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BUILDING AND SYSTEM SURVEY 

The solar  systm is for  the  Wilmington Swim School, N m  Castle, 
Delaware. A major addition, now cunpleted extends the  building t o  
20,650 gross square fee t ;  12,400 square feet in the  exi.sting 
building, 8,250 i n  the  addition. Construction of the existing 
building was carried out i n  1964. The addition was completed during 
the  smmer of 1979. Primary building systems are masonry exterior 
wall ,  precast concrete f loors ,  laminated timber roof framing with 
wood m f  decking. Conventional wood framlng is used i n  SU~E 
areas. Both asphalt shingles and built-up roof lrlg are uti l ized.  
The building is heated by a gas f i red hot water system. Cooling, 
limited to a very m a l l  area of t h e  building, is done by standard 
air conditioning units.  

The Wilmington Swim School presently serves the en t i r e  
Wilmington metropolitan area with instructional and cunpetitive 
aquatic programs. I t  frequently accomnodates major area swimning 
meets. The expansion of the  f a c i l i t y  provides the  school with 
large general exercise rooms, sa les  and administrative spaces, a 
teaching and therapeutic pool, a health spa, additional locker rooms, 
etc. Concurrent with the  expansion there w e r e  modifications to the  
mechanical system t o  improve efficiency. 

The \ilmington Swim School is located near t h e  interchange 
between In ters ta te  95 and a major county a r t e r i a l ,  New Castle Avenue. 
The site is bounded by the  interchange and the  a r t e r i a l ,  a rnoderate 
income single family subdivision and a motel and restaurant canplex. 
The land imnediately surrounding the  school is f l a t  and paved for  
parking. 

f3WWW OF SOLAR SYSTEM 

The active solar system is amposed of 2,500 square feet of 
Revere Sun-Aid Cbllectors, model 332, having a single special low 
iron glazing and a black chrome select ive surface. me collectors 
are arranged i n  seven (7) banks and are piped to a 3,600 gallon 
concrete tank located adjacent t o  the building. The tank is 
insulated t o  R=30 and buried i n  a stone lined p i t  f i t t e d  with a 
french drain and mmp. A microcanputer based control system selects 
t h e  optimal application of the  stored energy among space, domestic 
water and pool heating alternatives.  Selection is based on 
seasonql energy avai labi l i ty  and the  specif ic  t h e m 1  requirenents 
of each load. For example, i f  winter space heating requires water 
temperatures in excess of 120 degrees F.,  stored water b e l m  120 
degrees F. w i l l  be used f o r  pool heating which only requires 



BUImING AND f3YsnnI SURVEY (Cantinued) 

tmperatures in excess of 85 degrees F. -her, any heat stored 
at temperatures below 85 degrees F. may be used fo r  danestic water 
pre-heating. During the  sumner months, stored heat w i l l  be used 
f o r  domestic water and pool heating. Under these conditions, 
efficiency w i l l  be nraximized throughout t h e  e n t i r e  year. 

A vert ical  w a l l  passive collection system was constructed 
as part  of the  new addition. The 256 square foot system w i l l  provide 
approximately 25 percent of the  heated fresh air requiranents fo r  
the  office area. 

A s  the  control system is presently programed, needs w i l l  be 
served in the  follarrring order: 

1. space heat - new addition 
2. danestic water - en t i r e  f a c i l i t y  
3. pool heating - en t i r e  f a c i l i t y  

Assuming we sa t i s fy  space heating completely before going on 
to t h e  next load, t o  sa t i s fy  dunestic water needs cunpletely before 
pool heating, the  act ive system w i l l  yield 67% of the  space heating 
requirements', 61% of the  danestic water requirements and 2% of the  
pool heating requirements. Overall, t he  act ive system w i l l  supply 
20% of the  en t i r e  t h e m 1  energy needs of the  Wilmington Swim School. 

' . 

These estimates are derived fran F-chart values containing the  
following assumptions: 

a. Contml sys tem p r io r i t i e s  w e r e  space heat, 
danestic water, and pool heat. Energy was 
diverted only upon complete sat isfact ion of 
t h e  higher pr ior i t ies .  

b. Building was maintained a t  constant 
tenperatme. 

c. Other energy conservation procedures, e.g. 
night setback dehumidification, pool covering, 
heat recovery, etc. are not considered. 

d. The en t i r e  collector bank oriented at 
30 degrees west of South. In r ea l i ty ,  25 
percent of the  bank faces d i rec t ly  South. 

e. The passive system has not been included. 

When the  passive and heat reclamation systems are considered, 
total building load is reduced over 30 percent. Specifically,  the  
pool area d-dification recovery system reduces annual system 
load by 166.3 x 106 BRI. ?he stack heat recovery system produces 



BUILDING AND SYSTEM SUKVEY (Continued) - 

317 x lo6 B'IU on an annual basis.  H e a t  reclaimed f m  the  boi ler  
stack is dumped to storage or danestic water depending on system 
conditions. 

Fran an econasnic perspective, t h e  so lar  system is replacing 
E37Uts currently obtained at $3.79 per million. However, natural 
gas avai labi l i ty  is subject to question fo r  non-essential users. 
During t h e  winter of 1977, t h e  local  gas u t i l i t y  proposed t o  
substantially cut  o r  even eliminate t h e  Wilmington Swim School's 
gas allocation. If natural gas becanes unavailable, the  S w b  
School ~ l d  have to cease operations o r  oonve* t o  an al ternat ive 
fue l .  Pract ical ly speaking, t h e  most  reasonable a l t e ~ a t i v e s  are 
pmpane, o i l  and e lec t r i c i ty ,  a l l  of which are priced substantially 
more than gas. 

Under the  al ternat ive of e l ec t r i c i ty ,  the act ive s o l m  ~ g s t a n  
w i l l  save $11,000 per year ($16.11 per million IYIU). A t  present 
gas prices,  the  solar system saves $3,740 per year .  The fuel 
cost of the  r a i n i n g  al ternat ives is sanewhere between. Without 
having access t o  the  future,  the  most conservative strategy is t o  
save wery )3'XU possible. 

Given t h e  varied tgnperature requirements of the  existing 
mechanical sys tem,  v i r tua l ly  every E5IU collected can be ut i l ized.  
Therefore, one may view the  c r i t i c a l  issue as dol lars  available 
ra ther  than dol lars  per B'IU available. The 2,500 square foot act ive 
system represents the  mxirmnn collector area available on the  
exist ing and new mfs withaut 'substantial  design mdificat ion.  
A s  such, it represents the  upper l imit  of system p e r f o m c e  and 
cost effectiveness . 
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Note all deviations f m n  design drawings and specifications. 

C 

I .  
. . : . ... 

I. Cbllection perfomce and installation 
, . .  

A. PeFform pressure test on collect ion subsystars. 

I. I-t headers 

2. Inspect silimne tubing and clamps LW ' 
3. Inspect collector inlet and outlet connections 

4. Inspect air vents, vacuum relief valves RPII;) 

I.. OE& drain down valve operat ion @ P d  
C. Inspect all trounting hardware, check collector and pipe 

support stability. 
-Rust on pipe support hambare 
-Galvaniztd/Alumhum contact on pipe supports 

D. Inspct plunbing-check head and flow or pmp. ud 
E. Inspect all insulation. 6 p d  
F. Perfom collection tests. 

1. Collection with no loads ktd 
2. Collection with loads &pd 
3. Individual collector flow and tenperatwe rise 

. 7  

. ! !  , . G. Perform passive subsystem evaluation. 

1. Carpare installation to design dmdngs ctJ . . 
!- 2. Inspect quality of mrk e~ d \ 

' I - ' 3. Inspect control system and perio-ce test fld 
i . . .. ' 1 ,  

I 4. verify. bypass vent ion 



11. S t o w  p e r f o k c e  and installation 

A. Inspect installation detai ls .  

1. Support slab Q p d  
(LQG 2. Tank orientation 

3. Insulation &p3 

5. Back f i l l / d r a i n w  provisions Lpd 
6. 

7.' Heat exchanger muntinp e? 3 
8. Interior tank coatink 

9. 'Ibpdoor &Pm 
B. Inspect and note tank connections. 

1. H e a t  exchanger piping C P ' ~  
2. Inlet  and outlet  piping ( L P ~  
3. .Sensor nountiag and wiring & fd 
4.  ill vitve operation P d 
5.  Sump h m p  and level alann ~ 0 3  

C. . rjetennine storage performance. 

1. Measure no-load 12 hour tanpexkture - lo F./24 A r s .  @pa 
Tanperatwe dmp 

2. Calculate B?V loss - 1250 E3'KJH fl ild) f. & P 3  
3:' btefinlne storage insulation vdve  - R-22 (with no 

insulation on tank l i d ) .  

4. btennine storage s t r a t  i f  icat  ion (thermal) 
3.04 3.7S0 F. stagnant, 100 F. Dynamic. P ed 

111. Load Mstribution 

A. Piping verification. 

1. Lacat ion and Sizing of pipes kVC3 
2. ,Valve, pump, iterface locat ions and orientat ion 

3. Insulation quality, . free& protect ion tQ 



B. Check valve operation. 

I. ltxie CLPd 
2. Seating & p a  

C. check pump perfornance. 

1 .  Head- t?d 
2. Flow Rate 

D. H e a t  exchanger effectiveness. 

1. Measure heat exchanger f lowrate bod 
2. &mwe inlet and outlet, storage temperatures 

3. Calculate heat exchanger transfer rate R Q a 
4. &pare with design values LOd 

E. Determine storage to  load perfomce. 
A l l  loads a r e  adequately heated. 

TV. Oontrols 

A. Inspect installat ion. 

1. Lacation of control panel, quality of hardware 

2. b a t i o n  of sensars, valves, relays 

3. Wiring quality R P d  
B. Check contmller operation. 

1. Collection sttd 
2. Draindm e w  
3. Stack heat ~ . e c ~ ~  e P& 

5. bad  p e r f o m c e  (solar/back up) K Y w  
6. Check a l l  pumps and valves for correct operation. 

C. Check fail-safe conditions. 

1. A i g h 1 M t , i a i i m i t  FQJ 
2. h e r  failure 



a. drain d m  at VJ 
b. digital  data storage retention &P 
c. stabil i ty of micro pmc-r d 

I. on power loss C p w  
2. onpowerresunption MUJ 

D. Check all  sensors. 

I. Tenperatwe P Q d  
rz.W 2. Flow m t e  

3. Spaceuntrdis ( themsta ts )  KO& 
~1 7eMCS.  

E. Check data.storage valves to  calculated valves. 

F. Assure no oscillation or  fluttering. R P ~  
V. Acceptance of installation and performance 

A. Esthate  fuel savings based on measured performance. (Va 
B. Carrpare estimated t o  designed fuel savings. P Qd 
C. Detexmlne system optimization and fine tuning. &?d 
D. Inspect for grmth sf algae, mildew, fungi, mold. & p a  
E. &wm.re current and ooltage of all fans, pumps, controls. ~4 1A) 

1. SPR-Racked collector pump 
no v. m . 1  A. = 902 w. 

2. SPF-Flush collector pump 
220 V. 43 6.6 A. = 1452 W.  

4. SP4-Breech heat reclaim pump 
110 V. d1.2 A. = 132 W. 

5. mntrols - 250 VA. maxjmum 
No other electrical loads pertain t o  the solar collection 
o r  distribution system. 





*EPF 'Description 

1 Chponent takeoff 

2 Collector layout & piping scheme 

3 Solar schanatic/mechanical interface 

4 Roof plan/collector locations 

5 Details - Collector munting/pipe supports, storage unit 

6 Storage tank location 

7 Section. through stor- tank 

8 Cbllector drawing (active) 

9 mllector drawing (passive) 
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The solar system amsists of 2,500 sq. it. (120) Revem 
Sun-Aid flat plate solar oallector panels. These panels are 
single glazed w i t h  tempered 1/8" special low ima glass. Ihe 
absorber plates are all copper with integral parellel tubes and 
are coated with a black clPlane selective surface. The panels 
a m  arranged in lm3 arrays as follarnrs: 

1. A flat mounted axray consisting of 88 panels 
i n  three banks ismountdon a 30 degree 
sloping mof at a solar orientation of 
33 degree-30' west of due suuth. 

2. A rack mamted array misting of 32 panels 
in 4 banks of 8 panel8 each. 'Lhe panels a m  
orieltad dus aout;lh at an inclinatiaa of 45 
degreeer 

A l l  collectors are connected in a parallel flow, open loop, 
drain back amfiguration utilizing a separate pnp for each array. 
Individual t-atic monitoring of each array pmnits independent 
ooaYtrol of collection, thus naxlmizing oallection efficiencies. 
The arraagenemt of panels and raaZ piping is sham an the men 
SdKmatic and plan vims. 

The storage tank is a 3,600 gallon c o n ~ e  vault buried helm 
grade adjacent to the boiler roan. It is carrered with o l d  
cell foam insulation and mastic. The tank is p~~ an a umcrete 
pad and is sumwunded bg ballast rock. A french drain and smp 
p i t  is located below the concrete slab allmdng surfam ar ground 
water to be prnped away fmn the  tank. The tank interior is 
coated with paint to reduce leakage and fungal m h .  Three 
heat exdmgem are m t e d  inside the tank hanging fmn the inner 
lid. A Bilco door is located at pavemeolt level allowing access to 
the heat exdmgem and pluhlng comections. 

Ihe mechanical equipment is located in the boiler ruan. The 
men schem8tic is necessary t o  locate a particular amponat i n  
the system. A l l  pnps and valves are nuabered. , 

'Lhe conlml system and monitor is located in the mechanical 
roan adjacent to the boiler roan. A l l  control functions are mawally 
and/or autaaatically controlled fmn th i s  location. The controller 
(Higgins Energy Asmciates SW-10) is ful ly  ccwered in description 
and aperation under the controls section of th i s  manual. 



Tbe collectIan is m t m l l e d  by the SW-10. Individual 
cuitrol ts prodded for each collector m y .  TIrree 
tqxwature seamom are m t e d  in the solar starage 
tank w i t h  locatiaas at the top, middle, and bottan. Che 
sensutr I s  m t e d  an panel F-3-l and ane is mrunted an 
me1 R-1-1 (the collector nmbering scheme is sham on 
one of the plan v im) .  The amtroller ampares the 
bottan tank seawff t-ture to the rack and flat 
nxnmted collector t ~ t u x w .  When the collector 
temperature is 20 degrees F. greater than storage, the 
amtroller cloees the drain valve and turns on the  oollector 
pmp for that array. Cbllection for that m y  amtinues 
unt i l  the temperature difference f a l l s  beluw 3 degrees 
F. This taprature -ison takes place once each 
5 minutes, thus preventing short cycling occmences. A 
high l i m i t  of 190 degrees F. terminates oallection i n  
order to prevent storage overheating. Drain back occurs 
8utanatically upon power loss or  belaw 3 degrees F. 
collector mbus  storage t-ture differential. 

