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SYSTEM DESCRIPTION 

1.0 INTRODUCTION . . . . . . 

. . 

A . s o l a r  energy system f o r  supply ing,domest ic  h o t  water t o  s i n g l e  f a m i l y  residences 

has been designed by IBM under c o n t r a c t  NAS8-32036 to the Natior ial  Aeronautics and 

Space Admin i s t ra t i on '  s. Marshal 1  Space F l  i g h t  Center. The pro to type system i 1 l u s t r a t e d  

p i c t o r i a l l y  i n  F igure  1-1, j s  an i n t e g r a t i o n  o f  c u r r e n t l y  marketed subsystems and 

has been b u i l t  and demonstrated as p a r t  o f  t h e  government's Nat iona l  Program f o r  t h e  

So lar  Heating and Cool ing o f  Bu i ld ings .  . . 

COLD WATER OUT 

HOT WATER OUT 

F igure  1-1. System I1 l u s t r a t i o n  



2.0 ' SYSTEM FUNCTIONAL DESCRIPTION AND OPERATI'ON 

SIMS Prototype System 2 i s  a l i qu id , . c losed  loop, non-draining s o l a r  energy 

system fo r  supplying domestic ho t  water t o  s i ng le  f am i l y  residences. . 
.. 

As 

shown schemat ical ly  i n  F igure2-1 ,  i t  cons is ts  o f  so l a r  co l l ec to r s ,  -storage.' 

tank, pumps, heat exchanger and associated plumbing and con t ro ls .  A s i l i c o n e  . :. . .  . . 

f l u i d  c i , r cu la ted  I I through . . .  t he  k o l  l e c t o r  absorbs energy which i s  t ransfor red:  . . . 

'by way . . , .  o f  a h e i t  exchanger t o  p o t a b l e  water s tored i r ~  a preheatw' tank.  he . 

. . ..: .- 

preheat' . tank,. . which i s  used t o  . .  . s t o re  so la r  energy,' serv ices a standard' 
,, , ,domes.tic ho t  water (dhw) heater tank whic6 mal*ntains the  water a t  . . a " 

prese t  temperature l eve l ,  t yp i ce l  iy 140'~. City water rep1 enishes t h a t  . . 

. f lowing from the preheat tank as water i s  drawn a t  the  serv ice o u t l e t s .  

Thus s o l a r  energy i s  used t o  preheat water f o r  the standard domestic hot. 

water system, which i s  presumed t o  e x i s t  o r  be suppl ied separately and i s  

n o t  p a r t  o f  the so la r  energy system. The standard dhw system serves as the  . 
a u x i l i a r y  energy source and can supply a l l  h o t  water needs i n  the event o f  

extended inclement weather. I t  i s  the pr imary func t iona l  i n t e r f a c e  w i t h  

the so la r  energy system. 

General features o r  cha rac te r i s t i c s  o f  the system design. are: 
. . 

S i ng lg  f am i l y  residence app l i ca t i on  ' 

@ Cont inental  U.S. l o c a t i o n  . ' 

a L i q u i d  f l a t  p l a t e  c o l l e c t o r s  

s i l  icone' 'heat t r a n s f e r  f l u i d  (non-toxic)  

Fai.1-safe double wa l l  heat exchanger 

8 Automatic operat ion 
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a Conventional auxi  1 i a r y  energy dhw sy;tem 

' Over- temperature p ro tec t i on  

i Freeze protected . . . ,  . 
. . . . .. . < ., . . . . . . . .. . 

The base1 i n e  system accommodates nominal domestic hot  water requirements of 

50 t o  120 ga l lons per day a t  1 4 0 ~ ~ .  This range i s  s u f f i c i e n t  t o  cover the  

predominance o f  American 'households. The system can be scaled up o r  down. 

however, f o r  a wide range o f  h o t w a t e r  requirements f o r  s i n g l e  fami ly,  

mu1 t i - f am i  l y ,  o r  1 i g h t  c & n e i c i a ~  ibplik.acation w i  t h k t -  s i g i ~ i f i E a n t  change t o  
. . 

t he  design concept. ' 

The' de ta i l ed  System 2 design i s  def ined by IBM Drawing 7933631-0, SYSTEM 2 

(LOF) DESIGN DESCRIPTION; and, Drawl ng 7933449, 'SYSTEM PERFORMANCE SPECIFICATION 
FOR SIMS PROTOTYPE SYSTEM NO. 2. 

The elements o f  the  system are arranged i n t o  subsystems which aCe described 

i n  Sect ion 3. System performance and s i z i n g  i s  addressed i n  Section 4.0, 

w i t h  an 

f o r  the  

example case . .-,- f o r  a s p e c i f i c  s i  te/appl i ca t i on .  Vendor data brochures 
-. .- - 

major system components are included i n  Appendix A. 

-- - 



3.0 SUBSYSTEM DESCRIPT1,ON 

.. . . . . . 

The major subsystems -compr.isi ng the so l a r  hot water system are :  
. ::. 

a Collector 

a , Sto rage .  

a - Energy Transport . .,.. . 
. .  . .  . 

a Control. 

A summary of the general cha r ac t e r i s t i c s  of the  subsystems i s  presented in 

Table 3-1, w i t h  a more deta i led  descr ip t ion i n  subsequent paragraphs. 
. . 

. . . . - . . 
. .  . Table 3-1 . Subsystem Charac te r i s t i c  summary 

.. . . 

~aufacturer/Model* 

Libbey-Owens-Fordl111 2 
Sun Panel 

Ford Products Co. 

GrundfosIUP25-42SF and 
UP26-64 .. 

solar ~ h o p / k l  

Ace/X8-0 

Dow CorninglQ2-1132 

- - 

Rho Sigma1106 

Elmwood/3100 

Subsystem 

Col 1 ec t o r  

Storage 

Energy 
Transport 

Control 

* o r  approved equivalent  

Description 

84" x 36" x 5.5" f l a t p l a t e  
type, 1 iquid,  dou.bl e gl azed, 
non-sel ec t i  ve, copper 
absorber and tubes. 

, . 

80-120 gallon preheat tank 

(1) Circulat ing pumps 

( 2 )  Heat Exchanger 

( 3 )  ~ x ~ a n s i 0 . n  Tank, 3 ga l .  

( 4 )  Si l  icone Heat Transfer 
Fluid 

( 5 )  Piping, F i t t i n g s ,  
Valves 

< . .  
( 1 )  Different ia l  Thermostat 

( 2 )  ' ~ h e h o s w i  tch ' 



3.1 COLLECTOR SUBSYSTEM 

The L i  bbey-Owens-Fo.rd (LOF) Company Sun Panel Model 11 12 1 i q u i d  s o l a r  

c o l l e c t o r  i s  shown p i c t o r i a l l y  i n  Figure 3-1. The basic c o l l e c t o r  module 
is .  a 7 '  x 3 '  rec tangular  u n i t '  housed i n  an aluminum frame and weighimg' . . 

150 pounds. The absorber p l a t e  i s  an embossed copper sheet 0.021 inches i n  

th ickness w i t h  318" diameter copper f l u i d  tub ing soldered t o  the back' s ide.  

The absorber coat ing i s  non-select ive f l a t  b lack pa in t .  Three inches of .  

t rea ted ,  f i b e r  g lass i n s u l a t i o n  under the absorber p la te ,  and s ide i n s u l a t i o n  

i s  used t o  reduce heat loss.  The module has two 1/8" ' t h i c k  tempered safety 

g lass covers. 
. .. 

T yp i ca l l y ,  f i v e  (5)  c o l l e c t o r s  are arrayed together w i t h  a p p r o ~ . ~ i a t e  p i p i ng  

t o  form the c o l l e c t o r  subsyster. Sect ion 4.0 describes how t o  s i z e  the 

: a r ray  . . f o r  s p e c i f i c  app l i ca t ions .  Co l l ec to r  mounting and i n s t a l ' l a t i o n  gu ide l ines 
' 

a re  addressed i n  Sect ion 5.0. 

a The 1iqui .d system has a p a r a l l e l  f l ow  p a t t e r n  designed t o  prov ide uni form 

; f l ow  through a l l  tubes. The absorber tubes a re  318" O.D. copper. 

: The i n t e r n a l  supply and r e t u r n  mani fo lds a t  the  upper and .lower end of the 

I module a re  5/8". 0.0. copper. I n l e t  and o u t l e t  f l u i d  connections are' 1/2" 
. . 

: male NPTF, 

The performance o f  the LOF c o l l e c t o r  i n  terms o f  . co l l ec to r  e f f i c iency  i s  8s 

descr ibed by Figure 3-2. The parameters a re  defined as fo l lows: 

11 = Col l e c t o r  ~ f f i c i e n c ~  

T i n  
= I n l e t  F l u i d  Temperature, OF . 

t = O u t l e t  F l u i d  Temperature, OF 

Tam b = Ambient A i r  Temperature, OF 

I = Inso la t ion ,  Btu/Hr./Ft 2 



SIDE INSULATION 

FLU1 D PASSAGEWAYS 

BACK PANEL 

Figure 3-1. Libbey-Owens-Ford Model 1112 Sun Panel Collector 

T t S T  CUNDlTlUN 
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Figure 3-2. LOF Collector Efficiency 



3.2 STORAGE SUBSYSTEM 

The baseline energy storage u n i t  consists 'of a 120 ga l lon  preheat tank, 28 

inches i n  diameter and 68 inches i n  height. The uni t ,  Ford Products Model 

AB 120S, i s  stone-1 ined and o f  standard domestic hot  water tank construction. 
I 

The tank i s  insulated w i t h  2 i nches o f  f i b e r  glass. A l l  f i t t i n g s  are 3/4 inch 

NPT. The in tegra l  thermostat w i  11 be u t i l  ized t o  provide over-temperature 
0 

protect ion. 

Small e r  standard sized u n i t s  of 80 o r  100 g a l l  on capacity may be used i f  s i t e  

o r  app l ica t ion  s i z ing  requirements (discussed i n  Section 4.0) d ic ta te .  



. . 

The energy transport subsystem i s  comprised o f .  circu1at;ing 'bumps, a 1 iquid-to- 

1 iquid heat exchanger, expansion tank, s i  1 icone heat t ransfer  f lu id  and 
. - associated plumbing (piping, f i t t i n g s  and valves). 

@ Two pumps, a re  u t i l ized  ih the'System 2des ign .  In the col lector  
1 oop the  ' f luid i s  circulated by a Grundfos Model ~ ~ 2 6 - 6 4  pump. 
1/12 horsepower capacity, 110 volts AC. The water loop uses a 

Grundfos Model UP25-42SF uni t  of s ta in less  s tee l  construction 
with i /20  horsepower ,' c b p k i  ty, 110 Jbl t s  A C .  Both " n i t s  have 
internal bearings lubricated by the -pumped f lu id .  Fluid 1 ine 
connection a t  the pumps a re  by 1 inch female pipe thread f i t t i n g s .  
Ball type isolation valves a re  included a t  in le t .  and ou t l e t  ports 
as  an integral part  of the pumps. 

The he.at exchanger between the col lector  and water loops i s  a l l  copper 

and of "fai l -safe"  double wall construction to preclude leakage of the 
s i l icone f luid into the potable water. Overall dimensions a re  3 inches 

diameter by 31 inches long, with 1 inch diameter i n l e t  and out le t  con- 
nections for  the s i l icone loop and 112 inch i n l e t  and out le t  connections 
for  the water loop. The heat exchanger i s  manufactured by Solar Shop, 
u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f l  Model HE1. 

8 To compensate for thermal expansion and contraction of the col lector  
f lu id ,  a 3-gallon A.S.M.E. expansion tank i s  included i n  the 
primary loop. The tank i s  galvanized s tee l  w i t h  314 and 112 inch 
pipe thread f i t t i n g s .  Manufacturer i s  ACE,  Model X 8-0. 

0 The heat transfer f lu id  used in the col lector  loop i s  a dimethyl 

s i  1 icone, Dow-Corning 92-1 132. Characteristics are:  

- . Non-toxic 

- Iner t ,  s table  
-  LO^ freezing point (<-120°~)  
- High boiling point ( > 4 0 0 ° ~ )  

- Dielectric 
- Acceptable heat t ransfer  and f lu id  flow properties. 



The silicone fluid has a higher propensity for leakage than such 
liquids as water or ethylene glycol, requiring more stringent 
design control of f i t t i ngs  and joints.  

e PipingisstandardTypeLcoppertubing,oneinchdiameter i n t h e  
collector loop and 3/4 inch i n  the water loop. ~ l e x i b l e  couplings, ,+ 

~ b d r o - ~ l e x  Model 904, are used to connect the collectors to the supply 
and return headers. All valves are of type comnon to the building 
construction trades. Sweat joints (soldered) are preferred for the 
p i p i n g  system, to  minimize the potential for fluid leakage, although 
threaded f i t t i ngs  are acceptable when necessary. Compression or 
f l a r e  f i t t i n g s  are avoided. 



: . . 
The control.  subsyst& provides . . . for . . . the f o l  l'owlng . con t ro l  . -~ode / func t ions .  

.. . . ' " ,  . . 

Normal ( ~ u t ~ m a t i c ) ~ ' ~ o l l e c t i ~ n  - 'Th is  . . . .  mode provides con t ro l  for  

t h e  c o l l e c t i o n  o f  s o l i r  . . en&& when cb l lec tab le  .. . i n  s u f f i c i e n t  

quanti  ti t o  add t o  the e n e i i j  s t a te  o f  the preheat tank. This i s  

accompl i shed w i  t h  a Rho-Slgma Model 106 d l  f f e r e n t i a l  the'rmostat, 

i nc lud ing  f l u i d  SP type temperature . .  sensors a t  the c o l l e c t o r  

' o u t l e t  and the ( lower)  
... . .'tank . e x i t .  ~ i r c u l i t o r  Pumps 61 

and P2 (see ~ i g ' u r e  2- f i  are s'imul taneousl; turned o n  when the 

c o l l  ector  temperdture exceeds ' the taAk temp&ature' by 20 F degrees. 
'" . ;.;: .' 

Pump P2 circulate; k i l  ,cone f i i i d  t o  t rans fe r  abioibed so lar  

eneidy ' from the to1 l ec td r s  t o  the primary s ide o f  :the hea t  exchanger. 

pun$. PI c i r cu fa tes  preheat tank water through the secondary s ide 

o f  the heat ex;hancjer where i t  i s  heated and re turned t o  the 

tank,. Both  hi? pumps a 6  shut ' o f f  when the d i f f e i e n t i a l .  temperature 

drops below 3 F degrees. 

As domestfc hot  water i s  used, c i t y  water a t  l i n e  pressure i s  

suppl l ed  t o  the bottom o f  the preheat tank. Solar ,  heated water 

from the top o f  the preheat tank f lows i n t o  the conventional 

domestic hot  water heater. The l a t t e r  operates i n  the conventional 

fashion, adding a u x i l i a r y  energy as required t o  maintain the 

temperature ' i n  the dhw tank a t  the se t  po in t .  

B.  Over-'Temperatu.re Protect ion - The con t ro l  subsystem removes power 

from the c o n t r o l l e r  and hence the coolant pumps when the temperature 

i n  the preheat tank exceeds a safe o r  des i rab le  preset  temperature 

leve l .  This i s  general ly  the cont ro l  temperature o f  the conventional 

- dhw tank, t y p i c a l l y  140'~. The adjustable, normally closed 

thermostat provided w i t h  the preheat tank w i l l  provide the sensing 

and, switching f o r  t h i s  funct ion.  



C. Manual Operation - TO support solar system activation, checkout 
. .. 

and maintenance operations, a mode of control i s  in 
which the pumps are powered up conti'nuously regardless o f  the 
temperature difference between coll ector and preheat t a n k .  Note ' 

that the solar preheat tank can gain or 1ose.heat depending on 
the relative collector and tank temperatures. This mode i s  
provided a.lso by the Rho-Sigma differential thermostat via the ON 

switch. 

O. Low Temperature Protection - The control subsystem includes a 
provision t o  insure against freezing of the water i n  the preheat 
t a n k  under al l  possible normal operating modes. Such a condition 
can be envisioned only if the controller i s  inadvertently l e f t  in 
the Manual Operation ON mode under severe cold weather conditions 
or if the control system fai 1 s. A thermoswi tch (Elmwood Co., 
Model 3100) i s  mounted t o  the water pipe between the heat exchanger 
outlet and the preheat tank. The snap action switch i s  set  to 
open a t  4 0 ' ~  on decreasing temperature, removing power from' the 
controller and thus shutting down the pumps. 

The Control Subsystem wiring diagram i s  shown in Figure 3-3. 



SENSOR WRING TO COLLECtORs 

-.,-.-. , . . .  , , SENSOR I IR IWO TO SORAGE TANK 
,.. , , 

WIRING DIAGRAM 
. . .  

U, 
106-110 VAC 
CONTROLLER 
POWER 

, 
WIRING TABLE . . 

, I ... I YELLOW CONTROLLER WIRES. I . . 

.- ~ 

CIRCULATOR PUMP ' - 

CONTRULLEK ' . 

,I ' 

BLACK AND WHITE CONTROLLER I POVER WIRES. c D ~ N E C T  TO 1 1 ,  . 1 2 0  VAC THROUGH THERMOSTAT 
AND MAX. TEMP SENSOR N.C. , 

. . I .  . CONTACTS AS SHOWN. 
. . 

NOTES 

2 0 0  R M A X .  

2 0 0 F T M A X .  . , .. . . 

YELLOW CONTROLLER MIRES 

. .  . . _ . .  . . . . . .  

F i g u r e  3-7 .  C o n t r o l  Subsys t em W i r i n g  Diagram 

.WIRE. 
. 

1 8  ga .  TWISTED P A I R  

'18.ga:TWISTEDPAIR 

. , rr 

CIRCUIT/COMPONENT 

. - 

COLLECTOR SENSOR 

STORAGE SENSOR 

COLLECTOR PUMP ' - 

6.85 

6 .05  

, .. 

1 2 0  a c  

1 2 0  ac 

. ., 

' POWER RATING - AMPS 

1l.65 

VOLTS 

. . .  

. . 

