I R  TEMP. OPM --- REMARK. 

TABLE 4-Stum and Hot Wrtrr Caparitir, Low Outllt T a m p ~ n t r n  
IBv-Pam1 Unitr. 
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Pages 163 thru 17 1 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. 

163 thru 171 



APPLICATION 1 -& -?!:;~\"?,< MODEL PAGE 
- . d 

DIFFERENTIAL PUMPlFr I CONTRui '  
(SPACE HEATING) 

PROPORTIONAL PUMP CONTROL d '  iwrIF RS500-1 Series 2 . ..- 
(DOMESTIC WATER HEATING~ " ' I  --';- 

PROPORTIONAL CONTROL w/DUAL OUTPUTS RS500-2 Series 3 
(DOMESTIC WATER HEATING) 

INTEGRATED SOLARICONVENTJONAL ' RS360 4 

HEATING SYSTEM CONTROL 

AUTOMATIC VALVE CONTROL 
(POOL AND SPA HEATING) 

DlFFERNTlAL PUMP CONTROL 
(POOL AND SPA HEATING) 



. 
DIFFERENTIAL FAN/PUMP CONTROL RS 104 

FOR SPACE HEATING SYSTEM 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 circulaki~~y f d ~ i  

or pump. This dead-band eliminates the 
need for time-delays. 

SPECIFICATIONS RS106: 
Input: 120 VAC 
Standard Output: 

SPDT Relay rated at 10 ams. 
113 hp at 120 VAC 
112 hp at 240 VAC 

Relay contacts make when A T  on = 
TtcolloctorJ - T tstorag.) >20° f 3 O F  

Rd8y contacts break when T off = 
T(coll.ctor) - T (storage) < 3 O  +l°F 

Housed in standard NEMA box to assure 
compatibilitv 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 
draimdown 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 
relpy B i s  set to activate at a preset 
temperature (customer-supplied) in the 
order of 1WF.  The version of the 
control is  identified as the HS-104SK. 

Relay 6 contacts made when: 
Ton = T(collector) = 37O +- 1°F 

Ralay B contacts break when: 
Toff = T(collector) = 41° +l°F 



RHO SIGMA 
DIFFERENTIAL THERMOSTAT INSTALLATION DRAWING 

RS 500-1 SINGLE OUTPUT (Rev. A) 

RS 500 
PUMP CONTROL SWITCH 
AUTO -Thennostat 

Contrds Pump 

, 

P 
w 
a 

FLAT PLATE COLLECTOR SENSOR WIRltffi CLASS 2 
COLLECTOR SENSOR 12 VDC%AMP - - - 

OFF --Manual Contrds 
Pump Off 

PUMP MOTORS (YELLOHT OUTPUT) 

580P SHADED POLE 

PROPURTIONAL 1ntIHP OR)ERMMIE#T 
CATACKOR 

7 

5 0 s  
OIY I OFF InaHP MY 

2 i 

F? 
K 

NOTICE: 
ALL ELECTRICAL POWER TO THE SYSTEM MUST BE 

PLUMBING REMOVED BEFORE ANY HIGH VOLTAGE VWlRlNG 
LINES CONNECTIONS ARE MADE. THE AUTO/OFF/ON SWITCH 

*- 
T FITTING WITH 
K" THIRD PORT 

d 

120 VAC 
3.5 Amps 

DISCONNECTS THE LOAD FROM 115VAC POWER ONLY. 

; 
// I 

STORAGE 

PUMP TANK 
STORAGE SENSOR4 

--I= u 
T F l l T N G  WITH 

f 

H" THIRD PORT. 

INLET CITY WATER 
Grd. 

P L W  WIRING 120 VAC 3 AMPS L I I 

I 
ILI 

3 
PLUMBING a a m  

L NES 

TO 
> HOT WATER 

HEATER 

LIGHT INDlCATOR 
I 

WARNING: 
ALL FIELD WIRING 
MUST BE RATED 

AT 90°C MIN. 

W 

s e d s  
ST ORAGE COLLECTOR 

OFF 

PUMP 

OFF 

PROPORTIOUAL 
S E E D  

811 

LIGHT 

OFF 

PULSiNG 
OM 

OH . 



TEMPERATURE vs. RESlSTANCE RHO 81GMA 
SPECIFICATIONS SENSORS 

REsmT.. \ *  
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RS 500 
SINGLE PROPORTIONAL PUMP CONTROL 

OUTPUT FOR DOMESTIC WATER HEATING PE 
- 

The domestic water heating application of the Standard features: 
RS.500 provrdes proportional pump motor a! pulsrng rpdicator light ' ind~cates pump 
speed control based on the temperature! . '- speed.' 
difference between the solar collectors ,and, blswitch meets local electrical code require- 
the storage tank. Thts proportional pump ments for pump power discontiact switch 
control increases solar energy collection when control i s  located within k feel of 
efficiencv bv 6.8% durincl winter. cloudv davs n, ,-.-. 
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-solrd- 
state circuitry is switched on and off at zero 
crossover, thus eliminatrng 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 t o  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  bvercome the htgh 
initial static head. 

,aU"',a. 

c)eltmtnates the need tor balance valves and 
circuit setters. 

SPECIFICATIONS RS509-7 SERIES:; 
Input: 110 VAC. 50-60 Hz 
Output: 11OVAC. 1112 hp 
Optional configurations available for 220 VAC, 
5060 Hz. 

RS500-1P 
Minimum Flow: AT = 3 O  +I bF 

- - - 

RS500-1PH 
Same proportional flow c 
of RS500-1P with additional high temperature 
detection circuit t o  shut-off pump when 
storage tank approaches excessive tempera- 
tures. Standard shut-off temperature is 140DF. 
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 ir located. 

Same characteristics as RS500 1PH 
with oddition ot anti f r w o  sir- 
cuit to iurn pump full on, when 
collector approaches freedng. 
Anti-freeze circuit overrides all 
other control commands and 
turns pump full on at 37OF until 
collector temperature reaches 44OF. 
All Rho Sigma controls operate 
high temperature cut-off and low 
temperature start functions from 
the primary collector and storag 
sensor. Thus no extra sensors are 
required, greatly reducing instal- 
lation time and cost. 
The following are some. of the 
permanent capacitor and shaded- 
po le pumps which have been 
tested and found to perform well 
with the RS500: Taco 067, All 
Grundfas models, March 821BR 
and 809, Teel 1P761 and 1P760, 
Sunstrand LA4302. 



