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INTRODUCTION 

1.0 The s o l a r  energy system of ONE SOLAR PLACE o f f i c e  b u i l d i n g  p rov ides  

' 87% of  t h e  space heat ing  requirements, 100% of t h e  po tab le  h o t  wa te r  

needs and i s  s i zed  f o r  f u t u r e  s o l a r  absorp t ion  coo l ing .  The s o l a r  

energy c o l l e c t i o n  sys tern c o n s i s t s  o f  28 Solargenics f l  a t - p l a t e  c o l  l e c -  

t o r s  i n  two arrays. Each c o l l  e c t o r  i s  3 '  X 19' o r  a t o t a l  o f  1,596 

square fee t  o f  c o l l e c t o r s .  One unique f e a t u r e  about t he  s o l a r  c o l l e c -  

t o r s  i s  t h a t  they serve as t h e  r o o f i n g  over  the o f f i c e  lobby. 

2.0 The complete s o l a r  energy system inc ludes  a s o l  a r  l oop  ,system, a 

h o t  water s torage system, and a domestic h o t  water  system. The s o l a r  

loop c i r c u l a t e s  an e thy lene g l yco l -wa te r  s o l u t i o n  through t h e  28 

Solargenics f l a t - p l a t e  c o l l e c t o r s  and i n t o  a heat  exchanger t o  hea t  

t h e  h o t  water  system. Th i s  l oop  a l s o  inc ludes  an over-temperature 

c o n t r o l  u n i t  (O.T.C.) which disposes excess and undesired heat  i n t o  

the  atmosphere when temperatures i n  t he  s o l a r  l oop  reaches above 210°~, 

o r  t he  storage tank temperature reaches 200'~. 

3.0 The h o t  water  s torage system cons i s t s  of a heat exchanger where heat  

i s  absorbed from the  s o l a r  loop, two 2300 g a l l o n  concrete h o t  water  

s to rage tanks w i t h  b u i l  t - i n  heat  exchangers, and a backup b o i l e r .  

4.0 The domestic h o t  water system sends h o t  water t o  the  h o t  water  f i x t u r e s  

- throughout t he  o f f i ce  b u i l d i n g .  The b u i l d i n g  c o l d  water system pro- 

v ides  c o l d  water  make-up t o  the  s o l a r  loop, t he  heat ing  loop and the  

h o t  water concrete storage tanks. The domestic h o t  water system i n -  

cludes a domestic h o t  water heater,  a  h o t  water-cold water  mixing, 

valve, a pressure reducing va l ve  and expansion tanks. 



5.0 The o f f i c e <  building a t  ONE SOLAR PLACE combines an exis t ing one story . 

red brick building with a newly constructed two-story building. Total 

f loor  area of the building is10,200square feet .  The old exis t ing 

building makes up 3,000 square f e e t  with the new two-story addition 

making up 7,200 square feet .  The new two-story addition blends red 

brick walls with redwood paneled walls; a f l a t  roof combines with a 

40 foot  square col lector  roofing mounted over s tee l  framing. The ' 

col lec tor  roofing i s  ti1:ted a t  an angle of 4Z0 from the horizon giving 

the o f f i ce  building an a t t r ac t ive  "triangular" look. The general 

proximity of ONE SOLAR PLACE o f f j  ce building near downtown Dal l a s  

provides ceasy access fo r  viewing and touring. 

6.0 The ONE SOLAR PLACE off ice building has already been toured by several 

groups of people. These include North Texas S ta te  Uni versi ty  graduate 

students,  contractors,  a local fel  evi sion s ta t ion  crew, journal i s t s  

from the Dal l a s  Morning News, and. even foreign delegations f rain I s r ae l ,  

Japan, and West Ge'rmany. Elementary age school children from,a Dallas 

public school will  soon be given a tour of ONE SOLAR PLACE. So already, 

the ONE SOLAR PLACE ins ta l la t ion  i s  effect ive in educating the public 

about solar 'energy space heating and hot water heating. 

7:0 This report  describes the design, construction, cost  analysis ,  operation, 

and maintenance of the solar  system instal led a t  ONE SOLAR PLACE in 

Dallas, Texas. This report i s  made on behalf of ERDA/DOE and Travis- 

Braun & Associates, Inc., t o  support solar  energy as an ef fec t ive  means 

of providing supplemental energy ,to the energy needs of the United States.  

I t  i s  believed tha t  the material available in t h i s  report  will  be benefi- 

c i a l .  t o  those readers interested in applying so lar  energy f o r  hot water ' 

heating and/or space heating. 
- 2 -  



SUMMARY OF PROJECT INFORMATI ON - 

1.0 Genefal Information 

: .  1.1 Owner/Location: Travis-Braun & Associates, Inc. 
One Solar  Place,  Su i t e  200 
4140 Office Parkway 
Dallas, Texas 75204 
Phone: 21 4-821 -4431 

a 1.2 Contractor.: United Plumbing & Air Conditioning Co. 
P.O.  Box 31066 
Dallas, Texas 75231 

Phone: 214-341 -9300 

1 . 3  Engineer: Travi s-Braun & Associates, Inc. 
One Solar  Place,  Su i t e  200 
4140 Office Parkway 
Dallas, Texas 75204 
Phone: 214-821-4431 

1.4 Operational  ate: July  11, 1979 

1.5 Building: 

1.5.1 Type: Two-story, combliied f l a t  roof and sloped 

1.5.2, Wall Material:  Old Building - red br ick  

New Addi t i  on - redwood 

1.5.3 Floor Area: Old Building - 3,000 square f e e t  

New Addition - 7,200' square f e e t  

Total : 10,200 square f e e t  

1.5.4 Wall Insulat ion:  Urethane w i t h  " U ' h a l u e  of .08 
d 

2.0 Local Climatological Data - Dallas 
3 

2.1 Lati tude:  3 2 O  N 

2.2 Ambient Temperature: January - 4 6 ' ~  

August  - 8 5 ' ~  

2.3 Heating Degr'ee Days: Yearly - 2382 

January - 626 



2.4 Annual Cooling Hours: 1529 

2.5 Peak Daily Insolation:  2358 B T U / F t  @ 4z0angle from horizon 

2.6 Yearly Sunshine: 68% 

3.0 SOLAR ENERGY SYSTEM 

3.1 Application: Space Heating - 87% 

Hot Water Heating - 100% . 
3.2 So la r  Collector* Description: 

. . 

3.2.1 Type: F la t  plate4(u'sed as roof over lobby) 
. . . . 

3.7.7 F 1 1 1 i d  Medium: Water - 30% ethylene-qlvcol solut ion 

3.2.3 Manufacturer/Model : Solargeni cs Ser ies  76 

. 3.2.4 Collector Dimension: 3 '  X 19' X 3-314" . , 

# .. 

, . , : 3.2.5 ~ 0 1 l e c . t o r  Glazing: S.i ngle glazed.. f 

: . . . .  .'._ _. . . ' 
3.2.6 Collector Area: 1,596 square . ,.. f e e t  " 

3.2.7 Collector Orientation:  

a. Azimuth: 2j0west of S'outh 

b. T i l t  Angle: 42'from horizon 

3.3 Hot Water Storage System: 

3.3.1 Type: ..Cylindrical concrete tanks 
- :  

3.3.2 Capacity: 2 tanks @ 2,300 gallons each . . 

Total - 4,600 gallons 

3.3.3 Dimensions: Diameter - 7.'-0" 

Wall Thickness - 10-3/4" 

3.3.4 Insula t ion:  3" urethane 

4.0 BACK-UP SYSTEM 

4.1 Hot Water Heating: E l ec t r i c  boi'ler 

4.2 Space Heai ng: Mu1 t izone var iable  a i r  volume un i t  



PROJECT CHRONOLOGY 

1.0 June, 1977 - Lon W. Travis/Earl E. Braun, Jr., Partnership was no t i -  

f ied by ERDA ('now DOE) tha t  the proposed solar p ro jec t  has been 

selected fo r  r.egotiat ion o f  a cooperative agreement. 

2.0 Sept. 15, 1977 - Lon W. Travis/Earl E. Braun, Jr., Partnership was 

awarded a contract which s t ipu lated t h a t  ERDA would finance 84.5% o f  

the estimated t o t a l  cost. 

Nov. 14, 1977 - The bui ld ing drawings and solar  design drawings were 

finished. 

Jan. 5, 1978 - Groundbreaking ceremonies a t  ONE SOLAR PLACE were held. 

Feb., 1978 - A preconstruction meeting was held wi th  the General Contractot 

t o  decide on construction scheduling and a construction start-up date. 

Apr i l ,  1978 - S i t e  preparation began. The construction s i t e  was graded 

and foundation l a id .  

June, 1978 - The (2)  two 2300 gallori  concrete ho t  water storage tanks 

were i n s t a l  led. 

July, 1978 - The steel  framing skeleton was f inished. 

Oct., 1978 - A l l  solar co l lectors were mounted. 

March, 1979 - A1 1 e lec t r i ca l  and plumbing work was completed. 

July 11, 1979 - Acceptance tes t ing  was f inished and ONE SOLAR PLACE was 

declared operational upon agreement between designated au thor i t ies  from 

DOE and Earl E. Braun, Jr. 



Steel Framing for Collector Roofing and Structure 

Wood Framing ~inlsl-dhd ' 



A1 i gnment of? Col l e c t o r s  

Mounting of Col l ec tors  With Crane 



- - - - - -- - 

Mgunting of Col 1 ectors W l  t h  Crane. 





Piping,  Gauges, Thermometers, Controls ... 
i n  Mechanical Room 

D i g i t a l  Control Panel Box 
i n  Mechanical Room 



All Collectors Instal led 

@bh'kaq View - ONE SOUR PLACE 





PROJECT COST 

ITEM PLANNED ( 8 )  

Col lec to rs  

' Storage Tank and Base 

Supporting St ruc ture  f o r  Co l lec tors  

I n s u l a t i o n  

Pumps 

Heat Exchanger 

(2)  Emmersion Heat Exchangers 

Contro ls 

P ip ing and Valves 

Construct ion Labor 

Construct ion Overhead 

Subtotal - Construct ion Cost 

ACTUAL ( 8 )  

$28,950.00 

6,657.00 

2,100.00 

6,000.00 

1,100.00 

1,200.00 

4,461.00 

2,500.00 

10,414.00 

15,000.00 

4,000.00 

$82,382.00 

D i r e c t  Labor Overhead 
(Admin is t ra t ion)  2,000.00 

Engineer and 'Arch i tec tura l  Fees 7,500.00 

Travel 250.00 

To ta l  P ro jec t  Construct ion Cost $77,050.00 
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ACCEPTANCE TEST PLAN 

AND RESULTS 



I. INTRODUCTION: 

This so la r  system Acceptance Test Plan describes procedures t o  be fo l lowed 

t o  v e r i f y  t h a t  a l l  components and subsystems are i n s t a l l e d  and func t ion ing  

according t o  q u a l i t y  engineering pract ice .  The Acceptance Test  Plan a l so  

i s  performed t o  show t h a t  the  complete system i s  f r e e  o f  i r r e g u l a r i t i e s  and 

i n  accordance w i t h  design i n ten t i on .  The complete system includes a s o l a r  . 
loop system, a hot  water storage system and a domestic ho t  .water system. 

This t e s t  p lan checks t h e  - fo l l ow ing  items: 

A. Solar Loop System: 

A . l  GPM Flow through Solar  Loop 

A.2 Heat Co l lec t ion  Performance o f  Col lec tors  

A.3 Over-Temperature-Control (O.T.C. ) ' 

A.4 Chemical Feeder 

A.5 Operation o f  Puny P-1 

A.6 Backflow Prevention 

A.7 Co l lec to r  Outgassing 

A.8 Co l lec to r  Roof Leaks 

B. Heating Hot Water System: 

B . l  Adequate Pump Pressure 

B.2 Back-up Bo i l e r  

B.3 Drainage o f  Hot Water Storage Tanks 

B.4 Automatic Operation o f  Pump P-2 

8.5 Backflow Prevention 

B.6 Hot Water System Safety Alarm 



C. Domestic Hot Water L ~ o p :  

C ,1 Expansion Tanks 

6.2 Cold Water-Hot water Mixing Valve 

C.3 Pressure Reducing Valve (PRV) 

D. Miscel  laneous : . 

D . l  Plumbing Leaks. 

D.2 Non-growth o f  Algae, Fungi, e tc .  

D.3 Log of Temperatures 

0.4 ~ e m ~ e r a t u r e  Compari son 

D.5 Space Heating/Air Condit ioning 

D.6 Master A/C Control Panel 

1 TIMING: 

This Acceptance Test Plan was performed on and before J u l y  11, 1979, 

as mutua l ly  agreed upon by designated a u t h o r i t i e s  from ERDA (DOE) 

and the  Lon W ,  Travis/Ear l  E, Braun, J r . ,  Partnership,  The ONE SOLAR PLACE 

o f f i ce  bu i l d i ng  so lar  energy system was declared operat ional  on 

Ju l y  11, 1979, 

I I I, PROCEDURE AND RESULTS : 

A. So lar  Loop: 

Th is  loop c i r cu la tes  an ethylene-glycol-water so lu t i on  through 28 

Solargenics '  f l a t  p l a t e  co l l ec to r s  and i n t o  a heat exchanger t o  heat 

the  ho t  water system. This loop a lso  includes an over-temperature 

con t ro l  (O.T.C.). 
\ 



A.l GPM Flow Throuqh Solar Loop: While ,solar loop i s  operating, 

measure pressure d i f fe rent ia l  from gauges located on discharge 

and vacuum side of pump .P-1 (so lar  loop pump). From pump 

manufacturer's pump curve, otitain corresponding flow r a t e  through 

solar  loop; i . e .  net flow through col lectors .  
, . 

Results: The following information was recorded and 

calculated on July 2, 1979 Solar Loop 

TIME ,--. . nP(PSI)- - GPM 

12:30 P.M. ' 32 45 

1:30 P.M. 32 " 45 

2:30 P.M. ' ' 32 45 

3:30 P.M. 33 4 4 

4:30 P.M. 32 45 

A.2 Heat Col1,ection Performance: On a  normal operating day, with 

pumps P-1 and P-2 on, a t  any one instant  measure BTU insolat ion,  

west col lector supply water temperature (TS6), west co l lec tor  

return water temperature (TS7) , and ambient temperature (TS12) , 

BTU insolation i s  t o  be measured with a  pyranometer on the west 

col lector  frame. Pyranometer m u s t  be  a t  sameangle as c o l l e c t o r s .  

From t h i s  data and col lec tor  manufacturer specif icat ions,  cal-  

culate  col lector  e f f ic ien ty .  Repeat t h i s  procedure t . h r ~ e  other 

times throughout the day. From net GPM flow through col lectors  

(see A. 1  ) and AT through col lectors '  (TS7, TS6), . BTU o~itput  of 



c o l l e c t o r  may be found and thus the c o l l e c t o r  e f f i c i ency .  Compare 

t h i s  e f f i c i e n c y  w i t h  t h e  e f f i c iency  obtained us ing c o l l e c t o r  

manufacturer spec i f i ca t ions  as described above. 

Results: Inaccurate r e s u l t s  were obtained because of a small 

AT across the co l l ec to r s .  See Figure 1 f o r  the c o l l e c t o r  

e f f i c i e n c y  curve furnished by the c o l l e c t o r  manufacturer. 

A.3 Over-Temperature Control Un i t  (O.T.C.): To check t o  see t h a t  

O.T.C. i s  funct ion ing,  se t  O.T.C. thermostat ( i n s i d e  con t ro l  

panel box) below west c o l l e c t o r  con t ro l  temperature TC7. Go 

ou t  on r o o f  t o  check t h a t  O.T.C. u n i t  comes on. Check t o  see 

t h a t  "Storage Too Hot" ind ica to r  l i g h t  comes on ( located on 

con t ro l  panel box). Note: This l i g h t  should a lso  come on i f  

storage tanks ever reach 200 degrees F. 

Results: O.T.C. funct ions proper ly as commanded by the O.T.C. 

thermostat. "Storage Too Hot" i nd i ca to r  l i g h t  funct ions 

proper ly:  

A.4 Chemical Feeder: To insure freeze protect ion,  chemical feeder 

must be supplying ethylene g lyco l  t o  so la r  loop. To check, 

c lose valves S-11 and S-12 (w i t h  so lar  pump P-1. on). I m e d i a t e l y  

immerse a hydrometer i n t o  'chemical feeder t o  measure g rav i t y .  

From spec i f i c  g r a v i t y  , minimum operating temperature i s  obtained. . 



. .. 

Results: A t  the time o f  the  Acceptance 7est Plan:. in July,  

1979, no ethylene glycol was used i n  the solar loop because 

i t  is not needed for  the surmer months. In l a t e  September or 

early October of each f a l l  season, ethylene glycol i s  added 

into the solar 1 oop for  a 30% ethylene-glycol -water solution, 

to  give freeze protection d&n to 3' F. 

A..5 Automatic Operation of - Pump --- P-1 - . : Pump P-1 (Solar Loop Pump) and 

P-2 (Heating Hot Water System Pump) are s e t  automatically t o  

come on simultaneously when col lec tor  temperature is 20 degrees F. 

greater than hot water storage tank temperature. Both pumps a r e  

s e t  automatically t o  s h u t  off when collector  temperature drops 

t o  5 degrees F. above storaqe tank temperature, However, there 

a re  two banks of collectors ( ea s t  and west) and two hot water 

storage tanks (eas t  and west). Two switches located inside the 

control panel box determine which bank of collectors and which 

hot water storage tank a r e  to  be used for  temperature control. 