120 ac 



4.0 SYSTEM PERFORMANCE AND SIZING 

The primary system parameters which determine the o v e r a l l  performance o f  

the  System 2 design f o r :  any given s i  telapp.1 ica t ion. :are  the  co l  1 ec to r  u n i t  

performance," c o l l e c t o r  area :and, t o  a much lesser,  e x t e n t , t h e  preheat 

storage. tank s ize.  The  s izes se lec ted  f o r  a g iven appl i c a t i o n  o f  t h i s  

design a re  in f luenced p r i m a r i l y  by t he  l o c a l  i nso la t ion ,  the cos t  .of  auxi  1 i a r y  

fuel ,  and the  hot  water load (consumption r a t e ) .  System 2 was designed f o r  

nominal values o f  thes.e kondi  t i o n s  app l i cab le  t o  t h e  most s t a t l s t l c ' a l  ly 

s i g n i f i c a n t  por t ions  . . o f  ' t he ,  kont i r ienta l  Uni ted States. I t  thus represents.  

a design w i t h  wide-spread. app l i ca t i on  potent la3 w i t h  on ly  s l i g h t .  adjustments 

necessary i n  system size.  The "nominal" condi t ions as used here in  a re  

def ined as: 

a . I nso la t ion ,  mean d a i l y  t o t a l ,  1200-1700 ~ t u / ~ t '  

A u x i l i a r y  Fuel Cost (Elec.) 0.02-0.04 $/KWH 

Hot water consumption 50-1 20 gal 1 ons/day 

A. Co l l ec to r  

Eva luat ion has shpwn t h a t  the optimum c o l l e c t o r  area f o r  t h i s  system design 
2 i s  one c o l l  ec tor  panel (19.7 F t  ) f o r  each 15 gal ions per day of ho t  water 

consumption. This approximate r e l a t i o n s h i p  holds f o r  the range of nominal 

cond i t i ons  and r e s u l t s  i n  a so la r  c o n t r i b u t i o n  o f  from 45 t o  655 o f  the 
. . 

annual ,'dhw load. (For app l i ca t ions  where the hot  water consumption r a t e  i s  

un'known, 'a t y p i c a l  . s i ng le  fami l y  residence w i t h  an automatic washer. i s  some- 

* The c o l l e c t o r  u n i t  performance i s  f i x e d  s ince System 2 spec i f ies  the LOF 

co l  1 ec tor .  ' Subsequent d iscussion o f  system sizes i s  the re fo re  appl i c a b l  e 

s p e c i f i c a l l y  on ly  t o  the use o f  t h i s  c o l l e c t o r .  



times assumed t o  consume an average o f  75 ga'llons/day, thereby requ i r i ng  

- f i v e  (5 )  so la r  panels.) For locat ions w i t h  h igher a u x i l i a r y ' f u e l  cost, an 

add i t iona l  co l l ec to r  panel i s  cos t - j us t i f i ed . .  S im i l a r l y  f o r  a s i t e  w i t h  

exceptional l y  high so la r  inso la  t i o n  one less  panel i s  recommended. 

B. Storage 

The optimum preheat t a n k s i r e  i s  approximately 24 gal lons per c o l l e c t o r  
. . panel. T.hi s , i s  . . base( on producing, the highest  performance re tu rn  per 

i n i  t i a l  ( tank) qost bnd assumes the use o f  a preheat tank o f  a .  s i ze  c m o n  

t o  standard domestic hot  water. tank manufacturer. Sizes i n  t h i s  category 

i n  the general range o f  i n t e r e s t  are t yp i ca l  l y  80,  100 and 120 gal  lons. 

The tank s ize  s,el ected should be based on the above c r i t e r i a ,  considering . 

these incremental tank s i r e s  and any physical r e s t r i c t i o n s  o r  1 im i t a t i ons  

t h a t  might be imposed by the 's i te .  

C. Performance For An Example S i t e  

The i n i t i a l  s i t e  f o r  t he  System 2 base1 i n e  design i s  a. s ing le  fami l y  residence 

located i n  Bangor, Maine'. Per t inent  system/si t e  .parameters inc lud ing  
. co l  l e c t o r  area and tan.k s izes  a r e  compi l ed  i n  Table 4-3. 



, . 
. . .  . 

. ~. 

. . ( .  . . . 
Table 4-1. ~xample . Case . i i ' t e  and . , . .  System . , . .  - : .  parameters . . . . .  . .. . . r.. 

For the above conditions the System 2 design will  supply annually approximately 
10.89 x lo6 B t u  to  the to t a l  hot water load of 19.44 x lo6 B t u .  This i s  a per- 
cent  so lar  contribution of 56%. 

Parameter 

a S i t e  Conditions 
. 

Location- '.'.' 
. . . . . , .  , . 

. ~ p p l i & t i o n  ' . ' . 

Hot water ' ~ o n s u m ~ t i o n  . .  . . .  . . . .  . . . . 

Del i very ~empera'ture, ; ' 

Water iemperature 
. . . . 

I nsol'? ti o n  , 

: . .  . . 
: ~ & i  1 iary Fuel Cost 

a System Design 
Number of Collectors 

... ' .  . . ~. CoS 1,ector Area . , . . .. . . . 

T.ilt-Angle. ., 

Azimuth Angle .:. . . .. . 

Storage Size 
- - 

Value . . 

. . .  

Bangor', Maine 
. : C '  

. DHW; . .  ~ i ' i i ~ l  e"~ami l y  desidence . , . .  
. . 3 : .  

' 75 gallons per day* 
, . ' , < '  . . 

140 '~  , ' < .  
. . : mean 

. . 
1300 ~ t i / ~ t ~ ,  metin daily,** . 

0.0268 $/KWH 

5 
98.5.Ft. 2 

450 . , 

0' (due south) 
120 Gallons 

.i --- 
"Recommended design val ue f o r  typical residence wi. Ch automat ic  washer per NBS 
76-1059 "Intermediate Minimum Property Standards fo r  Solar Heating and 
Domestic Hot Water Sys terns". 

** On horizontal plane 
d 







Features 
Fluid Tubing lrdrgnl With Abrorkr 
Pktr 

Tempered glass is impervious to the 
ultraviolet rays of the sun, and retains 
its strength even when exposed to the 
high temperatures generated inside the 
collector. Two layers of glass, with an 
air space bemeen them, give superior 
thermal insulation, retaining heat in 
cool ambient situations. 

Internal temperatures up to 400'~. An all-copper liquid system is soldered 
can occur with no-flow conditions on 
a sunny day. All materials used in a 
solar collector must have high perfor- 
mance characteristics to withstand 

to the embossed copper absorber plate 
for maximum heat transfer. A parallel 
,tube pattern provides un i f~rm flow 
through each panel, and the panels can 
be connected in either series or parallel 
arrangements. lnlet and outlet 
connections are in the same plane as 

these extreme temperatures. Ordinary 
materials at high temperatures may 
break down and emit gases, which will 
gradually coat the inside of the glass 
cover plates, reducing their trans- 
mittance and the operating efficiency 
of the collector. The SunPanel 

the absorber plate, to preveht vapor 
blocks and fluid entrapment. The 
Sunpanel collector is designed for an 
average flow of 0.5 gallons per minute, 

Permanently attached mounting 
supports simplify handling of 
Sunpanel during shipping and 
installation, then function as brackets 
for attaching the collector to its 
framing 

collector materials have been chosen 
or treated to prevent offgasing, wen at 
internal temperatures un to 400'F. 

with pressures up to 100 psi. Pressure 
drop at this flow is less than 0.5 psi, with 
a 5096 glycol-water solution at 1 d F .  

Aluminum Housing 

Heavily ribbed extruded frarpwr 
construction giwes the SunPsnel solar 
aolleczor sufficient strength to be used 
as pert of the actual roof. Top and 
bottom panels are sealed against the 
elements, yet can be removed if 
nemssary. Insulated support of 
absorber plate and cover plates 
minimizes heat loss through the tram. 
Aluminum frame and bottom cover 
protect against rust staining. . 

lnlet and outlet connections are yd 
hak NPII. . Optional flexible 
connections, with customdesigned 
Aeroquip hoses, made of Teflon with 
stainless steel braided coven, are 
avaiiabk. 

For long torm reliability and good 
performance, copper is without equal. 
Itsheat transfer characteristic is twice 
that of aluminum, and eight t ims  that 
of -1. With excettent corrosion 
resistance, copper tubing has been 
ured in domestic and commercial 
plumbing systems for death.  

V& for Mokrun R d M  
D s r i t s  are not required with the 
Sunhwi adlactor design. Preuwre 
equalizetion pmagjms eliminate 
aoncknslttion. wen during idle periods. 
Any moisture ttut might collect will 
be dipated-rapidly during collector 
aperation. 

I- 
Three j n w  of treated fiber glass 
insilotion under the absorber plate, 
and a .special side insulation keep the 
heat dkre'it belongs, both for 
minimum 40s from the system, and 
ppMcribn of building interior when 
the sunpanel solar collector functions 
as a r ~ @ ~ p p o n e n t .  Fiher glass 
insulation meets all fire codes. 19 

--CkdOn 
a)lowr 8 flrt @ah d k t ~  

provides high ovarafl hast collection 
wiih dhc% llnd affum light, and it 
nwd riot tm cr i tbt ly origltld in 
nlation to the sun. Motor drives and 
rotation m&hanisms are not required 
for high patormance. 

- -  - 



Dimensions 

Specifications 
COG glass (2) (fully tempered) 
E x p d  absorber plate arm 
A b i - b r  plats 
Heat transfer fluid system 
Frame and back panel 
Back insulation 
Recommended fluid flow rate 
Pressure drop at recom. flow (glycol/water) 
Design pressure 
Test pressure 

' Burst pressure (calculated) 
No-flow proteaion required 
Maximum internal temperature (no-flow) 
Performance test specification 
Environmental conditions 
Maximum wind or snow load 

- 118" TUF-FLEX @ tempered safety gkrr 
- 19.47 sq. ft. 
-all cower 
-all copper 
-aluminum 
-3" treated fiber glass 
-0.5 gpm 
-0.5 p$i 
-100 psi 
-200 psi 
-450 psi 
-none 
-450° F 
-NBSIR 74-636 
--40°~. to +12@F. - 3O#/SF 

Fluid connections - k*m~cr~t~ 
Installation orientation -short side horizontal 
Min. tilt angle to allow complete draining of panel -5- (from horizontal) 
Maximum tilt -90'' 
Mounting --into on brackets 
Panel weight I f i l l d l  
Installed load 
Sh~pPlng weight 

Warranty 
We warrant that our SunPanelvmsolar collector panel will meet our published specifications and 
will be free of defects in the material and workmanship for a period of one year from the date 
of manufacture. This warranty shall not apply to solar collecton which have not ban handlad, 
installed, or used in accordance with our published instructions. or to the r r d w m t  parts or 
Panels beyond the warranty period applicable to the original solar panels. Our liability under 
this warranty shall be limited to replacement of the material, FOB, the shipping point n o a r t  
the installation, or at our option to refund the purchase price, and ~ l s  shall not be liable for 
a ~ t  of removal or installation of or any consequential damagm or other chtmgos ih conmtion 
with such collector pand. 

W* nuke no mmnty of nmch.ntability, no tmnmn~ that SunRml h fit for ury pr(kulu 
or uw and no other m r a n y  i a p r r a d  or implid. 

Applications ' 
The SunPanel solar collector is 
designed to generate heat energy from 
sun l i~ t ,  in systems o~ ra t i ng  at 
temperatures over 200 F. The actual 
amount of heat which can be 
produced depends upon geographic 
location, season and climatic 
conditions, sun angle and panel 

* 

orientation, and system variables such 
as the specific heat value of the heat . 
transfer fluid, fluid inlet temperature 
and rate of flow through the collector. 

" 
The applications described below 
represent rypical sysmms using 
SunPanel collectors. Specific 
applications should be designed with 
the help of a professional heating 
engineer, using data and 
recommendations from the following 
pages. 

Pump Control 
LOF will mount a specified 
temperature sensor to the absorber 
plate with 12 inch leads through 
the housing as an optional accessory. 

Hot Watw Application . - 

A very simple system in which the hot 
water supply for the household is  
heated through a heat exchanger from 
the solar collectors an the r m f .  
Operation of the pump is controlled 
by a thermostat, stopping circulation 
of heat transfer fluid when the water 
in the tank reaches the desired 
temperature, or when the temperature 
of the collectors drops below that of 
the stored water. A back-up heating 
element can be installed in the storage 
tank if necessary. 

If freezing temperatures occur, an 
antifreeze solution is  recommended 
for the heat transfer fluid circulating 
through the collectors. Local codes 

* should be consulted concerning the 
type of heat exchanger to be used with 
antifreeze solutions. 

Combination Heating and Hot Water 
Application 

This wstem contains an additional 
heat exchanger, a storage tank with a 
closed liquid circuit to a coil in the 
plenum of the furnace, and a separate 
hot water heater. 



Collector Installation 
-miy 

1 Sunpar mi w l k t w  ir 36" x 04" in rlwc 
' and requires a nominal 0" wide space 

at the top and bottom, for mounting, 
pipe fittings and pipe insulation. Allow 
1 / 8  - 1 /4" c lo ram betwbsn 
sidaby-sik panels for thermal 
expansion. In designing layout, 
provide for collector. servicing, 
induding removal and raplacement of an .rghh root, l o o n  
individual collectors if required. b v w  . colkocor 1-l/l".bon 
glass may be replaced without 
removing entire pnd. 
Position pads with wnt opening at 
bottom. For adequate draining. 
collectors must be tilted at least 5 
degrees from horizontal, with the M I @  above 150 degrees F. will burn 
short side l e d .  . Store SunPand mlktors in a dry, unprotected skin. 

SunPanel is designed to be supported potasad place prior to imtrllation, 
from the four mounting brackets, and hs~WuvvM cen. The cwur plates llupport-n 

permitting a variety of mounting u~tulk/tafmprrrcldgluswkich is Support swuchlre for ground or roof 
armngements without disturbing the msinont to some impact loads. installation must be properly 
watertight integrity of the collector tk-, tAy can be broken by anchord, Ground collector supports 
housing. Howevar, dlrct mntact of lmfsMmdIh. 

I_ 

must extend Wow the frost line. All 
the collector hausing d t h  dissimilar supports must be higned to 
metals mwt be avoided to prevent If a -dm fa brOkm8 rsp'sownants nructunUy -n the cdfectors and 
@ m i c  corrosion. md wind loads. 

If the panel is mountad oh at wphbtt 
roof, support it r minlmum of $04 /2"- . .OL#L mhining m#nkr 
&M th W* to dfow wrur h w n & ~ r t h i n a c m d r i i .  
runoff. The alleaor can blOOllW an ' F k ~ ~ a c m t n k l i n p k c e w i t h a  
iMqraC pett of the roaf. Tho callactor ~ r ~ a n k f i f u d w t .  Ba and live b a d  building codes 
must WPWtd  by roof Mv- mq~ t#tpm upport gasket is rmooth, must be dikdnsd to determine the 
An -1t roof arrfr#l is mrt imtrndrd t&m*&t'b&m npking 
k r  stnrctunl support due to amphalt's F&?&W% h m l k  m n d  the daas ear 
sftoning dracacterinicr during warm WMV b@$ tvmmmmW w i n g  
weather. mrclrr81S4> rfongatW nhrd rdps of the 
For other types of roofing consult f m m ~ m d a S o n g ~  disgonat mama the normal wind 

&tic roofing manufacturn. irhw wM.octty, rddStFoprrl Wgn factors may 
W W '  

mins lqd should be 
if* of the 

Sun- collsctm can b connected 
. 

in =rim or parcrljd armgmmts, 
Follow good piping practice, with 
= m e t b n s t o k * ~ ~ d h P o C  i ; ,  
as Possible, and Jto alfow for pipa - 
aparnion and c o n e  In6lu6 - 
blaming wlv~s in multiple r#nd 
circuits parnit aqua~zrtiorc bt'tkw 
throueh collector. Pmbfk 
~ I I Q  high rxlbrcr in tho Mirye dl a t 4 w a c p f t ~  ,#lmdmma 
m, includa m mqmmfun iJmsaky-- ag3ntim k 
h w d o w  IOOD &tom. tmw.@ qdm m a t m i r i g  

' piping to minimize hest I- )nd a , thrw@ Fliin 4 ~ 4  yM. In ?rglcUIy 
' - rvrtmwoq :, - 1 , - ~ ~ l a ~ ~ ~ ~ j R I y r c ~ y  

. . I  r :  ; 
I ,  * ~ u m l ~ , w f h a n d h g t '  .', - -  h i g h p a r f ~ .  . 

exdungen to be conry#t%k 
tramfar fluid or mZf 8 8 % ~  funding w drmlng 
in syaem. Ieolaa 

= un t iQRmk~unO*y lnno tmO T1... Prcst4m to prevent 
. )rW w3%%mh* G.lsrr m d ~ ~  - _&_ 



An Economical 
Reserve Hot 
VVater Storage 
Tank from 



I IMPORTANT: INSTALL WITH RELIEF V A L V I  

- - 

OY1IAn.m mnm 1 HEAl'lNG BOILER 
W A ~  lrrr 

AOUA BOOSTER 

The Ford Aqua Booster is a m w e  storage tank that uses the 
present boiler and burner to supply abundant hot water. .It 
hooks up to the tanklest coil of r boiler end stom 30 to 120 gal- 
tons (depending on tank Ja) of constant temperaturn hot water. 

The Aqua Booster solves one of your toughest customer com- 
plaints: not rnough hot water from m W n i z d  boiler coil. 

Commercial accounts md o t water usan 
are also pftxpecm t + 

U B I R A L  WARBANTY 
A nw uom8 cmlr; Including dw adw, but Ion tl@ 6ircukting pump, will br fw- 
nirhrd i f tmkkJue ,~r r i th in  ffwylrrongka4nrd naokkand within tan 
ylln on dondid  med&UnitlnutkkwldkdrrWIa nlirfullvr.Allotharprm 

comrd w&f om yrr-. W,fnightordrlhmychuquamnot in- 
dudd. 

t 

(I 

y Stone o r  glass lined steeC.iar?k with 
.a fiberglass~nsulalion.: ., ' -6 " C 
r. Water temperature aifistabje' from 

. - 

.. - Easy. to install-factory w ~ r r d  and 
, piped, requires no chjvlney cn l i ncc t~o l?  

L .*I - --  , .*. Sparkling. enamel? jacket-easy to 
: r  I ,:. ' keep clean-. . 

I A I  roducts 
cor I3 orat ion 



I STAlNLESSSTfi L 
CIRCULATOR PUMPS 

INFORMATION: Stainless steel circulator pump-UP 25-42 SF 
The UP 2542 SF is a revolutionary circulator pump. The water passing through the pump touches nothing 
but high quality fabricated stainless steel. The volute section, for example, is constructed of type 316 stainless. 
As with ail Grundfos circulators, the UP 25-42 SF is engineered to be interchangeable with the pumps of all 
other major manufacturers. 