This application of 
proportional pump 
that orovided bv 

p E 
the RSSOO provides RS500-1PHL-2L can break power to the 
control identical to drain valves on approach of low 

the RS500-1 series. tem~erature conditions. When the -. r -  - 
control removes Dower from B and C. 

IOUTPUTS. 

* 

Additional control capability to operate they close, preva;?ting city water from . 
solenoid valves to drain the collector . reaching the collector. Simultaneously, 
array is  provided by the second output. valve A opens and drains the system. 
With normally closed valves a t  points This draindown action also takes place 
B and C and a normally open valve a t  in the case of primary power failure to 
point A, the second output of the the sytem, e.g., ice storm. 

PROPORTIONAL CONTROL w/DUAL OUTPUTS 
DOMESTIC WATER HEATING 

RSMH) 
.DUAL 



RS 360 INTEGRATED SOLARICONVENTIONAL 
HEATING SYSTEM CONTROL .. W 

i 

The application of the ,RSW 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 functiops: 

1) Purnn J ~~ctivatrtrl ~ h + - r *  solar CQ~IOC~ 
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- 
rrlosrat calls tor 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 Civing 
space. 

Pumps J and K q a  syvite;hsd nn $1, ?@F 
differentials and are spvitched off on . 
a°F differentials. The call for, heat from . 
the room thermostat is switched to the 
-storage tank when i t s  temperature is 
above lDO°F. The call for heat is switched 
to the furnace when the ~nlirr storage 
tank drops below 106°F. 

All contacts in the RS360 are SPDT and 
are rated at 1Q amps. 



AUTOMATIC VALVE CBNTROL P 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 tho solar heater when thn pnol water 
reaches a temperature threshold which 
is customer-adjustable over the range of 
550-1 15F. The control i s  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 the selection and location of 
sensors more important in pool appli- 
cations than in domestic water applica- 

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: 1 10 VAC or 220 VAC 

(Specify as required) 
Output to valves: 24 VAC, 30VA. SPDT 

Range of Customer-adjustable thermo- 
static control: 55F-115°F 
Cor~lrol pdnb: A Ton - 7.F; 

A Toff =  OF 



DIFFERENTIAL PUMP CONTROL RS 
FOR POOL AND SPA SOLAR HEATING PE 

> 

The RS280 provides control capability 
for direct switching of pumps in solar 
systems used in heating large pools. Use 
of eu~ i l ia~ y purrlps rather than v a l v ~ c  
to circulate water through the solar 
panels is  recommended in systerns 
having filter lines of 2%" diameter. In 
such systems, the cost of booster pumps 
is generally less than the cost of valves. 
I he HS2SO activates the solar circulating 
pump when the solar sensor IS 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. 

Input: 110 VAC or 220 VAC 
(Spccify as ~ e q u i ~  ed) 

Output: 2PDT relay rated a t  15 amps. 

Sensor voltage: less than 5.6 Vdc 

Range of customer-adjustable thermo- 
static control: 559F - 1 15F . 

Control points: A T on = 7.F; 
A f off = 3 o F  



SENSORS 

Selection and installation of sensors are two 
of the most important factors affecting the 
operation of the solar svstam. Sensors must 
be located with adequate consideration to 
assure accurate sensing of the key portions of 
the sotpr system. They must be properly 
insulpfed (exceptin 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 approachins 
4200F. Two and only two sensors are required 
with each differential thermostat. 

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

The ST Senor 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 sacure the rugged sensor to the 
surface of a plpe. Or it may be slipped inside 
the insulation of the storage tank, 

The SF sensor is a 1 "xl"x2". sandblasted 
and black-anodized aluminum sensor signed 
for use with unglazed solar collecton 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 i t  - - - - . - -. 
will sense the- temperatre and availability of 
solar energy at the collector. Omigned The sP sensor is epoxied into a rugged brass 

for all use with the US260 and housing with standard %" pips threads for 
RS280. easy installation into standard ptumbing 

fixtures. . . - - - . - - - 
The SPT-XX Sawor has a probe at the end of 
is %" pipe threads. The temperatureliensing The SPR may be the end 
element is at the tip of the all b r m  wnsor. of a pipa which may be inserted into the top 
tt is designed primarily for insertion into Of a deep tank. Wirer run inside of the pipe to 
wnks to obtain the most accurate mwure- the control* Provideo accurate sensing of 
ment of the fluid or air temparature inside. femparature at the bottom of deep tanks. 
Standard probe lengths are 1%". a", 4 % .  Sensors having a temperature range extending 
6". 12", and 24". 4 m  are available. 

Rho Sigma Inc. 
11922 Valerio Street 
North Hollywood, Ca. Q 1606 

TO: 



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. 

T675A High Limit Controller makes a 
circuit on a rise in temperature. 

T675B Low Limit Controller makes a 
circuit on a decrease in temperature. 

T678A Low Limit Controller makes two 
independent circuits in sequence on a de- 
crease in temperature. 

Fast response models with adjustable dif- 
ferential available. 

0 Ambient temperature compensated. 

0 Setting knob on front. 

Sensing element may be mounted up to  
20 feet from controller case. 

E.S. .. FORM 60-2200 -1 
REV. 11-76 RESIDENTIAL DIV. 

--5 - :- I,. [#I ; b-2 

.. --, -, 
i i  5 j 





, DQd.ENBICW8: Bee Fig. 1. 

' LISTING BODIES: Meted by Underwriters' Lahora- 
kwi*, Inc. 

&casmS1 .  
' -X,: t& wable immersioq? wells; sbsrt neclted, 1/2 

E i & h d 9  copper-order 1 l 2 P 2 I U  For additional in 
'~mat icmo~mmers ion  wells see BaneyweU Traaeline 
Wdog.  ' 

2* Pressure fitting rated at 50 psi water or 15 psi 
,a-order 7617ABY. For @ditional information on 

,&sssu~e XiWng~s Bee HoDey,well Tradeline Catalog. 

5. Bag alesemhljF !l617ABZ w#b bracket for mount- 
iG the controuer to fan coil units. 

6. ~ d i 6 ~ a t i o n  wrencb 801594. 

d .  

' 
The conbller  may be installed in any convenient 

position. Be sure to consider the bngth of the cap- 
illary before mounting controller. 

