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- - BLAXEDALE PFiOFESSIOKAL CENTEX - SOLAR CQUECTORS ON ,-$' - ,, , . 



W. E. Gilbert. and Associates, Inc., 'architects and.engineers, 

started planning a new offi~e.complex for a client, Blakedale 

Professional Cen.ter, Inc., in the fa,ll of 1974 with the idea in 

mind that WEGIA would be one of the buil'ding tenants and that the 

office suite occupied by the firm would be.designed so that it 

would readily accept the addition of a hydronic solar heating 

system. ,In early March, 1974, the.decision was made. to proceed 
-. 

with.construction of the.solar system and subsequently apply for 

'a then upcoming. .ERDA .Program .Opportunity Grant as had .been' out- 

lined in the Solar Demonstration Act approved by congress.' The 

,Construction of the solar system is one hundred (100%) percent 

complete and the building has been occupied since September, 1975. 

11. SUMMARY . .  . , . , 

The'following is a brief summary of the Blakedale Professional 

Center solar installation. Major features-of this system include: 

COLLECTOR:. Liquid, Flat Plate 

FREEZE PROTECTION: Drain-down 

APPLICATION.: Heating , Hot Water 

STORAGE: Liquid, Exterior, Buried I ,  

NEW/RETROFIT: :New . . 

PERFORMANCE EVALUATION INSTRUMENTATION: Yes 
I 

SITE-SPECIFIC FEATUKES: Reflectors, Heat Pump 



Space h e a t i n g  and, dorncstic ho t  w a t e r  l i ca t ing  i s  provided by a  

s o l a r  energy system u t i l i z i n g  9-54 square  f e e t  of 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  f o r  a  10,000 square f o o t ,  one-story o f f i c e  

b u i l d i n g ,  B l a k e d a l e  P r o f e s s i o n a l  Cen te r ,  i n  Greenwood, , South 

C a r o l i n a .  The system was i n s t a l l e d  concur ren t  wi th  b u i l d i n g  

c o n s t r u c t i o n  and h e a t s  4 ,440 square  f e e t  of t h e  b u i l d i n g .  

The c o l l e c t o r s  a r e  roof-mounted i n  t h r e e  banks on wooden,.saw- 
. . 

t o o t h  , . type  s u p p o r t s  wi th  a luminized mylar r e f l e c t o r s  on t h e  

b a c k . o f ,  t h e  s u p p o r t s .  The c o l l e c t o r s  a r e  double-glazed wi th  
! 

tempered g l a s s ' a n d  have copper abso rbe r  p l a t e s '  and- .a  non- se l ec t ive  

b l a c k  coat ing, .  A d r a i n  down system p r o t e c t s  t h e  c o l l e c t o r s  from 

f r e e z i n g .  . . 

A 5,000-gal lon s t e e l  s t o r a g e  tank ,  covered wi th  po lyure thane  in -  

s u l a t i o n ,  i s  bu r i ed  underground approximately  50 f e e t  from t h e  

b u i l d i n g .  
J 

The h e a t  from t h e  tank  i s  t r a n s f e r r e d  t o  t h e  s p a c e  through a  c o i l  

i n  t h e  warm a i r  d u c t .  A h e a t  pump i s  ope ra t ed  downstream of t h e  

s o l a r  h e a t i n g  c o i l  in t h e  duc t  t o  p rov ide  a u x i l i a r y  h e a t .  An 

c l c c t r i c  r e s i s t a n c e  c o i l  i n  t he  d u c t  i s  a l s o  f u r n i s h e d  f o r  addi-  

t i o n a l  h e a t  when r e q u i r e d .  S e r v i c e ' h o t  wate r  i s  h e a t e d  by a  s ing le -  

w a l l  tube  bundle  h e a t  exchanger immersed i n  t h e - s t o r a g e  tank  and 

i:; I~acked .up by a  40-ga.llon e l e c t r i c  wate r  h e a t e r .  

. . 



. . 

. . . .  

L' 

, No heat exchangers are utilized between the collector, the storage 

tank and the solar heating coil in the duct. Th,e piping for the 
. . .  

system is galvanized steal and tila collector fluid is treated with 

corrosion inhibitor. 

