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ABSTRACT 

A 15-month performance evaluation was conducted on a solar system 

designed and constructed to augment the industrial drying of soybeans at 

the Gold Kist, Inc., extraction plant in Decatur, Alabama. The plant 

employs three oil-fired, continuous-flow dryers of 3,000 bu/hr each. 

The solar system consists of 672 Solaron air collectors that 

temper the airflow into the existing dryers. Since the requirement for 

energy exceeds the peak solar system capacity, no storage is provided. 

The interface with the existing facility Is simply accomplished by three 

ducts that release the solar heated air directly adjacent to the dryer air  

intakes, and no mechanical coupling is needed. 

The solar system was operated for 1,752 hr on 290 days duri~ig t l ~ e  

15-month period without a single f allure suf f icieit to cause shutdown, 

No interference with normal plant operations was experienced. Maintenance 

of the solar system, consisting of service to the air handling unit, clean- 

ing of collector glazing, and minor duct repair, totaled $1,564. 

System utilization for the 15-month period was only 46.3%. This 

was primarily due to daytime routine maintenance performed on the con- 

ventional drying and processing equipment. The solar fraction was not 

large enough to justify maintenance shift changes-. 

The. 1,215 in2 ( L 3 , l n l  ft2) nf r.nl,lection ares supplied 1.04 x 1012 J 

(986.54 x lo6 Btu). At a more realistic utilization of 95%, the system 

would have, delivered 2.13 x 1012 J (2,024 x lo6 Btu), representing 13,600 

gal of No. 5 fuel .oil. 

An average' collector efficiency of 26.2% was experienced. Con- 

tamination caused by the local plant environment reduced the average col- 

1:rrtnr affi,ciency by 9.3 percentage points. , A prototype . of an automatic 

cleaning system was constructed, tested, and proved to be an effective 

method for removing the contaminant on a daily basis. An emission control 

evaluation revealed that all plant emissions were within the limits pre- 

scribed by the permits issued by local and stated authorities. Various 

emission c0~tr.01 devi.ces .specific to this industry were investigated. 



An economic a n a l y s i s  w a s  conducted under ground r u l e s  provided 

by DOE. Using a modif ied system c o s t  of $405,615 and t h e  a c t u a l  owner- 
v > 

s h i p ,  ope ra t ion ,  and maintenance c o s t ,  t h e  l i f e - c y c l e  c o s t  per  m i l l i o n  

Bcu of so la r -der ived  energy was $48.10. 

\I Prepared By : - 
B. R. H a l l  
Program Manager 

Approved By: 

Manager 
Sys tems Engineering Department 
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INTRODUCTION 

1.1 GENERAL 

. About 40% of t h e  t o t a l  energy used i n  t h e  United S t a t e s  i s . c o n -  

s u e d  by i n d u s t r y .  A cons ide rab le  amount of t h i s  i s  used i n  d ry ing  o r  

dehydra t ing  p roces ses  ranging  from mining t o  t h e  manufactur ing i n d u s t r i e s .  

The use of s o l a r  energy t o  supplement some of t h e  f u e l s  now be ing  used 

f o r  t h e s e  p roces ses  is be ing  i n c r e a s i n g l y  recognized,  because ,o f  i ts  wide- 

spread  and .cont inuous  a v a i l a b i l i t y  and i t s  c l ean ,  nonpol lu t ing  form. To 

demonstrate  t h e  a p p l i c a b i l i t y  of s o l a r  energy t o  i n d u s t r i a l  u ses ,  t h e  

U.S. Department of Energy (DOE) i n i t i a t e d  a  three-phase program , t o  des ign ,  

t e s t ,  and e v a l u a t e  a s o l a r  system t o  c o l l e c t  energy f o r  an  i n d u s t r i a l  dry- 

i ng  process  and t o  provide  an  assessment of t h e  economic and r e source  

b e n e f i t s  of such a syst,em. Phase I was a 9-month program t o  des ign  and 

ana lyze  a  s o l a r  dry ing  process ;  i n  Phase 11, l a s t i n g  1 y r ,  t h e  system 

was f a b r i c a t e d  and i n s t a l l e d ;  and dur ing  Phase 111, o p e r a t i o n a l  d a t a  was 

acqui red  over  a  15-month period t o  permit  a comparison wi th  a convent iona l  

fue l -opera ted  f a c i l i t y .  

To c o n t r i b u t e  t o  DOE'S o v e r a l l  o b j e c t i v e  of demonstrat ing and 

eva lua . t ing  t h e  c a p a b i l i t y  of s o l a r  energy f o r  supply ing  i n d u s t r i a l  p roces s  

h e a t ,  t h e  d ry ing  of soybeans a t  a n  i n d u s t r i a l  s i t e  w a s  proposed a s  a n  

example t h a t  woGld be  ' r e p r e s e n t a t i v e  of o t h e r  dry ing  o r  dehydra t ion  pro- 

c e s s e s .  The Gold K i s t ,  I n c . ,  e x t r a c t i o n  p l a n t  a t  Decatur ,  Alabama, was 

chosen as t h e  demonstrat ion s i t e .  This  p l a n t  employs t h r e e  l a r g e  

continuous-flow d r y e r s  t o  d ry  soybeans f o r  s t o r a g e  and f o r  p roces s ing .  

The s o l a r  energy system c o n s i s t s  of 672 Solaron  a i r  c o l l e c t o r s  t o  temper 

t h e  a i r f l o w  i n t o  t h e  e x i s t i n g  d r y e r s .  The 1,215 m2 (13,104 f t 2 )  of co l -  

l e c t i o n  a r e a  provided 1.04 x 1012 J (986.5 x l o 6  Btu) , r e p r e s e n t i n g  

6,666 g a l  of No.' 5  f u e l  o i l .  With 95% u t i l i z a t i o n ,  t h e  system was capable  . 

of d i s p l a c i n g  13,600 g a l  of o i l  wi th  t h e  s o l a r  i nc idence  t h a t  was a v a i l a b l e .  

Th i s  r e p o r t  p r e s e n t s  t h e  f i n a l  r e s u l t s  of Phase 11.1, "Performance 

Evaluat ion",  conducted by Teledyne Brown Engineering (TBE). The e f f o r t  

was conducted 'under  DOE Contract  No. DE-AC05-76CS35122. I n  a d d i t i o n  t o  



performance e v a l u a t i o n ,  Phase I11 inc luded  a  t a s k  t o  conduct a  conceptua l  

d e s i g n  of a  g l a z i n g  c l e a n i n g  system and a  t a s k  t o  e v a l u a t e  t h e  emission 

c o n t r o l  of t he  Gold K i s t  F a c i l i t y .  

1 . 2  CONTRIBUTORS 

The succes s  of t h i s  program i s  a t t r i b u t a b l e  i n  p a r t  t o  t h e  coop- 

e r a t i o n  of  t he  Marsha l l  Space F l i g h t  Center (MSFC) f o r  c a l i b r a t i o n  equip- 

ment and t o  The U n i v e r s i t y  of Alabama i n  H u n t s v i l l e  (UAH) f o r  provid ing  

s o l a r  r a d i a t i o n  d a t a  f o r  t h e  a r e a  a s  w e l l  a s  a s s i s t a n c e  i n  pyrometer 

c a l i b r a t i o n .  The program is  a l s u  ilicleljttd t o  Cold K i s t ,  I n c . ,  f o r  i t s  

e x c e l l e n t  coope ra t ion  du r ing  system o p e r a t i o n  and f u r  ILS i n p u t s  con- 

c e r n i n g  emission c o n t r o l s .  

1 . 3  TELEDYNE BROWN ENGINEERING 

TBE'is  one of a  l a r g e  number of advanced-technology companies 

t h a t  a r e  wholly owned by Teledyne, Inc .  The Family of Teledyne companies 

p rov ides  goods and s e r v i c e s  t o  t h e  aerospace ,  m i l i t a r y ,  i n d u s t r i a l ,  and 

consumer markets .  The products  o f f e r e d  cover  t h e  spectrum from complete 

sys tems t o  t h e  equipment and components t h a t  make up such systems.  These 

p roduc t s  a r e  suppor ted  by t h e  t e c h n i c a l  s e r v i c e s  r equ i r ed  t o  c r e a t e  and 

o p e r a t e  them. 

Since i t s  i n c e p t i o n  i n  1953, TBE has  maintained major c a p a b i l i t i e s  

i n  e l e c t r o n i c ,  mechanical ,  and s t r u c t u r a l  development and des ign ;  proto-  

t y p e  f a b r i c a t i o n ;  and t e s t i n g .  S ince  1960, t h e s e  c a p a b i l i t i e s  have been 

. . g r e a t l y  expanded t o  i n c l u d e  a r e a s  such as systems engineer ing  and app l i ed  

r e s e a r c h  i n  space  and m i l i t a r y  r e l a t e d  sc i ences ;  des ign ,  f a b r i c a t i o n ,  and 

t e s t  of e l e c t r o n i c  and mechanical hardware; and t h e  development of iufos- 

mat ion  systems so f tware .  Today, TBE provides  engineer ing  suppor t  s e r v i c e s  

t o  NASA; i t  i s  c o n t r i b u t i n g  t o  a number u f  U.S. Army, Navy, A i r  Force,  

Department .of  T r a n s p o r t a t i o n ,  Corps of Engineers ,  U.S. Department of 

Energy,'.and Pos t  O f f i c e  Department programs: and i t  s e r v e s  a  number of 

i n d u s t r i a l  f i r m s  w i t h  i t s  s p e c i a l i z e d  c a p a b i l i t i e s .  



1.4 GOLD KIST, INC. 

Gold K i s t ,  Inc., a farmers' cooperative, was o r ig ina l ly  organized 

i n  1933 to  market cotton f o r  a l oca l  group of farmers near Carroll ton,  

Georgia. Today the company ranks among the  top 500 i n d u s t r i a l  corpora- 

t ions  i n  America with a 1975-76 f i s c a l  year volume of near ly  $1 b i l l i on .  

Operations now extend throughout 11 s t a t e s  from Arizona t o  Virginia.  

Gold Kist is the world's l a rges t  processor of peanuts and one of the  

nat ion 's  l a rges t  producers of poultry.  Other products include peanut 

and soybean o i l  and meal, pork, pecans, eggs, ce rea l  grains ,  animal 

feeds, seeds, plant  food, ag r i cu l tu ra l  chemicals, and animal heal th  

products. Many of these items a r e  sold i n  the  export t rade.  Products 

marketed a t  r e t a i l  include f i r e  logs,  garden mulch, pecans, c a t  l i t t e r ,  

and processed pork products. I n  four s t a t e s ,  the  company operates over 

125 l o c a l  Farmers Mutual Exchanges. These centers  a r e  the source of 

products and services  f o r  the farmer necessary to  grow crops and l ivestock. 

Savings made i n  the  operation of the  business a r e  returned to  the  members 

i n  proportion t o  par t ic ipat ion.  The continuing Gold K i s t  mission, then, 

is t o  improve the  economic well-being of its members of supplying products 

and serv ices  fo r  farm production and by marketing selected products. 

The Gold K i s t  Soy Fac i l i t y  a t  Decatur, Alabama, a f t e r  the  so l a r  

system ins t a l l a t i on ,  is shown i n  Figure 1-1. 



I 
FIGURE 1-1. GOLO KIST,  INC. , DFClMUF LANT WITH SOLAR SYSTEM INSTALLED 



2. SUMMARY, CONCLUS IONS, AND RECOMMENDATIONS 

2..1. . SUMMARY 

A b r i e f  summary of t he  a p p l i c a t i o n  of s o l a r  energy t o  i n d u s t r i a l  

d ry ing  of soybeans is shown i n  Table 2-1. 

2 .1.1 The S i t e  

The s e l e k t i o n  of  t h e  Gold Kist Soy F a c i l i t y  as a n  exper imenta l  

s i t e  f o r  a s o l a r  energy program w a s  made a f t e r  a  survey of v a r i o u s  energy- 

i n t e n s e  i n d u s t r i a l  a c t i v i t i e s .  I n  a d d i t i o n  t o  consuming l a r g e  amounts 
. 

. of ' f o s s i l  f u e l ,  t h e  Gold K i s t  f a c i l i t y  se rved  a s  a n  i d e a l  t e s t  s i t e  t o  

s a t i s f y  t h e  o b j e c t i v e s . o f  t h e  DOE program. 

A s  a  demonst ra t ion  p r o j e c t ,  i t  had good market v i s i b i l i t y .  The 
. . 

. Gold K i s t  f a c i l i t y  i s  . o n e ,  of t h e  l a r g e s t ,  i f  no t  t h e  l a r g e s t ,  soy ex t r ac -  

t i o n  p l a n t s  , i n  t h e  world,  Because of t h e . ' m t u r e . o f  t h e  p roces s  and t h e  

. s i z e . o f  t h e  p l a n t , , t h e  s o l a r  system f o r  t h e  d ry ing  of soybeans had wide 

i n d u s t r i a l  exposure. Its v i s i b i l i t y  t o  t h e  fa rm.marke t ,  bo th  n a t i o n a l l y  

and i n t e r n a t i o n a l l y ,  se rved  w e l l  t o  spread  t h e  "word" on t h e  a p p l i c a b i l i t y  

of s o l a r  energy t o  i n d u s t r i a l  p rocesses .  
. . 

The geographica l  l o c a t i o n  of ' t he  Gold K i s t  f a c i l i t y  enhanced t h e  

v i s i b i l i t y  of a s o l a r  demonstrat ion.program. It is  l o c a t e d  on t h e  Tennessee 

River ,  a major n a t i o n a l  waterway, and I n t e r s t a t e  1-65 pas ses  j u s t  e a s t  of 

t h e  s i t e ,  a  main road a r t e r y  from t h e  g r a i n  a r e a  of t h e  midwest t o  t h e  Gulf 

Coast and F l o r i d a  r e s o r t  a r eas .  

2.1.2 The S o l a r  System 

The s o i a r  system c o n s i s t s  of t h e  fo l lowing  major subsystems : t h e  

c o l l e c t o r ,  s t r u c t u r a l ,  energy t r a n s p o r t ,  and c o n t r o l s  subsystems. It 

a l s o  inc ludes  a d a t a  a c q u i s i t i o n  system t o  suppor t  t h e  exper imenta l  n a t u r e  

of t h e  program. Since t h e  soybean d r y e r s  a r e  capable  of i n s t a n t a n e o u s l y  

us ing  t h e  e n t i r e  s o l a r  system c a p a c i t y ,  no thermal  energy. s torage ,  system 

was provided. 



TABLE 2-1. SUMMARY OF APPLICATION OF SOLAR ENERGY TO 
INDUSTRIAL DRYING OF SOYBEANS 

SITE 

Process : Soybean d r y i n g  i n  an o i l  ex t rac t - i on  p l a n t  

Locat ion :  Decatur, Alabama 

L a t i t u d e :  34" 40 ' 
Annual I n s o l a t i o n :  380 Langleys (1,420 ~ t u / f t * / d a y )  h o r i z o n t a l  

sur face 

A1 t i tude: 575 ft 

P l a n t  Capaci ty  : 

SOLAR ENERGY SYSTEM 

F l u i d :  

Col l e c t o r  Mfg. : 

Ar ray  Size:  

T i l t  Angle: 

O r i e n t a t i o n :  

Storage : 

Transpor t  System: 

Duct ing : 

Duct . I n s u l a t i o n :  

B l  ower : 

Number o t  C o l l e c t o r s :  

A i r  

Sol aron 

13,104 f t2 

15 deg 

24 deg eas t  of south 

None 

P o s i t i v e  pressure 

Medium pressure, sheetmetal us ing  pocket l o c k  
j o i n t s  

Owens-Corning Type ASJ #25, 2 - in .  t h i c k  

30 HP Trane, 27,000 f t 3 / m i n  a t  3 - in .  wg 

672 

Flow Rate: 27,000 f t 3 / m i n  

A i r  F i l t e r :  Continuous r o l l ,  automat ic  advance 

EXISTING DRYER PROCESS 

Manufacturer :  '. F e r r e l l  -Ross 
Type : Continuous f l o w  
Fuel r No. 5 f u e l  o i l  
Capacity:  Three dryers  a t  3,000 bu/hr  each 



TABLE 2-1 - Continued 

SYSTEM INTERFACES 

With Dryer: . .  

With Building:  

'With S i t e :  

PERFORMANCE 

C o l l e c t o r  E f f i c i ency :  

Energy Col 1 e c t e d :  

Temperature L i f t :  

System Impact: 

SYSTEM UTILIZATION 

Dayl igh t  Drying: 

Thermal Uti 1 i z a t i o n  : 

Tota l  S o l a r  System 
' 0perat i .on Time: 

Conventional Dryer 
Operat ion Time: 

SAFETY CONSIDERATIONS: 

T ranspo r t  System: 

Fi re Dampers : 

Maximum Temperature 
Limit :  

C o l l e c t o r  Array: 

L ight ing :  

None ( t h e  s o l a r  heated a i r  i s  e n t r a i n e d  i n t o  
t h e  d r y e r  a i r f l o w )  

(1 ) Pene t r a t i on  o f  t h e  d r y e r  house s idewal l  
by duc t s  

( 2 )  Attachment o f  duc t s  t o  o u t s i d e  of  d r y e r  
house s idewal l  

C o l l e c t o r s  a r e  mounted on a 115- by 144- f t  
s t e e l  s t r u c t u r e  over  a parking l o t  

Annual e f f i c i e n c y  = 25.1% 

823.6 x 106 Btu/yr  

The s o l a r  energy system provided 1.18% o f  t h e  
energy requi rements  f o r  one d r y e r  (dur ing  an 
8-month pe r iod )  

Drying occur red  dur ing  40% of day1 i g h t  hours 

Btu Ut i l  ized = 54.6% (annua l  ) 
Btu U t i l i z a b l e  

Daytime - 1,794 h r / y r ;  n igh t t ime  - 2,768 h r / y r ;  
Tota l  - 4,562 h r / y r  

P o s i t i v e  p r e s s u r e  t o  minimize d u s t  i n g e s t i o n  

Located between s o l a r  energy system and p l a n t  
(smoke a c t i v a t e d )  

Alarm sounds when c o l l e c t o r  t empera ture  
exceeds 250°F; o p e r a t o r  t u r n s  blower on and 
energy i s  dumped 

Access 1 adde r ,  handrai  1 s , and wal kways to  
meet OSHA requi  rements 

Twenty-four 400-W mercury vapor (vapor-  and 
duc t -p ro t ec t ed )  



TABLE 2-1 - Concluded 

INSTRUMENTATION AND 
MONITORING 

Ins t rumenta t ion :  

Data Acqu is l  t l o n :  

Data D isp lay  : 

Data Processing: 

Noninstrumented Data: 

OPERATION 

Turn-On : 

A i r f l o w :  

Eleven parameters; sensors se lec ted according 
t o  ERDA p r e f e r r e d  l i s t  

F luke Model 2240A data logger;  one sample/ 
5 min 

LED d i s p l a y  a t  s i t e ;  p r i n t e d  paper a t  s i t e  

Varian Model V-73 computer a t  TBE 

Logs and rccorded opera t iona l  d a t a  

When temperature d i f f e r e n t i a l  between c o l l e c t o r  
and ambient a i r  exceeds a th resho ld  

So lar  heated a i r  can be d i r e c t e d  t o  any des i red  
combination o f  t h ree  dryers  by manual p o s i t i o n -  
i n g  of dampers on dryer  house man i fo ld  

CONSTRUCT I O N  COST 

S i t e  Work: 
Col 1 ec to rs  : 
Support ing S t ruc tu re :  
Duct ing:  
Ins t rumenta t ion :  
Cont ro ls :  
M i  s c e l l  aneous': 
T o t a l  I 

ECONOMICS 

Energy Cost f o r  Process Heat 

(1  ) Using Heat from Fuel O i l  - $3.15/MBtu 
(2 )  Using Combined Solar/Fuel O i l  - 4.96/MBtu 
( 3 )  So lar  Alone - 48.10/MBtu 

MANAGEMENT APPROACH 

Phase I 1 1  (1 )  Gold K i s t  operated the  f a c i l i t y  

( 2 )  TBE conducted data ana lys i s  and r e p o r t i n g  



The c o l l e c t o r  subsystem c o n s i s t s  of 672 Solaron single-glazed a i r  

. c o l l e c t o r s  (13,104. f  t 2, arranged i n  84 sets of 8-col lec tor  modiles encbm- 

passing 4 two-in-series p a i r s  of c o l l e c t o r s .  A costlperformance t radeoff  

, s t u d y  conducted i n  Phase I r e s u l t e d  i n  a 1 5 - d e g ' t i l t  f o r  the  a r ray .  To 

a l i g n  t h e  a r ray  with a row of . l a r g e  s i l o s  nearby, i t  was o r i e n t e d '  24 deg 

e a s t  of sduth. 

Because of space'  a v a i l a b i l i t y  c o n s t r a i n t s  a t  t h e  ~ d l d  Kist 

f a c i l i t y ,  t h e  s o l a r  a r r a y  had t o  be e levated  above an  e x i s t i n g  parking 

l o t . .  This required '  a  . s t r u c t u r a l  . subsystem to. support t h e  s o l a r  a r r a y  i n  

such a manner not  t o  i n t e r f e r e  wi th  p l a n t  opera t ions ,  

The energy.  t r anspor t  subsystem d e l i v e r s .  27,000 f  t /min of ambient 

a i r  t o  t h e  c o l l e c t e r s  and c a r r i e s  the  solar-heated a i r  from t h e  c o l l e c t o r s  

t o  the  dryers .  This subsystem c o n s i s t s  of conventional a i r  handling eqGip- 

.ment t h a t  encompasses an  automatic ro l l - type  f i l t e r ,  commercial ducting 

( insu la ted  on t h e  hot  a i r  por t ion) ,  and the  necessary f i r e  dampers. The 

blower is  located  on the  .upstream s i d e  of the  . c o l l e c t o r s  t o  ensure a posi- 

t i v e  pressure  i n  the  c o l l e c t o r s ,  which prevents inges t ion  of contaminants 

a t  leakage points .  

The s o l a r  heated a i r  from the  col lec torB is del ivered from t h e  

a r r a y  t o  the  dryer house through a 4- by 4-ft  galvanized m e t a l  duct .  A l l  

'hot a i r  ducting has 2 in .  of f ibe rg lass  i n s u l a t i o n  coated with a .weather-  

proof mastic.  The t r anspor t  ducting conforms t o  SMACNA and ASHRAE c r i t e r i a  

f o r  i n d u s t r i a l  ducting.  

The eneCgy t ranspor t  subsystem supply duct  terminates wi th  t h r e e  . '  

i n l e t s  (wich dampers) t o  the  dryer house. Each i n l e t  is located  d i r e c t l y  

i n  f r o n t  of a  dryer a i r  i n l e t .  . This type o f i n t e r f a c e  provides minimal 

impact on t h e  c'onventional opera t ion of t h e  dryers .  

A s tandard Penn Control Delta-T type c o n t r o l l e r  i s  used t o  con- 

t r o l  the system. One sensor is  located  behind and adjacent  t o  the  c o l l e c t -  

. ing su r face  of one"co l l ec to r ,  while the  o ther  sensor 'senses ambient 

temperature. When the  c o l l e c t o r  temperature exceeds ambient by 15OF, 



t h e  system t r i p s  on. Trip-off occurs.when.the c o l l e c t o r  temperature i s  

w i t h i n  7OF 'of ambient. The s o l a r  system a l s o  has  an  e l e c t r i c a l  i n t e r l o c k  

w i t h  t h e  main 'conveyor, &ich deliver;  beans from a l l  t h r e e  d r y e r s .  This 

interlo'ck.'makes t h e  control! system completely independent. of opera t iona l  
. . 

personnel .  ' 

2.1.3 Data Acquis i t ion  System 

The d a t a  a c q u i s i t i o n  system c o n s i s t s  of e i g h t  RTD-type tempera- 

t u r e  sensors ,  a pyrometer, a ho t -wi re  anemometer, a w a t t  t ransducer,  

a r e l a t i v e  humidity sensor ,  and a Fluke Model 2240A d a t a  logger.  The 

p r i n t e d  data was keypunched and fed t o  t h e  performance eva lua t ion  com- 

p u t e r  program f o r  p=oocessing .on .  TBE1s Varian -v-73 computer. . . 

. . ' .  
2.1.4 System Operation ' 

. . 

Because of t h e  working s h i f t  arrangement a t  t h e  Gold K i s t  f a c i l i t y ,  

a l a r g e  p o r t i o n  of t h e  r o u t i n e  p lan t  maintenance occurs during t h e  day. . ' 

Many t i m e s ,  t h i s  a f f e c t s  dryer  opera t ion,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  

A s  a r e s u l t  of scheduled and' unscheduled maintenanci,  the  d ryers  operated 

only 40% of t h e  a v a i l a b l e  day l igh t  hours. ~ o t a l  (day and n igh t )  d rye r  

opera t ion  w a s  s u f f i c i e n t  t o  have consumed 100% of the  day l igh t  hours. 

The s o l a r  system operated f o r  1,752 h r  on 290 days during t h e  

15-month period without  a s i n g l e  malfunction s u f f i c i e n t  f o r  shutdown. 

The only  maintenance a c t i o n s  required  were r o u t i n e  c leaning of the  g laz ings ,  

f a n  b e l t  replacement, f i l t e r  chan&, l u b r i c a t i o n ,  and one ;inor duct  r e p a i r .  

.There is no reason t o  b e l i e v e  t h a t  the  system would not  l a s t  a s  
. .  . 

long as the  d j i n g  f a c l l i t y  i t s e l f  . *wi th  . only minimal maintenance. 

.2.1.6 Economics 
, . 

The Lawrence Livermore Laborator ies  format f o r  l i f i - = y c l e  c o s t  

a n a l y s t s  has  been fo l loved i n  der iv ing t h e  coet  compard.sana, The r e s u l t s  

of t h e  Plan A and Plan B c a l c u l a t i o n s  f o r  the  s o l a r  drying system a r e  

eunnnarized below: 



. . 
LOCATION SOLAR ALONE PLAN A* PLAN B* 

Albuquerque $42.19/MBtu $3.91/MBtu $5.05/MBtu ., . . 
, > .  