Install the sensing element where it is exposed to 
Wlie average temperature of the controlled medium. 
T675A, faet 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 

immersion Or pressure fitUngs* (See FIG. *IMMERSION WELL ASSEMBLY FOR MOUNTING SENS Mge. %-4.) Sharp bends or kinks in the capillary ING BULB. 
tubing affect the efficiency of the controller and must 
be avoided. Excess capiUarg ehould be carefully 
a i led  and left directly beneath the controller. 
NOTE: When pressure fittings &re used in areas of 

vibration such as pipe liqes, the bulb must be ade- 
quately suppoljed. 

r 
> 

BOILER PLUG 

' 1 

SLOTTED WASHERS 

FIG. CCOMPRESSION FITTING FOR PRESSURE T i a m  
910.2-BULB HOLDER FOR MWNl'lNO SENSING ELEMENT. MOUNTING OF QENSINQ ELEMENT. 



All wiring must comply with local electrical codes 
and ordinances. I 

Two knockouts for l/2 inch conduit are provided, ON TEMPERATURE RISE, SWITCH ON RIGHT PROVIDES FIRST STEP - 
SWITCHING; SWITCH ON LEFT PROVIDES SECOND STEP SWITCHING. 

One nr bp One at bOttdm E'O1bw the L O .  6-T678A W T C H W  ACTION. TWSA IS SIMILAR .Y! wiring instructions furnished with the heatingor cool- 
ing system. Fig. 5 shows the switching action. HAS ONLY ONE SPDT SWtTCH. T87BB HAS ONE 8?8T 

SWITCH. 

T675A 
Ae the temperature cd the controlled medium falls 

below the set point, leee differential, the T875A 
switcher to make terminale R to B and energbe a 
normally closed eolenoid valve to provide heat. In 
_aoolbg applications, tbe T87SA makes term- R to 
W as the temperature rieeu above the set point and 
energ&ee cooling equipment. Fig, 7 shows the 
operaon of the T676A. 

I I 

1*1s 

FJa &INTERNAL VIEW OF T178A SHOWING THE WITCH 
UIFPERENTIAL -EN7 WHICkL (APPLICAULI 
YIQDEL8)- 

FIO, 7-DIFFERENTIAL AhlWtMENT RANOE OF T676A. 

FROhZE-UP PROTECTION 
When using the T67BA (auto-re@ycUag) goy frseee- 

up protection, therecommnded i@ 88 F plum 
the switch differe~tial. 
example: SET POENT 3% F, phre 1 F (fixed .dif!eren- 

Hal model) equals an actual set pin$ ad 3g F. 
example: SET POINT 38 F, plus 3 F (adjuetable dif- 

ferential, rndel)  equal^ an actual net point 
of 41 F. 

This ensures adequate safety f a e r  lor freeae-up 
protection. 
NOTE: The W7bB ie a I)aaaalal reed devlce and ir 

opecifie;ally designed for freeee-up probdio& 

Used a8 a low limit controller, the T875B intempt# 
the operation of equipment if the temperature af the 
controlled medium falls below a predetermined Itmit. 
The device io reset manually after r rise in temp- 
ture of approximately 10 F. The operation of 'f61BB 
is sbwn graphically in Fig, 8. 

MANUALLY RESET 
TOMAKECONTACTS -- ---- -- ---- ------ r 
I 

CONTACTSBRLAK 

NOTE: 
THETCMPERATURSOF TUECOI(TROLLEO 
MEDIUM MUST RIFT UPWACDS T Ot&M 
RESET DIFFEIPLNTIAL ~ B ~ O R C  
CAN 8 5  MANUALLY RElbf. 



T678A The T618A Temperature Controller mag be arflusted 

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 contirue 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 
lkft provides first step switching. If the temperature 
continues to fall, the switchon the right completes its 
R-B circuit to provide aequencing 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 FYg. 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 
RsLCiIsfar.tnry aperation i~ achieved. 

LEFT SWITCH 

T678 BETWEEN SWITCH 
DIFFERENTIAL ADJUSTMENT 141s 

_ r -  

FIG. 9-INTERNAL VIEW OF T678A SHOWING THE BETWEEN 
SWITCH DIFFERENTIAL ADJUSTMENT. FIG. 10-DIFFERENTIAL ADJUSTMENT RANGE OF T678A. 

to give an inters& differential of three t6 ten degrees 
above the set point. The set point adjustmeat dial 
determines the temperature at wNch the rlght &itch 
operates. The operation of the left switch is adjust- 
able from three to ten degrees above that pow of 
operation. An illustration depictbg the operation of 
the T678A is shown in Fig. '20. 

R-W MAKES 

LEFT SWITCH SWITCH DIFF. 

R-W BREAKS 

A INTERSTAGE 
DlrrCREWTIAL 

3-10 r 

SET POINT R-W MAKES 
ADJUSTMENT R-B BREAKS t 

SWITCtI DIFF. 

RAW BREAKS 

NOTE. 
SWI~CHES HAVE NOMINAL DIFFERENTIAL OF 3 F. 
R-W CONTACTS OF RIGHT SWITCH MAKE AT SET 
POINT ON A TEMPERATURE RISE. 

SWITCH AND THE R-W MAKE OF THE LEFT SWITCH. 
late 

All cs&tmllera are cafsfulb tested aind calibrated 
pt the &tom under controlled conditions. If the con- 
Wcdler is not operating at a temperature correspond- 
lag to the scale setting and differential setting, check 
b B w  that We blb sinses the average temperature of 
Sbegedium controlled. I the temperatwe of the con- 
trolled rn0&um i s  dngw rapidly the differential will 
@mar wider than its setting. 

For caMw&on, an arccurate temperature reading 
@ tbe eontrolled medium mustbe taken. Place an ac- 
purate thermometer naar the bulb of the controller, 
or refer to a themorn&er that that been installed a@ 
part ob the spaitem. IP the bulb 03 the controller is in- 
&ah3 in =. inaccessible area, or i f  the controlled 
inedium ie umtabb, it shogLa be removed and placed 
3n a aonb6Ued bath for slcaurate calibeaioa. 

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 
f7 from the top of the scale, simulating a temper - 
a h r e  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 
betareen the set point and the point at which the soa- 
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 into the 
slots of the calibration nut under the dial. Note the 
dial indication at this point. a m  the dial and the 
calibration nut up or d o w ~  scale the aunber of degrees 
that the set point differ6 from the p in t  at which the 
contacts make (determined in &ep 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 watehtng the contacts 
make and break. If dial is still out of caUbration, 
repeat calibration procedure. 