CONSTRUCTION 
The UP 25-42 SF is a water lubricated pump. However, in order to protect the rotor and bearings from damaging 
impurities which may be present in the circulating water, they are separated from the stator and the pump 
chamber by a liquid filled rotor can. The motor shaft extends out from the rotor can, into the pump chamber 
through the aluminum oxide bearing, which also functions as a seal. During initial operation, the pump is auto- 
matically 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 ot 
the motor, ensures re-start after shutdown. 

MATERIALS 

................ Stainlesssteel: I.. .... Pump chamber, rotor can, shaft, rotor cladding, bearing plate, im- 
peller, thrust bearing cover. 

Aluminum oxide: .................... Top bearing, shaft ends, bottom bearing. 

Carbon/aluminum oxide: ............ Thrust bearing. 
Aluminum: .......................... Motor housing, pump housing cover. 
Ethylenelpropylene rubber: ......... O-rings, gasket. 
Silicon rubber :. ....................... Winding Protection. 

APPLICATIONS 
The UP 25-42 SF is particularly suited for open and potable systems. The stainless steel 
construction protects the pump from the corrosion that has plagued cast iron and bronze- 
lined pumps in these types of applications. The pump is intended for circulation and booster 
applications in domestic water systems. 7 

24 



PEHf ORMANCE CURVE UP 26-42 SF 

DIMENSIONS UP 25-42 SF 
I -  

Feet Meter 
head head 

ELECTRICAL AND PERFORMANCE DATA 

- 
H - 
18: 

": 
12- 

m: 
8 - 
8 1 2  

4 :  
2  - - 
0 - 

The UP 25-42 SF k operated by an energy-consenring 
1/2Oth HP (0.85 amp) motor which has built-in overload 
protection. Howcnrsr, becaw of advanced engineering 
design, the pump produces up to 14 feet of head or a flow 
of up to 23GPM. The pump's small size and high efficiency 
make it suitable for many wried applications and greatly 
reduces lnrUlladon problems. 

8  

4 

3 

1 

ISOLATION VALVES 
GRUNDFOS rscommendr the u s t ~  of isolation valves with circulation pumps in all syetms. 

Range laolation Vdve - 

ORDER NUMBERS 

GRUNDFOS WMPS CORP. CLOVIIl A=, CLOWS, CALIF. =la -41 l'ELBX: 38-6363 
25 



INFORMATION Variable Head Circulator Pump- UP 26-64 
The UP 26-64 is fitted with variable-head-control. This innovative mechanism, which controls both the head 
and the flow produced by the pump, allows the installer, by a simple hand adjustment, to precisely match 
the UP 26-64 to the demands of many varying systems. 

( z s 3 a 3 m  a 

CONSTRUCTION 
The UP 26-64 is a water lubricated pump. However, in order to protect the rotor and bearings from damaging 
impurities which may be present in the circulating water, they are separated from the stator and the pump 
chamber by a liquid filled rotor can. The motor shaft extends out from the rotor can, into the pump chamber 
through the aluminum oxide bearing, which also functions as a seal. During initial operation, the pump is auto- 
matically self-vented; however, due to the isostatic principle, there is no further recirculation of water into thc 
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. 

VARIABLE HEAD 
; UP2&(54$:; CIRCULATOR PUMP t7 4.' 

MATERIALS 
Stainless steel: .................... Rotor can, shaft, rotor cladding, bearing plate, im- 

peller, variable flow adjustment plate, thrust bearing cover. 
Aluminum oxide: ................. Top bearing, shaft ends, bottom bearing. 

Carbonlaluminum oxide:. .......... Thrust bearing. 
Cast iron ........................ Pump housing. 
Ethylenelpropylene rubber: ........ O-rings, gasket. 
Silicon rubber: ................... Winding Protection. 

APPLICATIONS 
The UP 26-64 should only be used in closed systems (i.e. solar, hydronic). The pump is 
intended only for the circulation of water. However, solutions such as ethylene glycol can 

' be used without hindering pump performance. For open system applications ask for 
Grundfos' stainless steel volute circulator pumps. 

26 - 



RFORMANCE CURVES UP 26-6 
Foot Meter 
h d  head - 

5 ELECTRICAL AND PERFORMANCE DATA 
14 The UP 28-64 is operatad by an energy-conserving 1112th 

HP (1.6Ssmp) motor, which has built-in overload 
protection. However, becauw of its advanced design, 
the pump produces heads from 8 to 20 feet or flows from 
16 to 30 GPM. Tho pump's small size and high efficiency 
make it suitable for many varied applications and greatly 
reduces installation problems. 
Contact Grundfos for information regarding the complete 
line of circulator pumps and twin pumps. 

0 1 2 3 4 s e  

DIMENSIONS UP 26-64 U 

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

ORDER NUMBERS. 
Union Iwiation Vihm Iwlitlon V a k  

GRUNDFQS PUMPS CORP. 2SS6 Clod8 Awnue, Chis, C.. Wl S f f 4 1  tllD(: 3bSaW 
2 7 



SILICONE HEAT 
TRANSFER LIQUIDS 
. . . . 

. . 
FOR .,;. 

'SOLAR INDUSTRY 
APPLICATIONS 
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Solar System Design ;"- 
. . 

7 .  . . .,i --.- :.'' -- . . Consideratlons . : - a - .  . 
- 392"~. .Typical test results from thihumidified fluid c o r n  . ' ' 

a .  

*+ .%$ -. - ._ _ .- .*-..- J- - . . . . h.,..~- . sion test as per SAE XJ -1 705 are listed below. . - - .  - .  . . .  . .  -. .* .*. . : .. . .' . -: c*. -. -. ' r 1. - - Physical Properties - .  . - - 
,. .. . .: ~ a b ~ e  2 ~umi'dified ~ ~ u i d  Corrosion ~ e s t  

' 

The relatively flat temperature-viscosity slope for Dow .. . .  . ., . .  
Corning* (22-1 132 Silicone Heat Transfer liquid allows for ' * 

Max. Wt. Change ' kbtal Wt. Change 
M r h l  rnakm~ mgkma 

. . : the fluid to be pumped at -50°F and it generates essen- :. - . . . - . . 
0.1 0.01 Bright . - : tially no vapor pressure at 400°F. This obviates the need for . Tinned Iron . L 

. ' freeze protection through system draining procedures. The .. Aluminum - ' 0.1 0.01 Bright 
. low vapor pressure allows for a simple closgd loop design ' .' Steel . - 0.1 . 0.01 Bright 

with no provisions for stagnation conditions. When the .. 'Cast .- ' 0.1 . 0.01 Bright .. system load and storage capacity have been satisfied, the . 
solar panels simply sit with the fluid in them. Gompared to . Brass . ' . -. . . - 0.2 : 0.02 L iM Stain - 

- . - . solar systems using other fluid this can eliminate an expen- ': ' : Copper- a -"' * 0.2 - ' 0.02 Medium Stain 
sive network of high temperature sensors, control valves, . ' . 

- .  
and "excess-heat" exhaust systems. -. 

.. ~eslde"tlel ~ons t ru i ion  Materials 
Fluid Stability . Preliminary testing on Dow Cornings 42-1132 Silicone 
fhe thermal stability of Dew Co&gi Q2-1132 Silicone HeatTransfer Liquid was conducted to determine the effect 

. Heat Transfer Liqud was studied in closed systems at of spills Or SyStent leaks On COmmOn Wtaterials of home 
600°F and 650°F. Based on these studies and extrapolat- W ~ S ~ T U C ~ I O ~  such as rooting sh~ngles, painted wood, as- 

- ing back, the data indicates the thermal degradation in phalt floor tile and foam-backed carpet. No Permanent 
dosed systems to be negligible at 400°F. damage was noted and normal cleaning methods are 

The oxidative stability of Dow Corning" (22-1 132 Silicone effective in clean-up. 
- Heat Transfer Liquid was studied at 392°F by aging the fluid . 

in combination with various metals including magnesium, . 
Competitive Fluids 

copper, tin, aluminum and brass. After 1000 hours in es- Any one or more of the following characteristics can be 
sentially open systems the fluid exhibited excellent viscos- experienced with other heat transfer fluids. 
ity stability. Freezing Sludge Formation 

' High pressure Table 1 Dow Coming' Q2-1132 Silicone Heat Transfer . Cmosion.- Scale Buildup 
Property Damage Liquid. Aged 1000 hrl39TF With Various Materials in Fluid. Conrmion Depletion Low Pdnt 

VimsiQ ~peClf le % Wt. Lm. 
Cs. @ 73°F , bmity fluld 

Frequent Fluid Replacement Periodic Maintenance 
Material Fluid Breakdown to Tars 

Control 20.0 . *. . 0.962, ' (Not Aged) . . and Acids 
Aluminum 23.4 0.966 5.30 Most of these shortcom~ngs can be effectively,designed for 
Copper 22.0 0.952 4.37 by employing more expensive metals, more sophisticated 
Tin 28 4 0.%7 1 8s controls, pressure relief systems, and "excess-heat" 

. . 
40.0 0.962 7.87 

.exhaust hardware while requiring periodic fluid quality 
' - Brass* checks and mom frequent f l~ i~d  replacement. 
, - Magnesium * 40.5 0.964 0.43 

When looking at total solar system costs, it is often the case 
The viscosity dnft after 1000 hours under these conditions is likely due #at a simple on-off collection loop using Dew Corning@ 

to the hiih activity of magnesium and the zinc in the brass. . , Q2-1132 Sillcone Heat Transfer Liquid is the least expen- - I  

. . r ,  . . .  . sive from both an initial cost and operation standpoint. - - . , 
s - Flammability 

The flash and fire points of Dow Corning'Q2-1132 silicone- 
, - Heat Transfer Liquid are 45VF and SOCPF respectively and 
. . . as such are abwe the maximum stagnation temperature of 

- - -- , . - most nonconcentrating solar collectors. . . . ... 
. . 

; , TuxIdty . . 
Extensive testing has shown Dow c h i n g @  Q2-1132 
Silicone Heat Transfer Liquid to be among the least toxic 
chemicals available. Copies of several studies in this re- 
gard are available on request. . . 

. . . > , . Co rn ion  Chamcterbtlca -. - - 
Based on over 30 years in i e  manufacture of this basic 
silicone fluid with processing temperatures reaching . 

. 600T. our experience indicates Dow Corninga Q2-1132 
Silicone Heat Transfer Liquid is essentially noncorrosive to 
common engineering metals. Specific corrosion tests on 
this polydimethylsiloxane fluid as part of Dow Corning's 
brake fluid and electrical transformer fluid program further 

. confirm the noncorrosive nature of Dow CorningQ Q2-1132 . ., . Silicone Heat Transfer Liquid at temperatures as high as 

Low maintenance costs and long life further add to the cost 
effectiveness and rel~ability of a solar system utilizing Dow 
Corning "2-1 132 Silicone Heat Transfer Liquid. 

* . .  . Field Testing , 

Solar systems that utilized a Dow Corning silicone heat 
transfer liquid have been Installed and tested (ERDA con- 
tract W-7405-ENG. 36). These tests confirm the system 
effectiveness and stability of this fluid even under stagna- 
tion conditions. . . - . , . . . - . - - 

A solar hot water system specifically designed for rapid 
recovery was installed in Vermont utilizing 240 ftz d sdar 
panels with two series connected 80 gallon water tanks. 
This system uses Dow Corning "2- 1 132 Silicone Heat 
Transfer Liquid and has been in operation for over 12 
months. As the residence was unoccupied for eight months 
of the first year, the total stagnation time is estimated at 
over 1000 hours. The panels are aluminum Rollbondbnd 
no mechanical provisions are made for freezing or high 
temperature stagnation. To date the system is meeting all 
the performance expectations. Analys~s of the fluid shows 
no degradation or breakdown, 

- * 
=Rollbond is a Reg~stered Trademark of Olin Corp. 

! 
' 3-0 ' . - . -. 
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. I . '  ' . 
. . . . .  .. :;,:.xr : .......... . ., .., 

*,.;...: ,.- :. .. _ .  , , . . .  , . . -  . .. Over sixty r&idential solar hot water systetis utilizing ':'manufact"rer.fo the publication .'~oxicology of the '.' .':.'. ' 02-1 132 silicone heat transfer fluid hace been installed ' : .'Silicones", Publication Number 22-379. a ;I:'-:.. . . .  ... . .  . . . . .  . . . . .  . . .. . . . ' . . .  commercially to date. Several thousand solar hot water ,I.: Heat exchanger and tank to th; r4uirements .... _ : . . ....., r ......... .. , . . .  : . . .  systems utilizing Dew Corning" Q2-I are expected to . : . I '  bf the job should be done with the help of the manufacturer. 
. . -: , ,. , :- ;: .... ; , .... be installed by mid-1 977. Performance data from this level .. ::;, ,.,, ;, ,.,,, :: ,,, . . . .  ,.. . . . . . .  ..._.......... . . I .  ' 

:. 
.I < . . .  . . . , ; of field usage can be made available to solar systems 7 ..:t >:".: ..~... " . . . . ‘  " “ ' . .  ". '.:' . " '" -.< .. \ ... . " 

i$$j!;.j?.;:;;.: - suppliers interested in wanantable and ::: PiplngiJolnts. Valves, Ventwnd Ancillary Equipment . 
. . . .  . . . .  

:.. - 4; ,':.'. ; . ........ . . . -;:, ..:..... ..,..... effective residential solar systems. . .  : . . .  . . . .  ; .::..':. :.. . . . . . . . . . . .  .::.:.:. 
,, 3.. '.'..' .. . . . .  . : L... . ........ 

,:. Common high quality plumbing and heating equipment 
. . ,.. 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  :.. ::& ::: :..~;~,::.~,:,t'.. . . . .  . , . - .  . .: - 1 ...... ..'.. appears to work satisfactorily with Dow Corning Q2-1132 .. . . .  .......... .; .:,.-. ,< ,,,. . *.:.-:. 
, ............. , .. Design ~onslderatlons . ;:.:'.;: :.,:,:::; .:: .;:.:.::.:. . . . . . . . . . . . . . . . .  ..':..:.. '-. I . . .  ..: Silicone Heat Transfer Liquid systems according to current ..... . ..;. ;.:..... ', :. , :,', 

. !..,ip.r:.j . . .  ':.., .!., : -;;, .. Coming Q ~ - ~  132 H~~~ ~~~~~f~~ ~ i q ; ~ ~  i$ . . .  ..field experience.' All seals and gaskets should be chosen 

. y-.:: :~:.: ....... : .;> ..... 
.. 5 5 ,  ;.~:.>~r.:~~f ,;;k. :. ./... 

designed to last for the life of your solar system. Therefore high temperature 'peration. 'iton and prop 
.. . ....... .......... . .  .. -;c,.,.,,, .,.,:::, careful consideration must be given to system design. ;...?;;.ylene rubbers are generally acceptable. black 

. ..: # .  .- . 
. . . . . . . . . . . .  ': ... ,;:.;:; .: .r+:.-., materials of construction and field installation in order to . :...-' iron* aluminum and galvanized piping may be used. Plastic 

. 
. . . .  .................. : ................... long lived, maintenance bee .; pipingshould be avoided. Viton and EPDM high tempera- 
. . .  . . . . . . . . .  . . . .  . . .  _(.. . . . .  . . . .  .;.. . . . . . . . . .  . -  . ..... . . . .  ......... .: ..... _. . . . .  . . . . . . . .  . . .  ,.,:..:;.; .,: . . . . . . . . . . . . . .  . . . . ::'.:.- :;:..:.;.,,.i .,I.:-;.ture hose is generally satisfactory for flexible connections. ::. 

2 :, i . . . .  , . , :  - .  . . . . . . . . . .  . _ : . .  ' , . ... . . . .  . : ...... '...:/;+.;', ' ; . . . . . . .  . .  ".I I.' : . . . . .  pumps . .  .... .. . . . . . . . . . . . . . . . . . . . . .  . . .. . . .  %.,. .:. :. , ' ; Mechanical Construction ' ' -  , . . . . .  . . .  . . . .  ..:. - . .  !. . . 
. . . .  .. : .:, . 

-'-: . . . . . . .  . . . . .  '.: - . ' . . ". canned hot water circulating Pumps are recommended for ' . :  Mechanical joink'must be carefully made. Sweat copper . 
...... . . .  . . . . . . .  . .:.' ;:. .; pumping Dow Coming Q2-1132 Silicone Heat Transfer. joints are the most preferablB as threaded joints are a . .. 

. Z . . !  .,; '. " . . . . . . . . . .  . , . . . .  - . - .  Liquid. Good field experience with Gwndfos" variable I:: potential source of leaks and should be kept to a minimum. 
... . . . .  . ..! head circulator pump model, UP 26-64, is available. Cur- . . All threaded joints should either be made with Teflon tape .... 8 . .  . . .... ..: . . .  rently the model UP 26-64, a 1/12 H.P. size, is the largest . plus Teflon pipe dope or with Dow Coming flurosilicone . . . . . . .  . . . .  . . . . . . .  . . . . . .  . . .  . , . canned pump available in the United States from . Sealant. Standard silicone sealants cannot be used. . . . . . . ? ' ,  :+ ' '  

.... ;.:.' ': Gwndfos@, although models up to 3 H.P. are available in . - .  Fluxes should be non-acidic. non-aggressive types. Gross .. . . . . . . .  .;.,,. ...  ...,:. ..... 2 . .  .. . : . . . .  ,. ., ... Europe. Grundfosn Pump Corporation plans to manufac- . : -  contamination with d 0 ~ e  and fluxes will color the fluid. ...... . . . .  
. . .  . .  .:.. . . . . . .  . , .  . .  . . . . . . .  . ture by April of 1977 additional models of Vs. Vt. %. 1 lh. 2 6 Quality ,&s.uctibn is euential for leak pre . . . . . . . . .  . . 