The system has been fully instruniented for performance evaluation and 

integrated into the National Solar Data Network. It has been opera- 

tional intermittently since August 1977. 

. . .  

NOTE: The bri~inal design employed collect'ors' having aluminum ab- 

sorber plated and' freeze. protection wad provid'&dby means of a nitro- 

gen displacement system. These original units were replaced during 

1977 with copper collectors because of glazing fractures and the nit- 

rogen system was replaced with an atmospheric drain-down. 

111. SITE AND BUILDING. DESCRIPTION 

' Figure 111-1 
Site Plan 



--3II .I-.--%. 'SITE AND BUILDING DESCRIPTION 

Site Description: , , I 

i .  

;'; Special topograpllic or clima'cic, considerations - None 
. . 

.i': Latitude - 3 4 O ~  
,k Annual degree days (65'~ base) 

o Heating - 2621 
o Cooling - 1775 
. . 

.. . . 

o Data Location - Columbia, South Carolina, . . 
: 

o Data Reference - "Local Climatological Data Annual 

, I 
. . Summaries for, 1976, " Department of Commerce., National 

,-;. . 

.. .. Oceanic and Atmospheric Administration 

* Average horizontal insolation . . . . .  

0 
2 January - 932 BTUIFT -Day 

. . 
, . 

o July - 1926 B T ~ J / F T ~ - D ~ ~  
o Data Location - Charleston, South Carolina 
o Data Reference - Solar  eating Design by the F-Chart 

Method, Beckman, Klein, Duftie, ~iley-interscience 

Publication, 1977 

>k Site Topographic Description - Flat 

;k Shading - None 

Building Description: 

$c Occupancy - Professional offices 
;k Total area - Approximately 9552 FT. 2 



9: S o l a r  condi t ioned  a r e a  - 4284 F t  2  

;': Height - S i n g l e  s t o r y .  

* Roof s l o p e  ' -  P i t c h e d ,  , . 4 .  i n  12 

;k s p e c i a l  f e a t u r e s  - Open i n n e r  c o u r t ,  3  f t .  overhang around 

e x t e r i o r ,  10 f  t .  overhang a t  court 'yard 

S t r u c t u r e :  

-A- Walls (So la r  condi t ioned  space)  . . 

o Frame .- 2 X 4 wood s t u d  

o  E x t e r i o r  f inis11 - Stucco  on meta l  l a t h  on gypsum board 

shea th ing  

o  I n s u l a t i o n  - R - 1 1 ,  3-112 i n  f i b e r g l a s s  b a t t  

o  I n t e r i o r  f i n i s h  - Gypsum board 

o  Windows - Fixed and s1idin.g door s ,  double  g l azed  

0 , - .Doors  - Weather s t r i p p e d ,  no v e s t i b u l e  

Roof (So la r  condi t ioned  space)  

o Frame - Pi t ched  wood t r u s s  -. 
o I n s u l a t i o n  - Suspended 6 i n  f i b e r g l a s s  b a t t s  a t  c e i l i n g ,  

o  E x t e r i o r  f i n i s h  - Asphal t  s h i n g l e s  on 112 i n  plywood 

shea th ing  

o  F loo r  - Concrete  s l a b  on g r ade  

Mechanical System: 
. . 

;k Heat ing 
. . . . 

o S o l a r  - Duct c o i l  h e a t  exchanger 



o Auxiliary - Air-to-air 11eat.pump and electric resis- 
tance heatin); elcmen ts . . . .. 

o Distribution - Iluct ~~stcm'..ri . : .  .. 

* Cooling (Non-solar,) ,. ,.. . .  

o Auxiliary - Air- to-Air Ilc.at'. pump 
" . 

o ~istribution - Duct System 
* Domestic Hot Water 

IV I .  : .SOLAR SYSTEM DESCRIPTION 
' . . I  ( . . . . . 