Omaha $52.03/MBtu $3.90/MBtu $4.97/MBtu . , 

. .  Decatur . (TRUE) $48.10/MBtu $3,. 1 5 / ~ ~ t u  $4.96/MBtu 
\ 

2.1.7 Performance 

, During t h e  15-month pe r iod ,  t h e  s o l a r  system d i sp l aced .6 ,630  g a l  

of No. 5 f u e l  o i l .  Assuming a system u t i l i z a t i o n  f a c t o r  of 95%; t h e  

system was 'capable of d i s p l a c i n g  13,600 g a l  d u r i n g  t h e  same pe r iod .  , 
, 

C o l l e c t o r  e f f i c i e n c y  ranged from 28.3% i n  ,September t o  23.2% i n  

June, w i th  an  annual  e f f i c i e n c y  of  25.1%.. Contamination on t h e  c o l l e c t o r s  

accounted f o r  r educ t ion  of approximately 9.3% i n  e f f  i c i e n c ~ ,  a s  evidenced 

by t h e  d a t a  be fo re  and a f t e r  c l ean ing  t h e  g l az ings .  

2.2 CONCLUSIONS 

The p r i n c i p a l  co.riclusions r e s u l t i n g  from Phase 11, "Performance 

Evaluation", a r e  a s  fo l lows  : . 

Large-scale,  a i r-based s o l a r  d ry ing  systeins f o r  indus- 
t r i a l  a p p l i c a t i o n s  a r e  f e a s i b l e ,  i nc lud ing  r e t r o f i t  
systems. 

Conventional a i r  t r a n s p o r t  equipment can  be used 
r e l i a b l y  i n  air-based i n d u s t r i a l  s o l a r  systems. 

I n d u s t r i a l  pro.cess h e a t  s o l a r  systems must b e  s u f f i -  
c i e n t l y  l a r g e  t o  j u s t i f y  changing p l a n t  maintenance 
schedules  t o  nondayl ight  hours , '  i f  r equ i r ed .  

The concept of o o l a r  i n d u s t r i a l  p rocess  h e a t  systems 
a r e  r e a d i l y  accep tab le  by t h e  i n d u s t r i a l  consumer. ' 

A d i r e c t  impingement, o s c i l l a t i n g  water  jet  type  clean-  
' 

i ng  system is  e f f e c t i v e  f o r  c l ean ing  c o l l e c t o r  g l a z i n g s  
a t  s i t e s  wi.th a particulate/chemical-'laden environment. 

*Plan A -' Represents  convent iona l  p r o c e s s ' h e a t  u s ing  f u e l  o i l  

**Plan B - Represents  a,combixied s o l a r / f u e l  o i l  f a c i l i t y  



The recommendations~resulting from this performance evaluation are: 

Long-range,. limited performance evaluation is needed 
to determine: ,. . 

A ~er2ormance degradation 
A Extended performance maintenance requirements 
A Economic trends 
A Overall system refurbishment cycle 

A full-scale cleaning system based on the prototype 
installed should be designed, installed, and evalu- 
ated during the long-range system evalu- 
tion program, 

Larger systems that' produce18 to 12% of the industrial 
, process'heat requirement should be used in future: . 
demonstrations. This is needed to justify, in many 
cases, operational shift changes' to take maximum 

. . . , : ad.vantage of the available solar energy.. , 

' 'continuing cost-iaving 'innovatioris relative to ' system 
installation, collector mountings, and ducting methods. 



PROGRAM BACKGROUND - .  ., 

3.1 PHASES I AND I1 
. . c .. , . . 

Phase I was i n i t i a t e d  on June 25, 1976. ' Program'object ives were 

t o  i d e n t i f y  and synthes ize  t h e  most . cost-effect.ive . .  s o l a r  drying system 

and' t o  prepare'detailed,design.and performance s p e c i f i c a t i o n s ,  This 

e f f o r t  r e s u l t e d  i n  the  current  system . . conf igura t ion.  

Phase 11, . . i n i t i a t e d  on Ju ly  -.12, ,1977, consis ted  of component 

procurement, f a b r i c a t i o n ,  and system cons t ruc t ion  and checkout. This 
. .. . . . . ,  . . . 

phase was completed on May 31, 1978. 

. . .  . . . ,  

The periormanCe evaluat ion e f f o r t ,  'phase 111, c o n t r a c t u a l l y  began 

.on September.11, 1978;. however,'data a c q u i s i t i o n  and reduc.tion a c t i v i t i e s  

a c t u a l l y  began on.June 1,..1978. Phase' I11 consis ted  of t h e  following 
' . /  

I .  . .  , . .  . . 
t a sks  : . I .  

Task I - System Operation: Under t h i s  t a sk ,  a  System 
Ver i f i ca t ion  Plan was es tab l i shed  (see ~ ~ p e n d i x  A) . 
This p lan  d e t a i l e d  system opera t ion procedures t o  minf- 
mize p lan t  opera t ion impact, maintenance, .requirement's 
and schedules,  da ta  reduct ion methods, and the  opera- 
t i o n a l  logs ,  forms, and repor t ing formats. The per- I 

formance evaluation computer program was developed 
under . th i s  task .  

Task 11 - Data Acquisition: The prel iminary measure- 
ments l i s t  was f i n a l i z e d  t o  determine s p e c i f i c  parameters 
t o  be monitored. A l l  d a t a  a c q u i s i t i o n  sysf  em v e r i f  ica-  
cion, c a l i b r a t i o n ,  and r e p a i r  was accomplished under 
t h i s  task .  

Task I11 - opera t ional  Analysis: ' This t a sk  included 
the  use of a  computer program developed t o  i n t e g r a t e  
var ious  pe r t inen t  performance parameters and p rov ide .  . 

var ious  summaries on a per iodic  bas i s .  These summaries , 

were analyzed t o  d e t e c t  'system anomalies and performance 
t rends .  



Task IV - Cleaning System Concept ~esign: Several 
$ .  . concepts for automated solar panel cleaning systems 
... . were investigated. These concepts were based on the 

cleaning re-quirements known to.exist at the beginning 
of Phase 111. A preliminary 'design and prototype 
fabrication and te-st program.ijas accomplished in the 
,most promising design. .Performance and econ~mic data 
were derived for the system chosen. 

Task V - Emission Contro.1 Evaluation: Using Gold Kist 
engineering personnel as consultants, TBE conducted a 
study'of the emission control devices currently in use 
or potentially applicable to the processes at Gold Kist. 
~conomick and efficiencies versus cost per cfm were 

. . .investigated. for. several types of filtration equipment. . . 



. - 

A d e t a i l e d  d e s c r i i t i b k  of t h e  s o l a r  system i s  coa&ined i n  the  . ' 

. .  . 

ERDA r e p o r t  e n t i t l e d ,  " F i n a l  Design Report f o r  Applicat ion of s o l a r  ' . .' ' .  

Energy t o  I p d u s t i i a l  Drying of ~ o ~ b ~ a n s " . ,  dated ' ~ e b r - r ~  28 ,  1977. For 

convenience, a summarized system d e s c r i p t i o n  is presented i n  t h i s  sec t ion .  

4.1 THE SOLAR DRYING SYSTEM . -'" 
c .  . . 

. . . .  . .  . . 

The' so la r '  drying system is an i i r -based ,concept designed t o  

s a f e t y  and e f f  i c i e n t l y  c o l l e c t  and t r a n s f e r  s o l a r  energy f o r  use  . . i n  a 

conventionat soybean drying process with-minimum impact on e x i s t i n g  f a c i l i -  

t i e s  and operat ions. '  Functionally,  t h e  s o l a r  drying system c o n s i s t s  .of.  

the  following p r a c t i c a l  subsystems: 

' ,Col lec tor  . . . . . ~  . 
. . Energy Transport . . 

S t r u c t u r a l  
Controls.  . . . 

Addit i o n a l l y ,  t h e  s o l a r  drying system include? an  ins t rumenta t ion subsys- 
I . .  

tern i n  support  of t h e  experimenta1,nature of the'.program.. Although s o l a r  

energy systems t i p i c a l l y  employ s to rage  t o  supply . energy . at  n i g h t  o r  during 

Cloudle'ss days, 'none was required i n  t h e  se lec ted  . & i a r  . drying ..qys tem . . 

becauie a l l  , the  energy p o t e n t i a l l y  c o l l e c t a b l e  .could be us=d immediately . 
. . 

i n  the  e x i s t i n g  drying .operat  ions. ,  These .subsy'stem and syetem opera t ions  

a r e  discussed below. . . 
. . 

The s o l a r  drying system is shown schematical ly ( t o  t h e  level of 
. . .  

p r i n c i p a l  components) i n  ~ i g u ~ e  4-1. During opera t ions ,  approximately 

12.74 m3/sec (27,000 f t3 /min) .o f  o ~ t b i d e  air i s  'drawn through the,  col lee-  

t o r s ' a n d  dumped in  a mode i n t o  t h e  a i r s t r eam en te r ing  t h e  d ryer  

house where t h e  mixed flow is subsequently hea ted ,by  t h e  conventional dryer  

equipment. . . 
. . 

The 12.74 m3/sec a i r  flow corresponds t o  0.010~1n~/sec-m' 

(2 f r 3 / m i n / f t 2 )  f o r  t h e  gross  Area of t h e  336 p a i r s  o f  solaron c o l l e ~ t o r s  

&rayed i n  a b a s i c  two-in-series pa t t e rn .  
' 



FOUR SETS OF TW-IN-SERIES  LECTORS 
TYPICAL 84 PLACES' r 



4.1.1 Col lec tor  Subsystem . . 
. . 

The c o l l & c t o r  eubsystem c o n s i s t s  of 672 Solaron c o l l e c t o r s  . . 

arrayed i n  84 sets of 8 modules encompassing 4 two-in-series p a i r s  of 

c o l l e c t o r s .  The layout  of t h e  4 pai red  c o l l e c t o r s  is shown i n  Figure 4-2. 

The c o l l e c t o r  a r r a y  is t i l t e d  a t  15  deg and pointed some 24 deg east of 

south.  

The c o l l i c t o r s  :are about 0.914 m (3.0 f t )  wide by 1.. 98 m (6.5 f t )  

long by 0.183 m c.7 in . ) 'deep.  The design employs one g l a s s  cover 

(3.175 x lo-' m th ick)  a n d  i nonselect ' ive absorber s u r f a c e  (ale ,% 1 )  . 
The i n s u l a t i o n  of -the ~ o l l e c t o r  i s  shown i n  Figure 4-3. 

The' 4 two-in-series p a t t e r n  o r  module. used i n  t h e  c o l l e c t o r  . . .  a r r a y  

r e q u i r e s  some 16 col lec tor- to-col lec tor  j d i n t s  ( i n  p a i r s ) ,  i l l u s t r a t e d  

i n  Figure 4-2. These j o i n t s  a r e  sea led  wi th  b u t y l  tape.  
. . .  

4.1.2 Energy Transport Subsystem 

The exiergy t r anspor t  subsystem d i s t r i b u t e s  t h e  a i r  t o  be heated 

t o  . the  s o l a r  c o l l e c t o r s  and t r a n s f e r s  the  s o l a r  heated air t o  t h e -  conven- 

t i o n a l  drying process. ~ h e . ~ r i n c i ~ a l  components of t h e  subsys tern a r e  : 

Air f i l t e r  
Blower. 
I n l e t  duct ing 
Out le t  duct ing 

, .. Dryer house manifold 
8 F i r e  dampers. ' . .; . . . . . . 

. .  ' . . . .  
. . . .  '. . , .  

The r e l a t i v e  loca t ions  of these  components correspond . . t o  t h e  schematic 

of Figure 4-1. . . . . . .  
\ 

An a i r  f i l t e r  is used i n  . t h e  . . .  system 6or. two reasons.  F i r s t , '  t h e  

immediate environment of g ra in  e levators '  . . .  and f e e d  m i l l s  tends t o  b e  dusty  

and t h e  inges t ion  of dus t  i n t o  t h e  system could cause maintenance and 

opera t ion problems t h a t  can b e  mi?imi&id. by  sing .a f i l t e r  .at t h e  i n l e t .  

However, the  f i l t e r s  a l s o  se rve  an  irnpor'tant . s a f e t y  funct ion by l i m i t i n g  

t h e  amount of duet  t h a t  w i l l  eilt& t h e  system and present  , t h e  p o t e n t i a l  

f o r  support ing combustion i n  the.-event of a f i r e  i n  o r  near t h e  system. 
. . , _ .  , 



. 'FIGURE 4-2'. COLLECTOR I'NSTALLAT ION PATTERN 

TEMPERED GLASS 

PANEL DIMENSIONS: . 3  ft WIDE BY 6 ft 6 i n .  LONG by 7.25 i n .  HIGH 
NOTE:, . A I R  FLOWS THROUGH THE CHANNELS BENEATH THE ABSORBER 

PLATE. 

FIGURE 4-3. COLLECTOR INSULATION 



The f i l t e r  and blower a r e  housed t o g e t h e r ' a s  a prepackaged u n i t .  
-'. 

This type of assembly was se lec ted  on the  b a s i s o f .  cost  s ince  i t  i s  .less 
,, 

expensive than an on-s i te  assembly 'of the  f i l te r /b lower /hobsing and 'is, . 

e a s i e r .  t o  s e a l  aga ins t  a i r  leaks .  The assembly i p  i . ' ~ = a n e  company ~ c ? d ~ l ' > . ,  
> ' 

PCC No.. 50 "Penthouse C l i m a t e  ~ h a n g e t " " b n i t  wi th  no c o i l s .  T ? ~ i i  &it has  ' 
.. a ro l l - type  a u t o q t i c  f i l t e r  with a r a ted  o v e r a l l  kff i c i e n f y  -qf 85X..at. . ,:., , . * .  

6 , . . '. ,. ' . . -. . ,* r-.. . 
face  ve loc i ty  of 2.54 mlsec (500 f t/min) and a r a t e d  ,dust'. 1oading';:of ., : . . .  , - 

. I  . . .  , . * .: ' 
- ... .... ' ". . .' 

, 4 . 3 1  kg/m2 (400 g l f t 2 ) .  The blower i n  t h e  assembly i s  a £ & w a r d - d v e d  
. .  A,. 

type wi th  a r a t i n g  of 13 m3/sec (27,000 f t  ' / & I )  a t  745.4 P;' (3 i n .  H20). 

The blowe; is posit ioned between t h e  f i l t e r  and t h e  remaining 

components, a s  sl-iown schematical ly i n  .Figure 4-1. Posi t ioning the  blower 

upstream of the- c o l l e c t o r  subkystem r e s u l t s  in '  a p o s i t i v e  pressure  system 

t h a t  provides s e v e r a l  advantages, , First . ,  i t  ensures system s a f e t y  i n  t h e  

event of acc iden ta l  o r  gradual f a i l u r e  of any of t h e  a i r  t r anspor t  system 

s e a l s .  Any such l eaks  w i l l  r e s u l t . i n  the  l o s s  of "clean" a i r  a s  opposed 
: ' 

t o  the inges t ion  of d i r t y  a i r  i n t o  t h e  system, which could eventual ly  

c r e a t e  an  explosive mixture wi th in  t h e  collectors:.and ducting.- 

The i n l e t  ducting (Figure 4-1) provides f p r  the  de l ive ry  of f i l -  
. , ,  

t e red  a i r  t o  the  so la r .  c o l l e c t o r .  ,Th%s ducting was-designed f o r  a pres- 

sur,e l o s s  of 0 . 5 7 1 ' ~ a I m  of ~ I u c t  length  (0.07 i n .  H201100 f t )  and maximum 

a i r  v e l o c i t i e s  on the  order of 10.16 mlsec (2,000 f t /min l .  Technical ly,  

these  values  a r e  somewhat lower than would. occur i f ,  a . : r igorous t radeoff  . . 

between duct  c o s t s  and blower power w e r e  considered ;' 
. . 

' ~ e c t a n g u l a r  ducts  a r e  employed.. f or. t runks . and branch l i n e s  t'o 
. , 

s h p l i f y  the  duct inspect ion and maintenance t a sks  s ince  t h e  bottoms of 

t h e  runs a r e  i n  the  same plane d e s p i t e  a r e a  changes. Als.0, sea l ing  of 
1, 

t h e  "takeoffs" from t h e  branch l i n e s  t o  t h e  c o l l e c t o r s  w a s  e a s i e r  f o r  f l a t  

ducts  r e l a t i v e  t o  round ducts ,  and the.- t akeof f s  are' more' nea r ly  unif o m  
I .  

i n  length, '  thus reducing e r e c t i o n  complexity. The takeoffs  a r e  0.254 m 

(10 i n .  ) round, semirigid aluminum duc ti with  galvanized "spin-in" 

type connections. Each of these  i n l e t  t a k e o f f s  has  an i n t e g r a l  (vane- 
. .  , , . 

type) dampei f o r  flow balancing. .,( ... 

. . ." , 



The i n l e t  duct ing i s  not insu la ted  s i n c e  t h e  a i r  temperature 

i n  t h e  duc t s  w i l l  be only s l i g h t l y  abbve the  ambient temperature. The 

o u t l e t  ducting,  i n  e f f e c t ,  recombines t h e  ind iv idua l  c o l l e c t o r  flows and 

provides  for t h e  t r a n s f e r  of t h e  c o l l e c t e d  energy t o  t h e  manifold t h a t  

f eeds  t h e  conventional d ryers .  The *same design c r i t e r i a  used f o r  t h e  

i n l e t  duct ing have been employed.for t h e  o u t l e t  ducting,  and the  systems 

a r e  b a s i c a l l y  phys ica l ly  s i m i l a r .  ~ h e . ~ m a j o r  exceptions a r e  that. the  

o u t l e t  duct ing is insuiat 'ed and t h e r e  * a r e  no dampers i n  the col lec tor- to-  

duct  takeoffs .  . ., 

. . 
The d ryer  house' manifold prpv.ides the  i n t e r f a c e  between t h e  

. - 
s o l a r  drying system and t h e  conventional drying processes and i s  a . .: 

1 '  

c r i t i c a l  component df ' the  system. Figure 4-4 dep id t s  the  dryer hous9 

manlf o l d ,  the  d-esign of which involved a number of important considera-:' 

t i o n s .  F i r s t  and foremost of these  c'bnsiderations is t h a t  t h e  i n t e r f a c 6  . I 

w i t h  t h e  e x i s t i n g  Gold K i s t  dryer system has minimal impact on f a c i l i t i e s  

and-opera t ions  dur ing the  cons t ruc t ion ,  checkout, and opera t iona l  phases. 

The d e s i g n  goal  has been t o  achieve these  minimum impacts and t o  des ign,  a 

system t h a t  f o r  a l l  p r a c t i c a l  purposes opera tes  i n  a ,  fashion s i m i l a r  t o  

t h e  .conventional system. 

The d ryer  house manifold is a 1.22- by 1.22- duct  t h a t  has s i x  

0.61- by 1.22-m openings on t h e  lower s i d e  with s h o r t  extensions extending 

through the  f a c e  of t h e  louvers.  The s i x  openings a r e  placed such t h a t  

t h e r e  a t e  two a t  each dryer  position'.  . . ' ~ h e s e  openings conta in  ba f f l e -  
r 

type  o u t l e t  dampers such t h a t  any one dryer o r  combination o f - d r y e r s  can 

rece ive  the  s o l a r  heated air.  

Bas ica l ly ,  t h e  s o l a r  dryfng system-Lu-dryer i n t e r f a c e  u t i l i z e s  

t h e  induced d ra f  r of t h e  dryer  blowers (some 70 m 7 / s e r :  ur 150,000. f t3/min 

pe r  d ryer )  t o  e n t r a i n  t h e  incoming s o l a r  heated a i r .  The phys ica l  

p r i n c i p l e  ixsuolvcd i s  L ~ ~ v c  the g r ~ n t ~ . ~  momcntm of the  indiired, d r a f t  from 

t h e  d ryer  blower w i l l  e n t r a i n  t h e  smal ler  s o l a r  heated flow with no 

s i g n i f i c a n t  inf luence .  



MAN1 FOLD EXTENSION THROUGH LOUVERS 
. . 

. . 

/(PAIRED;TYPICAL 3 PLACES) . . 

MAN I FOLD 

L LOUVERS , . 

FIGURE 4.-4. SKETCH OF DRYER HOUSE MANIFOLD 



Normally, f i r e  dampers a r e  i n s t a l l e d  i n  duc t s  only when a f i r e -  

r a t e d  w a l l  is penet ra ted  i n  order  t o  maintain t h e  r a t i n g  of the  wa l l .  I n .  
. . 

t h e  c u r r e n t  case ,  no such physica l  wa l l  e x i s t s  ( e i t h e r  a t .  the  s o l a r  drying 

system o r  a t  t h e  dryer  house). However, i t  was d e s i r a b l e  t o  maintain t h e  

phys ica l  i s o l a t i o n  of t h e  two s t r u c t u r e s ,  which i s  compromised by the  

o u t l e t  duct ing and t h e  d ryer  house manifold. Therefore,  a  f i r e  damper 

was i n s t a l l e d  i n ' t h e  o u t l e t  ducting t o  achieve physica l  separa t ion  i n  t h e  

event  of a  f i r e  a t  e i t h e r  loca t ion ,  

. Physical ly ,  t h i s  darnper.is located  i n  t h e  duct run a t  the  south 

f a c e  of t h e  . s i l o s ,  which i s  a r e l a t i v e l y  shie lded loca t ion  with' r e spec t  

t o  e f t h e r  t h e  co l l e ' c to r s  o r  t h e  dryer  house. 

S t r u c t u r a l  Subsystem 

The s t r u c t u r a l  subsystem serves  pr imar i ly  t o  support  t h e  c o l l e c t o r  

a r r a y  above t h e  parking l o t  a t  t h e  Gold Kist p l a n t .  This was done i n  

such a way a s  t o  no t  i n t e r f e r e  wi th  t h e  Gold Kist opera t ions  s ince  t h e  

parking l o t  w a s  t h e  only a v a i l a b l e  space f o r  t h e  s o l a r  drying system. 

I n  genera l ,  t h e  noninter ference  requirement was t h a t  t h e  low point  of any 

s t r u c t u r e  has a grade c learance  of 5.03 m (16.5 f t ) .  However, t h e  parking . .. 

. l o t  has  ,a rise of about 1.0 m (3 f t )  i n  the  south-to-north d i r e c t i o n ,  and 

t h e  c learance  requfrement w a s  re laxed a t  t h e  nor th  end of the  assembly t o  

some 4.11 m (13.5 f t )  . The 5.03-m requirement provides c learance  f o r  

t r a c t o r - t r a i l e r  type veh ic les .  

The s t r u c t u r e  suppor ts  672 Solaron c o l l e c t o r  panels ,  which repre- 

s e n t s  13,104 f t 2  of s u r f a c e . a r e a  and approximately 103,000 l b  of dead load.  

Level walkways t h a t  a r e  3 f t ' w i d e  a r e  provided around the  perimeter of t h e  

s o l a r  a r r a y  and between seven rows'of panel  modules t o  provide access  f o r  

c leaning and o the r  maintenance. A permanent access . l adder  i s  located  a t  

t h e  east  end t o  gain  access t o  t h e  16-ft l e v e l ,  and walkways a r e  protec ted  

w i t h  42 high-level r a i l s  i n  accordance wi th  OSHA. Gut ters  a r e  i n s t a l l e d  

a t  t h e  bottom of each row of panel  modules f o r  t h e  e n t i r e  row leng th  to  

r o u t e  water t o  downspouts and. u l t ima te ly  t o  underground d r a i n  l i n e s .  This 

dra inage system is necessary t o  p r o t e c t  t h e  parking a r e a  and the  support  

foundations.  



~ The total structural area, including 811+alkways, is 150 ft long 
by 120 f t wide, which is. 18 ;000 f t 2 .  ' . 

. . . . 

controls subsyst8m (and system Operation) 
, .  - 

The solar drying system controls are shown schematically in . 

Figure 4-5 .. These controls provide the. following functions : 

. e  Manual onloff 'contro1,of the solar dr,ying'system 
' blower (pushbutton) . . 

Smokelfire sensing.in the inlet ducting-of the blower 
discharge, in the outlet ducting at the north edge 
of the co.llector' assembly, "and at the smoke/f ire 
damper location . ' I .  

Turn-on of the blower when either the temperature in 
a specified collector or the air temperature at the 
manifold exceeds some threshold differential with 
respect to the ambient temperature. Turn-off of the 
blower when both of the collector temperatures and the 
manifold temperature fall below the threshold value. 
Both on and off functions wlll have a 60-sec delay or 
hold. (Turn-on is dependent on having the solar drying 
system in the on position.) 

Interlock with dryer operations is provided through a 
spare set of contacts on the main dryer conveyor. 

The principal fuhction of the smokelfire damper is to provide ' . 

isolation of .the solar drying 'system and -the dryer house, particularly ' 

in the direction of the airflow. Three smoke sensqrs'; as shown in Figure 

4-6, are employed.'. The. sensors at the blower, collector outlet, and 

damper provide protection to the collectors (upstream events), dryer house 

(upstream events), and collectorslblowerslfilter/ducting (downstream 

events), respectively. . 

4.2 . .DATA ACQUISITION . . 

The data acquisition system, fabricated from off -the-shelf 
. .. 

components, ia .illustrated skhematically in ~igure '4-7. Detailed infor- 

mation concernirig' this system is contained in Appendix A. - A summary 
. . 

. .  . description follows. 



CB L / C  PANEL, CIR. NO.. 1 FCD FIRE/SMOKE DAMPER ; A1 RSTREAM NO. 
PEB-802/SST ACTUATOR/225-deg L I N K  

S2 SELECTOR SWITC,H, 3 POSITION, 1 2 0  Vac, 10 A SS SMOKE SENSOR, HONEYWELL TC-100 

S 3  PUSH-BUTTONSWITCH, R I M . ,  SPST,N.O., 1 2 0 V a c ,  1 0 A  T TPANSFORMER, 1 2 0 / 2 4  Vac 

R . ESISTOP., 250  ohms, 1 5 0  W A T  DIFFERENTIAL THERMOSTAT CONTROLLER, 
SOLARON HW0070, WITH SENSORS 1 RELAY,' 120 vac:, SPST. N.o.. 10 A RL2 

FIGtAiE 4-5. SOLAR DRYING SYSTEM CONTROL SCHEMATIC 



. . 
M I E N 1  A I R  , 

. .  . ' 

. - .. . < 

BURNER/TU(NEL - URYER 
NO. 1 + 

URYER 
NO. 2 

+ 

DRYER 
NO. 3 ' 

* 

. . 
. . 

. . 

F I G U R E .  4-6. SMOKE SENSOR LOCATIONS - '  .. . 



I GOCD K\ST PROCESSING PLANT PI ,- TBE CENTRAL 
PROCESSING 

.. . 
I .  I L-., - - - - - - -NSTF;UMENT/ClNTROL BUILDING' .- - - .- - -- - - 

. .  . 
. . . . 

. . 