The collection fluid is potable tap water, Cbllecbr 
water is punped fran the bottom of the storage tank by 
SPR or SPF collection punps, The water flows t o  the 
main header and then branches to the collector subheadem. 
Water then flaws through each collector fmn bottan to 
top. A similar subheader and header arrangement 
returns the solar heated water  t o  a main return l ine  
which chmnps into the top of the  sto- tank. Vacuun 
relief valves maunted at the high point of each subheader 
alluw air to enter during draindam. 

A large tank type exchanger is m t e d  below water level 
in the storage tank. A closed loop circuit amnects 
designated loads t o  the load archanger by means of 
motorized valves amtrolled by the SPM-10. Solar heated 
water fran the edmger is panped by the  load pnap to 
me ar mce loads and is returned to the load -. 
A flolraaeter i n  t h i s  circuit is wnnected to the SF%¶-10 
providing BIU mnitorrfng of heat delivered to loads 
fran the solar storage. 

When a particular load calls for heat, a twitch clomm 
I s  sent t o  the SPM-10, The SPM-10 decides if  the load ahauld 
be heated by solar or boiler and outputs the necesmry 
control signals. Different laads can be sirmltaneously 
heated by solar and boiler. The failsafe condition nrtkes 
a l l  loads revert to the  boiler for back-up aperation. 



3. DCMBTIC WATER FWNEAT 

A l l  damstic hot water is preheated by flaring through 
a heat es&mger in the solar storage tank. This 
preheating is not cdntrolled. The damstic preheat 
exdmger may be bypmsed by manually closing valves 
D6-1 and IS-2 and opening valve IB-3. 

A flamter m a m m ~  the amrrozt of water flawing tbmgh 
the preheat mil. The flmmeter data and heat exchanger 
inlet  and outlet temperatures are sent to the SPM-10 
which calculates the nurdm of MU'S extracted fxwn the 
solar tank and delivered t o  the damstic hot water supply. 

Rai ler  stack waste heat which is nonnally lost t o  the  
envimment is recovered. The recmvered heat is 
delivered to either the dcmestic hot water tank or 

.lhe SPlG10 mmitors the  tenperatwe in the boiler breach 
heat exdmger. If the temperature at sensor I6 (breach) 
rises 10 degrees F. above the solar storage tenperature 
(El) parp SF4 is turned on. The SPM-10 then decides 
whether to deliver the breach reclaim heat to the solar 
storage tank or  to the domestic water heater. 





--Aid -1 332 mlm c01lect0~ as m a ~ M  by Revere 
and Brass, Inc. have been selected. Each of the  120 mdular 

uni ts  has overall dimensions of 93" x 35" x 4 1/2" with a net 
area of 20.85 square feet (gross area 22.6 square feet). 'Ihe collectors 
are glazed with a single . U S w  tempered special lm iron glass having 
a solar spectrum tranmissivity of 89.5 percent. me solid capper 
mbe-in-Strip absafber plate has a black chmme selective surface 
with Q( = 0.95 and & = 0. (n. A l l  Revere collectors have been tested 
i n  acxmdance with NlB tWthod of Testing for Rating Solar ~llectors 

'fh-1 P e ] ~ f m c & " '  m t  NBSIR 74-635. PC~~OZYIWKW 
currres and other test data may be found in Appendix B. of! t h i s  
praposal* 

The ReveTe collectors were selected based on the  follming 
rationale : 

1. 35" x 93" module u t i l i zes  the available roof 
area with a minimn! of plmbing connections. 

2. The alundnun extruded co1lect;ar casing with 1/2" 
FPT and ccmnections facilitates simple maunting and 
pip* sg8t-. 

3. A11 capper f luid channels dluw the use of &andard 
copper piping without introducing potentials for  
galvanic. r m s i a n .  Wb, they allm the use of 
water as the  circulating solutian resulting i n  better 
heat transfer and less maintenance. (Most glycol 
eystenrs require periodic flushing, cleaning an8 
testing. ) 

4. Revere is a major manufacturer of solar  equipat.  
In the  event of "problem" resulting f m  collector mal- 
fmction, they have the  resources necessary to met 
D.O.E. warranty requiranents as stated in the  Program 
-unity Notice.  

5. Revere and Solar Ehergetics, the  solar energy -em 
amsultant to the architect,  have cooperated in  the  
design and construction of previous solar  projects 
including solar assisted heat pump systems financed 
by H.U.D. Cycle 3. 

6.t On a dollar per l3'IU basis, Revere Sun-Aid collectars 
canpaxe f avarably with other manufacturers. 



A capg of the collectm specification is shown f o l l ~  th i s  
section. Additiaarrl infarmstion collcerning collector W g n  and 
construction can be f a d  in Appendix B. 

PASSIVE ccmmm 
The passive collectm was fabricated using gtandard bullding 

materials. It is a "law tech logyw collector. Design was based an 
the luw cost of materials and availability and capabilities of mechanics. 
As shown on the drawings, the passive collector w i l l  function to 
pre-i~asm ventilating air which it w i l l  introduce into a return air duct. 
Introduction of the air w i l l  be contmlled by a motorized damper. 
A i r  w i l l  eater the double glass w a l l  of the oollectm fmn the 
bottan and be taken off the top. A t  those periods during the wann 
n m t h s  when no space heating is desired, the heated air w i l l  be 
returned to the outside directly f m n  the top of the collector. 



REVERE 
SOLAR AND ARCHITECTURAL PRODUCTS, INC. 

P.O. Box 151 
ROME, New Yotw 13440 

315-338-2401 

93" x 35" x 4-1/2" Collector: (;ro~:s A r m  = 22.6 uq. f t .  
Nc!t A r m  - 20.85 ~ q ,  f t .  
S i n g l e  Glazed Woiqha 110 1 t 1 ~ .  d r y  
Double Glazed Weighs 1 4 5  l h s .  d r y  

HoLW APPEOX 0.36 W U .  
Recommendad minimum flow is 1/2 gpm per pane l ,  e i t h e r  l e n g t h ,  

- A S1163idi11~ of Rertre Copper dnd Brctrr I~corpbrc~ttJ 

- Char t  for  Determinat ion o f  Sun-Aid Col'lector Model Number 

~ o l ~ e c t o ~ / S u r f a c e  Opt ion 
Type of Tempered fllass 

77" x 35" x 4-1/ZU Sin le  Glazed 
I Black Velvet P a i n t e  1 S u r f a c e  

Revere "E" S e l e c t i v e  S u r f a c e  

I Black Chrome S e l e c t i v e  S u r f a c e  . .--.----. - -- - 
77" x 35" x 4-1/2" Double Glazed 

+ Black V e l v e t  P a i n t e d  S u r f a c e  
Revere "En S e l e c t i v e  S u r f a c e  
Black Chrome S e l e c t i v e  S u r f a c e  

..... - -.--.---I_ ...--.- . . -. -- ___ ___ -. - 
93" x 35" x 4-1/2" S i n g l e  Glazed 

Black V e l v e t  P a i n t e d  S u r f a c e  . 
Revere "El1 S e l e c t i v e  S u r f a c e  - Black Chrome S e l e c t i v e  S u r f a c e  

.----.- -. . -.. - --.--.-.. . ._- . 

93" x 35" x 4-1/2" Double Glazed 
Black V e l v e t  P a i n t e d  S u r f a c e  - 
Revere "En S e l e c t i v e  S u r f a c e  

Low 
I r o n  

P 

111 
121  
1 3 1  

211 
221 
231 

.-------- 

311 
321 
331 

411 11 ::: / 432 Black Chrome S e l e c t i v e  S u r f a c e  

- 

- 

423 
4 3 3  

, 77" x 35" x 4-1/2" Collector: Cross  Area = 18.7 sq. f t .  
Not A r e a  = 17.2 ~ q .  ft. 
Single* Glnzad Wcicjhu 90 l h ~ .  d r y  
Double! Glazed Wciqhs 120  1))s. cfry 
1Iolcl:t aplwoximntc?ly 0.3 rial. l onn 

S p e c i a l  
LOW Iron 

112 
122 
3; 3;2 - 

212 
222 
232 

312 
322 
332 

412 
422 

Water 
White 

113  
123  
133 

213 
223 
233 ---- - -.-- 

313 
323 
333 

413 



COPPER AND BRASS IXCORPORATED 

BUIWING P ~ o o ~ c r s  DEPARTMENT 
P.O. Box 151 

ROME, NEW YORK 13440 
315-338-2401 - 

-- Subject: PERFORMANCE CURVES FOR REVEF& "SUN-AID" MODULAR 
SOLAR COLLECTORS 

- The attached plots demonstrate the performance characteristics 
of the several models of Revere "Sun-Aid" Modular Solar Energy 
Collectors available. 

SURFACES: Revere offers three surface treatments for the copper 
Tube-In-Strip absorber plate. The table below lists these 
surface options with their respective absorptance and emittance 
values. 

' 
Solar Spectrum Infrared 

Surface Option Absorptance Emittance 

Nextel Black Velvet Paint 0.96 0.95 

Revere nE" Cuprous Oxide 
Selective 

Black Chrome Selective 1 0.95 1 0.07 

Plot number one demonstrates the difference for the various surface 
options. The three curves shown are for a collector with a single 
special low iron glazing. 

GLAZINGS: Revere offers five glass cover options. All glass is 
1/8" thick, tempered. The double glazed units are the sealed type 
with an enclosed desiccant. The table below lists the various glass 
options with their respective solar spectrum transmissivity. 

Single Water White Crystal 

Cover Opt ion 
L 

Single Special Low Iron 

Double Low Iron 

Percent Solar Spectrum 
Transmissivity 

89.5% 

Double Special Low Iron 

Double Water White Crystal 



Comparison of Black Chrome an? Nextel Paintec' Surfaces 
on Collectors with a Single Glass Cover 

Sun-Aid Col lector  Performance, ASH- 93-77* 

Black Chrome Select ive  Surface and Single Special Low Iron Glass 

Efficiency = .718 - .849 ~i - Ta 
I 

Nextel Painted Surface and Single Special Low Iron Glass 

'Efficiency = ,679 - .949 ~i - ~d 
I 

*NOTE: - The ASHRRE 93-77 procedures d i f f e r  from the NB!XR 74-635 
procedures making a d irec t  comparison of ratings obtained 
from the two methods d i f f i c u l t  without the actual test data. 



THESE VALVES CONSIST OF AN ACTU- 
ATOR MOTOR AND VALVE ASSEMBLY 
FOR .CONTROLLING THE FLOW OF 
STEAM, HOT OR COLD WATER. 

o The V4043 and V8043 provide 2-position, 
straight-through control of supply water. 

o The V4044 and V8044 provide 2-position 
diverting control of supply water. 

o Compact construction for easy installation. 

o Manual opener for valve operation on 
power failure. Valve returns t o  automatic 
position when power is restored. 

o Choice of sweat copper end connections or 
flare fitting end connections. 

o Motor actuator may be replaced without 
removing the valve body or draining the 
system. 

a Complete powerhead may be removed with- 
out breaking the line connections. 

a Sweat fit models may be installed without 
disassembling the valve. 

o Fits under the cover of most baseboards. 

o Available with integral auxiliary end switch 
(V8043E,F; V8044E) to permit sequencing of 
atdiary equipment. 

o V4043E,G,J provida straight-through con- 
trol of steam. 

V4043L,M with Class F sealed motor has 
higher maximum fluid temperature ratings. 

M.S. 
REV. 5-77 (.086) 
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- 

- STANDARD MOD@&&. 
MODELS: V4043, V W ,  V-, V8044 Motorized Valves. See Table 1. 
TEMPERATURE AND FLQl MTINOS: 

V4043&C, K, L,M 

OETERMlNATlON OF WATER 4. Dete~nine the pressure drop using one of the 
PLOW CHARACTERISTICS following procedures. 

The ptsssun, drop in psi [kPa], equivalent feet PRESSURE DROP IN PSI IkPal 
; [metres] of pipe, or feet of water [kPa] m y  be calcu- 1. Locate the flow rate at the bottom of the graph 

h t d  from Figs. 1-6 using the b11~whg procedure. on page 3. 
1. Calculate the flow r a k e - d  to heat the zone. 2. Draw a line upward from the flow rate to the 
2. Determine the Cv [kvf $dhg :M''the motorized intersection of the curve. 

I dm. L 3. Draw a line from the i n t e d o n  to the left-hand 
3. Select the graph CO-& to q e  Cv [kv] edge of the graph to determine pressure drop in psi 

5. Lead length if different from standard. 
6. Replacement parts, if needed. 

1. YOUR LOCAL rnllYEWWE&& R E S ~ D E N W A V I  SALES OFF~CE (CHECK WHITE PAGES OF PHONE DIRECTORYJ. 
RESIDENTIAL DlVlSCON &&~OP~~E~SERVICE . 
HONEYWELL INC., 1WS DOUGLAS DRlVe N d R W  
MINNEAPOLIS, MINNESOTA 66422 (612) 542-7600 

r 

Tbdeline models are ielect? and &#aged to provide ease of stoddng, ease of handling, and maximum 
' replacement due .  Ttadeline model q e ~ t i o n s  are the same as those of standard models except as noted below. 

TRADELME MODELS AV&&@&T& -.. . i W a 3 F  (see REPLACEMENT POWERHEAD: Part No. 
Table 1). - * L A - , .  -. 

\: :,'k .' ' 
r i 

130441UA. 
. s ADDITIONAL FEATURES: 

CAPACITY RATING: 3.5 '€51 i3.$ki l iomkl. (See End switch enclosure included. 
Temperature and Flow ' Ra@mgs table ' under Tradeline pack with cross reference label and 
Standata Models.) . .. special instruction sheet. 

F 



V4044. V-A SWC4r COCCI? COWN6ClION MOOfLI  

4 
INLET 

, ~ O l M C w l l O N S  FOR I I N . C O m R  TUIING. 

AC~N In. Ilr* rrvl MAX. ON VWF WITH TERMINAL M)ARD ENCLOSURE. 