One switch is labeled "Solar Sensor" and swltches collector  temper- 

a ture  control t o  eas t  (TC6) o r  west (TC5) bank of collectors.  The 

second switch is labeled "Storage Sensor" and switches temperature , ' - 
control t o  eas t  (TC1) or west (TC2) hot water storage tanks. Two 

di f ferent ia l  thennostats inside the control panel box a re  used 

t o  accomplish automation of pumps P-1 and P-2. On a normal oper- 



ating Gay, AT-On is set a t  20 degrees F. f o r  pumps t o  cane on 

and A T-Off is s e t  a t  5 degrees F. f o r  pumps t o  shut  off.  To 

verify automatic operation of pumps, switch "Solar Sensor'' t o  

' ' ~ ~ s ~ "  and !'Storage Sensor" to  ~ ~ e s t " .  Set AT-On t o  zero. Check 

t o  see tha t  pumps P-1 and P-2 come on; green indicator l i g h t s  on 

control panel box should cane on.* To see t h a t  pumps P-1 and 

P-2 shut off automatically, increase 'AT-Off from zero. Check t o  see 
8 

tha t  pumps P-1 and P-2 s h u t  o f f ;  green indicator l igh t s  s h o u l d  

go off.  Automatic operation of pumps P-1 and P-2 may a lso  ~ 

be checked by switching "Solar Sensor" t o  "East" and "Storage 

Sensor" t o  "'East" and repeating the above. procedure. .. . . . , 

Results: Both pumps P-1 and P-2 function automatically as ' . 

commanded by differential thermostats AT-On and AT-off. 

Both pump indicator l ights  operate properly. 

A.6 Backflow Prevention: Visually inspect location of check valve 

t o  be on discharge side of Pump P-1. 

A.7  Collector Outgassinq: Visually inspect collectors for  outgassing, 

looking for  a thin film on the collector glazing. 

*NOTE: The two di f ferent ia l  thermostats, AT-On and AT-Off a r e  not ef fect ive  
until  collector  temperature reachzs hot water storage tank ien~perature, 
i ,e. ,  when TC7 approaches TCl. 



Results: No observable co l l ec to r  outgassing was observed. 

Temporary moisture, however, had condensed on a few co l lec to rs .  

A.8 Col lector  Roof Leaks: During a r a i n  storm, v i s u a l l y  inspect 

co l l ec to r  roofing f o r  r a i n  leakage. 

.I 

Results: Four r a i n  water leaks were found between the co l l ec to rs  

a t  the jo in t s .  One leak was found over the mechanical room 

and three leaks were found over the o f f i c e  lobby. These have 

been re-car1 ked and r a i n  watcr leaks are t i o ~  a t  a mlnfmum, 

a1 though s t i l l  existent.  

B. Meatinq Hot Water System: 

The h o t  water system consis ts  o f  a heat exchanger where heat i s  
* 

absorbed, two 2300 ga l l on  storage tanks w i t h  heat exchangers, a 

back-up e l e c t r i c  bo i l e r ,  and a var iab le  a i r  volume mul'tizone u n i t .  

B.1 Adequate Pump Pressure: When hot  water system pump P-2 i s  

on, record pressure d i f fe rence from two pressure gauges located 

on the  di.scharge and vacuum s ide of pump P-2. From manu- 

facturer  spec i f i ca t ions ,  obta in corresponding f l aw rate.  Check 

t o  see t h a t  t h i s  f low r a t e  exceeds 50  GPM, then pump pressure 

i s  adequate. 

Results: A AP = 25 ps i  across.pump P-2 was found on July 8, 1979, 
D 

This corresponds t o  a f low of 62 GPM which exceeds the minimum 
. .  

flow o f  50 GPM f o r  adequate heat t ransfer ,  
. . 

. . 



8.2 'Back-up Boiler: Set boiler thermostat a t  or below TC4. Check 

t o  see that  boiler comes on and that  indicator l i g h t  "Boiler 

On" (located on control panel box) comes on. 

Results: Boiler comes on as comnanded by differential  

thermostat. 

8.3 .Drainaqe of 2300 Gallon Hot Water Tanks: To drain ea s t  tank, 

close valves 90, 76, 39, and 41. Open valves 86 and 79. To 

f i l l  eas t  tank, close valve 86. Open valves 90,'76, 39,41, 79. 

After ea s t  tank is f i l l e d  to 6 inches below l i d  (see eas t  s igh t  

glass) ,  close valves 76 and 79. To drain west tank, close valves. 

91, 77, 40, and 42. Open valves 87 and 88. To f i  11 west tank, 

close valve 87. Open valves 91, 77, 40, 42 and 88, After west tank 

i s  f i l l e d  to  6 inches below l i d  (see west s ight  g lass) ,  close 

valves 77 and 88. 

Results: All valves are intact.  Both tanks were drained 

and f i l l ed .  However, during f i l l ing  operations, a i r  pockets 

formed in b o t h  sight glasses and i t  took some time for the 
' 

a i r  pockets t o  "set t le" o u t  t o  gi.ve true sight glass readings. 

B.4 Operation of Pump P-2: See A.5. 

8.5 Backflow Prevention: Visually inspect location of check valve 

t o  be just above discharge side of pump P-2. 



B.6 Hot Water System Safe ty  Alarm: I f  t h e  h o t  water l oop  temperature 

reaches t h e  b o i l i n g  p o i n t  o f  water 212' F  (and thus c reates  

unwanted steam), a  p ipe  thermostat ( l oca ted  nex t  t o  va l ve  H-25) 

sounds an alarm. To v e r i f y  t h a t  t h e  a larm i s  working, lower 
. . .  

p i p e  thermostat  t o  o r  below temperature TC 8. To s i l e n c e  alarm, 

push "Si lence" bu t ton  located on c o n t r o l  panel box. Also, . . . 
. . 

when alarm sounds, check t o  see t h a t  i n d i c a t o r  l i g h t  "System . 
TOO Hot" comes on. 

. . 
. .  Results:  The h o t  water system s a f e t y  a larm was n o t  func t i on ing .  

Pipe thermostat  i s  suspect and i s  being checked on and w i l l  be 

repainred by ~ e n e r a l  Contractor .  
. . ,  

C. Domestic Hot  Water Loop: 

The domestic h o t  water loop sends h o t  water t o  h o t  water f i x t u r e s  

throughout the b u i  l d i  ng. The b u i l d i n g  c o l d  water system provides 

c o l d  water make-IJ~ t o  t h e  s o l a r  loop, t h e  heat ing  loop and the  h o t  

water storaqe tanks. This  domestic h o t  wa te r  S Y S ~ ~ I I I  i r~c ludes a 

domestic h o t  water  heater,  h o t  water-cold tVa t e r  mix ing  valve, pres- 

sure reducing valve, and expapsion t a n k s .  

C. la 100 Gal lon  Expansion Tank: V i s u a l l y  i nspec t  s i q h t  g lass  - 
.. .-. 

on eas t  s ide  of 100 g a l l o n  expansion tank. For normal 

operat ion,  expansion tank s i g h t  g lass  should show about 

one-half a i r  and one-half  water.  . . 

15 Ga l lon  Expansion Tanks (2)  : V i s u a l l y  i nspec t  f o r  leaks  

and check t o  see t h a t  expansion tanks a re  opera t ing  
. . . . I '  

proper ly .  



C.2 Cold Water-Hot Water Mixing Valve: Temperature i s  au tomat i ca l l y  

s e t  i n s i d e  the valve. V i sua l l y  inspect  l oca t i on  near domestic 

ho t  water heater. 

C.3 Pressure Reducing Valve (PRv) : City pressure o f  supply water 

i s  usua l l y  around 75 ps i .  Check pressure gauge i n  so la r  loop 

on the vacuum s ide  t o  be around 10-15 ps i .  This shows the 

PRV i s  func t ion ing  proper ly.  

Results:, The so la r  loop pump vacuum pressure gauge reads 

15 psi ;  therefore, the PRV i s  func t ion ing  proper ly.  

D. Miscellaneous: 

D . l  Inspect  a l l  plumbing f o r  leaks. 

Resu 1 t s  : A1 1 plumbing 1 ea ks were repaired.  

D.2 Growth o f  Algae, Fungi, Mold, o r  Mildew: - V i s u a l l y  inspect  

p ip ing.  Also inspect  s t r a i ne r  valves S-15 and L-38. 

Results: A l l  p i p i ng  was inspected as clean and f r e e  o f  

any not iceable  algae, fungi ,  mold o r  mildew. 

D. 3 Log o f '  temperatures : A I'og o f  temperatures i s  recorded 3 o r  

4 times d a i l y  t o  check performance o f  various components and 

subsystems i n  the ONE SOLAR PLACE o f f i c e  bu i ld ing .  A l l  



temperature measuring devices are  sol id s t a t e  thermi s to r s  . 
The following are a 1 ist o f  the .temperatures recorded from 

the  control panel box: 

. Solar  Loop 
. , 

' TS1 - East Storage Tank--Lower 

TS2 - East Storage Tank--Upper 

TS3 - West Storage Tank--Lower 

TS4 - West Storage Tank--Upper 

TS5 - East Collector Supply Water . , 

TS6 - West Collector Supply Water 

TS7 - West Collector Return Water 

TS8 - Solar Supply to  Heat Exchanger 

TS9 - Solar Return from Heat Exchanger 

Heating Hot Water Loop 

TS12 - Outdoor Air Temperature 

TS13 - Multizone Duct Return Air Temperature 

TS14 - Heating Hot Water Supply t o  Heat Exchanger 

TSlS - Heating Hot Water Return from   eat Exchanger 

TS16 - Leaving Water from Domestic H,W. Heater 

TS17 - Leaving Hot- Water from Boiler 

TS18 - Hot Water Supply. to  Mu1 t izone 

TS19 - Hot Water Return from Mu1 tizone . 



Resu l t s :  See  Tab le  1 and Tab le  2. 

0.4 Temperature ~ o m p a r i  son:  There  ' a r e  . f i v e  thermometers l o c a t e d  i n  

v a r i o u s  p l a c e s  t o  v i s u a l l y  r ead  and compare t h e r m i s t o r  

t empera tures  found on c o n t r o l  panel  box. 
. . .  

Resul t s :  Date  J u l y  3, 1979 . .  . 

Thermometer Readi ng OF.  ~ e m p e r a t u r e  Reading OF. (Con t ro l  Box) 

0.5 Space  Hea t inq /Ai r  Condi t i o n i n q :  The mu1 t i  zone V a r i a b l e  Air 

Volume c o n t r o l s  s p a c e  h e a t i  ng and- a i r  c o n d i t i o n i n g  t h r o u g h  t h e  

office b u i l d i n g .  To see t h a t  a i r  c o n d i t i o n i n g  comes o n , ' d u r i n g  

h o t  w e a t h e r  months,  t u r n  thermos  t a t s  down t o  d e s i  r e d  t e m p e r a t u r e .  

To check t h a t  s p a c e  h e a t i n g  o p e r a t e s ,  t u r n  a l l  t h e r m o s t a t s  i n  

b u i l a i n g  up t o  hea t ing  c o n d i t i o n s .  
. . 

Resu l t s :  Space h e a t i n g  and a i r  c o n d i t i o n i n g  f u n c t i o n i n g  

proper ly .  



. . 

. . 

  aster AIC Control pane1 : T h e   aster A,/c Control panel (located 
. . 

f i ;st floor 1 obby) has automatic control over t h e  : a i  i conditioning 
. . 

systen. I t  also has an autcnnatii switch t o  control the fan and * ,  

canpressor of the condensing u n i t .  An a f t e r  hours timer w i l l  

s h u t  a i r  conditioning system off a f t e r  a desired time period of 

up  t o  1 2  hours. There are four indicator lights,.on the Master 

A / C  Control Panel. These include a "System" 1 i g h t ,  a "Heating 

1nope;ative" light. a "Condensing U n i t  Inoperative" l i g h t  and 

a "Dirty Filter" l i g h t .  Check to see that these l i g h t s  are 

functioning properly. 

Resul t s i  Master A/C Control Panel functions properly,. 

- END - 



ACCEPTANCE TEST PLAN DATA 



FIGURE 1 

SOLARGENICS COLLECTOR EFFICIENCY CURVE 

(Provided By Manufacturer) 

Ti..; To: .,. . . . 

' 3  
& .  

BTU I 



TABLE 1 - DAILY TEMPERATURES RECORDED 
Temperatures recorded on J u l y  2, 1979; Weather - Clear  

Temperatures (OF) 

SOLAR LOOP 

TS 1 . -  East Storage Tank - Lower 

. JS 2 - East Storage Tank - Upper 

TS 3 - West Storage Tank - Lower 
- TS 4 - West Stora'ge Tank - Upper 

TS 5 - East C o l l e c t o r  Suppl:~ - Supply Water 

TS. 6 - West C o l l e c t o r  Suppl:~ - Supply Water 

TS 7 - West C o l l e c t o r  Return - Return Water 

, TS 8 - So lar  Supply t o  Heat Exchanger 

,W TS 9 - So la r  Return from Heat Exchanger 
I 

HEATING HOT WATER LOOP 

TS 12 - Ambient Temperature 

TS 13 - Mul t i zone Duct Return A i r  Temperature 

TS 14 - Heat ing Hot Water Supply t o  Heat Exchanger 

TS 15 - Heat ing Hot Water R < ~ t u r n  from Heat Exchanger 

TS 16 - Lezving Water from lomest ic  H.W. Heater 

TS 17 - Leeving Hot Water from B o i l e r  

TS 18 - Hot Water Supply t o  Mu1 t i z o n e  

TS 19 - Hot Water Return f r ~ m  Mu1 t i z o n e  

8:40 .A.M. ' 1:10 P.M. 5:00 P.M. 6:30 P.M. 
(Purnvs O f f )  (Pumps On) (Pumps On) (Pumps O f f )  

*Temperature sensor TS 2 was n o t  f u n c t i o n i n g  p r o p e r l y  on 
t h i s  day. 



Table 2 

Month of J'une, 1979 

(Temperatures Recorded About 5:00 p.m. Each Day) 

East Tank East Tank West Tank West Tank 
June JLower-6"from bottom) (U~per-12"from top )  (Lower-6"from bottom) (Upper-6"from top) Weather 

Haze 
Par t ly  Cloudy 
Rain 
Cloudy 
Cloudy 
Mostly Cloudy 
Clear 
Cloudy 
Cloudy 
Clear 
Clear 
Par t ly  Cloudy 
Cloudy 
Cloudy 
Cl oudy 
Cloudy 
Rain 
Mostly Cloudy 
Cloudy 
Cloudy 
Clear 

.. . 

*T&nper.ature probe f o r  upper e a s t  tank not functioning properly. ' , . 

6 

. . 
" . .  . .  . 





ENERGY REQUIREMENT TABULATIONS 
(Including future Cooling) 

* B a s e d  on Total p e a k -  H e a t i n g  L o a d  of 150,164 BTU/hr  ** B a s e d  on Total P e a k  Cooling Load of 244,850' 
BTU/hr  

COOLING & HEAT- 
ING YEARLY 
ENERGY TOTAL 
3 + 5 + 6 
BTU X lo6 

8 

43.33 

31.84 

23.84 

7.50 

20.60 

79.64 

101.21 

110.64 

44.03 

13.48 

20.56 

36.79 

533.47 b 

YEARLY 
ENERGY 
TOTAL HEAT- 
ING 3 + 6  ONLY 

7 

43.33 

31.84 

23.84 

7.50 

1.56 

1.37 

1.31 

1.34 

1.48 

5.49 

20.56 

36.79 

176.42 

DOMESTIC 
HOT- WATER 
EQUIREMENTS 

B T U X 1 0 6  

6 

2.31 

1.97 

1.89 

1.73 

1.56 

1.37 

1.31 

1.34 

1.48 

1.56 

1.75 

2.06 

20.33 

HEATING 
REQUIREFZNTS 

* 
BTU X lci 

3 

41.02 

29.88 

21.95 

5.77 

0 

0 

0 

0 

0 

3.93 

18.81 

34.73 

156.09 

COOLING 
DEGREE - DAYS 

70°F. B a s e  

4 

0 

0 

0 

0 

d 1 

333 

43 5 

46 5 

13 1 

34 

0 

0 

MONTH 

1 

JAN. 

FEB . 
MAR. 

APR. 

MAY 

JUN. 

JUL. 

AUG . 
SEP. 

OCT . 
NOV . 
DEC . 

TOTALS 

COOLING 

* 
BTU X 10 

5 

0 

0 

0 

0 

19.04 

78.27 

99.90 -- 

109.30 

42.55 

7.99 

0 

0 

HEATING 
DEGREE - DAYS 

6S°F. B a s e  

2 

626 

456 

335 

88 

0 

0 

0 

0 

0 

6 0 

287 

5 30 

2382 1519 357.05 



SOLbR ENERGY PARTICIPATION 

t 

SPACE 
HEATING 
lXlAD 

5  

4 1 . 0 2  

2 9 . 8 8  

MONTH 

1 

JAN 

FEB 

D.H.W 
C SPACE 
HEATING 
PARTICI- 
PATION 

% 

9 

SYSTEM 
HEAT 
LOSS 
BTU X lo6 

7 

SOLAR 
PARTICIPATION 
ON 
SPACE HEATING 

6 

29.39 

29.88 

BTU X lo6 
SOLAR ENERGY 
COLLECTED 

2 

31.7  

33 .8  

$ 
1 

AUXILIARY 

6 
BTu x 10 

8  

2L. 9 5  

5 . 7 7  

0  

0  

0  

0  

0  

3 .93  

1 8 . 8 1  

.- 134.73 

1156.09 

I MAR 

DOMESTIC 
H.W. LOAD 

. 54  

4 1 . 8  

SOLAR 
PARTICIPATION 
ON DOMESTIC 
H.W. 