FIGURE 4-7. [ NSTRUMENTATION MONITORING AND PROCESSING SYSTEM 



. . 
4.2.1 sensors 

- 
Twelve sensors, selected from .the ERDA preferred list of sensors*, 

are interconnected to the data acquisition unit through a function box. 

Sensor locations are shown..in Figure 4-8. 

Twelve parameters are used to evaluate system performance. These 

parameters and pertinent sensor data are listed in Table 4-1. 

Outputs from the following sensors were used as 'inputs to the 

Varian V-73 performance evaluation program: 

. . 
TOO1 Ambient Temperature 
TlOO Inlet Temperature . 
T102 Outlet Temperature 

i T103 Temperature in Duct 
TO03 Solar Insolation 
V102 Air Velocity 
EP104 Solar System Blower Power. 

The other parameters were measured to assist in determining the source of 

any data anomalies and equipment failurgi. 

4:2.2 Data Acquisition Unit 

A Fluke Model No. 2240A Data Logger perfoms a11 the data acquisi- 

tion unit tasks reqiired in this system. Figure 4-9 illustrates .the instru- 

mentation rack containing the data logger and its associated equipment. 

The function of the data.-lbgger is to aut~matic~lly . . scan many analog 

input signals, digitize these signals, and output the data on printed 

tape. The data logger system is represented in block diagram form in 

Figure 4-10. 

. . 

DATA PROCESSING AND ANALYSIS 4.3 
L 

A detailed description of the analytical tools .and processes is 

contained in Appendix A. A summary of the analytical techniques is 

presented for convenience. 

-7 

*"Instrimentation ~nstallation Guidelines for National. Solar Heating and 
Cooling Demonstration Progr m", SCH '1006 

, /" 



Tb02 TEMPLRAWRE DF HEATED AIR DEL\UERED 7D DRYER NO. Z 

0 VIOL AIR V E L O C ~ Y  IN! DUCT 

b RHO09 RELRT\VE HUMIDITY 

m l o o 3  TOTAL R R D I R T ~ N  

ERW. ELECTRICAL ,WHIG%. CONSLMED BY BLbWER MOTOR 

TI04 CONTROL HOUSE TEMPERATURE., ' . . 
-: + 

. ,., 
. - . - . . , 

. . 

,. . 

FIGURE 4-8. SENSOR LOCATION 



TABLE 4-1. SOLAR DRYING SYSTEM SENSOR DATA 

IWIJFACTURER , 
-- 

Ulnco 

Mince . '  

t t l  nl:o' 

Hlncr, ' 

katlter-Measure . 

MInco . 

,Wlnco . 

Wlnco.~ 

Eopley, ' . .  
. 
Kurz Instruwnts 

O l ~ l ~ ~ S e m l t r ~ n l c s  

Meallter-Measure , ,' - 

PART NO. 

510788 

553-CP P la t l r u r~  
100-24 

553-CP P l a t l n m  
1-24 

553-CP Platln* 
100-24 

TRSP-MI-2 3/4 . 

'553-CP Platlnum 
100-24 

553-CP Platlnun 
100-24 

S53-tP .Plat lma 
100-24 - . 

P S P W  : ' . 
. 

-430/435. ' . . ' . ' ', 

PC 5-54; w l th  Optlon C : 

W l l l - P  .. . 

SENSOR 
ACCURACY 

- -- 
.t0.11°C(0.20F) 

10.52 . 
. ,  

t0.51 

t0.51 

tO.ll°C (0.2'F) 

t0.51 

t0.51 

10.51 .'. 

- +0.5'1/ln. ., , . 

- t21'(*2.51 F.S..) . 
2 F S  . 

- . t 3 1  ..- 

RA#GE 
- 

-17.4 t o  44OC (0 t o  110°F) 

-17.4 t o  44°C (O.to llO°F) 

-17.4-to 44°C (0 t o  110°F) 

-17.4 t o  121°C (0 t o  2S0°F) 

-17.4 .to 440C (0  to. llO°F) 

-17.4 to 93.7% (O.to 20O0F) . 

-17.4 t o  93.7°C.(0 t o  200OF) 

;h:4. t o  .93.7*C (0  .to 2003F) . . 

. - .  . . 

.O to  -1,103 M/m2 (0 to.3SO.~tu/hr- f i t )  

7.6' t o  1 5 r 2 . 4 ~ ~ .  (1.800 to'3.000 ft/mln) 

.O t o  25 kY . ; . . . , : . . 

0 t o  1002 , .  . 

SENSOR TYPE , . 

.RTD 

RTO 

RTD 
. . 

RTO 

- .RTD . 

RTO ' 
' 

RTD 

RTD , .  

- ~yConomet& 

Hot~Yire~Aneedmeter 

"Matt .Xransducer . 

.R.H. Probe,. ' . '  

PAllAMETER 

Aplblent Temperature 

. I n l e t  Temperature 

. Outlet Temperature 

Temperature I n  Duct 

Control Roam Temperature 

.Tegperature a t  Blower 1 

.Temperature .at Blower.2 . . 

' Temperature. a t  Biower 3 . 
. . . 

-Solar lnsolatlon . 

A l r  ',?eloclty : , - . 
. Solar System B h e r  Pcyer 

Relaslve Hmld l t y  . . ' 

WEASUREWEWT 
SYMBOL 

TOO1 

1100 . 

7102 

1103 

1\04 . . 

. 

1601 - . 

: .. 7602 

1603. .. . 
. . 

. -1003 . . . 

VlO2. - '  . 

EP104. 

WU104 



'WITH' FOLLOW,ING : 

hW-486 CASTER ( 4 )  
i . 

, . YN-21PA' PERFORATED- TOP PANEL .. ' . . PN-3 CLOSURE FANEL ' * - .  

< 
4 ' .  PN-5 CLOSURE PANEL. ( 3  

PN:-7 CLOSURE PANEL (1 . . :  . .. 
PM-1 CLOSURE PANEL j 

. .  . . , . 

FIGURE 4-9. I~~STRUMENTATION RACK CONTAIN: NG THE SITE DATA ., , ' .. 

M Q U I S I T I O N  UNIT 



. . SENSOR 
a . INPUTS 

. . . . RTD 
9 ' .. . SENSOR. 
c. 
4 INPUTS . 

. .  . 

. . 

FRONT PANEL ENGINEERING 
PROGRAMMI NG b SCALING UNIT 

, . 

. .  , 

I 
. . 

. '  
' ISOTHERM * LOW-LEVEL 

'4 BLOCK. + SCANNER 
. . 

224OA 
MAINFRAME ---@ 

. . CONTROLLER 
. . 

. . 
. .. 

. . 
. . 

' 

, .-. . - " . - '  

.' , 

HIGH-. 
PERFORMANCE 
A I D  
CONVERTER' " 

. . ' 3  . 
X 

. . . . _ . .  
1 - . .  .".  , 

CONTROL 
, 

r 

,224OA .' 

DATA . > ' . . I PRI,NTER .. . . . 

. .I 
. 

. * . . . . 

, . . . 
< . .  , . ? :  ,. ' . . 

. . .- ' ....".,.~' , . . . : ' .  . .. .; , , . -. " * . I .' 
. .. 

. .. 

1 : . . . . 

. . .  . 

. ' / '  . 

. . .Fl . .  .. , . . 
. . 

D.I'SPL AY 
' .  

. , 
. , . . .  

. . 

. . 

' . FIGURE 4-10. DATA LOGGER UODEL 2240A SYSTEM.: 



Two types  of performance eva lua t ion  f a c t o r s  a r e  used: 1 )  a thermal 

energy quan t i ty  def ined by the  le t ter  "Q" and 2) a performance index defined . . .. 
by the  l e t t e r  "N". 

The measured parameters a r e  %ampled at' 5-min i n t e r v a l s  i f  t h e  kys- 

t e m  is i n  opera t ion.  To determine hourly summaries of performance f a c t o r s ,  

t h e  measurements acqu i red 'over  t h e  h0ur 'a re"averaged and t h e  appropriat 'e  

conversion f a c t o r s  a r e  appl ied  . Daily summaries a r e  simiiaiiy determined 
. . 

by averaging t h e  hour ly  summaries o v e r . t h e  day. ,  . . 

Table 4-2 desc r ibes  the  measured v a r i a b l e s , , , t h e i r  u n i t s  a s  

recorded on t h e  output  t ape  of the  d a t a  logger,  and- the' d a t a  channel 
.. - ,  . 

number. I n  a d d i t i o n  t o  t h e  measured v a r i a b l e ,  t h e  d a t e  -and t i m e  a r e  

entered with each sample. Figure 4-11 is  a sample of a tape  obtained 

from t h e  data  logger.  .. . .:.:: r ,  

.-. ._.. 

Tables 4-3 and 4-4 present  t h e  t h e h a 1  energy parameters and per- 

f ormance indexes used t o  eva lua te  system and subsys'tem 'performance f o r  

hourly and d a i l y  summaries . The def in ing 'equations'  used t o  compute t h e  

performance parameters and a d e s c r i p t i o n  of the  computer program used a r e  

presented i n  Appendix A. . . 
. . . . 



TABLE 4-2. INPU 

DESCRI FTION' I 
- - -- 

Total Solar. Inc ident  ' I 
Col l e c t o r  Input  A i . r  Temperature . 

'Col3ector 0,utput A i r  Temperatury 

Bl owe r Power 

Temperature i n  Duct 

.Ambient A i  r Temperature 

~ehpera ture  in .Dryer  No. 1 

~&npera ture  i n  Dryer No. 2 

,Temperature i n  Dryer No. 3 

Relative Humidity 

A i  r Flow Veloci ty 

;Fuel Flow t o  Dryer No. - l* 

Fuel Flow t o  Dryer No. 2*. 

Fuel Flow t o  Dryer No. 3* 

VARIABLES 

1 VARIABLE 
I 

I003 . 

T l  00 

- ,  TI02 ' . 
" EPl 01 

TI03 . 

' . TOO1 

T601 

T602 : 

~ 6 0 3 .  ... 

, ~ ~ 0 0 4  

V102 

RANGE 

:o t o  11 

, - lo  to. +I10 " 

CHANNEL 
IUMBE R 

.. " 1  : 
. . 

11 ': 

1.2 

" '.2 

. 3 3  
. 1.4' 

- ,  1 7 .  
. ': 16 

'.: 1.5 
t: - 
:: 4 

- 3 

. . 

q o t  cur ren t ly  measured. ~i 11' be added .a t  fu tu re  time. 



. 2 . . .  . . . 

i l s  . . .  9 :,$' , % 
. . 

' ' 1 7 1 . .  . . lb?,i 'r . 
. . .  

1 1 5 .  . ' > I.?i;l 5 
.. . 

1 5  1 r 9 3  9 
. . .  

1 4 ,  ' ' . + G >  $ ,  

, , .  13 -  * . ... . 1.0 t;c ,.. 5 , ' .  .. . . ' .  ' 

.12: - .  l , L L , 0  ' ..I, 

1 1 :  . 5 q 3  . . ' 9;. 
I 140,t t., , ' m V  
.) I . '  i @ ] S . .  . .-. . i ,  
3 4 3 9 ~  - .  b. 

. 4 6 2 1  '$v 1 

FIGURE 4-1 1. SAMPLE, OF TAPE OUTPUT FROM DATA LOGGER 



TABLE 4-3. DAILY SUM MAR^ -. .. OF THERMAL ENERGY PARAMETERS 

.. . . .. 

. . 
DESCRIPTION . , . . . 

, . .  

. T o t a l  s o l a r  Inc ident '  , 

To ta l  So la r  I n c i d e n t  . '  . 

Sol a r  Energy Co l l  ected - 

Sol a r  Energy Col 1 ected 

ECDS Operat ing Energy 
> .,, :> c o l l e c t o r  E f f i c i ency  * -. . , . 

. : 
Average Ambient, D. B. 

: .. 
Temperature 

.. . 

Co l lec to r  Panel E f f i c i ency  . ' ,+ 

Factor  . . . 

i 9 
a .. 
. . 

. 'VARIABLE 
, ._ .. 

>' a 0 8 1  

4031 

. \Q180 

. ' ~ 1 3 0  

4132 ; .  

. . N131 + 
.. . . 

~ 1 4 3 " '  : 
: ~ 1 3 2  .: .: 

, 

'UNITS 

I 

DESCRIPTION 

To ta l  Sol a r  I nc i den t  

So la r  Energy Co l l  ected 

ECDS Operd t iny Energy 

Col l e c t o r  E f f i c i ency  

Col 1 ec to r  Panel E f f i c i ency  
Factor 

Average Ambient D.B. 
Temperature 

S I 

J 

~ / m ~  

J 

J/m2 

J ' 

% 

"C 

oc m2 

J 

VARIABLE ' 

Q O O l  

Q l O O  , 

6102 . 

N l  01 

N102 .. 

N113 

BRITISH 
ENGINEERING 

Btu 

~ t u / f t ~  

Btu  

B tu / f t 2  

B tu  

% . . 

OF . .  

OF f t2 
B t u 

* 
UNITS 

I 

S I 

w/m2 

w/m2 

W 

% 

O C  m2 
J 

" C 

BRITISH - 
ENGINEERING 

~ t u / h r - f t 2  

B tu /h r - f t2  

Btu /hr  

% 

OF ft2 
Btu 

OF 



5. S Y S T E M  OPERATIONS 

'5.1. GENERAL 

Performance evaluation operations began on June 1, 1978, and 

continued through August 31, 1979. During this period, the solar system 

operated for 1,752 hours 011.290 days without a single failure sufficient 

to cause syst'm shutdown. - There was virtually no interference with con- 

ventional system operation during the evaluation period. A summary chart 

of significant maintenance, system modification, and instrumentation 

events is :prebented . in Figure 5-1. 

5,.'2. MAINTENANCE REQUIREMENTS 

' There was 'no system downtime attributable to solar system main- 
. . 

tenance. During the five quarters of operation, maintenance consisted 

of routine glazing, cleaning, air handler service, and the repair. of one 

, . '  10-in. collector supply duct. Maintenance cost totalled $1,564. The . 

quarterly 'distribution of maintenance costs is shown in Table 5-1. 

TABLE 5- 1 . QUARTERLY 'MAINTENANCE COST SUMMARY 

1 - June, July, ' ~ u g u s t  (.1978) 
2 - September, October, November (1 978) 
3 - December, January, February (1 978-79) 
4 - March, Apri 1, May (1979) 
5 - June,. July, August. (1979) 

. . . 
MAINTENANCE ACTION 

Clean Glazing 
Grease Blower and Motor 
Rep1 ace B'l ower Be1 ts . 
Repla'ce Fil terlclean Inlet 
Repair Ducting 

TOTAL. 

QUARTER 
1 

$340 

0 

.O 

0 

0 

$340 

2 

,9445 

. 17 
' 85 

0 

0 

$547 

3 

$ 0 
0. 

0 

330 

7 .  

$337 

5 

$170' 

0 

0 

0 

0 

$170 

4 

$170 

0 

0 

0 

0 

$170 $1,564 



- SRCl i l L  TASKS 

(~~ujtlff i svsm UEAMI f f i  SVSTW 
PROTONPE 3 L t A W I I  S l S T B  . TESTIP  STOPPED F(R YINTER) TEST COMPLETED 

b n r 1 f f i  STARTS ------------- 
PMELS . U M O  . . 
p----v ---- -p----- + --------- --- --Q-- ---- +--- 

6120 BIZ *RO 1119 3/20 5/13 ' 

I 
NY FILTER IMTMLOD 'r 

. d .  

v - .  
. *. 

2/16 . . . .  

R M l R  W T  
v 

2/10 AIR HMDLER LUQIICATIOI( * ----- 9- --------- Q ---------------- --O 
9 / t 8  11115 . 2114 713 

. . .. 

CLE~IIS SVSTW LDHCEPT~~AL 
OESIrn TASK m n E  v (TES l l f f i  COlUlNlJED) 

' 10131 , 

EMISSION COI(1IL . . 
EVALUATIW TASK m E T E  

I I 1 I I I '  1 I I 1 I I 
JUN JUL All6 EP on w DV OEC JW . FEB I(RII ~ P R  )(RV JUN JUL AUG 

.FIGURE 5-.l. EVENT' SUMMARY CHART 



. 5 . 2 . 1  : ~ o l l e c t b r  Glaring Cleaning ' ' 
. . . . 

., ' A t '  fhe  c lose '  d f  Phase 11, .'."Construction", it  became. apparent tha t  
: .  

the  contaminat$on probleni was' more seqere than- had been ant ic ipated.  
. . 

:. . w i t h  t h =  ass is tance o f  the  &&istry ~ e ~ a r t m e n t  of The University of 

; ' Alabama in: ~ u n t i v i l i e  (UAH), detai ldd invest igat ion was conducted t o  . . .  . . . . 

i den t i fy  t h e  nature of the containinant. ' ~ e s u l t s  indicated the .presence 

of chaff :and di ' r r  particula'tes and soibein o i l .  The o i l  polymerizes under 

exposure . .  t o  . -u l t r av io l e t  . . and serdes a s  an 'adhesive fo r  the  vei-y f i n e  particu- . . ( ,  

l a t e s .  It was determined tha t  the  polymerized o i l  can be chemically a l te red  - 
by the appl icat ion of methylene chloride or  chlorinated noph tea t e s .  This 

. . replaces t h e  bxygeh boxid i n  :the chain t h  chlorine bolld, r e h l t i n g  i n  ' 

- \ .  ' . '  . 
a .  more f Suid c~mpound tha t  is read i ly  removed by flushing. ~ e c a u s e  of . . .  . . . . 

' 

constra ints  of 'safety,  cost ,  a n d  environm&tal compatibil i ty,  a simple 
. . 

. . . . .  

detergent along v i t h  mechanical scrubbing w a s  elected fo r  t h e  duration 
. . . . 

. . of Phase 111; . . . ... : . 
. .. Z . '  . .. 

i . ,  

~ r o i  operation of a 'prot6t& cleaning system (Section 8) ,, i t  was' . : 
determined t h a t  a d i r e c t  impingement spray ,. :with detergent', applied b r i e f ly  

. .  . 
each day easily, .  remoires the contamina& .. 

. . The cleaning process used f o r ; t h e  e n t i r e  a r ray  du ng Phase I11 
. . _. . . 2:. . 

involved three men petforming t h e ,  following aperations : . . 
. . . . 

. . ' using a bui l t - in  ' h i g h - p r e ~ s ~ r ~ / d e & e n t  i 'njecfion 

. ' spray system, one man sprayed the panels t o  loosen. .. . . '  
, ..the cont.einant.  

1 .., . . 
.e  The. second man followed the spray with mechanicar- . :. 

. .  . act ion,  using a long-handle brush. 

The third  man' followed 'with rinse water, . u s k g  .:a ' 

hose and tap water. , . . , 

. .  . 
' . . .  

. ' This process required apprDximaeely 6rhr (18 man-hours) t o  complete* and 

cleaned the,"pantils very effect ively.  It w a s  accomplished every 30, t o  
* .  - .. . :,. 4 I . . . /  - - . . . < . . -  

60 d a y ~  (.except during the winter) .  . . . , . . 

. . Thib contamination c lear ly  - .  affected co l l ec to r  eff ic iency . This 
. . 

e f t  iciency. i s  discussed .in s e c t i o n  7 . 5  ' , '  

.. ' 

. . 



5.2.2 A i r  Handling Unit Service 

The use  of t h e  comercia l -grade  a i r  handling u n i t  proved v e r l  

p r a c t i c a l  and posed no maintenance o r  opera t iona l  problems. Only r o b t i n e .  

greasings.,  one f i l t e r  changelintake c leaning,  and one b e l t  replacement 

w e r e  required .  

5.2.3 A i r  Transport  Duct Maintenance 

P r i o r  t o  t h e  start of Phase 111, some problems were encountered 

concerning the  10-in. meta l  f l e x  duc.ts connecting t h e  cold a i r  manifold 

duc t s  t o  the  c o l l e c t o r  modules. These l ightweight ,  .uninsulated,  aluminum 

f l e x  duc t s  were fa t igued  by wind-induced v i b r a t i o n ,  p a r t i c u l a r l y  i n  t h e  

h igher  l o c a t i o n s  near t h e  g r a i n  s i l o s .  s e v e r a l  a f fec ted  ducts  were replaced 

wi th  heavier  gauge r i g i d  ducts  p r i o r  t o  the  s t a r t ' o f  Phase 111. Repair 

of one a d d i t i o n a l  duct  was required  during Phase 111. 

Water leakage w a s  experienced i n  t h e  mastic coat ing over t h e  

i n s u l a t i o n  on t h e  main 4- by 4-ft  supply duct  between the  c o l l e c t o r s  and 

t h e  dryer  house. I n v e s t i g a t i o n  revealed t h e  c o l l e c t i o n  of soybean .chaff 

on top of t h i s  duc t .  When wet by ra in ,  t h i s  damp chaff caused.permanent 

impressions i n  the  upper su r face  of the  i n s u l a t i o n .  These impressions 

he ld  s i g n i f i c a n t  q u a n t i t i e s  of r a i n  water each t i m e  i f  ra ined,  allowing 

.. i t  t o  seep through t h e  mast ic  and w e t  t h e  insu la t ion .  The design of t h i s  

duct  should have s p e c i f i e d  a metal  cap on top of t h e  upper su r face  t o  pre- 

vent l u a k a g ~  , 

Analysis of duct  l o s s e s  caused by t h i s  por t ion  of w e t  duct  revealed 

a l o s s  of approximately 2.5% of the  energy c o l l e c t e d ,  independent of ambient 

temperature ( see  Sect ion 7.6.2). Placing a metal cap on the  duct  was not  

economically f e a s i b l e ,  considering  ids received versus  increased energy 

saved. 

5.2.4 Maintenance Fui-~ils and Logs 

Forms were es tab l i shed  f o r  .recording scheduled and unscheduled 

maintenance. ~ i g u r e . 5 - 2  i s  t h e  scheduled 'maintenance log depic t ing t h e  

schedule and d a t e s  of accomplfshment of a l l  scheduled maintenance. The 
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frequency of equipment maintenance was lessened to correspond to the 

lower-than-expected system utilization. Collector cleaning performed : 

by Gold Kist personnel was not kept - .  . on schedule either because of "lack of,. 

personnel or inclement weather during the winter months. 

Figure 5-3 presents the maintenance data forms used to record all 

solar drying system maintenance. These forms were also intended for 

recording ,dryer maintenance; however, this' was impractical because of 

the various shifts during which dryer maintenance occurred and the 
. . 

frequency of occurrence. , 



F IGURE 5-3. ,MAINTENANCE DATA FORM 

5 -7  

3. . MAINTENANCE PERFORMED B Y  

M#r fl!tds+n/ . . ' ' 

I. DATE 

6AJo/78 

2 .  PREPARED.BY 
. . .  

4: AREA OF MAINTENANCE -: SUBSYSTEM . . 

'COLLECTOR ENERGY .TRAN.SPORT' CLEANING 

CONTROL o STRUCTURAL . . - 
. . 

- ' COMPONENT/'PART 

A. S o n  
B.  

C. 

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R;  REPLACEMENT RPL 

5. DESCRIPT ION OF MAI.NTENANCE . .  

TYPE : SCHEDULED UPISCHEDULED 

' ' A. PROBLEM: 
. . 

. B .  CAUSE: 

C. CORRECTIVE ACTION:  @- @&y . .  . . 

6.' SOLAR DOWN TIME (EST IMATED SOLAR R A D I A T I O N  T I M E  . . LOST' DUE TO)  : 

SOLAR SYSTEM MAINTENANCE hr; DRYER MAINTENANCE 
. . 

h r  

7. COST OF MAINTENANCE PERFORMED B Y :  IN-HOUSE GOLD K I S T  $I 
IN-HOUSE TBE 0 
CONTRACTED 0 

/ 
(INVOICE ATTACHED) 

' LABOR CATEGORY h r RATE ( $ / h i )  LABOR COST 

" q, = 5/.db 
@- npo Fa&,w A L L - X  6-/7'. = 7g.flJ 

. . 
X - - 

. . 

TOTAL 'LABOR COST 
PARTS COST . 

n5.a 

M A T E R I A L  COST li!zl& 
TOTAL MAINTENANCE COST@ 7~ 

TYPE OF ACTION 
. ( S E E C O D E S B E L O W ) .  

d/!2 
. . 

T I M E  REQUIRED 

. h r  

/P. ' 

rnin 

- 



1. DRTE . 2. PREPARED. B Y  : . . 3 .  MAINTENANCE PERFORMED ,BY:  

rh/7~ /374y M + ~ , s o ~  

4 .  AREA OF MAINTEN'ANCE - SUBSYSTEM 

COLLECTOR ' a*' ' ENERGY TRANSPORT 0 CLEANING a 
CONTROL 0 STRUCTURAL 

, T Y P E O F A C T I O N  TIME REQUIRED 

' .COMPONENT/PART' (SEE CODES BELOW) .hr min 

' I /g , -  5 

. .  . - . 
B. 

C. , . 

TYPE OF ACTION CODES.: ADJUSTMENT. ADJ ; REPAIR R; REPLACEMENT RPL 

5 .  . DESCRIPTION OF MAINTENANCE 

I YPE: SCHEDULED a IJFISCHEDULCD 0 

, A. PROBLEM: 

B. CAUSE: 

C. CORRECTIVE ACTION: 

6. SOLAR DOWN T I M E  (ESTIMATED SOLAR RADIATEON T I M E  LOST DUE T O ) :  

SOLAR ' SYSTEM MAIflTENANCE - h r ;  - DRYER MAINTENANCE h r 

7. CO'ST OF MAINTENANCE PERFORMED BY:  IN-HOUSE GOLD: K I S T  

. . &  IN-HOUSE TBE O 
CONTRACTED 
( I N V O I C E  ATTACHED) 

LABOR CATEGORY. h r  . . ,RATE ( $ / h r )  LABOR COST 

TOTAL LABOR COST 
PARTS COST 

L !  
MATERIAL COST LtsllL 
TOTAL MAINTENANCE C O S b u b .  ,o 

FIGURE 5-3 - Continued 

5 - 8  

" .  



3.  ' +.MAINTENANCE PERFORMED BY 

PIa IV! ,ld '.- 

; 

I 

- 
. " I . .  'DATE . 

. 0 -  I 
:- /'I ,,/--/,7a 

7 .  . . 

2.. PREPARED BY, . 

' * 

IN-HOUSE .TBE 0 
. . CONTRACTED 0 

( INVOICE ATTACHED) 

LABOR CATEGORY ' h r  . RATE ( $ / h r )  LABOR COST. 1 

/1-0,pr;7b?,- 7 ' x  _Eil = -55.57 . .  , ...; 
, I -  . 