A V ~ B . G  ANO VWU~VALVCS w n l c n  Aria N o n u A L L v  OCCN IN tnc 0E.ENERGlZEO mslrlon HAVE NO M A c r u A L o r c n r r .  
THE VACVCS ALSO HAVE A RCVEAJeO rOWERHEA0 WHERE THC LEADWIRES EXIT THE POWERHEAD A m V E  THE "0" 
( o u t r m  PORT RATHER THAN AWVE t n E * * ~ -  (INLEI) PORT. 

FIG. 7-INSTALLATION DIMENSIONS IN INCHES [MI LLIMETRES IN BRACKETSI . 
ELECTRICAL RATINGS (see Table 1 for voltage of 

smcific models): 
VdLTAGE AMP 

220 0.042 
240 0.040 
277 0.037 

CHANGEOVER AQUASTAT: 120V, 3.0 amp with 10.0 
amp inrush 

END SWITCH: 120V, 4.4 amp cunning with 26.4 amp 
i l l ~ ~ h .  Pilot duty 50 VA at 24V. 

TIMING: V4043 and V8043 open or close in 15 sec- 
onds. V4044 and V8044 divert flow in 30 seconds. 

DIMENSIONS: See Fig. 7. 
0 RING REPLACEMENT: Part No. 802344. 
MANUAL OPENER: Manual opener (on all except the 

straight-through, normally open valves) opens the 

CAPACITY RATING (see Table 1): identifying grooves 
on inlet port indicate the Cv [kv] rating of the valve: 

1 groove-3.5 Cv [3.0 kv] . 
2 grooves-4.0 Cv [3.4 kv] . 
3 grooves- 1 .O Cv [86 kv] . 
4 grooves-7.0 or 8.0 Cv [6.0 or 6.9 kv] d a  

pending on model. 
1 narrowgroove and 1 wide groove--2.5 Cv [2.1 kvJ. 

UNDERWRITERS LABORATORIES INC. LISTED: 

COMPONENT RECOGNIZED: 

V4043C'F I Fils No. MH1639, Guide No. YIOZ2 v4044c 

V4043A1B*E0G 
V4044A,B,E 
V8044E 

POWERHEAD REPLACEMENT (see Table 11): In- 

File No. MH1639, Guide No. 
YlOZ 

valve in case of power failure. Valve returns to auto- cludes motor, housing, rubber plug, 0 ring, 4 
matic position when power is restored. mounting screws, and 1 sheetmetal screw. 



t 4e rvhm~.  
2. Disconnect power supply before connecting 

wiring to prevent electrid shock and equip 
ment damage. 

. 3. Normally it is not neoegatp to remove the 
powerhead from the valwe body during instal- 
lation. If the valve must be disassembled, be 
certain that it is reassembled with the water 

.- flow in the dinmion of the arrow. Reversal of 
the powerhead will msult in damage to the 
gear train. 

. 4. Always conduct a thorough checkout when 
installation is complete. 

MOUNTING 
- .  

- 
HORlZONTAL 
PIPING 

zemz 

I r- FIG. &MOUNTING POSITIONS. 

1 1  ,- The valve may be mounted in any position on a ver- 

1 tical line. If valve is mounted horizontally, the power- 
head must be even with or above the center Line of the 

1 .  piping. Make sure that enough room is provided above 
1 - - the powerhead to remom the cover for servicing. 

i 
Mount the valve directly in the tube or pipe. Make 

.rm that flow through the Mtve is in the direction in- 

[-  
d i g t d 5 y  the arrow stamped on the valve body. 

On diverting Val-, the 3 fittings or ports are 
labeled on the bottom of the valve body casting. In 

, - - many applications, port A is connected to the coil unit 

1, 1 and is closed when the valve is deenergized. Port 
1 . ' B is connected to the coil bypass and is open when the 
1 i d v e  is desnergized. qort AB is the inlet and is. 
i! .r open at all- times. See Fig. 7. In other applications, -- - - I ! port B k connected to the coil and is open when the 
I 1 

ii I 
valm is deenergized. Port A is connected to the coil 

I .  
F 

bypass. Refer to equipment manufacturer's instruc- 

, . I tions f a  proper fitting or diverting valm. 

FLARE FITTING MODELS 
Use new, properly reamed pipe, free from chips. The 

valve body is threaded for standard 5/8 in. OD copper, 
45 degrees SAE flare fitting nuts. These nuts are not 
furnished with the valve and must be obtained separately. 

SWEAT COPPER MODELS 
1. Use new, properly reamed pipe, free &om dents 

or corrosion. 
2. Place valve onto the pipe. Set the manual opener 

lever to MAN. OPEN before applying heat. This will 
protect the plug inside the valve by removing it from 
the heat. 

3. Sweat joints keeping the outer surface free from 
solder. DO NOT u s  silvw s~lder beuause of the high 
melting temperatures required. 

TO INSTALL REPLACEMENT POWERHEAD 

the system before beginning the installation. 

1. Disconnect the valve from the electrical power 
source and remove the conduit connections if fitted. 

2. Place the manual opening lever on the old power- 
head in the MAN. OPEN position. 

3. With the cover off, remove the 4 screws securing 
the pawethead to the ~ l v e  body. Remove the old 0 ring 
born the valve body. 

4. Place the new 0 ring in the drcular slot on the top 
of the valve body. 

5. Install the new powerhead- 
-Pla& the mamil opening lewc oa the new 

powerhead in the MAN. OPEN position. 
-On newer models, align the powerhead by fit- 

ting the hex head screw on bottom of p o w -  
head into the hole on top of valve body. 

-For use with older valve bodies, note the pdoi- 
tion of the old powerhead and install the new 
one in the same position. Remove hex screw, 
push metal positioning pin on the new power- 
head flush with the bottom plate before begin- 
ning installation. Align the powerhead so the 
manual opening lever is at the inlet end of the 
valve body. The inlet port will be closed with 
the valve in the deenergized position. 

6. Reconnect electrical connections. 

Inspect the powerhead installation and the valve 
body to insure that all connections and adjustments 
have been correctly made. Adjust the thermostat or con- 
troller connected to the valve so the valve runs through 
its cycle. Make sure the valve runs smoothly and 
positively from closed to open to closed again. 



THERMOSTAT 
(TYCICALLV A TOlF) 

TO 
LINE 

TO CIRCULATOR r, OR ANOTHER VALVE 

I 
: FIG. &POWERHEAD MUST BE ALIGNED SO THAT 

, - THE GUIDE PINS AND THE POSlTlONlNG 

. --. . ..--. -. -. . 
PIN IN THE POWERHEAD FIT THE HOLES 

. IN  THE VALVE BODY. 

c 
FIG. 10-TYPICAL WIRING FOR V8043E, V8044E. 

All wiring must agree with local codes and ordi- 
nances. Connections to the individual valves are shown 
in Figs. 10-11. See Figs. 12-18 for typical hookups. 

I 1 

MEANS AN0 OVERLOAO 

&,CONNECT VOMJA YELLOW LEAOWIRE TO WERMOSTAT. 

nu1 - 

THERMOSTAT @ U V C l ~ L L V  A TOTo 

TO CIRCULATOR 
OR ANOTHER VALVE I 

24V 
TRANSFORMER 

I mas 

FIG. 11-TYPICAL WIRING FOR V8043F. 
FIG. 12-T822 THERMOSTAT, 

HOOKUP. 
VALVE 
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motors aiilfvalves 
V518 BUTTE8f tY VALVE 

REGULATES FLOW OF tems. V51B valves are suitable for use with Modutrol 
WATER OR STEAM ON motors and QlOO Linkage. With strain release and stop 
APPLICATIONS WHERE bracket. Body Pattern: Straight-through, screwed. Body 
TIGHT CLOSE-OFF IS Material: Brass. Maximum Operating Temperature: 250 F 
NOT REQUIRED. [ I  21 C] . Maximum Operating Pressure: 20 psi [ I  38 kPa1. 

- For tight close-off, a final 
shutoff valve must also ba 
used. Typical applications 
include zone control of 
gravity hot water or low 
pressure steam heating sys- 

and Teflon packing. 

Dimensions in incher fmillimetresl of V51B. 



TRADELINE model. 
I POWER I MOTOR I AMBIENT I 

I 
I motors and valves r -35- M845A,B,C,E MODUTROL MOTORS 

TWO-POSITION,SPRING- in. [211 mml high with transformer; 5-518 in. [142.9 
RETURN MOTORS. mml wide; 9-114 in. [235 mml deep. Listed by 

Used to operate dampers Underwriters Laboratories lnc.-M845A,B,E; CSA 
or valves where desirable certified. 
to return controlled ele- 
ment to starting position 
on power failure or inter- AUXILIARY SWITCH RATINGS (amperes)a: 

ruption. Enclosed spring- 
return mechanism field re- Full Load 

. - 

ORDER 
NUMBER 

MW5A1001 
MWA1027 

1 
I . .  . . . %Cludt~S 30 wntn fnr intunrl hrrtlv 

120v as 
7.2 

M84581000 

I . j  
~84581018 . a*. M~~~L-UCCI',- - .. 
M845ClOOQ 

~ 8 4 s  wltk Cowr movable for access to 

240V ac 
3.6 

Lacked Rotor 

CON- 
SUMPTION 

54a 
54a .. . 
24 

ACTION ON 
POWER 

LOSS 
Closes 
Closes 

WATT 
24 
24 

I r 

Mount* Tr'ndormr auxiliary switches. 24V, llSwitch rating is for 1 contact only; i f  both are u d ,  recond 
50/60 Hz. Timing: 60 seconds. Stroke: 160 degrees. contact is rated 40 VA. 
Maximum Operating Torque: 60 1b.-in. [5.7 N.ml. 
Crankhaft: Double-ended, 318 in. [9.5 mrnl square, 

ACCESSORIES: untapped. Approximate Dimensions: 7-112 in. [190.5 
se PARTSad ACCESSORIES, mws 283296. mm] high without cover-mounted transformer, 8-511 6 

43.2 

VA 
30 
30 

M845E1007 

60 
60 

30 

21.6 

INCLUDES 

~ 

1 sodt auxiliary switch 
120/208/240V multitap transformer; 1 spdt 

TEMPERATURE 
RANGE 

74 

Closes 
Closer 

Closes 

A& 
15 to 125 
15 to 125 

- 9 to + 52 
- 9 to +52 

30 

4 0  to +I25 
-40 to +I25 

15to  125 
Opens 

4 0  to +52 
4 0  to +52 

- 9 t o t 5 2  

auxiliary switch 
Internal heater: 1 s&3t auxiliary switch 
Internal heater; 120V cover transformer; 1 spdt 
auxiliary switch 

15 to 125 - 9 to +52 120V cover transformer, 1 spdt auxiliary switch 



motors and valves 
-36- 

V5045A ~ L V E  BODY 
1 '  

SINGLE-SEATED VALVE Disc: Composition, replaceable. Fluid Temperature: 
FOR 2-POSITION CON- 250 F (1 21 C] maximum. Steam Pressure: 15 psi [103.4 
TROL OF HOT OR kPa] maximum. Seat: Integral, brass. Packing: Molded 
CHILLED WATER OR Teflon cones, spring-loaded. self-adjusting. 
STEAM RADIATORS, 
AND FOR RESIDENTIAL 
ZONE CONTROL. 

a 
VS04S Requires a V2045A opera- 

tor. Body Material: Brass. sf= Pipe Connections: Female 
inlet, male union outlet. 

.. 
SEE NOTEA 

OILING HOLES 

TEFLON PACKING 

PACKING NUT 

RCTA4NlNG NUT 

IIU. 

J 

I A 0 0  TO 01M.A: 4IN. 1101.6 mml FOR REMOVAL OF 

THEN ACTUATOR. 27laD 

>., - - 
Cross Section of V2045A-V9045A. V5045A Dimensions. 

FLOW 
CLOSEQFF 

ORDER APPLICATION 
VALVE 'IZE CAPACITY 

RATING FOR 
NUMBER PATTERN (NPT) , WATER. 

Cv kv psi kPa 
V5045A1122 Control 2pipe steam radiators. Straight-through , 112 3.8 3.3 100 689.5 
VS045A1130 314 6.4 4.6 85 588.0 
VS045A1148 1 10.8 9.3 45 310.3 
V5045A1155 1-114 16.0 13.7 25 172.4 
V5045A1163 1-112 25.0 21.4 18 124.1 
V5045A1171 2 40.0 34.3 12 82.7 
V5045A1189 Control 2pip. steam radiators Anglo 112 3.8 3.3 100 689.5 
V5045A1197 and l-pip steam radiators. - 314 5.4 4.6 7 
V5045A1205 1 10.8 9.3 45 310.3 
V5045A1213 1 -1 14 16.0 13.7 25 172.4 
V5045A1221 , 1-1 12 25.0 21.4 18 124.1 
V5045A1239 2 40.0 34.3 12 82.7 - - -  

*Using V2045A powerhead. 
I 

: 

TRADEL INE 



-37- motors and valves 
- VZM5A MOTORIZE0 VALVE POWERMUD . I 

TWO-POSITION ACTU- 
ATOR FOR V5045A 
VALVE BODY. 

V Z O ~ S  With position indicator. 
May be manually opened 
during power-off periods 
and will automatically re- 
turn to the command vs02& of controller when power 1 -::> is restored. Mounts directly 
to bonnet of V5045A 

Valve Body. Power Consumption: 12 watt nominal at 
80 Hz. VA Rating: 21 VA nominal at 60 Hz. Ambient 
Temp: 32 F [O Cl minimum, 125 F [52 C] maximum. 

SERIES LO 
CONTROUER + 

I 
1 

V204SA 

MOTOR 
WINDINGS 

+ + _ .  
TO TRANSFOQMER . ) e m  ACCESSORIES: 

1141918 Auxiliary Switch Assembly, field addable to 
V2045A schematic. V2045A to control an additional valve from a single TRADELINE morlel. 

thermostat. 10 amp for 120 to 240V ac; with three 
30 in. 1762 mm] leads. ORDER CONTROL REQUIRED 

1281498 Adapter Kit for using V2045A Valve Actuator NUMBER CIRCUIT THERMOSTAT 

with V5011 Valve. V2045A1038a Spdt 3-wire. Low voltage spdt thermostat; 

31 1057 Special Lubricant for repacking V2045A (2 24V such as T87F1859,T222,T282 

ounce tube enough for 25 packings). aOrder AT72 Transformer separately. 