1 . 8 9  

1 APR 
1 
/ MAY 

I 
I JUN 
1 
1 JUL 

AUG 

SEP 

OCT 

DO\' 

REJC 

TOTALI 

1 . 8 9  

1 

3  

2 . 3 1  

1 . 9 7 -  

lOQ% 

100% 

l O q h  

low 
lQO% 

loo\ 

lo= 

100% 

100% 

77% 

87% 

12.17 

4 

2 . 3 1  

1 . 9 7  

72% 

0 

0 

0 

0 

0 

0 

0 

0  

0 

8 .72  

20 .89  

21.95 

5.77 

0 

0  

0  

0  

0  

3 .93  

1 8 . 8 1  

26.64 

1 136 .37  

1 . 7 3  

1 . 5 6  

1 . 3 7  

1 . 3 1  

1 . 3 4  

1 . 4 8  

1 . 5 6  

1 . 7 5  

2.06 

l O Q &  4 5 
1 

5 2 

53 

5 9 

5 8  

.67 

.67  

6  1 

6  3  

.64 

63 

7 . 0 6  

3 7 . 2  

3 4 . 8  

35 .4  

3 6 . 9  

39 .9  

40 .7  

3 9 . 8  

30 .9  

2 8 . 7  

4 3 1 . 6  1 2 0 . 3 3  1 20 .32  

9 

1 . 7 3  

1 . 5 6  

1 . 3 7  

1 . 3 1  

1 . 3 4  

1 . 4 8  

1 . 5 6  

1 . 7 5  

2 . 0 6  



DOMESTIC HOT WATER REQUIREMENTS 

JAN. 47 O 15 .06  97.97 103,596 22.3  2 ,310,000 
I 1 I I 

AVEPAGE DAYS 
OFFICE BLDG 
OPEN PER MONTH 

FEB . 
MAR. 

BTU TO HEAT 
WATER TO 130°F. 

BTU/LB 
AT CITY 
WATER TEMP. 

1 MONTH 

* 

APR. 

MAY 

J U N .  
. 

JUL,. 

AVERAGE CITY 
WATER TEMP. OF. 

BTU/LB 
@ 130°F. .  

52 " 

62" 

AUG . 
.. 

SEP. 

: 0CT.- 

BTU/DAY 

66" 

74" 

79" 
. 

83  " 

' NOV . 

20.07 

30.08 

82" 

, 

. ' 7 5 0  

74"  . 

B a s e d  on  15C Gal/Day of Domestic ~ o t '  Wat'er a t  130°F 

'34.07 

42.06 

47.06 

' 5 1 . 0 5  ' 

I 1 1 I I I I .  65" : 

DEC . 

' TOTAL 

97.97 

97.97 

50.05 1 

. . .  

56" . 24.08 . 

20,317,000 

97.97 

97.97. 

97.97.. 

97.97 

33.08 . 97.97 1 81 ,080  1 ' .  21.6 . . 

I 

97,336 

84,828 

97.97 

- 

::1,751,000 

97.97'  

'19,843 

69,859 

., 63 ,'612 

58,626 

20.2 

22.3 - 

' 59,876 

43.06 

4 2 : 0 6  ':. 

. 92,325 

1 ,966 ,000  

1 , 8 9 2 , 0 0 0  

21.6 . . 

. . 22.3 

'21; 6 .  . . 

r t  - 22.3 . - *  '. 

68,610 ' 

69,859 

- , 97.97: 
, . 

97.97. . 

. .  1 ,725 ,000  

1 ,558 ,000  

. .1,374,000' 

1 ,307 i  000 

. '  22.3 ' 

. . 

22.3  

. .1,335,000 
.. . 

- , 2 1 .6- 

22.3 

2,059,000 1 ,..' 

- 1 ,482 ,000  

, -; 1 ,558 ,000  



TUTAL SOLAR CONTRIBUTION TO 1596 SQ. FT. OF SOLAR COLLECTORS I N  DALLAS, TEXAS 

WITH A COLLECTOR T I L T  OF 42O AND BASED ON 32' NORTH LATITUDE 

MONTH 

1 

JAN. 

FEB . 
MAR. 

APR. 

MAY 

JUN. 

JUL 

AUG . 
SEP . 
OCT . 

- 
COLLECTOR 
NET 
AREA : 

3 

89% 

89% 

89% 

89% 

89% 

89% 

89% 

89% 

> 

, 89% 
0 

89% 

AVERAGE SOLAR 
INSOLATION 
PER COLLECTOR 
ARRAY 
BTU X 106/mo. 

* 2 

110.3 

? 

110.3 

122.8 

111.2 

107.5 

100.3 

105.7 

111.7 

114.1 

117.3 

95% 

95% 

95% 

49.0% 

49.0% 

51.4% 

ATMOS- 
PHERIC 
CLEARNESS 

6 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

95% 

95% . 

30.9 

28.7 

431.6 

AVERAGE COLLECTOR 
EFFICIENCY 

7 

53 .l% 

35.7% 

55.2% 

53.5% 

51.1% 

50.3% 

48.0% 

49.1% 

51.5% 

51.4% 
_ L _ I _ _ _ - - p  

71% 

66% 

76% 

PERCENT OF 
POSSIBLE 

63% 

TOTAL AMOUNT OP 
USEABLE SOLAR ENERGY 

BTU x lo6 

8 

31.7 

33.8 

41.8 

37.2 

- 34.8 

35.4 

36.9 

39.9 

40.7 

39.8 

SUNSHINE 
DIPECT 

4 

56% 

57% 

65% 

66% 

67 % 

75% 

78% 

78% 

74% 

70% 

DEC . 

.TOTALS 

DIRECT 6 
DIFFUSED 

5 

64 % 

65% 

73% 

74 % 

75% 

- 83% 

86% 

86% 

82% - 

78% 

105.0 . 

1321.2 

89% 

89% 

58% 

68 % 



SYSTEM DESIGN CHANGES FROM ORIGINAL 
PROPOSAL AND CONSTRUCT I ON P,ROBLEMS 

1.0 DESIGN CHANGES 
+ ' 

1.01 Perhaps the b iggest  change i n  design involves the ho t  water storage 

tanks. By o r i g i n a l  design, the re  were t o  be th ree  ho t  water storage 

tanks located ouside the ONE SOLAR PLACE o f f i c e  bu i l d i ng ,  serv ing 
.. . 

t as supports f o r  a por te  cochere. I t  was decided, however, t o  use 

two 1 arger 2300 gal  l o n  ho t  water 'tanks, i n s t a l  l e d  on a concrete 

s lab  i n  the o f f i c e  lobby.   his design change resu l t ed  ' i n  a more 

simple p ip ing  system and smal ler  storage tank heat losses and there- 

fore,  more cost  ef fect iveness.  

1.02 Heat exchangers were added t o  the ins ide  o f  each 2300 g a l l o n  ho t  

water storage tank. This gives a second p ro tec t i on  from the  ethylene 

glycol-water so lu t ion.  More important ly ,  w i thout  the heat exchangers, 

hydros ta t i c  pressure resu.1 t i n g  from c i t y  water pressure o f  15 p s i  

on a 7 f o o t  diameter concrete storage tank l i d  would r e s u l t  i n  an 

u p l i f t  fo rce  o f  83,000 pounds, which g rea t l y  exceeds the weight of 

of the concrete. s lab and would blow the 1 i d  o f f  the  h o t  water storage 

tank. 

2.0 CONSTRUCTION PROBLEi4S 

2.01 Each concrete ho t  water storage tank.has developed a slow seepage 

leak a t  one t ime o r  another. To solve t h i s ,  each tank was drained a t  

d i f fe ren t  times completely and a1 lowed t o  dry  f o r  days. Th is  stopped 

the seepage. 

2.02 The temperature sensors i n  each ho t  water storage tank have malfunc- 

t ioned bu t  si.nce have been repaired. 



2.03 Pumps P-1 (so lar  loop pump) and P-2 (system loop pump) have tripped- 

off  undesirably on hot days because the mechanical room gets too hot. 

New pump seals  will be instal led and a larger  exhaust fan will be 

instal led in  the mechanical room t o  solve th i s  problem. 

2.04 Rain leaks thrcugh collector flashing joints .  Approximately 
i 

f ive  leaks &cur between the col lector  modules when there i s  a 

south blming rain. During a l i gh t  ra in ,  several leaks can S t i l l  

be observed, The col lectors wi 11 expand approximately 3/8" over 

the 20 foot  length of the col lector  d u e  t o  thermal expansion. 

Sealing was t o  be acconplished with sponge rubber gaskets 

compressed fran 1/2" t o  1/4" by the module cases. (Figure 1) 

However, the col lector  spacing was greater  than 1/4" in some places. 

Before finishing the space below the solar  col lector  roo f ;  a l l  

module i o i n t s  should be leak tested from a l l  d i r e c t i m s  w i t h  a 

pressurized hose. Floor t i l e  or something other than carpet should 

be used as  a f loo r  below the col lector  array. Expansion .and con- 

traction provisions for  the col lectors  should be provided. One 

possible way of sealing between col lector  modules might be accom- 

plished with a gasketted mechanical interlock, i f  the module cover 

support was refabricated as shown in Figure 2. The solution t o  

the present sealing problem i s  t o  apply generous amounts of s i l icone  

Sealant under and around the flashing where a leak i s  found with 

the hose. 

l a s h i n g  
5odu~le Case 

Sealant  

Figure  One Aluminum 
Extrusion 

Figure Two 



START-UP PROCEDURE 

I. F i l l  Hot Water Storage Tanks. . . - .  

A. East Tank - Close va l ve  86. Open valves 90, 76, 39,-41; 79. A f te r  

tank i s  f i l l e d  t o  6 i nches  below .-l.id (use s i g h t  gage), c l o s e  valves 

76 and 79. . 
B. ' West Tank - Close va lve  87. Open valves 91,: 77, 40, 42 and 8%:' 

A f t e r  tank - i s  f i l l e d  t o  - 6 inches .below 1 i d ,  c lose  va1ve.s 77 and 88. 

11. Add ethylene-glycol  t o  s o l a r  l oop  t o  o b t a i n  a 30% g l y c o l ~ 7 0 % . w a t e r  

so lu t i on .  Refer t o  Appendix D - "Manual Chemical By-Pass Feeders" f o r  

i n s t r u c t i o n s .  

I11 Check t o  see t h a t  pump breakers are  c l o s e d ' i n  e l e c t r i c a l  power panel.  

I V .  Check t o  see t h a t  c o n t r o l  panel breaker i s  c losed i n  e l e c t r i c a l  power 

panel. 

V. Automatic opera t ion  o f  pumps P-1 and P-2. (Cont ro l  panel i n  Mechanical Room) 

A. I n  c o n t r o l  panel box, s e t  AT-On d i f f e r e n t i a l  thermostat  t o  20' F. 

B. I n  c o n t r o l  panel box, s e t  AT-Off d i f f e r e n t i a l  thermostat  t o  5' F. 

C. Turn sw i t ch  on c o n t r o l  panel t o  "Auto" f o r  Pumps P-1 and P-2. 

V I .  Over Temperature Cont ro l  - I n  c o n t r o l  panel box, s e t  O.T.C. t o  200' F. 

V I I .  The remainder o f  t h e  temperature c o n t r o l l e r s  and sensors were s e t  

be fore  i n s t a l l a t i o n .  

VIII. F i l l  a l l  systems w i t h  water. 

A,  Heat ing 'Hot  Water system - Open v a l v e 4 9 a n d  50. 

B. Domestic Hot Water System - Open valves 43, 44 and 46. 

I X .  Set room thermostats a t  des i red  temperature. 

X: V e r i f y  t h a t  '/-day Time Clock i s  on des i red  s e t t i n g .  



X I .  A/C Control  Panel i n  Downstairs Lobby 

A. Set "System Switch" t o  "Auto". 

B. I n  coo l ing  season, t u r n  "Condensing U n i t "  swi tch t o  "Auto". 

C. I n  heating geason, make sure n i g h t  setback thermostat located 

above con t ro l  panel i s  set  a t  45' F. 

X I I .  Heating Season - Set b o i l e r  thermostat ' i n s i d e  b o i l e r  a t  110'~. f o r  

backup heating. 



OPERATING AND MAINTENANCE 
INSTRUCTIONS 

Chemical Feeder - Per iodic and annual add i t i ons  o f  ethylene-glycol  

t o  the so la r  loop are requ i red t o  insure f r e e i e  p ro tec t i on '  i n  t h e '  

winte; month& t o  3' F. (Refer t o  Appendix D f o r  i h i t i a l ~ h a r ~ k o f ' !  

Chemical Feeder). 

A. Moni t o r i n g  - During w in te r  months, check .every two ,.weeks t o  

: ir isure system has 30% e thy l  ene-glycol' 70% .water. 

B. Add ethy lene-g lyco l  a's needed. . 

. . . .  

C. ~t the &ginning of each heating,.season, check PH f ac to r  o f  
.. . 

g lyco l  so lu t ion  and 'neut ra l ize  as required t o  a  PH o f  6.7 t o  7.4. 
. " , . 

D. During summer months no moni:,toring i s  required. 
, . . . 

11. Pumps - Refer t o  Appendix G. Pumps are l i f e - t i m e  lub r i ca ted  and do '  

not  requ i re  period,ic o i l i n g  ..... , 

111. St ra iners  - A l l  s t r a i nq rs  are  t o  be c1,eaned.monthly f o r  the f i r s t  s i x  

months and every three months thereafter. '  , 

I V .  Co l lec tors  - Location o f  co l l ec to r s  prevents .. . . . operat-ing personnel f rom 

performing any maintenance o r  t roubl-e shooting. Solar cont ractor  w i l l  

perform thcsc funct ions.  

V .  Bo i l e r  - Refer t o  ~ p p e n d i x  H. 

A. Inspected, cleaned, and i f  necessary adjusted once a year by  a  

q u a l i f i e d  serviceman. 

B. ~ r e ~ u e n t l ~  check the bo l  l'er operat ing ' pressure. 
. .. 

V I .  Mult'izone V A V ' U ~ ~ ~  - R e f e r t o  ~ p ~ e n d i x  I.' 

A. N ight  Setback Thermostat - ~ o c a t e d  i n  t he  main lobby o f  b u i l d i n g  

above cont ro l  panel. Set a t  45' F. W i l l  a u t o ~ a t i c a l l y  a c t i v a t e  
, . 



B. Control Panel f o r  heating and a i r  condit ioning i s  located i n  the 

main lobby and consists of the fol lowing: (Also r e f e r  t o  Appendix I, 

pgs. 10-13) 

1. System On L igh t  - Green indicates system i s  operating. 

2. Heating Inoperative L ight  - Red l i g h t  comes an, Refer t o  ' 

Appendix I, Page 8 f o r  service inst ruct ions.  

3.  Condensfng Un i t  Inoperative L igh t  - Red 1 i g h t  comes on, re fe r  

t o  Appendix I, page 9 for serv ice ' inst ruct ions.  

4. D i r t y  F i l t e r  L igh t  - Red l i g h t  comes on, change f i l t e r .  

5 .  Auto/Off Switch - Set on Auto a t  a l l  times, unless u n i t s  are being 

serviced . 
6.  After  Hours 12 Hour Timer - May be set  f o r  one t o  twelve hours 

manually. Turn t h i s  switch only when u n i t  i s  o f f  a t  n ight .  

7.  Condensing ~ n i ' t  Auto/Off Switch - Set a t  Auto i n  cool ing season, and 

Off during heating season. 

V I I .  Solar'Hot Water Heater - Refer t o  Appendix B. 

V I I  I .  Over Temperature Control Uni t -  Refer t o  Appendix C. 

Annually the purge c o i l  system should be inspected and checked as 

f 01 1 ows : 

1. Purge Coi l  

Clean and inspect the co i  l and coi  1 guard t o  be sure they are 

free of obstructions. Turn o f f  power t o  u n i t  and wash c o i l  and 

c o i l  guard w i th  a garden hose. 

2. O i l  fan motor: 

a. Motor without o i l i n g  ports -, Prelubricated and sealed. No 

f u i t h e r  l ub r i ca t i on  required under normal operation. 



b.  Motor w i t h  o i  1 i n g  'por ts - Add ' a  few drops o f  SAE No. 10 non- 

detergent o i  1  i n  motor o i l i n g  ports.  Access t o  the fan  motor 

may requ i re  unbol t ing  and ib&r ing  the fan  motor/fan 

assembly. 

3. ~ i s u a l l ~  inspect  connecting' l i n e s  and c o i l  f o r  evidence o f  

f l u i d  leaks. 

4. Check a1 1  w i r i n g  ' f o r  'evidence of loose connections.' 

5. Check f o r  co r rec t  vo l tage a t  " n i t  ( u n i t  operat ing).  

6. Check amp-draw on f an  motor. 
\ 

. , . .  