Cpkt.+- . 14. x 6 .17 .  = ,y 6 . 3 3 .  . 
I 

. . 
X - - 

. . . . 

TOTAL LABOR COST 1 q.5. q.5 
PARTS COST . . 

MATE R I AL COST >-. p ,T~ 

TOTAL MAINTENANCE COST$ 1 ,?;-, ,& 
i - . . , . 

4. AREA OF MAINTENANCE - SUBSYSTER - . 
. . 

COLLECTOR ENERGY TRANSPORT 0 CLEANING a 
CONTROL 0 : .STRUCTURAL 

. . . . . . 
. < .  .. . . 

' , COMPONE,NT/PART. 
. . 

. . 

. . 

A. 5.2a.n 
B. 

I 
, . 

C. 

TYPE OF ACTION CODES : ADJUSTMENT ADJ ;"'REPAIR R ; REPLACEMENT' RPL 
. . 

5 ,  DESCRIPTION OF MAINTENANCE . . ,, . . . . . , 

>.. . . . . 
s ,  TY.PE: SCHEDULED @ UNSCHEDULED 

A. PROBLEM: 

B. CAUSE: 

C. CORRECTIVE..ACTI.ON.: 7 ~ ~ ) . t r h e  r! - 9 
6. SOLAR DOWN TIME (.ESTIMATED SOLAR. RADIATION TIME, LOST DUE TO).: 

SOLAR SYSTEM MALNTENANCE 0 .. h r  . ; DRYER MAINTENANCE : b r  

7. COST OF MAINTENANCE a '  . .PE.REORMED BY : IN-HOUSE GOLD K I S T  ' 0 

.. TYPE OF ACTION 
(SEE CODES BELOW) 

N/A 

TIME REQUIRED 

hr 

2 1 .  

min 



1 4. AREA . OF . MAINTENANCE -- SUBSYSTEM; 

.i I . , . 
-- 

I COLLECTOR E N E R G Y  TRANSPORT CLEANING 1 

1. DATE . . 2. PREPARED BY . . 

. . .CONTROL . a . . . STRUCTURAL 

3. MAINTENANCE PERFORMED BY 

5: DESCRIPTION 0F.MAINTEMANCE 
- 5  

. . 
. . .  

TYPE: SCHEDULED a UFISCHEDULED 0 

. ., 

. 

. ( A. PROBLEM: I 
B. CAUSE: 

. . 

I SOLAR SYSTEM MAINTENANCE () .. h r ;  DRYER MAINTENANCE ' ' . * * .  . . h r  

, ,  . . .- 

. . 
COMPONENT/PART ' 

, . . -  - .  . - 
, Ad.- 

,. _ . .  
0, .Yo a c c7 - 

. . . ,J . ;. . . 
B .  

. . . . . . . .  . . . . . . . . .  .C. 
* .. 

- 

7. COST OF MAINTENANCE ' 
4. - ~. ' PERFORMED B Y :  IN-HOUSE GOLD KIST' 
. . IN-HOUSE TBE 

TYPE OF . . .  ACTION CODES : ADJUSTMENT ADJ ; REPAIR R; REPLACEMENT RPL . . . . . . . . . . . . . . , . .  . . . .  . . 

T Y P E O F  ACTION 
(SEE CODES BELOW) 

h;/ A 
. - 

. ~ 

T IME REQUIRED 

i 
L 

C. CORRECTIVE ACTION: 5c.h;d rm3,;,-, F b i l ivc /  5 m c h ~  
.. * 

' 6. SOLAR'DOWN T IME (ESTIMATED SOLAR RADIATION T IME LOST DUE TO) : 

- .- 
LABOR CATEGORY 

h r  

*.- 

, 

RATE ( $ / h r )  LABOR COST I 

min 

: .  

TOTAL LABOR COST L[ 'LL 
PARTS COST 4 

MATERIAL COST - 
TOTAL MA1 NTENANCE COST + . ZG, 

FIGURE 5-3 - C o n t i n u e d  

5-10 



'.I 4. AREA OF MAINTENANCE - SUBSYSTEM. I 

I COLLECTOR o E N ~ R C Y  TRANSPORT Ig/ CLEANING 0 1 

3. MAINTENANCE PERFORMED. BY 

A/a ~PQC 

, 1. DATE 

' 2 & o e ~ 7 6  

CONTROL . 0 STRUCTURAL I 

' 

- 

2. PREPARED BY 

&.t .r / l . / /  

A. PROBLEM: d e w  Belt 5 
. 

B.'. CAUSE: &ma1 W e a ~  

. - COMPONENT/PART 

A.  &lomet- ~ e l h  
B. 

C. 

I 6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE 'TO) : . 

I .  SOLAR SYSTEM MAINTENANCE ' I hr;  DRYER 'MAINTENANCE 
. .  . z .hr I 

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL 

TYPE OF ACTION, 
(SEE CODES BELOW) 

RPL 

- -- - -- - 

7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GOLD K I S T  0 
IN-HOUSE TBE d 
CONTRACTED 
( INVOICE ATTACHED) 

TIME REQUIRED 

I LABOR CATEGORY h r  . RATE ( $ / h r )  , LABOR. COST. I 

h r  

I - 

TOTAL LABOR COST y4J3 c 
.PARTS COST 70. U 4l 
MATERIAL COST 
TOTAL .MAINTENANCE COST & .76 

m i n  

o 

- -- - -  - - . * 

FIGURE 5-3 - C o n t i n u e d  



FIGURE 5-3 - Continued 

. 

3.  'MAINTENANCE PERFORMED BY 

N, # A ~ ~ / s u &  
-. 

4 .  AREA. OF MAINTENANCE - SUBSYSTEM ' 

COLLECTOR o ENERGY TRANSPORT u CLEANING @I' 
CONTROL 0 STRUCTURAL 

3 

2. PREPARED BY 

I .  -- ~ 

' 

.TYPE O F  ACTION TIME REQUIRED 
COMPONENTIPART (SEE CODES BELOW) . h r .  m i n .  

. .  . 
#/A A. 5'oap . 30 ' ', o ... 

B. . . 

F 7 - c  - .,.-. 

A. PROBLEM: 

IN-HOUSE TBE 

1 .  DATE . 

11/9/78 

. 

LABOR CATEGORY h r  RATE ($/hr) LABOR COST 
. . 

I 0  . € ? . s t  = .  $5./0 
2 0  x ,&. IT = / 23.,40 . 

. . X - '  - 
, . . 

TOTAL LABOR COST 208. SO 
PARTS COST 
MATERIAL COST $so. o o 
TOTAL MAINTENANCE CCST - 

LI- 



. . 

FIGURE 5-3 - Continued 
5 3 ' 3  

T 

3 : . MAI,NTENAR~E PERFORME D'.BY 

d a / /  . , 

. . .. - 

I". . DATE : 
. . .. 

: 7 . .  

- , .  

2. PREPARED' BY 
. :  ,. /la]/. 

'" 4 .  ' - AREA O F  I~IAINTEIJANCE - S U B S Y S T E ~ ~  ,, . a . I . 

. . . . 
COLLECTOR. 0, , , . ENERGY TRANSPORT' d , CLEANING 0 

- CONTROL o . S T R U ~ ~ U R A L  . . 

- . .  . ,  ~ ... 
* 

. ., COIIIPONENT/PART 
.. " . , *  . . 

A. 'q re b0:. 
. . . .  

. B. 
. . . .  . 

.c. ' 
A 

-TYPEOF ACTION 
(SEE CODES BELOW) 

\ . '  

N/A.  
.... L ' ,  

PE OF ACTION CODES : ADJUSTPENT: ADJ ; REPAIR R; REPLACEMENT: RPL 
. . 

, - , . - ,  
5. DES'CR~IPTIO'N .OF MA~NTENANCE - . . 

* . .. TYPE.,: SCHEDULED WUNSCHE . DULED . o 
A. PROBLEM: 

. . . 

1 - 
. . 

B. CAUSE: 
. 

. 

C. CORRECTIVE ACTION: .rou+we y i r i p y  r f @b.r+r i M @ h  

6. SOLAR DO% T IME  (ESTIMATED SOLAR RADIAT ION T IME  LOST DUE TO): 
. . 

SOLAR SY.STEM I4AINTENANCE . 0 hr; DRYER I;IAINTENANCE - . ,hr  
. . .  - .  ., .. 

7. COST OF MAI'NTENANCE , PERFORMED'BY: IN-HOUSE GOLD KIST' O. 
1 , IN-HOUSE TBE d 

CONTRACTED :. , 
0 

( INVOICE, ATTACHED) 

, LABOR CATEGORY . hr RATE ($/hr) . LABOR COST 
' .  - , x .&E' - - ~ t . ' t D  

X . .  . - - . . 
.. . 

X t 
" .  

.. . 
w TOTAL LABOR COST 1 2.5% 

PARTS COST - 
. . 

' MATERIAL COST --- - 
. .. TOTAL I - iAI  NTEtjANCE COST' IG,~Q 

.. 

"T ' I I * l i  REQU I RED 

. 

' 

hr. 
. , 

'/t 

min  
. . 

. . 



4 . .  AREA OF MAINTENANCE - SUBSYSTEM 

COLLECTOR 0 ' ENERGY TRANSPORT & CLEANING 0 
CONTROL 0 STRUCTURAL 

* 

1. - DATE : 

. . 
~ / / 4 / 7 ? '  . - 

I . 

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL 
, .. 

-- . *- --. -- -. 
5. DESCRIPTION OF MAINTENANCE . . 

2. PREPARED BY 

B:. ,Z Ad LL 

COMPONENT/PART 

- A *  C ~ L O  AIR F L ~ A .  SVIAI DUCT 

A *  , PROBLEM: F L e A  ourr ' G L O U ~  4 W 4 9  . ~ g & - ~ ~ , ~  
P,,c r 

' 8. CAUSE : wrvo . 
x. I C. CORRECTIVEACTION:  R h - C ~ ~ ~ ~ o u c r r o w * , ~ ~ ~ ~ ~  . .a 

3. MAINTENANCE PERFORMED BY 

GOLO K I S T  

B .  ,- 
- 

C - 

.TYPE O F  ACTION 
(SEE CODES BELOW) 

I2 

6 .  SOLAR OO!+fN T IME  (ESTIMATED SOLAR RADIATION TIME LOST DUE TO): 

- 
I 

- .  SOLAR SYSTEM ~IAINTENANCE 0 h r  ; DRY E'R MAINTENANCE h r  
--- -- - - .- - .  - -.- 

7.  COST OF MAINTENANCE PERFORMED B Y :  IN-HOUSE GOLD KIST W 
IN-HOUSE TBE 0 
CONTRACTED 0 
( IfdVOI CE ATTACHED) 

LABOR CATEGORY h r  RATE ( $ / h r )  LABOR COST 

TIME REQUIRED 

. . . . 

TOTAL LABOR COST 7 - 3 5  
PARTS. COST . - 
MATE4 I AL COST - 
TOTAL ;.lAI$TENANCE COST '7.3s- 

' h r  

O 

FIGURE 5-3 - Continued 

, 5-14 

min 

3 0 -  



1 I TYPE O F  ACTION ( TIME REQUIRED 

- 
' 

' *  

3.. . MAINTENANCE PERFORMED B Y '  
HEno A,& Ci;WQll~&w(~ - 

. me~rclrt, R c 

* .I : . '. 

DATE . 

z/z3/7 9 

I . . 
COMPONENT/PART . 

5. DESCRIPTION OF MAINTENANCE 

TYPE : SCHEDULED d UNSCHEDULED B 

, . - . .. -. : 4 .  AREA OF MAINTENANCE' - SUBSYSTEM . .. . . .  
COLLECTOR O ,  ENERGY TRANSPORT' w CLEANING , .  o . 
CONTROL 0 . STRUCTURAL 

2. PREPARED BY '  

B . 2 .  Af31~ . 

A *  R o ' l l - o - M R ~ ~ C  . . F / t 7 € R  M&OIR 
. .  . 

8 -  CLEW IUTJQ&I- W ~ J V E E I  

C'. 

A. PROBLEM: DlaW ~ I L T E ~  1 I N T R K ~  ~ p u v e a )  
. .. i 

8. CAUSE: D u s r  

(SEE CODES BELOW) I . h r  . 
I. . 

C. CORRECTIVE ACTION: R c P ~ l s c a  sruen; CLFHEJ 1 ~ ~ ~ ~ 6  
. . .. . 

6. SOLAR DOWN T IME  (ESTIMATED SOLAR RADIATION TIME LOST DUE TO) : .' 

, . 

SOLAR SYSTEM f4AINTEfiANCE 2. f hr ;  DRYER MAINTENANCE . h r  .. . 
. 

min 
. .  a 

R PL . . , . - . ., , - 

LABOR CATEGORY 

PERFORMED BY: - IN-HOUSE GOLD K I S T *  (7 

IN-HOUSE TBE 0 ,  
CONTRACTED B 

/ 130. 

RATE ( $ / h r )  LABOR COST 

. . . . 
1 

PARTS COST 
I4ATER I AL COST (tau*) 
TOTAL MAINTENANCE COST 

. . 
bo 

- .. 

FIGURE 5-3 2 Continued " 
. . 

5 - 1 5  



1.1.~~ . . 
12.  PREPARED BY 1.3. MAINTENANCE PERFORMED B Y  I 
1 1 

4. AREA OF MAINTENANCE - SUBSYSTEM,. 
, , .  

COLLECTOR ENERGY TRANSPORT a CLEANING 1 
CONTROL a STRUCTURAL 

+ I T Y P E  P F  ACTION . [ TII*lE REQUIRED ] 
I , COMPONENT/PART : I ( S E E  CODES BELOW) 1 . .  hr I mi" 1 

. .  . 

/ I ,  

.DESCRIPTION OF MAINTENANCE 

TYPE: SCHEDULED (Iq UNSCHEDULED 0 

A. PROBLEM: 
- 

I 8. CAUSE: I 
c. CORRECTIVE ACTION: R B U ~ / U ~  - C/PCUIU 9 

1 6. SOLAR DOWN T IME  (ESTIMATED'SOLAR RADIATION TIME LOST DUE TO):  

I SOLAR SYSTEM 1-1AINTENAN'C.E h r ;  DRYER MAINTENANCE hr 
- ,. . 1 7. COST OF MAINTENANCE , ~ E H F O R M E D B Y :  IN-HOUSE GOLDKIST EY 

IN-HOUSE TBE a 
CONTRACTED 0 
( INVOICE ATTACHED) 

LABOR CATEGORY , , h r  RATE (8/hr)  LABOR, COST 

I 
. . - .  

FIGURE 5-3 - Continued 



- . .  . .  . . . .  . , 

- 

I 

B. CAUSE: 

C. CORRECTIVE ACTION : RQortUE c ~ r s ' 4 U l u G  . ,  

- 
: 1. DATE . . 2 .  , PREPARED BY 

5. DESCRIPTION OF MAINTENANCE 

TYPE: . ,SCHEDULED a UNSCHEDULED a ' 

- 
. ' A. PROBLEM: , . 

6. SOLAR DOWN TIME (ES'TIMATED SOLAR R A D I A T I O N  T IME LOST DUE TO) : 

3. . IIAINTENANCE PERFORMED BY 

5//577 9 . , 

. 

LABOR CATEGORY hr RATE ($/hi-) LABOR COST 

HHLL. . - .  

. 

. . 

TOTAL LABOR COST /tS..lo 
PARTS COST . ' 

F A T E R I A L  COST 4 5706 
TOTAL i1AINTENP.NCE COST /7d./o 

, - . . - 
FIGURE 5-3 - t o n t i n u e d '  

&f, / r lAp / jm  . -  . '  
. . 

. . 4 .  AREA OF MAINTENANCE - SUBSYSTEM', ' ; '  
b 

! ,. COLLECTOR ' 0 E N E ~ Y  TRANSPORT O CLEANING E31 
CONTROL a STRUCTURAL. 

I 
. . 

2 

.. . 
.TYPE QF ACTION TIME REQUIRED 

. . . . 
. SOLAR SYSTEM MAI'NTENANCE . h r ;  DRYER MAINTENANCE tir 

< - . , 

7. COST OF MAINTENANCE PERFORMED B Y :  IN-HOUSE GOLD KIST ET 
IN-HOUSE TBE 0 

.. m i n  . . 

. . . . 

. 

. . .  
TYPE OF ACTION CODES : ADJUSTMENT ADJ; REPAIR R ;  REPLACEMENT RPL 

I .  

. h r  

.. 

. . .  

"' . . COMPONENT/PART ' ' . .. .. 

. A .  . 5-P . -  . , . 

.B. . . . - .  

c .  

(SEE CODES BELOW') 

N/A . 

. . - .  



FIGURE 5-3 - C o n c l u d e d  

5-18 

1. DATE . 

7/z/79 

2 .  PREPARED BY 

. . )/ALL . . I  

3. MAINTENANCE PERFORMED BY 

M. &??P/SON 

4. AREA OF MAINTENANCE - SUBSYSTEM 

COLLECTOR 0 .  ENERGY TRANSPORT ' 0 CLEANING 

CONTROL 0 STRUCTURAL 

COMPONENT/PART 

A. S O A P  . 

B. 

C. 

TYPE .OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL 

5. DESCRIPTION%OF MAINTENANCE .- . . + 

TYPE: SCHEDULED a IJNSCHEDLILEO 0 

A. PROBLEM: C O A J ~ ~ M I N A ~ E U  . Girl z r ~ ~  

0 .  CAUSE: 

C. .CORRECTIVE ACTION: d d S M  . . 

6. SOLAR DOWN TIME (ESTIRATED SOLAR RADIATION TIME LOST DUE TO) :  

SOLAR SYSTEM MAINTENANCE , h r ;  DRYER MAINTENANCE h r  

7. COST OF MAINTENANCE PERFORF~IED D Y :  IN-I~IOUSE GOLD KIST 

IN-HOUSE TBE ' 0 
CONTRACTED 0 
( INVOICE ATTACHED) 

LABOR CATEGORY h r  RATE ( $ / h r )  . LABOR COST 

p - O P E U ~ O ~  6 x -- 8.51 ......- . = S/.a6 
C - bPFZRTiJ/r I. 2 x _ 6.17 % " 74;04-. 

X - - - 
TOTAL LABOR COST 12s. r 0 
PARTS COST 
MATERIAL COST 45. ~6 
TOTAL ;.!A1 NTEXANCE COST# 10 

.TYPE OF ACTION 
(SEE CODES BELOW) 

NIA 

TIME REQUIRED' 

h r  rnin 

. . 



DATA A C Q U I S I T I O N  OPERATIONS 

6.1 . ' INSTRUMENTED DATA 

6.1.1 General , ' 

. The perforinance-critical channels o f . t h e  d a t a . a c q u f s i t f o n  u n i t  
. . 
opera ted .wi th  good r e l i a b i l i t y ,  and i t  -is est imated t h a t  less than 2% 

ok the  d a t a  a v a i l a b l e  was misied becaiisk df d a t a  . a c q u i s i t i o n - u t i i t  or opera- 

. t i o n s  problems. The d a t a  a c q u i s i t i o n  u n i t  was a c t i v a t e d  each morning a t  

approximately 6  a.m. and deact ivated  a f t e r  sunset  each day regard less  of 

t h e  weather o r  dryer  operat ion.  This w a s  placed on t h e  r o u t i n e  of t h e  

morning and night  s h i f t s  of Gold K i s t  personnel and was accomplished 

, daily. ,  Gold K i s t  supervisors  were. t r a ined  t o  rep len i sh  t h e  d a t a  logger . . . .  . 

. . ' t ape  a n d ' t o  set t h e  clock,  when necessary,  a f t e r  a  power f a i l u r e .  Data 

anomalies - were. repor ted  t o  TBE by Gold K i s t  persbnnbl. 

The d a t a  was picked up twice weekly by TBE during r o u t i n e  system 

. =,becks and del ivered t o  t h e  Data processing Department. 

. . 
' 6 . 2  Instrumentat ion Ca l ib ra t ion  

. . 

. . . 6.1.2.1 .Velocity Probe - The v e l o c i t y  probe was c a l i b r a t e d  twice 

during t h e  program, with the  following r e s u l t s :  

Date: r July 13,  1978 

. Cal ib ra t ion  Equipmeni: Por table  KURZ hot-wire anemometer and 
and a  p i t o t  tubelmanometer 

Velocity channel output  adjus ted  from 
'2.75.V (1,375 f t /min)  t o  2.49 V (1,245 
f  t Imin) 

Date: .' May 17,  1979 

Ca l ib ra t ion  Equipment: Por table  TSI hot-wire anemometer 

Resul ts  : Velocity channel output  adjus ted  from 
2.82 V (1,410 f t lmin)  t o  2.55 V , 

(1,275 f t lmin) .  



6.1.2.2 Temperature - The performance-critical temperature 

channels were ca l i b r a t ed -  twice during the  program, with the  following 

r e s u l t s :  

Date: December 27, 1978 

Cal ib ra t ion  Equipment: I c e  bath 

Results: 

CHANNEL WAS - - NEW SETTING 

11 - c o l l e c t o r  Input Air Temp'erature 31.g°F Not Required 

12 -. Collector  Output dir Temperature 33.3'F 32. O'F 

13 - Duct Temperature 31.3OF . 32.0°F. 

14 - Ambient A i r  Temperature. 32.1.OF. Not ~ e ~ u i r e d  

Date : May 17,  1979 

Cal ibra t ion Equipment: Fluke Model No. 2180A Dig i t a l  Thermometer 
and an i c c  Bath and heated water 

Results  : 

CHANNEL WAS - NEW SETTING 

11 - Collector  Input Air Temperature 131. O°F ,129 OF 

12 - Collector Output Air Temperature . 127.g°F Not Require.d 

14 - Ambient A i r  Temperature 75.7OF Not Required 

Linear i ty  was good on channels 12 and 14. Minor nonl inear i ty  
e x i s t s  on channel 11, a s  shown i n  Figure 6-1. 
(Channel 13,  duct  temperature, is  no longer used; see  Section 
7.6.2.) 

. . 

6.1.2.3 Pyrometer - One ~ u n e  1 9 ,  1979, t he  py-roieter output w a s  

compared with t he  output of an i den t i ca l  u n i t  a t  UAH, approximately 

25 mln northeast  of   old K i s t .  Results  were a s  follows': 



MEASUREMENT TEMPERATURE ( O F )  



? r . . .  . . . . 
, ,  . ' .' i .  .GOLD' . k3ST 

uik 
INSTRUMENT INSTRUMENT 

SKY READING READING 
TIME - CONDITION (w/m2) W / m 2  1 DIFFERENCE (z) 

11: 12: 28 Clear  942.0 ' 951.7 . 1 .0  

12:12:28 Clear. :: 1 .  . 1004:5 - 0.7 

: 13!:42: 28 . .Scattered :-: 442.0' 953 -4  . . . (.. . . . . . . .  ' ~5.3 16 . 
. Cloud-s, . , . . . .  

. ,. '. L.. ..1 -. . 

14 t1.2: 28 Sca t t e red  902.5 940.8 4.1 
$ _  : 

.i . . . . . . .  ; . . .  ,iCloudS: .' ; ; . '  . . I  I . . . . . .  ! .. . . . .  : . . 

15:12:28 Scattered.  770.1 782.8 '. 1 .6  
C1 nuds 

524.9. 16:12:28 Sca t t e red  580.1 , .  t '  9.5 . . 
Clouds 

1.7.::12.:28 ' Scat.tered '; '::372.9 ...: . 360.7. . .  3;4 
. . Clouds . . . . . . . . .  . . .  . . 

: ,  . . . . . .  - .  . . . . < .  

1 8  : 12 : 28 Scat tered  . 1 7 4 . 4  . , . 171.1 . , . - . 1.9 . 
Clouds 

As  a r e s u l t  of t h e  extremely c l o s e  comparison, it.was decided 
. . . . .  

not  t o  remove t h e  instrument from t h e  Gold K i s t  f a c i l i t y  f o r  c a l i b r a t i o n .  
. . .  ....... . . . . .  . . . . .  . . . . .  . f , .  : ..- ., , I . '  . 

The fol lowing n'oninstrumented d a t a  was p rov idedby  Gold K i s t  , 

personnel  on a monthly b a s i s :  
. . . b . :  . . , . .  . . . . , .. , 

. -  < . . . .  . .  : . . . . .  . . .  Fuel .cos ts  '($'/gal.). - :'- . . -.. , 
e E l e c t r i c i t y  c o s t  ($:/.kwh) ' ' .  '.' ' - .  r .  : . . 

Fuel consumed by each , dryer  - (gal )  
. . .  

': .Dryer abe'F;at :, : . . . . . . . .  , .. 
. . . .  Maintenanceman-hours, by type . s  - .  

Maintenance l abor  c o s t ,  by tjipe (.$/man-hour) 

. . Data, Lo,gger . ,operations .log. : ., 
- . . . . .  .. . . . . . . .  .~ . . . . . .  . . .  . . . . . . .  . . . . . .  ' 2 ;  , . . - . . . . . .  % . .  . . .., . ' 

Hourly solar r a d i a t j n n  At* vth provided by UG on n monthly 

b a s i s .  Por t ions  of t h i s  d a t a  came from t h e  Marshall Space F l i g h t  Center 
. . 

(MSFC) when. . the U N  .,e.quipmept was. not .  operating.,  , . . 

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



. . 
;, . . .. 

GENERAL. 7.1 . * .  . . . .  

The:solar  system operated f o r  a 15-month period.  The d a t a  con- 

ta ined i n  t h i s  s e c t i o n  a r e  .presented i n  two ways: 1 )  f o r  t h e  t o t a l  period 

and 2) f o r  a 12-month period from September 1978 through August 1979. 

This inethod presents  t h e  data.  f o r  t h e ' e n t i r e  opera t iona l  phase and a l s o  

allows comparison with o ther  systems,'on an  annual b a s i s .  

Basic performance d a t a  f o r  t h e  e n t i r e  15-month period a r e  sum- 

marized i n  Table 7-1. 

. . 
7.2 SOLAR INSOLATION 

Table 7-2 presents  t h e  s t a t f s t i c a l  and t h e  a c t u a l  s o l a r  . f l u x  

experienced i n  t h e  opera t iona l  phase. Note t h e  s i g n i f i c a n t  reduct ion 

(11.3%) i n  s o l a r  f l u x  f o r  t h e  annual period.  