I 

I b relay$*and contactors 
-m B 

R8225AJ3,C.D FAN RELAY 
FOR 24 VOLT CIRCUIT TRADELINE model. 
CONTROL OF LINE 
VOLTAGE FAN MOTORS 
AND AUXILIARY 
CIRCUITS. 

Used in heating, cooling 
or heating-cooling systems. 
Integral 112 inch conduit 
spud allows relay to be 

I. , mounted on standard junc- 
tion box. Contacts: Silver 

cadmium oxide. Maximum Operating Ambient Ternpera- 
ture: 115 F 146 C]. Mounting Means: Threaded 112 
inch NPT conduit spud. Approximate Dimensions: 
2-11/16 in. (68.3 mml high, 2-112 in. [63.5 mm] 
wide, 37116 in. [87.3 mml deep. Listed by Underwriters 
Laboratories Inc.; CSA certified. 

ELECTRICAL RATINGS: 
Coil Voltage-24V. 60 Hz. 
Maximum Inrush-1 1 VA. 
Maximum Sealed-6 VA. 
Pull-in Voltage-18V a t  75 percent rated volt*. 

CONTACT RAT1 NGS (amperes): 

ORDER 
NUMBER 

a Includes 1342! 
b ~ i t h  fine silve~ 

I 

1 tpst N.O. 
1 wst N.C. 

SWITCHING 

Sdt ,  
one N.O., 
one N.C. 

Sptt, N.O. 

LOAD CONTACTS 

main N.o' WXlLlARV CONTACTS 
1 aux. N.O. YELLOW I I *ELLOW> 

- 

CONFIGURAT ION 
AND COLOR 

CODING -- 
- -- 

I Flush Mounting Bracket. 
:ontacts, speeiol mounted. 

aTRADELlNE models rated 16 amp Full Load. 96 amp Locked Rotor, at 1 hp. 



jl- J1 3 B&G Series 60 
CentriR----I w P:---ps 
Bronze fitted construction-equipped with 1750 RPM, 60 cycle. 
drip-proof motors and companionflanges. 60-11s. 13s. 131.14S. 
14Talso available in all bronze construction. Add " 6  to unit num- 

- 1 ber when ordering. Built-to-order units are available when condi- 
tions cannot be met by stock pump selections. 

Selection chart 

IQ 

i 
g I 

10 

. .. 
aO:-.l.; l . ~ b ' - '  ; ;o I a A A l;O.l I;O#.;;O*~L 

u r m  m U.S. MI.= rn vinm 

Add "S" to pump number when ordering single phase pumps. 

Add *'Tv to pump number when ordering three phase pumps. 

STANDARD VOLTAGES 
% HP, 1 PH, 115 Volts. 
l/3 to 1% HP, 1 PH, 115/230 volts: 
?4 to JG HP. 3 PH. 208-230/460 Volts 

I 1 to P HP. 208 or 230/460 Volts. 
All single phase motors have 
built-in overload protection. 

Dimensions 



-- 
IRON AND BRONZE BOOSTER PUMP 'Performance characteristics are based on using 1%" or 1%" 

flanges. When using %" or 1" flanges performance will be slightly reduced. 

DEUVERY IN GALLONS PER MINUTE I 
I 

DIMENSIONS & WEIGHTS 

- 

ELECTRICAL BOX ARRANGEMENT 
I - 9 

FOR BOOSTER PUMPS WITH 
0 

B E U  & GOSSETT 
MANUFACTURED MOTORS 
Model Number I a1 I #2 1 13 1 64 
h i e s  100 and I All I I I 

1 

1 
1@ Only 

035 and PO3 
PO38 and P 

The Contractor shall furnish and install In-Theline Pumps 88 illustrated on the plans and In accordance with the following apecilcatio~: - 
1. The pumps ahdl be of the horizontal, oil-lubricated type, apeciHcally 4. For PO models with 3-phase motors. add the following: 
designed and guaranteed for quiet operation. Suitable for 12W work- The Contractor shall furnish and install a magnetic starter for each 
Ing prea.aure. booster pump, with at least two thermal overload protectors. The 1 L Tho pumps shall have a ground and pollshed steal shaft with intwral starter shall be equipped with manual reset buttons. 
thrust collar. The shaft shall be supported by two horizontal sleeve The pump shall be Bell a Gossett Model No. 
beadngs designed to circulate oil. The pumps are to be equipped with proved equal with a capacity of 

w apl 
GPM at 

a watar-tight seal to prevent leakage. Mechanical Seal faces to be car- Ft. head when directly driven through a self-aligning flexible coupling I bon on uramle. The motor shall be non-overloading at any Point on by an oil-lubricatd motor, volts cycle - 
pump awe. phase( 0). - 
& The motor shall be of the ooen, driwrod. sleeve-bearina. auiet- 
omratlng, rubber-mounted consthction. ~ o t o r s  shall have buili-in 'ther- 
mal overload protectors. (Exception-PO models with 3-phase motors, 1 wa paragraph 4.) BELL 8 GOSSETT ITT 

BZGU N 4USTlN WE. . MORTON GROVE ILL UKKf 
PRlNTtO IN U.S.A. J.?? INTERNATIONAL TELEPHONE -, cD TELEGRAPH CORPORATION 



CIRCULATOR PUMPS 

A. Terminal Box 
6. Switch 
C. O-rings 
D. Rotor Can 
E. Top Bearing 
F. Stator 
G. Gasket 

. H. Bearing Plate 
I. Flow Adjustment 

Arm 
J. Variable Flow 

Adjustment Plate 
K. Impeller 
L Bottom Bearing 
M. Thrust Bearing 
N. Pump Chamber 
0. Stator Housing 
P. Rotor 
Q Winding Protection 
R. Shaft 
S. Plug/lndicator 

INFORMATION: Two. .speed cir 

UPS 2C-42 

lculator pump - UPS 20-42 
The UPS 20-42 is fitted with a variable flow control and also features a two-speed motor. The head is controlled 
by the flow adjustment arm (I) and the choice of speed is made by hand on the switch (B) or made automatically 
in conjunction with remote control. 

CONSTRUCTION 
The UPS 20-42 is a water lubricated pump. However, in order to protect the rotor (PI and bearings (E,L) from 
damaging impurities which may be present in the circulating water, they are separated from the stator (F) and 
the pump chamber by a liquid filled rotor can (Dl. The motor shaft (R) extends out from the rotor can, into the 
pump chamber through the aluminum oxide bearing (L), which also functions as a seal. During initial operation, 
the pump is automatically self-vented; however, due to the isostatic principle, there is no further recirculation of 
water into the closed rotor can. The pump's "diamond-hard" aluminum oxide bearing construction, combined 
with the high starting torque of the motor, ensures re-start after shutdown. 

MATERIALS 
.................. Stainless steel:. Rotor can, shaft, rotor cladding, bearing plate, impeller, variable flow 

adjustment plate, thrust bearing cover. 
Aluminum oxide:. ................ Top bearing, shaft ends, bottom bearing. 
Aluminum:. ..................... Stator housing. 4 

Carbon/aluminum oxidc .......... Thrust bearing. 
Cast iron: ....................... Pump housing, 
Ethylendpropylene rubber: ........ O-rings, gasket. 
Silicone tubbec. .................. Winding Protection. 

APPLICATIONS 
The UPS 20-42 should only be used in closed systems (i.e. solar, hydronic) for the circulation 
of water. However, solutions such as ethylene glycol can be used without hindering pump 
performance. For open systems, order the Grundfos model UP 25-42 SF which has an all 
stainless steel pump housing. 



DIMENSIONS UPS MU 

- - .  
' head head 

- - a 
. la- 
18 : 6 

U: 4 
l2- 
lo- 3 

The UPS 20-42 has a versatile performance range due to 
the variable flow control and the dual RPM switch. The 
high and low RPM settings are marked I and II respec- 
tively. 
Contact Grundfog for information regarding larger cir- 
culator pumps and twin pumps. 

8 - 
6 1 2  

2 - - 
0 - 

ELECTRICAL DATA 

I 

The UPS 20-42 is operated by an energy-conserving 1/20 
HP motor which has built-in overload protection. The am- 
perage on setting "I" is 0.65 and 0.85 on setting "11". 

0 1 2 3 4 5 8 7 l a 3 1 h  
t a l r n e u  ~ ~ W ~ ~ ~ I ~ I ~ ~ ~ I ~ I I I ~ I U I I ~ I I ~ I ~ I I  

0  5 10 15 48 25 USOpn 

UPS 20-42F 

ISOLATION VALVES 
GRUNDFOS recommends the use of isolation valves with circulation pumps in all systems. - .  

ORDER NUMBERS 
Union Isolation Valve Flange Isolation Valve 

GRUNDFOS PUMPS CORP. 2566 CLOWS AVE., CLOVIS, CALIF. 93012 1209) 299-9741 TELEX: 355353 ,I 

- 
Flange Valves 
Union Valves 

T~pe 

UPSZqUp 
bi f langr )  

UPS 2twU 
(wlunionr) 

Dim. 

1" 

1" 

Order No. 

51.22 31 13 

51.02 31 13 

Order No. 

51.97 72 

51.98 72 

Unions Flanges 

Dim. 
314" 
1" 

Dim. 

314" 
1" 

1%" 
1%" 

Order No. 

51.96 21 
51.95 22 

Order No. 

51.96 01 
51.96 (12 

51.9603 
51.9604 



The McDonnell No. 27W Valve Mechanism is a float 
opetated valve that automatrcally adds water or other 
liquids whenever necessary to maintain a prescribed 
level. I ts versatility and large feeding capacity fit it for 
a wide range of applications. Its simplicity of design and 
quality of construction provide utmost dependability. 

The No. 27W Valve Mechanism can be used to add 
, make-up water to condensate receiving tanks. to maintain 

levels i n  distillation equipment, and for many other liquid 
level control jobs. I t  can be flange-mounted directly in the 
side of a tank or receiver, to feed water through a separate 

Capacity Curve - No. 27W 
FLCOER DISCMAW - 

KWOI DOILL* 
.. ow E 

I l.Ow 21 st* 

19- 20 1- 

I R- la ZSI 

I* 2sz 

I r!- I. 201 

I .apoo 12 174 
qooo 10 Y S  

! 4.0- a  I I ~  

r;wO 6 ar 
rpoo S8 

1.- 2  2¶ 

I 0 0 0 
O D m ~ 4 o w w m m w ~  

I D I H R t N I I A L  P l I S S U ~ l  I N  K)UNDS P t 1  SO I N  
I W A l t l  f l I S S U 8 t  I t S S  bOlLtR PlLSSURRl 

feed line. It can also be mounted inside, to spill water 
directly into the tank. 

Valve stem seating area is made of high temperature 
composition. Valve seat is of monel, and located a full 
1v2" above the closing level. Positive alignment of the 
valve is assured by the cam-and-roller straight-thrust 
action. and by the valve guides which are cast as an 
integral part of the machined valve body. 

All parts are of non-corrosive materials, and all bearings 
unusually husky. The entire valve body is a one-piece brass 
casting. 

Dimension Details - No. 27W 

3500 N. Spaulding Avenue, Chicago, Illinois 6061 8 
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m i n e  mintesrance pmccdmw apgly generally to the system 
functions. ~ ~ t s h a v e b e e n s e l ~ b a s e d u p o n t h e i r p a s t  
perfkmmm and reliability. The piping, wiring, insulation, and 
nmnting hardwase have been selected ar designed w l t h  dnimm 
m a i n t e 4 I m E e a n d ~ i a a i n m l n n .  ' m e p r I m a r y ~ c 6 a r e a s  
are pnas, valves, cuating, ocllleCt6JPs, and the Cmtmller. 

All pra3ps used are centrifugal inpeller types tRhich are flange 
nmmted. 711ae B & G paaps ham an o i l  point which &mild be lubricated 
atmaally with B & G pnnp oil. Gmmdfas pnp is self-lubricating 
and should not require maintenance. Seals and gaskets Lshauld 
be inspected fm 1- once a month. Head and f low rates shauld 
be checked annually. This can be dane by mea8uring the  inlet  and 
outlet pws~tre of the pmp. This plreawtre differential is used 
in canJunct%& with zhe manufacturer's puq, curve to plnwide the 
G$M flw rate. 'Re pmmm differential and GfW can be ~ U W W ~  
to the cwigbttl specifiations. This Infannation is helpful in 
detemlning the condition of the mechanical shaft seal, and impeller 
wear. Xf the flow rate dememea below the design point, the prnp 
mtst be rebuilt. \ 

Oomplete parp fai1ure is caused by a h m e d  aut mbtar wind* 
or ather electrid failure. Excessive noise aheruld be h ~ e ~ t f g a t e d  
with particular a t t e n t i a  paid to  the molm bearings, shaft a d ,  
and impeller clearance. 

B* VALVES 

l ' ¶ l e v a l ~ 8 8 u s e d i n t h i s ~ e m Q n a t r e q u i r e ~ e d u l e d  
maintenano8. All. valves shuuld be lwqmcted amruslly to malPa sure 
they are aperating to the correct pasitiaa and that they are seat* 
fully. Iho mlvee shauld be irrcrpected nrasthlg for leaks. If a 
valve ~yppearrs to mlfunctian or leak, call a s e n d -  m. 

A l l  coatings shatld be inspected annually f a r  signs of deterioratiaa 
and corroeion. 'Ibis includes: 

1. starage tank interim casting 
2. pipe insulatian 
3. pipe suErpart - 
4. mllector support hamhare 
5. insulation mering 



The treated mod battens shauld be inspected annually far 
rotting or cracking. A suitable mastic should be applied to 
problan areas. I 

A l l  mounting hamham (screws, bolts,  and nuts) should be 
tightened yearly and inspected for corrosion o r  bmakage. Cornsion 
attacked areas should be sanded t o  clean metal and coated with a 
suitable rust preventive paint. Structural cracks should be 
aorrected as n-. 

The mastic and mof ing canpound on the  f l a t  (built-up) roof 
shauld be inspected yearly and recoated as necessary. 