. . . . . .  .:.. 3 H.P. in the United States in the same canned configura- 
. .  .vention. construction is completed, thesystem should <; . . " .  ' .. -.,. . . "  . . . .  . . . . .  . . . . .  . . . . .  . .  . . . . . . .  tions. Other manufacturer's canned pumps are expected to be air pressure tested for 24 hours. The system must be :., . . .  . . . . . . . . . . .  . . . . . . .  .. , . , .  ..... . .:,:, :: . :>::-;. .:;.: :, . , be fer Liquid pumping. for Coming ........ '2-I . . . .  :. 132 .. !. Silicone,"eat . . . . . . .  . Trans:.. . . . : clean and free of water. Upon filling, the system should be 

. . . . . . .  ", ." - .'. .;:,:'-:- - . - . ..... :. . . . . .  . . . . . . .  - .  'carefully purged of air. ...... :.. +. :.i :: . - :: , . .  . .  i:. . . . . . . .  ...... ," . . . .  _.... ... ..( ... . . . . . .  ... '.. . . Good field experience' with hot water' circulating pumps ". ";)':. . . \  .. :: . . ..: .: . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . .  .: ,;.. ;.f!c:?,,..; :. . . . .. . . . - .  . . . . . . . . . .  ..... 
:..,z... . .,:. :,..:.. . . .  :.:.:' using external motors is not yet available in silicone liquid :' . Packaging . I . . .  .. ,,:... '. -;;:..:: ;.. . . . .  .; : . - .  . _: . . . . . . .  ,. '! :,. :: ' . . ......".." 
. . . . . . . . . . . . .  solar loops. Dow Corning's .Technical Service and D e  ... .: Corning" 02-i132 Silicone Liquid is ........ . . . .  . . . . .  
.....I...... -..: . .  . .-*> ..,.. . . . . . . . .  velopment Department is currently working with leading . .,. available in 55 gallon drums [440 Ibs., (200 . , .  ...... . -. . . . . . . .  " ' . " .  :;.'pump & packing manufacturers to test and specify the, ;. .:.,.. . . . . .  . . : . . . .  .-- " .  .'._,. . . ,.....;, ;:;j: ..... :. ..... . . . . .  ......... ...'.,.... . . . : . . .  . . .  
.,- . . . . . . . . .  *-,!- . . ',' proper shaft seals and body gaskets for this application. '. ".. shipping' Ll~itetions , . . .  . . ... 
. . ; ; . a , :  

- : .  . . . . . . .  . . . . . . . . . .  . . .  . . . . . . . . . . .  ..;;::.: . . . . .  .:. ::: The shing of the burnp for the requirements of the job . . .  None . . . . . . . "  . . . .  . . . . . . .  . . . . . . 
-'..! > ? '  ::.: :.: . . ' _  . . . . . .  . . 

,.,f+7:.i .-. :: ::: . , should be done with the help of the specific pump manufac- . . . . . . .  . . . . . 
. . . . . . . . .  . . . .  ... . . . . . .  

:.. . . - . .  . . : :  .I. , . . . .  turer. He will need to know head requirements, flow rates, ;.;, Storage and Shelf M e  ,,:-::;l.:;..! ;- .: ;- .: .. -., ; 
.; . 

. . . . . . .  . . .  : . . . . . . . .  :.,:.. :, .. ,:,, . .... and liquld properties. DOW Coming 02-1 132 has a lower Dew Cming@ 02-1 132 silicon; Heat Transfer Liquid has 
. 

. :.. ..,. : specific heat than water. and the flow rate must be in- ' . ' .  an unlimited useful life when stored at 7pF ,  . . .  . . . . .  . : .  . .  ...... :... " . .  . . . . .  
. . . .  . . . .  . . .  . . . .  . . .  :::.:. . . . . ' . .  creased by a factor of 2 to 2.5. This will increase the . . . . . . . . .  . . .  . ,. 

. , . . . -  - . . _  .. . . .  . . . .  . . .  . . . .  . . . . .  .: :., . .:. . ..:. :. pumping head. The capacity of the pump will be lowered . Warranty . . . . . . . . . . . .  . . 
. .  . . . . . .  . . , : i.:. .: . . . . . . . . .  . . . . ... . _ . . .  . _ .  . due to 02-1 132's higher viscosity. '. .',: ; . " ' . ,.,... . . . . . . . . .  . . . . . . . .  . . . . . . _  .... ..:........: . . .  .::. . . . . . .  .. , 

L . . ; .  : . . This product is pre;ently available on introd~clory basis .' - 
. . . . . . . . .  . . . . . .  . . . . .  . . . . . . . . . . . .  - :. Heat Exhangersland Tanks :, ........ .. . . . . .  . . . . . . .  to solar original equipment manufacturers and future . , . . . . . .  . . .  . . . ,  . - availability is dependent on industry acceptance. 

'. . ',, . DO& Corning ~2-1'132 Silicone Heat Transfer Liquid can .. .< . . . . .  
be used with copper, brass, bronze, aluminum, black iron, . , The information and data contained herein are based on , . . . . . . . . .  . . . . . .  

. . . . . . . . .  . . :... and gahranized tanks, tubing, and collectors. ~ i ~ ~ i ~ ~ ~ ~ ~  ihforrnation we believe reliable. You should thoroughly test 
. . . . . . . . . .  . . . . . . . .  . - . . metals may be used in any combination withi? the system . 'i; any application, and independently conclude satisfactory .... . . . . .  .-... , . . . .  . : .  ...... _ . 
. . .  . . .  as 02-1132 silicone heat transfer liquid is inert to these , pedwmance before commercialization. Suggestions of 

' . 
. . . . . . . .  . . . metals. When joining dissimilar metals, external corrosion ." . uses should not be taken as inducements to infringe any . . . .  - .  .... .. aon rosult undor humid conditions and this should be taken .. particular patent. . .  

. . . . . . . . . . . . .  . . .  . . . .  . . . :  . . . . . . . .  - .. . . . . . . . . . . .  . . . . . .  . . .  into consideration, ;,:; . ,... : . , .;:,::.' Specification writers. please contact Dow Corning Corpe 
. . . .  . I 

'. ' ""' 'ration, Midland, MI . . . . . . . .  48640, . . before ......... writing specifications on r,:;:.. .:,...? ...,;:- . . . . . .  :'.. The question is frequently asked as to whether double . . . . . .  ", >-. _ .  " _  . . . . . . . . . . .  - . ._. ., _ . , . ... . . . . . .  . . . . .  walled heat exchangers are needed between silicone liq- ' . .:. . . . .  ........... .*_ . . uidsand potable water. Dbw Corning feelsthat the systems .:, For further information, kontact: Techdc$l Sewice and 
.. . . . . . . . . . .  . . . . . . .  ...-.. . . .  .:,., . _ ... .. , _- .. :.:< ......... .:.-- ..:. manufacturer . . . . .  should make this decision ,and, refers . . .  the :":! -: Development, (51 7) 496-5823., :: 1. '::::,i;i ::I:.:.. .............. ................... . . . . .  . . . . . -  . . . . . . . .  . . . . . .  . . .  -. . . . .  i . . .;.. . . . .  r .  '"..' -..: : ,,:. . . . .  . . . . .  , . .  i . .  -,.. :_ . . . . 
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Differential Thermostat 
Input: 1 PO VAC 
Standard Output: 

SPDT Relay rated at 10 amps. 
Y3 hp at 120 VAC 
11' hp at 240 VAC 

Switch, with manual. ON-OFF-AUTO posi- 
tions. 
Relay contacts makehhen 

AT on = T(collettot) - T(storage) > 20' 
r 3°F 

Rclay oentactt break whsn 
AT off = T(collec1or) - T(st0rage) "- 3" 
2 1°F 

Housed in standard NEMA box to assure 
compatibility with standard electrical trade 
hardware. 
Wiring connections made by standard 
electrical trade procedulbs. 
Optional outputs: 

PPDT relay. 10 amp per contact. 
3PDT relay, 10 amp per contact. 

Factory adjustment of T on and T off can 
be made to customer specifications. 

SENSORS 

All Rho Sigma sensors are electrically 
identical and ~nrerchangeable and are Je- 
signed to withstand stagnation tempera- 
tures of solar collectors. Two and only two 
sensors dfe lequited with eaeh differential 
thermostat. 

the SP Sensor is epoxied into d rugged 
brass housing with standard l/z" pipe 
threads for easy Installation into standard 
plumbing fixtures. 



SOLAR DOMESTIC WATER. HEATER SYSTEMS ' 

HEAT EXCHANGERS 

SOLAR SHOP'S " T R A N S ~ ~ T O R "  MODEL HEl 

DESIGNED AND BUILT SPECIFICALLY FOR SOLAR WATER HEATING SYSTEMS 

ALL-COPPER CONSTRUCTION ENSURES CORROSION-FREE LONG LIFE AND EFFICIENT HEAT 
TRANSFER .. . . DOUBLE.-WALL CONSTRUCTION PROTECTS DOMESTIC HOT WATER FROM CONTAMINATION 

LARGE SHELL SIDE HEAT TRANSFER AREA AND LOW PRESSURE DROP 

' MEETS A L L  U. S. PLUMBING CODES 

CONFORMS TO THE SOLAR HEATING SYSTEM INTERIM PERFORMANCE CRITERIA ESTABLISHED 
BY HUD AND ERDA REQUIRING DOUBLE-WALL CONSTRUCTION OF HEAT EXCHANGERS USED 
FOR DOMESTIC HOT WAT ER HEATING 

. SIZED TO OPERATE EFFICIENTLY WlTH UP TO 100 ft2 OF SOLAR COLLECTORS 

DESIGNED FOR USE WlTY VISCOUS HEAT-TRANSFER FLUIDS SUCH ASSILI.CONE OIL 

OPERATES EFFICIENTLY WlTH WATER AND ANTIFREEZE SOLUTIONS 

ALL CONNECTIONS ARE 112-in. NOMINAL STANDARD COPPER TUBING 
(OTHER SIZES AVAILABLE UPON REQUEST) 

I--- 33 in. 

F1 
-I 

I 5 in. 



b 
C a r l  10. 
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, INTERNATIONAL BUSINESS MACHINES CORP. 
FF n E R A L  SYSTFMS nlVlSlON 

HUNTSVILLE. A U .  25.207 

SYSTM PERFORMANCE SPEC~FICATION 

. FOR S I B  PROTOTYPE S Y S T N  DESIGN NO. 2 
--- 

S I Z E  CODE IDENT NO.  O W C  NO. 
1 20234 :, J ,7933449 

4 
S C A L E  Iwr i s n c c t  / OC 1'7 1 



:3.0',, ..: . *  APPLICILB~LITP OF I P C  
/ 

,': ,400 DBWIATIONS FROM IPC . , 

, -. .. . 

6.0 COV- DIRECTED REQUI-S 

: .7.0 CBOGRAPBICAL AREA 
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8. O SYSTPW APPEND1 CES 



' T h i s  performance s p e c i f i c a t i o n  e s t ab l i shes  t he  requi renents  f o r  t h e  design and 

performance of t h e  s o l a r  domestic hot water system. It des igna tes  t h e  In te r im 

Perfdrmance Cr i too ia  app l i cab le  t o  t h i s  t$pe system and def ines  t h e  devia t ions .  
I 

.The appendices sp@-cify t h e  sys ten  performance f o r  each defined s i t e  l o c a t i o n  

and system s i z e ,  t h e  i n s t a l l a t i o n  drawings, and the  d e t a i l e d  conf igura t ion  . . .  

dlagrams and drawlngo. 

. . 

2.0 APPLICABLE DOCUMENTS 

.; . .  , . . .  , . '  .. ' . 
The following documents form a p a r t  of t h i s  epec l f i ca t ion  t o  t he  ex t en t  speci- 

f l ed  herein. Spec i f i c  document re ference  made in subsequent s h a l l  be by bas i c  . 

t i t l e  o r  re ference  number only. 

2.1 Government Documents 
m 

' . Interim Performence C r i t e r i a  f o r  Solar,Xeatiag and Combined HeatingICooling 

Sys taps  and Dwellings, January 1, 1976, U. S. Deparment of Hous,ing and Urban 

In te rmedia te  Minimum Property Standards f o r  Solar  Heating and Damestic Hot 

Water Systems, April .  1976, NBSIR 76-1059, U. S. Department of Housing and 

Urban Development. 

S M S  Contract Statement of Work, NAS8-30236, Apr i l  4 ,  1976 (with cu r r en t  

modff i c a t i o n s )  . 
IBM Documents 

The following docrrment,le referenced f o r  information onlyr 

System Two Design Descript ion,  7933631 
- 



m. ... : --. ,,. , ..-. - ,c. ---. .. 1 . ..- -.--. - .. -.-.a .:,..i.,. . .: --: ...A -...-. -- =.;...-.. 
a -. 

CODE 20234 
. . 
. . 

- .  7 933449  

' 3.0 APPI.I&IoN OF INTERIM PERFORMANCE CRITERU BY TYPE OF SYSTEM 

, ,. . 
. . . . . Tha ~pp lkca t ion  of each paragiaph o f '  the Interim ~ & f o r u n c e  Cr i t e r i a  (IPC) t o  

thla type of iystem is provided i n  Table I.. since this system provides only 

dome8t.e hot  water, system type "IN" d e ~ i - t e s  the  IPC application t o  this 

4.0 DEVIATION FROM 'INTERIM PERFORMANCE CRITERIA . , 
. . 

. . 

--. Tha IPC d e d a t i o n s  iden t i f ied  by txibsystem evaluation a r e  Uated  i n  t h e  follow- . . 

irrg paragraph. . . . . 

4.1. M a t i  ons t o  Residential ?PC - . . 

- ' 

The co l lec tor  subsystem evaluation ha* iden t i f ied  aevaral  areas of o o r r c o n f o ~  

a c e  as tabulated below. - No vendor'analy8is o r  t e a t  data was m a i l a b l e  t o  - 

- swbstgntiate tha t  these requirkments can be mat. . . 

Paragraph 

S t m i c e  loads 

Ultimate load combiostiona 

Load capacity : 

- ~ l s t a n c e  t o  damage 

Glazing design 

&Jar degradation 

5.2.1 Thermal degradation 
4.2 Deviations t o  Conrmercial IPC 
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. . - ,USIPENTUU. .SYSTEMS,. .:TNTERIM PERFORMANCE CRITERIA SUMMARY ; - . . .  
. . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . * . .  . S h e e t ' A  of - 7 . . . 

. . .  'APPLICATION TYPE SYSTMS . . . .  

A - APPLICABLE .TO SYSTEMS INDICATED 8. - HEATING 
I - APPLICABLE. TO SYSTPI AND BUILDING HC - HEATING AND COOLING 

TYPE 
SYSTEM 

IiW 

A 

NA ' 

' NA 

A . 

I 

A 

A 

A 

A 

A 

N A 

A 

A 

A 

38 

.EU - HOT WATER ONLY 

RESIDENTIAL INTERIM 
, PERFORI+WCE CRITERIA 

PARAGRAPH 

1.3.1 Collector  Eff iciency 

1.4 Thermal Storage 

1.4.1 Storage Capacity and 
Bate 

. .  
1.5 Hab i t ab i l i t y  of , 

Occupied Spaces 

1.5. Heat o r  Humidity 
Tranaf e r  E f fec t s  

1.6 Energy Transport 
' Efficiency 

' 1.6.1 Thermal Losses and 
E l e c t r i c a l  Power 

1.7 Control 
Operation I n ~ t r u c t i a n a  

1.7.1 ' l n s t a l l a t f o i l  and 
Maintenance 

1.7.2 Hanuel A d j ~ i a m e n t  , 

1.7.3 Inhabi ted Space 
Temperature. 

1.7.4 Hot Water Tempera- 
t u r a  a 

1.8 Auxil iary Energy 

1.8.1 Design toads  

.U :- :NOT APPLICABLE . . . . . . . .  

RESXDENT~AL INTERIM 
PERFORMANCE CRITERIA 

. -  .. .PARAGRAPH : . . . . . . . . . . . .  

1.1 HandHCSjrstem 
Performance 

1.1.1 Heating Design 
Temperatures 

. . ' .  . . .I. 

1.1.2 Cooling Design . . . 
Temperatures 

1.1.3 Re la t ive  Hmid- 
i t y  and Water Vapor Pressure 

1.1.4 So la r  Contr ibut ion 

1.1.5 Operation 
Impairment 

1.2 HW System 
Subsystem Performance 

1.2.1 Hater Deeign 
Temperature - 

1.2.2 Storage Design 
Capacity 

1.2.3 Solar  Contr ibut ion 

1.2.4 Operat ional  
Impairment 

1.3 Col lec tor  Performance 

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

. . 

TYPE 
SYSTEM 

H W '  

NA 

NA 

. N A  

HA 
: 

NA 

NA 

A 

' .,(. 

1 

A,, .: , 

A 

A ; 

A . 
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APPLICATION TYPE SYSTEMS 

A - APPLICABLE .TO SYSTEMS INDICATED E - HEATING 
I - APPLICABLE TO SYSTEM AND B U I D ~ G  HC - HEATING ANI) COOLING 
NCL - NOT APPLICABLE EW - HOT WATER 

1 

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA . 

PARAGRAPH . 

2.1 System Design 
Cod it ions 

2. 1 1  Equipment Capabili t iee 

2.1.2 Noise o r  Erosion- 
cprroeion 

2.1.3 Operating Conditions 

.2.1.4 Pluid Flow in 
Collectors 

2-1.5 Entrapped A i r  

2.1.6 T h e m 1  Expansion 
of Fluids 

2.1.7 Pressure ~ r o p s  

2.1.,8 . Condensate Removal 

2.2 Mechanical Stresses  

2.2.1 Vibration S t ress  
Levels 

2.2.2 Vibration :from Moving 
Pa r t s  

2.2.3 Water Bannner 

2.2.4. ' Vacuum Relief 
Prdtection 

. . 

2.2.5 Thermal Changes . ' 

L 

2:2.6 .Flexible Jo in t s  
. . . . . . . . . . . . .  

TYPE 
SYSTEM 

HW 

A ' 

A ' 

A 

A 

A .  

A 

A .  

A 

NA 

A 

A 

A 

A 

A 

A ' .  I .  A ' I  

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA . . 