TROUBLE-SHOOTING 

I .  Power: 

Control Panel (Mechanical Room) 

Problem - No power t o  panel. 

1. Check e lect r ic  power from power panel to insure that  c t rcui t  breaker 

#16 is closed. . 
2. Check to  see i f  fuse i s  blown inside . control . panel. (Fuse I s  whlte with 

an "LN on i t . )  

11. -Pumps: 

Solar Loop Pump P-1 and Hot Water System Pump P-2 

A. Problem - Pump will not run, 

1. Check motor starter/d i sconnect switch t o  make sure i t  is  closed, 

2. Check breakers in power panel t o  see i f  tripped. 

Pump P-1: #22, 23, 24 

Pump P-2: #19, 20, 21 

3.  Check t o  see i f  differential thermostat AT-On in control panel 

i s  s e t  . a t  20' F. (.Note: AT-On i s  not effect ive '  until collector 

temperature TC7 or TC5 reaches ho t  water storage t a n k  temperature 

TC 1' or TC 2.) 

4. Check to see i f  "Solar Sensor1' and Yolar  Storage" controller$ i n  

control panel are b o t h  turned t o  either East or West. 

B. Problem - Pumps r u n  continuously, 

1. Check control panel switch t o  make sure- i t  i s  on "Automatic 

Mode" no t  'lOnn position. 



2. Check AT-Off i s  se t  a t  5'~. (Note: AT-Off d i f f e r e n t i a l . .  

. thermostat i s  no t  e f fec t i ve  u n t i l  c o l l e c t o r  temperature..TC7 o r  

TC 5 reaches ho t  water storage temperature .TC1 o r .  TC2). 

111. Over Temperature Control ' Uni t .  (OTC) : 

Problem - U n i t  w i l l  no t  func t ion  . . 

1. Check e l e c t r i c  power panel t o  see i f  breaker #3 i s  t r ipped.  

2. Check OTC thermostat  i n  control: ,panel i s '  se t  a t  200' F. Lower 

s e t t i n g  t o  c i r c u l a t i n g  water. temperature t o  see t h a t  i t  tu rns  on. 

I V .  Bo i le r :  . . .  . .,, 

Problem - Un i t  w i l l  no t  func t ion  

1. Check t o  see t h a t  175 amp breaker i n  power panel i s  no t  t r ipped. 

2. ' Refer t o  Appendix H-2 "Trouble-Shooting f o r  Water Bo i lers" .  

V.. A i r  Condit ioning Uni t :  

c o n t r o l  Panel i n  Downstairs Lobby 

Problem - "Heating Inoperat ive" red  l i g h t  comes on. - Refer t o  Appendix 1-8. 

Problem - "Condensing U n i t  Inoperat ive"  red l i g h t  comes.on. - Refer t o  

Appendix 1-9. 

Problem - None o f  system i nd i ca to r  l i g h t s  are  funct ioning.  - Check t o  see 

if 225 amp breaker i n  power panel i s  t r ipped.  

Problem - "Dirty F i l t e r "  red l i g h t  comes on. -.Change f i l t e r .  

V I .  Heating Hot Water System Safety Alarm: 

Problem - Alarm sounds and "System Too Hot" l i g h t  comes on. , 

1. Push "Silence" but ton located on con t ro l  panel. 

2. Check t o  see i f  Pump P-2 i s  operating. I f  i t  i s  n o t  on i n  "Auto" 

mode, swi tch t o  "On". I f  i t  does no t  come on, r e f e r  t o  Section 11- 



VII. Storage Tanks: 

Problem - Tank leaks. 

Refer t o  page 25, B.3 "Drainage of 2300 Gallon Hot Water Tanks" 

Allow tank t o  dry out f o r  several days before r e f i l l i ng ;  

VIII Collectors: 

Problem - Roof Leaks 

1. Identify exact location on underside of collectors where water leaks. 

2. .. Check caul king on top of col lectors  where. leak appeared. 

3 .  Recaul k area o r  ident ify more severe problem. 
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APPENDIX A 

SOLAR COLLECTORS 

SOLARGENICS FLAT  PLATE - S E R I E S  76 
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AVERAGE PREDICTED COLLECTOR EFFICIENCY iC01l ec to r  Manufacturer) -.. , . . . 

- -Coklec tor  *. 
- Ef f i c i e n c v  

'* '* 
C o l l e c t o r  
E f f i c i e n c y  ' 

[Water Only 1 
. 7  

Ambient 
MO;H. . 1 Me; 

I Temp. OF. 

~ e m ~ e r a t ~ r e  , ~ e m p e r a t u r e  Average 
I n  OF. Out OF. I n s o l a t i o n  With e ~ v , L I f  C 'OF. = .9 

MAR I s f  
-- - 

APR €- 5 110  116 246 . I 9 5  

MAY 7 2  120  126  230 
I 

I 
* BB 130  JUN 136  222 ' . . .234 

I 
JUL 6 5 140' 146 226 ,257 

1 I I I I 

SEP a 130 136 252 . 2 1 ~  

OCT 68 120 126 251 .219 

NOV 56 l i o  . 116 232 . ' .246 

DEC 4 8 100  1 06 
I 

Monthly 
66 115  . . . 1 2 1  240 . .219 

Average 

Based on S o l u t i o n  o f  70% water and  30% E thy l ene  GlycoP-.. . . .- . . . 
. . . .  . . . . . .  . 

**  Formula Fo r  &llector E f f i c i e p c y  Based oh  P h y s i c a l  ~ c i e n k  T e s e  . .  , . 
. e f + t  

. . 
F a c i l i t y  - New Mexico S t a t e  Un ive r s i t y .  . . 

. . .  . 

Ti .- -.Ta , . . . . 
 if  i or water) = 77.19 + 84.65 x F~ + 32.82  pt2 where F~ = - .  

I 







* . 
CONTENTS 

OPERATION AND MANTENANCE INSTALLATION INSTRUCTIONS 

I - Operation I - Shpping and Packing List 
11- Maintenance 11- Shippmg Damage 

, 111 - General 
I V -  Application 
V - Lennox LSC18 Solar Colbctors 
V I  - Solar Water Heater Module LSM1 

' . . 

OPERATION AND 
I - OPERATION 
A - System Function 
Once the entire Lennox LSHW solar water heating system has been 
installed and the transfer fluid and storage tank systems are filled, 
the system wil1,operate by itself. The pump controller will register 
temperaturesfrom the collector sensor and the storage tank sensor, 
activating the pump as required. Important in the operation is the 
temperature difference between the two sensors, referred to as the 
"AT". If the temperatureat the collector is equal to the temperature 
of the storage tank ttie pump will be off. When the AT between the 
collector and the tank increases (example: the sun begins to  heat the 
coilectors) to  3" & 1". the pump will run intermittently, providing an 
amount of fluid circulation proportional to  the AT. As the tempera- 
ture difference between sensors increases so does the rate at which 
the pump provides circulation. When the temperature difference 
reaches 11" the pump will be on steadily and will continue until the 
AT becomes less than 1 lo. The pump will then proportionally circu- 
late less fluid until the AT is again 3" or less. At this point the pump 
wil l  shut off until the serisor tempqratures require transfer fluid 
circulation. 
B - Components and Functions 
1 - AT Vent Valve . 

Located at the top of the transfer fluid system, this valve is a float 
typevalve which will release air only. As fluid entersthe valve, the 
float rises and closes the vent port. Any air in the system will be 
allowed to escape at this valve particularly when filling the sys- 
tem. See Figure 13. 

2 - Prossure Relief Vabs 
Located at the top of the LSMl module, (Figure 1). this valve will 
release any pressure i n  the transfer fluid system in excess of 50 
psi (345 kPa). The discharge from this valve may exceed 200°F 
(93°C). Because of this temperature, the Pressure Relief Valve 
must be plumbed to an open drain. Water released from this 
valve is unsafe, glycol contaminated water. 

3 - Temperature and Pressure Relief Valve 
Located at the side of the LSMl module, (Figure 11, this valve will 
discharge water from the Storage Tank when the stored water 
reaches a temperature of 210°F (99°C). This valve purges excess 
heat accumulated in the transfer fluid by releasing heater water 
from the storage tank and replacing it with cold supply water. 
This addition of cold water will cool the collectors and transfer 
fluid. The Temperature and Pressure Relief Valve must be 
plumbed to  an open drain. 

4 - Expansion Tank 
The expansion tank absorbsthe expansion and contraction of the 
transfer fluid which may vary from -20°F (-29°C) in  winter to 
240°F (1 16°C) in  summer. The expansion tank is a diaphram type 
which is pressurized to 1.2 psi (82.7 kPa) and sealed. Do not open 
tank. I f  tank should ever be opened or depressurized, recharge 
with 12 psi (82.7 kPa) of air. 

C - Pump Controlkr 

1 - "AUTO position - 
The pump controller has 3 positions. "AUTO" is the switch posi- 

" 

tion for normal operation. If the temperature difference between 
the tank and the collector is great enough, 1 1" or more the pump 

MAINTENANCE 

will run steadily (indicator light is on  continuously) to  circulate 
fluid through collectors. The pump will run intermittently (indi- 
cator light is "blinking") to circulate a proportional amount of 
fluid through collectors as temRereture of tank approaches 
temperature of collectors - AT is between 3" and 1 lo. When 
indicator light is off (switch still in  "Auto" position) the storage 
tank is up to  a proper temperature and the pump is off. 

2 - "ON" and "OR" positions - . 
The "ON" and "OFF" controller switch positions are for service 
operations only. With switch i n  "ON" position the pump will run 
continuously. With switch in  "OFF" position pump will not oper- 
ate. DO NOT LEAVE PUMP IN  O f f  POSITION FOR WENDED 
PERIODOFTIME. In summerthecollectors may overheat without 
circulation. 

D - Pump Motor 
A two speed pump motor is providedwith the LSMl module. Low 
speed is recommended for the most satisfectory operation. The 
switch is located on the backside of motor electrical connection box. 
"1 Dash" position is the recommended speed. Check to  be sure the 
"1 Dash" side of the switch is depressed. Set mechanical head 
adjustment (bonom of pump) on "5" or MAXIMUM. See Figure 2. 

Motor Electrical. 
Connection Box 

Figure 2 



APPENDIX C 

OVER TEMPERATURE CONTROL UNIT 

(PURGE COIL) 



I .  

. . . . . . . . . . . . .  
h 
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. . 

DIMENSIONS 
. . c ... . . 

, . . , > .  
. . 

. . 
s . .  < ' .  

TOP VlEW . . 
. . 

' , 
25 in. 

. - '  
. (635 mm) 

. . 

in. (35 mm) OD. DIAMETER 
COPPER TUBING I- i n .  .A ; ' ' . ' '> '  , 

(711 mm) 
. . 

(270 mm) 
OUTLET 

21 in., 
(533 mm) 

ELECTRICAL JUNCTION BOX 

U' 
REAR VlEW SIDE VIEW. ' 

' (VERTICAL AIR DISCHARGE SHOWN) .. . . . , .. 

; OPERATIONIMAINTENANCE 
. . 

. . 

. . 
I. - OPERA?lON II - MAINTENANCE 1 .  

The HRWl purge coil is an automatically controlled high tempera- ' Annually the purge coil system should be inspected and checked as 
ture limiting device. Its function is to prevent an excessive buildup of follows: 
heat in the collector loop fluid. When there is no demand for space 1 - Purge.Coi1 
heating or domestic hot water and the storage tank is charged to its Clean and inspect the coil and coil guard to be suiethey are'free of 
designed temperature, eny heat gathered by the solar collectors is obstructions. Turn off power to unit and wash wil & coil guard 
retained in the collector loop fluid. When the temperature of the 

, collector loop fluid reaches the setting of the purge aqua-stat (not 
- .  supplied with purge coil unit) the collector loop fluid is routed 

through the purge coil and the fan is energized. Heat is dissipated to 
the outside air at the coil, lowering the collector loop temperature 
and preventing over heating of the collectors and collector fluid. The 
purge coil will automatically activate and deactivate as it cools the 
collector loop to the designed safe temperature or until other heat 
requiring demands can absorb, the collector solar energv. 

with ,a garden hose. . . 
. .. 2 - Oil fan motor: 

a - Motor without oiling p o k  - Prelubriceted and sealed. NO 
further lubrication required under normal operation. : 

b -Motor with oiling ports - Add a few drops of SAE NO. 10 T n -  
detergent oil in motor oiling ports. Access to the fan motor 
may require unbolting and lowering the fan motorffan guard 
assembly. 

3 -Visually inspect connecting lines and coil for ?vidence of fluid 
leaks. 

4 -Check all wiring for evidence of loose connections. 
5 - Check for correct voltage at, unit (unit operating). 

i 
J 

6 - Check  am^-draw on fan motor. 
Unit nameplate Actual ' . 



INSTALLATION 
I - SHIPPWG AND PACKWQ LIST 

Peckage 1 d 1 cantrim: 
: 1 .- HRWl Coil Unit 

L .. ' 4 - Legs (Vertical discharge) 
Plutk Bag Containing: 

2 - Mounting brackets (Horizontal discharge) 
24 - #6 Lochwashers 
24 - #6 - 32 x 112" Screws 

I - SHIPPING DAMAGE 
Carefully inspect unit for shipping damage. If any damage is found, 
immediately consult the last carrier. 

HI - GENERAL 
These instructions are only intended as e general guide and do not 
supersede local codes. Authorities having jurisdiction should be 
consulted prior .to installation. . 

tv APPLICArnN 
The HRWl Purge Coil is intended for application with o t h r  Lennox 
solar equipment in a designed solar energy system. The purge coil 
may be installed outdoors with vertical discharge or indoors with 
horizontal discharge and is for use with a maximum of 30 Lennox 
solar 0011wtors. ' 

V - LOCATING AND SETTING UNrl 
A sound absorbing material (such as Isomode) should always be 
used under unit if it is installed in a position or location that will 
transmit sound or vibration to the living area or to adjacent build- 
ings. Refer to unit dimension drawing to size mounting slab, plat- 
forms or supports. 
A - Vertical Discharge Outdoor Application 

1 - Slab Mounting 
When installing unit at grade level, install on a level slab high 
enough above the grade to allow adequate drainage of water. 
Top of the slab should be locatedso run-off water from higher 
ground will not collect around unit. 

OUTSIDE APPLICATION 

CONNECTING PLUMBING THROUGH WALL I 

/ONCRETE OR ISOMODE BASE 

Refer to "Dimensions" illustration on Page 1 to determine pad 

FIGURE 1 
2 - Roof Mounting 

Install the unit a minimum of 4 inches above the surface of the 
roof. Care must be taken to insure that the weight of unit is 
property distributed over roof joints and rafters. Either red- 
wood or steel supports are recommended. 

3 - Sewice Clearances 
Refer to Figure 3 for proper servicelinstallation clearances. 
Unobstructed air flow to and from the unit is important for 

SERVICE CLEARANCES 
(VERTICAL DISCHARGE) 

I I 

FIGURE 3 



B - Horizontal Discharge Indoor Application 
Certain applications may require installation of the HRWl Purge Coil 
i n  an attic or other interior location. Figure 5 shows a representative 
attic installation with the purge coil fan exhausting air through the 
coil to the outdoors. Install the coil as follows: 
1 - Provide an opening 23 in (234mm) by 26 in. (264mm) and a field 

provided and installed louvre. 
2 - Position HRWl Purge Coil unit against opening in desired posi- 

tion (determined by installer). 
3 - Fasten unit at bonom using (2) provided mounting brackets. 
4 - HRWl fan will exhaust 2100 cfm (0.99 m'ls). If attic air infiltration 

is not a sufficient supply, an additional louvredintakevent may be 
required. 

I .. . on bottom of unit 

FIGURE 4 

ATTIC APPLICATION 
HORIZONTAI.  ISC CHARGE 

SOLAR COLLECTOR 

FIELD PROVIDED 

HRWl PURGE COIL . 

VI - PLUMBING CONNECTION 
The inlet and outlet pipes can be identified in  the "Dimensions" 
illustration on Page 1. Both inlet and outlet are 1-318 in. (35 mm) O.D. 
copper tube. Use proper copper sweat plumbing techniques to de- 
bur, clean. flux and solder connecting piping to the inlet and outlyt 
tubes. Install valves and test ports as required by the total designed 
system schematic. 

VII - ELECTRICAL CONNECTION 
Wiring must conform to the National Electric Code (NEC) (NFPA NO. 
70-19751ANSI Cl-1975) and any local codes. 

Note - National Electric Code (NFPA No. 70-19751ANSI - C1 - 1975 is 
available from: 

National Fire Protection Association 
470 Atlantic Ave., Boston, Mass., 02210 

An application diagram is provided in this instruction. Local or other 
codes may require the installation of a fused disconnect switch in the 
power circuit to unit. Refer to the designed total system instruction 
for proper connection of wiring to central controller. 

VIII - CLEANUP 
1 - Replace all electrical covers and access panels. 
2 - Turn on power to unit. 
3 - Refer to the total system instruction for operational check proce- 

dures. 
4 - Generally cleanup installation. 