If the  condition of any of the above l i s ted  item is questionable, 
notify Solar Energetics for  a detexmination of procedure for  cor- 
recting the defect. 

me Revere lnodel 332 solar collectors should not require 
maintenance but shatld be inspected periodically. The primary 
pmblm areas t o  be expected are: 

1. glass breakage 
2. internal leaks 
3. header leaks 

:i  
, -.., 1; 

When servicing Revere Sun-Aid units ,  it m y  be necessary to 
. I.,.: 

' #  

renrme the glass. The prmedwe is simple. hosen the  screws 
,+,.$fl holding the cover pieces i n  place and renow the  q e r  pieces. me 

use 08 one o r  mre large suction cups w i l l  aid in the remval of 
glass. If there is bmken glass in the unit ,  a canercia1 t p  " 

. . vacum cleaner m y  be useful in removing the -11 glass pieces. 
When replacing the glass, be sure the  gasket f i t s  snugly ammd I 

: '.,; the glass at all  points and at t h e  corners. Use a . d l  quantity 
: . ,, . of silicone sealant at the corners to ensure a weatherp1~0f 6. 

. . 

. . 

.. , 

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

. . 
. . . . 



D. OoLmCJDFB (continued) 

Condensation on the inside of the  collector glass is a n d  
occurrence. The moisture should dry out a f te r  one o r  tTRo sunny days. 

. The condensation is often confused gpith .an internal collector leak. 
Most leaks w i l l  be evidenced by a wet roof area at the base of the  
mllectar . 

Silicon tubing oonnects each coll&tor t o  the sub-header 
piping. A spring-type hose clamp retains the  tubing. It is possible 
for the  clamp to becane loose and w e  leakage i f  excess motion 
is Imparted on a collector. Repair is done by r-g the . . 

surrounding pipe insulation and repairing or 
replacing the  tubing and/or clamps. Check t he  tubing junction ' 

for leaks with the  collector pump running before replacing the 
i n m l a t  ion. 

In  the  event of a collector fai lure (glass breakage, leak, etc.) 
the  damaged collector may be bypassed by remnring t h e  silicon 
tubing fxwnthe aollector inlet and outlet nipples, and clamping 
the  tubing with a suitable laboratory pinch clamp. This procedure 
w i l l  permit continuous aperation of the  collectors while waiting 
for service. 

- (bllector removal is accomplished by disconnecting t h e  silicon 
, tubing fmn t h e  in le t  and outlet ,  and removing four stainless 

steel bolts  and nuts holding the collector t o  t h e  maunting hardwase. 
Gloves should be worn whenwer handling the  collectors. 

The mi- based control unit requires no service 
other than periodic resetting of the storage registers. The mufaeturer 
or a qualified representative rmst be called in  to troubleshoot 
or repair the control unit. 'hpering with the  control unit or its 
inputs and outputs could cause a fa i lure  o r  system malfunction 
with catastrophic results.  A cunplete controller operation m u a l  
f0llows. 
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SECTION 'I 

. D e s c r i p t i o n  

The SPfl-10 c o n t r o l / m o n i t o r  sys tem is des i6ned  t o  a c t  a s  a n  i n -  
i 

! dependen t  sys tem c o n t r o l ,  c o n t r o l l i n g  a c t u a t o r s  (dampers, v a l v e s ,  
. . > . .  

blowers ,  e t c . )  based on t e m p e r a t u r e  o r  i n p u t  s t a t u s  i n f o r m a t i o n  a s  well 

. . '' as  t o  perform m o n i t o r i n g  f u n c t i o n s  on t h e  c o n t r o l l e d  system. ' Both c o n t r o l  $ 

' 1  ii! . , and m o n i t o r i n g  a r e  performed by a b u i l t - i n  mic roprocessor ,  w h i c h . a l s o  is 
... . 

r e s p o n s i b l e  f o r  d i s p l a y i n g  and s t o r i n g  d a t a .  The u n i t  is des igned  t o  6 
.a o p e r a t e  c o n t i n u o u s l y  and t o  accumula te  d a t a  f o r  ex tended  p e r i o d s  o f  t ime.  

i 2. e 
R e c a l l  o f . d a t a  and t e m p e r a t u r e s  is accomplished by a n  i n t e r n a l  keypad, 

w i t h  e a c h  d a t a  r e g i s t e r  hav ing  its own c a l l  number. 
I g 

The m o n i t o r i n g  p o r t i o n  of t h e  u n i t  r e a d s  s i x t e e n  (16)  c h a n n e l s  o f  
I 

t e m p e r a t u r e  d a t a  each  eecond, c o n v e r t s  t h i s  d a t a  t o  e f a r e n h e i t  s c a l e  I gi 
; 4 

' .  end makes it a v a i l a b l e  f o r  d i s p l a y  o r  computation.  I n p u t s  from two (2)  

f l o w m e t e r s  i n i t i a t e  BTU a s  well a s  o t h e r  computa t ions  based on t h o s e  

t e m p e r a t u r e s .  H i s t o r i c a l  d a t a  is accumulated and s t o r e d  i n  memory f o r  

l a t e r  recall. Spec , i a l  m o n i t o r i n g  f u n c t i o n s ,  such  as  t h e  H i 4 0  f u n c t i o n ,  

are i n c o r p o r a t e d  i n  t h e  moni to r ing  sof. tware t o  f a c i l i t a t e  t r o u b l e - s h o o t i n g  i 
and for  h i s t o r i c a l  moni tor ing.  Da ta  r e g i s t e r s  accumula t ing  d a t a  main- 

t a i n  a r u n n i n g  coun t  and may be  r e c a l l e d  a t  a n y  time w i t h o u t  d i s t u r b i n g  

t h e  f o r t h e r  accumula t ion  o f  d a t a .  

The c o n t r o l  p o r t i o n  oP t h e  d e v i c e  c o n t r o l s  a c t u a t o r s  based on 

" t e m p e r a t u r e s  and i n p u t  s t a t u s  i n f o r m a t i o n  under  program c o n t r o l  o f  t h e  

mic roprocessor .  D i s p l a y  o f  o u t p u t  c o n t r o l  s t a t u s  is  accomplished by 

LEOS o n  t h e  f r o n t  p a n e l  o f  t h e  SPM-10. S i x t e e n  (16)  t e m p e r a t u r e  i n p u t s  

and e i g h t  (8) i n p u t  s t a t u s  c h a n n e l s  p rov ide  t h e  d a t a  from which t h e  



'1.. . . . .  

, ;r * . . -  d e v i c e  makes o u t p u t  s t a t u s  d e c i s i o n s  under program c o n t r o l .  The c o n t r o l  

program i~ a c t i v a t e d  and u p d a t e s  c o n t r o l  o u t p u t s  on;e e a c h  i n t e r v a l .  wi th  

. . .  I s  

: ..:. i n t e r v a l s  programmable from 1 t o  9999 seconds ,  . . . . . . . . .  

- An i n t e r n a l  b a t t e r y  m a i n t a i n s  accumulate&"data  d u r i n g  .power o u t a g e s  
, . I .  . . 

; ,,:. . . . : . . . .  . . .  . . . . . . . . . . .  .I 

' f o r ' a  p e r i o d  o f  up t o ' 2 4  hours. Manual c o n t r o l  o f  a l l  o u t p u t s  is prov ided  
.:,& .,; ; . . . . . . . . . . .  

4 .. 
I t : ' : . ,  

from m a n u e l l y ' o p e r a t e d  s w i t c h e s  w i t h i n  t h e  SPm-10. . . . . . . .  
. . .  . -  I 

: .............. . . . .  
Housed i n  a waterproof  e n c l o s u r e ,  t h e  SPM-10 is d e s i g n e d  t o  o p e r a t e  . . . . . .  

' I  : . . .... 
. . . .  , . . :  i n  h a r s h  environments ,  The g a s g e t e d ,  h inged sc rew c o v e r  p r o v i d e s  

a b s o l u t e  p r o t e c t i o n  f rom wea the r  a s  w e l l  a s  t amper ing ,  w h i l e  t h e  keypad is . k! 

p r o t e c t e d  from d u s t  and m o i s t u r e  by a  f l e x i b l e  p l a s t i c  b a r r i e r ,  
4 , $ 

. ;  r . .:.. . . .  A l l  c o n t r o l  and moni to r  f u n c t i o n s  o f  t h e  SPM-10 a r e  under  s o f t w a r e  i 
% 1 .  I 

: * I  I 
I c o n t r o l  w i t h  each con t ro1 ,p roqra rn  s p e c i f i c  t o  t h e  end u s e r ,  S p e c i a l  

r . . m o n i t o r i n g  and c o n t r o l  f u n c t i o n s  and computa t ions  a r e  p r o g r a m e d  i n t o  t h e  . '  
'. 1.:. 

h 

d e v i c e  p e r  the r e q u i r e m e n t s  o f  t h e  end use r .  r. 



C o n t r o l  F u n c t i o n s  

A. I n p u t s  

The SPM-10 a c c e p t s  i n p u t s  o f  two (2)  t y p e s ;  t e m p e r a t u r e s  and 

on-off  s t a t u s .  The t h e r m i s t o r - t y p e  t e m p e r a t u r e  s e n s o r s  u t i l i z e d  

have been chosen  f o r  t h e i r  h i g h  d e g r e e  of a c c u r a c y ,  i n t e r c h a n g e a b i l i t y ,  

end  c o m p a t i b i l i t y  w i t h  env iornmenta l  c o n d i t i o n s .  The s m a l l  s e n s o r s  

are mounted i n  a $ax*"x+w aluminum block f o r  s t r e s s  p r o t e c t i o n ,  t h a n  

m e c h a n i c a l l y  mounted on t h e  d e v i c e  t o  be moni tored i n  good the rmal  

c o n t a c t  w i t h  t h e  s o u r c e  o f  hea t .  The i n p u t  c i r c u i t r y  a l o n g  w i t h  

t h e  s o f t w a r e  i n  t h e  SPfl-10 decodes  t h e  c u r r e n t  l e v e l s  r e t u r n e d  frgm 

t h e s e  s e n s o r s  and . t r a n s l a t e s  them i n t o  a c c u r a t e  t e m p e r a t u r e s '  (2 . 5 ' ~ ) .  

I t  is, t h e r e f o r e ,  n e c e s s a r y  t h a t  i d e n t i c a l  s e n s o r s  be u t i l i z e d  f o r  

rep lacement  whenever r e q u i r e d .  Vol tage  l e v e l s  p r e s e n t  a t  t h e  s e n s o r s  

are f i v e  (5) v o l t s  maximum and  change c i t h  t empera tu re .  Abso lu te  

maximum t e m p e r a t u r e  o f  t h e  s e n s o r s  is t h r e e  hundred (300) d e g r e e s  
, 

P a r e n h e i t ,  above which a permanent '  o f f s e t  i n e c c u r a c y  w i l l  r e s u l t .  

The s e n s o r s  a r e  n o t  immersion d e v i c e s  and c a r e  must be taken t o  p l a c e  

them a r e l a t i v e l y  d r y  enviornment. The SPm-10 a c c e p t s  up t o  s i x t e e n  (16) 

such inputs. 

On-off s t a t u s  i n p u t s ,  which a r e  a c c e p t e d  by t h e  SPN-10, a r e  . 

e s s e n t i a ' l l y  emitch c l o s u r e s  from e x t e r n a l  d e v i c e s  such a s  t h e r m o s t a t s ,  

s q u a s t a t s ,  s w i t c h e s  o r  r e l a y s .  The SPM-10 u t i l i z e s  i n p u t  s t a t u s  

.4 in format ion  a s  a n  a i d  t o  making c o n t r o l  d e c i s i o n s .  T h i s  i s  accomplished 

by s e n d i n g  a f i v e  (5) v o l t  s i g n a l  th rough  one wire t o  t h e  d e v i c e  t o  

be i n t e r r o g a t e d  whi le  t h e  r e t u r n  v o l t a g e ,  or l a c k  o f  i t ,  is sensed 

t h r o u g h  t h e  o t h e r  wire. The SPfl-10 s u p p l i e s  it's own s e n s e  vol tage.  



f);: :.;. C a r e  must b e  t a k e n ,  t h e r e f o r e ,  t o  m a i n t a i n  c o m p l e t e  e l e c t r i c a l  i s o -  

l a t i o n  Prom a n y  o t h e r  v o l t a g e s .  . T h e  maximum s e n s e  c u r r e n t  s u p p l i e d  

1. t o  e a c h  s w i t c h  is f i v e  ( 5 )  m i l l i a m p e r e s  D.C.. E i g h t  (8) s u c h  s t a t u s  
i 

' i n p u t  c h a n n e l s  are a v a i l a b l e ,  e a c h  b e i n g  read . .under  prograrn c o n t r o l .  
. - 

I 
..i .: . .  

.-. -: . 8. O u t p u t s  ! 