General : ~ i ~ u r e  IV-1 - Overall 'system ~chemat:ic: , . .  ' 

Approximately .. . eighty-fiGe percent (85%) of the building's heating 

requirements 'are provided by an hydronic solar system. The system 

uses roof mounted . . recirculating water cooper solar collection p a n e l s  

in conjunction with .an underground hot water storage tank and re- 

circulating pumps, piping, hot water coils and necessary instrumen- 

ra r ior i  to automatically heat, the system's hot water by radiated heal: 

from the sun, and transfer this heat via the hot water coil to a 

conventional forced hot air ductcd heating system for distribution 

to the office complex. The'hot water system is closed and has the 

capability of being by nitrogen. Domestic city water 

mixed with one percent (1%) by volume of corrosion inhibitor is 

utilized as the heat transfer medium. The same inhibited water that 

is recirculated through solar collection panels by the solar water 

pump is recirculated by the coil pump through an air heating hot 

water coil located .in the duct system. There are no heat exchangers 





between the solar hot water and the coil hot water. Freeze pro- 

vention of solar panels is accomplished by instrumentation which 

automatically drains the solar collectors anytime the temperature 

of the water in the storage tank is greater than the temperature 

of tKe panels. A freeze protection back-up 

system is provided to drain the solar panels if for any reason 

the temperature of the water in the panels drops to 36'~. Auxi- 

liary heating of the building, is ncr.c3mpl i shed through the ~ 0 6  nf 
$ 8  . . -  

a heat pump and electrical resistance duct heaters which are auto- 

matically sequenced into service should the solar hot water coil 

not be able to carry the building heating load. The heat pump is 

utilized first with the elec.trica1 duct heaters being utilized *in 

stages only if the solar and heat pump systems cannot carry the 

building heating load. High and low pressure alarm systems are 

provided, as well as system over pressure relief valves. The water 

level in the system is maintained automatically by a liquid level 

control s y s t e ~ n .  The roof mounted solar panel system is designed 

such that solar concentration on the panels is accomplished through 

the use of an aluminized mylar film which reflects additional sun 

rays onto the panels and increases the efficiency. 

A. CULLECTOR ARRAY 

See Figure IV-2 - Collectors, Piping and System Components L SDAS Sensors. 

Fifty-three (53) flat plate collectors are mounted at 45 degree 

ti1 t angle in a redwood frame superstructure on the south roof 

of the building. The three banks of collectors form a saw-tooth 



FIGURE IV-2  

Piping & System Compon SDAS Sensors 



pattern,. and reflective mylar is mou~~ted on the perpendicular face 

of each bank. Collector type is PPG, type I copper collectors with 

tempered double glazing. All collectoi-s are fed by and discharged 

to insulated external ?leaders constructed of schedule 40 galvanized 

carbon steel. ' ~ i ~ h  temperature, silicone rubber hose connect's 

each' collector to the headers, allowing for expansion and contrac- 

tion.. 

STORAGE SYSTEM 

A five thousand (5000) gallon steel' tank 13'-6" long by 8'-0" in 

diameter is located underground adjacent to the building. The tank 

is constructed of 1/4 inch thick carbon steel plate with a rated 

operating pressure of 25 PSIG and temperature of 268OF, and a burst- 

ing pressure of 100 PSIG. The tank is insulated with four (4") 

inches of "Foamglas", having a heat transfer coefficient of 0.085 

stu/~r-Ft20F. 

C . TRANSPORT FT.l*ITD 

The transport fluid is potable, municipal water with a one percent 

(1%) by volume concentration of corrosion inhibitor. Corrosion 

inhibitor is "Drewgard 100" as manufactured by the Drew Chemical 

Corporation. 

D .  TRANSPORT SYSTEM 



. ,There a r e  e s s e n t i a l l y  two scparatc.! t .rans.port systems, the  energy 
. . .  

. . .  
c o l l e c t i c n  system and the crlergy i ~ t  i l izcr t ion  sys tem. Both sys  tems 

i . ; .  

conta in  i n - l i n e  cbn ' t r i  fuga 1 pumps  ,and schedule 40 galvanized s  t ee1  
. ,  . . B > [  

piping .  . A l l  p a r t s ,  inc luding  ,valves, s t r a i n e r s ,  f i t t i n g s ,  e t c . ,  

a r e  " o f f  the  s l le l f"  and comniercially a v a i l a b l e .  Normal mainte- 

nance i n  accordance with manufacturers '  recommendations i s  followed. 