L l N E  VOLTAGE INSTALLED AT FACTORV 
LlNE VOLTAGE TO BE INSTALLED 

JUNCTION BOX 

120VAC16011 
TO CONTROLLER ' 

HRWI-130-1 WIRING DIAGRAM 

, Li tho U.S.A. 526,095LV 

FIGURE 5 

C - 3  
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INSTALLATION and OPERATION , -  

INSTRUCTIONS FOR 

M A N U A L  CHEMICAL 
BY-PASS FEEDERS:: . 

"POT FEEDERS" . , d  

. . 

SYSTEM LINE 

SUPPORT LEG 
\ 

4 , . ' I  j 
. . .  - )I I WATER FLOW M A Y  BE FROM 

I I E I T H E R  DIRECTION.  POT 
FEEDER WORKS I N  EITHER 

I I I I CASE. 

. P 
. . 

NOTE: PIPE AND FITTINGS I N  .. . . 
DOTTED AREA A R E  NOT SUPPLIED. 

A Pot feeder shou1.d be empty  when not  in use. T o  empty, " C. To  add treatment 'into boiler, close fil ler cap (51, close 
close valves (1) and (2). open valve (3) and loosen filler valve (4). open valves (1) and (2). 
cap (5). 

~ f te ; ,  treatment h& left the feeder (not more than 30  
8. To  f i l l  pot feeder, close valves (1 1, (21, (3). ' ~ e m o v c  fil ler seconds is required ' t o  accomplish this), open valve (4). 

cap (5) and fill w i th  treatment. close, valves (1) and (2). Fol low. procedure A. t o  drain ' 

. - 
pot feeder. ' / .  . . . NOTE: IF  YOU DO NOT FILL POT FEEDER TO THE 

' ' 

. . I 
TOP WlTH TREATMENT, YOU MUST TOP OFF WlTH . ' 
WATER. THIS IS TO AVOID INTEUCING AIR INTO 
THE SYSTEM. 

. .  . 



MANUAL CHEMICAL BY-PASS, FEEDERS 
' "POT FEEDERS" 

NOTE: VALVES 
FIlTlNGS AND 
PIPING SHOWN 
IN DASH LINES 
NOT SUPPLIED. 

SEE REVf RSE S IDS FOR 
OPERATING INSTRUCTIONS 

PART 8 NAME 
#I Valve, %" Gate 

SPECIFICATIONS 

4 2  Valve, 3/0" Gate MODEL NUMBER SIZE INCHES APPROX. CAP. APPROX, SHIPPING 
#3 Tank DIA.- LGTH ' (GAL.) WGT 
#4 Valve, lh" Gate 6% - 10 1 % .  20 Lbs. 
#5 Red. Tee, 3" x 10- 16 6 35 Lbs. 
#b Unions (2 reqd.) 
117 Top Cover (3% 

Fleckenstein) 
#8 Nipples (6) 

BUILT FOR 125 LBS. MAXIMUM PRESSURE 



F R E E Z I N G  P O I N T S  i 1 , F  A Q U E O U S  S O ' L U ~  I O U r S  

O F  E T H Y L E N E  G L Y C O L  A N D  P R O P Y L E N E  G L Y C O L  

Reprinted from ASHRAE 

GLYCOL, PERCENT BY WEIGHT 

ETHYLENE GLYCOL -- .PROPHY LENE GLYCOL D - 3  



APPENDIX E 

MAIN HEAT EXCHANGER 



MAIN HEAT EXCHANGER 

TYPE: Water t o . w a t e r  heat  exchanger w i t h  s t e e l  s h e l l  and copper tube. 

MANUFACTURER: TACO - Model No. B-12408-L 
1160 Cranston S t r e e t  
Cranston, Rhode I s l a n d  02920 

TUBING: 3/4" copper 

NO. OF PASSES: 4 

TUBE CAPACITY: 30 GPM 

TUBE TEMPERATURE "IN" : 11 1 OF 

TUBE TEMPERATURE "OUT" : 1 2 0 ' ~  

SHELL CAPACITY: 50 GPM 

SHELL TEMPERATURE " IN" : 1 3 0 ' ~  

SHELL TEMPERATURE "OUT" 1 2 4 ' ~  

PRESSURE DROP - TUBES: 1 Foot 

PRESSURE DROP - SHELL: 2 Feet 

HEAD MATERIAL: Cast I r o n  

TUBE PLATE MATERIAL: Cast I r o n  



APPENDIX F 

STORAGE TANK HEAT EXCHANGERS 



STORAGE TANK HEAT EXCHANGER 

TYPE: He1 i c a l  wound copper 

LOCATION: One i n  each storage tank 

FLOW: ~ e v e r s e  r e t u r n  

SURFACE AREA: 82.3 square f e e t  

MANUFACTURER: Themo-Pak , I nc. 
P.O. Box 13223 
Memphis, Tennessee 
901 -942-4684 

PIPE CONNECTION: 2" union 

PIPE SIZE: a )  H e l i c a l  p ipe  i s  3/4", type "L" s o f t  copper 

b )  Header (supply and r e t u r n )  i s  2", t ype "L" hard drawn 

PHYSICAL DATA: a)  16" i n  diameter 

b )  62" i n  he igh t  

c )  Four sec t ions  o f  c l o s e l y  wound 314" p i p e  around t h e  
2" supply and r e t u r n  r i s e r  





H Y D R O D Y N A M I C S  D I V I S I O N  [&J PEERLESS PUMP - 

. Los Angeles, California 90031 Indianapolis, Indiana 46208 



P E R F O R M A N C E  . A T  3 4 5 0  . R P M  . 
. . 

. . . . . . .  . 
i . .. 

T y p e s  P E - B  and- 

F r a c t i o n a l  H o r s e p o w e r  F l u i d y ' n e  P u m p s  

Impellers selected for maximum service factor of motor rating 
based on handling d e a r  water 

CI 
,160 F max temperature 80 psi max pressure 

GALLONS PER MINUTE 

PE75C -- q 4  hp PElOOC -- 1 hp PEl5OC -- 1-l/2 hp 



Installation and ' Operation 

INTRODUCTION -- Your Peerless Fluidyne 
Pump will give the best possible service when 
installed according to  instructions: Be sure to 
read this entire bulletin carefully before start- 
ing any installation operations. The Peerless 
Pump carr ies  a one-year warranty against de- 
fects in manufacture. This warranty, however, 
does not apply to parts damaged in transit. 
Check the shipment carefully and report any 
damage o r  shortage to the transportation 'com- 
pany immediately. 

LOCATION -- Place the pump as  close a s  pos- 
sible to the water supply, considering suction 
specifications for the pump, accessibility for 
installation, inspection, and service operations. 
The most direct and simple piping i s  best, es- 
pecially for the suction line. If possible, locate 
the pump so  that the water flows by gravity into 
the pump suction. 

FOUNDATION -- The pump foundation should 
be strong enough to support the pump solidly . 

and permanently in position. A concrete foun- 
dation i s  recommended. 

PIPING -- To facilitate and simplify piping, 
the volute casing and discharge flange can be 
rotated to any one of 4 positions by removing 
the 4 adaptor-to-casing cap screws and rotating 
to the desired position. The bleeder air' vent 
should be moved to  the position at the top of the 
casing in any change from the normal factory- 
assembled position. Suction piping should not 
contain any low points which can t rap air .  When 
the pump is located above the level of the- water, '- 
a check-valve or  foot-valve should be $n&talled -," 
in the suction line to maintain prime, and a .  
priming tee should be s o  located at the discharge 
flange of the pump that the case and suction 

pound to insure that there are no air leaks. 
When the pump is' located above the liquid o r  
operating with a suction lift, even a small air 
leak in the suction line will materially reduce 
capacity of the pump o r  cause a loss  of prime. 
If a union is required, use  a gasket type and 
seal it with pipe joint compound. Also, the 
,pump must not support heavy suction o r  dis- 
charge piping, and piping must not be forced 
into place because this could result  in distor- 
tion and binding of rotating parts. 

ELECTRICAL CONNECTIONS -- Be su re  the 
motor terminals are connected for the voltage 
to be used. Connection diagrams can be found 
on the nameplate or  inside the terminal cover, 
Single phase, l/4 and l/3 horsepower motors 
a r e  wired for 115 volts only. l/2 thru 1-l/2 
horsepower may be wired for either 115 volts 
or  230 volts a s  desired; standard factory con- 
nections you receive should be  230 volts. Three 
phase motors may be of other voltage and are 
not pre-connected. Local electrical codes 
governing wiring should be  observed. 

MOTOR -- The motor supplied with the 
Peerless Fluidyne Pump does not require lub- 
rication -- it is life-time lubricated. It  also 
has bdilt-in overload protection which will 
automatically rese t  a s  the motor cools, there- 
fore the main switch should always be open 
when working on the motor. If for any reason 
the motor is serviced o r  reconditioned, its ro- 
tation should be checked to be clockwise when 
looking toward the pump a t  the end opposite 
the shaft extension. Also, this end of the shaft, 
covered by a plug, has a screw driver slot re- 
ferred to  elsewhere for  holding o r  turning the 
motor shaft, pump, etc. 

l inecan be completely filled. If debris is apt 
to be present, a combination foot-valve strainer 
should be used. When the suction i s  under pres- 
sure,  or  the level of the water is above the 
pump, a valve and union should be installed in 
butil Uie suction and discharge pipes to permit 
inspection and service of the pump at any time. 

i To obtain optimum performance, suction pipe 
joints must be made up with pipe joint com- 

IMPELLER -- The impeller rotating in the pump 
casing i s  the only moving part  of a centrifugal 
pump. In case of reduced pressure o r  reduced 
' capacity requiring service traceable to  the im- 
peller, its water passages should be  inspected 
by passing a flexible wire etc. from the outside 
toward the center to dislodge any obstructions. 
See DISASSEMBLY a s  required for this opera- 
tion. 



CAPACITOR FUqNlIBnlrD ON 
53 40 71  7 8p 3 \ \ I 

casing - cast iron . 
impeller - bronze 
shaft - stainless steel 
casing ring - bronze 
deflector - rubber 
base - steel 
adapter - cast iron 
'ro" ring seal 
mechanical seal 

A suction 
B discharge 

26 impeller screw 
- stainless steel 

1-3/4 NPT 1-112 NPT 
1 NPT 1-1/4 NPT 

not used 3 ph only 



MECHANICAL SHAFT SEAL -- A short run-in 
period may be required when a new unit is 
placed in operation before a perfect seal i s  ef- 
fected in the mechanical shaft seal. However, 
there should be no leakage at the seal during 
normal operation. If considerable grit, etc . , 
is present in the water, the seal may eventually 
become scored and develop a leak. In such case, 
the seal should be  disassembled and all parts 
cleaned thoroughly. The rubber bellows should 
be examined for leaks and the seal faces for 
scratches. Worn parts should be replaced, but 
emergency repairs may be made of the seal 
faces by smoothing these on No 500 grit  carbo- 
rundum paper placed on plate glass to provide 
a flat surface. See DISASSEMBLY as  required 
for this operation also. 

. . . , .  
. 

DISASSEMBLY -- It is advisable that a compe- 
tent pump mechanic be employed for.disassem- 
bly and reassembly operations.. Before start- '  
ing disassembly of the pump, re-check to make . 

certain that this operation is necessary. Close 
any valves that may be installed in the suction 
or  discharge piping, Remove a plug a t  the 
bottom of the pump case and a plug at the top 
to admit a i r .  and expedite draining. Remove 
the (4) case-to-adapter screws and the mounting- 
foot screws. This permits removal a s  an as- 
sembly: the motor, the adapter, the foot, and 
the impeller. The impeller is now exposed for 
inspection and cleaning. See paragraph on im- 
'peller.   he impeller is assembled to the motor . 

shaft by 7/16-20 R. H. thread. On 3-phase . ' 

units, impellers a r e  locked in place with a 

PRIMING & STARTING -- When the pump i s  7/16-20 hkx socket se t  screw. If disassembly 

located above the level of the liquid, the pump is necessary, hold the motor shaft with a screw- 

must be primed by filling the case and suction driver engaging the slot which is covered by a 

line through the tee installed a t  the discharge cap at the opposite end, remove the set-screw, 

flange. Be sure all the a i r  has been expelled if provided, and turn the impeller counter- 

from the suction pipe and pump case. Plugs clockwise. The mechanical shaft seal can now 
be removed for inspection, service, o r  replace- a r e  provided for the release of a i r  trapped a t  

the top of the impeller cavity. ment. 

The rotation of single-phase motors i s  pre- REPLACEMENT PARTS -- When ordering re-  

( determined by internal wiring, but the rotation placement parts be su re  to  give both the Model ' 

of 3-phase motors must be checked at installa- No and Serial No appearing on the nameplate 

tion by momentarily closing the electric service on the top of the adapter, a s  well a s  the part  

switch and observing the rotation. It should be name. 

clockwise when looking toward the pump from REASSEMBLY -- Cleanliness is essential in 
the f ree  end of the motor. Interchange of any the reassembly of any pump, especially to make 
2 of the 3 power leads will reverse a 3-phase sure that no grit, etc., i s  included between 
motor. the surfaces of the mechanical shaft seal. Also, 

all connections should be'made air and water 
% tight. 

r 

DO NOT RUN A PUMP 

NOT FILLED WITH WATER 

(1t keeps the seal lubricated) 



TROUBLE SHOOTlNG GUIDE 
b 

' PROBABLE CAUSES SOLUTIONS 

2 

MOTOR WILL NOT S T A R T  OR RUN 

Circuit incomplete, wiring incorrect. 

Motor o r  capacitor defective. 

Impeller o r  seal stuck. 

Overload tripped. 

Check wiring and instruction on ELECTRICAL 
CONNECTIONS. 

See dealer for service. 

Turn motor shaft with screw-driver engaging slot 
end of shaft. - 
See MOTOR OVERHEATS (below). 

MOTOR OVERHEATS 

Voltage low, wrong connections. 

Head o r  lift exceeds unit rating. 

Viscosity or specific gravity exceeds 
ratim -- watel: - 
Mechanical defect in motor o r  pump. 

Ventilation -- poor. 

See instructions on ELECTRICAL CONNECTIONS. 

Reduce lift -- increase pipe size. 

See dealer for proper application. 

- --- - 

See dealer for service. 

Vacuum clean motor air  passages, ventilate 
surrounding area. 

MOTOR RUNS * NO WATER * LOW CAPACITY LOW PRESSURE 

Pump not primed. 
Speed rpm below motor tag specification. 

Rotation reversed. 

Lift or  head total exceeds unit rating. 

See PRIMING & STARTING instructions. 

Check for incorrect voltage or  motor overload. 

Reverse any (2) of (3) leads for (3) phase. 

Reduce lift -- increase pipe size. 

Air leak in shaft seal. 

Air leak in suction pipe. .- 
Air trapped in suction pipe. 

Plugged foot-valve or  screen. 

Plugged impeller. 

Impeller wear or damage. 

Make up tight with pipe joint compound. 

See instructions on PIPING. 

Clean. 

See instructions on IMPELLER & DISASSEMBLY. 

See instructions on IMPELLER & DISASSEMBLY. 

P U M P  LOOSES P R I M E  A F T E R  STARTING 

Air leak -- suction piping 

Suction lift excessive. 
* " -"- 

Screen or  foot-valve plugged. 

Air leak -- mechanical shaft seal 

Make up tight with pipe joint compound. 

Reduce lift -- increase pipe size. . "...." 
Clean. 

See instructions on MECHANICAL SHAFT SEAL 

PUMP VIBRATES OR IS NOISY 

Insecure footing. 

Air leak in suction pipe. 

Cavitation due to excessive lift. 

Clogged impeller. 

Bent shaft. 

Motor bearing wear. 

Re-work. 

Make up tight with pipe joint compound. 

Reduce lift. 

See instructions on IMPELLER 6 DISASSEMBLY. 

Remove from motor and straighten or replace. 

Replace bearings. 





Instollation MODEL CE, SERIES 1 
Instructions ELECTRIC - HYDRONIC 

ND STEAM BOILERS 
WeiI-Mclain 

T' 

The AS.M.E. safety valve is shipped on the boiler. 
Pipe the safety valve outlet to a drain or near to the 
floor; dp not pipe safety valve discharge to any area 
where freezing temperatures could occur. 

Two or more boilers may be utilized where necessary 
to obtain the desired capacity. Standard industry p ip  
ing practices should be used for headering the steam 
and condensate return piping. The waterlines of all 
boilers should be at the same level. A boiler water- 
level controller and boiler feed pump system is rec- 
ommended in order to provide best service Locate the 
"body markn of the boiler water level controller 1-112" 
below the centerline of the boiler's water gauge glasses. 

Where only one zone is utilized, the relay, circulator, 
thermostat, etc, should be wired according to the con- 
trols employed (refer to manufacturer's instruction for 
application information). For single zone applications 
where only one (1) low voltage operating cqntrol is 
utilized, the operating control must be wired across 
terminals 1 and 2 of the low voltage terminal board. 

On radiant panel systems, heat pumps, etc, where o p  
timum control of the .water temperature is desired, plac- 
ing the operating control (bull) in the return water 
piping near the boiler is desirable, as is constant water 
circulation through the system. . 