PARAGRAPH 

2.3 Leakage Prevent ion 

2.3.1 Pressure Test 
Honpotable Fluids 

2.3.2 Pressure ' ~ e s t :  
Potable Water 

2.4 Collector Adjust- 
m a i t  

2.4.1 Orientation and T i l t  

2.4.2 Mutual Shadowing 

2.5 Subayatem Iso la t ion  

2.5.1 Shutdown in Multi- 
family Houeing 

2.6 H e a t  Transfer Pluid 
Qwl i ty  

2.6.1 Liquid Quality 

2.6.2 Mr Quality 

2.6.3 Fluid Quality 

2.6.4' Freezing ~ r o t e c t i o d  

2.7 . Piping Support4 

2.7 .l Applicable Plrrmbing 
Suirdardr 

TYPE 
SPSTEM 

IiW 

A 

A 

A 

NA 

A 

A 

A 

A 

A 

A 

A 

H A  

A 

A 

A 

A 



Sheer 1 of 1 I 
AP?LICATION TYPE SYSTPiS I 
A - APPLICABLE TO SYSTEHS INDICATED 
I APPLICABLE TO SYSTEM AND BUILDING 
NA - NOT APPLICABLE 

H - HEATING 
HC - HEATING AND COOLING 
HW - HOT WATER 

I i G w  ~ E R M  I TYPE I ~ S I D E N T I M .  mnRm I WE 
PERFORMANCE CRITERIA 

PARAGRAPH I PERPoRWAHCE CRITTERU 1-1 PARAGRAPH 

2.8 B c e s s i v e  Pressure  
and Temperature P ro t ec t ion  

2.8.1 Rel ie f  Vdtfres and 
Vente 

3.1 S t r u c t u r a l  Design 
Baais  - 
3.11 Applicable Standards 

3.2 Pef.lurc Loirde ~ n d  
Uad Capacity 

3.2.1 Ultimate Load 
Combinations 

3.2.2 Ice L a d 8  

3.2.3 Vehicular Loads 

3.2.4 Load Capacity 

3.3 Damage Control 

3.3.1 Resis tance t o  Damage 

3.3.2 Glazing Deeign 

3.4 Cycl ic  Loads 

3.4.1 Def lec t ion  Limi ta t ions  ' 

3.5 Cut t ing  of S t r u c t u r a l  
Elements C 

3.6 Creep and Residual 
Daf lec t ion  

3.6.1 Deflect ion Limita- 
tioae 

3.7 Hail Resistance 

3.7.1 H a i l  S i ze  and 
Loading 

3'8 Conatraint  Loads 

3.8.1 B o d a t i o n  Settle- - ment 

3.8.2 Constrain Loads 

3.9 Ponding Condition 

3.9.1 Deaign Provisions 

4.1 Plumbfng and 
E l e c t r i c a l  I n s t a l l a t i o n  

4.1.1 Plumbing Codes 

4.1.2 E l e c t r i c a l  Codes 

4.2 Pail-Safe Cont ro le ,  

4.2.1 System F a i l u r e  
R w e p t i o n  

4.'2.2 Automatic Pressure 
R e l i e f  Valves 
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L"' . . .  . . . . . . APPLICATION . TYPE SYSTEMS . . 
A - APPLICABLE TO SYSTEMS INDICATED ' H - HEATING 
I - APPLICABLE TO S Y S m  AND BUILDING HC - BEATING AND COOLING 
1PB - NOT APPLICABLE HW - HOT WATER 

RESIDENTIAL INTERIM 
PERPORHANCE CRITERIA 

PARAGRAPH 

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 

PARAGRAPH 

I 4.3.1 Applicable F i r e  
Standards 

I 4.3.2 Penetra t ions  through . 
F-Ire Rated Assemblies 

14:4 Toxic 

I 4.4.1 Provisions of Catch 
Baains 

I 4.4.2 Detection of Toxic and 
Flamnable Fluids  

I ".' Safety  

I 4 . 1  Emergency Egress 
and Access 

4;5.2 I d e n t i f i c a t i o n  and 
Location of Controls 

I . .  4.6 Protect ion and Potable 
Water and Circulated A i r  

I 4.6.1 ' Contamination by 
Waterials  

4.6.2 Separat ion of 
Circula t ion .Loops , 

- 4.6.3 Backflow . ~ e v & t i o n  

: 4.644 Growth of Fungi 
. . . . .  , .......... ." . . . . . . .  ... . - 

0 . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.7 Excessive Surface 
Temperatures 

4.7.1 Protect ion from 
Heated Components 

5.1 Effec t s  of External 
Emrironment 

5.1.1 Solar  Degradation 

5.1.2 S o i l  Corrosion 

5.1.3 Airborne Po l lu tan t s  

5.1.4 ' D i r t  Retention 
on Cover P l a t e  Surface 

5.1.5 Abrasive Wear 

3.1.6 P l u t t e r i n g  by Wind 

5.2 Tempera tu reand .  
R e s s u r e  Resistance 

5.2.1 Thermal Degradation 

5.2.2 Deter iora t ion of 
Heat Transfer  Fluids  

5.2.3 Thermal Cycling 
S t resses  

# 

5.2.4 Leakage 

5.2.5 ' Deter iora t ion ef 
Caskets and Sealants  

T!nE 
SYSTEM 
HW 

. A 

A 

A 

A 

A 

A 

A 

A :  

A 

A 

A .  

A 

A 

. A 

A 
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Sheet 5 of _L . 
APPLICATION . .. TYPE. SYSTEMS 

/ 
A - APPLICABLE .TO SYSTEMS INDICATED E - HEATING 
I - APPLICABLE TO SYSTEM AM) BUILDING HC - HEATING AND COOLING 

4 2 

T?nE 
SYSTEM 

H I ? .  

A 

A 

A 

A 

A 

A 

A 

A 

N A 

A 

I 

I 

I 

I 

I 
. - . . 

7 

HU - HOT WATER 

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 

PARAGRAPH 

..6.1.5 F i l t e r s  

6.1.6 Potable Water 
Shutoff 

6.2 I n s t a l l a t i o n ,  
Operation and Mainte- 

, nance Hanual 

6.2.1 I n s t a l l a t i o n  
In s t ruc t i ons  

6.2.2 Maintenance and 
Operation Instrirceions 

T. 6.2.3 Uaintenance Plan 

6.2.4 Replacement Part8 

6.3 Repair and Service 
Personnel 

6.3.1 Maintenance of H 
and HC Systems 

6.3.2 Maintenance of DHW 
Sys tern 

.7.1 Design 

7 .la i Dwelling Design 
I 

7 -1.2 % b i l e  . ~ o m e  Design 

7.1.3 S i t e  Design 

7.1.4 Pass ive  Use of 
%Iar Energy . - - 

Nb - NOT APPLICABLE 
--- . . 

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 

PARAGRAPH 
. . .  

5.2.6 ~ r a n s m i s s i o n  Losses 
Due t o  Outgassing 

3.3 Chemical and Compati- 
b i l i t y  of Components 

5.3.1 'Materials/Transf e r  
h u i d  Compatibil i ty 

5.3.2 Corrosion of 
Diss imilar  Materials 

3 3  Corrosion by 
Leachable Substnace 

5.3.4 ~ f f e c t s  of Decom- 
pos i t i on  Products 

5.4 Components Involving 
Moving P a r t s  

5.4.1 Wear and Fatigue 

6.1 Access ib i l i ty  f o r  
Maintenance 

6.1.1 Access fo r ,  S y s t a ~  
Maintenance 

6.1.2 Access f o r  system 
Monitoring 
. ,. . 

6.1.3 ' Draining and .. 

F i l l i n g  of ~ i ~ u i d s  . 
.-, .. 

6.144 Flushing of Liquids 
Subsystems - - 

-... : - ...- ------. 
. . . . . . . . . . . . . . . . . . . . . . . .  . . .  

TYPE 
. sirsm 

M J .  

A 

A 

A 

A 

A 

A 

. . .  

A 

A 

1 

I 

I 

A 
. 

. . 

A 
. . . . .  

---. 
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RESIDENTIAL SYSTkMS, INTERIM PERFORMANCE CRITERIA . SUMMARY 

, - S h e e t  x. of _1_ 
-. . . . . . . - . .  . - 

. 
"APPLICATION - TYPE SYSTEMS 

. . .  --- --.. . 

.A , - APPLICABLE .TO SYSTEMS INDICATED H - HEATING 
I -1 UPLIWZE TO SYSTEM, AND BUILDING 

' ?  

HC' - HEATING AND COOLING 
HA - NOT APPLICABLE BW - HOT WATER, , 

....... .-- 
RESIDENTIAL INTERIM TYPE RESIDENTLAL INTERIM TYPE 
PERFORMANCE CRITERIA SYSTEM.. PERFORMANCE CRITERIA ' -- . .. SYSTEM 

PARAGRAPH HW" . PARAGRAPH m. 
- .  . - - . . .  

.:i .- - . . -  . .... 
.,. , 

.7.2 Adequate Space I 8.3 Mechanical and .I 
. , . . E l e c t r i c a l  Functioning 

7.2.1 Col lec tor  A r e a  A of Connections 

:7,.2e2 Storage Area I '83.1 Plumbing I 
- - - .  . 

. Connections . . 

7.. 2.3 U t i l i t y  Chases X 
8.3.2 E l e c t r i c a l  I 

r.3 Functioning of I Connections 
Dwelling S i t e  

9.1 S t ruc tu res  I 
7.3.1 Space Use I I n t e g r i t y  

7.3.2 'shading of Adjacent I 9.1.1 Movement i n  I 
S t ruc tu res ,  Adjacent S t ruc tu res  

7.3.3 Impact on Envirowent I 9,2 S t r u c t u r a l  I 
I n t e g r i t y  of Dwelling 

7.3.4 V i e w  1 
9.2.1 Loads I 

8.1 In te r fe rence  with I 
Mechanical Operation . 9.2.2 Penet ra t ion  of I 

S t r u c t u r a l  Members 
8.1.1 Blockage of Solar  I 
Subsystem . 9.3 S t r u c t u r a l  I 

Connections 
8.1.2 Shading of Collector  I 

9.3.1 S t r u c t u r a l  I 
8.1.3 Sensor Location I .  Connections. . 

8.. 2 . Mechanical and I 9..3.2 Brittle Sub- ;I 
E l e c t r i c a l  ~ u n c t i o n i n g  of B~~~~ @ 

Dwelling S i t e  - .. - . . . . - .  - .  - -  . L . . .  . . . . 
9.3.3 s t r e n g t h " a a  - . .I 

8:2.J' Exhaust and' Venting ,' I . S t i f f n e s s  
3 
d 

8.2s2 Util i t ies C I 0.1 ~ a f  etr .of Dwelling 1 . . and- s i t e  
. . . . . . . . . . . . .  

. . . . . .  - ~_________ ._ .__ ._ .__  _ . ... . . . .  . . - .  . -- _ .  .- .- -. 
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TYPE SYSTEMS APPLICATION . . 
A - APPLICABLE -TO. SYSTEMS INDICATED H - HEATING 
I - APPLICABLE. TO SYSTEM AND BUILDING HC - HEATING AND COOLING 

TYPE 
SYSTEM 

HW 

I .  

I 

I 

I 

- I 

I 

I 

- 

: 

...- 
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. . HW - HOT WATER 
RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA " 

PARAGRAPH 

12.2.1 Accessibility 

12.2.2 Ice Dams 

12.3 Connect ions 

12.3.1 Accessibility 

13.1 Visual Character- 
istics of Dwelling and Site 

13.1.1 Dwelling 

l3 .l. 2 ' Neighborhood 

@ 

NA - NOT. APPLICABLE 
 RESIDENT,^^ TNTER~M 
PERFORMANCE CRITERIA 

PARAGRAPH , 

10.1.1. Fire 

'10.1.2 Accidents 

.11.1 Durability 

. 1 1  Vegetation 

ll.2 Durability and 
. Bellability of Duelling 
and Sire 

11.2.1 . Chemical Corrosion 

lh.2,2 Heat and Moisture 

11.2.3 Exterior Penetra- 
tioas 

11.3 Durability and 
Reliability of Connections 

11.3.1 Material Compatibility 

12.1 Maintainability of H, 
EIC, Hu Systems 

12.1.1 Accessibility 

12.1.2 W S U B ~ J  

lZ.l.3 Permanent Maintenance 
Accessories 

12.2 Maintainability of ' 

Dwelling and Si te 

- .  

. . 

TYPE 
SYSTEM 

HW 

I 

I 

I 

I 

I 

A 

I 

I 

A 

A 

f 

I . 
I ' 

I 

I 

. 
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5.0 4amRNmk FURNISHED PROPERTY . . 
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, . 

, b . . 
... . . . . . .  . . .  . . . I 

The fallowing items .. shall . be, p r d d e d  . . . .  . . .  by the Government: T 
. .  - - . * .  . ;. . . % 

. . - .:. " . . .  : I . . . . I 

.c1) ..Collector subsystem: Five (5) ~ ibbey-hens-~ord . ~ o l a =  ~ o l l e c t o r ~  . ' .  

(Modal l l W )  . . . . . .  . . . .  . . . .  . 1 . .  . . .  :. . . < - .  ............ 
. . .  



.. A 

. 6.0 CoVeRNHENT DIRECT REQU-S . s 

. 
::'?he f o l l O ~ f n 8  reguirementa are ep.cified in NAS8-32036 and by verbal  d i r ec t i on  ' 

. . 

. ' from the cont rac t  o f f i c e r :  

' .  
a )  IW ~JIUBU de l ive r  one (1) syetem of t h e  fol loving type: 

o Sipgle  Family Building 

o , Solar  Domestic Hot. Water 

I (b) A l l  hardware and subsystems, except co l lec tors ,  s h a l l  be purchased by IBM 

t o  8ood comrmercial pract ice6 a8 off-the-shelf hardware. 

(c) Collector  and s to rage  s i r l a g  may be adjusted f o r  each spec i f i c  site,. 



7.0 GEOGRAPHICAL AREA 4 
. . .  

1 
.. .. 
.._. . . . . . . 
:. . This hot watep system is designed for a single family residence located. in the . . 

' . . _ .  . . ... . 
United States. Areas of application include all regions of the U. S. for 

' 

which 'freezing temperatures are conmton. . 
- ,/ . . .  . . 

. . - 7.1 Tppical Geographical Locations . 

The system design accommodates va$iation in insolation within the fol.lowing 

range: 

. . 

Mean  all^ Insolation 400 to  1900 BTU/F~' 

Typical Standard Metropolitan Statistical Areas (SMSA'S) within these ranges 

.. 
o .. Austin, TX 

* 
o Phoenix, AZ 

o Sacramento, CA 

o Columbia, SC 

o Cinciinnati, OH 

0 St. Lduis, MO 

o Philadelphia, PA 

o Omaha, NEB 

o Fargo, ND . 

o Portland, ME 

o Minneapolis, MN 
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. . . . . . . .  ... . . . . 
;. i,.:..,:--,.;;,5.. - . - . . ' - . . . .  
i;>b9'p;+< &+ &$;*.;>:~d;: ,:: .:' .-, :. .... - . . . .  . . .  

$~..?5:'%9This :,+:r..:..;.i. .:. Appehdix"deiines t h e  performance, configuration,  
. . .  i.,. ....... 

i . : : .  ..L. . . . . . . . .  a s  f o r  s w prototype and not water system, IBM 
. -. .,?- . :- . . 2:: . . I .-' " ' . .> 

. . .:.,.- ; ~ ~ s t & ,  Model Number Z A .  ;:>.. .;<. .;:. .. . . . . .  ...... . : . ' 
.I : 

" .  A,. .-.' . , ...: . . ;-.., .;., .: '::: . . . .  
. . 

#.I 

. . . . . .  
A . . . . . .  . _. . : S Y S T ~  . PERFORMANCE SHEETS 

. . . . :  
:,,.: .:-. : ' .  . ' : . .  . . _ -.: ? . .  , . . . .  < .. 
,; .: . . . . . . .::Site - . . . .  
::.- - . .  . . . . - .  . . . .. .! .' . .it+-; . : . . .  : .-. . .  ' I  . . .  . . . .  . . .  

and i n s t a l l a t i o n  

Corporation, 

. . . . . . .  
:!The sys t ek  s h a l i  b e  i n s t a l l e d  $n a a ing la  famlly residence i n  t he  c i t y  of 

. . . . ............... 
- . .Togus, 'State . bf Maine. This loca t ion  has an annual average inso la t ion  .. -_ ._- 

2 ; . . 6 ~  0.472 X lo6. BTUIFT measured on the  hor izontal .  System performance 
* . .  . . . - 
I -  is based on c o l l e c t o r  o r i e n t a t i o ~ o f  4s0 tilt and due south azimuth. . . .  

' I. . . . . . .  .. 
6. - ,  . .; T'. ' ' > t . .  

. > *. ..-...,- .... . . . .  . . 

:'-Space ~ e a t i n p  Capacity - 

j - ~ h e  system G i l l  provide s o l a r  energy f o r  N/A percent of t he  space heating 
. . - :  

_'load during t h e  heating season based on an average annual space heating 
.( : . - .  ' 
. . load o f  N& BTU and a peak space heating load of f i  BTU/Hr.  
' . .  . . . .  - 

V '  . . . . . .  .:. . . . . .  ....; .“ . i" .-. . . . . .  . . .  
;''DHW   eat in^' Capaizity - 
:. . : . . . .  .:.: '., , .. . . 
. . _ ' . _  ' .:,:.. - , 

:,*The system w i l l  provide s o l a r  energy f o r  56 percent of the  average 

. h o t  'water heat ing load,  based on an average hot water heating load of 
,;... ;. . -  . ... 6 
i~1.6  ,..: .. . X 10 BTU/Month (75 gallonlday a t  a A T  of 8 5 O ~ )  . . . 

. . .  . . space ~ool ' ing  Capacity - ' . . . . . ,. -- 
. D 

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

. I , . .  .;; ., . . .  ....;'.* ?? ,; .:. . .  . . . . . . . . ... :.' . . . . . .  . ' *  . 
:. ,,: . * , :  , :.-: . .:.':..: . . ; .  . . . . 

.:.The . . . .  sys t&  "ill provide s o l a r  energy f o r  N/A percent of t h e  average 
,. . *. . ,  . ' L . . , ? . . ,  - 

'i t o t a l  'cooling during t h e  cooling season, baaed on an average t o t a l  - . . . . . . . .  

,:. : .cooling . . . . .  ' l oad  of NIA ~ T i i l ~ o n t h  and a peak cooling load of BuTIH~. 
. . .  . - 
- .  
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. . I 

[;;$:?:; tL.!; ,.,. .! .-, .,:,.,: .-.w;.; ,.+ :. q.1:; ;,. <. :,:,: ? ;;. .:. . , . . . .  . . .  
.::The t p  . . . .  t a l  average ' e m 1  ra te  of h&iliary '  energy supplied f o r  :space heating,  C i  .,: I :.;. i .  ... . . . _ . : . . . . . . . . . .  I .... . . . . . . . . .  . .  , ' 6 .  , 
:<cdblidg''&d .,._. _ . .... h o t v ~ t e r " t i b l i  & n o  g r i t e r  than 8;s x 1 0  ~ r n  nor  g r e a t e i  

. . a  . . . .  . .  :. ,','.. ' 

t b n  44% of t h g ' t o t a l  ioad.' 
I, 

\. . . .  
tL:4.: ..... , ,.; .,.,.:..,:: . . . . .  - . .  . , ? ' %  '. , . 1 . . 