There controlleta are calibrated so that the dial 
settiag is the pqint at which the twitch contact8 break 
on a temperature fall. Measure tba temperature at 
the bulb. Rotate tha dial clockwlm fT4C from the 
b d b m  ob 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 f876A. 

Them controller8 are calibrated so that the non- 
adjustable (right hand) switch makes on a temperature 

rise and the adjustable (left band) switch make6 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. Adjuet the differential if necessary. 
Changing the differential may change the calibration, 

Measure the temperature at the bulb. Rotate tbd, 
dial counterclockwise n from the tap of the scale 
to simulate a temperature rise until the contacts d 
tbe left hand ewitch make. Note the reading. 

If it diff era from the set point, follow the procedure 
outlined for the T875A. 

, ~ ~ ~ 0 ~ ~ c i f t 4 e ~ ~ ~ ~ ~ ~ ~  dtheplrorUquidbeingcoatroUed. Makegurethat 
tawerw the eet po% m h  $& *kk@e+ *e cba$rolled equipment operatea as inbnded. 
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I 
TRADELINE MODELS 

Tradeline models a r e  selected and packaged to provide ease of stocking, ease of handling, and maximum 
replacement value. Tradeline model specifications a r e  the same as those of standard models except as 
noted below: 
TRADELINE MODELS AVAILABLE: R4214G, P ,  e r  mounting plate and screws, four double 

R4220B, R8212G, R8214G,P, R8220BContactors. quick connects for  contact terminals, and two 
R8214G,P a re  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: Magnetically operated, definite purpose TABLE 11-MODEL SUFFM LETTERS~ 

contactor series.  Refer to Tables I-IV. (25, 30, and 40 Amp Contactors) 

Table I Model Numbers 
Table I1 Model Suffix Letters 
Table III Contact Ratings 
Table IV and V Contactor Coil Ratings 

TABLE I-MODEL NUMBERS "For low voltage or low power (pilot duty) switching, 
use auxiliary poles only. 

 MODEL^ b30 and 40 amp K models have resistive rnting only. 
MATN WITHOUT WITH 25 amp K model has inductive and resistive ratings 

RATING 1 VOLT I VOLTAGE I VOLT 1 VOLTAGE 

POLE 
INDUCTIVE 

%etermine appropriate suffix letter from Tables I1 
and III when ordering. 

ENCLOSURE I ENCLOSURE 
24 1 LINE 1 24 1 LINE 

on all boles. 

'Ftesistive rating only on 25, 30, and 40 amp models. 

NOTE: Main polesplus normally open auxiliary poles 
cannot total more than 4. 

d50 amp contactor suffix letters 
Suffix A-2 main poles, no fan, and no auxiliary 

poles. 
Suffix B-3 main poles, no fan, and no auxiliary 

poles. 
(continued on cam 31 

ORDERING I[NFORMATIION 
I WHEN ORDERING REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR COMPLETE ORDERING SPECIFICATION 

NUMBER, OR. . . I 
I PPFEIEV, ORDER FROM- I ". b".. . 

1. MODEL NUMBER, INCLUDING SUFFIX LETTER. 
SPECIFY TRADELINE MODEL, IF DESIRED. 

2. TYPE OF COIL TERMINALS (INCLUDE VOLTAGE 
RATING). SPECIFY TRADELINE R8214G.P 
WITHOUT COIL, IF DESIRED. 

- . . - - . . . . . - . . . 
1. YOUR USUAL SOURCE, OR. 
2. HONEYWELL 

1885 DOUGLAS DRIVE NORTH 
MINNEAPOLIS, MINNESOTA 65422 
(IN CANADA-HONEYWELL CONTROLS LIMITED -. . -- - - 

TYPE OF CONTACT TERMINALS. IW t L L t S M t M t  HUAU 

TYPE OF ACCESSORY TERMINALS, IF  OTHER THAN SCARBOROUGH, ONTARIO) 
STANDARD. INTERNATIONAL SALES AND SERVICE OFFICES 
NORMALLY OPEN AUXILIARY OR NORMALLY I N  ALL PRINCIPAL CITIES OF THE WORLD. 
CLOSED AUXILIARY AND ACCESSORY TERMINALS, 
IF  DESIRED. 

6. NAMEPLATE CONFIGURATION IF  OTHER THAN 
STANDARD. REFER TO FIGS. 3 AND 6. I 

7. INFORMATION ON HORIZONTAL MOUNTING. IF 
DESIRED. 

8. ACCESSORIES, I F  DESIRED. 



TERMINALS: 

Coil: 
Choice of 1/4 inch single o r  double quick connect 
o r  number 8 binding head screws.  

Contact Poles: 
For  40-50 amp-Pressure lug connector i s  stand- 
a rd ;  40 amp-for one number 4 wire o r  smal le r ;  
50 amp-for one number 2 o r  smal le r  aluminum 

and copper wire. For 25-30 amps-screw te r -  
minals with number 10 binding head s c r ew  (for 
number 8 wire o r  smal le r )  i s  standard. Pres-  
s u r e  connector i s  optional. 

Accessory (on poles): 
1/4 inch double quick connect i s  standard on poles 
1 and 3 and i s  available on a l l  poles. Number 6 
binding head screw terminal  i s  optional on any 
pole. 

TABLE IV-25, 30, AND 40 AMP CONTACTOR RATINGS: Coils a r e  rated for 50/60 Hz, reference data i s  for 
60 Hz. 

TABLE In-CONTACT RATINGS 

TARTJE V-50 AMP CONTACTOR COIL RATINGS: 

480 1 Grey 119. 2 1 0.040 1 6. 5 1 176 1 310*20 1 235 l 0 . 0 0 0 7 5  @ 0. 53 pf 10.000083 (a 0.34 pf 
500/600 1 Brown 122. 2 1 0.037 1 7. 1 1 177 1 380*30 1 275 j 0.000495 @1 0. 55 pf )0.000062 @1 0.32 pf 

- 

a ~ d m i t t a n c e  i s  the reciprocal  of coil impedance. T o  find the coil current  draw at  any voltage, multiply the 
admittance by the voltage; for instance a t  18v with the a rmature  open, I = (18) (0. 178) = 3.2 amps. 

b ~ i c k u p  va: R8210 - 32. 5 va, R8214 - 35 va,  R8220 - 66 va. 