7.3 SOUR S Y S T ~  ~1I;IZATION . .. 

. .  ~ ~ s t e m ' u t i l i z a t i o n  is defined a s  the  f r a c t i o n  t h a t  t h e  u t i l i z e d  

energy is  of the' u t i l i z a b l e  energy. .The values  .of monthly energy,  u t i l i z e d  

a r e  taken d i r e c t l y  from system performance d a t a  printo;ts. Monthly energy 

u t i l i z a b l e  is  derived a s  follows: 

A c l e a r  day with f u l l  system run time ' is  se lec ted  f o r  
each month. The energy u t i l i z e d  t h a t  day is  se lec ted  , 

a s  t y p i c a l  "c lear  day" usable energy. .. 

Monthly system u t i l i z a t i o n  (s.u.) f o r  t h e  month is then 
ca lcu la ted  a s  follows: 

S.U. = 
monthly energy a c t u a l l y  u t i l i z e d  

"Clear-day" usable energy x cloud cover a t t enua t ion  x no. days i n  month 
x lo(  

' .  
EXAMPLE: 0ciober 1978 . , 

J u l i a n  .Day NO. 275, ,' had f u l l  run time, was c l e a r ,  and 
6.605 x l o 6  Btu were u t i l i z e d .  

103.58 l o 6  B ~ u  , = 62.5% S.U. = 3.605 x l o b  x 0.809.X 31 



TAB,E 7-1. PERFORMANCE DATA gUMMaRY 

- ? 

JUN JUl AUG SfP OCT NOV DEC JAN FEE 'MAR APR MAY JUN JUL AUG 

9031 - Total '5olar k i n t h l y  13.5 10.1 15.0 8.9.  34.8 11.0 4.3 15.2 8.4 28.4 31.5 24.7 39.D 23.4 26.4 
Incident (8tu?f t '  x 10') Cumulative . 23.6 38.6 47.5 82.3 93.3 97.6 112.8 121.2 M9.6 181.1 205.8 244.8 268.2 294.6 , 

- 

0180 - Solar cnergy . 
Collected [B:J a l o b )  ., 

9233 - Total 5obar . 
U t i l i z e d  (at" l o ~ j  
N131 - Collector 
Eff lc lency 

N143 - Average h ~ ~ b i e n t  
Dry Bulb Temmrature ('I) 

M n t h l y  168.6'.1 44.1 1 55.5 
Cumulative 112.7 ,168.2 



MONTH . 

Jun. 

J u l  . 
, Aug. 

Sep. 

Oct .  

Nov. 

Dec . 
Jan. 

Feb. 

Mar. 

Apr . 
May 

Jun. 

J u l .  

Aug . 
Average 
(15 mo.) 

Average 
(Sep. -Aug . ) 

TABLE 7-2. SOLAR FLUX FOR . . .DECATUR-HUNT.SVILLE AREA 

T i l t  = 15.deg 
Azimuth = 24" Eas t  o f  South 

STAT I S T I  CAL* I ACTUAL 1978-1979 

CLEAR SKY FLUX 
( B t u / f t 2 - d a y )  

2,580 

2,550 

2,445 

2,250 

1,965 

1,665 

1,465 

1,590 

1,905 

2,235 

2,445 

2,550 

2,580 

2,550 

2,445 

NET FLUX 
(B tu / f t2 -day )  

CLOUD COVER 
(ATTENUATION 

FACTOR) 

*P. M. F ish 
I n d u s t r i a l  

-- - 

- 
,r, " F i n a l  Design Report  f o r  Appl i c a t i o n  o f  Splak ~ n e k &  t o  
Dry ing  o f  Soybeans," TBE Repor t  S~77-ERDA-2078, February 28, 1977. . 



System u t i l i z a t i o n  f o r  each  month dur ing  o p e r a t i o n  i s  shown 

in Tab le  7-3. The low o v e r a l l  and annua'l system u t i l i z a t i o n  is  

a t t r i b u ' t a b l e  p r i m a r i l y  t o  daytime 'r+t ' ine'maintenance on t h e  d r y e r s .  
. 

Daytime d r y e r  down-time has  t h e  fo l lowing  e s t ima ted  d i s t r i b u t i o n :  

Rout ine  d r y e r  maintenance 94.5% 
Unscheduled d r y e r  o r  p l a n t  maintenance . 5% 
Lack of r a w  product.  and misce l laneous  0.5% 

The more exper ienced  personnel  a t  Gold K i s t  work t h e  day s h i f t .  

It is  d e s i r a b l e  t o  have t h e s e  people perform t h e  maintenance a c t i v i t i e s .  

The s o l a r  f r a c t i o n  involved  i n  t h i s  program w a s  t oo  sma l l  t o  j u s t i f y  a 

any major  s h i f t  o r  o p e r a t i o n a l  changes. 
I 

Table  7-4 compares t h e  daytime and n igh t t ime  dry ing  o p e r a t i o n s  

a t  Gold K i s t .  Note t h e  c l o s e  monthLy c o r r e l a t i o n  between d a y l i g h t  

u t i l i z a t i o n  i n  T.able 7-4 and system u t i l i z a t i o n  i-- Table  7-3. The 

r e l a t i v e  d e n s i t y  of day and n i g h t  o p e r a t i o n  can be seen i n  F igu re  7-1. 

These d a t a  were e x t r a c t e d  from Gold K i s t  d r y e r  o p e r a t i o n  logs .  

7.4 ENERGY DISPLACED 

The s o l a r  system d i sp l aced  986.54 x l o 6  Btu equ iva l en t  of f o s s i l  

f u e l  dur ing  t h e  1 5  months of o p e r a t i o n .  During t h e  annual  pe r iod  

(September through August) ,  i t  d i s p l a c e d  822.54 x 10,~ Btu e q u i v a l e n t .  
. . 

The annual  saving 's  .assuming 95% system u t i l i z a t i o n  would be 

1 ,430  x .  l o 6  ~ t u .  Monthly' d i s t r i b u t i o n  of t h e s e  saving's i s  shown i n  . 

F i g u r e  7-2. 

The d r y e r s  ope ra t ed  on f u e l  : o i l  from June 1 , 1 9 7 8 ,  t h r o u g h  

May 31, 1979. During June  1979, one d r y e r  was opera ted  on n a t u r a l  g a s  

and t h e  o t h e r  two ,on  f u e l  o i l .  During t h e  lagt 2 months uf o p e r a t i o n ,  ' 

J u l y  and August,  t h e  d r y e r s  opera ted  e x c l u s i v e l y  on n a t u r a l  g a s . '  . 

Table 7-5 p r e s e n t s  t h e  s o l a r  f r a c t i o n  f o r  une dryer (assumirig 

a l l  s o l a r  energy w a s  ded ica t ed  t o  t h e  same d r y e r ) .  F igu re  7-3 p r e s e n t s  

the d a i l y  f u e l  'saved by the  s o l a r  system. from September 1978 through 

A U ~ U S ~  i979. 



TABLE 7-3. SOLAR SYSTEM UTILIZATION* 

* A l l  da ta  normal ized f o r  1 ) c o l l  e c t o r  ti'l t, 15 deg 
2)  c o l l . e c t o r  o r i e n t a t i o n ,  240" East  o f  South 

. , 3 )  c o l l e c t o r  area, 13,104 f t 2 '  , 

YEAR 

1978 

1978 

1978- 

1978 

1978 

1978 

1978 

1979 

1979 

1979 

1979 

1979 

1979 

1979 

1979 

T o t a l  

MONTH 

Jun . 
J u l  . 
Aug.; 

Sep. 

Oct. 

Nov . 
Dec . 
Jan. 

Feb. 

Mar. 

Apr . 
May 

Jun . 
J u l  . 
Aug . 

(15 mo.) 

To ta l  
(Sep. -Aug . ) 

n- 

ENERGY UTILIZABLE 
(B tu  x l o 6 )  

272.2 

180.8 

160.1 A. 

129.8 ' 

165.9 

90.3 

45.2 

65.6 

57.5 

157.0 

161.1 

171.1 

161.6 

122.9 C 

177.6 

2,118.7 

1,505.6 

ENERGY UTILIZED 
( B t u  x l o 6 )  

66.88 

43.02 

- C. 54.10 

32.35 

103.58 

35.53 

13.08 

53.46 

25.19 

95.81 

109.03 

80.85 

115.90 

- 75.01 

82 .75 

989.54 

SOLAR SYSTEM 
UTILIZATION 

( % I  
24.6 

23.8 

33.8 

24.9 

62.5 

39.3 

28.9 

81.5 

43.8 

61 .O 

67.7 

47.3 

71 .7 

61 .O 

46.6 

46.6 

822.54 54.6 



TABLE 7-4. DRYER OPERATIONS 

. . . .. . ., " a .  , " 

* Assumes 1 hour a f t e r  sunr ise  through 1 hour befor,e sunset. 

* * Incl  udes t'ime t h a t  tit l e a s t  one o f  the  three'  dryers i s  operated .ov.er 
2 consect ive.  h a i r s .  











. , 
ENERGY SAVED (822.5 x 1 g 6  Btu/hr) 

ENERGY SAVINGS POSSIBLE WITH 9,5% . . 
'SYSTEM UTIL IZATlON ( 1 , 4 3 0  x 1 0 '  Btu/hr) 

. #  
. . 

1 8 0  

SEP OCT NOV 

DEC I JAN . . 

FEB- W R  AP2 MAY JW JUL AUG 

1978 1979 

FIGURE 7-2. MONTHLY ENERGY SAVINGS 



. ..TABLE 7-5. SOLAR FRACTION, ONE DRYER 

4 . .* .. r 

' . 
. .  . * .  

* No dedicated fue l  meter 

1978 

1978 

1978 

1979 

1.979 

1979 

1979 

1979 

1979 

1979 

1979 

- .  
**Natural gas used; no dedicated gas meters 

Oct. 

Nov. 

Dec. 

;)an. 

Feb. 

Mar. , 

. ~ p r .  

May 

Jun. 

Ju l  . 
Aug.. 

T o t a l s ( 0 c t : - ~ a y )  
F . -. 

57.7 , 

44.2 , 

43.8 , . 

41 ;2 

31.2 

30.7 

21.3 
.. . 
20.7 

*t 

** 
e+ 

.'. 290.8. 

0,696 

" .  ,. ,. 0.239 '  
8 .  

. ,,O :088 

0.359 

0 .'.I 69 , . * 

0.644' . 

0.733 

0.543 , 

0.779 
- 5 '  , 

-. 0.504 . 
, .. 

- 0 : 5 5 6  

3.471 
. . 

58.396 

44.439 

43.888 

41.559 

31 .369 

' 31.344 

22.033 

21.243 

' ** 
, , . . 

* r ** 

. . , .. . $  . ** 

1.19 

0.54 

0.20 

0.86 

0.54 

2.05 

3.33 

2.56 

** 
** 
** 

294.271 1'.18 





JUL.IAN DATES . 

FIGURE 7-3 - Continued 
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FIGURE 7-3 - Continued 
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7.5 . COLLECTOR PERFORMANCE 

Col lec tor  e f f i c i ency-was  l e s s  than t h e  52% pred ic ted  by t h e  per- 

f ormance evaluat ion  model cons t ructed  during Phase I. During t h e  perf  0.m- 

ance year  (September 1978 through August 1979), c o l l e c t o r  monthly e f f i c i e n c y  

ranged 'from 28.3% t o  23.2% and averaged 26.2%, a s  shown i n  Figure 7-4. 

Analysis  of a  f u l l  d a y f s , o p e r a t i o n  immediately before  and a f t e r  each 

,cleaning revea l s  a  c o l l e c t o r  e f f i c i e n c y  inc rease  of approximately 9.3% 

a f t e r  cleaning.  Figure 7-5 p resen t s  t h e  d a i l y  c o l l e c t o r  e f f i c i e n c i e s .  

' Not d i s c e r n i b l e  i n  -Figure 7-4 o r  7-5 is t h e  c o r r e l a t i o n  of 

e f f i c i e n c y  with t h e  time of day. Figure 7-6 shows t h e  d i u r n a l  v a r i a t i o n  

of e f f i c i e n c y  f  o t  two August days. The, p r o f i l e  of i f f  i c i e n c i e s  i n d i c a t e s  

some thermal capacitance e f f e c t s  t h a t  cause a r t i f  i c a l l y  low s teady-s ta te  

e f f i c i e n c y  i n  the  e a r l y  hours and a ' h i g h e r  va lue  during the  l a s t  hour. 

of opera t ion  a s  energy i s  removed from t h e  c o l l e c t o r  mass and t h e  

support  s t r u c t u r e .  

Typical  peak temperature l i f t s  f o r  winter  and summer a r e  4 0 ° ~  

and 60°F, r e spec t ive ly .  This  parameter i s  shown .in ~ i g u r e  7-7. 

The r e l a t i o n s h i p  of . the  s teady-s ta te  e f f i c i e n c y  of a  f l a t  p l a t e  

c o l l e c t o r  to. the  environmenta1,conditions can be approximated by a  

l i n e a r  func t ion  of (Toutlet - 1 1 Figure 7-8 shows hourly Tambient. 
e f f i c i e n c i e s  a s  a  func t ion  of AT/I f o r  a , t y p i c a l  August day. It a l s o  

p resen t s  t h e o r e t i c a l  p red ic t ions  of t h e  performance of a double-glazed 

c o l l e c t o r .  

7.6 ENERGY TKANSPORT SYSTEM 

7.6.1 A i r  Flow, 

Some concern s t i l l  e x i s t s  over the'  inconsis tency of the  v e l o c i t y  

da ta .  They ranged from 1,245 f t /min  t o  a  high of 1,705 f  t/min. Both 

c a l i b r a t i o n s  requi red  9.5% reduct ion  i n  v o l t a g e  ou tpu t .  The blower 

speed was v e r i f i e d  t o  be 585 rpm, the  s p e c i f i c a t i o n  speed. No 

s i g n i f i c a n t  f low change occurred a f t e r  f i l t e r  change .' 



SEP OCT NOV DEC I JAN FEB MAR APR M?Y JUN JUL AUG 

1978 1979 

F[GURE 7-4. MONTHLY COLLECTDR EFFICIENCY 
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FIGURE 7-6. COLLECTOR EFFICIENCY PROFILE 



. 
FIGU2E 7-7. TYPICAL TEMPERATURE L IFT  



FIGURE 7-8. ARRAY EFFICIENCY AS A . ,  ,EUNCTION . .-.. OF COLLECTOR PANEL EFFICIENCY FACTOR . . . . .  I 

1 , .  (m2-"C/W) - . , . . .I. 

T o u t l e t  " Talnbient s o l a r  



Since no concre te  reason could be found f o r  an a c t u a l  d r i f t  . . . 7 .  , .  :.. . "  , . . .  
t . .  , . . . 

i n  flow, i t  is assuqed t h a t  t h e  d r i f t  occurred in t h e  v e l o c i t y  

ins t rumenta t ion.  Th,is probe should be pu l l ed  and f a c t o r y  c a l i b r a t e d  

a c r o s s  t h e  e n t i r e  , . .  opera t ing temperature ranke, _ .  . . , .  . . 

Since t h e  ~ p e r a t i o n a l ~ p h a s e  ended (August 31, 1979), i t  was 

discovered: t h a t  on-e of t h e  t h r e e  phase power l eads  from the  Gold K i s t  
. . 

pqwer ,. d i s t r i b u t i o n  . - . s t a t i o n  ., .. was p a r t i a l l y  , - .  grounded. The r e s i s t a n c e  t o .  
. . 

ground on fhe  "bad" l e g  d r i f t e d  and was 50% of the  va lue  on t h e  two . . . 
"good" l e g s .  Th i s  problem i s ' b e i n g  correc ted  a t  t h e  time of t h i s  . . .  
wri t ing .  Further tests should be run on the  a i r  f low i n  t h e  system 

. . .  ' ( -2 $7 
t .  . .. 

a f t e r  t h i s  e l e c t r i c a l  prbbl&- i s  'solved. 6 

. . 

7 .,6.2 Duct Thermal ~ o s i e s , .  
. . 

The .December .I978 d a t a  reveiled a negat ive  duct l o s s  (gain) .  

Th i s  pr'ompted a d e t a i l e d  study of t h e  duct . . temperature-sensing techniques. 

Using c a l i b r a t e d  thermocouples and read-out devices from UAH, it was 

detenpined t h a t  t h e  temperature a c r o s s . t h e  c r o s s  sec t ion  of t h e  duct  . .. . . , , 

v a r i e d  +1.5OF i n  a somewhat random manner. This condit ion e x i s t e d  near .-, 

t h e  c o l l e c t o r  a r r a y  output  and near t h e  dryer  house. It was concluded 

t h a t  t h e  s i n g l e  RTD probe d id  not  r epresen t  average duct temperatures 
. . 

s u f f i c i e n t l y  c l o s e  t o  determine duct t h e r m a l  losses :  . An a r r a y  of ; 
thermocouples would be needed a t  eac.h 'end of t h e  duct .  . , . 

? 

.%.% , A s  a r e s u l t ,  B derailed analysis ... -... . . ,... +.. u1 .*i . 'the ., , .. duct ids3 . . .  W A ~  . canduetcd. 

  his analysis', concluded the ,  following : 

Energy l o s s  w i l l  &proicimate-.a constant  percent  of ' .  
energy t r anspor ted .  . ._, 

i ' . C . . - -  L : . *..... , . * = .  . ... .. . . . 

.Energy percent  l o s s e s  computed were: : +  

A Dry insu la t ion :  - 1.2% . . 

A 50 f t  of w e t  i n s u l a t i o n  - 4.4% 
- .  . 

A E n t i r e  supply duct w i t h  wet i n s u l a t i o n  (172 f t )  - 12Z 
A Expected temperature drops i n  the  duct f o r  var ious  

operat ing condi t ions  a r e  a s  shown i n  Figure 7-9. 



- 
,Tups t r e a m  Tambi ent ( O F ) .  

FIGURE 7-9. TEMPERATURE DROP I N  SUPPLY DUCT 



Since only about 50 f t  of t h e  duct  is  sub jec t  t o  leakage 

and only  s t a y s  w e t  an  assumed 50% of t h e  time, a  duct  l o s s  of 

2.5% x energy c o l l e c t e d  w a s  assumed and i s  r e f l e c t e d  in a l l  t h e  thermal 

d a t a  i n  t h i s . r e p o r t .  

The system blower was t h e  only p a r a s i t i c  energy requi red .  It ' I . . 

consumed 21,638 kWh (73.8 x lo6 Btu) of energy o r  8.97% of the  energy 

u t i l i z e d  during t h e  12-month performance period.  



.. , 

,, . 8. CLEAN I N G  SYSTEM CONCEPTUAL DES IGN ' , 

, . ' .  . . . . . .. 

'8.1 GENERAL ' 

. , . . " ., 
. ,. . .. . 

. . . A s '  a r e s u l t  of the  Contamination problem p r i o r  t o  the  s t a r t  of 

Phase I I I , ' a  t a s k  w a s  i n c l u d e d , i n  t h e  Phase I11 cont rac t  t o  examine 
, . .  _ 

cleaning systems and conduct a '  conceptual design. The ob jec t ive  of t h e  

t a s k  was t o  conceive a system that',wodld minimize recur r ing  panel  

cleaning cos t  while meeting an acceptable  compromise between c a p i t a l  

cos t ,  r e l i a b i l i t y ,  degraded performance, and main ta inab i l i ty .  

Af ter  severa l  concepts were .s tudied,  a conceptual design was 

conducted on the 'most  promising, and a prototype system was const ructed  

and t e s ted .  A complete repor t  on t h i s  a c t i v i t y  is contained' i n  

Appendix 11. Following i s  a sudary of ' t h e  a c t i v i t y .  

DESIGN CRITERIA ' . 

To meet t h e  ob jec t ives  s t a t e d  above, t h e  following design c r i t e r i a  

were es tabl ished:  

Minimum shading by t h e  mechanism 

.e Automatic opera t ion 

a Freeze p ro tec t ion  

a Minimum"moving p a r t s  and adjustments o r  alignment 

a Minimum .consumption of water,  de te rgen t ,  and 
/ e l e c t r k i t y  . 

8.3 DESIGN ' CONCEPTS CONSIDERED 

~ i & r e  8-1 p resen t s  a summary and comparison of the  concepts 

considered. The o s c i l l a t i n g  spray appeared t o  be t h e  most promising 

of a l l  concepts s tudied.  Therefore,  a p i l o t  and a prototype system 

were constructed and tested. 



FIGURE 8-1. CLEANING CDNCEPT COMPARISON 

I 

MAINTENANCE 
REQUIREMENTS 

VERY LOW - NO MDVING 
Emir- 

LOW - FEW SLOW MOVING 
m T S .  NO CRITICAL 
ALIGNMENT REQUIRED 

1 1  

HIGH-NUMEROUSMOVING 
m S ;  CRITICAL ALIGN- 

RELAT lVE COST 

VERY LOW - SIPPLE FIXED 
~ Y Y T E M  

-. 

LOW - MlnIMAL MOVING 
m T S  

HIGH-ODMPLEXROLLERS. 
GUIDE RAILS AND DRIVE 

- 
CCNCEPT 

/ 
F l  XED SPRAY (FLOOD) 

OSCI U A T  ING SPRAY 

, /  

?ROBABLE CLEANING 
EFFECTIVENESS 

'OOR - DIRECT IMPINGE- 
AT UPPER EDGE ONLY. 

FLOmlNG STREAMS 
SPLI i l  AS WATER PROGRESSES 
OVER GLAZING, LEAVING DRY 
AREP.S . 

GOOD - DIRECT IMPINGE- 
MENTANDFLOODlNG 
ALONG FULL LENGTH OF 
GLAP lNG 

GOGD-DIRECTIMPINGE- ' AND SQUEEGY ACTION 
MENT; SENSITIVE TO 
FREEZING CONDITIONS ON 
RAILS. SQUEEGY REPLACE- 
MENT W E  TO WEAR AND 

f BRITTLENESS. 

1 ALCltlG FULL LENGTH OF 
GLAZING 

MECHANI S( 

HOVlNG SQUEEGY WITH SPRAY 

t 

8 .  

I - . .  



. 

FIGURE 8-1 - Concluded 

MAINTENANCE 
REQUIREMENTS 

VERY HIGH - MOTION L I M I T  
ADJUSTMENTS CRITICAL ; 
FREEZING OF BRUSH ELE- 
MENTS; BRUSH WEAR AND 
REPLACEMENT ; BRUSH PRES- 
SURE ADJUSTMENTS 

HIGH - MOTION L I M I T  
~ S T M E N T S ;  CRITICAL 
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8.4 PROTOTYPE CLEANING SYSTEMS 

To o b t a i n  'a pre l iminary  v e r i f i c a t i o n ,  a  simple p i l o t  model was 

cons t ructed  and t e s t e d .  This  cons i s t ed  of an inver t ed  lawn s p r i n k l e r ,  

a s  shown i n  Figure,  8-2. This  p i l o t  model covered four  panels  and 

consumed approximately 5 gpm (0.063 gpm/ft2)  .. After 2  weeks of opera t ion ,  

t h e  c leaning e f f e c t i v e n e s s  appeared e x c e l l e n t .  A s  a  r e s u l t ,  i t  was 

decided to '  p repare  a  morg e l a b o r a t e  system incorpora t ing  con t ro l l ed  soap 

i n j e c t i o n  ,and v a r i o u s  j e t  . s i z e s  and spacings  t o  determine t h e  bes t  

combinat ions.  

The fol lowing prototype d e r a i l e d  des ign c r i t e r i a  were e s t a b l i s h e d  

f o r  the  proto type  system: 

Severa l  test s e c t i o n s  t-o eva lua te  d i f f e r e n t  j e t  s i z e s  and 
Y '  .: spacings,  i , '  -. 

, . 
L 

An a c t u a t o r  with an a d j u s t a b l e  s t r o k e  

A v a r i a b l e  soap i n j e c t i o n  system * .  

S u f f i c i e n t  l i n e  s i z i n g  t o  provide a t  l e a s t  65 gsi pressure  
a t  a  d e l i v e r y  r a t e  of 25 gpm , ; 

Manual c o n t r o l ,  without f r e e z e  p r o t e c t i o n  " 

Expandable t o  a  f u l l - s c a l e  system 

. . 

Minimum system c o s t .  - 

T h e ' r e s u l t i n g  system consis ted  of a  48-ft o s c i l l a t i n g  spray 

bar  covering 32 c o l l e c t o r s  (16 p a i r s ) .  The system was designed t o  be 

cons t ructed  £ran of f  -the-shelf hardware, r equ i r ing  no Specia l  too l ing .  

The system is shown i n  Figures  8-3 and 8-4. 
! .  

8.5 TESTING AND RESULTS 

The proto type  .system was t e s t e d  under the  following condi t ions :  

One-minute wash, one-minute r iase ,  twice d a i l y  ( e a r l y  
morning and late af ternoon)  
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FIGURE 8-3. PROTOTYPE CLEAN I NG SYSTEM 





Tw~3minute r h g e  only (no goap), twice dafly 
, c 

One-minute r i n s e  only, once da i ly  (early mornipg). 

Several types and quant i t ies  of detergent were tested,  and no 

discernible  Qtff erence w a s  detected. .. 
- , - < , b -  - .  

L j * , &  , L- The most effectiveJeconomical cycle appeared t o  be the  l-minute 

rinse only, in the early morn-. , Thks - procedure 'removed the contaminate 

pr ior  t o  extended exposure t o  u l t r av io le t .  
~. . 

The most e f f ec t ive  j e t  bizing 'and ipacing was' the 0.037-in. 

jet spaced a t  4-in. intervals .  ' The flow t h i s  sectiod was 0.055 gp/f t2. 

8.6 SYSTEM BUDGETARY COST 

A budgetary cost estimate resul ted in the following completely 
.." t 

autciktsd system &at: ' 

Including engineering - $2.36/ft2 
Excld,dng engineering - $1.59/ft2. . . 

It should be noted tha t  considerable savings could be real ized 

i f  the mechanical fabricat ion and ins t a l l a t ion  were conducted by Gold 

K i s t  personnel. 

Based on a 10% overa l l  perf 0-ce improvement, the syst* would 

increase current annual f u e l  savings by $317, The experienced manual 

cleaning cos ts  were $785/year. The combination of these two is an 
- . a  r. i: 

estimated $1,102 annual economic Improvement assuming approximately 

equal amounts of water are consumed by e i ther  method of cleaning. 
c ,  . 



. . 
. . . . . . . . .. . . , 

9.1 . .  . BACKGROUND ' . . 