WIRING THE BOILER 
The ~ o i e l  CE boiler is pre-wired at the factory. please EXTERNAL CONTROL WIRING- 
see wiring diagram for internal and external wiring. STEAM BOILERS 
The Model CE electric boiler contains internal overload 
protection. Provisions are made in the upper left hand For single zone applications where only one (1) low 
corner of the boiler cabinet to accept the power input voltage operating control is utilized, the operating con- 
wiring. Listed in the table are the minimum recommend- trol must be wired across terminals 1 and 2 of the 
ed wire sizes according to the boiler capacity. The wire low voltage terminal board. 
size listed for each boiler size is based on using a cop  
per conductor for runs of 50 feet or less; for runs in 
excess of 50 feet consult National or Local Electrical 

( Code Manual. Bring the power input wiring from the 
disconnect ,panel through the conduit opening in the 
boiler cabinet and connect the wires to the fuse blocks 
shown in wiring diagram. Please note that the power 
input wiring must have at least a 90°C rating. 

Up to seven ( 7 )  thermal time delays and up to six (6) 
heating element contactors are prewired in the boiler 
cabinet Each thermal time delay is wired in series with 
its respective heating element contactor to prevent a 
sudden inrush of electrical current On a "call for heat*, 
only one contactor at a t h e  is allowed to become en- 
ergized ..' 

A lo& voltage (24 volt secondary) transformer is mount- 
ed in the boiler cabinet to provide a power source for 
the control circuit The CE boiler is provided with both 
an operating control and a limit control, and the steam 
boiler also has a low water cutoff. Our wiring diagram 
also shows the use of a low voltage thermostat or 
controller which should be used to' obtain proper control 
function and safety of operatio:~ Note that high limit 
controls must be set at least 2 PSIG or 2 0 O ~  higher 
than operating control settings. 

EXTERNAL CONTROL WIRING- 

No. OF BRANCH CIRCUITS REQUIRED 
AND MINIMUM WIRE SIZE (90°C WIRE) 

For the number of branch circuits required and the 
wire size, please refer to the appropriate column on 
page 6. Do not we dumlnum condudom. 

SEQUENCE OF OPERATION 
Call for Heat - 
1. The thermostat contacts close (external operating 

control) energizing the first contactor (1K) and .the 
heater in the flrst thermal time delay (TD1). 

2. Approximately 30 seconds later, the thermal time 
delay contacts close, energizing the second contactor 
(2K) and the heater in the second thermal time 
delay (TD2). 

3. Approximately 30 seconds later, the second thermal 
delay contacts close, energizing the third contactor 
(3K) and the heater in the third thermal time delay 
(TD3). 

WATER BOILERS - 4. This sequence continues until all colstactors are ener- 

If 11 is desirable to utilize outdoor thermostats to pro- 
gized or until the call for heat ends, 

( vide control of the heating elements, the outdoor bulb End of Call for Heat - 
of such a controller must be located to sense outdoor 
temperature, but the bulb should not be exposed to the 5. The thermostat (external operating control) contacts 
sun, rain, snow or the warm air from ventilating open- open, desnergizing the first contactor (1K) and the 
ings. heater in the first thermal time delay (TD1). 
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6. After .a minimum of 10 seconds the contacts in the 1. If the voltage remains low, replace the trans- 
fvst thermal time delay open, de-energizing the sec- former. 

. a  ond contador. (2K) and the heater in the::second 
thermal time delay (TD2). .2. If the voltage increases, r&nnect. the trans- 

' former lead to the Limit control, an'd .disconnect 
7. This sequence continues .until all contactors. are de- 

energized. 

8.. When the  boiler^ temperafure o r  .pressure exceeds the 
"operating control setting, the thermostat circuit is 

the contactor coils one by one while observing 
the voltmeter. If voltage returns to normal 

. upon disconnecting one-of these, replace the 
. defective contactor. 

opened and the elements &e deenergized in a normal 11. Symptom - Low Heat 
off sequence. If the high limit setting is exceeded, ' 

. 
the transformer secondary drcuit is open and all One or more contactors do not energize. Operation of 

element contactors are de-energized instantly. any contactor, beyond the Brst is dependent upon the 
operation of two COihgonents: 

.. . TROUBLE SHOOTING GUIDE ' 

(Refer to 'wiring Diagram)' 

I. Symptom - No Heat . . 

A. Check fuses. 
Fuses F1 and F5 supply power to the control 

. circuit. . . I . '  

B. 1f:fuses are good; jumper.the therm,ost.at terminals. 
If boiler starts, check the thermostat and associa- 
ted wiring. ... 

C. 'If thermostat and wiring are good, check the 
"Limitn and operating control. 

1. Jumper terminals of High Limit Control to- 
gether. If the boiler starts, replace the limit 
control. 
. , 

2. I1 the boiler does not start in Step 1, jumper 
the terminals. on the operating control. If the 
boiler starts, replace the operating cqntrol. . 

:D. .If the Limit and Operating controls are good, 
check the transformer. . ' 

. ' 

' 1.' Measure the transformer secondary voltage 
from control tray to transformer side-.of the 
"High limit" control; it should ineasure 24 volts 
a.c f 10%. 

' . ' . 2.' ' If the voltage is 0, replace the transformdr- (the 
; . . . . . transformer. is fused, behind the insulated cover 

of the transformer, and replacement of the fuse 
is possible if care is exercised.) 

' E. If the secondary "oltage is low, the'primary "olt- 
age is correct, remove the transformer secondary 
lead from the limit control. . . . . ,. . * 

1. Thermal time delay. 

2. Contactor itself. 

'Observe the sequence of operation and note the contactor 
where the sequence stops. Proceed as follows: 

Disconnect the wire going from the contactor coil to the 
thermal time delay, using a jumper wire. reconnect 
the contactor coil terminal to terminal 1 of the t h e ~ o -  
stat terminal strip. 

1. If the contactor energizes, replace the thermal 
' time delay. . 

. . {  
2. If the contactor fails to energize, replace i t  

.?!I, Symptom - Boiler Does Not Shut Down 

One or more contactdrs remain on aftit call for heat 
ends. 

A. Check contactors. 
Lower the temperature setting on the "High Limit" 
control to simulate a limt of operation. 

- 1. If all contactors instantly de-energize, the con- 
- tactors are good. 

2. If one or more contactors fail to de-energize, 
replace the contactors that failed to deenergize. 

B. If all contactors de-energized check the thermal 
time delays. . ,. : .  , . 

Retum* the temperature setting .on the "High Limitw 
control to its original .setting. Allow the boiler to se- 
quence on with a normal call for heat. When all con- 
tactors are'energized, lower the setting on the operating 
control to satisfy. the call for heat Observe' the shut 
down sequence and note the contactor at which it stops. 
lReplace ;the thermal time delay supplying power to that 

. . contactor. , . .. . , 

. . 
. . z .  ) . . '  . . '. 



PLEASE H A N G  THESE INSTRUCTIONS N E A R  THE BOILER 

OPERATING lNSTRUCTlONS 

WEIL-McLAIN ELECTRIC BOILER 
Mr. Boiler Owner: 

Below, the procedure is outlined for starting your Wcil-McLain Boiler including instructions for the care of you r  
heating system. All mechanical equipment needs occasional attention. The boilcr should be inspected, cleaned and  
if necessary, adjusted once a year. We recommend that a qualified serviceman be called as  he has been trained for 
the job and will have the necessary instruments to check your boiler. This will assure you th?t,, the operation of you r  
heating system will remain highly efficient. Your L4'eil-McL,Ain boilcr will give you many years of heating comfort, 
if you follow the few simple suggestions listed in this instruction sheet. 

FILL ING STEAM A N D  WATER BOILERS 
Do not fill the boiler (except for leakage tests) until the Close the hand water feed valve when the correct boiler 
boiler is ready to be fired. CAUTION: Donot add large prcqsure is reached. After the system is in operation, 
quantities of cold feed water to any  hot boiler! keep the system filled with water by occasionally open- 

ing the air vents allowing any entrapped a i r  to escape 
Steam Systems: The boiler should be filled to the nor- and adding cnough make up water to maintain the cor- 
ma1 water line and fired for about 15 minutes at a low rcct system pressure. If your system is provided with 
rate sufficient to keep the boiler at stcaming temperature a purge valve located in the system return piping, con-, 
with the steam vented to drive off dissolved gascs (also nect a gardcn hose to the drain valve located above 
see Skimming Steam Boilers). the purge valve. Close the purge valve and  open the 
Water System: The boiler and the entire system should hand water feed valve and allow the system to purge 

( be filed to about 12 pounds per square inch and heated all air. Where the system has  more than one circuit, 
to approximately 210°F for about 15 minutes to drive purge each circuit separately by opening each balancing 
off dissolved gases. Before filling the system, make sure valve one at a time. When the system is purged of all 
all the system air vents are closed. Open the hand air, close the drain cock located above the purge valve 
water feed valve and beginning on the lower floor, open and open the purge valve. Fill the boiler and the en- 
the air vents (one at a time) until water starts to flow; tire system to the correct pressure. Air in the system 
then, close the vent. Repeat this throughout the building can interfere with circulation of water and prevent the 
until all heat distributing units are filled ivith water. heat distributing units from properly heating. 

T O  START THE BOlbER 

1. Be sure the main electric switch in the boiler electrical 
circuit is turned to the off position. 

2. The boiler must be filled to the correct water level or  
pressure a s  outlined above. 

3. Set the limit control at desired setting a s  recommend- 
ed in these instructions. 

4. Turn the thermostat to its lowest setting so  there is 
no call for heat and close the main electric switch in 
the boiler electrical circuit. 

5. Turn the thermostat above the actual room tempera- 
ture and observe that the heating elements sequential- 
ly become energized. 

6. Check operation of all limit controls. 

7. Set the thermostat to the desired room temperature. 

8. If hoilcr operates incorrectly (see Sequence of Opera- 
tion) or fails to start, refer to Trouble Shooting Guide 
in these instructions. 

S K I M M I N G  STEAM BOILERS 
All new boilers and steam and water piping contain oil, 2. l'rovide at least a 17;" skim line, with valve, from 
grease, chips, and other foreign matter. It is essential to the boiler skim tapping and run this line to a con- 
clean new heating s y s t ~ m s  tn rernovp these materials in venicnt floor drain. 
order to avoid overheating of boiler metal, foaming 
and priming, and high maintenance costs on strainers. 3. I'nergize the boilcr for a period sufficient to keep the 

traps, and vents. The boiler installer should use the fol- boiler at stcnming temperature allowing the steam, 
loiving procedure to clean oil, grease, and other im- along with entrained water and impurities, to dis- 
purities from the new boiler: charge through the skim piping to the drain. 

1. Close the valves in the building steam supply main(s). 4. Feed the water to the boiler a s  required to maintain 



proper water level in the gauge glass. It may be -of...dirt and impurities are removed and the drain 
necessary to cycle the boiler to prevent a rise in steam water runs clear. 
pressure- above several pounds. 

7. Replace safety valve; close drain cocks, fill with fresh 
5. Continue the boiling and skimming process for at water to the water-line. Start boiler and steam for 

least two hours or until the water leaving the skim 15 minutes to remove all dissolved gases; stop boiler. ( 
line is clear of all grease, oil and impurities. On 
unusual jobs, the skimming procedure may require 8. Drain boiler sufficiently to remove skim piping; plug 
repeating one or more times. skim tapping; refill boiler. to water-line. 

- 

CAUTION: THE USE OF CHEMICAL CLEAN- 9. To prevent the return of impurities to the boiler from 

ERS IS NOT RECOMMENDED! new o r  old piping systems, waste all condensate for 
several days or until no impurities are contained in 

6. Drain boiler and, while the boiler is warm but NOT the condensate. NOTE: IT IS IMPERATIVE THAT 
HOT, remove safety valve and insert a hose nozzle FEEDWATER BE SUPPLIED TO MAINTAIN 
into the opening. Flush all interior surfaces of the THE CORRECT WATER LEVEL AND THAT A 
boiler with water under full pressure until all traces LOW WATER CUTOFF IS OPERATIVE 

. 
BOILER SERVICE AND MAINTENANCE 

Leaks in the boiler and piping system must be repaired 
at once. The use of makeup water in large quantities 
is undersirable and may damage the boiler after a n  ex- 
tended period of time. Lf serious leaks occur, stop the 
boiler and gradually reduce boiler pressure or  tempera- 
ture. Do not attempt to make repairs while a steam 
boiler has  pressure or  hot water boiler temperatures 
are above 130°F. 
Foaming o r  priming may occur in a steam boiler and 
cause large quantities of water to pass out into the 
steam main(s). It can be observed by violent fluctua- 
tions of water level, in the gauge glass. This trouble 
may be caused by dirt, oil, or precipitates in the boiler 
water, too high a boiler water level, a high overload 
on the boiler (i.e,, the sudden release of boiler steam 
pressure into the mains by action of fast operating 
valves), or  the addition of too much boiler water treat- 
ment. With serious foaming or priming, stop the boiler 
and decrease boiler load. Then alternately blowdown 
and slowly feed fresh water several times. If trouble 
persists, it may be necessary to skim the boiler one or 
more additional times. 

Any problem in regard to large amounts of makeup 
water, extreme foaming or priming, scale in the boiler, 
or  i n t e r ~ c ~ l  corrosion or pitting, should be referred to a 
compzny specializing in boiler water chemistry. 

cutoff by opening its blowdown valve to remove dirt, 
rust, and sediment, and observe that burner stops as 
the water level approaches the bottom of the water 
gauge glass (gauge glass an steam boilers only). 

DO NOT DRAIN BOILER during periods of shutdown 
unless heating system is exposed to freezing tempera- 
tures. On steam boilers, open boiler blowdown valve 
and flush till clear while under steam presssure. On 
water boilers, open boiler drain cock to remove impuri- 
ties that have settled to the bottom of the boiler. Refill 
as required to the correct water line for steam boilers 
or  the correct pressure for water boilers. Turn off all 
electrical power connections to the boiler. If the water 
side of the boiler must be cleaned o r  inspected, open 
the blowdown valve and. drain the boiler. ( 
Remove plugs frorn the boiler and open the drain cock. 
Hose the inside of the boiler with high pressure water 
to remove sludge and sediment, flush again. Dry in- 
sides of boiler thoroughly, or  refill with fresh water 
and heat to release dissolved gases (see Filllng Steam 
and Water Boilers). Repeated draining and filling of 
the boiler and/or the heating system can lead to the 
same consequences as adding too much makeup water. 

Refer to Water Boiler Controls or Steam Boiler Controls 
for specific service requirements. 

Frequently check the boiler water level in the gauge Periodically check and if necessary. tighten any gasket 
glass of steam boilers, and check the boiler operating bolts. 
preszure of steam or  water boilers. Test the low water 

CHANGING HEATING ELEMENTS 

1. If the boiler will not get hot enough to properly 6. Remove the four (4) cap screws which secure the 
heat the building, it is possible that one or more burned out heating element to the boiler casting 
heating elements are burned out. and remove the burned out element. 

2. Open the main electric switch in the boiler electri- 7. Use a new heating elenient gasket and insert a new 
cal circuit. heating element of the same type (voltage, dimen- 

sions and KW or watts rating) into the opening in 
3. Your serviceman can determine whether any of the the boiler casting. Secure the element to the casting 

heating elements are burned out by disconnecting using the four (4 )  cap screws. ' 

the wires to each element and checking the resist- 
ance and continuity with an Ohmmeter. 

8. Fill the boiler with water to the correct level or 
pressure. I 

4. Close the system valves located at each side of the 1. 
9. Open the system valves located at each side of the 

boiler. boiler. 

5. Open the boiler drain cock and completely drain 10. Close the main electric switch in the boiler e!ectrical 
the boiler. circuit. 



t.Cross output ratings. Pipino loss not confined to the heoted spoce shoyld bc.dded to the buildinp loss to de~ermine totol heotinp requirement. 
Number ol circuih required to supply power lo  the boiler. 
lot01 amperes in eorh circuit svpplvinp power to the boiler. + Minimum U.S. Goupe -ire sizes b a e d  on runs of 50 feet b r  less usinp 90. C. copper only. Consult notion01 or loco1 elertricol code monuols for temperature rotinps of conductors other 

I 48OV. boilmrs require only one circuit. 
Fuse Siles: 2081240V. - 60 Amps;, 48OV. - JKS 30 Amps. 
Boiler Woter Content loll si~esl: Woter - 10.2 gols.: Sleom - 7.0 pols. 
Approximote Shipping Weipht loll si~esl: 300 Ibs. 

WATER 
TOP 

STEAM 
TOP 

Boi le r  
Mode l  

No. 

WAIER 

WATER 
LEFT SlDE 

K W  

B o i l e r  

Capac i ty  
BTU1Hr. t  

No. o f  C i rcu i ts  
Required* 

WATER WATER /STEAM 
FRONT RIGHT SIDE 

1 Phase 

2 

2 
2 
. 
- 
- 
- 

1 
I 

2 
2 

2 
- 
- 
- 

*24' m i n i m u m  w a l l  c learance requ i red  f o r  e l e m e n t  remgval ,  

Lbs. 
p e r  h o u r  
@ 21Z0 F. 