240 resist ive r a l i~ ig  a l so  apply at  277v. 

b25 and 30 amp model ratings a r e  per  pole. Two pole, 40 amp models have a per  pole rating if used with loads 
of 240v o r  less  and locked rotor  rating of 180 amp or  less. All other 40 amp models have 30 3P or  10 2P ratings. 

25 Amp 

30 Amp 

40 A n ~ p  

50 Amp 

a 

240 
480 
600 
240 
480 
600 
240 
480 
600 
277 
480 
600 

RATING 

MAIN POLES 
(NORMALLY OPEN ONLY) 

IN AMPERES 

FAN POLES 
(NORMALLY OPEN ONLY) 

A U ~ ~ L I A R Y  POLES 

(~~~~~~~ FEEE($ 
REmSTIVE 

RATING 
(PER 'OLE) 

36d"' . 

3 5 
35 
40a 
40 
40 
50a 
GO 
50 
60 
60 
60 

RATING 
(PER POLE) 

fi 
10 
10 
15 
10 
10 
15 
10 
10 - 
- 
- 

MOTOR RATING 
(PER POLE) , 

MOTOR  RATING^ 
38 3~ OR l,a 2 ~ .  

RESISTIVE 
RATING 

(PER POLE) 

10 
5 
5 

10 
5 
5- 

10 
5 
5 
- 
- 
- 

FULL 
LOA,D-. 

15 
10 
10 
15 
10 
10 
15 
10 
10 
- 
- 
- 

FULL 
r,nAn 

25 
2 5 
25 
30 
30 
30 
40 
40 
40 
50 
50 
50 

MOTOR RATING 
. (PER POLE) 

ROTOR 
an 
60 
GO 
90 
60 
60 
90 
60 
60 - 
- 
- 

LOCKED 
R W - ~  

150 
125 
100 
180 
150 
120 
240 
200 
160 
300 
2 50 
200 

FULL 
L~~~ 

d V 
5 
5 

10 
5 
5 

10 
5 
5 - 
- 
- 

RUI.OH 
60 
30 
30 
60 
30 
30 
60 
30 
30 
- 
- 
- 



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 a r e  available for hori- 
zontal mounting when "kiss-free" operation i s  de- 
sired. Standard models may be mounted horizon- 
tally for switching resistive loads. For replacing 
another contactor, see  Replacement Gui'de. 

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 12fiR70 tha t  allnws RA2lns~rics  to 
replace R843, R8172 ser ies  (fuqnished 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. 

PART NUMBER 

4. Replacement or  optional terminals (25, 30 and 
40 amp contactors). 

? .~ i s t ed  assemblies include power terminals and 
movable contacts and springs. 

DESCRI FTION~ 
Heavy duty-replaces 40 amp 

main poles. 
Medium duty-replaces 25 and 

30 amp main poles and 15 
amp fan poles. 

Auxiliary-light duty-10 amp 
and low voltage: 

Normally open 
Normally closed 

ACCESSORY AND REPAIR PARTS FOR 50 AMP CON- 
TACTORS 

PART NO. 

4074BPE 

4074BPV 

4074ACC 
4074BPD 

1. Adapter plate 137397 for interchangeable mount- 
ing with competitive models. 

2, All metal enclosure 129703A. 
3. Replacement coils. 

PART NUMBER 
AND TERMINALS 

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 
R.4215 and R8215A-H, J ,  .L-N, P, Q 

,R4220 and R8220A, B 
R4221 and R8221A, B 

File E40514, Guide WHMZ2 (magnetically operated 
s wilcl~ ~nudels)  
R4210 and R8210R 
R4211 and R8211R 
R4212 and R8212K,R 
R4213 and R8213K, R 
R4214 and R8214K,R 

I 1 

KNOCKOUT FOR 
112 OR 314 INCH 

J 

FIG. 1-MOUNTING DIMENSIONS (WITH ENCLOSURE NO. 
129703A). CONTACTOR MOUNTING SCREWS ARE 
INCLUDED WITH ENCLOSURES. 



I STANDARD REVERSED I 
NAME PLATES 

C 

MAGNETIC CONTROLLER 

NAME .PLATES 
F Vl 

MAGNETIC CONTROLLER 

/ ~ - i i - r l  I 
MAGNETIC CONTROLLER 

mi 
MAGNETIC CONTROLLER 

NOTE: NAMEPLATE A IS FOR 4 0  AMP 4.POLE CONTACTORS. NAMEPLATE B 15 FOR 40 AND SO AMP 2. A N 0  3-POLE CONTACTORS. SPECIFY 
TWO POLE NAMEPLATE (c) OR REVERSED NAMEPLATE. IF DESIRED FOR INDIVIDUAL APPLICATION. WHEN ORDERING. NAMEPLATES 
AVAILABLE O N  40 AND 50 MODEL5 ONLY.  759C 

FIG. 2-1342 14, 13,20,21/R0214,15,20, 21 COlUTACTOR NAMhPLATES. 

I 
, 

STANDARD INVERTED REVERSED 1 



I COUNTERSUNK 
HOLES (7) ACCOM. 

SIDE VIEW BOTTOM VIEW OF BASE 

FOUR POLE ARC BOX EXTENDS 7/32 IN. ON EACH SIDE OF MOUNTING BASE. 

A COVERINAMEPLATE ON 30 AMP TRADELINE A N 0  40 AND 50 AMP MODELS ONLY. 
11.11  

. 
FIG. 4-MOUNTING DIMENSIONS I N  INCHES (WITHOUT ENCLOSURE). 

INSTALLATION 

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 

Msconnect power supply before installing to  pre- 
vent electrical shock and equipment damage. 

1. Disconnect leadwires from old contactor one a t  
a time, tagging them for correct reconnection. . 

2. Remove screws mounting old contactor to base 
o r  enclosure. 

3. Mount the new contactor. Mounting holes of 
these contactors will align with those of most other 
manufacturers. (To replace R843 o r  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 
a r e  shown in Figs. 5-7. Other models a re  similar, 
refer to Table III for pole designations. 

SINGLE 
PHASE 
POWER 
SUPPLY 

TO 
CONTROLLED 
LOAD 

TO 
R4210A 
(OR 8210A) 

A 
CIRCUIT 

WIRING CODE 
FACTORY INSTALLED - --- LlNE VOLTAGE ---- LOW VOLTAGE - -  

FIELD INSTALLED - LlNE VOLTAGE - LOW VOLTAGE 

LIMIT CONTROLS OR 
. [ OVERLOAD PROTECTORS 

'COIL 
TERMINALS 

TECTION AS REQUIRED. 