! .  !.., . . ; a 
. . 1 . '  

The o u t p u t  s e c t i o n  o f  t h e  S P f l - I O ' c o n s i s t s  o f  s i x t e e n . ( l 6 )  s i n g l e -  ' ! P 
pole/ double- throw d r y - c o n t a c t  ma'gnetic  r e l a y s ; -  The o u t p u t  s e c t i o n  ' 

. , . . . .  
, c o n t r o l s  v a l v e s ,  pumps, f a n s ,  e t c , , ' u n d e r  program c o n t r o l  b y ' s w i t c h i n g  

!-- . i 6 

! .  ' -. 
! .  terns, a s  e a c h  r e l a y  s p r i n q - r e t u r n s  t o  a no rma l ly -c losed /  commo'" pos-  ' / E? Y 

1 . ' :  . , 

i. , t h e  a p p r o p r i a t e  v ' o l t age  t o  e a c h  d e v i c e  b e i n g  c o n t r o l l e d o  Each r e l a y  . ' . 5 

F. . is c a p a b l e  o f  s w i t c h i n g  f i v e  (5) amperes a t  up  t o  two' hundred  f o u r t y  
1 .  

, , i 
(240) v o l t s  A.C.. The r e l a y s  w i l l  s w i t c h  f i v e  (5)  amperes  a t  up  t o  

r f i f t y  (50 )  v o l t s  D.C.. The p o s i t i o n  o f  e a c h  r e l a y  is u n d e r  program 
i 

B 
: 4 ! . . 

e ,  ' : . c o n t r o l  w h i l e  i n  t h e  "AUTO* mode, and  d e t e r m i n e d  by  s w i t c h  p o s i t i o n  
r 

; B 
I I 4 

i t i o n .  I n  some sys t ems ,  a common power b u s  m a y  b e  u t i l i z e d  th rough-  

1 .  .. w h i l e  i n  t h e  "mANUALn mode. Normally-open, n o r m a l l y - c l o s e d  .> , and com- 

* y . . 
mon c o n t a c t s  are a v a i l a b l e  t o  f a c i l i t a t e  t h e  d e s z g n  o f  f a i l - s a f e  s y s -  

. . 

o u t  a l l  common ' r e l ay  t e r m i n a l y o  C a r e  must  be t a k e n  n o t  t o  i n t r o d u c e  

I 

h i g h  o r  r e v e r s e  p o l a r i t y  v o l t a g e s  t o  a n y  r e l a y  c o n t a c t s  whenever a 

common b u s  is u t i l i z e d .  ~ a c h ' r e l a y  m y  c o n t r o l  a n y  number o f  d e v i c e s  
/ . _  

p r o v i d i n g  t h a t  ' a l l  d e " i c e s  r e q u i r e  i d e n t i c a l  v o l t a g e s  and  t h a t  t h e  
I 

t o t a l  c u r r e n t  l o a d  o n  e a c h  r e l a y  i s  f i v e  (5) a m p e r e s  o r  less, 

'& - 
! a ,. . C. A u t o - c o n t r o l  mode 

- The SPM-10 is  c a p a b l e  OF making and o u t p u t t i n g  new c o n t r o l  1 i )  



d e c i s i o n s  once p e r  second. Due t o  t h e r m a l  , l a g  i n  s e n s o r s  and a c t -  

u a t o r  d e l a y s ,  i t  becomes a d v a n t a g e o u s  t o  u p d a t e  t h e  c o n t r o l l e r ' s  ou t -  

p u t s  o n l y  once  e v e r y  f i v e  (5) m i n u t e s  ( depend ing  on e a c h  sys tem's  
4' 

r e q u i r e m e n t s )  t o  a l l o w  t e m p e r a t u r e s  t o  s t a b i l i z e  and a l l o w  a c t u a t o r s  

t o  r u n  f u l l - c o u r s e .  T h i s  d e l a y  a c t i o n  i n h i b i t s  c y c l i n g  o f .  pumps and 

f a n s  whose s t a t u s  depends  on t e m p e r a t u r e  l e v e l s .  T h e r e f o r e ,  a  pro- 

grammable time d e l a y  o f  one  (1) t o  n ine- thousand nine-hundred and 

n i n e t y - n i h e  (9,999) s e c o n d s  d e t e r m i n e s  t h e  f r e q u e n c y  of' canttel up-' 
' ! 

d a t e s  i n  t h e  SPM-10. E a ~ h  new c o n t r o l  mode w i l l  be main ta ined  r e -  

; & g a r d l e s s  o f  t h e  t e m p e r a t u r e  or  s t a t u s  i n f o r m a t i o n  d u r i n g  t h e  pro-  
i e! 
! 

' grammed i n t e r v a l .  When a c o n t r o l ' u p d a t e  is r e q u i r e d ,  as dekermined- . I  

by t h e  i n t e r v a l  t i m e r ,  t h e  c o n t r o l  i n t e r p r e t e r  is a c t i v a t e d .  The 

c o n t r o l  i n t e r p r e t e r  r e a d s  t h e  s p e c i f i c  c o n t r o l  program developed 
I $ 

f o r  e a c h  a p p l i c a t i o n ,  one  l i n e  a t  a time, modifying o u t p u t s  based I 
1 4  

o n  t e m p e r a t u r e ,  s t a t u s  and program in fo rmat ion .  The i n t e r p r e t e r  ' I 
g i v e s  t h e  d e v i c e  t h e  power t o  e x e c u t e  complex c o n t r o l  s t r a t e g i e s  . 

u t i l i z i n g  h y s t e r e s i s ,  p o s i t i v e  and n e g a t i v e  t e m p e r a t u r e  d i f f e r e n -  

t i a l s ,  i n p u t  s t a t u s  and time-of-day in fo rmat ion .  Upon e x e c u t i o n  of 

a l l  i n s t r u c t i o n s  i n  a n y  g i v e n  program, t h e  i n t e r v a l  t i m e r  is a g a i n  
1 

r e s e t  t o  it's o r i g i n a l  v a l u e  and o u t p u t  d a t a  is t r a n s f e r r e d  t o  t h e  
I 

o u t p u t  r e l a y s .  The r e l a y s  w i l l  m a i n t a i n  t h e i r  p o s i t i o n  u n t i l  t h e  in* 

t e r v a l  timer t i m e s  o u t  and i n i t i a t e s  a n o t h e r  c o n t r o l  u p d a t e  o r  u n t i l  

manual c o n t r o l  o? t h e  r e l a y s  is i n i t i a t e d .  C o n t r o l  programs may be 
'4 

modifie'd a s  r equ i red .  I n  some a p p l i c a t i o n s ,  it may be advantageous  

t o  aburna t h e  c o n t r o l  program i n t o  t h e  memory o f  t h e  mic roprocessor ,  

w h i l e  i n  o t h e r s ,  o n - s i t e  programming c a p a b i l i t y  i s  r e q u i r e d .  The SPm-I0 

w i l l  o p e r a t e  i n  e i t h e r  mode upon se t -up  a t  t h e  f a c t o r y .  



0. manual-control mode 

Each ac tuator  may be c o n t r o l l e d  manually from w i t h i n  the  SPm-10 by 

i t ' s  p a r t i c u l a r  manual ove r r i de  switch. P r o v i s i o n  i 8  made f o r  each 

.. ac tue to r  fo r  'ON", "OFFn, o r  nAUTOn, w i t h  t he  ?ONn and "OFFu p o s i t i o n s  

. represent ing  manual cont ro l .  One swi tch  c o n t r o l s  one re lay ,  which i n  

- turn c o n t r o l s  t h e  p a r t i c u l a r  ac tua to r  wired t o  it. When a swi tch  i s  i n  

t h e  manual mode, the  microprocessor and c o n t r o l  program have no e f f -  

e c t  upon the  associated re lay ;  when i n  the  "ONn pos i t ion ,  t he  swi tch 

' 

' mainta ins t h a t  r e l a y  "onn regard less  o f  t h e  microprocessor commands. 

The output  s ta tus  d i s p l a y  LED'S w i l l  accu ra te l y  r e f l e c t  the  output  

cond i t i ons  i n  both t h e  "AUTOn as w e l l  as the  "ONn and "OFFm modes. 

When a device is re turned t o  'AUTOn f rom e i t h e r  the "ONn o r  'OFFY mode, 

, t h e  device immediately assumes t h e  p o s i t i o n  determined by the  l a s t  

c o n t r o l  update. 

.. E. Cont ro l  f a i l s a f e  

I n  t h e  event o f  a power outage t o  t h e  SPm-10, a l l  output  r e i a y s  

spr ing- re turn  t o  a known, f i x e d  p o s i t i o n  regard less  o f  the  mode o f  

I 

operation, Th is  a l lows a l l  valves, motors, fans, etc. tso remain i n  a 

knosno f i x e d  p o s i t i o n  un t i l  the  r e s t o r a t i o n  o f  power. The f a i l - s a f e  

p o s i t i o n  o f  each ac tuator  device i s  e n t i r e l y  determined by t h e  rir- 

i n 9  between the SPN-10 and the  device, e p e c i f i c a l l y , ~ u s e  o f  t he  nor- 

mally-opei and normally-closed contacts. I n  a so la r  heat ing  app- 

.d ida t ion ,  i t  can be seen t h a t  r e t u r n  t o  a backup b o i l e r  might be ' 

advantageous dur ing  power outage o r  upon f a i l u r e  o f  o f  the  SPA-10. 

Incorpora ted i n t o  the  c i r c u i t r y  o f  t he  device e r e  measures t o  insure  



t h i s  type .o f  fa i l -sa fe  r e t u r n  t o  a f ixed, known mode. Removal o f  

power t o  t h e  SPM-10 w i l l  r e s u l t  i n  an immediate s h i f t  t o  the  f a i l - s a f e  

mode, The output  s t a t u s  d i s p l a y  LED'S may be wired t o  cont inue t o  ..' 
f u n c t i o n  even dur ing  lose t o  t h e  S P ~ - 1 0  by p r o v i d i n g  power f o r  t he  

d i s p l a y  f rom the  ac tua to r  power source. I n  t h i s  case, as l ong  as  
i 

a c t u a t o r s  have power, t h e i r  c o n d i t i o n  w i l l  be'apparent from the  f r o n t  i 

. . I 

pane l  o f  t h e  SPM-10, 



. SECTION.111 

m o n i t o r  F u n c t i o n s  

, ! 

The SPm-10 is d e s i g n e d  t o  m o n i t o r  t h e  p r o c e s s  i t  is c o n t r o l l i n g ,  .:' - 
, .  t o  p e r f o r m  c o m p u t a t i o n s  and  t o  s t o r e  d a t a  s u c h  t h a t  a . c u m u l a t i v e  . 

- .  . . p e r f o r m a n c e  r e c o r d  o f  t h e  p r o c e s s  may be r e c a l l e d  a t  a n y  time w i t h o u t  J 

i ' 
. : .  

d i s t u r b i n g  t h e  f u r t h e r  a c c u m u l a t i o n  o f  d a t a ,  The  s p e c i f i c  t ype ' s  o f  

r d a t a  g a t h e r e d  and  s t o r e d  a r e . u n d e r  program c o n t r o l  w i t h  e a c h  end- 

u s e r  d e s i g n i n g  t h e i r  own s p e c i a l i z e d  program. P r e s e n t e d  h e r e  w i l l  

b e  o n e  s u c h  program. 

The  SPM-10 u t i l i z e s  a  d a t a  r e g i s t e r  c o n c e p t  much l i k e  t h a t  used  

i n  many hand-held  c a l c u l a t o r s  t oday .  Each d a t a  r e s i s t e r  h a s  a  f i x e d .  

- 
l e n g t h  and  c o n t a i n s  a c o m p l e t e  number. A d a t a  r e g i s t e r  may c o n t a i n  

! 
I - s t e m p e r i t u r e ,  time o r  q u a n t i t y  o f  h e a t o  D a t a  r e g i s t e r s  have  a  un ique  - 
I number a s s o c i a t e d  w i t h  them t h a t  may be t h o u g h t  o f  a s  a ca l l  number, 
! 

w i t h  e a c h  r e g i s t e r  h a v i n g  it's own number, Da ta -  r e g i s t e r s  ere r e c a l l e d  - ! 
. . 

t o  t h e  SPM-10 d i s p l a y  f rom t h e  f r o n t - p a n e l  keypad by f i r s t . e n t e r i n g  

t h e  c a l l  number .of  t h e  d e s i r e d  r e g i s t e r  f o l l o w e d  by a n  "Ea ( r e p -  - 

r e s e n t i n g  " e n t e r a ) .  The d i s p l a y  w i l l  i n s t a n t l y  r e f l e c t ,  t h e  c o n t e n t s  
-.- 

o f  t h a t  p a r t i c u l a r  r e g i g t e r  and  w i l l  rema'in u n t i l  a neu r e g i s t e r  is 
i - 

r e c a l l e d .  The d a t a  c o n t a i n e d  i n  t h e  d i s p l a y e d  r e g i s t e r  w i l l  b e  u p d s t e d  - 
i , . t o  r e f l e c t . , t h e  most r e c e n t  i n f o r m a t i o n  a v a i l a b l e ,  '. 1 

I - The  f o l l o w i n g  d a t e  is a v a i l a b l e  i n  r e g i s t e r . , f o r m a t :  
1'  . 

1, S i x t e e n  i n s t a n t a n e o u s  t e m p e r a t u r e s ,  . 
** 

2. H i g h e s t  t e m p e r a t u r e  e x c u r s i o n  o f  e a c h  o f  t h e  s i x -  . . 

t e e n  t e m p e r a t u r e  s e n s o r s ,  

3. Lowest  t e m p e r a t u r e  e x c u r s i o n  ,of e a c h  o f  t h e  s i x -  

t e e n  t e m p e r a t u r e  s e n s o r s ,  



4. Accumulated B T U ' s ,  l o o p  nA1le 

5. Accumulated 8TU9s, l o o p  "Bn. 

6. E l a p s e d  time s i n c e  l a s t  reset. 

Each f u n c t i o n  w i l l  be d i s c u s s e d  below. ./ 

I n s t a n t a n e o u s  t empera tu res .  ( S i x t e e n  (16)  eqch,  r e g i s t e r s  01 through 1 6 )  
. . 

These  r e g i i t e r s  reflect  t h e  i n s t a n t a n e o u s  t e m p e r a t u r e s  i n  degrees ; 8 
f a r e n h e i t  - o f  e a c h  o f  t h e  s i x t e e n  (1 6) s e n s o r s  updated once p e r  second. 

The d e c i m a l  p o i n t  is  i m p l i e d  s u c h  t h a t  t h e  l e a s t  s i g n i f i c a n t d i g i t  

r e p r e s e n t s  one- ten th  ( .1 ) d e g r e e  f a r e n h e i t .  Accuracy o f  t h e  d i s -  
; 4 

p l a y e d  t e m p e r a t u r e  is p l u s  o r  minus one h a l f  (2 .5)  degree  f a r e n h e i t ,  

r e s o l u t i o n  be ing  one-half  ( .5 ) d e g r e e s  f a r e n h e i t ,  

Lowest t e m p e r a t u r e  excurs ion .  ( S i x t e e n  each,  r e g i s t e r s  21 through 36) 

These  r e g i s t e r s  r e f l e c t  t h e  l o w e s t  t e m p e r a t u r e s  a t t a i n e d  by each 1 

o f  t h e  s e n s o r s  s i n c e  l a s t  reset. compared and updated once p e r  second. i 
! 

Accuracy and r e s o l u t i o n  are i d e n t i c a l  t o  i n s t a n t a n e o u s  temperatures .  

H i g h e s t  t e m p e r a t u r e  excurs ion .  ( S i x t e e n  each,  r e g i s t e r s  41 through 56) 

These  r e g i s t e r s  reflect t h e  h i g h e s t  t e m p e r a t u r e s  a t t a i n e d  by each ! 

of  t h e  s e n s o r s  s i n c e  l a s t  reset, compared and updated once p e r  second. - 
I 
I Accuracy and  r e s o l u t i o n  a r e '  i d e n t i c a l  t o  i n s t a n t a n e o u s  t empera tu res ,  i 

.a 
Accumulated BTU's, l o o p  'A", ( R e g i s t e r s  38 & 39) 

. . 