3 Phase 

1 
- 
1 
2 

2 
2 
2 

I 
- 
1 
- 
1 

21 
2% 
2s 

CEd4.W 
CE-80.W 
CE.96-W 
CE.112.W 
CE.126.W 

SIEAM 
CE.16.S 
CE.24.S 
CE-32-S 
CE4O.S 
CE-48.S 
CEd4.S 
CE.80-S 
CE.96.S 

STEAM 
LEFT SlDE 

- 
- 
- 
- 
- 
- 

. - 

56.3 
84.5 

112.6 
140.8 
169.0 
225.3 
281.6 
337.9 

, 208 

1 Phase 

Jacket with Wall-Mounting Brackets 
0ne;Plece Insulated Casting 
Incoloy-Sheathed, Low-Watt-Density Elements 
24 Volt Control System 
Fuse for Each Element Leg 
Thermostat Terminal Rlnck 
Power Input Terminal and Fuse Block 
Thermal Time-Delay Relays 
Heavy-Duty Contactors 

NO. 6 Size  
Of Elements 

Amps0 

1161116 
1541116 
1541154 

- 

78 
117 

78/78 
117178 
117Il17 

- 
- 
- 

V. 

3 Phase 

218,432 
273.040 
327.648 
382.256 
436.864 

54,608 
81.912 

109,216 
136,520 
163.824 
218.432 
273,040 
327.648 

For Water Boilers 

1 Phase 

6.8KW 
7.8KW 
8.8KW' 

- 
- 
- 
- 

2.8KW 

3-8KW 
4.8KW 
5.8KW 
6.8KW 
- 
- 
- 

Wire+ 

010 
00010 
OOOlOOO 

- 
- 
- 
- 

3 
0 

313 

013 
010 
- 
- 
- 

240 

1 Phase 

080 V. 

3 Phe*  

A m p s 0  

135 
- 

180 
135190 

1351135 
1801135 
180/180 

' 4 5  

90 
- 

135 
90190 

135190 
135/135 

64 
80 
96 

112 
128 

16 
24 

32 
40 
48 
64 
80 
96 

ASME Safety Relief valve 
Combination Pressure and 

Temperature Gauge 
Comb~nat~on Operating and 

High-Limit Control 

3 Phase 

3.16KW 
- 

4.16KW 
5.16KW 
6.16KW 
7.16KW 
8.16KW 

I.16KW 
- 

2.16KW 
- 

3.16KW 
4.16KW 
5.I6KW 
6-16KW 

Amps0 

l00/100 
1341100 
1341134 

- 
- 
- 
- 

67 
102 

67167 
102167 
lO2llO2 

- 
- 
- 

V. 

3 Phase . 

Ampso 

58 
- 
78 

58140 
58/58 
78/58 
78/16 

20 
- 
39 
- 
59 
78 
98 

117 

Wire+ 

00 
- 

0000 

0012 
00100 

OOOO/OO 
000010000 

6 
- 
2 
- 
00 

212 
0012 
OO/OO 

U Elkmc A N Michigan City 
Indiana 46360 

Wire+ 

111 
, 0011 

00100 . 
- 
- 
- 
- 

. 4 

1 

414 
114 
111 
- 
- 
- 

Ampso 

117 
- 
I 

117l78 
1171!17 

15511 17 
1551155 

39 
- 
78 
- 

117 
78/78 

117l78 
f17 f I f7  

t 

4 
- 
3 

416 
. 414 

314 
3/3 

8 - 
8 
- 
4 
3 
1 
0 

STEAM 
FRONT 

Wire+ 

0 
- 

000 

013 
010 

00010 
0001000 

8 
- 
3 
- 
0 

3 
013 
010 

For Steam Boilers 

ASME Safety Valve 
High-Limit Pressure Control 
Operating Control 
1.w-Water Cutoff 
Water Gau e Glass 
Gauge COC&S 
Steam Pressure Gauge 

A Division of Wylain. Inc. 





BASIC R V Z ~  SEQUENCE OF OPERATIOiJ 

I-BLOWER 0PERATK)N Option 2 - oLth.ust" -- 
\ 1 - During normal opmrmion tin hdoor b & m  -or (B3) rum tor+ a - Suppty blowor mops. 

tinuous)y.Th. b b r s p o m d  isdeterminod bythe EA5imegming 
b - R m r n  Mower cont inun to run. 
c - Out8ide dampom cbn. . 

amlymr and invoner W). Cf th. unh has optional nigM wtback 
~ ~ n a t h . n a r o b ~ n , h t h . # o m m o t o r ~ i n  

d - R a m  brnpmn dose. 

rmsponu t o  heating domandr during night operation Hmsn th 
Optan 3 - %take" 

M i  k m m d  is  utidisd th. b n  c o w l  H) Jbm Mormto 
- S~pp)y b l O W U  a* l t icr~  t0 Nh 

run u n t l l t h m  heat diuipllsrfromhederrhrn~w (gma hem only). b-Rsturnblowmrrtopr. 

W t h m  unlt has both nigM -and .mob dn.cton, the blower 
c - Outs i6  d~mpma open. 

motor operates i n  two rnober: 
d - Return &mper~ dose. 

a - Day Operation -The Mowor motor runs mt the rpesd didmted Option 4 "lntnke mnd E x h u f l  

by the integrating anatymr. a -Supply blower continues to run. 

b - Night Operution - W i u t  a healing demand the motor cow b - Return blower cont inua to run. 

tinuer t o  run, but the speed is determined by the night blower c - Outside dmmpors open. .' 
control (Rl). With a heating demand the blower motor speed d - Return dampers dose. 

Upon power failure w during nite adback conditions. the return 
is again didsred by the integrating am)ylsr.Thne provbions 
allow the utilization of smoke dstedion d u r i n ~  periods of 

and outside dampers dose. A remote .mob da\.ctor tsst statton 
simulates smoke conditions to check performance of s m o b  ch 

n i g h  wtbaclt Rdsr t~ page 74 for additional infonnslionon 
teflors. A direfl eding actudor (89) drives the m i d e  dsmpors 

the night Mower control. while a m e w  .ding actumtor (BIO) driver the return air dsm- 
2 - Tho returnair blower (84 - optional) runs whenever the indoor pers. 

blower is operutinp. 5 
3 - Fire protedion thennostats 6 2 4  81 S25) are located in  the r aum n - THE LENNOX EUXIRONK: ENERGY SAVING S Y ~  

mir compartment and blower companment. Thermostats termi- m e  RVZ1 is equipped with a solid-state control syrtdm which cydsr 
nate all unit operation at temperatures above setting. the unit to match its output to the load requirementa.The control has 

4 - Al l  other systems are dependent upon the blower operation. The hY0 functions: 
blower proving switch (S31 I .  located i n  the indoor blower 1 - To modulate zone dampers t o  provlde conditioned supply airthat 
airnrqam, senses a blower failure and shuts down all synems satisfies the hosting or -ling demands in each zone without 
within the unit. override. 

5 - Wirh the presence of smoke. the smoke detection system ( o p  2 -To  maintain hot and cold ds3: tsmpareturrr in the unit th8t 
tional) terminates heating and cooling fundions and provides satisfy the mquirements of the zone with the brgesl ba t i ng  load 
four options of controlling blower and damper operation See e n d  the zone with the largest cooling load. 
Figure 19. A - Zono Dmmper Control 
OptiDn 1 - "Shutdown" Two air temperature sensorsam usedforsechzons-one l o m e d  in 
a - Supply blower stops. the conditioned opaa  (A4 room sensor) and one mounted in  the 
b - Return Mower stops. . wppty duct (RT4 discharge nntor) .  An electronic circuit compares 
s - W i d e  dampers cbse. the temperatures st room wnsor and drKhsrge air sensor to control 
d - Return &mpers dose. the position of zone dampers. See Fqum 20. 

C SMOKE DETECTION SYSTEMS 1 

OPnON 4 -"INTAKE AND MHAUSI" 4- 



8 - In muftiplm udl Inrtallmions, ihe following guidelines mre re 
commended for mixing perimeter and mre  zones: 
Rkdrmm b e d  Div- 
For optimum ene rw  efficiency. install an R M I  equipped with 
condenser heat and outside air discriminator In appliationrwith 
m a i m u m  b a d  diverjty.See figure 17. By imsnnixing perimeter 
and axre mats, tho had  rejected into the return air from core 
zonm will be  dated into the supply sir m e a n  A amling 
demand will initi- DXcodirp and k i n g  additional heal intothe 
hot dn t .  
Mhimizs LmBd Dirwdq 
Minimao kad divenity i n  installations k.t amdenser heat and 
outside air d i sa i r n i ~ t o r .  If possible design -em K, perimeter 
tones go t o  m e  unit and core z o m  go to  another. See Figure 17. 

V1 - ROOM SENSOR 
Two types of room senrora are offeredi.the standard and a wide 
n e l o r d  band type. On a typical heatinglcooling day. the load 
demand swings from morning heating to  midday woling and 
back to late day heating. The standard room sensor controls the 
heatinglcooling demand through the day within plus or minus 2 
degrees of .st point.The wide nctload room sensor gives approx- 
imately 6 degrees range between the hesting and -ling d t  
mand. Thm unit wasts within the m l o a d  band. Temperature 
wntro l  remains plus or minus 2 degrees at either end of the 
Refer to graph. 

A - Installotion 
1 - Room sonsor mounts on a standard 2" x 4" (51 mm x 102 mm) . 1 

ON UNITS LE3S CONDENSER HEAT 
AND OUl$lOE AR DISCRIMINATOR. ' 

MINIMRE LOAD DNERSITV 

CZI!IMkIEH 
' ZONE 

I 

ON UNKS WlTH CONDENSER HEAT 
AND OUTSIDE AIR DISCRIMINATOR. 

I MAXIMIZE LOAD DlVERSlTY ' I 

outled b o r  Wall plate, dacorsror plete. wiring rubban. elecrrial 
frame and awer  make up  the remor assembly. See Fkura 18. 

2 - Do not l ou t s  room renwr  on an exterior wall, i n  an emyway, a 
i n  d u e  sunlight See Figure 16. 

3-  Meke H a i n  room renwr  or sensors am located whsre they 
ump le  air i n  the oaupid spaa for a portirulrrzons, howsver. 
d i m  impinpemenl by di.ch.rged air upon Uu room ansor  
rhould k avoided or minimized S.. figura 16. 

4-A l l  room mnron should k minuid at 8pprarinut.ly the 
sama wl poinL ' . 

A 

REGULAR THERMOSTAT COMPARED TO 
WIDE NO-LOAD BAND THERMOSTAT. 

I I \ Regular Thermostat I 

I ROOM TEMPERATURE I 



I DAMPER ACTUATOR I 
. . 

$ + 

to E . .. 

(ir, 

LOAD ANALYZER 

RGURE 20 
The rpn dampers i n  the VariaDne arm dosigned so the hot and cold and are wrwquentlycontrolbd byone mom sensor. Referto"Ekc- 
dsmpor Madas operme independently. A magnetidspring overdrive tronic Zone Control" on page 87 for additional informmion on  dav- 
mechanism wil l  ollow one blade t o  remain at closed or at minimum ing dampers. 
poritionrvhilotheother is opening.The minimum position is adjust- TWQ zone control options are availabk: 
able from zero t o  45 degrees. Th$ feature minimires air mixing 1 - ZC17 Zone Control System - Actuator modulates ir rosponre to 
betwean tha TWO deck, thus allowing treated air to  go to  the zones ' the variable v o b g e  signal transmitted by the demands of the - thmt roquiro h room sensor. and discharge sensor. 
As tho room tomperatura cbngea from the room nnsor  set point  2 - ZC8 - This acmetor is used with remote mixing boxes b r  dual , 

the z w  dampsrs will move to satisfy the demand. On a change in d u d  applicslions. 
discharga air ternperdure, the zone damper will reposition in anti& B - Hot And Cokl Dwk b n b o l s  
m i o n  of thr st lad on room tcmparaturc The EA3 load analymr modulecycles the unit i n  response to the zone 
In oddhion to the standard room w r w r .  an optional "no  load" band wirh the gremett hepting demand and the zone with the gremez~ 
room seiww a l k m  l w i 6  temperature differential of 6 degreas coaling demand. Any zone a n  genemethese demands.Sw F6uro ' ' 
k f o r o  w i n g  tho hut ing a cooling in the RVZ1. 20. H mmm has l demand of d ~ c i a t  magnitude to muusteeither 
If tho o~ndit ioned zone q u i r e s  more CFM than a particular damper the homing or rooling functions, the system wi l l  coast wirh onlythe 
opene- u n  deliver.two or more dampers must be l i nbd  together blowers running. 
t o  provide tho needed CFM. Adjaaant damperr con be slaved te Overriding controls monitor cold and hot deck tempersturea t o  pro- 
QMhsr m i i ~  mr&@fa i~ l  lihbgs. No-adjaunt damperr a n  be  lea unh hm.prob lem roner (a zone which transmits s WnQant 
elear iut ly s lawd together. Onb three dampers may k mechani- healing or cboling demand). 
mlly linkadtoono 8ctumor.U morathan3damperaarerequiral for. 
zone. r# 2 or mom oau.(on and slavo e l a r i u l l y .  Ahhough r v -  - VARl4Sl.E AIR 
era1 bmp.n my be finkad togsth.r.thsysIil1 constitute o m  zone In  addition to  Zone temperature control. the RVZI irrc#poret&s 



. ROOM 
SENSOR EAS BLOWER 

IhmGRATlNG MOTOR(S) 
ANALYZER 

POWER ClRCUK 

muw 21 
onorgy e o r u e n d o n  features hi& lowsrthe watr consumption d n individual zones require a constant air volume, the RVZl xow  
indoor b l o m r  mom and return sir Mowa motor (if used). These damperr csn be field adjusted to provide the desired amount of air . 

contrda rogulmte blower motor speed i n  proportion to w n e  da flow. 
mand..The EAS integratinp analyzer receivesthezone signals from For detailed explanation of the blower operation, mfe r  00 

the room sensors. h analyzes these signals to determine the units sir "BLOWERS" on page 72. 
requirements and then transmits a DC voh blower aommsnd signal 
l o  the invener. The invener responds to  this signal and chnges Jn - CONDENSER HEAT 
Mower motor RPM corres~ondinglv. The EA5 has a minimum speed Tha eondennr heat option is used i n  conjundbn with O m i M i r -  ' 

adjustment which is f a n o w s a  a1 45% of fullair. Figum 21 ilkma Discriminnor and PowsrSmer:Ths condenser hem mil within the 
tho blowr eomnund signal. ha( && gives off heat from the No. 1 rslrigerant cirwh henorrer  



wmpesmr  1 Is running and there is a heding &mand.Thefunaion 
&an i n  arch respective homing section illunrme staging of wrc  
denser ha. The "Retriberant Cooling" ~ u i o n  on  p.9.57 explains 

,ndmnr h a d  operation. Thefollowing u b k  liststhe mi lab le  hast 
w sar  unk 

\ 

N - GAS HEAT 
Gas tieat capocities range from 275.000 thmugh 850.000 Btuh input. 
1 - On a heating demand, the combustion air blower 6 energbed to 

provide a pepurge petiod to clear combustion chamber. A time 
delay brings on the 6rs1 stage of gas heat eher the prepurge 
period has elripred. 

2 - A n  additional heat demand brings on  the seoond stage of gas 
h a t  .her 5 minute delay. 

3 - A  power burner. with individual ekdronic safety wntrols Mat 
monitor flame conditions, is incorporated on  each heat d- 
changer used. Two high limit controk shut down bumerts) at 
o x ~ i w  hot deck temperatures. 

V - ELEmK: HEAT 
E learic heaters rsnge i n  size from 45 KW t o  150 KW..Each ekment 
has 15XW capacity. A five switch EA5 electric heat sequencer con- 
bob stepping of elements to satisfy the heating demand. Lockow 
-lays b h n a  tho load between electric elements and compressors 

(' 
* prevent overbd ing  the main switch. 

W - HOT WATER AND STEAM HEAT 
Tho motorized valve controls flow through the hot waer and steam 
wik. 
1 - A hu t in9  d e ~ n d  wil l  open valve. 
l - Tho steam coil urns a two way vahre. 
b - The hot wator coil uses a three way valve to either dimcl hot 

water to coil or by-pass coil. 
c - An auxiliary circulator pump (optional) mntinuously c i rwlata 

wmer through co i l  
2 - Both wih ore equipped with air Meed vahrsz. The hot water mil 

has a drain nhfa 
3 - The knza protection thermostul (S40) monitorsthecoil manifold 

tampsmuro and opens the valve st a set point to prevent coil 
freezing. 

VU - POWER SAVER 
1 -The Power Saver consists of outride and return air dampers 

which am linked together. These dampers open and cloce in 
.. reverso relotionship to each other. A coding demand madul.tet 

the outside dampers open. the fresh air cannot sslisfy the 
demand. mehanical cooling will be engaged. 

2 -The Power Saver aauator has a minimum air adjustment to set, 
for a s p e H ~ c  amount of fresh air. 

3 -The enthalpy control (Sl8) renrer both temperature and humid- 
hy or  the heat wntanl of the outdoor eir. When the heat content 
rhos above wntro l  w t  point, the outside dampers doso to  
minimum position. 

4 - The Outside-Air-Discriminstor ( 0 p t i o ~ l )  holds the o h i d e  
dampen a minimum position d e given witch point in the 
heding mode. 

5 - T b  morning m w p  control 616) hdds  w i d e  d.mpar a 
doud position until tho raum oir tomper8ture hu rimon .bow 
thornpoint .  . 

6 - On nite metback. the outrids air drmpa am in the fully ck..d 
position.. 

7 -The unchtonn switch ~17+ptionel) h 8 r M n u a l 8 w k h  whkh 
doses the outdoor dampers. 