SPACE HEATING SYSTEM - 

The primary source of space hea t  i s  from a two ( 2 )  row, f in- tube 

h b t  water c o i l  loca ted  i n  the r e t u r n  duct .  Auxi l ia ry  energy re-  

qu i red  f o r  the  system i s  provided f i r s t  by a  t e n  (10) ton h e a t  

pump and, i f  f u r t h e r  energy i s  requ i red ,  by 36 KW e l e c t r i c a l  r e s i s -  

tance duct  h e a t e r s  u t i l i z e d  i n  s t a g e s  t o  s a t i s f y  the  room thermo- 

s t a t .  

F. SYSTEM CONTROL 

1. C o n t r ~ l . L - o . &  

Control  of the  s o l a r  pump and d r a i n  i s  by an e l e c t r o n i c  sensor  lo- 

ca ted  on the  c e n t e r  c o l l e c t o r  i n  the  c e n t e r  a r r a y .  The sensor  i s  

ampl i f ied  and compared with an e l e c t r o n i c  sensor  loca ted  i n  the  

s o l a r  water sump, near  the  bottom. When the  temperature of the  

c o l l e c t o r  i s  2 0 ' ~  g r e a t e r  than the sump water temperature,  the  con- 

t r o l  ene rg izes  the  s o l a r  pump and c l o s e s  the  d r a i n  va lves .  When 

t h e  s o l a r  water sump temperature i s  3 ' ~  l e s s  than t h e  temperature 



in the collectors, the pump will stop and tile drain valve opens 

to empty the collectors. In addition, a remote bulb thermostat 

located at the lowest point on the collector on the roof will 
, ? .  . . 

stop the solar pump and opcn thc: drain valve when the water temp- 

erature reaches 36'~ to drain collcctors to prevent freezing. 

Also, when the solar pump is energized, a solenoid valve will be 

closed by a control timcr-ullowing Lot11 t l ~ e  cvllecLvr panel supply 

and return wotcr lincs to fill u p  J L  ~llc so~ilr. time forcing the 

nitrogen in the lines through each of the water-air vent valves 
. . . . 

. . 
located above each bank o f  collectors. The control timcr will then 

. ( .  .. ,." 
allow the normal recirculation of tlie collector water. 

The  air handling unit is programmed with a spring wound seven (7) 

day clock. When in thc night cycle, a concealed adjustment night 

thermostat cycles the fan, and when the temperature falls below 

its setting, a timed over-ride switch returns to the day cyc le .  

For day cooling, the day thermostat cycles the unit fan and the 

cooling cycle of the heat pump upon demand. For day h e a t i n g ,  the 

day thermostat cycles the unit fan and heating interlock relay. 

When the unit is calling for h e a t ,  thr nvnrnei.ne hulb sensor in 

the unit d,ischarge tnodulates the hot water 3-way valve to maintain 

1 1 0 ~ ~ .  If .the valve is fullyopen and the temperature is below 

100'~. , the 'heating cycle of the heat pump and electric duct heater 
in two stages a r e  added in sequence through a sequencer to maintain 

0 
: .. . . . 

tlie 100 Fa discharge temperaturf. 



2 .  Cont ro l  - Pararne&ers 
. . 

0 The day thermos ta t  s e t t i n g  for s p a c e  i s  75 F .  T h i s  room thero-  

s t a t  a c t i n g  through t h e  sequunccr ma in t a in s  a  minimum supply a i r  

t empera ture  of 1 0 0 ~ ~  o-n the  h e a t i n g  mode. The n i g h t  thgrmobta.t 

a c t i n g  through a t ime c,lock maintains a room t e m p e r a t u r e  of 6 5 ' ~  
. . 

o n c e .  aga in  u t i l i z i n g  1 0 0 ' ~  supply a i r .  The h o t  wate r  c o i l  t h r e e -  

way va lve  modulates t h e  f low of  pump up t o , a  maximum of  20 CPM a t .  

which  . . t ime t h e  sequencer  u t i l i z e s  t he  h e a t  pump and e l e c t r i c a l  

h e a t  i n  s t a g e s  t o  s a t i s f y  t h e  room thermos ta t  s e t t i n g .  