These r e g i s t e r s  r e f l e c t  t h e  accumulated t o t a l  BTU9a g e n e r a t e d  o r  

d e l i v e r e d  t h r o u g h  t h e r m a l  s i n k  .An. A f low meter A o a u r i n g  f low i n  

t h e r m a l  l o o p  "Aa p r o v i d e s  e p u l s e  t o  t h e  SPm-10. Upon r e c i e v i n g  t h e  



,4 . , 

p u l s e ,  t h e  SPN-10 i n i t i a t e s  a n  i n t e r p r e t e r  s i m i l a r  t o  t h e  c o n t r o l  i n t e r -  

- p r e t e r  whose f u n c t i o n  is t o  p e r f o r m  thosm c o m p u t a t i o n s  w r i t t e n  i n t o  

thm math prooram, l i n e  by  l i n e ,  u n t i l  a l l  t h e . m a t h  ha,s been  per formed 
../ 

I a n d  t h e  r e s u l t s  s t o r e d  i n  t h e i r  p r o p e r  l o c a t i o n s .  Due t o  t h e  program- . . 

mable  n a t u r e  o f  t h e  d e v i c e ,  v a r i o u s  c o n f i g u r a t i o n s  o f  f l owmete r ,  f l o w  
7 

I .  
d 

f a c t o r s  and  s y s t e m  c o n s t a n t s  may b e  e n t e r e d  f o f  computa t ion .  I n  some : g 
Z. - a p p l i c a t i o n s ,  i t  may be  d e s i r a b l e  t o  "burn" t h e  math program i n t o  t h e  d 

m i c r o p r . o c e s s o r ~ s  niemory, w h i l e  o t h e r  times, t h e  p r o ~ r a m m a b l e '  f e a t u r e  . . . . 

P. 

is r e q u i r e d  f o r  o n - s i t e  m a d i f ' i c a t i o n s .  I h e  5PM-1 is des igr ted  t o  ope r -  . . 
c j  

ate i n  e i t h e r  mode upon s e t - u p  a t  t h e  f a c t o r y .  
7 

1 .  A s i n g l e  BTU c o m p u t a t i o n  is  made w i t h , e a c h  f l o w  p u l s e  u t i l i z i n g  
..., 

I 

- .  ' t h o  most  r e c e n t  t e m p e r a t u r e  d a t a .  . T h e  r e s u l t  i s  added t o  t h e  "BTU A n  B 
: 4 

) r e g i s t e r ,  r e s u l t i n g  i n  a runn ing -coun t  w i t h  s i n g l e  u n i t  r e s o l u t i o n .  
,- 
I. . S i x  (6) d i g i t s  o f  d a t a  are d i s p l a y e d  a t  a time. The SPM-10 m a i n t a i n s  
. . 
I 

t e n  (10) d i g i t s  OF BTU d a t a -  i n t e r n a l l y ,  s o  t h a t  t h e  c o m p l e t e  number 
!- 

is viemed a s  two s e p a r a t e  r e g i s t e r s ,  e a c h  w i t h  it 's own c a l l  number. 
I 

1 fi!? 
One r e g i s t e r  c o n t a i n s  t h e  BTU c o u n t  i n  u n i t s  ( x l o O )  w h i l e  t h e  o t h e r  

b . k 

c o n t a i n s  t h e  c o u n t  i n  m i l l i o n  ( x l b  ) p l u s  t h e  s i g n  o f  t h e  number. 

--. 
. S t r i n g i n g  t h e  two numbers t o g e t h e r  d e l i v e r s  t h e  t r u e  c o u n t  w i t h  a 

I1 
r a n g e  o f  p l u s  o r  minus  1 0  w h i l e  m a i n t a i n i n g  r e s o l u t i o n  o f ' a  s i n g l e  

' count .  

The  BTU r e g i s t e r s  d e l i v e r  a s i g n e d  number t e n  (10)  d i g i t s  i n  

l e n g t h .  The  s i g n  o f  t h e  number r e p r e s e n t s  t h e  d i r e c t i o n  o f  f l o w  i n t o '  -- 
.0 - 

o r  o u t  o f  t h e  t h e r m a l  s i n k .  Whi l e  t h e  BTU t o t a l  may a t  one  time be 

a p o s i t i v e  number, t e m p e r a t u r e  c o n d i t i o n s  might  r e v e r s e ;  r e v e r s i n g  

i ) t h e  h e a t  f l o w  t h r o u g h  t h e  s i n k .  The SPM-10 w i l l  a u t o m a t i c a l l y  



.. . 

accumulate BTU's, bo th  gains and losses, and represent  ga in  o r  l o s s  

as  p o s i t i v e  o r  negat ive numbers. A heat ga in  fo l lowed by an equal 

heat  l o s s  through the  same l o a d  w i l l  r e s u l t  i n  a zero (0) BTU reading, 

Flowmeter f a c t o r s  s p e c i f i c  t o  the type of"t1owmeter u t i l i z e d  

. .  i n  each l o o p  a re  programmable t o  a l l o w  use w i t h  a i r ,  o i l ,  and var ious 

.. . . 
t ypes  o f  heat  t rans fe r  medium flowmeters, -These factors,  1 i k e . t h e '  

math program, may be "burned* i n t o  the  memory o f  the  microprocessor 

.or may be a l t e r e d  on-site, depending on the set-up a t  t h e  factory. 

The HA" l o o p  BTU c i r c u i t r y  conta ins  en i n t e r n a l  programmable d i v i d e r  

t h a t  may be preset  t o  operate w i t h  turb ine- type flowmeters and other 

h i g h  frequency output  devices. When the  preset  number o f  pulses has 

occured, one pu lse  i s  de l i ve red  t o  the microcomputer t o  i n i t i a t e  the 

math i n t e r p r e t e r .  

heat g a i n  and the  other  f o r  heat  l o s s  wh i le  bo th  share 
3 .  

I 

Accumulated BTU'e,. l oop  wBe, ( Reg is ters  18 & 19) ' 1  < ,  

t h e  same flowmeter. 

The "En sec t ion  BTU r e g i s t e r s  are i d e n t i c a l  i n  f u n c t i o n  and design 

as the  "An s e c t i o n  w i t h  t he  f o l l o w i n q  exceptions; 
i 

2. No d i v i d e  c i r c u i t r y  i s  a v a i l a b l e  on the  "Bn loop. 

E! 
!i. 

1, The "Bn s e c t i o n  measures an e n t i r e l y  separa te  thermal : 5 
i loop, w i t h  separate.temperature sensors and a separate 

I flowmeter, The device m y  be conf igured t o  monitor 
! 

t he  same thermal l oop  u i th one s e t  o f  r e g i s t e r s  f o r  , 



I 
i '  Readout o f  bo th  loops i s  accomplished i n  the  same 

r -  

1 r e g i s t e r  numbers. . 
I 

3 -- 

.Elapsed t ime ( Registers 58 & 59 ) 

.-.- Two (2) r e g i s t e r s  a re  devoted t o  main ta in ing  the  elapsed t ime 

: . . s i nce  l a s t  reset. Register  number f i f t y - e i g h t ' ( 5 8 )  d i sp lays  i n  ( r i g h t  t o  

r .  
l e f t  .) seconds, minutes and hours i n  a twenty-four (24) hour format. Register  

I - . ~ . . 

number f i f t y - n i n e  (59) mainta ins a count o f  days s ince l a s t  r e s e t  w i t h  
7 

! 

a maximum count uf nine-thousand .nine-hundred and n inety-n ine (9,999) 
; I 
' C  

d 

r days. The c lock  i s  updated once per  second by an i n t e r n a l  c r y s t a l  
i 

I t ime base. 

r - 
! 4 

) 8. Moni tor  f a i l - s a f e  modeo 

Upon l o s s  o f  u t i l i t y  power, t he  SPN-10 i n i t i a t e s  an o r d e r l y  

- .' shut-down o f  t he  microprocessor a n d , h a l t s  f u r t h e r  accumulation and 

d i s p l a y  o f  o f  data u n t i l  power returns.  upon the resumption o f  power, 

t h e  SPM-10 w i l l  au tomat ica l ly  r e s t a r t  p i c k i n g  up where i t  l e f t  o f f  

when h a l t e d  w i t h  a l l  r e g i s t e r  data mairrtained by an i n t e r n a l  battery. 4 

j -- 
I 

: '  Data may be re ta ined  i n  t h i s  manner f o r  up t o  twenty-four (24) hours, I 

i 
i - 

a f t e r  which, l o s s  o f  data occurs. The elapsed t ime c lock  w i l l  be I - 

h a l t e d  du r ing  the  power l o s s  and w i l l  r e s t a r t  f rom.the p rev ious l y  i 

-. . accumulated t ime upon resumption of power. No operator assistance I 

84 i s  r e q u i r e d  t o  r e s t a r t  t he  SPm-10 as a r e s u l t  o f  power outage. 

C. Res ta r t  and Restar t  & '  c l e a r  functi'ons. 

Res ta r t  o f  the SPM-10 may be accomplished manually by depressing 



- 
t h e  wRESTRRT" button. The SPlrl-19 w i l l  begin opera t ing  u t i l i z i n g  

p r e v i o u s l y  s tored data as s t a r t i n g  base. A WRESTART & CLEARn se- 

quence i s  requ i red  t o  s t a r t  the  u n i t  w i t h  a l l  r e g i s t e r s  cleared. The 
d' 

"RESTART & CLEAR" sequence i s  accomplished by depressing the  "Cn 
' 

. ( c l e a r )  key on the  keypad and the  "RESTART" b u t t o n  s imul taneously i  .. 
' t hen  r e l e a s i n g  the "RESTARTn button. The u n i t ' w i l l  -immediately s t a r t  

p i th  a l l  r e g i s t e r s  cleared. T h i s  prec ise  sequence e l im ina tes  acc i -  

d e n t a l  r e s e t  and i s  a l s o  requ i rad  a f t e r  r e p a i r  o r  m o d i f i c a t i o n  t o  

t h e  uni t  o r  whenever the  i n t e r n a l  b a t t e r y ' i s  removed o r  discharged. : 2 
The "RESET & CLEARn sequence a f f e c t s  the' i n t e r n a l  r e g i s t e r s  i n  the  - 

1, Instantaneous temperatures. Begins ma'chine operation, 

instantaneous temperatures updated once per '  second. 

2. Low temperature excurs ion reg is ters .  C lears  o l d  lotus, rese ts  

lows according t o  present  temperatures. Begins comparison 

end updates once per  second. 
I : E! 
I - 

3. High temperature excurs ion reg is ters .  Clears o l d  highs, rese ts  
b i ,  1 

h ighs  according t o  present  temperatures., Begins comparison 

and updates once per  second. I 

d" 

4. Accumulated BTU's, l oop  "An. Cleare t o  zero ( 0 ) ;  

5. Accumulated BTU8e, loop '89. Clears t o  zero (0). 

6, Elapsed time. C lears  t o  zero (0). 1 
.4 

Again, t he  "RESTART" bu t ton  does not  a f f e c t  t he  contents o f  any 

reg is te rs ,  i t  simply r e s t a r t s  the  SPm-10 from a previous data base. 



. . 
..r ) .. . . . ! 

1. The c o n t r o l . p o r t i o n  o f  t h e  SPN-10 w i l l  respond t o  a @RESTART & 

- CLEARn sequence by i n i t i a t i n g  an immediate c o n t r o l  program sequence, 
; .  

. . making e l l  new c o n t r o l  d e c i s i o n s  and  o u t p u t t i n g  t h e  a p p r o p r i a t e  

- 4' 

: v o l t a g e  l e v e l s  t o  t h e  a c t u a t o r s ' b a s e d  on t h e  t empera tu re  a n d . i n p u t  s t a t u s  . 
t 

i . 
. a  . 

I 
I .  . . 

' i n f o r m a t i o n  a v a i l a b l e  t o  t h e  u n i t  a t  t h e  t i m e  o f  t h e  "RESTART & CLEARn. 
,' ' 

!. 
, . 
i 

The n e x t  c o n t r o l  program sequence w i l l  occur  a f t e r  t h e  p re -programed  
. . - i n t e r v a l  h a s  e lapsed.  

. .. . i 
I 



I . .  
' SECTION I V  

Maintenance 

I 

The SPM-10 w i l l  o p e r a t e  f o r  e n  indef ina t# 'pe ' r iod  o f  t i m e  unattended. 
i 

. I 
f 

Should  problems o c c u r  i n  t h e  o p e r a t i o n  o f . t h e  d e v i c e ,  Higg ins  Energy 
I 

A s s o c i a t e s ,  o r  i t m e  a p p o i n t e d  d e s i g n e e  s h o u l d  be n o t i f i e d .  No a t t e m p t  . , 1 .  , 

s h o u l d  be made t o  r e p a i r  t h e  u n i t  o r  r e p l a c e  p a r t s  i n  t h e  dev ice  as  

c o s t l y  damage cou ld  r e s u l t .  No r e g u l a r  maintenance is r e q u i r e d ,  however, . 

t h e  c o n t e n t s  o f  a l l  r e g i s t e r s  as w e l l  a s  o u t p u t  s t a t u s  shou ld  be 

examined and no ted  once p e r  month. T h i s  p rocedure  w i l l  expose  f a u l t s  

Ln t h e  SPM-10 as well as  f a i l u r e s  o f  a c t u a t o r s ,  p i p i n g ,  etc.. Should 

II 
a n y  o f  t h e  accumulated r e g i s t e r s  approach t h e i r  maximum c o u n t s  ( 2 10 BTU, I 

i 
9,999 d a y s ) ,  t h e  "RESTART & CLEAR' sequence shou ld  be i n i t i a t e d  utith 

p r e v i o u s  d a t a  noted a s  v a l u e s  above t h o s e  l i m i t s  a r e . u n d e f i n e d .  1 .  I i -4 



SECTION V 

' Warran ty  

! 