A INCLUDES L lNE OR LOW VOLTAGE POWER SUPPLY. 
THERMOSTAT. ETC. 

FIG. 5--INTERNAL SCHEMATIC AND TYPICAL HOOKUP FOR 
2 POLE CONTACTORS. 

v 

RBZlOG 
TO 
CONTROL ClHCUlT 

FACTORY INSTALLED . ---- LlNE VOLTAGE 

THREEPHASE 1 
- - - - LOW VOLTAGE 

FIELD INSTALLED - LlNE VOLTAGE 
I - LOWVOLTAGE 

TO 1 LIMIT CONTROLS OR 
CONTROLLED ' /OVERLOAD PROTECTORS 
LOAD 1 

L COIL 
TERMINALS 

ADO DISCONNECT MEANS AND OVERLOAO PRO. 
TECTION AS REQUIRED. 

INCLUDES LlNE OR LOW VOLTAGE POWER SUPPLY. 
THERMOSTAT. ETC. 

FIG. 6-INTERNAL SCHEMATIC AND TYPICAL HOOKUP FOR 
3 POLE CONTACTOR. 



- 
R4210H CONTROL CIRCUIT 

A WIRING CODE. / 
SINGLE PHASE 
POWER SUPPLY { FACTORY INSTALLED ---- LlNE VOLTAGE 
THREE PHASE LOW VOLTAGE 
POWER WPPLV FIELD INSTALLED - LlNE VOLTAGE 

THREE PHASE 1 
COMPRESSOR 
MOTOR 1 

SINGLE PHASE 
FANMOTOR I 
(RETURN LlNE NOT 
INTERRUPTED) 

TECTION AS REQUIRED. 

A lNCl IlnES LlNE OR LOW VOLTAGE POWER SUPPLY. ,,,, 
THERMOSTAT. ETC. 

FIG. 7-INTERNAL SCHEMATIC AND TYPICAL HOOKUP FOR 3 POLE CONTACTOR WITH N.O. AUXILIARY OF! FP.N POLE. 

Tradeline contactors a r e  shipped d t h  screw termi- 
nals for coil connections and pressure connectors for 
the contact terminals; contact poles L1-TI and L3-T3 
have acccooory screw terminals, The auxiliary pole 
T,4-T4 on four pole models has 10 a ~ n p  normally open 
contacts with a special shorting bar that has  Lifuicatcd 
contacts for switching low power loads. Standard 
models have terminals as specified when ordering; 
see  options in Specifications section. 

The following terminal options a re  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- FIG. 9-ATTACHING SINGLE OUlCK CONNECT TO COIL 

nals on contact poles J81-Tl and L3-T3. See Fig. 8. SCREW TERMINALS. 

SINGLE 
QUICK CONNECT 

TERMINALS 

COIL TERMINALS-Single quick connects (two pro- AUXILIARY POLE-The auxiliary pole L4-T4 may 
vided) may be added to screw terminals on the con- be adapted to the following: 
tactor coil if desired. See Fig. 9. 

A. 10 AMP NORMALLY CLOSED CONTACTS. 

DOUBLE 
QUICK CONNECT 
T E R M I N A L  

2681 

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 bar. 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 andmolded base of the contactor, 
see  Fig. 11. Make certain spring i s  firmly 
positioned. 

4. T1u.n contactor upright and place new station- 
ary  contacts from bag assembly over the lop 
of the shorting bar. Make certain four 
rounded points on bar make contact with the 

FIG. 8-ATTACHING DOUBLE OUICKCONNECTSTOCONTACT stationary contacts. Firmly fasten each con- 
SCREW TERMINALS. tact with screw as  shown in Fig. 12. 



B. 15 AMP NORMALLY OPEN CONTACTS for 
switching fan or other load. 

I 
L G .  lo-USE LONG NOSE PLIERS T o  REMOVE SHORTING 

BAR. 

BAR 

FIG. 11-WITH CONTACTOR HELD UPSIDE DOWN, REPLACE 
SHORTING BAR AND SPRING. 

I 1 
FIG. 12-ATTACHING STATIONARY CONTACTS FOR NOR- 

MALLY CLOSED CONTACT ASSEMBLY. 

1. Remove the green spring and shorting bar 
from contactor terminals L4-T4. 
NOTE: Use longnose pliers to  remove spring 

and shorting bar. Shorting bar must be 
turned slightly to remove. (See Fig. 10. ) 

I '  

2. Insert new heavy duty bar (from bag assembly) 
over stationary contacts (Fig. 13). 

3. 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. 

C. HEAVY DUTY NORMALLY OPEN CONTACTS for 
switching up to 50 amp resistive load. 

1. Remove the green spring and shorting bar 
from coktactor terminals L4-T4. 
NOTE: Use longnose pliers to remove spring 

and shorting bar. Shorting bar must be 
turned slightly to remove. (See Fig. 10. ) 

2. Insert new heavy duty bar (from bag assembly) 
over stationary contacts. Make certain bar 
contacts mathh stationary contacts. 

3. 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 i s  firmly 
positioned. 

GREEN SPRING (UP TO I S  AMP) 

CONTACTS 

FIG. 13-INSTALLING HEAVY DUTY SHORTING BAR. 



. . 

CHECKOUT " 

After the system installation and wiring a re  through' at least one complete automatic cycle to 
completed, turn on the power supply. Actuate the make certain that the contactor operates properly 
system components through the contactor. Before and that the safety controls break the control circuit 
leaving the installation, observe system operation a s  required. 

REPLACEMENT GUIDE 

I .  

I 
L ----  - - - -1 

G.E. (3ARR) 
R.6.M (TYPES C-30 R.0-M (TYPE 85) 

A B 
AN0 COO) 

G.E. (CR153) c D 

I 

R.6.M (TYPE 80) 
(TO REPLACE WlTll 
R8210 MOUNT WITH 

KEYHOLE SLOT DOWN) AH & H (TYPE 8) AH & H (TYPE B) CUTLER-HAMMER 

E 30 & 40 A F 25 AMP G (9560H) I 4  

I MTG. HOLES ; 
L - - - . - - - A  L - -  I --A- 

L -_ .. . . . - -1 

FURNAS 
FURNAS 

(TYPE 41NA) ROWAN (TYPE B) 

AH & H (34UUO SERIES) 
J 

(TYPES 4ICB. DB. EB) 
K .  L M 

I 
I 

- 
4 

AH & H (TYPE A S S )  

SQ D (TYPE Y) ELMWOOO (30D. E. F l  

3 0  30 A FUPNAS (42BD. CDI 
RMB (TYPE 1541 

CLPPK A77 
FURNAS (42CC. DC) 

a N ROWAN (TYPE EB) 0 P 
,932. 