VPI - REFRKiERAKf COOLING 
The operating sequence and cooling fundions vary according tothe 
.ire of the unit. . .. 
1 -The Lennox L6 compreqror has two speeds which run .( 1,800 

RPM allow speed end 3,600 RPM a hi speed. Each L6comprersor 
has a positiw interlock between speeds to prevent both speeds 
from being energbed simuttaneously. There is a time delay be 
tween speeds. 

2 - Ea& compressor has an individual mfrigerant cireuit The No. 1 
refrigerant cirhrit is equipped with a hot gas by-pass valve for 
conditions requiring reduced capacity. As the supion pressure 
drops below the hot gas valve set point. the valve opens to 
prevent an evaporator coil freeze-up. 
RVZ1-30W3M11600 units are also equipped with en additional SO- 

lenoid valve (Ll) which only permits hot gas by-pass whenthe 
compressor is on low speed. 

3 -  Each compressor is protected by a high gas pressure switch 
632). low gas pressure switch -1, ambient thennos& -1 
and a crankcase heater. l n  addition 8 end 11 ton compressors use 
internal cutout thermostats ($535) and overload relays wh ik  the 15 
ton  compressors use inwinding therrninors with a protection 
module (Al). 

4 -The compressor monitor IS38) locks out compressors whenever 
the outdoor air falls below set point. 

5 -The evaporator low limit 641) wntrol  locks out compressors 
when cold deck temperature drops below set point. 

6 - The following list mmches compressor usage to unit sue. 
a - RVZ1-185 uses two U. 8 ton compressors. 
b - RVZ1-185,1275 uses two L2.8 ton compressors but has a lawet 

evaporator for 19 tons of cooling. 
c - RMl-275 uses two 4 11 ton wmpresaors. 
d - RVZl-300 uses one L6.15 ton compressor and one U, 11 ton 

mmprcrtor. 
e - RMl-360 uses one L6.15 ton compressor and one LZ. 15 ton 

compressor. 
f - RVZl415 uses three L2.11 ton compressors. 
g - RVZldOO uses one L6.15 ton compressor and two L2.15 ton 

compressors. 

D( - CHlLLED WATER 
A motorized valve wntrols flow through coil-The valve is located on 
the return line from the wil and has three pons - in let  outlet and 
by-pass. Each chilled waer  mil is  equipped with an air-bled and a , 

drain valve. 





SERVICE FLOW CHARTS . '  : '. 

With a pi.o of mquipmmt a mophimod am the RVZl unit it can Whon going through the folkwing rervig flow ehmnr. .)my. atafl 
d m  k 6llicutt to bats the coura of trwbl0 tmm 8 givon .a of with 'Suppty And Raun Alr Blower Opention." Onem th. indoor 
e m d h  and ruturn air Mormn arm runninp, go to f k w  art, kr 
Th. bbWh@ d lkrr cham am dd-d 6- tD th, D&f' or*b ld  w" d - c  wirinp djg- provibsd on 
liW war,ofmhtrom~inob. .nndorrudiWd.tenninsd tt,. unh 8- to .rd4 yar in underrtlnding t t ~  -ti- dnuk.. 
oondiinc. 

SERVICE FLOW CHART FOR INDOOR AND RRURN AIR BLOWERS 

I Indoor and retum air blowers do not run I 
1 
I . .*. 

r 
k main disconnect "on"? 

(located in master control panel) 

I 
> 

I 

Check fuse in 120 volt power circuit fusetrons I 
I 

1 Is power supply voltage the same as unit nameplate I 

I 2 

Check blower motor fusetron 
(located i n  master control panel) 

1 

I 
I -- - . 

Is system.clock timer in "Day Posi$on'? 

I I (located in  blower compnment)  1 
J 

Are blower motor werloads "Open.7- 7-1R. 10 and 15 hp 1 
Motoro only(located in master control panel). 1-lR, 3 and Is nite setback switch in  "Day Position"? (located remote) 

5 hp motorr have internal werloads (automatic reset) 
, I 
I 

I 
I k readout panel system switch "On"? (located remote) 

With motors ~ n n i n g ,  check full load . . - 

I a m p  against motor nameplate I 
I I [  Reset. mixed sir fire protection thermostat 1 

I 
...-... ..--- .. (located in blower compartment) 

check for loose or broken blower belts 1 
I 

1 .  Reset retum sir fire protection thermostat 1 
I (located on return sir damper panel) 1 

1 
Refer t o  S e r v i ~  Representative or to  Service Manual 



SERVICE FLOW CHART FOR HOT DECK OR HEATING SECTIONS 

I Indoor end return air blowers 
running 

, / 
I 

ls at least one zone calling 
for heating? Is sailswitch ~c9osed energizing 

(16g&$$ . . . . . .  .. indoor Mower -?I) 
Is EA3 load analyzer 

--t 1 HOT W A E R  OR STEAM 1 c 

I module operating properly I I_. 
I . 

Is portion of heatin- 

I 
1 

GAS I 
- 

I - 
On hot water units, is main pump 

running? (located remote) 

by overriding controls 
- 

I 
I Are all manual gas valves open? 1 

. 1 

I ilo~ated in heat section vestibule) 
I 

or  Bteam up Po pressure 

operating (visual check) 

I Are combLstion air. b l o w e r s 1  

I I 
' k e  Or '&gas pressure sws [ 1s door interlock switch closed) 1 

. on gas units running? 
(located in heat section vestibule) 

* 
1 

locked out? (FIAIFM units only) 

I 

Are limit contml con tom closed? 
- 

(located in  heat section vestibule) 

I 

- 

I 
1 Are limit control contacts closed? 1 i 

(located in  heat section vestibule) 
I 

Check fusetrons t o  electric 
heat elements 

(located in master control panel) 

Check safety limits t o  electric 

Does ignition Pransfomer end IS EA5 sequencer ene r~ iang  

pilot valve energize? 30 seconds element contedors? 
(located in master.control panel) 

I Refer t o  senti& Rtpresentative ) 

I I 

I or to  Service Manual . I 

Check amperage dmw on individual 
heating elements. A]! should register 
approximately the same amperage 

- mer controls ' 

main gas valves should & energired 
(located in heat section vestibule) 

1 Ilgnitio. tnndormer  shuts * *~ ( f ' j  6 min. delay on 2nd stage 

, 



SERVICE FLOW CHART FOR COLD DECK OR COOLING SECTIONS 

I 1- Outside temperature lnrufficient or no cooling Indoor and return air I 

Is portion of coaling deenergized 
1-1 by overriding controls h 

J . . 1 
blowers running J 

Is st least one zone calling I 

I 

CMlLlED WATER COOLING 

for cooling? 
cmmctly set? b 

1 
h €43 load analyzer module 

I 
I 

I Is water at correct temp.? I 

k sail switch dosed energiring 
sail rwitch m~sy?  

(located on indoor blower housing) 

Is water valve operating? I 

operating properly 
t J 

(visual check) " 

REFRIGERANT COOLING 4- --a 
Check compressor power 

supply fusetrons 
(located i n  master control panel) 

I 
I Are compressor overloaos 1 
I or motor protectors open? I 
I (located in  compressors1 I 

I 

I I Are pressure switches own? 1 

I Air r r r r ic t ion over mil? I I (internal to  mmpressor) . 

I 
1 . . , .  

Air restriction over evaporator coil? 
I I 
1 Are condenser fans running? 1st stage 

Is evaporator coil icing or frosting? condenser fan may be off becuasa 

I of condenser heat 

Insufficient refrigerant charge? 

I 

Refer to  Sewice Representative or to  Service Manual 



figflfl@z@ REMOTEREADOUTPANELS 
p For All Season Equipment 

. . 
Central Station Check of '  HeatingCooling Equipment 

The operation of heatingcooling equipment can be checked at 
a glance o n  a Remote Readout Control Panel conveniently 
located within the conditioned area. Complete panel consists 
of a control panel and rough-in box. The rough-in box may be 
installed during building construction and the control panel 
added at  a later date. p n e  panel . is  required for each 
heatingcooling unit. Panel may be installed individually or i n  
multiples. See typical installation sketch. 

Signal light$ oh the panel indicate "System On". "Combustion 
Lockout*', "Cohbensing Unit  Inoperative" and "Dirty Filter". 
Check switches are provided t o  prove signal l ight operation. 
T w o  on-off switches control "System Auto-Off" and 
"Condensing Unit Auto-Off" oprat ion. Panel is equipped 
w i th  a manually operated 12 hour clock timer. Timer overrides 
night setback controls providing normal operation for the time 
period set. The combustion lockout signal circuit operates a 
relay that can be connected t o  a telphone circuit signalling the 
serviceman of a failure. A n  adjustable compressor monitor4 
thermostat (not required on DMS3 applications) is required t o  
complete the condensing uni t  operation signal. A filter flag is 
required t o  provide the "Dirty Filter" signal light. 

Remate R o d w t  hnd 
and Rough-In Box 

Field wiring wi l l  vary depending o n  type o f  system and unit 
used in installation. 6 t o  12 c las  II field wiring connections . 
are required f rom the heating-cooling equipment t o  the remote 
readout panel. See field wiring diagrams. See lnstallation Typical Installation 
lndn~ctiom for cnrnp!ete wiring d iagnm.  

Om Remote Readout Control Panel and Rough-In Box is- 
available for  all applications. Specify EM number when ordering. 

R-1 Rough-In Box (BMl-5358) 

RP2-I Remote Readout Control Panel (BM2-53583 

Additional controls are required for  use w i th  the Readout 
Panel and must be specified when ordering. 

OMS2 and DMSR2 Applications 
Filter Flag (BM-4338) 
C o m p m r  Monitor Thermonat (EM-4875) 

OMS3 Applications 
Filter Flag (BM-4338) 

GCS3 And OCS3 Applications 
Remote Readout Panel K i t  (EM-5817) 
Coruizb of: 1 -Filter Flag 

1-Compresror Monitor Thermostat 
1-Relay Control Panel 

CHA8 App l ia t ions  
Remote Readout Panel Kit (EM-5893) 
Consists of: 1-Filter Flag 

1--Compressor Monitor Thennonat 

b n k  of poneh imtallsd on on o f f a  wall. 



. . 
.~ . 

SEQUENCE OF OPERATION ' 

DIMENSIONS (in.) 
For All Season Equipment 

(Net Weight 6 Ibs.1 

' 

. 

A x K' 
a = h E p  
5 
0 a 
0 z 
$ $ a 

2 
W 
Z 
4 : "  : g 
2 t 
2 0  
W 
a 

ON 

'LOCKOUT . , 

CONDENSING 
UNIT 

INOPERATIVE 

, 

SYSTEM 
"AUTO" "OFF" 

MANUAL 
OVER-RIDE 

TIMER 

*'DENs'NG 
"AUTO" "OFF" 

- 
Indicates blower is operating and system is giving normal ''occupied" operation. When this light is 
out, system is inoperative or equipment is on  night setback control. . 

Light will come o n  whenever flame.sensor control locks o u t  (Gas or Oi l  fired unitsonly.) 

When'system o l l s  for cool iw this light wi l l  come o n  in approximately 45 seconds if suction line 
doisn't cool down. Due to delayed sthning o f  the condensing unit through the timed off control, 
this light may come on fo r  a short period and then shut off indicating proper operation. 
DMS3 applications - light wi l l  come o n  i f  any 'compr-r safety control opens, indiot ing that l 
compressor is not running. 

When fi l ter becomes excessively dir ty the light wi l l  oome on  indicating a requirement t o  change or  
dean filters. - 
Shuts down entire system except f o r t he  combustion air motor on  gas f i rebunits and the water 
pump on  ho t  water units. 

Overrides night, *back controls. Set the 12 hour clock timer t o  give the required hours o f  system 
operation during any period when the system is on night setback. When the timer h u t s  off, the 
system m u m s  t o  night thermostat control or o f f  i f  night setback controls are not  used. 

O n n i d n  the condensing unit mnt ro l  circuit. 



DMSZ and DMSRZ UNITS 
NOTE-U~FI~ Modd Shown (Down-Flo Mod.( Sm) 

A-Power Sourcs (Ssc OMS Bulletin for complete Fidd wiring) 
. . 

B-Two w i n  low voltegd (Thermostat) 
l l , ~ e 4  win  low voltage (Modulating Damper Motor) 
Two or three win low valtsgc [Mixing Boxer) 

b 9 

OPTIONAL . 
' RETURN AIR 

BLOWER . 

DAMPER-FILT ER 
SECTlON. 

- 

b + 
THERMOSTAT (S) 

OR 
MIXING DAMPER - 

C--Ten w in  low voltage 

. D M S ~  UNIT 

0--Two wire low voltage 

All wiring mun conform to NEC mnd loul Joctriul coda. 

A--Paver Soura (Ssc OMS Bulktin for complete Field Wiring) 

. . .  

COOLING 
SECTION 

_I- 

REMOTE 
R EAWVT ' ' 

PANEL 

8-Two wire lo*r vdt-  ORB^) 
Three w i n  la dog. (Modulating Damper Motor) 
F w r  w i n  la wlnge (Mixing Boxes with L o d  Sensor) 

SYSTEM 
CLOCK 
TIMER 

BLOWER 
SECTION . 

DISCONNECT 
' I 

SWITCH L - 
(BY OTHERS) . 

0-7- wirm lo*, voltcqw 

. . 

All wlrlng mum contown to NEC ~ n d  1-1 olutrlal oodr. 

I - 12 

. . 

HEAT .' 

. SECTION 



GCS3 SERIES UNITS AND OCS3 SERIES UNITS 

A-*Nine wire low voltage (Single Stage Heat and Single Stage Cool) C-Two wire lorn voltage 
*Ten win! low wltoge (Two Stage Heat and Single Stage Cool) 0--Two wire lorn volt- (Without POWER SAVER) 

(Single Stage Heat and Two Stage Cool) ,Three wire low voltage (With POWER SAVER) 
*Elawn wire low voltage (Two St@ Hem and Two St- Cool) 

€-Three wire power (See Unit Electrical Data Table) 
* I f  POWER SAVER m n d  Nlto S e u k  Controls . 

or. uaod on0 odditioml wim is r.quir.d. F-One wire (120 voltage) (GCS3-953 only end OCS3 series) 

&Faor win! lorn voltage (Single St- Heat and Stngle Stege Cool) Al l  w i r i n ~  mum conform to  NEC and loul o l c t r i u l  coda. 

Fin win low volt* (Two Stage Heat and Single Stege Cool) If loul ~ I o a r i u l  code permta m.y bo c105 2 wiring. 
. . (Single St- Hem and T~wo Stage Cool) 

Six win low voltage (Two Stage Hem and Two Stage Cool) 

CHA8 SERIES COOLING ONLY . . 

CHA8 SERIES COOLING A N D  ELECTRIC HEAT 
CHA8-1853 AND CHA8-2753 COOLING ONLY 

. . 8 1 ~ 0 ~ 1  PACKAOL UNIT 
.! . . 1 

&*Six win low v o l w e  (Single Stage Cool) 

1 
YAIN 

OSmn win low dtqp (Two stage Cool) - CONTROL ' 

(Single Stage Cool and Single St- Heat) IIX 

*Eight win bur volt- (Two St- Cool and Single Stoge Heat) 
(Snglw SW Cool md T w  S W  H a t )  

*Nina wim knu volag. (Two St* Cool and Two Stage Heat) 

* I f  POWER SAVER ond Nlto Smbuk controls 
are uud om additional wlm h roquid. C L ~ I  

8-Thrm w i n  low wltage (Single Stoge Cool) 
Four w i n  low volt- flwo St- Cool) 

- (Single St* Cool and Simle Stage Heat) 
Fin  win lorr vdt- (Two Stage Cool urd S ~ n ~ l e  Suge Hem) 

(Single St- Cool and Two SI- Heat) CHA8-1853 AND CHA8-2753 COOLING A N D  ELECTRIC HEAT 
SIX w i n  lorv volugr (Two Stage Cod and Two St- Heat) SIWOLR PACKAOI UNIT 

GTwo wim ICRIV vottrge 

0--Ywo win low voltqp (Without POWER SAVER) 
Thmo win bnw voltage (With POWER SAVER) 

E-YWD or thm win porver (See Unit Electrial Data Table) 

F-Fk. win  low rdw (Single Suga Hem) 
Sir wim low vohaga flwo St- Heat) 

Al l  wirlng mun conform t o  NEC end local d u t r k a l  codoa. 

If loo: d d r W  coda p.rmlra moy bo c l n  2 wiring. 



APPENDIX J 

AS-BUILT DRAWINGS 



. LIST OF AS-BUILT DRAWINGS 

3-1 : Architectural.  F loor  P l  ans 

5-2: Architectural  Elevations 

5-3: Solar System Equipment Schedule 

3-4: Storage Tank Detai  1s 

J-5: Storage Tank Float ing Slab 

5-6: Solar Panel Flashing and Gutter  Betai  1s 

J-7; Storage Tank Heat Exchangers 

j-ii 

" 







2. PLUMBIN6 CONNECTION $ FIXTUR E SCHEDULE 
I 

~ H B  I encnu6 o r '  OG. o c a r l ~ i  ~ r +  FXFXILT,UC. BLW 

I U N ~  dd LPM I Vf  IHEADI VDLT I M FE 4 r l0~SzL d~ I ITEM ARK 5 . - 
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; P2 ' 3 , ' '  i . 1 I - LIRcLILAfIN6 fLlMf-' * ISOLATION IS WIT14 PUMP 

5. MAIh' F tYLHAN6ER 
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