./' 
The Higg ins  Energy A s s o c i a t e s  SPA-10, i n c l u d i n g  a n y  o p t i o n s ,  a r e  

war ran ted  a g a i n s t  d e f e c t s  i n  m a t e r i a l s  and workmanship f o r  one year  from 

t h e  d a t e  o f  purchase  f o r  p a r t s  and t h r e e  months from t h e  d a t e  o f  purchase  

f o r  labor, Dur ing  t h e  w a r r a n t y  p e r i o d ,  Higq ins  Energy ~ s s o c i a t e s  

w i l l  a t  it's o p t i o n  r e p a i r ,  r e p l a c e  o r  make a f u l l  r e fund  f o r  any ' u n i t  
, . 

r 
1 :[,. 

which p r o v e s  t o  be d e f e c t i v e ,  h a s  n o t  been misused,  abused o r  tampered with. 1 
! rl 

H i g g i n s  Energy Assoc-a tes  is n o t  r e s p o n s i b l e  f o r  c o n s e q u e n t i a l  damages 

I as a r e s u l t  o f  f a u l t y  SPm-10 o p e r a t i o n  and i n  a n y  c a s e  is l i a b l e  o n l y  I 
u p  t o  t h e  purchase  p r i c e  o f  ' t h e  c o n t r o l l e r .  No o t h e r  w a r r a n t y  e x p r e s s ' o r  r i 

I 
' I 

'! 
impl ied ,  i n c l u d i n g  w a r r a n t i e s  o f  merchant a b i l i t y  o r  f i t n e s s  f o r ' a  

d 

7 
I .  p a r t i c u l a r  purpose ,  is  made. 

In t h e  Jttolg~i and c o n s t r u c t i o n  o f  the SPM-10, t h e  f u l l  i n t e n t  o f  - ; 

I t h e  s p e c i f i c a t i o n  w i l l  be  met. H i g g i n s  Energy A s s o c i a t e s ,  however, r e s e r v e s  
Fi? 

t h e  r i g h t  t o  make, from time t o .  time such  a l t e r a t i o n s  from t h e  d e t a i l  

a p e c i f i c a t i o n ' a s  may be r e q u i r e d  t o  p e r m i t  improvements i n  t h e  d e s i g n  

r o f  it 's p r o d u c t s  and assumes no o b l i g a t i o n  t o  i n t r o d u c e  t h o s e  improvements 
i I 

: - i n t o  p r o d u c t s  p r e v i o u s l y  so ld .  
-- 

i 
, . 
. . 

7 

! 
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-65- [ r Sensor Location Cahle # 
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 lush Col lec tor  Sensor ( T 7 )  

Rack Col lec tor  Sensor (T8 ) 

Sola r  Tank Sensor, Bcrttorn ( T l l )  
1 

Sola r  Tank Sensor, Middle (T10) 

S o l a r  Tank Sensor, Top 

H x # ~  I n l e t  Sensor 

HX#1 Out le t  Sensor 

'HX#2 I n l e t  Sensor 

. r- 

I .( 
" I 

7. 
3 .  

'., 1, '  
. , 
, ,' r' 

1% I : 

. ; 
"i - 
: I ' 

HX#2 Out le t  Sensor . 

DHW Top Tank Sensop ( T 5 )  #30 

. 

~lo'wmeter 1 ('HXl LOOP) #33 

#74 
Flowmeter 2 (HX2 Loop; DHW) 

(T6) 
#32 

-3 Oul3et;Sedsdr 

: . r, 
:: c (T12) Spare 0 #31 

: '  

! ./ 

, 1 :: I .  
. a  

. . 

- 
'r 

* , n, 

: '  

R82B A Relay 
. . 

. , 
v 

mte3 a1 oabler a r e  two conductor. second conductor  rounded a t  SPM-10 

- 

7 .  

DHU Tank Aquastat - RI87 

-8 

. 

g11, ,c 
m 

5 VDC 



Readout Key Legend 

Function 

HX#2 I n l e t  temperature 

HX#2 Outlet  temperature 

HX#1 I n l e t  temperature 

D H W  t o p  tank temperature 

HX#3 Outlet  temperature 

Flush Coll. temperature 

Back Coil ,  temperature 

Register  Number 

 res sen^" Low High 

01 21 41 

O2 . 22 42 

03 23 43 

05 25 45 

06 26 46 

07 27 47 

08 28 ,413 

Top s o l a r  tank temperature 09 

Middle s o l a r  tank temperature 1 0  
* 

Bottom s o l a r  tank temperature 11 31 51 I & .  
1 - 2  

Spare 

Ca l ib ra te  (157) 

BTU del ivered ,  DHW loop x 10' 1~8 

19 . BTU de l ive red ,  DHW loop x 1fi o - i g 
I 
I 

38 . BTU del ivered ,  main loop x 1@ I - 
BTU del ivered ,  main loop  x 10' 18 - - j - 

i 

Elapsed time, hr/mln/sec 58 . - I 

Elapsed time, days 





Desrript i m  

Southeast elevation 

Southeast vim of racked collectors and vertical passive 
collector 

W e s t  view of sack ' callectc,rs 

Close up vim of racked mllectars 

Detail of collector Q pipe support h a n k r e  (racked) 

South Southwest viev of flush mounted collectors 

West view of flush mounted collectors 

Close up of mounting hardware for flush maunted collectors 

North vim of storage tank 

m-10 solar mwito+/contmller i k n t  panel 

View of boiler man piping 

Solar/boiler interface piping 

IHW ilowmeter & piping 





























8. PTmlICIH) DATA 

The existing energy demand for the  Wilmington Swim School, based 
an the actual amount of fuel  consumed over the las t  f ive  (5) years, 
does not plwide meaningful data because the mer kept the  rate 
of amsmpticm "artificiallyw -. Iluring the swner mmths 
t he  boiler muld usually be turned off catpletely , eliminating 
pool heating end all danestic hot water. During the winter nrmths, 
outside ventilation was sharply reduced to retain heat. For 
t- reasons, energy calculations have been caqmted based on 
~~~t use of the building. (me b t of 80 degrees F. reflects 
the fact that the space in a pool is kept warmer than the  average 
building). hsed on l b m a l w  usage, then, the  energy used in  the 
existing building is: 

Tkse figures are based on the folluwing : 

(1) Jkmstic water heating is based on an estimated 
44,400 gallons per month or 532,800 gallons per 
year. Using a water tempera rise of 50 degrees 
P., the  heat load is 222 x lxm. 

(2) The heat r red for  the pool is calculated to be 
1156 x 1 BTU annually. 

(3) The heat required due to conduction t h m &  the 
building is based on a canputed heat lass, with 
a temperature difference of 80 degrees F. , of 
457,000 m per hour. 
an annual heat 1- of This 514 x 1 

(4) The heat required due t o  ventilation air is 
cunputed to  be 606,000 B7V per hour which is 
equivalent t o  682 x 1 8  ,/year. 

Danestic Water 222 x l@ 
Fbal Heat 1156 x 106 
Conduction 514 x 106 
Ventilation 682 x l F  

Total 2574 x lr16 BTU/year 



8.  PREDICTED PlBIDRMAtKE DATA (Continued] 

The addition to the Swim School has tm more o r  less dist inct  
cuqments.  Qle of these is the enlargement of a d l  mezzanine 
to a f u l l  second floor over an existing one story section of the 
School. The prI.mry reasons for t h i s  location were functional; 
nonetheless while t h i s  enlarged mezzanine adds abaut 2,000 square 
feet to the building, it actually pmduces a drop in  energy 106s 
since there is only a aml l  increase in w a l l  area (at  the end 
walls) and the new m f  and east w a l l  were better insulated than 
the former mof and east wall. 

FORMER EAST WALL- 
NEw ROOF 

N E ~ J  E A S T  W ~ L L  

Directly related t o  t h i s  second f l&r was a d l  office/conference 
rwm element over a new entry. Ihe role of the  entry i n  reducing 
air changes was described above. The position of t h i s  officelentry 
elemeart was dictated by the  existing internal layout of the  School. 
me design and construction of the elanent and its fenestration 
are intended t o  minimize energy demand and its south w a l l  w i l l  
serve to support the collector for  the passive solar energy collector. 

The second major cpnponent of the addition is a teaching and 
therapeutic wing along'the south side of the existing building. 
Its location was detemined by several factors - projected use of 
the roof for future installation of solar collectors, sui tabi l i ty  
for  a mof sun deck at one end, proximity t o  the existing mechanical 
system t o  minimize mechanical construction costs and increase 
mechanical efficiency by keeping piping runs as short as possible, 
etc. Once its general position was determined, the configuratim 
of t h i s  teaching and therapeutic addition was controlled in  large 
measure by zoning and setback requirements. The amount of perimeter 
p a l l  was minimized by having one side of t h i s  component almost 
to ta l ly  continuous with the south w a l l  of the  existing building. 
Insulation standards for walls and mofs exceed Ashrae 90.'75 standards. 

Sane of the  'aergy conservation measures for the  addition 
are t ied in  with the solar energy system. These include: stack 
heat reclamation, night setback, enthalphy control, and boiler 
outdoor reset. 

An energy budget for  t h e  building has been prepared, taking 
into accaunt solar energy use, heat reclamation, energy conservation, 
and operating cost. This shows the reduction in  t o t a l  energy 
demand for the  enlarged structure using solar energy. An increase 
in building area from 12,400 square feet t o  20,650, o r  better  than 
66.6%, w i l l  increase energy demand by only 353 KB/H o r  less than 
26% of the present 1,343 KB/H. 



Fresh air and dehumidification requirements w i l l  be met by using 
air to air energy recovery ("2 Ductw). The unit has a 3,000 cfh 
capacity which meets all  code requirements during normal Swim School 
operations, i.e., building use by 125 o r  less people. Jhring 
periods of high building usage (i .e. ,  srrPim meets) additional fresh 
air w i l l  be intmduced and heated i f  necessary by an existing fan 
and heatfng coil.  

Performance of the energy recovery unit is based on the  
f o l l ~ g  : 

a. Assume a year mund efficiency of 68%. 
b. Balanced flow exis ts  - cBn exhausted = chn 

supplied fran outside. 
c.  The unit operates 8 hours per day, 365 days 

per year. 
d. Exhaust air 1s constant at 80 degrees F. , 

69.5 degrees F. W.B., 92 grains (given 
t h e  pool is maintained a t  82 degrees plus, 
these values are conservative). 



r 
: I .  

! Moathly performance is shown be lm:  

. r 
. !. Month W i e n t  ?F Operatlng Hours iCCost Heat Reclaimed . 

-- 
. .  I March 41 248 40.92 31.3 x1o6 . ' 

April 

May 

June 
. . 

July 

* Q = (1.08)(cfm)(eff i c i e n c y ) . ~  T ** = This asnrmes uni t  operates only during actual building usage. 

Tbe heat recovery unit  has two 13 HP mot rs consuning 1.5 KW. Based on 2920 operating 3 hours, the  motors will-consume 30.2 x 1 BTIJ annually. Therefore, the  coefficient of 
perfannance f o r  the  heat recovery unit is 5.51. Ch a cost basis ,  t h e  heat reclaimed m l d  
oost $969.66 annually i f  provided by gas at 3.79 per million BTIJ. A t  5 . 5 ~  per KWH, 
heat recovery &s $481.80 yielding a net savings of, $487.85 annually. 
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HEAT W C I 3  SHEEX3 

JA . 
FEB. 

MAR .. 

APR . 
MAY 
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A. The Revere collectors were found t o  cause a possible 
drainage problen.' This problem would pennit water t o  be trapped 
i n  the  internal headers resulting in possible freezing and 
breakage of the collector absorber plate. The solution (at  

' 

Revere's suggestion) was t o  pitch the collectors 114" per .foot 
fran right t o  left thus pemitt ing curxplete drainage. Solar 
Energetics has cunpleted the  pitching procedure on the rack 
mounted and flush munted collectors. 

B. Ihe collector pumps were installed originally sharing 
, a -n 3" suction l ine  fran t h e  storage tank. This configuration 

caused a priming and starvation problen resulting in a situation 
whereby one or  both of the  pumps ran dry. The solution was to  
run a separate suction l ine  fran each pump t o  t h e  storage tank. 
This mlution has completely alleviated pumping problenrs. 

C. The mfcroamputer based controller has had several 
start-up problem p r h a r i l y  caused by software o r  f inmare 
associated problem. The software and finmare has been rewritten . .  

and install& so as t o  resolve the operational pmblens previously 
encountered. The addition of f i l t e r s ,  heat sinks, and isolation 
transformers has eliminated the "crashing" problen, but t h e  exact 
cause has yet - t o  be determined. Jim Higgins of Higgins Energy 
Associates is currently mrking on finding the cause. A time 
ini t ia ted reset cantml was installed on the contmller thus 
assuring a fa i lsafe  operation. This time control automatically 
resets t h e  control every 5 minutes eliminating any possibility of 
spurious controller ~ t p u t s  (e.g. - collector,drain-dm interference, 
etc. ). 



Ihe prirmry lesson f r an  an i n s t a l l e r ' s  standpoint is t h e  
d i f f i c u l t y  of having cunplete confidence i n  t h e  proper operation 
of a drain-down solar system i n  t h i s  climate. k e  can never be 
absolutely cer ta in  of cunplete drain-down, thus  assuring freeze 
protection. We m l d  not recomnend a drain-down system f o r  fu ture  
solar in s t a l l a t i ons ,  although we  f e e l  more than adequate provisions 
have been made to insure complete drainage. 

The time required to i n s t a l l ,  t e s t ,  and ,@,just a system of . . 
t h i s  size and complexity was underestimated. Cloordination of 
t h e  solar in s t a l l a t i on  and t h e  building construction should be 
careful ly  planned and coordinated to  prcxnote a reasonable 
sequence of completion with a minimmi of of task  repe t i t ion .  

Each subcontractor performed t h e i r  t asks  w e l l  contributing t o  
a successful project. Several cmpliments w e r e  made concerning 
the  mechanical design. This led to  simplified in s t a l l a t i on  
procedures. The maintenance t h a t  has been done was made easy 
t-h past  experience and corresponding design concepts. bst 
of t h e  i n s t a l l a t i on  e f f o r t  was specialized a l l w i n g  each subcontractor 
a spec i f ic  task.  This approach proved benef ic ia l  f o r  t h e  pmjec t  
completion. 

The "think tank" created by our a m n i t t e e  of construction 
manager, arch i tec t ,  engineer, solar consultant,  and t h e  various 
tradespersons successfully solved and adapted many d i f f i c u l t i e s  
encountered. This  m i t t e e  developed many new ideas and 
approaches applicable to  future  solar projects .  We recomnend t h i s  
"design by cmittee" approach f o r  an e f f i c i en t  and operational 
i n s t a l l a t i on  sequence, especial ly  appropriate i n  solving f i e l d  
encountered in s t a l l a t i on  problem. 



11 - VERIFICATION SI'A- 

A. Solax mergetics acting as the acceptance test plan 
administrator cert i f ies  that the solar system was installed 
per the as-built drawings and specifications. 

.@ 

B. A l l  ATP provisions wem met, amended, or scheduled 
for later cunpletion during the ATP meeting. 

C. The solar design and architectural design of the Wilmington 
Swim School met all  the Interim P e r f o m c e  Criteria requirenents' 
a s  outlined in the oirigina.1 :proposal. 
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