FIG. 14-MOUNTING DIMENSIONS OF COMPETITIVE CONTACTORS. 

71-92162 



REPLACEMENT GUIDE 
/ 

MAINTENANCE 

TO REPLACE COMPETITIVE CONTACTORS 
(SEE FIG. 14) 

Mounting hole arrangements on the R82-- s e r i e s  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. 145. 
34400 Series-40 amp (2, 3, and 4 pole) Fig. 145. 
Type "B" (32200 Series)-25 amp (2 and 3 pole) Fig. 14G. 
Type "B" (32400 Series)-3O.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 ar?p (2, 3, and 4 pole) Fig. 140. 

ROWAN: 
Type B-25, 30, and 40 amp (2, 3, and 4 pole), Fig. 14M. 
Type ERC-25, 30., and 40 amp (2 ,  3, and 4 pole) Fig, 140. 

SQUARE D: 
Type Y-30 amp (3 pole) Fig. 14N. 

CLARK 
Type A77-25, 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. 

TO REPLACE HONEYWELL 
CONTACTORS R443, R843 

R4172, R8172 

, 

Use adapter plate 126870. 

TO REPLACE COIL 

1. Disconnect power supply. 
2. Remove a r c  box cover. 
3. Remove al l  wiring connections 

(line, load, coil). 
4. Remove contactor from mounting 

surface. 
5. Place contactor upside down on 

flat surface and remove the four 
counter-sunkscrews in the base. 

6. Lift base up; the nested magnet 
lamination may come with it. 

7. The coil can now be removed. 
Note position of coil leads, then 
replace with identical coil in  
identical position. 

TO REPLACE MOVABLE 
CONTACTS 

1. Disconnect power supply. 

2. Remove a r c  box cover. 

3. Remove contact holding spring(s). 
If movable contact i s  n. c. , i t  i s  
necessary to f i r s t  remove the 
fixed contacts-see steps 3 and 
4 next column. 

TO RE PLACE FIXED 
CONTACTS 

1. Disconnect power supply. 

2. Remove a r c  box cover. 

3. Disconnect wiring to the fixed 
contacts. Tagleadsfor prop- 
e r  reconnection. 



WARRANTY "Unleas otherwise specified, the Company warrants all Residential Division equipment manufactured by it and be- its nameplate to be free from defecta in wor*manshlp 
and materials u n d o  normal use and service as followr: 
I. Equipment which is received transportation prepaid at the factory oriqbating shipment (1) within twelve months d ter  date of manufacture, or (2) with a ccrdlicadon by the MQ l o b e  

within twelve months after date of installation, and found by the Company's inspection to be defwdve in workmanship or materials within the guarantee, will be r e p a i d  or r e p &  at the 
C o m w v ' r  o ~ d o n .  free of charm and returned lowest cost transcartadon ore~aid. Remium transaortadon will be u d  at cwtarns'a rsaucst end cxoarua: 

TO REPLACE MOVABLE 
CONTACTS 

\ 

4. Remove and discard movable: 
contact (s). Replace with con- 
t a c t ( ~ )  of correct  rating. 

5. Replace contact holding spring(s). 
If movable contact i s  n. c. , also 
replace the fixed contacts. 

6. Reconnect wiring, if necessary, 
then replace a r c  box cover. 

7. Re-est-ahlish power and check 
operation of the contactor. 

- - - ~-~ ~ -.-~~ - - ~ 

2 If m&ciion.by the Company hoes not disclose any defect covered by the Garantee, equipment' will be repaired or replaced m d  the comp&ie;-keqular d c s  chaw urlll apply; 
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 HEREOF." 

HONEYWELL MINNEAPOLIS. MINN. 55408 INTERNATIONAL Sales Offices in all principal cities of the world. Manufacturing in AuRralia.%anada, Finland, France, Germany, Jepsn. 
Mexico. Netherlands. Spain. Taiwan. United Kingdom. U.S.A. 

TO REPLACE FIXED 
CONTACTS 

4. Loosen screw(s) fastening 
contact(s1 to a r c  box; loosen 
until contact and screw ca.n be 
lifted out. 

5. Replace with contact of cor- 
rect  rating and screw down 
tightly. 

6. Reconnect wiring, then re-  
place a r c  box cover. 

7. Re-establish power and check 
operation of the contactor. 

TO REPLACE COIL 

IMPORTANT 
On models with open (not encap- 
sulated) coils, two metal locators 
a re  used. When an open coil i s  
reassembled to the contactors, 
the metal locators must be re-  
placed exactly in their original 
positions, or  premature contact 
failure may result. If the re-  
placement coil i s  the fully en- 
capsulated type, the locators a r e  
not. needed and can be discarded. 

8. With magnet lamination held 
nested in base, replace base on 
a rc  box. Fasten the four screws 
firmly. 

9. Remount the contactor. Recon- 
' nsl't g.ll 11ri ring a.nrl re1'llar.e the 

u . r r :  bnx 1Y1.1ver. 

10. Re-establish power and check 
operation of the contactor. 



Automatic Alternators 

ENGINEERING D A T A  - 

- 

' - " 3 4 -  - l p  * c 

i 
A -  - 

- P3 
Bullcr~n 841, NEMA Type 1 Cnclosure w/Cover Removed 

& 

OPERATION - The Bulletin 841 is  used in conjunction 
with two magnetic starters and two float or prcssurc 
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 
de~nat.lcl i s  so heavy t l ~ a l  butti rriutors are needed. 

Maximum Contact Ratings per Pole 

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 "Dl". This feature is useful when one motor is 
disconnected from the line for maintenance or repairs. 

Maximum 
AC Voltage 
50 or 60 Hz. 

120 
240 
480 
600 

starter, open i t s  disconnect switch - unless discon- 
nected from the power circuit, a starter may pick-up 
regardless of the position of selector switch "Sl". 