3 .  S o l a r  C o l l e c t i o n  Svstem 

To p reven t  c y c l i n g  of t h e  s o l a r  pump on and o f f ,  an e l e c t r o n i c  

s e n s o r  w i l l  n o t  c y c l e '  t h e  s o l a r  pump u n t i l  t h e  tempe.rature of  

t h e  s o l a r  pane l s  i s  2 0 ' ~  h i g h e r  than t h e  t empera tu re  of  t h e  wate r  

i n  t h e  s t o r a g e  tank.  This  g e n e r a l l y  occu r s  around 9:00 a.m. The 

pump w i l l  t hen  run ,  pumping '.37 GPM pe r  c o l l e c t o r  o r  a  t o t a l  of 

20 GPM through f i f t y - t h r e e  (53) c o l l e c t o r  p a n e l s  u n t i l  t h e  c o l l e c - '  

t o r  t empera ture .  A t  t h a t  t ime the  pump will s t o p ,  caus ing  a  d r a i n  

v a l v e  t o  open a n d . d r a i n  t h e  c o l l e c t o r s  and o u t s i d e  p ip ing .  The 

d r a i n i n g  wate r  d i s p l a c e s  t h e  n i t r o g e n  i n  t h e  tank  which f i l l s  t h e  

emptying c o l l e c t o r , w i t h  t h e  i n e r t  ga s .  

V. PERFORMANCE EVALUATION 

i 

The Na t iona l  Program f o r  S o l a r  Hea t ing  & Cooling i s  be ing  conducted 



by the Department".of Energy undcr the Solar Heating .and Cooling 

Demonstration Act of 1974. The overall goal of this activity 

is to accelerate the establi.shaent of a viable solar energy in- 

dustry and to .stinulate its growth in order to achieve a substan- 

tial reduction in non-renewable energy resource consumption through 

widespread applications of solar heating and cooling technology. 

Information gathered through t,he  emo on strati on Prdgram is dissemi- 

nated in a. series of site-specific reports. These reports are 

issued as appropriate .and may include such topics. as': 

Solar Project Description 

Design/Construction Report 

Project Costs. 

Maintenance and Reliability .. 

Operatio~al Experience 

Monthly :Performance . 

System Performance Evaluation 

The International Business Machines Corporation is contributing to 

the overall goal of the Demonstration Act by:monitoring, analyzing, 

and reporting the thermal performance of solar energy sys'tems thrn~. igh 

analysis of measurements obtained by the: National Solar. Data Program. 

The System Performance Evaluation Report is. a'product of the National 

3.:1ar Data Program. Reports are issued periodically to document the 



results of analysis df specific . . solar energy system operational 

: tional performance. This report includes system description, 

operational characteristics and capabilities, and an evalua- 

tion of actual versus expected performance. The Monthly 

Performance Report, is published on a regular basis.. Each' 

parameter. presented in these reports as characteristics of 

system performance represents over 8,000 discrete measurements 

obtained each month by the National Solar Data Network. 

These reports issued by the National Solar Data Program for 

Blakedale Professional.Center solar energy system are listed 

below and can be obtained from the Department of Energy, 

Technical Information Center, P.O. Box 62,' Oak Ridge, Tennessee 

37830. 

Solar Project Description - Solar/2014-78/50 
Solar Energy System Performance Evaluation - Solar/2014-79/14 
Monthly Performance Reports (Select Months) - Solar/2014-78/12 
Eolar Project CosL Report - Solar/2014-79/60. 



VI. SYSTEM PROBLEMS 

. . 

As would be expected with the application of any new technology, 
: .  

several problems have surfaced to date. without exception, all 

have been technicel in nature. A brief d i s c u s s i o n  of the major 

problems encountered are contained herein. 