. .  . . . . . . .  .' 
t -.' l;,: ., 1.. . . . . . .  ... . . . . . . . . .  " .  . ;,.., ,p :; ..- :;. ..z. :'?. : . . . . . . . .  . /  . . .  . . . . .  ... . . .  

a 
i :  .. i . . ,  ,: . . . .  . . . . . .  1. 

opera t i n g  Requirements 
. .  .“..... : ,, . . 

- a  
, - ' . .  :,,.. . .  . . . . 
:. ,::: .:,. .-" .. . . .  : I: 
" . . . . . . . ; . .  :- .' . 

Ic 
~ T h a  miximum electrical power required t o  d r i v e  t h e  s o l a r  por t ion  of t h e  
1' .. 

..-z 
8 .  

system a t  i ts  ra ted  capaci ty  s h a l l  be nb g r e a t e r  than 320; watts .  Tlie . . . . 
1. 

1: 

- .  l! 
).maximum e l e c t r i c a l  power required t o  d r i v e  t h e  complete system s h a l l  be 

..:. .. ' . ar 
.::no grea te r ' tha r l  4.7 K.W. The average  year ly  e l e c t r i c a l  energy required  " a. 
. . .  
: to d r i v e  the  system s h a l l  be no g r e a t e r  than 515 K.W.H. Water require- 

i .  . . , . '  . . . . . .  ':merits f o r  cooling condensers' and/or a i r  . l i d d i f  ica t i o n  s h a l l  be  no . . a, 
' g r e a t e r  than N/A ga l /h r  . - 
I.. ::; :.. : 



Physical Data - Table I11 

The following subsystems shal1,have: 
... 

Design l ife ;no Weight (f flied) Installation* 
# - , less than. no greater than d-hens ions 

/ 

Heating - N/A years - - NIA ibs  

Cooling - .  R/A years . - N/A . lbs  

Auxiliary Energy 10 years - - 500 lbs  

Storage 10 - 1500 lbe . - 
Collector 20 years - - 1500 lbs  

Energy Transport 20 years - 100 , lbs  

Control8 20 years 
-. 

10 lbs  - 
* 

*See Instal lation Drawings 
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SENSOR WRlNO TO Q)LLEOR$ 
NtOR WRlUO TO CTORAOE'TANK ' 

GENERAL NOTES WMP~NENTSCHEDULE CONTROL SEOUENCE 

PIWNG: One lnch type L cnpps lub(ng h e l l  be und ln CONTROLLER: Pa&& dilfsrentld thsrmortat pump The solar system is activatDd.by moving the controller mode 
the cd lanw bop 4 t h  U 4  lnch copps orblng In ha wata  mntrol 4 t h  trm (smPeIaorre wmon capable Of rwishlng witch from OFF to either the AUTO or ON. position. 
loop. Total plplng length in Mch imp emnot exsad 60 tee+ 10 amps at 110 nl Pump m u r n  ON when the collector AUTO is th; n a m s ~  mode lor 00th vlmmer and ,.,inter 
All b l n g  runs hould be made with a mtnbnvm of urns, ~sm mperafure e x d r  the I- mnvv mpereNre  
flnlna and p l p h  la* Al l  pblng mum be InreOsd h by 20+ Z°F 8nd reren to OPF vhn nor- a- tempere 

ON mode Only lor 

such a way dm1 the wmsm can be drahed orre b within 3 f PF of collector mnnrr tempereNre. manual back.upcontrol. 

High Ompentun ldda wch m 868 dn. 5% Brrr a S d t m  p d n a  mun be Beid sdjurtaMe. U L  eppmved. Rho 
lent m u n  be uad ta sweat fl h the c o t ~ e n o ~ ~  Sigma  odd 108 4 t h  SP type r e n u n  A ~ l ~ h  gumj AUTORIATIC OPERATIOFI: In !he AUTO position the 
For h e  lover m p a a a n e  m&r?mp, 6QY tlnl5096 l e d  p~vendng unsulhorlzad r e l ~ t l o n  of ..ON" mode should contrblier. a differential thermortsr between the collec- 

THERMOSWITCH d d ~  mould be USXI. A m#d RUX ush a ~ o k o ~  (PIIQ be added. tor discharge end the bottom of the pre.heat tank, d e  
flux) should be uad throughout. W h s ~  thrsadad f l l t h p  lermines when tllc u la r  energy is available. 
ar. rwulid. TaAin~ I& & s T o l w  dpedope muRbe u d .  HEAT TRANSFER FLUID: Dlmmhyl rillcone Iiquld whth 
Cwnprerdon andlor nmn fhdmp hadd be avoided. shall m a l n  In a l b l d  m e  we1 a IemperaNre range of Circulator pumps P I  and P2 arc turned on when the col. 

INSULATION: A" plplnO Md hall ; lector temperature exceeds the tank temperature'by 2PF.  

SOLAR ARRAY w ~ t h  a m ~ n h u m  R vdue ot 5. ~ a n k s  and heat arch- Chemlcgl n s b ~ ~ ~ t y  ub to +4@F IS required.  ow Cor?ing 
Pump P2 circulates 'ilicone liquid ""* 

h a l l  be irmlatsd wlm a mlnlmvm R & of 11. (12.1 132 or gpwed qulvaknr ler absorbed ular enrgy from the calleclcr to the heat 

-.LEGEND.. 
exchanger primary. Pump P1 circulates storage tank 

INSTALLATION REQUIREMENTS: Unl- 0- SOLAR STORAGE TANK: The tank mun be eiVler none water tl'rOugh Inc hear exc''an%ter recorrtary where it 
namd. rendad bulldlng Hid plumblng pgh mun be llned or glanlinad. A t  l a m  one lpreferably two) solar heated anJ returned lo the tank. 
uwd mmughwr 

CHECK VALVE N mnrwctlons mun be mllabla on the dde of Ihe tank. A 120 
d o n  b e  tank Is'cpeslRed: howere,. maller rendsrd sizes The purnpr are cycled OFF ~ l l e n  the collector tempera. 

CODES AND STANDARDS: S - humjbaon mu* an pmninsble up&l appra i .  Fwd PmducU or sppmved lure exceeds the preheat tank water temperature by lerr 
cornply 4 t h  an bulldhg and Am* code for the s q u l v a l e n t w l t h ~ ~ ~ ~ ~  than PF. 
Locstlon. The nmem mun -ply with the lntcrlm 

CUTOFF VALVE db Perfamanu, Crharl. documenu f a  born rerldentld and As domestic hot water is u l d .  city water enten the 
comm& lob hot watw heath* S K u G d  ' bonom o l  the storage tank. Solar heated water from 

COLLECTOR ORIENTATION AND INSTALLATION: 1201 ABl2OS Ihe top of We storage tank f l o w  into the conventional 
The con- mun be m m n t d  with tm angle squd m 100. . ' . - domestic hot water heater. 

.GATE VALVE @ me ladluda and M n g  due south. Dwlmlcm In orb- '80. ABBOS 
tadon wW rsluh h dssRsred prlo- and mun be I The hot water heater adds auxiliary heat as reguired to. 
weluamd end appmved Ma m Inrtallatbn. The ool. A SpsclRed Jra maintain the DHW temperature set point. 
lma . m y  lndudlng the nunlfddl mun be (ram& In ' Permldble e l w s t e  d m  wlth approval (100 gallon 

TEMPERATURE1 a weathe~tipht d a t k a i l y  plaadng &re. Flexlble dzc not milabla h w n  Ford Producu.) MANUAL OPERATION: With the mode witch in ON 

PRESSURE RELIEF 99 connectors mual be lnrelled betwaa the mUsRDn and position. Pumps P1 and P2 operate continuously regard. 
VALVE the manlfdd N- lass of tile temperature difference. The solar storage 

COMPONENT LOCATIONS~ All w m r  p w g .  the hem ex. SOLAR COLLE&OR PANELS: Flm plate llquid u la r  will gain Or low Ilea' del'en"ing nn the cnilRtnr and 

DRAIN VALVE- 4 chsnper and pnhaat mnk mun be louts6 In a hasted a s  mil- paneb, appmxlmatdy 04 x 36 x 5% inch- r i le 
lank temperatures' 

to p p e n t  wng and lW POUnds In *rrkht Number Of I' lite LOW TEMPERATURE LIMIT: Synem weration is dspendsnt end Is In ma *Im innallstlOn terminated undw sny operating conditions that cause COLLECTOR LOOP CHARGING: P d a  m c h m i  4 t h  LibbeyQwsnrFord Compsny - Sun Panslr 
the ' l lmne fluid. tha coliecta loop Pb*lg mun be hss. the water in the heat exchanger loop to drop below 4PF. 

PUMP YELLOW CONTROLLER WIRES of m- d h a  of blu D w  ab or dry n m  shH THERMOSWITCH: SnspsRfon mtuh,. m open at 40 This is ascomplirhed by the the thermonvitch opening 
be usd m pvrso the Imp. A h  the loop b pvrgsd th.. Y 60F on d-dng temperatup. UL 5 m p  at 120 VAC. at water lorn termpersture below %OF. -which remwes 

YELLOW CUNTROLLER WIRES d y  dr a nl- h.l be vrad m the loop €W Compny 3100 with BX18 B d k m  or quiralant. p o w  lrpm the controiler. [hereby c,filing pumps P1 
to spprorlmatsfy 75 pd, I f  ha leak d o m  h m  is meann- anbP2 011. 

' CONTROL SENSORS able atler 1 day, dl f l t t l w  mum be &&ad for  leak^ and CIRCULATING PUMPS: Slngls stage, centrifugal dedgn 
SHALL BE LOCATED " n- unla for rervba!Ined. Svcdon ard dlxhanp shell be flanged" 
NEXT TO EXIT PORTS 41h lm hlatlon valvsr For 110 VAC pperatlon and 

AS SHOWN. The d l b n s  (hrfd cm be pumped lnm the eolkmf loop wlm 4 meting pem emland. PI Mlnlerr steel ConrVuc. 
hrm the drsh m me low polnt ln the b o p  or pared lnm don and potable rated. P2 conmuctlon com atible wlth 
the collsslor rebfrn  PIP^^^ at th. high point h ma w. 02.1132 between .so0 F and d F. ~ m n d .  
The pump marld be run Mefly attw the loop b nllsd to tol a sppmved squlvatsnr 
nnae any plppsd & end rnae Ruld added If -ly. 
Tha plug at ha Dp ql ha loop mun h a n  bed& t lgdy .  Punp Plhl Hh Head FL M o t a  G ~ n d f o s  

Mar HP - 
PI . WW.: ..+ 12 r12n ~ ~ 2 5 . 4 2 ~ ~  

1/12 UP2660 

EXPANSION TANK: (idnniqd s t d  thrso pallon A.S.M.E 
~ . A m X & O o r ~ c + m k L  

FLEXIBLE CONNECTORS: Fhs .m tm inch flexible - oonnsmn. Hydroflex 904 7 Inch u ls r  m n w  
omor.ppdiqum*m. 

'MAX. TEMP. LIMIT.6WITa'h h Ronga tank is pur- 
U rkh sn Inw-l)C:*nnorm. Rerim thermo. 
mt r to  - on(m(lr p m e r  *en ma=. tamp. 
Umn b aolrM. 

MUAT EXCHA~~~ER:..  LW to liquid d d p . m n p e t .  
Ib* dh dW- (Md In th p l w  ride snd cltv wmw 
W th rmdq lldr A "fdl MI" doubb wall d@sigr is 
nqulnd. S u m  Ruld nm In p i m q  . ids of 4 m m  st 
l@ F MI mt podm # had @wtu man 6.6 f m l  /H20L 
W N l a m m ( s 0 o r n ~ I n t h r m n d a y r i r l a o l 1 . 5 ~ ~ m  ~ l m c p m d u s a h a d p r a s r ~ 3 f a e t 1  01 

H.LW md W m d l  Hodol HX.1 or approved a q u l k t :  
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a 

' 1.1 The purpose of this docmint is to present the,plan/procddure for verify- 9 

ing the requirements of prototype solar energy hot water system Model No. 2 perfor- 10 

1 I 

mance. specif icat ion. 

2. . SCOPE 

2.1 This document describes the plai/procedure for performing prototype sys- 18 

19 
tems verification and includes development, qualification, and acceptance verifica- . 20 

tion. ~e~uir.ements for analysis verif ication ,and/or test verification are included a1 

P 
in this planlprocedure. . . 23 

24 . . 
15 

3. APPLICABLE DOCUMENTS 1 

21 

P 

3.1 The following documents form a part of this plan to the extent specified a )  

herein : 

. . 
33 

Interim Performance Criteria for Solar Heating and Combined Heating/ 
34 

Cooling Systems and Dwellings, HUD - January 1, 1975 3s 
. . 36 

3 7  

Performance Specification for Prototype Hot Water System Model No. 2. , 38 
.4 7 

.I 0 

. - 4 .  ' VERIFICATION APPROACH 4 I 

42 

I ! 
. . 

I I 
4.1 Prototype system verification to the requirements of the system perform- 

,' . . . 45 

ance specification and interim performance criteria will be accomplished in three 4 b 
. . 

47 
verification phases - development, qualification, and acceptance. The verification 4s 

methods utilized. for system verification will be similarity, analysis, inspection, 49 

. . $0 
demonstration and te,st. ' 4. 51 

5 1  

33 
Prototype system verification will commence with a detailed analysis of all system 54 

hardware, components, and subsys'tems an'd through system' evaluation and 

testing. Figure ' I1 of this plan' depicts a summary flow for system verification. 



. .  . . . I 

.. 7933448 a 
3 
4 

A detailed system test procedure for performing .the test requirements of this docu- 5 

6 ment will be prepped and submitted to MSFC for review and approval. This procedure 
7 

will 'describe the methods and procedures £0; conducting prototype system test on the I 

MSFC system test breadboard facility. 

~ollowin~ campletion of verification program, a final system verification report 

will be prepared and submitted'to MSFC. Report will contain all information perti- ., 14 

15 

nent to system verification. 16' 

17 

18 

5 .  DEVELOPMENT VERIFICATION REQUIREMENTS 19 

5.1 ~ardware/Component/~ub.system Verification - All hardware, components and ' 

subsystems that comprise the prototype system shall be verified to be in accordance 

with the requirements 'of the prototype system performance specification and the 

interim performance criteria. Verification of hardware, components, and subsystems 

will be accomplished by engineering analysis, similarity, inspection, demonstration 

andlor testing methods. 

Subsystem test evaluation will be conducted on the system collecto.rs, controller, 

and data acquisition system. All other prototype system subsystems, hardware and 

components will be verified individually by analysis and/or during prototype system 

, . verification. 

5 . 2  Sy-etem Development Verification - Development verification will be con- 
ducted on prototype system M/N 2  to ensure that system will perform to the require- 

ments of the system performance specification and interim performance criteria. 

Development verification will consist of .the following : - 

a Analysis of hardware, component, and subsystem evaluation data for com- 

pliance to system performance specification. and interim performance cri- 

teria requirements. 

a Analysis of system design for comp'liance to system performance specif i- 

cation and interim performance criteria requirements. 



1 
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3 

4 

System testing on MSFC System Test Breadboard Facility, Tests .to.be . s 

conduct,ed are as follows: 

- System operational functional test 

12 
_ I  System capacity for control, energy collection, storage, and distri- . ' 

' 13 

bution to load at outside amblent weather conditions. 

5.2.1 System Operational Functional Test - A system operational' functional 17 

1. 

test shall be conducted on prototype system M/N 2, Operational functional test 

shall consist of .the following: 

System pressure/leakage test 

Operation of system pumps. 

Operation of system controller 

. . .  
92 

Measurement of 'system flow rate and pressure drop across collector array. 
33 

. Mea8.urement of solar system pump pressure drop and dead head pressure. 

37 

38 
Measurement of pressure drop across heat exchanger (oil and water side). 

.( 7 

3.2.1.1 System Operational Functionnl Procedur3 

(a) Install prototype system on breadboard test stand in accordance with test 45 

4b 
setup schematics and system drawings. Figure I of this document depicts 

47 

the system test setup configuration. dii 

49 
. . 50 

(b) Conneat domestic hot water system (water side) to City water supply and . 91 
q1 

fill system pre-heat tank, domestic hot water rank, hear exchanger, pump 33 

and water 'lines. 



Q .  

3 .  . . 

.(c)@~p~surize system (water side) to 140 + 5 psi for one hour and checksys-.' . 
z . . 

' 

for, leaks. Special emphasis shall be placed on leak testing soldered . 
. . . .  

joints and mechanical connections. There shall be no leaks. . . . . . . 
. . 
. . 

. . . . ... 8.; . . . .  ..:.: . . 1 .  
. c  , . 9  .: - , , .i r ;:. ; A .  .., . .' . I .  

(d) ' Connect solar portion (collectors, heat exchanger,'expansion tank, pump.; :; 

I DCN-1 &ad transport lines) of system to a pneumatic supply and pressurize to.70:,. 

+ .5 psi for a minimum of two hours and check system for leaks. 'Leak . . test - .  

al.1 soldered and mechanical joints with soap solution and measure dresaure 

decay on system to verify no system leakage. 

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

(.) Following step (d) and when the system is free of leakage, charge the. . , 
, 

. . .  solar portion of the system with the transfer fluid specified in system . ..... . 
, . .  

.c . 
W/N 2 design documentation. . . . . .  ,,... . ,. . . . , . 

( f )  Verify operatlon of the system pumps. 

' (g) Verify operation oi the system controller. 

IDCN-1 (h): ~ctlvate system pumps and adjust flow rate of solar fluid loop to 425 5 . 2 0 .  . . 

pounds per hour per solar panel. 

. . 

(i) Measure pressure drop across collector array, pump and heat, exchanger . . . . . .  (oil 
, . :  

side). .; i' 

. . 

( Measure flow rate and pressure drop of heat exchanger (water side)',. ~ i o y  
: .  * .  . .  

. . .  . . . . . ' . .  rate should be 800 lhslhr + 10%. ..'I 

. . 
.. < . 

(k) Conduct dead head pressure test on pump (solar side). 

5.2 .2  System Test at Outside Weather Conditions - Prototype system M/N 2 shall 

be tested to evaluate'system capacity for control, energy collection, storage and ' 

distribution to load at outside ambient weather conditions. 



.Prototype system M/N 2 shall be tested a t  outside weather conditions the maximum 

number of days po,ssible contingent on system delivery schedule and breadboard faci- . . 

.lity workload.' Primary intent of this test is to obtain as much data as possible 

prior to installing system at demonstration site. The following evaluations shall 

be made during system testing at outside weather conditions. 