Even bef dre const ruct ion of t h e  ' so lar  array w a s  . cimpl6te,  X t  

was apparent.  t h a t  contamination of t h e . c o l l e c t o r  g laz ings  b y . p a r t i c u l a t e  

emiss ions  from the  .plant  .would degrade perf omance . . A s .  a . r e s u l t ,  ..DOE : ;; - 

authorized a study <o i d e n t i f y  emission sources and p o t e n t i a l l y  s u i t a b l e .  

suppression* techniques. The complete r e p o r t  on t h i s  a c t i v i t y ,  conducted 
, . . . , . . . . . . .  I .  

j o i n t l y  by TBE and Gold . . K i s t ,  Inc . ,  is  co,ntained i n  Appendix 111. A 

summary of t h e  f ind ings  and reGlts is presented here.  

. . 
9.2 EMISSION SOURCES 

. . . . . . .  . . 
' 

The t h r e e  sources of a i r  p o l l u t i o n  i n  a soybean processing p l a n t  
. . 

are : 
. . 

. .  I 

Soybean receiving; handling, and drying opera t  ions  
e Soybean processing opera t ions  

. Soybean meal loadout opera t ions .  

Table 9-1 presents  ' the '  moke s i g n i f i c a n t .  p o t e n t i a l  sources'  i n  each 

category. . . 
. . 

9.3 EMISSION SURVEY AND IDENTIFICATION 

On J u l y  24,  1978, t h e  illformation contained i n  t h e  a i r  q u a l i t y  

permit app l i ca t ions  f o r  each emission source was v e r i f i e d  by inspect ion.  

Each source has  been issued an a i r  q u a l i t y  permit by t h e  ~ r i - c o u n t i e s  

Health Department. 'Each emission source and i ts  type of con t ro l  device 

a r e  l i s t e d  i n  Table 9-2. It was a l s o  observed t h a t  the  bean d ryers  

may emit some p a r t i c u l a t e  mat te r  i n  t h e  area of the  s o l a r  power. 

Cer ta in  o the r  f u g i t i v e  sources may a l s o  be influenci,ng the 

c o l l e c t o r  contamination. These are :  

Conveyers under- the  bean d ryers  (when covers a r e  loose)  
Overhead conveyer No. D-27, 
Bean conveyer from s to rage  t o  prepara t ion.  



TABLE 9-1 . POTENTIAL SOURCES OF AIR POLLUTANTS IN 
SOY BEAN PROCESSING,PLANTS 8 .  . . :',* .' 

x e  - I  

a Grain Receiving, Cleaning " ~ r y i n g ,  and' Storage 

. Grain Unloading .Trippers , Con,veyor Transfer  PoSn t s  
E l  eva t o r  Leg, Vents . _,- .Grain Cleaner, . . .  ., =. . . .  
Corner and Side vents , G'rain Dryer . ." . 

# e .  .! ." . .. , "  ,. - I2 I .\I 

.I , . . , , . , . " 
i' . . , a Soybean Processing 4 .  

. . -  
Cracking Ro l l  s " Desol ten ti zer-Toaster. 

' 

. . .  Dehull i n g  System Meal' Dryer 
'Hu l l  Toaster : 'Yea1 Cooler : qP , . . 
Hull t ir i.ndfng - Meal Qrinder 
Bean Condi t ioner Sol vent Yapor Recovery , sys tern 

l . .  
. . . . F lak ing M i l l s  

a Product Shipping . . .  C . . .  -... . .. _. . . . . . . . .  
. . I .  ! I .  . 

. . a .  

I - i  ,' . . - .  
Meal Loadout 



.; TABLE.' 9-2-; : PR.IMARY EMI,SS ION. SOURCES, 
DECATUR 'OIL PRODUCTS ' FAC ILITY 

DECATUR , ' 'ALABAMA 
. . .  ++ . 1.- . . . . . . . . . .  .' . . .  - . " . < . d r . -  . .  .a. >..-r... *'..._.I. : < . . .  , - .  , . 

. . . .  

. . .  .. NUMBER I : '. : :DEscRIP i i .oN 

ZOO1 Bean Receiving , Storage, conveying ; 
L Truck, Ra i l  , Barge Loadout 

ZOO2 Bean Scal per,. Screener , :.:Hammer M i  11 
.. 

: 2003 Prepard ti on ~ c r & & r  . 5 2 ~ ~  . . 
. . . >' . . . . . .  . . . . . . . .  . . - . .  

+ . :. : ' - .. 
zoo4 , ~ r i i k i i g o ~ e r ~ t i o n  . . . 

ZOO5 Dehul l ing Operation, separator, 
Cleaners , Asp.i r a to r s '  

. . . . 

. . 

. . . . . . . . . .  . . ZOO7 Meal Drying/Meal Cool ing, 

2008 1 Meal Si f ters/Gr i r iders . . . , ' . , . ' . ' . 
. . 

~ 0 1 0  I Bean Drying 

TYPE OF 

Z O l  1 

CONTROL DEVICE 

Toasted Hul l /Gr inders 

Fabric F i  1 t e r  , 

Fabric F i  1 t e r  

High E f f i c i e n c y  
Cyclone 

. . 

~ i g h .  E f f i c i e n c y  
Cy'cl one 

~ a b r i c .  F i  1 t e r  
High E f f i c i ency  
Cyclones . 

. - ,  

High E f f i c i ency  
Cyclones 

Fabr ic F i  1 t e r  .. 

Fabr ic F i  1 t e r  

Fabr ic F i  1 t e r  

Perforated Col umn 
P l  a tes 

High E f f i c i ency  
Cyclone 



Evidence of o i l y  material on the panels was observed. The 

sources of this  material were not clearly apparent; however, they 

are generated at  proceas points 'where phy&ical, or chemi,&al 

changes to the soybean occur. . '. 

. '  . 
. . 

A l l  emission abatement. devices, were arming ,@thin the  limits 

.required by local and state authorities. 



. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ... 
~ h &  economic a s ~ e s ~ m e n t  of ' .thex s o l a i '  system ihvb1;es cornpar irig *.' 

. . 

conventional l i f e - c y c l e  f u e l  c o s t  with t h e  a d z i t i o n a l  ' f '~rst &st df 'th8 
s o l a r  :drying systems and' i t s  impact bri .operating': coats:: . ~ h e ' . a c , t u a l  

i n s t a l l e d  c o s t  of t h e  s o l a r  system was .$57.5,.384.. . -Because. o f .  t h e  i i m i t e d  

space a v a i l a b l e  a t  Gold K i s t ,  t h e  a r r a y  had t o  be supported on a massive 

s t e e l  s t r u c t u r e  e rec ted  over an  e x i s t i n g  parking l o t .  Since t h e  s o l a r  

system has p o t e n t i a l  f o r  i n d u s t r i a l  sites t h a t  do not  have t h i s  l i m i t a t i o n ,  

80% of the  cos t  of t h i s  s t r u c t u r e . i s  removed f o r  t h i s  a n a l y s i s .  The 

cos t  assumed f o r  c h i s  s tudy is  $405,615. 

Since system u t i l i z a t i o n  was only 54.6%, t h e  annual energy 

savings used i n  the  study was increased t o  a va lue  .corresponding t o  95% 

system u t i l i z a t i o n  o r  1,430 x l o 6  Btu. Likewise, t h e  a c t u a l  maintenance 

and operat ing c o s t  was increased t o  an est imated va lue  of $3,257. 

The system performance a t  Decatur l i e s  between t h a t  f o r  

Albuquerque and Omaha. The n e t  r e s u l t s  i s  a l i fe-cycle ,  cos t  e s t ima te  

of $48.10 per  m i l l i o n  Btu of s o l a r  energy. 

This  s e c t i o n  p resen t s  d e t a i l e d  cos t  d a t a ,  c a l c u l a t i o n s ,  and 

comparisons. The technique used fo l lows t h e  pre'scribed gu ide l ines  

contained.  in t h e  Lawrence ~ i v e r m o r e  ' ~ a b o r a t o r ~  document "Method of 

Economic Analysis  f o r  Comparison of Solar  Process Heat Systems", revised  

August 1, 1976. 



. . INPUT PARAMET:ERS: AND ASSUMPTIONS . . 

1 . Tota l  a n n u a l  Energy Requirements: A1 buquerque 55,050 MBtu 
Omaha 59,680 MBtu 
Decatur 58,140 MBtu 

2. Energy De l i ve red  by So lar  F a c i l i t y  and Percentage o f  T o t a l :  

A1 buquerque 1,629 MBtu 3.0% 
Omaha 1,321 MBtu 2 -2% 
Decatur 1,430 MBtu 2.5% 

3 .  I n s t a l  l e d  Cost o f  Sn lar  F a c i l i t y  (see page 10-3): $405,615 

4. Useful L i f e  o f  So la r  F a c i l i t y  and Dryers: 20 years 

5. ~ e p r e c i a t i o n  Method: S t r a i g h t  L i n e  
. . . . . . 

. . 

'6. Est imate Cost f o r  Operat ion, Maintenance, Replacement Parts., 
and ' Insurance (OMRI ) o f  So iar  F a c i l  i t y  (see page 10-4) : $3,257 

I 

7. ' Combined Income Tax Rate: ' 50% (ac tua l  : $0) 

8. Investment Tax C r e d i t :  10% (ac tua l  : $0) 

9. I n f l a t i o n  Rate: Zero 

10. Af ter-Tax R a t e . o f  Return on Investment: 10% 

11. ~ e l i v e r e d . ~ o s t  o f  Fuel O i l :  $15/bbl 

12.. Fuel   eating Value: 5.8 MBtu/bbl 

13. Dryer OMRI (see page 16-5) : $12,000 

14. Fuel. .Oi l  Conversion E f f i c i e n c y :  70% 

15. Salvage Value of So lar  F a c i l i t y  and Dryers: Zero 

16. System U t i l i z a t i o n :  95% (ac tua l  : 54.6%) 

17: Reduced Actua l  S t ruc tu re ,  Foundation, and S i  te-Work Cost by 80%. 
. .. . . 

18. ' ~l e c t r i c i  ty Cost: ' $0 .03 /k~h  

.19. Assume. no .Property Tax (ac tua l  a n t i c i p a t e d :  $3,176) 

20.' ' ~ s s u h e  ~ a b o r  t o s t  i s  $1 5 /hr  (ac tua l  : $6 -95)  

21 . Assume no Insurance Cost (ac tua l  an t i c ipa ted :  $324) 



Col 1 ec to r  Array . .. $190,500 , , 

panels (672). $168,500' 
I n s t a l  l a t i o n  and Assembly 22,000 

Supporting St ruc ture  34,728 

S i t e  Preparat ion 3,892 
. . 

Foundations 4,840 

Ducting 94,275 

. . . . 
~ i s c e l  laneouZ Mechanical Components 20,959 

E l e c t r i c a l  system 

6,000 Iw t rumen ta t i on  and Contro ls Mod i f i ca t ions  

Star tup and Checkout 

TOTAL 



, .. 

ANNUAL COSTS OF OWNERSHIP, OP'ERATION , MAINTENANCE, AND 

REPLACEMENTS (OMRI ) (ASSUMING 95% SYSTEM UTILIZATION) 

Solar  Faci 1 i t y  
' . 

Labor: ' 105 man-hours'. @ $1 51mhr $1,575 
. , .  

E l e c t r i c i t y :  37,580 kwh @ .030/kWh . $i,127 , , 

Replacement Par ts :  ' . 

Fer re l  1 m 4 ~ o s s  Dryer 

Assumed Costs: $O.ZO/MBCu x 60,000 MBtu = $12,000 
P 

.Actual Costs: 
. '  

cap i  t i 1  Recovery (0.1 1746 x $1 25,000) $ ' I  4,684 

Property Taxes (0.78311 00 x $1 25,000) * 978 

Rep1 acement Par ts  61 0 

Labor (41 6 man-hours x $6.92/hr) . . 
2,878 

E l e c t r i c i t y  (2,160,000 kwh x $0.018/kWh) 38,880 

Ins'urance ($0.08/100 x $125,000) 1 00 

$58,130 



. .  . . . , , ALBUQUERQUE. , . OMAHA 

Cost ,of Fuel O i l  Energy . , ' . . $203,388 . . . . $220,494. 
. . . . .. . 

k y e r  operation and . . 12,000 ~. 
I .  . 

1 2,000 
. Maintenance . . . . , -. - . -. 

Fuel Cost . . -8203,388 $220,494 
Dryer. .. 12,000 . . 12,000 

. 3- . ' $232,494 

. . .  I'ncome ,Tax.  Deduction . . 

. . ' After-Tax Cost : : .. .. 
Before-Tax Cost 

. , 

UNIT COST. ;PERMB~U . . 



PLAN B - ANNUAL ENERGY COST 
CONVENTIONAL FUEL + SOLAR 

ALBUQUERQUE OMAHA 

Repayment t o  E q u i t y  f o r  
So la r  Faci 1 i t y  $ 47,643 $ 47,643 

Investment Tax C r e d i t  (4,764) (4,764 

Cost o f  Fuel O i l  Energy 197,368 215,612 

Dryer  OMRI 

So lar  F a c i l i t y  OMRI 
:, . -  . 

Deduct ib le  Expenses : , . 

Fuel Cost $138,158 $1 50,928 

Dryer  QMRI 12,flOO 12.000 

Sol a r  OMRI 3,257 3,257 ' 

Deprec ia t ion  

Income Tax Deduct ion (1 16,453) (1 25,575) 

A f  ter-Tax Cost 139,051 148,173 

Before-Ta.x Cost 278,102 296,346 

UNIT COST PER MBtu 



ANNUAL COST OF SOLAR ENERGY ALONE 

Repayment t o  Equi ty  

Investment Tax Cred i t  

OMRI. . 3,257 

Deducti b l  e Expenses: 

OMR I $ 3,257, . 

Depreciat ion 20,281 

$23,538 

Income  ax Deduction ($1 1,769) 

Af ter-Tax Cost 
. . 

34,367 
~efore- ax Cost ' 68,734 

.ALBUQUERQUE OMAHA 

UNIT COST PER MBtu ' .  . 
' $68,734 = $42 -19  ' m  $68y734 = $52.03  - 

1,321 



PAYBACK PERIOD FOR PLAN. B 
. . . ... -. r . 

. .. . , 
ALBUQUERQUE ' 

. . .  
OMAHA 

, - .  

Percentage o f  Energy suppl i ed 
by So lar  Faci 1 i t y  3.0 2.2 

P lan A Fuel Cost $203,388 .,. . $220,494' - ' '. 

Value' o f  Fuel Saved 6,020 4,882 . . 

So la r  'OMRI- 3,257 3,257. 

Annual Cash Savings' 2,763 ' . ' 1.,625 

Added Income Before Tax (1 7,518) , . (1 8,656) 
. . . . 

Added Income Tax (8,759) (9,328) 
, . 

Net Incremental Cash Flow ' 11.;522, 1 ,O , 95.3 

Payback. Per iod 35 . z ' ~ +  37.0 y r  : 



ANNUAL COSTS' AT DECATUR 

Convent!ional Fuel + So lar  
. . ' .'. 

Repayment t o  Equ i t y  , : 4. 47,643,. 

Investment Tax ~ r e d i  t . : . (4.,764) 

Cost  . o f  Fuel O i l  Energy I .207,479. . . 

Dryer  OMRI 1 2', 000 

Solar  F a c i l i t y  OMRI .  . .  , 3,2.57. , 

. . 
Deduct ib le  Expenses : 

. . . . . . 

Fuel Cost . $207,478 

12,000 
. . , . 

Dryer OMRI . . .  

So lar  .OMRI 3,257 , . ,  . . 

Deprec ia t ion  20,281 
8243,016 

Income Tax Deduction: ($121,508) 

A f t e r  Tax Cost 144,107 

Before Tax Cost 288,214 

UNIT COST PER MBtu $288,214= $4.96 
58,140 - 

Solar  A1 one 

Before Tax Cost ( f rom page 16-8) : $68,734 

Energy Del i vered:  1,429 MBtu 

UNIT COST PER MBtu 1 68',734 = $48.10 
1,429 - 
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ABSTRACT 

This r e p o r t  p resen t s  the  v e r i f i c a t i o n  plan f o r  a s o l a r  energy 

system used t o  augment t h e  conventional dryers  of a soybean processing 

p l a n t .  The p r o j e c t  is funded under t h e  Department of Energy's Solar  

Demonstration Program f o r  Agr icu l tu ra l  and I n d u s t r i a l  Process Heat. The 

1,215 m2 (13,104 f t 2 )  of c o l l e c t i o n  a r e a  are expected t o  supply about 

3.9 TJ/yr (3.7 x 10' Btu/hr) , represent ing about 25,000 g a l  of No. 5 
' 

fuel n i l  c u r r e n t l y  used i n  t h e  drying operat ions.  The system is t o  be 

operated f o r  1 year  by Gold Kist, Inc. ,  of Uecatut, Alabama, as a part 

of t h e  drying opera t ions  required fo r  s t o r i n g  o r  processing soybeans fo r  

o i l  ex t rac t ion .  Instrumented and noninstrumented d a t a  w i l l  be  acquired,  

processed, and analyzed t o  v e r i f y  and evaluate syscem u p e ~ a t i o i m l  and 

t echn ica l  f ea tu res .  Results w i l l  be i ssued i n  monthly repor t s .  

Prepared By: 

Pro gram Manager 
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INTRODUCTION 

1.1 BACKGROUND AND OBJECTIVES 
- . .  . . . ,. . . 

A major ob jec t ive  'of the  Department of Energy's '(DOE'S) I n d u s t r i a l  

Process Heat Program is t o  v e r i f y  a n d  evaluate  the  t echn ica l  and opera-., . ,. .;.. 

t i o n a l  .performance of s o l a r  thermal energy. .. _ _  systems . c fp r ,  process drying. 

For t h i s  purpose, a demonstration system using a i r  c o l l e c t o r s  has  been 
, :  

. . .  . , 
constructed a t '  t he    old K i s t  Soy p lan t  i n ' ~ e c a t u r ,  Alabama.' Th6 's'ystem - ' 

is dekigned t o  temper the  combus.tion a i r  of conventional drye:rs.used t o  . 

dry soybeans p r i o r  t o  s to rage  and a s  . . a f i r s t  s t e p  i n  the  e x t r a c t i o n  
, . '.: ! -  , . . ,  . . 

process. 
. . . . . . 

Construction of t h e  s o l a r  f a c i l i t y  and d a t a  a c q u i s i t i o n  'has been 
.#. 

completed and opera t idna l  s t a t u s  has  been achieved. The s y s t e m d ~ l  be 

operated and maintained . f o r  1 year  by Gold K i s t  .as a p a r t  o f  the i r . ,  drying:  

opera t ions .  + Operational  and t e c h n i c a l . d a t a  w i l l  be acquired,  analyzed, 
, . - .  

evaluated,  and reported by Teledyne ~ r o w n  Engineering (TBE). 1; t h i s  
. . 

Sys tern Ver i f i ca t ion  Plan,  t h e  'procedures f o r  achieving - these  ob jec t ives  " ; 

a r e  described i n  d e t a i l .  This r epor t  !-.is prepared under sponsors,hip of 

t h e  Department of Energy under Contract No. DOE-E-(40-1)-5122. 
. , 

. . 
1.2 SUMMARY 

. . . . 
This System V e r i f i c a t i o n  P lan  encompasses a complete des 'cr ip t ion 

of the- hardware sys  tems, sof mare .  sys  t e m s  , and methods of analyses* to  , :. 

be used i n  evaluat ing opera t iona l  and . . t echn ica l  . . . performance. . Operation 
- .  . . . .  ' , r: 

and maintenance r e s p o n s i b i l i t i e s  f o r  the  s o l a r  energy system 'are  assigned 
, . 

t o  Gold Kist and the  d a t a  acquis i t ion '  kystem t o  Teledyne Brown Engineering. 
' ,  . ,  ' 

, , The data  base t o  be 'developed " ~ o d s i s t s  of noninst'rumented d a t a  . 

and instrumented data.  The noninstrumented da ta  c o n s i s t  of opera to r  logs  
. . 

. ,  . . . ,.i ; ;(! : 

and' ' ca re fu l ly  prepared f 6- t b  ' r5ipoi?t'..opei.='tionai ind  rnainten'dnc8 ', ' 

events  and cor rec t ive  procedures undertaken. Instrumented d a t a  c o n s i s t  

of measurements designed t o  eva lua te  t echn ica l  performance. The require-  

ments f o r  the  instrumented da ta  a r e  based a s  c l o s e l y  a s  poss ib le  t o  tho.se 

tha t  have been defined f o r  the  ~ a t i o n a l  So la r    eating and Cooling 

Demonstration Program. 



The instrumented data will'be analyzed to provide parameters 

that indicate system performance and operational condition. The data 

will be presented in monthly reports that provide .daily, monthly, and 
, , 

monthly cumulative total and average,.v8lues. 



The'Solar Drying system (SDS) is  an air-based concept designed 

t o  c o l l e c t  and t r a n s f e r  s o l a r  energy t o  augment a conventional soybean 

drying process. The system c o n s i s t s  of t h e  following p r i n c i p a l  

subsystems: 

Col lec tors  
Energy t r anspor t  
S t ruc tu re  
Controls  subsystem 
Cleaning subsystem. 

Addi t ional ly ,  an instrumentat ion,  monitoring, and processing subsystem is 

included i n  support of t h e  experimental na tu re  of t h e  program. 

2.1 SOLAR DRYING SYSTEM 

The Solar  Drying System is shown schematical ly i n  Figure 2-1. 

Although.solar  energy systems t y p i c a l l y  employ s to rage  to  supply energy 

at  n igh t  o r  during cloudy days, none w a s  incorporated i'n t h e  se lec ted  

system approach because a l l  t h e  energy p o t e n t i a l l y  c o l l e c t a b l e  could be 

used immediately i n  t h e  e x i s t i n g  drying opera t ions .  

2.1.1 Col lec tor  Subsystem 

The c o l l e c t o r  subsystem c o n s i s t s  of 672 Solaron c o l l e c t o r s  

arranged i n  84 s e t s  of 8 modules encompassing 4 two-in-series p a i r s  of 

c o l l e c t o r s .  The layout of t h e  four  paired c o l l e c t o r s  is  shown i n  

Figure.2-2. The c o l l e c t o r  a r ray  is  t i l t e d  at  15 deg and pointed 24 deg 

easr sf south.  

The c o l l e c t o r s  a r e  0.914 m (3.0 f t )  wide by 1.98 m (6.5 f t )  long 

by 0.18 m (7 in . )  deep. The design employs one g l a s s  cover 3.175 x 10-3 m 

t h i c k  and a nonselec t ive  absorber su r face  ( a /€  z 1 ) .  Figure 2-3 i l l u s t r a t e s  

t h e  c o l l e c t o r .  

The design flow r a t e  is. 0.0102 m/sec (2 f t 3 / m i n / f t 2 )  based on gross  

c o l l e c t o r  area .  Since each of t h e  c o l l e c t o r s  has a gross  Area of 1.81 m2 

,, (19.5 f t 2 ) ,  t h e  design flow r a t e  f o r  t h e  SDS i s  about 12.4 m3/sec 



FOUR SETS OF TUO-IN-:ERIES COLLECTORS 
TYPICAL 84 PLACES 

FIGURE 2-1. SCHEMATIC -3F SOLAR DRYING SYSTEM 



FIGURE .2-2; COLLECTOR INSTALLATION PATTERN 

TEMPERED GLASS 7 

A I R 
CHANNEL 

AREA (TYPICAL OF 6) 

PANEL DIMENSIONS: 3 ft WIDE BY 6 F t  6 ,in. LONG by 7.25 i n .  HIGH 

NOTE: A I R  FLOWS THROUGH THE CHANNELS BENEATH'THE ABSORBER 
PLATE. 

FIGURE 2-3. COLLECTOR 



(26,300 f  t3 /min) . ' The 4 .two-in-seriek .piat tern of modu'le used i n  the  col- 

l e c t o r '  a r ray  r e q ~ i r e s '  16 '  coll'ector-t&-coll'ector ' j o i n t s  ( i n  p a i r s  j;: ' The . . .  

c & l e c t o r  por t ing  arrangement i s  i l l u s t r a t e d  i n  Figure 2-3. These j o i n t s  
. - , . ,.. > !  , 

. . a r e  s e a l e d  wi th  bu ty l  tape. 

I The modules cons i s t ing  of e i g h t  c o l l e c t o r s  each have 4 
loss of about 57.2 Pa (0.23 in .  H20) at t h e  0.0102-k/sec (2-f t3  lmin/f t 2 )  

. . 
' . ; . s :  . . . .  volumetr ic  f low rate. . . .  . . . . .  

. . . . 2 .l. . Energy   ran sport Syst&' " 

. . .  
The energy t r a n s p o r t  system d i s t r i b u t e s  t h e a m b i e n t  air t o  t h e  

,. ., . . : . .  I .  . > .! . 
s o l a r  c o l l e c t o r s  and t r a n s f e r s  . , . .  t h e  . , .  . . . . . . . . . . . . . . . . . .  solar-heated a i r  .-..,.. ' t o  . . . .  t h e  - A '  conventional . . .  

: .  , . : . .  . . 
! I (  . . . . . . . .  

drying process.  The p r i n c i p a l  components of t h e  subsystem are :  
. . . .  

. A i r  f i l t e r  . .  . , .  , . . 

Blower 
' 1rile.t duct ing . ,,. . 

. , 

e .  Outle t  duct ing . . . . . . .: . - . . 
a Dryer house manifold 
.a ,. ,F i re  dampers. -. . . 

The r e l a t i v e  locar' ions of ; the ' se  components cor respond ' to  t h e  schematic 
. . . . ,  . . .  . . . . .  .' I . . of Figure- 2-1. 

. . 
An a i r L  f i l t e r  is used i n  t h e  system f o r  two reasons. First, t h e  . . . . . . . . . .  

&mediate environm&t"bf g r a i n  e l e v a t o r s  a*d feed m i l l s  tends t o  be du$ty 

and t h e  inges t ion  of d u s t  i n t o  t h e  system could cause maintenance and 

opera t ion  problems tha t .  can  be miiimizeh by, using a .  f  i l t e i -  a t  t h e  i n l e t .  
I 

However, t h e  filters a l s o  s e r v e  .& impbr tan t ' ka fe ty  i u n c t i o n  by l i m i t i n g  

t h e  amount.of .dus t  t.hat wi l l , fen , ter  the .sys tem and present,  t h e  p o t e n t i a l  

f o r  support ing . . combustion i n  t h e  event of a  f i r e  i n  o r  near t h e  system.. , ,  

The f i l t e r  and blower a r e  housed together  a s  a  prepackaged u n i t ,  

which is  a Trane Company Model PCC No. 50 "Penthouse ~ l i m ' a t e  charger" 

un i t -wi thou t  c o i l s .  This u n i t  has  a ro l l - type  automatic f i l t e r  with a 

r a t e d  o v e r a l l  e f f i c i e n c y  of 85% a t  a  f a c e ' v e l o c i t y  of 2.54 mlsec (500 f t /  

min) and a  r a t e d  dus t  loading of 4.31 kg/m2 (400 g/f t 2 ) .  The blower i n  

t h e  assembly i s  a forward-curved type with a r a t i n g  of 13 m3/sec (27,000 

f  t 3  Imin) a t  746.4 Pa (3 i n .  H20). A l l  equipment i n  t h e  assembly meets 

t h e  requirements f o r  a  Class 11, Division 11, Group G loca t ion .  The 

t e c h n i c a l  r a t i n g  of t h e  air handlmr i s . s m a r i z e d  i n  Table 2-1. 