Continuous 
Carrying 
Current 

10 
10 
10 
10 

MAINTENANCE - Periodic inspection is recommended 
(monthly intervals are suggested initial1 y, 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. 

Amperes 

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 

Volt-Amperes 

Make 

60 
30 
15 
12 

Control device "Dl"  (normal demand) alternately en- the plunger screws and allowing the plunger to drop 
ergizes one or the other motor each time it closes. When down. The coil is then "free" to be pulled out rrom the 
control device "D2" (heavy demand) closes, the idle mo- front. NOTE - when reassembling, the coil clamp MUST 
tor is also started. This heavy demand switch can be omit- BE replaced with its concave side up. In general, all com- 
ted if not needed. The panels are designed for use with ponents should be carefully observed before removal and/ 
pilot devices having two normally open contacts. or dis-assembly to help assure proper replacement. 

Make 

7200 
7200 
7200 
7200 

Break 

6 
3 
1.5 
1.2 

Cross Bar Normally Open 
(Complete w/Movable Contacts) Movable Contact Normally 

X-217648 (1CR) Assembly Movable Contact 
X-217735 (2CR) X-226345 Assembly 
X-217644 (3CR) 

(Less Movable Contacts) 
X-229528 (ICR) Screw Assembly 
X-229614 (2CR) +M-7944 
X-229524 (3CR) 

Right Hand Contact Block Assembly 
Left Hand Contact Block Assembly (Complete w/Stat~onary Contacts) 
(Complete w/Stat~onary Contacts) X-137723 (ICR) 

X-137722 (1CR) X-137707 (2CR) 
X-137706 (2CR) Screw X-137711 (3CR) 
X-137710 (3CR) 

replacement terminal blocks. 

+X-464742 

Break 

720 
720 
720 
720 

t Added or changed since prevlous issue. 

Instructions 841-800- July, 1971 
Supersedes Instructions 841 -800 Dated June, 1965 199 



W I R I N G  INSTRUCTIONS - Control Device "Dl" is the OPERATING COILS - 
first stage control and provides automatic alternating . 
operation of both starters. Control device "02" i s  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-AUTO" selector 
switches are set in the "AUTO" position and selector 
switch "Sl" i s  set for position "1-2". 

When starter #1 or starter #2 is  taken out of service, 
selector switch "Sl" must be set in position correspond- 
ing to remaining starter. The remaining starter will then be 
operated by the first stage control device "Dl". 

starter, open its disconnect switch - unless discon- 
nected from the power circuit, a starter may pick-up 
regardless of the position of selector switch "Sl". 

Selector switch "Sl" mav be omitted but then 
permanent connections must be made bemeen duplex ORDERING INFORMATION - Your U I ~ W  can~lul be 
panel terminals #/ I(( and #j & #g. Terminal #lo tias cntercd unle~c tho following information is [li?lenr Part 

no external connections. riurrlber., description of part, the catalog number and scries 

starter #2 will be operated control device letter of controller. This instruction sheet applies also to 

"D2" when selector switch " ~ 1 -  is not used and discon- these controllers when used on control apparatus listed 

nect switch #1 is open. Panel terminals #8 and #10 must under Bulletin numbers. 

be jumperd, if starter #2 is required to be operated by 
control device "Dl". TYPICAL WIRING D I A G R A M  - (See applicable codes 

For manual ooeration of either starter. the selector and laws) 

switch must be sef in the "HAND" position.- 
Wire terminals #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 #l; terminal #5 on panel 
and #I 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 stortcr. 

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. 

STARTER N0.2 

L&~a L .---- L-- ----A Dl -- - J X R  3CR ICR 1 
. . I ,  - 

* Added or ehanged slnce previous issue. 200 
P 

' Y 4 . .  P,.. . . 

' ~ ~ i i r ~ k . .  ~4;;: , . .&t 
- . ,. 



for every air handling, power, 
sewage, marine and industrial 

lication 

fmi~ su gmsuures assu@ tw bre((r 
ulho &uslt fabric8 ~MIP$@I wl)h 

RESENTED BY: 
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SECTION ?-I" 



! , 
I 

. . . . . . . . . . .- , 

RELEF VPJYE . 
GENFRAI .NOTFS 

I. ALL NEW PIPE RUNS SHALL BE ABOVE EXISTING RANG 
EXCEPT WHERE NEW RUNS CAN BE SAFETY PLACED 

' ON EXISTING PIPE HANGERS 
2.ALL PIPING PROBLEMS OR DESIRE0 CHANGES SHALL 

BE BROUGHT TO THE ATTENTION OF COLM ENGINEER- 

. . 

Z'SUPPLY TO 

LOWER LEVEL 



COLM ENGINEERING 

CHERRY HILL. NEW JERSEY 08034 



2- 112" BALL VALVE (FLOW CONTROL) 

SEE DWG NO. R-1010. .,: :.. .. 

. . .._-._' (. . . , 

N O T E :  
I. CHERRY HILL INN SHALL PROVIDE THE FOLLOWING ITEMS: 

ALL PIPE.TUBE,EXPANSION JOINTS,WITH CONTROLS RODS(IO1, 
BALL VALVES(78),FLOW CONTROLS(2),RELIEF VALVES(2). 
THE CONTRACTOR SHALL PROVIDE ALL OTHER MATERIALS 

I REQUIRED AND SHALL NOTIFY COLM ENGINEERING OFANY 
DISCREPANCY OR DESIRED CHANGE. BASIC BILL OF MATERIAL 
ATTACHED ._--' 

.; a 2. ANCHORS ,GUIDES AND SUPPORTS TO BE INSTALLED IN 

. . 
THE FIELD A S  .REQD. 

COLM ENGINEERING 
CONSULTING ENGINEERS , 

B A R C L A Y  P A V I L I O N  
CHERRY HILL. NEW JERSEY 08034 

SOLAR PANEL MANIFOLD ASSEMBLY 

DRAWN CHECKED 
ev R.J.S. 8vy.c.  





LEGEND - 
ATC AUTO TEMP CONTROLLER 
C P CIRCULATOR PUMP 
D T D I F F E R E N T I A L  TEMP CONTROLLER 
PDC PRESS DIFFERENTIAL CONTROLLER 
PRV PRESS RELIEF VALVE 
P S  PRESS SWITCH 
T T E M P  SENSOR 



APPENDIX "c" 



PBOTOCRAPHS 

Installation photographs are on the following pages 
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