(a) Complete records of weather data (solar radiation, ambient temperature, 

wind speed and direction, relative humidity, and cloud cover). (Weather 

measurements vs. 'time of day) 

(b) Total energy collected by solar system per day (BTU vs. time in hours) 

(c) Total energy supplied to hot water load per day (BTU vs. time, of day) 

(d) Power required to operate system per day (watts vs. time of day) 

(e) System control functions (manual observations) 

5.2.2.1 Procedure for System Test at Outside Weather Conditions 

(a). With prototype system M/N 2 configured on test breadboard (simulating 

actual installation ae best practical), apply power to system and allow 

system to operate in accordance with system control functions (actual 

intended operation). Allow system to operate under No Load demand for a 

minimum of 24 hours. 

(b) Following completion of step (a), impose the following daily hot water 

load demand on system M/N 2, 

Time f 30 Minutes Amount f 10% Rate +, 10% 

0800 .hrs. . 4  gal. 2 GPM for 2 minutes 

0900 hrs. 8 gal. 2 GPM for 4 minutes 

1100.. hrs. 30 gal. 2 GPM for 15 minutes 

'1200 hrs. 5 gal. 2 GPM for 2.5 minutes 

1800 hrs . 8 ,gal. 2 GPM for 4 minutes 

2100 hrs. 20 gal. 2 GPM for 10 minutes 



(c) The load requirements of step (b) shall be imposed each day for the total 

. duration of system test at outside weather conditions. 

(d) Allow system to operate the maximum number-of days practical, Duration of 

testing will be determined by the test conductor with direction from MSFC 

SPMS contract COR or his designated representative. 

(.e) The following data measurements shall be made and recorded during system 

testing: 

Measurement 

- Solar radiation 

- Ambient temperature 

- Wind speedldirection 

- Relative humidity 

- Cloud cover 

- collector inlet temperature 

- Collector outlet temperature 

- Collector absorber temperature 

Parameter 

~tu/hour/f t. vs. time of day 

O F  vs. time of day 

mphldirection vs. time of day 

% vs. time of day 

cloud cover vs. time of day 

O F  vs. time of day in hours 

O F  vs. time of day in hours 

OF vs. time of day in hours 

- Collector delta temperature ' . O F  vs. time of day in hours 

' - Heat exchanger inlet temperature (water)' O F  vs. time of day in hours 

- Heat exchanger outlet temperature (water) 

- Heat exchanger delta temperature (water) 

- City water supply temperature 

- Hot water system outlet temperature 

(to load) 

- Syetem tcmporary ohcltcr temperature 

- Oil flow thru collectors 

- Heat exchanger flow (water) 

- Hot water flow to load 

- Collector pump power 

- Preheat tank pump power 

- Domestic hot water heating 

element power 

"Y vs. time of day I n  hours 

OF vs. time of day in hours 

OF vs. time of day in hours 

O F  vs. time of day in hours 

O F  \ I S ,  t i m ~  nf day in hours 

GPM.vs. time of day in hours 

GPM vs. time of day in hours 

GPM vs. time of day in hours 

Watts vs. time of day in hrs 

watts vs. time of day in hrs 

Watts v s .  Ll111e of day in hrs 



- Solar pump outlet pressure PSI vs. time of day in hours 5 
. . 6 - Collector outlet pressure PSI vs. time of day in hours I 

- Heat exchanger outlet pressure PSI vs. time. of day .in hours 

(oil side) 

(f) ~ e s t  data taken from the measurements identified in step (e) shall be pro- 

uided in pldt form. . . 

NOTE : Instrumentation locations for measurements 

identified in step (e) will be supplied in 

test setup schematics for prototype system 

2 verification test procedure. 

5.35 System Development Verifiation Hardware - System development verification 
analysis will be performed on the total system design. system' development verif i- 

cation t&sting will be conducted on the total system with the exception of system 

piping and data acquisition system. System piping and insulation will siniulate 

actual installation as best 

Syetem d$velopment verification testing will be conducted utilizing the following 

system configured hardware and subsystems: 

(DCN-1 $ Libbey Owen Ford M/N 1112 (5 collectors) 

.;: Heat exchanger 

Syetem pump (oil) 

System pump (water) 

Preheat tank (120' gal.) 

Domeotic hot 'water tank 

system controller 

System cutoff valves 

System aenkore 

Syetem preeeureltemperature relief valves 

System expansion tank 



During system test the above prototype system hardware (excluding solar collectors) 

shall be houeed +n a temporary shelter with the shelter ambient tkmperature main- 

tained between 35" and 100°F. This will prevent the solar system from being exposed 

to harsh environments and will provide an approximate simulation of the service use 

environment. - 

5.4 System Development Verification Test Procedures - Test procedures for 
, conducting prototype system verification testing will be prepared and submitted to 

MSFC for.approva1. These procedures will describe the hardware configuration.for 

testing, detailed test methods and procedures, sketches of test setup, test time, 

limits, data and report requirements, and all other procedural information pertinent 
. . U 

to test evaluation program. 

5.5 System Design Changes During Development Verification - Any design changes 
occurring during development .:r?rification will be verified by engineeririg analysis 

or test evaluation. Ample data will be provided for each design change to verify 

that the resultant change meets performance criteria requirements and that the 

resultant change has no adverse effects on the total system performance. 

5.6 Development Verification Data - Test data accumulated during the early 
stages of development testing will be thoroughly evaluated and assessments will be 

performed on necessary system design changes. This will assure early design matur- 

ity of prototype system M/N 2. 

5.7 Development Verification Extent/Level - Development verification program , 

will be conducted to the extent necessary to verify that the final prototype system 

design meets or exceeds the requirements of the system performance ipecif ication and 

the interim performance criteria or that any requirement which has ~ i o e  been met has 

been properly dispositioned and MSFC approved 'by a deviation approval request. Any 

such deviation from the specified requirements will be documented in the final 

verification report,.and will become a part of the prototype system performance 

specification. 
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5 .8  Additional Development Testing - Additional testing and evaluations other 
. . 5 

than those specified herein may be accomplished. Additional testing and.evaluations 6 
7 

will be coordinated with MSFC SIMS contracting officer or his designated representa- 8 

tive. Additional testing and evaluation will be properly controlled, documented and 9 

10 

reported. 11 

12 
I 

13 

6. QUALIFICATION VERIFICATION REQUIREMENTS/PROCEDURE 14 

15 

16 

6.1 Qualification Verification Requirements - Requirements for.'qualification 17 

18 
verification are as follows: 

19 

11 - Verification that the prototype system meets or exceeds the require- al 

ments of system performance specification. These requirements are: 13 
14 

as 

Interim Performance Criteria Requirements 

Government Directed Requirements 

System Identification Requirement ' 

Site Identification. Requirement 

Auxiliary Energy Requirement 

H& Water Requirement 34 

Operating Requirements 

System physicai Requirements (Design Life, Weight, Dimensions) 37 

38 

3') 

6.2 gualification Verification Procedures - Procedures for verification of .10 
4 I 

each qualification verification requirement are contained in the following sub- A L  

paragraphs. 

46 
6.2.1 Interim Performance Criteria Requirement - An analysis will be conducted 

41 

on prototype system M/N 2 to satisfy this requirement. Each interim performance 4 1  

49 
criteria requirement will be analyzed individually and recorded on an interim per- 

50 

formance criteria certification form. This form will indicate compliance or non- 51  

51 
complianse~to the'requirement and will identify the evaluation metl~od utilized to 53 

' satiify the requirement. A sample copy of the interim'performance criteria certifi- , 54 
53 

cation form is contained in Appendix I of this document. The certification form 

when completed will become a part of the final verification report. 



6.2.2 Government Directed Requirements - This requirement will be satisfied by 
an analysis of the directed requirement, prototype.system and the system performance 

specification to verify that the directed requirements have been satisfied. 

6.2.3 System Identification Requirement - This requirement will be satisfied 
by review 05 performance specification and the prototype system to verify that the 

system is properly identified (type, contractor name, system model no.). 

6.2.4' Site Identification Requirement - This requirement will be satisfied by 
revi.ew of performance specification to verify that the site for the prototype system 

is properly identified and described. 

6.2.5 Auxiliary Energy Requirement - This requirement will be satisfied by an 
analysis of the prototype system load requirements and the prototype system auxiliary 

energy subsyetem design. 

6.2.6 Hot Water Requirement - This requirement will be satisfied by an analy- 
sis of the prototype system design and the hot water load requirements specified for 

the prototype system. Test data obtained during system development testing will be 

utilized to verify the design models for the hot water subsystem. 

6.2.7 Operating Requirements - ~hi;'re~uirernent will be satisfied by an anal- 
ysis of the prototype system design and the syseem operating requirements (maximum 

power to drive system, average yearly electrical power, water tequirements). Test 

data obtained during system development testing will be utilized to verify the 

design models for the prototype system. 

6.2.8 System Physical Requirements - This requirement will be satisfied by an 
analyeis of the prototype system design and the system physical requirements (design 

life, w d g h e ,  dimcnoiono). 

32 
6.3 Prototype System Qualification 53 

54 

55 
6.3.1 Qualification verification will consist of a critical analysis of the 56 

prototype system design at the start of development verification versus the system 3 7 

58 

design at completion of development verification. An assessment of all changes 
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implemented during development verification will be made. All test, analysis, and s 

evaluation data originating prior to and during development verification will be 

analyzed and evaluated to the requirements of the prototype systim perrfrmance 

specification and interim performance criteria. 

.6.3.2 ,The prototype system will be considered qualification verified when it 

is determined that the final system design and hardware has met or exceeded the 

requirements of. the system performance specification and the interim'performance 

criteria or that any requirement which has not been met has'been properly disposi- 

tioned and MSFC approved by a deviation approval request. 

6.3.3 The results of qualification verification will be documented and sub- 

mitted to MSFC in the prototype system verification report. 

7.1 ~cceptance verification will be conducted on prototype system M/N 2 to 

verify that the system meets all specified requirements. Acceptance verification 

will consist of the following. 

Inspection of system to verify performance specification and workmanship 

Inspection of operational test data and evaluations to :verify system 

performance 

e Inspection of acceptance data package 

Inspection of .shipping list versus hardware. to be delivered ' . 

Inspection of shipping instructions and precautions 

8 Inspection of documentation required for system (installation, operation, 

maintenance manuals, system drawings and specifications, etc., in accord- 

ance with prototype system performance specification and data package 

requirements). 



7.2 The results of acceptance verific&ion will be documented and submitted to 

MSFC in the prototype system verification report. 

8 .  PROTOTYPE SYSTEM VERIFICATION HARDWARE DISPOSITION 

Following the completion of prototype system development, qualification. and 

acceptance verification program, the system hardware shall be removed from the .MSFC 

breadboard facility. The system collectors, expansion tank, heat exchanger, pumps, 

valves, pre-heat tank, controller, and system ' sensors shall be prepared for shipment 

to a designated demonstration site. Shipping instructions shall be in accordance 

with prototype system M/N 2 shipping instructions. 

NOTE : The system components and subsystems shall be thoroughly 

drained of f lLi id  and all ports shall be sealed and taped 

to prevent conts?ination. 

Simulated piping, insulation and miscellaneous hardware used during system test will 

be retained at the MSFC breadboard facility for possible future utilization. 

9. PROTOTYPE SYSTEM VERIFICATION DOCUMENTATION 

9.1 Prototype System Test Procedure - Prototype system test procedure for 
prototype system M/N 2 will be generated utilizing the requirements of this docu- 

ment, prototype system performance specification, and drawings. Test procedure will 

be submitted to MSFC for approval prior to the start of system verification testing. 
. . Test procedure shall contain at a minimum the following information. 

(a) Identification of hardware/system to be verified (model number, serial 

number, ~uauufacturer, sizc, description, etc . )  

(b) Test requirements 

( c )  Development verification.test methods/procedures 

(d) Instrumentation and data requirements 



3 
4 

(e) Location of tests to be conducted . . 5 

. 

(f) Test limits and tolerances 

(g) Test equipment to be utilized 

(h) Detailed test setup and system con£ lguration sketches 
. . .  I. . . 

. . 
(i) '~est . reporting .procedures 

9.2  Verification Report. - A final prototype system verification report will be 
generated following completion of system verification. Final report will be submitted 

to MSFC and shall contain at a minimum the following: 

(a) Summary - resum& of verification results 

(b) Purpose of verification and requirements 'to be verified ' .. 29 

30 

(c) Hardware/system identification (model number, serial number, manufacturer, 32 
33 

size, description, etc.) , 34 

35 

36 

(d) s&ry of verif ication procedures 3 7 

JR 

.+ ') 

(e) Results of development verification ' .In 
4 I 

41 

(f) Resulte of qualification verification 

(g) Reeults of acceptance verification 

(h) Definition of analysis conducted 

(I) ~ e f  inition of inspections conducted 

(j) Defidition of tests conducted 

(k) ~hoto~raihs and/or detailed sketches of tedt setups 



. '  
(1) Test data (data sheets, charts, graphs, plots, etc.). . 5 . .  

. . . . . / .  

(m) Equipment and facilities used for test 

(n) Conclusions and recommendations . . 
, . (  '.. . . 

. . . I .  ' . 

. . . . 

10. VERIFICATION MATRIX . . 

, . - :. 

Croeie reference matrix for prototype system M/N 2 verific8tio8:~lo . . . . ..&" .-- I. co8~Mn*d,~,.in ; :+ . : . . 
Apprndix I1 of this document. This matrix is applicable to ayeteh_8ilected . ... for 

. . 

physical. testing. 

. I .  
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1NTERIM.PERFORMANCE CRITERIA 



INTERIM PERFORMANCE CRITERIA 

CERTIFICATION 

System Type 

Sys tern Model No. 

System Mfg. 

C e r t i f i e d  by 
AuthorTi zed Representa t ive  



I. Evaluate system fo r  each I P C  requirement l i s t e d o n  I P C  C e r t i f i c a t i o n  

Sheets. A l l  requlrements are t o  be i n  accordance w i t h  HUD I n t e r i m  

Performance C r i t e r i a  f o r  So lar  Heating and Combined Heati  ng/Cool i ng  

Systems and Dwell ings . HUD - January 1 , 1975. 

11. Check each requirement s ta tus  

Yes - Meets I P C  requirement 

No - Does n o t  meet - I P C  requirement 

N/A - Requirement n o t  app l i cab le  

111. L i s t  I P C  requirement evaluat lon.  method u t i ' l  i zed  

Analysis 

Test 

Inspect ion 

Demonstration 

' Other 

I V .  A1 1 requirements which are n o t  met s h a l l  be def ined and recorded on 

IPC Devi a t i  on Approval Request ( form attached) . 



I- 
-- 

I PC REQU I REI'lENT 

Heat ing  and Heat ing  
and Coo l i ng  System 
Performance 

Hot  Water Sys tem 
Subsystem Performance 

Col l e c t o r  Performance 

Thermal Storage 

Habi t a b i  1 i ty o f  
Oc(:u11 i ed Space 

tne rgy  T r a n s ~ o r t  
E f f i c i e n c y  

Control 

Auxll i a r y  t n e r g y  

I PC 
NO. 

1 . I  

1.2 

1.3 

1.4 

1.5 

1.6 

1 . 7  

1.8 

MEETS 

YES N'A 
IPC 

NO 
EVALUATION 
METHOD COMMENTS 

d 

)I 







COMMENTS 

l ail Safe Controls 

Toxic and Flammable 
F l u i d s  

Excessive Surface 
Temperatures . 

I 

IPC REQUIREMENT 

Plumbing and E l e c t r i c a '  
I n s t a l  l a t i o n  

I PC 
NO.. 

4 .1  

- . -. - .. . .. . 

MEETS 1P.C 
N,'A YES 

EVALUATION 
METHOD NO 
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1.0 PURPOSE 

1.1 The purpose o f  t h i s  document i s  t o  present a summary o f  t he  v e r l f i -  

cat ion status for  Prototype Solar Energy Hot Water System No. 2. 

2.0 SCOPE 

2.1 This document provides a sumnary o f  Prototype System No. 2 v e r i f i c a t i o n .  

which i n c l  udes v e r i f i c a t i o n  o f  performance speci'f i c a t l o n  requirements and 

acceptance v e r i f i c a t i o n  requlrements. Requlrements o f  the performance 
spec i f i ca t ion  w i l l  be s a t l s f l e d  by analysls and tes t .  

3.0 VERIFICATION REQUIREMENTS 

3.1 Performance Spec i f icat ion Requtrements 

Prototype System No. 2 sha l l  be I n  accordance w i t h  the  requlrements o f  

Performance Spec i f icat ion ( IBM Document No. 7933449). A1 1 requirements 

w i l l  be v e r i f i e d  by t e s t  o r  analysis. Requlrements are as fo l lows: 

o I n te r im  Performance C r i t e r i a  Requlrements 
o Government Directed Requl'rements 

o System I d e n t t f i c a t l o n  Requirement 
o System Hot Water Requirement 

o Operattng Requirements 
o System Physfcal Requlrements 

3.2 Acceptance Ver i  f i c a t i o n  Requirements 

Prototype System' No. 2 sha l l  be I n  accordance w l  t h  t he  acceptance v e r i  - 
f i c a t i o n  requirements paragraph 7.0 of IBM Document No. 7933448. Require- 
ments are as fo l lows:  



o Inspec t iono f  s y s t e m t o v e r i f y  performancespeci f icat ion 

and workmanshi p standards. 

. . o Inspection o f  acceptance data package 
, .. .. . 

- Shipping and hand1 i n g  ins t ruc t ions  
- Warranty and Test Agency C e r t i f i c a t i o n  
- "Final  Acceptance" and Shipping Form (OD250) inc lud ing 

forms . . f o r  $11 ship-separate items 
, . , . . . . 

4.0 V.ERIFICATION SUMMARY.. %... , 

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

4.1 Narrat ive Abstract - Prototype Solar Energy Hot Water System No. 2 was sub- 

jec ted t o  a t e s t  and analysis v e r i f i c a t i o n .  t o  v e r i f y  the requirements o f  per- 

formance speci'f i c a t i o n  No. IBM 7933449. V e r i f i c a t i o n  was conducted i n  

accordance w i t h  the reqcr.i rements o f .  .IBM Document No. 7933448 (Ve r i f i ca t i on  ''. 
. . 

Plan/Procedure f o r  Prototype 'Solar Energy Hot Water System Model No. 2) 

Acceptance ve r i  f i ca t i on .  'wi 11 be conducted dur ing f i n a l  acceptance o f  

Prototype System Model No. 2. . , . . . 

.. . . . . 

Prototype System No. 2 meets a1 1 requirements o f  Performance Specif i c a t i o n  No. 