. . 

TABLE 2 - 1 .  SUMMARY OF A I R  HANDLER RATINGS . . . 

a 13 m/sec (27,000 f t3 /min)  a t  746.4 Pa (3 .0  i n .  WG external )  
a Fan: 586 rpm 

a Motor: 30 hp/480 V/3 phase 

INTERNAL LOSSES AT RATING ' 

a I n l e t  hood/moisture/el iminator:  50 Pa (0.2 i n .  WG) 

a F i l t e r :  75 Pa (0.3 i n .  WG) 

a Allowance ( d i r t  load) :  50 Pa (0,3 i n .  WG) 

The i n l e t  ducting (Figure 2-1) provides f o r  t h e  d e l i v e r y  of f i l -  

t e red  a i r  t o  t h e  s o l a r  c o l l e c t o r .  This  duct ing , w a s  designed . f o r  a , . 

pressure  l o s s  of 0.571 of duct  length  (0.07 ' in.  ~ ~ 0 / 1 0 0  f t )  and 

maximum a i r  v e l o c i t i e s  on t h e  ordef of 10.16 . . .  d s e c  (2,000 f t /min)  . 
Rectangular d u c t s  a r e  employed + h  . f o r  t r u n k s a n d  branch l i n e s  t o  

' 

s impl i fy  t h e  duct  inspect ion and maintenance t a s k s  s.ince t h e  bottoms of " 

the runs can be i n  t h e  same planes d e s p i t e  a r e a  changes. .The t akeof f s  

are 0.254-m (10-in.:) round, semirigid aluminum duct's..with galvanized 

"spin-in" type connict ions.  Each of these  i n l e t  takeigf  s has  a n  i n t e g r a l  

(van'e-type) damper f o r  flow balancing. 
. . 

The i n l e t  d u c t Q ~ g  is no t  insu la ted  s i n c e ,  t h e  a i r  temperature i n  

t h e  ducts  w i l l  be only s l i g h t l y  above t h e  ambient temperature.' 

The o u t l e t  duct ing,  i n  e f fec t , . r ecombines  t h e  ind iv idua l  c o l l e c t o r  
' 

flows and provides f u r  t h e  transfer of t h e  co l l ec ted  energy t o  t h e  mani- 

fold'  t h a t  feeds  t h e  conventional dryers .  The same dea'ign & i t e i i a  used 

f o r  ihe i n l e t  d u c t i n g  have been employed for t h e  o u t l e t  d u ~ t  ing  and ' t h e  

systems a r e  . physica l ly  . .  ' s imi la r .  The ?aj or exceptions are t h a t  t h e  o u t l e t  

duct ihg is insu la ted  (Table 2-2) and t h e r e  'ark no dampe+? i n  t h e  c o l l e c t o r -  

to-duct t akeof f s .  



Tfl.BLE 2-20 SUMMARY OF DUCT CONSTRUCTION 

. JOINT SEAL 

A l l  j o in ts :  Hard 
cast tape sealed 

. . .. . 

. STRUCTURAL 

.DUCT IN SULATION 
SIZE 

10 I n .  

I 2  >y 24 in. 

24 oy 24 in. 

40 by 24 fn. 

48 by 24 in. 
48 b y  31 in. 
48 by 48 in. 

. COINECTIOII : H)T WCTS ONLY TYPE 

Round/Flex 

. 

- 
aectangular 

' 

Fnulactured 
Spin In" 

I . - i k  Pocket Lock . -:. 
1 - i n  Pocket.Lock'. 

. . .  
. . 

125-in. Pocket Lock. 

. I  .5-in. Pocket Lock 
w i t t l . 5 b y l . 5 b y  
0.125 Angle Rein- . 
forcenient 