A. Cullector Breakage 

Probably the most frustrating and costly probl-em was with the ori- 

ginal a.lumir,um flat plate collectors. In July, 1976, after the 

collectors had been mounted in the redwood frames and secured, five 

collectors incurred broken glazing. A call to PPG resulted in a 

prompt site visit by the sales representative, followed by months 

of negotiations. What was thought to be a satisfactory resolution 

occurred in March, 1977, when all fifty-three (53) aluminum col- 

lectors were replaced with new copper collectors at the manufact- 

urer's expense. However, during reinstallation, several problems 

surfaced. 'Inlet and,outlet connections had been relocated and re- - 
sized, necessitating an expenditure for new silicoce rubber tubing 

and manifold modifications, and modifications in the edge support 

framine. ' In addition, the manufacturer recommended that 3/6 inch 

diameter weep holes be installed in each horizontal wooden member 



to al.10~ for draining. the bottom Gdge of each collector and prevent 
. . 

puddling. This reco~nrncndation apparently arose from the problem 

of moisture 'penetration of the 6o.llectors.. ' ~ n  additional problem 

noted with the aluminum collectors was peeling of the flat black 
. . 

absorber paint. 

U. DROPPING STORACE TANK TEMPERATURE 

It was noted that,the storage tank temperature was dropping 5 to 

10 .degrees per night. It was thought that a high subsurface water 

table was transferring heat to ' the ground' water, since 'the tank 
* 

had 'not been completely. insulated. ~t was later found that a mal- 

func'tioning thermo-coupler was allowing the collector' recircula- 

tion pump to run continuously, thereby rejecting heat to the at- 

mosphere at night and on cloudy days. The thermo-coupler was re- 

paired by the instrumentation manufacturer ,. ~arber- olem man, and the 
system was placed back in service less than a month later. How- 

ever, the same thermo-coupler failed again, shutting down the system. 

It was found that the thermo-couplers initially installed could not 

func tion continuously at temperatures of 275'~~ and they were sub- 

sequently replaced. 

In addition to the malfunctioning equipment, it was also substan- 

tiated that the ground water did result in heat loss from the tank. 

The tank was removed, completely insulated with four inches of 

Foamglas, and #4 washed stone was added beneath and around the 



. . 

t a n k .  No f u r t h e r  problems o f  this  113 tur(: 11avc2 o c c u r r e d .  

. . 

POTABLE 'HO'S WATEK 

T h i s  p a r t  of  p r o j e c t  h a s  been d c l c t c d  d u e  t o  s m a l l  h o t  w a t e r  r e q u i r e -  

ment 'and c o s t  a s s o c i a t e d  w i t 1 1  r e c i r c u l a t i n g  w a t e r  f o r  s o  s m a l l  a  

load .  

C .  CONTROLS 

F a r  and away t h e  b i g g e s t  problems have  been w i t h  c o n t r o l s .  The de- 

s i g n  u t i l i z e d  1975 o f f  t h e  s h e l f  c o n t r o l s  normal ly  used i n  b u i l d i n g  

h y d r o n i c  sys tems  s i n c e  t h e r e  was no " s o l a r  c o n t r o l  i n d u s t r y "  i n  

1075.  The d i f f e r e n t i a l  t t l e r n l o s t a t s ,  t e m p e r a t u r e  s e n s o r s  and a s s o -  

I c i a t e d  r e l a y s  and c o n t r o l  conipollcrlts Ilave a l l  f a i l e d  a t  one  t ime o r  

a n o t h e r  and keep t h e  systclll f r o ~ n  r u n n i n g  t o r  any l e n g t h  o f  time, 

The Owner i s  p l a n n i n g  o c o ~ n p l e t c  c o n t r o l  rcvanlp program w i t h  t h e  

U .  S .  Department o f  Energy a t  the tilrle ol: t h i s  r e p o r t  and s11oul.d 1,iave 

t h e  s y s t e m  ready  by F a l l  of  1980. 



V I I .  APPENDIX 

INSTALLATION DRAWINGS 
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