7933449 w i t h  the exception of seven. (7) inter . im performance c r i t e r i a  deviat ions 

on the system co l lec to rs .  Devi.ations a.re i d e n t i f i e d  i n  Appendix I o f  t h i s  
document . . .. 

Ve r i f i ca t i on  of Prototype System No. 2 w i l l  ,be considered completed w i t h  

MSFC approval o f  dev ia t ion approval request f o r  system co l l ec to r s  and w i t h  

. the successful completion o f  acceptance v e r i f i c a t i o n  t o  be conducted dur ing 

f i n a l  system acceptance. 

4.2 V e r i f i c a t i o n  Results - --- 
.. ' 

4.2.1 Performance Spec i f i ca t ion  V e r i f i c a t i o n  



4.2.1.1 I n te r im  Performance C r i t e r i a  - Prototype System No. 2 meets a l l  
. . . - . ., 

i n t e r im  performance c r i t e r i a  requirements w i t h  the .=xcebt$'dn'$ff: k i l - ' -  ... . ' 

l ec to rs .  Seven deviat ions were required f o r  the co l lec to rs .  A 
i . .  . , .. . .- ,-: 

dev ia t ion from these requ'irements i s  requ&s'ted"by IBM s i nce  th2. . . .'. 
. . . . ,  ' .  : . . "  

subject  .toll ectors are 'Governmeiit furnished ~O ' IBM.  ~etai ' led:" i .nter im'  

performance c r i  t e r i a  evaluat ion i s  contained ife Appendix 1"bf ' th i .s  o c u - ,  

ment . 

4.2.1 .2 Government Directed Requirements - These requirements have been 

s a t i s f i e d  by review o f  performance spec i f i ca t i on  requirements and system 

design drawing. System 2 meets requirements. 

4.2.1.3 system I d e n t i f i c a t i o n  Requirement - Requirement has been s a t i s f i e d  by 

i d e n t i f i c a t i o n  o f  system i n  the performance spec i f i ca t i on  (system type and 

system model number). System 2 meets requirements. 

4.2.1.4 S i t e  I d e n t i f i c a t i o n  Requirement - Requirement has been s a t i s f i e d  by 

i d e n t i f i c a t i o n  o f  the geographical areas which the design accommodates 

as l i s t e d  i n  the performance spec i f i ca t ion .  System 2 meets requirements. 

4.2.1.5 Hot Water Requirement - Requirement has 'been s a t i s f i e d  by t e s t  and 

analys is  of system design. System 2 meets requirements. 

4.2.1.6 Operating Requirements - Requirement has been s a t i s f i e d  by t e s t  and 

analys is  of system design. System 2 meets requirements. 

4.2.1.7 System Phys ica l  Requirements - Requirement has been s a t i s f i e d  by 

ana lys is  of system design. System 2 meets requirements. 

Acceptance V e r i f i c a t i o n  Requirements 

4.3.1 Inspect ion o f  System - This requirement w i l l  be sa t i s f i ed  dur ing 

f i n a l  acceptance o f  System 2. 

4.3.2 Inspect ion o f  Acceptance Data Package - This requirement w i l l  be s a t i s f i e d  

dur ing f i n a l  acceptance o f  System 2. 



5.0 VERIFICATION REPORT . .  

5.1 A f i n a l  ver i f icat lon report  for prototype System 2 w i l l  be prepared and 
submitted t o  MSFC t h i r t y  days following system acceptance. Report w i l l  
be prepared i n  accordance. with paragraph 9.2 o f  I B M  Document No. 7933448. 
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INTERIM PERFORMANCE CRITERIA 

CERTIFICATION 

System ~ y p e  . . Hot Water Only 
. . 

. . 
System Model No. . 

'. 

. . 

Analysis Conducted by M. A, Strickland - 

Date September 30. 1977 



INTERIM PERFORMANCE CRITERIA CERTIFICATION INSTRUCTIONS 

I. Evaluate system for each I P C  requirement l i s t e d  on I P C  Cer t i f i ca t i on  

Sheets. A11 requirements are t o  be i n  accordance w i th  HUD In ter im 
Performance C r i  t e r l a  f o r  Solar Heating and Comblned Heati ng/Cool ing  

Systems and ~ w e l  l ings. HUD - Januaary 1, 1975. 

11. Check each requirement status 

Yes - Meets I P C  requirement 

No - Does not meet IPC requirement . 

N/A - Requirement not  applicable 

111. L l s t  I P C  requirement evaluation method u t l l l z e d  

Analysis 

Test 
Inspection 

Demonstration, 

Other 

I V .  A l l  requirements which are not  met sha l l  be defined and recorded on 

. ' I PC  Deviation Approval Request (form attached). 



Hot Water System 

Thermal Storage 

Auxiliary Energy , , 







I P C  REQUIREMENT 

P I  umbing . and E l  e c t r l c a l  
I n s t a l  l a t i o n  

F a i l  Safe Controls 

Toxic and Flamnable F l u i d  temperature w i l l  

LOF col lectors. .  

A double we1 1 heat 
exchanger I s  used t o  
seperate the water and 

, s i l i c o n e  f l u i d .  

Excessive Surface W l  t h  the spec i f led 

Effects o f  External There I s  no data t o  

Solar Degradation 

I PC 
NO. 

. . -~ 

4.1 

MEETS IPC 

YES 

X 

v 

COMMENTS . .. - ' 

. .  . 

. .  . .  

N'A NO 
EVALUATION 

. METHOD 
, . .. 

Destgn 
Rev1 ew 



. . 

No data available to sub- 
stantiate collector 
meets requirements 



IPC REQUIREMENT 
. . . -. - - - . . .. . . . . 

Design 

Interference wi th  
Mechanical Operation 

E l e c t r i c a l  Functioning 

of Connectors 

Structural. I n t e g r i t y  . .  . 

I PC 
NO. 

7.1 

MEETS IPC 
- - 

EVALUATION 
METHOD YES COMMENTS 

.. . .. - . 
NO N'A ' 

X 
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' . I N T E R ~ M  'PERFORHI\NCE CRITERIA D E V I A T I O f i  RERORT. 
?. Report Number 2:Date 3. Prepared By 4. Organization . Item Name 

9 / 2 9 / 7 6  D. Linton I F l a t  P l a t e  C o l l e c t o r  L 
6. l tern Part Number . 

10. IPC Number ' . 

7. It& SIN 

15. Description of Deviation 

' vendor  i n d i c a t e s  c o l l e c t o r  czn wi ths tand wind l o a d s  of 30 Blft'. Per h i S I  P.58.1 load f o r  severe !rind Condi t ions  
a t  30 f t .  e l e v a t i o n s  is  32 ~ / f t 2 .  

. . 
. . 

- 
16.' probable Cause ' 

. .  . 

. . 
' :: : . . .. - .  . .  . . . . . . 

. . 

. . 
. . 

17. Remarks 

. . 
. . 

. . 
. . 

. . . . 

. . . . . . 
-- 

18. Deviation Dispositian . . . .. 
. . . > Y. 

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

. . . .. 
. I .  

. . 
I . . 

. . . - IBVO? - - .  - - -- - --- 

-8. Item Mfg. By 

Libby Owen Ford 

. . 

. , 

' ,  

. . 

9. IPC Deviation . . 

S e r v i c e  Loads 
I 

Id.  IPC Paragraph .12. Approved By (!6M) 
i 

3;1.2 ' j 
13. Approved By (MSFC) 
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a G. Lin ton  F l a t  P l a t e  C o l l e c t o r  
- - - . - -, 

9. IPC Deviation I 
E I . .  . . ' I ' I Libby Owen For= I U l t i m a t e  l o a d  combina t ions  % 

.. . 
2 1 &st i f  t h e  u l t k n t e  load  c o r n b i n a r i o n i e x c e e d  t h e  v e n d o r ' s  stated c a p a b i l i t y  of 30 C/fc . 

11. IPC Paragraph 
3.2.1 
3.2.4 

17. Remarks. . i 
, . 

, . 
[ 

. . '18. Deviation Disparition . . ! 

Y I 

! 
. . 

, . I 

,12. Approve$ By (IBY) 
r 

13. Approved By (MSFC) '14. Bate Approved ( M S F ~  

- 
I 
I 
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Vend0.r ihdicates collector can withstan2 kind loads bf 30 #/Ft . Ultimate load combinations exceed this loal. 
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,I I'NTERIM PERFORflAWCE CRITERIA DEVIATION REPORT 
' 3  

'16. Probable calm 

>. Report Number 
. . 

18. Deviation Disposition 
. . 

Y 

2. Date 

6. Item Part Number 

10. IPC ~"rnher 

3. Prepared By 

D; Linton 

15. Description of Deviation . . 

7. Item S/N 

'1 1. IPC Paragraph 

3 . 3 . 1  

4; Organization 
. . .  

5. item Name 
. . .  

Flat 'Plate Collector 

8. Item Mfg. By 

-Libby Owen Ford 
. . 

12. Approved By (IDMI 

. . 

9. IPC Deviation 

Resistance to Damage 

13. Apprqvcd By (MSFC) . 74. Date Approved ( M S F ~  



-- la.. 

I Libby h e n  7ord . . 

P ~ ~ ~ ~ s / N ~ ~  MIe. By I 1 

I Glazing d e s i g n  . 

5. item Name -- 
F l a t  Plate C o l l e c t o r  * '\ '. 

PI.. Report Number IzKte- . 13. Prepared By 

D. i i r . c a n  

6. Item art umber 

4. Organizstion 

9. IPC Deviation . - 

/ G l a z i n g  i s  n o t  perinanenily marked i n  accordance with IPC.  1 

10. SPC Number 

. . 

I . . . . 

' \  . I 
. . 

. .. - .  . -. 

11.6. Probable Cause . . 

I.:: 
+ 
0.: . .  .. . . . 
0 ' '  ... . . 

18. Deviation Disposition 
u 

15. Description of Deviation , 

11. IPC Varagiaph 

3'. 3 . 2  

12. Approved By: (IBM) 13. 'Approved 6 y  ( rv lSFC) 



.?. F3epoA Number 
b 

2. Date . 3. Prepared By , 4. Organization 5. item Name 
. . 

. . 8 .  

9/29/76 . D, Linton F l a t  P l a t e  c o l l e c t o r  
' 

6. Item Part Number '7. .item SIN ' 8. Item Mfg..By 9. IPC Deviation e I 

Libby Owen Ford -So la r  and thermal degrada t ion  . . 
10. IPC Number 11. lFk Paragraph 12. Approved By (IBM), . 13. Approved By (MSFC) /74. Date Approved (f'rlSFa 

5.1 .1  
I 5.2.1 1 1 

15. Description of Deviation 

.The vendor s t a t e s  h i s  c o l l e c t o r  i s  capable  of s u s t a i n i n g  a  minimum of 1,000 hours cumulative peri,od of . s o l a r  
exposure wi th  no coo lan t  and f u l l  d a i l y  s o l a r  i n s u l a t i o n  wi thout  damage. It' i s  expected t h a t  t h e  c o l l e c t o r  w i l l .  
b e  exposed t o  cons ide rab ly  more than i t s  r a t e d  exposure over i t s  s e r v i c e  l i f e . .  There i s  no d a t a  i n  t h e  d a t a  package 
t o  s u b s t a n t i a t e  t h e  vendors c la im.  

I 
I 

. . 

96. Probable Cause . . 

w 
0 
w 

I .  

17. Remarks 





. . . . . . 
SYSTEM 2 TEST AND.,ANALYSIS PERFORMANCE SUMMARY 

. . . . 

I n i t i a l  evaluat ion o f  the System 2 design was accomplished 'using an f -char t  

s imulat ion model . Three weeks o f  t es t i ng  have been ..completed t o  date ,ve r i f y ing  
., 

the e a r l i e r  analysis. To date, the system has worked s a t i s f a c t o r i l y  w i t h  no 

problems. The t e s t  repor t  w i l l  be submitted 30 days a f t e r  completion o f  tes t ing .  
. . ... . . . 

The f o l  lowing paragraphs. summarize 'the a n a l y s i i  o f  the system. The system sche- 

matic i s  shown i n  Figure 1. The major components are 1 i s t e d  below. 

o Col lectors 

- 98.5 ft2 

- 45' t i 1  t angle 

- 0' azimuth 

o Preheat Tank (storage) 

o Heat Exchanger (Double wa l l )  

- Approximately '50% e f f i c i e n c y  

o C i rcu la to r  Pumps 
. . 

- (1) 1/20..HP SS e l r c u l a t b r  far water. 
. . ,  . 

. . .  

- (1) 1/12 HP c i r c u l a t o r  f o r ~ c o l l e c t o r  f l u i d  
" , 

. . . . 



FILL ' 

CdCIT 

' ~ T R O L  SENSORS 
SHALL BE LOCATED 
NEXT TO EXIT PORTS 
As SmwN. 

COLD WAtt'1'1 

HOT WATER 

~ i ~ u r e  . I .  System 2 Functional Schematic 



SYSTEM PERFORMANCE 

The primary system parameters which determine the overa l l  performance o f  . the 
System 2 design for  any given s i t e l app l  i c a t i o n  are the co l  I ector  u n i t  performance ,* 
co l l ec to r  area and, t o  a  much lesser extent, the  preheat storage- tank size. The 
sizes selected f o r  a  given appl icat ion o f  t h i s  design are inf luenced p r ima r i l y  by 

the loca l  inso la t ion,  the cost o f  a u x i l i a r y  fuel, and the hot  water load [con- 
sumption ra te ) .  System 2 was designed f o r  nominal values o f  these condi t ions 

:r 

appl icable t o  the most s t a t i s t i c a . l l y  s i g n i f i c a n t  port ions o f  the cont inental  

United'States. It thus represents a  'design w i t h  wide-spread app l i ca t ion  poten- 
t i a l '  w i t h  on ly  s l i g h t  adjustments necessary i n  system size. The "nominal" con- 

d i t i o n s  as used herein are defined as: 

o  I.nsolati,on,. mean d a i l y  t o t a l ,  1200-1.700 ~ t u / ~ t *  

. . 

o  Aux i l i a r y  Fuel Cost (Elec.) 0.02-0.04 $1 KWH 

o Hot water consumption 

A. Col lec tor  

50-1 20 gal lonslday 

Evaluation has shown t h a t  the optimum c o l l e c t o r  area f o r  t h i s  system design i s  
2 one c o l l e c t o r  panel (19.7 F t  ) f o r  each 15 gal lons per day o f  hot  water con- 

sumption. This approximate re l a t i onsh ip  holds f o r  t he  range o f  nominal con- 
d i t i o n s  and, r esu l t s  i n  a  so la r  con t r ibu t ion  o f .  from 45 t o  65% o f  t he  annual 
dhw load. For appl icat ions where the hot  water consumption r a t e  i s  unknown, 
a t yp i ca l  s i ng le  faml ly  residence w i t h  an automatic washer i s  sometimes assumed 
t o  consume an average o f  75 gallons/day, thereby requ i r i ng  f i v e  (5) so la r  panels. 

t * The c o l l e c t o r  u n i t  performance i s  f i x e d  s ince System 2 spec i f ies  t he  LOF 

co l lec to r .  Subsequent discussion o f  system sizes i s  therefore appl i cab le  
C 

s p e c i f i c a l l y  on ly  t o  . the use o f  t h i s  co l lec to r .  



> . 
I 

B. Storage 

,The optimum 'preheat tank s ize i s  approximately 24 gal lons per co l lec to r  panel . ' .  

This i s  based on producing the highest performance re tu rn  per i n i t i a l  (tank) . ' - ' 

cost and assumes' t h e  use of a preheat tank . o f  a size c o m n  t o  standard do- . 

mestic hot water tank wnufacturer.  Sizes. i n ' t h i s  category i n  the general 

range of interest are t y p i c a l l y  80, 100 and 120 gallons. For f i v e  (5) col lectors,  
the 120 $81 lon  ' t a n k  i s  near op t ikm.  

. . .  , 

C. performance f o r  Bangor S i te  

The i n i t i a l . s i t e  f o r  the System 2 baseline design i s  a s ing le ' fami ly  residence 

located near Bangor, Maine. Pert inent system/site parameters l n c l  uding co l lec to r  

area and tank s i zes  are compiled i n  Table' 1.   or the condit ions l i s t e d  i n  Table 1, 
6 System 2 design w i l l  supply annually approximately 10.89 x 10 Btu t o  the t o t a l  

hot water load o f  19.44 x l o 6  Btu. This i s  a percent so lar  contr ibut ion o f  56%. 



- 

Table 1. S i t e  and System Parameters 

~. . 

Parameter Value 

i - .  

o S i t e  Conditions . 

Loca ti on Togus, Maine 

Appl i c a t i o n  DHW, sing1 e Famlly desidence 

Hot Water Consumption 75 gal lons per day* 

Del i very Temperature 14ooF 
55OF. mean Supply Water ~ e m ~ e r a t ' u r e  

Inso la t ion  1300 ~ t u / F t ~ ,  mean d a i l y  ' 

0.0268 $/KWH Aux i l i a r y  Fuel Cost 

o System Design 
Number o f  Col1,ectors 5 

Col 1 ec t o r '  Area 98.5 ~ t . ~  

T i l t  Angle. 45O 

Azimuth Angle 0' (due south) 

Storage SIze 120 Gallons 

* Recomnended design value f o r '  t yp i ca l  residence w i t h  automatic washer per NBS 
76-1 059 "Intermediate Minimum Property Standards f o r  Solar Heating and 
.Domestic Hot Water Systems". 

i 



PROTOTYPE SYSTE3.I XO. 2 P A 7 ~ t ? S  MJ.XYSIS . . 

A hazards  ana lys i s  vas performed t o d e f i n e  p o t e n t i a l  hazards o r  undesired eirents 

relative t o  t h e  System 2 design,  to  i d e n t i f y  the  safe- requirerrent t o  e l h i -  

nate t h e  hazard, and t o  i n d i c a t e  t he  neans of compliance with each s a f e t y  require- 

m e n t .  A summary of the hazards "analysis results follows. 
8 .  . . . . . % 

. . .  
. . 

' A U  p o t e n t f a 1  hnzards i d e n i i f i e d  are minor l eve l  hazards and no m j o r  hars rd  . 

levels  have been found. No r e s idua l  hazards have been i d e n t i f i e d  and no f a i l u r e  
. . . . 

q d e s  have been i .dentffied"vhich vopld cont r ibu te  t o  the occurrence of a hazard. 
: 

Tha use of szandard off-the-shelf hardware - h i r e g  p o t e n t i a l  hazards. 

108 ' 

4 U. S. GOVERNMENT PRINTING OFFICE 1978-740-193/363 REGION,NO. 4 