' 1111 bt ducts: 2-in. 
Owens-Corning . . . 

~~~~~~~c,~ 
6 1/41 1 density .' 

10-in. round: &ens- 
Cornfmg type ASJ 125 

. 

MATERIA 

Aluminua 

246 
galvanized 

246 
galvanized 

226 
galvanized 

206.  
galvanized 

. . 

p-pp-- 

TRANSVERSE SUPPORT - SUPPORT ' 

Support only 4 f t  o r  longer 
horizontal runs 

48, in. 
I, by 1 by 0.125 Angle 

48 in .  
1 by 1 by 0.125 Angle 

36 in.. 
1 by 1 by 0.125 Angle 

24 in. 
2 b y 2 b y 0 . 1 2 5 A n g l e  

<I2 f t  
5.5-in. rod 

<I2 f t  
5.5-in. r o d  

<6 ft 
5.5-111. rod 

<6 ft 
5.5-in.rod 



The dryer house manifold, a s  shown i n  Figure 2-4, provides t h e  

i n t e r f a c e  between t h e  SDS and t h e  conventional  drying processes. It is  

a 1.22- by 1.22- duct t h a t  has s i x  0.61- by 1.22-m openings on t h e  lower 

s i d e  wi th  s h o r t  extensions extending through t h e  f a c e  of t h e  louvers.  , 

The s i x  openings a r e  placed such t h a t  t h e r e  are two a t  each d ryer  pos i t ion .  

These openings conta in  baffle-type o u t l e t  dampers such t h a t  any one d ryer  

o r  combination of d ryers  can rece ive  t h e  solar-heated air.  

Induced d r a f t  of t h e  dryer  blowers (70 m3/sec o r  150,000 f t3 /min 

per  dryer)  i s  used t o  e n t r a i n  t h e  incoming solar-heated a i r .  The ~ h ~ s i c a l  

p r i n c i p l e  involved is t h a t  t h e  g r e a t e r  momentum of t h e  induced d r a f t  from 

t h e  dryer  blower w i l l  e n t r a i n  t h e  smaller solar-heated flow with no 

s i g n i f i c a n t  inf luence  on the  n e t  dryer  flow. . , 

2.1.3 S t r u c t u r a l  Subsystem 

The s t r u c t u r a l  subsystem f o r  t h e  SDS se rves  pr imar i ly  t o  support 

t h e  c o l l e c t o r  a r r a y  above t h e  parking l o t  a t  t h e  Gold K i s t  p lant .  This 

must be done i n  such a way as t o  not i n t e r f e r e  with t h e  Gold ~ i s t  opera- 

t i o n s .  I n  genera l ,  t h e  noninter ference  requirement is t h a t  t h e  low po in t  

of any s t r u c t u r e  has  a grade c learance  of 5.03 m (16.5 f t )  . However, t h e  

parking l o t  has  a rise of about 1.0 m (3 f t )  i n  t h e  south-to-north 

d i r e c t i o n  and t h e  c learance  requirement i s  re laxed a t  t h e  nor th  end of 

t h e  assembly t o  4.11 m (13.5 f t ) .  The 5.03-m requirement provides . 

clearance  f o r  t r a c t o r - t r a i l e r  type veh ic les .  The t o t a l  s t r u c t u r a l  a r e a  

is  45.7 m (150 ft) by 36.6 m (120 i t )  o r  1,672.3 m2 (18,000 f t i ) .  

2.1.4 Control Subsystem 

The con t ro l  ~ v h ~ y s t e r n ,  shown schematical ly in Figure 2-5, provides 

t h e  following funct ions :  

Key-operated. master switch 
. . 

Push-button manual blower c o n t r o l  

Smoke sensing a t  t h e  blower d ischarge ,  o u t l e t  duct ing at  
t h e  nor th  edge of t h e  c o l l e c t o r  assembly and a t  t h e  f i r e  . 

damper loca t ion ;  automatic blower shutdown i f  smoke is  
sensed a t  any loca t ion  
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MANIFOLD EXTENSION THROUGH LOUVERS 
(PAIRED, TYPICAL 3 PLACES) 
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L/C PANEL., CIR. NO. ,I' FCD FIREISMOKE DAMPER, 'AIRSTREAM NO. . ' 
KEY .SWITCH, 'MOMENTARY, 1 2 0  ... ~ a c ,  1 0  A PEB-802/SST ACTUATOR/225-deg L I N K  ' . .. ' 

I 

SELECTOR SWITCH, 3 POSITION, 1 2 0  ~ a c ,  10 A SS SMOKE SENSOR, HONEYWELL Tc-100.  

PUSH-BUTTON SNITCH ,' MOM. , SPST ,' N. 0. , - 1 2 0 .  Vac, 10 A T '  TRANSFORMER, 120 /24  V ~ C  
. . 

RESI STO.R, 250  ohms, 150. W .ATC DIFFERENTIAL THERMOSTAT 'CONTROLLER,. 
SOLARON HW0070, WITH SENSORS 

RELAY, 1 2 0  vie, SPST, N..o., 1 0  A 

FIGURE 2-5. SOLAR DRYING SYSTEM CONTROL SCHEMATIC 



. . 

~ u t o m a t i c  opera t ion whereby ' t h e  blower t u r n s  on when t h e  
c b l l e c t o r  temperature exceeds ambient by 22.2OC (40°F) 
and t u r n s  o f f  when t h i s  threshold  f a l l s  below l l . l l ° C  
(20°F) . 

The p r i n c i p a l  func t ion  of t h e  smokelfire damper is  t o  provide 

i s o l a t i o n  of t h e  SDS and t h e  dryer  house, p a r t i c u l a r l y  i n  t h e  d i r e c t i o n  

of t h e  a i r f low.  Three smoke sensors  (Figure 2-6) are employed. The 

sensors  a t  t h e  blower, c o l l e c t o r  o u t l e t ,  and damper provide p ro tec t ion  

t o  t h e  c o l l e c t o r s  (upstream events) ,  dryer  house (upstream events) , .and 

collectors/blowers/filter/ducting (downstream events) ,  r e spec t ive ly .  
, 

A l ayou t  of t h e  c o n t r o l  room i s  shown i n  Figure 2-7. 

2.1.5 Cleaning subsystem 

The dispensing and cleaning system c o n s i s t s  of a 3-hp pump 

loca ted  i n  t h e  Gold K i s t  break house, a mixer a t tached t o  t h e  p u p ,  pip- 

ing  from t h e  pump t o  t h e ' t o p  of t h e  s o l a r  a r r a y ,  a manifold along t h e  

e a s t  handra i l  which con ta ins  four  quick disconnects ,  a 42.4-m (139-ft) 

hose wi th  a disconnect  a t tached t o  one end, and a 3.048-m (10-ft)  

dispensing wand a t t ached  t o  t h e  o the r ' end .  I n  one pass ac ross  t h e  a r r a y ,  

t h e  opera tor  sprays  de te rgen t  onto t h e  g laz ing t h a t  pene t ra tes ,  s o f t e n s , .  

and l i f t s  depos i t s .  On the  r e t u r n  pass,  water  is used t o  f lush 'away the  

de te rgen t  and t h e  s o i l .  Se lec t ion  of water o r :de te rgen t  is  accomplished 

by r o t a t i n g  i n t o  p lace  nozzles located  on a r o l l o v e r  'va lve  a t  t h e  end of 

t h e  wand. A pressure-sens i t ive  switch a t  t h e  luixr senses t h e  change i n  

flow r e s i s t a n c e  and provides,  accordingly,  pure water UL, detergent at  

t h e  proper d i l u t i o n  r a t i o .  Manual brushing is  used t o  enhance mechanical 

removal of d e p o s i t s .  

Two d i f f e r e n t  c leaning chemicals may be ' se lec ted .  ~ h e s e  a r e  

manufactured by Cerfact  Laborator ies  of TGcker, ~edrg ia ,  and have t h e  

t r a d e  names CERFOX and POLI-CERF. They are. nontoxic, biodegradable, 
. . , . .  

nonstreaking,  and con ta in  no h a r u h ' a l k a l i n e s . .  
. . 



FOUR SETS OF TWO-IN-SERIES COLLECTORS .. 
TYPICAL 84 PLACES 

, EXHAUST 

FIGURE 2-6. SMOKE SENSOR LOCATIONS 
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F IGURE 2-7. SOLAR SYSTEM C3NTROL ROOH 



POLI-CERF i s  a mild d e t e r g e n t  t h a t  c o n t a i n s  a su r f ace -ac t ive  

i n g r e d i e n t  t h a t  d e p o s i t s  a mono-molecular f i l m  t h a t  a c t s  as a p o l i s h  and 

s o i l  b a r r i e r .  POLI-CERF is used for .  r o u t i n e  washing of t h e  c o l l e c t o r s ,  

and each appl ica t ion . , removes  t h e  p rev ious  f i l m .  CERFOX is  a n  a c i d i c  

d e t e r g e n t . : '  It i s  used only when excess , ive s o i l  bu i ldup  occurs .  

2.2 INSTRUMENTATION MONITORING AND PROCESSING SYSTEM 

 he . In s t rumen ta t ion  , Monitoring and Process ing  System i s  i l l u s t r a t e d  
. . 1 "  _ 1 . . .  

schemat i ca l ly  i n  F igure  2-8. It i s  composed of f o u r  major f u n c t i o n a l  

e lements  : 

D a t a  Acquisi t ' ion Unit  (DAU) : 

.... . . . . .  . . . . .  
Sensors  I .  

.. e: Sensor . . interconnect  i o n .  cab-les , ground,ing,,. .and ' i n s t a l l a t  i o n  
, . 

. :. 
. . hardware . . 

. 1 

, e. .  Cen t ra l  'Data Process ing  System (CDPS), 
. . .  

i .., The s e n s o r s  a r e  i n t e r f a c e d '  ..to t h e  DAU.. through t h e  instrumenta-  . . 

t i o n  junc t ion  box. The D A U  i s  a commercial 2240A Fluke d a t a  l ogge r  w i t h  
. I , . 3 .  

sudpor t ing  p e r i p h e r a l  equipment. me senso r  d a t a  a r e  pracessed,  pr in ted , ,  

and d isp layed .  ' The printeds..a*d d i sp l ayed  d a t a ,  a r e  used f o r  on - s i t e  t e s t '  . ,. . . . . .  

an& e v a l u a t i o n  pf t h e  SDS:. ;The record$& paper- t a p e .  is hand-carr ied. ,  t o  
. . 

TBE% c e n t r a l  d a t a  process ing  f a c i l i t y  f o r  computation o f  performance 

and e f f i c i e n c y  parameters  and f o r  f u r t h e r  a n a l y s i s .  The v a r i o u s  subsys- 

tems a r e  d i scussed  i n  g r e a t e r  d e t a i l  i n  subsequent  paragraphs.  
. . . . . . . .  * .  . . .  . " . . . . .  w . .  . . 

-* 2.2.1 Data Acqii ts i t ion Unit  
C .: - . . . . . .  . . . . . . .  . ,  . - .  

' . A Fluke  ~ o d e l  22406 d a t a  .logg& performs a l l  of t h e  DAU t a s k s  
* . :  

r equ i r ed  i n  t h i s  system. It. can  e a s i l y  be  expanaed to.hand-le more channel  

c a p a c i t y  and d i f f e r e n t  sensol: types .  Figu& 2-9 i l l u s t r a t e s  t h e  DAU and 
I . .>.... .... 

. . .  
i t s  l o c a t i o n  i n  t h e  c o n t r o l  house. The d a t a  logging  system embodies t h e  

fo l lowing  f e a t u r e s :  . . . ,,. . . . . .  
. . 

; Complete i n t e r a c t i v e  keyboard progr'armning. of range,,  func- 
>. 
," . t i o n ,  s k i p ,  and l i m i t s  '+ ,. - .). . . . .  . . .  

, . . . .  "-Resolu t ion  'o'f 1. pV and 1 'deg '  ' ' ' 
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/- FLUKE RTD SCANNER CHASSIS 

/- FLUKE 2240A DATA LOGGER ,. 

HEWLETTIPACKARD 62004  (3.6V) 'AND 62024E (24V) / POWER SUPPLIES I N  62410A RACK ADAPTER 

/- SGL WABER 9 0 4  POWER DISTRIBUTION PANEL 

/- McLEAN 2E408A BLOWER 

EMCOR SFR-127A RACK FRAME WITH FOLLOWING /- ACCESSORIES : 
/ 

SSP-12 '7~ SIDE PANELS (2)'. 
DO-70C-LH REAR DOOR ' 

HW-486 CASTER ( 4 )  
.PN-21 PA PERFORATED TOP PANEL 
PN-3 CLOSURE PANEL 
PN-5 CLOSURE .PANEL ( 3 )  
PN-7 CLOSURE PANEL (1 ) 
PN-1 CLOSURE PANEL 

. . . . _i -. 

FIGURE 2-9. INSTRUMENTATION RACK. CONTAINING THE SITE DATA 
ACQUISITION UNIT 



Scans 1 to 1,000 points, .up to 60 in the mainframe 
(selected. system has the 60-channel capability) 

Mixes volt.ages, thermocouples, and, thermocouple types 
of adjacent channels 

Multiple scan. modes -- continuous limits monitoring 
' 

intervals scan, delayed , , interval scan, and monitor 
channels 

Keyboard-selectable scan interval (1 sec to. 24 hr) 

Displays date, time, data, channel identification, 
function,' and polarity 

4 Displays muuLtor channel without interrupting scan 

Internally selectable scanning rates ( 3  to 15 channels/ 
sec) 

. . 
Thermocouple condieioning .. , 

Complete program list printout .. . 

Six-digit fixed data 

Reference voltages for self-check 
. . 

Switch selectable . ..  output formats .. . . '  . C '  

Clock: days,. hour.s, minutes, seconds. 

The function, of the data logger is to automatically scan many 

analog input signals, digitize these signals, and output the data on 
\ 

1 printed tape. The 2240A data logger system is represented by the block 

,/ diagram in Figure 2-10. The 2240A data logger is divided into three 

! categories: input, control, and output. These categories are described 
./ 

./ below. 
/. 

2.2.1.1 Input - The basic system is required to accept the 
following signal types: . . 

o to 100. mvsc 
a 0 to 25.2.m~dc 

. . 0 to 10 Vdc 
a 0.5 to 5.5 Vdc 

Resistance Temperature Detector (RTD) probes.' 



SENSOR 
INPUTS 
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. . . . . .  FRONT PANEL ENGINEERING 
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. . . .  
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' 
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- . ., . . . . 
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. , ..' r I .  

I. :. . . . .;. . , 
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FIGURE 2-10. DATA LOGGER MODEL 2240A SYSTEM 



Inputs 1 through 4 are introduced to the DAU system through 

an isothermal block connector. These 10-channel connectors plug into 

a low-level scanner via card-edge connectors. Input 5, the RTD probes, 

interfaces with the DAU through special RTD connectors. These connectors 

plug into the RTD scanner via card-edge connectors. 

The low-level scanner also p:.clgs into the system motherboard 

via'card-edge connectors. However, the RTD. scanner is a separate 

chassis whose interface with the system is through one of the low-level 

scanner inputs. The scanner samples each channel and transmits the data 

to the system's high-performance AID converter. The A/D converter plugs 

into the system motherboard via a card-edge connector. 

2.2.1.2 ---. Conc~oL - The 22408 can be pregramad to oa3n 

sequentially between the first and last 'channel. Scan will automatically 

stop on the last channel selected when the unit is in the single-scan 

mode. In the interval-scan mode, the scan will repeat between. the first 

and last channel at a programmed interval. 

The local data display on the face of the unit can be pro- 

grammed to monitor a single channel continuously or to monitor all 

channels sequentially between the first and the last channel. The display 

can be dedicated to only monitoring the date and time.' 

The printer can be programmed to record all data readings, to 

record data only when a limit has been exceeded, or to record one.scan 

periodically at preselected intervals. 

Each channel is programmed for a function and a range. The func- 

tion will be millivolts, volts, temperature, or a skip. The range will' 

be 440 mV, f4 V, or f40  V. 

2.2.1.3 Output - The DAU data output can be displayed on the 
front panel or printed on the digital printer, 

The froar panel d i s p l a y  i s  made rip of large, 0.56-Sn., seven- 

segment LEDs; three are dedicated to channel identification or days. and 

six to data, polarity, or time.. There are also four annotation LED6 for 

indication of display function, millivolts, volts, tqperature, or 

date/time. 



All scan data for each. channe1,are automatically displayed when. 

the All-Channels display format is employed. Only the Monitor Channel 

is displayed when this display 'format is employed. . Date/ t ime is displayed 

between scans, except in' the single-scan mode where the Last Channel is 

displayed at the end of the scan; and when the   ate and Time format is 
employed. 

The interna1,printer is a 16-column digital printer that has a 

print rate of 2.65 lineslsec (channelslsec). 

Every time a scan or series of readings is initiated, the follow- 

ing data are printed in the sequence indicated: 

a Time of dayldate 

a' Fixed data or header data entered from the keyboard, 
scan counter. data 

a Digital input data: . 

These data are followed by scawdata from the First Channel to the Last 

Channel. The channel number, polarity, data, and function annotation 

appear on ,one line. 
. . .  

2.2.2 Sensors 

The sensors were selected from' the ERDA* preferred list of sensors 

where accuracies and envtronmental requirements allowed their use. 

The sensors are interconnected into the DAU through a junction 

box. The internal wiring of this junction box is as outlined in the 

instrumentation installation guidelines. 

It was determined that, as a minimum, 12 parameters are required 

to accurately evaluate the .system's performance. These parameters and 

pertinent sensor data are listed in Table 2-3. 

The characteristics of each of the selected"sensors are described 

below. 

*"Instrumentation' ~nstallation ~hideiines for National Solar  eati in^ and 
Cooling Demonstration Program", SHC 1006. 



,TABLE 2-3. SDS SENSOR DATA 

. . 

PART NO. 

510780 

553-CP Platinun~ 
100-24 

553-CP Pl atlnum 
100-24 

S53-CP Platinum 
100-24 

TRSP-RMl-2 314 ., 

$53-CP Platinum . . 
100-24 

S53-CP Platinum 
100-24 

S53-CP Platinum 
100-24 

SENSOR T1PE 

RTD 

RTO 

RTD 

RJD 

RTO 

RTO 

RTO 

RTD 
.- . 

&onaneter 

Hot U i re  hemameter 

llatt Trwsduser 

R.H. Probe 

MANUFACTURER 
---- -- 

Minco 

Minto 

Mlnt:o 

Minco 
. . 

Weatl~er-Measure 

l.Hnco 

Winco 

Mlnro 

SENSOR 
ACCURACY 

- - 
iO.ll°C (0.2.F) 

to. 51 

tO.5X 

20.51 

iO.ll°C (0.2"F) 

+0.51 

20.51 

10.51 

- t0.5 Z l in .  - . 

i2X (i2.52 F.S.) 

i2X (F~S. )  ' 

i 3 1  

. . 

RANGE 
----. 

-17.4 t o  4 '4"~ (0  to  llO°F) 

-17.4 t o  4b°C (0 to  110°F) 

-17.4 t o  44°C- (0 to llO°F) 

-17.4 t o  121°C (0 t o  250'~) 

-17.4 to  44°C (0  t o  llO°F) 

,-17.4 t o  93.7'C (0  t o  200°F) 

-17.4 t o  93.7'C (0 t o  200°F) 

-17.4 t o  93 .?~  (0  t o  200°F) 

0 td  1.103 Wb2 (0 t o  350 Btulhr- f t2 ) 

7.6 t o  15.2 dsec  (1.800 to  3 . m  f t lmin) 

0 t o  25 kU ' 

OtolOOX 

MEASUREMENT 
SYWBOL 

TOO1 

7100 

7102 

7103 

~ i 0 4  

7601 

1602 . 

7603 

I003 

V102 

EP104 

RHO04 

PARMETER - 
&&.lent Tempsature 

I n l e t  Tempemture 

Outlet Temperature 

'Teoperature I n  Duct 

Control Rooo Teaperature 

Tenperatwe a t  Blower 1 . 

Temperature a t  Blower 2 

Temperature a t  B l k r  3 

Solar 1nsoY~:tion 

Ail: VelociQ 

Solar Systea Blower Pocrer ' 

Relative Huaidi ty  



2.2.2.1 Resistance Temperature Detector  ( ~ y p e '  S53) - The S53 

RTDs.are t ip - sens i t ive ,  accura te  probe-type r e s i s t a n c e  temperature detec-  

t o r s  designed f o r  i n d u s t r i a l  uses.  They a r e  used f o r  temperature measure- 

ments wi th in  t h e  1.22-m (48-in.) square ducts .  I n  p a r t i c u l a r ,  these  

sensors  w i l l  be used f o r .  t h e  following system parameters: 

TlOO A i r  temperature 
T102 Air temperature 
T103 Duct temperature 
T601 Dryer ho t  a i r  plenum 
T602 Dryer ho t  a i r  plenum 
T603 Dryer h o t  a i r  plenum. 

Each of these  measurements r e q u i r e s  an S53 type RTD wi th  a case  

l eng th  of 24 i n .  and a case  diameter of 0.25 i n .  The t h r e e . l e a d  elements 

a r e  u s e d . t o  acquire  t h e  des i red  accuracies .  These sensors  a r e  a l s o  

housed i n  thermowells and have weatherproof connection heads. They 

pene t ra te  t h e  duct  wa l l  through a metal  p l a t e .  

The RTD r e s i s t a n c e  element is of CP platinum m a t e r i a l  with a 

100-ohm r e s i s t a n c e  a t  O°C ( 3 2 ' ~ )  and a c a l i b r a t i o n  accuracy of +0.5%. 

Dimension drawings and schematic diagrams of t h e  S53 r e s i s t a n c e  

thermometer a r e  shown i n  ~ i ~ u r e s  2-11 through.2-13. The accuracy of 

these  RTDs over t h e  -17.4 t o  44OC (0 t o  llO°F) range i s  approximately 

+0.3OC ( f 0 . 5 4 ~ ~ ) ' .  The accuracy, over the .  0 ,  t o  150°C (0 t o  300°F) range 

is +0.7OC (21.26OF). 

2.2.2.2 Re la t ive  Humidity Probe (HM111-P) - The HM111-P i s  a 

s o l i d - s t a t e  r e l a t i v e  humidity probe. The sensor opera tes  on t h e  capaci- 

tance  change of a polymer thin-f i l m  capaci tor .  ' A 1-pm-thick d i e l e c t r i c  

polymer l ayer  absorbs water mo1ecul.e~ through a t h i n  metal  e l ec t rode  and 

causes capacitance change propor t ional  t o  t h e  r e l a t i v e  humidity. The 

t h i n  polymer l a y e r  r e a c t s  very f a s t  and the re fo re  t h e  response time i s  

very s h o r t .  The HM111-P r e l a t i v e  humidity probe s p e c i f i c a t i o n s  a r e  
. . .  

given i n  Table 2-4. . 



STRIP 8t TIN 
5 MIN. 

SCHEMATIC DIAGRAMS 

-- a 
- - A 49.6 

SPECIFY LEADWIRE LENGTH: NUMBER OF LEADS, CASE LENGTH 
AND MISSING ELEMENT VMEN OR'DERING. BELOW IS AN EXAMPLE 
OF MODEL NUMBER MAKEUP. 

. " i 

I - NUMBER CF LEADS: Y - 2-LEAD MODB; / I I 1 - SLEADMODEL 

. . ... 2-L-LEAD MODEL 3-LEAD MODEL .. . . . . ' a  S '  

1 1. ..-. CASE LENGTH A IN 0.1" INCREMENTS. ! , \ a 
124 = 12.4'. MINIMUM A IS 28 (2.8") 

1 .  
1 I 

MAXIMUM A IS 480 (48.0' ) 

r"r r""l 
RED WHITE RED WHITE (21 

MANUFACTURER'S 
IDENTIFICATION 

i 1. SENSING ELEMENT. C FOR COPPER; F IFOR 
I NICKEL-IRON: P FOR PLPTINUM: OR N FOR NICKEL 

- .  

- .  

9. IF CUSTOMER LISTED ON JOB. ORDER IS TABULATED ON SHEET 2 .  
OF THIS DRAWING,' SPEClM HANDLING AND/OR OTHER REQUlREMEN,TS 
OF SHEET'2 ARE APPLICABLE. . . 

8. CASE MAY BE CUT TO SHORTER LENGTH: USE CARE NOT TO DAMAGE 
LEADWIRE INSULATION. LOCATE THE SLIP-FIT TEFLON SLEEVE IN END 
OF CUT-OFF CASE TO PROTECT LEADWIRE INSULATION AT POINT OF 
EMERGENCE. MINIMUM A FOi( CUT4FF IS 28 (2.8") 

7. CASE: STAINLESS STEEL, COPPER ALLOY TIP. 
TOLERANCE ON LEAD LE~GTH: 2 ~ "  .AND UNDER: +il-o-; 24" TO 71"; 
+210"; 72" TO 119"; +4/= 120" AND OVER; +6/9" 

5. LEADS: A.W.G. NO. n. STRANDED. TEFLON INSULATED, LEADS 
RESISTANCE OF APPROXIYATELY .016 OHMIFOOT IS INCLUDED IN 
ELEMENT RESISTANCE OF 2-LEAD MODELS FOR ANY COMBINED 
LENGTH OF CASE AND LEADS TO 48" (A + B 48"). THE CALIBRATION 
TOLERANCE IS INCREASED BY 0.030Hhll FOR EACH 12" INCREASE BEYOND 
48". LEADS RESISTANCE LS h,OT INCLUDED I N  ELEMENT RESISTANCE 
OF 3-LEAD MODELS. 

4. INSULATION RESISTANCE: 1.000 MEGOHMS MINIMUM AT 500 VOLTS D.C.. 
LEADS TO CASE. . . 

3. TEMPERATURE AANGE: -3'30~ JO 2 6 0 ~ ~  ( - 1 0 0 ~ ~  TO 5 0 0 ~ ~ ) .  EXCEPT 
NICKEL-IRON ELEMENT TD 232 C ( 4 5 0 ~ ~ )  . . . . 2. RESISTANCE: COPPER - 10901 OHMS +.2% (10.021998) AT 28'~. 

. . R g  TABLE NO. 16-9; NICKEL-IRON - 676.0 OHMS +.5% (670.31672.7) AT 
25 C R/T TABLE NO. 14404; PLATINUM - 100.0 OHMS +.5% (100.5199:51 

' 

v-odc, R K  TABLE NO. 1-100; NICKEL - 120.0 OHMS +.5% (120.61119.4) AT 
0 C, RIT .TABLE NO: 7-120 

* 7 
- 1. ELEMENT: .WIRE WOUND COPPER, NICKEL-IRON, PLATINUM OR NICKEL. 

* FIGURE 2-; 3 . RESISTANCE THERMOMETER PROBE TYPE . 



718 HEX 

SEALING NUT 

.255 DIA. REF. 

112 HEX 112 - 14 NPT (2) 
. . .  ...:. . . 

, . 

MANUFACTURER'S NAME AND 1 
.... MODEL NUMBER, SEE NOTE 6 

. . 

. . 
NOTES: - .  

I. WELL IS EQUIPPED-WITH A BRASS, COMPRESSION RING TO SEAL 
AROUND A :2W DIAMETER PROBE. 

SPECIFY DIMENSION U WHEN ORDERING. BELOW IS AN EXAMPLE 2. TO INSTALL PROBE, REMOVE THE SEALING NUT AND SLIDE THE 
w OF MODEL NUMBER MAKEUP: SEALING NUT AND COMPRESSION RING ONTO THE PROBE. INSERT 

7 8 1  THE PROBE INTO THE WELL TO FULL DEPTH MAKING CERTAIN 
w w 

'" TT' 
. - PROBE IS SEATED AT TIP. 'APPLY A THIN COAT OF THREAD 

D~MENSION U IN  .I" INCREMENTS. 124 ; 12.4" SEALANT TO THE SEALING NUT THREAD. TIGHTEN SEALING NUT 

MINIMUM U IS 5 (.5"), MAXIMUM IS 480 (48.0"). SUFFICIENTLY TO COMPRESS RING AND LOCK PROBE IN POSITION. 
DO NOT OVER TIGHTEN. PROBE MAY BE REMOVED BY FIRST 

L- - -- SPECIFICATIONS DRAWING NUMBER. REMOVING THE SEALING NUT. 
3. SHEATH MATERIAL: STAINLESS STEEL. F l lT lNG AND SEALING 

NUT MATERIAL: BRASS. ASSEMBLY NICKEL PLATED. 
4. TEMPERATURE LIMIT: +WOOF. MAXIMUM. 
5. PRESSURE: WELL IS CAPABLE OF WITHSTANDING 1,000 PSI 

PRESSURE AT THE MAXIMUM TEMPERATURE LIMIT. 
6. IF CUSTOMER LISTED ON JOB ORDER IS TABULATED ON SHEET 

2 OF THIS DRAWING, SPECIAL MARKING ANDIOR OTHER 
REQUIREMENTS OF SHEET 2 ARE APPLICABLE. 

FIGURE 2-1.2. WELL FOR RESISTANCE : THERMOMETER . . 

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



GASKET SEAL 

. . 

I .  ' 

. . 

. . 
' I  

EF. 

. . . . . . 

, \ . /  
PIPE THREAD B \ PIPE THREAD 

7' $" - .  
. . 

6. WHEN INSTALLING: THE MOUNTING FITTING FOR THE PROBE TYPE ' 
RESSTAPJCE THERMOMETER OR THERMOCOUPLE NORMALLY ATTACHES 
TO 'IPE THREAD A. CONDUIT ADAPTER OR PlPE FOR EXTENSION 
WIIES NORMALLY ATTACHES TO PlPE THREAD 8. 

5. TEMPERATURE LIMiT: 750 '~ .  ( 3 9 9 ' ~ ~  MAXIMUM FOR 
CONNECTION HEAD WlTH WIRE NUTS; 500'~. 1260~c.l MAXIMUM 
FOR CONNECTION HEAD WlTH TERMINAL BOARD. 

4. TEF:MINAL BOARD: CONNECTIONS CPbl BE EITHER SCREW-TYPE OR 
SOL'DERED. SUITABLE FOR CONNECTING PROBE LEADWIRES T O  
EXTENSION WIRES RANGING I N  SlZE UP TO A.W.G. NO. 12. 

3. WIFE NUTS: PORCELAIN, SUITABLE FDR CONNECTING PROBE . 
LEADWIRES TO EXTENSION WIRES RANGING I N  SlZE FROM A.W.G. 
NO. 14 TO A.W.G. NO. 22. 

@ CONNECTION HEAD IS SUPPLIED EITHER WlTH 4 WIRE NUTS OR 
WITH A +CONNECTOR TERMtNAL BOARD (MODEL NUMBER WlTH '7" 
SUFFIX1 FOR MAKING CONNECTIONS !3ETWEEN PROBE LEADWIRES 
AN3  EXTENSION WIRES. . . . 

I .  CONNECTIOF~ HEAL PROVIDES A WEATHERPROOF ENCLOSURE IN 
WHBCH LEADWIRES FROM A PROBE TYPE RESISTANCE THERMOMETER 
OR'THERMOCOUPLE CAN BE CONNECTED TO EXTENSION WIRES 
LEADING TO REMClTELY LOCATED READOUT OR CONTROL . 
INSTRUMENTATION. 

FIGURE 2-1 3. WEATHERPROOF CDNNECTION HEAD 



TABLE 2-4. MODEL HM111 -P RELATIVE HUMIDITY 
PROBE SPECIFICATIONS * 

*Manufacturer1 s Data .., 

L 

Sensing Element 

Range 

Operating ~emperature - 

.Response Time 

,.Pro be Accuracy . . .  

S e n s i t i v i t y  

Hysteresis 

Temperature ~ o e f f  i c i e n t  

Weight 

Power Consumption 

Output , . 

I npu t  Power 

Th in - f i  l m  capac i tor  ' 

0 t o  100% r e l a t i v e  humidi ty 
. . 

-40°F t o  l75OF 

10 t o  20 sec ' 

.. *3% . . . , 1 

$ .  

-- 50.5% ; 

+ .  

. - < +1% 
r' 

O.O7%/OC 

1 l b  

10 .mA 
. .. 

0 t o  100 mV 

Regulated 3.6. Vdc 



2.2.2.3 Flow Rate Measurement - An anemometer probe, ,manufactured 

by Kurz Instruments, Inc., is used to provide a measurement of velocity 

at a point location in the duct. With a predetermined knowledge of. 

average velocity across the duct, the air flow rate can be monitored 

continuously. 

The probe consists of two Mtegral sensors: a velocity sensor 

and a temperature sensor. The'velocity sensor is a constant-temperature 

thermal anemometer which measures "standard" velocity referenced to 

70°F and 760 mm Hg. Velocity is related to the cooling effect of the 

moving airstream as it passes over the heated sensor. The sensor is 

heated electrically by control circuitry in the electronics package. 

The temperature sensor.accurately compensates for temperature variations 

over a wide range. 

The sensor system is linear'between 0 and 2,500 ft/min, with a 

full range output of 5 Vdc. Accuracy is 42% of reading plus 0.5%.of 

full-scale over a range of -20 to +60°C.. 

To extract flow rate from a measurement of velocity at a single 

point, the average velocity across the duct must be known. The basic 

equation .for air flow in a' duct is : ' 

where 

Q - air flow rate in standard cubic feet per minute 
A - duct cross-section area in square feet 
- 
V - average velocity in standard feet per minute. 
With the selected system, the standard velocity is measured at 

only one point in the duct. If the velocity distribution across the 

duct is assumed to be constant with time, then the measured standard 

flow rate is: 



where . . 

- 
V/V1 - normalized average v e l o c i t y  ac ross  t h e  duct  , 

V1 - v e l o c i t y  a t  t h e  point  of measurement. 

To ob ta in  t h e  weight flow r a t e  we have: 

. . 
whete p 

' 

i s  t h e  'dens i ty  of a i r  a t  i tandard  temperature and 
s t d  

.. (= 0.075 l b l f t " .  

, The a rea  of t h e  duct  , a t  t h e  v e l o c i t y  measurement s t a t i o n  i.s: 

A = (4 f t  - 718 in . )  x (4 - 1 1/16 i n . )  

= 16.65 f t 2 .  

The procedure f o r  determining t h e  average v e l o c i t y  i n  t h e  duct  

involves t h e  d i v i s i o n  of t h e  flow a r e a  i n t o  severa l  equal  a reas .  Velocity 

readings  a r e  taken a t  t h e  cen te r  of each a r e a  and averaged a r i t k e t i c a l l y  

t o  o b t a i n  t h e  average ve loc i ty .  Figure 2-14 i l l u s t r a t e s  t h e  hor izon ta l  

and v e r t i c a l  probe t r a v e r s e s  f o r  equal  a r e a  readings.  Figure 2-15 pre- 

s e n t s  t h e  measured. resul ts  of . the  t r averses .  Since t h e r e  is cons ide rab le .  

s c a t t e r  of t h e  'da ta ,  a  l i n e  "as f a i r e d  through t h e  d a t a  and the  p o i n t s  

used i n  t h e  averaging process were obtained from' t h a t  curve. The 

average v e l o c i t y  was determined t o  be: 

" when V1 is referenced t o  t h e  cen te r  of t h e  duct  (point  1 ) .  Thus t h e  

f low r a t e  can be computed a s  fol lows:  



FIGURE 2-14. 
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EQUAL-AREA TRAVERSES3FOR OBTAINING AV ERAGE VELOC1T.Y 

DISTANCE FROM DUCT WALL ( i n .  ) 
. , 

FIGURE 2-15. MEASURED VELOCITY PROFILE I N  UUCr 



. _ .  . ,  . I .  . . 
.2.2.2.4. Watt Transducer PC5-54 - The.watt  t ransducer u t i l i z e s  

H a l l  e f f e c t  m u l t i p l i e r s  t o  provide an output t h a t  i s  propor t ional  t o  t h e  

e l e c t r i c a l  power del ivered . t o  single-phase o r  three-phase loads.  The 

m u l t i p l i e r s  provide ihstantaneous m u l t i p l i c a t i o n  of t h e  vo l t age  t i m e s  t h e  

cur ren t  on a continuous bas i s .  Output of the  u n i t  is 0.25 kW per  v o l t .  . . 

The PC5-54 is  a ' fhree-phase,  three-wire '42-kW transducer.  Option 

C provides an ou tpu t .o f  0 t o . 1 0  Vdc through t h e  use  of an  i n t e r n a l  s i g n a l  

condit ioning ampl i f i e r  . The performance speci f  icat'ion and dimensional 
.. - drawing a r e  shown i n  Figure 2-16." ;, ... - . .. . 

. . . . 

2.2.2.5 ~ e s i s t a n c e  Temperature Detector (TRSP-RM1) - The RTD i s  

located  i n  t h e  ins t rumenta t ion/control  bu i ld ing  t o  monitor t h e  room 

ambient temperature i n  t h e  d a t a  logger.  environment. The TRSP-RM1 is a 

shie lded platinum bulb wi th  a 100-ohm r e s i s t a n c e  at 0°C'(320,F). It has 

a. response time of approximately 40, 'sec-  i n .  s t i l l  a i r  a i d  is  accura te  t o  

a. l l°C.  ( 0 . e ~ )  over t h e  range of -30 t o  +130°C (-22 t o  +266OF). Figure 

2-17 shows t h e  TRSP-RM1 s p e c i f i c a t i o n s  and assembly drawing. 

2.2.2.6 Resistance Temperature Detector (S1078B) - The S1078B is 

a p rec i s ion  platinum r e s i s t a n c e  thermometer. Accuracies g r e a t e r  than 

0. l l ° C  ( 0 . 2 ' ~ )  a r e  obtainable.  The gensor provides a three-wire termi- 

na t ion  f o r .  more accura te  measurements. I't i s  protec ted  from shock and 

v i b r a t i o n  and i s  hermet ica l ly  sea led .  Sensor s p e c i f i c a t i o n s  a r e  given 

i n  Figure 2-18. 
- .  . .  . 

2.2.2.7 Pyronometer (Type PSP) - The Model PSP. is  an improved . .  . 
model ' o f  an e a r l i e r  'Eppley ins t rument .  It. comprises a"c i rcu1ar .  multi- 

junet ion Eppley thermopile of t h e  wiye-bwound type. The thcrmopilc hoa 

t h e  added advantage of withstanding severe  mechanical v ibra t ion:  and shock 

Its rece ive r  i s , c o a t e d  wi th  Parsons'  b lack lacquer (nonwavelength- 

s e l e c t i v e  absorpt ion) .  This instrument i s  supplied with a p a i r  of removable 

p rec i s ion  ground and polished hebispheres of Schott  o p t i c a l  g l a s s  ( t h e  
. 'e 

inner 'o f  clear'WG7 g l a s s ,  t h e  o u t e r ' o f  WG7 glass)'. Also,suppPied is a 

s p i r i t  l e v e i  and a des icca to r  t h a t  ca9ipe inspected r e a d i l y .  The ins t ru -  

:ment has a c a s t  bronze body with a white enameled guard d i sk .  



SPECIFICATIONS 
INPUT 
Overload (Continuous): 

Voltage, 1.25 X Rating 
Current, 2 X Rating (5,lO and 1SA Models) 

. 10 X Rating (50A thru 2000A Models) 
Burden (At Max. Rated Input): 

Voltage, 1.25 VA. 
Current, 1.25 VA 
Amplifier, 2VA . 

Power Factor Range: 0.5 lead to 0.4 lag 
Frequency Range: 59 to 70 Hz 
Dielectric Test (Input/Output/Case): 

. '1500V RMS , .  

Models PC5-28 through PCS-48 are complete 
with 0.S.I. Current Transducers. 

. Models PC5-49 through PCS-102 are supplied 
with current transformers. 

OUTPUT 
Output Load: 100 ohms 

. Adjustment Range: 210% 
' 

' Response Time (Base Unit): 5 Milliseconds 
. . (With Options): 400MS 

Temperature Effect (- 1 O°C to + 60°C):. . 
* I% FS from the Calibrated Value. 

ACCURACY AT 2 5 " ~ ' .  
, Including Power Factor Error, Linearity, 

Repeatability, and Initial Calibration Set Point 
Error: . 

PCS-54 +2% FS :. t 

WATT TRANSDUCER 
CASE SIZE 

FIGURE 2-16. WATT TRANSDUCER SPECIFICATIONS AND OUTLINE DRAWING 



SENSORS: RM-1: ; 0.1 in. 0. D. BY 0.8 i n .  LONG,, SILICO!IE RUBBER . COYER,. . 3 COPPER LEADS 

R S - I :  0;18 in.  O.D. BY 1.06 in.: LONG, HARD GLASSCOVER, 3 SILVER LEADS-  

RB-I : o.,i 2 i n .  O. D. BY I. 22 i n .  . LONG, . HARD GLASS COVER, 2 . SILVER CGDS.. : . . ! : 
- .  _'. . -I . . ,  : - - .  

. . 
. < 

MODEL NO. 

TRSP-RM-1 

TRSP-RS-1 - 

. . 
CONFIGURATION 

, . 
GENERAL PURPOSE 

LEAD 
LENGTH 

( f t )  

0 

0 

. . 

,; Steinless Steel f I&) 
\\ 

USABLE ' 
TEMPERATURE .. 

RANGE ("C) 

-30 t o  130 

-200 t o  500 

PROTECTIVE TUBE 

FIGURE 2-1 7. RESISTANCE TEMPERATURE DETECTOR (TRSP-RM-1) 

LENGTH ( in . )  

2-314, 6-3/4, 8-314, 10-1 12 

2-314, 6-314, 8-314, 10-1 12 

DIAMETER ( in . )  

,9164 

114 



SPECIFICATIONS . 

Temperature Range: -100'C. to t 204'C. (-148.F. to 
t 400.F.). 

~al ibrat ion' Accuracy: Available i n  =.lo%. .25%. .SO% 
calibration based on nominal resistance at the ice 
point (O'C.). 

Time Constant: Typically 1.3, to 1.6 seconds in  agitated 
water or comparable heat s~nk. 

' Linearity: Deviation from absqlute linearity less than 1% 
of ful l  range. Nomtnal resistance versus temperature 
curve and measured Ro (ice point resistance) are in- , 

, cluded with each thermometer: _ . I  

Calibration Data: Additional measured points or individ- 
ual coefficients to 5-place accuracy to customer specifi- 
ca l lu~t  ale available a1 c ~ l i r  sltaige. 

Dielectric Test: 500 volts rms minimum, leads to case. 
A . 

Insulation Resistance: 1000 megohms minimum at 100' . 
volts D.C., loads to case. 

Sensing Element: Strain-free assembly of chemically-pure 
reference-grade platinum. Vibration - shock protected. 

Leads 3-terminal lead resistancecancelling configuration 
' 

i s  standard. Available with 2 leads on special request. 

RESISTANCE TEMPERATURE' RATIO 
l o  obtain .the resistonce ot ony given tem. 
p r o t ~ r e  h o r n  on the bottom morgin. multi. 
ply the resistonce at O°C. by the forta 
indkoled in the Ieh morgin. 

Mounting: Normal mechanical mounting, clamping, c e  
menting, potting, or lead suspension may be used. 

. . Self heating of models with either the "B" or "C" suffix 
is  less than O.laC..at O'C.. i f  current is less than 3 rna 
In st111 alr or 5 ma In Itqutd. Current of 1 ma or less will ' 

produce negligible heating effect in  either still air or 
liquid. 

Immersion: Gold-plated metal case, epoxy lead anchoring. 
and glass-tctmetal hermetic seal permits models with 
insulated leads 631-6. 531-10. S31-20 and S3l-21) to - be immersed in most electrically conductive or non- 
conductive liquids. The Model S31 having uninsulated 
leads, can be immersed i n  most non-conductive liquids 
only. 

Custom Variations: S ~ e c i a l  resis'tance. d i f ferent  lead 
lengths, spectal mou'nting or case configurations can be 
suo~ l ied  to your s~ecifications. Please contact the fac- 
tory or engineering representative. ' 

ELEMENT RESISTANCE - 100 ohms AT oOC 
O H M S  PER ."c C H A N G E  - 0.3021~~ 
O H M S  PER OF C H A N G E  - 0.217 o h m s p f  

FIGURE 2-1 8. TEMPERATURE- DETECTOR (S10788)  SPECIFICATIONS 



The WG7 clear glass  is trans,p.arent from a wavelength of about 

A specification sheet , for  the Model PSP pyronometer i s  given i n  

Table 2-5. . . . . . ' 

. .TABLE .2-5. MODEL PSP PYRONOMETER SPECIFICATIONS 

Or ien ta t ion  

Mechanical V ib ra t ion  

Ca l i b ra t i on  

Readout 

Range 

Output 

No e f f e c t  on instrument performance . 

Tested up t o  20 g with.out damage 

I n t e g r a t i n g  hemisphere (approximately 
1 ca l  ~m '~min ' -~ , .amb ien t  temperature ' 

+25"C): ca l  i bra t i on  reference Eppley .. 
pr imary standard group o f  Ang.strom 
pyrhel iometers reproducing the I n t e r -  
n a t f  ona,l Pyrhel - i o n ~ . t r i  c Scale 

Potent iometr ic  ' in ,preference t o  microam- 
meter devices 

0 t o  2,800 W - K 2  
0 t o  887.6 B t u l h r - f t 2 *  . 

0 t o  25.2 mV . 
'1 . : . ;:. JL. . . - " .' - 



Shortwave s o l a r  r a d i a t i o n  comprises t h e  d i r e c t  component of 

s u n l i g h t  and t h e  d i f f u s e  component of sky l igh t .  When measured together  

as t h e  t o t a l  shortwave f l u x  on a  h o r i z o n t a l  su r face ,  t h i s  i n t e g r a 1 . i ~  

r e f e r r e d  t o  as t h e  g l o b a l  r a d i a t i o n .  The o the r  shortwave component o f .  

t h e  r a d i a t i o n  budget is  t h a t  r e f l e c t e d  frqm n a t u r a l  surfaces .  The wave- 

l eng th  range of these  components i s  usua l ly  taken t o  be 0.3 t o  5 pm but  

is about 0.3 t o  3  pm i n  p rac t i ce .  

Longwave ' t e r res t r i a l  r a d i a t i o n  comprises t h e  incoming atmospheric 

component ( i . e . ,  downward emission by t h e  gases  of t h e  atmosphere, 

e s p e c i a l l y  w a t e r  vapor and carbon dioxide) and t h e  outgoing terrestrial 

component ( i . e . ,  upward emission and r e f l e c t i o n  by n a t u r a l  s u r f a c e s  and 

atmospheric gases) .  The wavelength range of these  components is  usua l ly  

taken t o  be 3  t o  100 pm i d e a l l y  but  is about 4 t o  50 pm i n  p r a c t i c e .  

There a r e  two main opera t ing requirements f o r  t h e  PSP p.yronometer: 

1 )  pe r iod ic  v e r i f i c a t i o n  of pyronometer c a l i b r a t i o n  and 2) a p p l i c a t i o n  of 

c o r r e c t i o n s ,  where judged necessary,  t o  take  account of instrument obstruc- 

t i o n  t o  a  f r e e  horizon. c a l i b r a t i o n  of t h e  instrument aga ins t  t h e  Eppley 

group of reference  s tandards  i n d i c a t e s  9.69 x w/m2 per  mW output .  

The pyronometer is.mounted on a  bracket  a t tached t o  t h e  h a n d r a i l  

on t h e  southwest s e c t i o n  of t h e  s o l a r ' p a n e l '  support s t r u c t u r e .  The 

mounting s u r ' f a c e o f  t h e  bracket  and t h e  pyronometer Is i n  t h e  same plane 

a s  t h e  upper s u r f a c e  of t h e  s o l a r  panels  s o  t h a t  t h e  s o l a r  panels  do not 

c a s t  a shadow on t h e  pyronometer. The pyronometer is  or iented  so  t h a t  

the'electrical'connector is located  n o r t h  of t h e  receiving su r face .  

2,2.3 Sensor In terconnect ion Cabling, Grounding, and I n s t a l l a t i o n  

A l l  s ensors  used i n  t h e  SDS a r e .  located  t o  provide easy access  

f o r  checkout, maintenance, and replacement. A flow diagram (Figure 2-19) 

i n d i c a t e s  t h e  p o i n t s  a t  which t h e  va r ious  . types  of measurements a r e  

taken. . A sensor location and m o u n t i n ~  dr3wirq ( F i ~ u r e  2-20) shows the 

i n s t a l l a t i o n  of sensors  used f o r  measuring a i r ' t e m p e r a t u r e  and l o c a l  

environment, inc luding incoming i n s o l a t i o n .  , . . . 



DRYER NO. 3 

TI00 COLLECTORS IWUT AIR TEMPERATURE 

'710 Z COLLECTORS OUTPUT AIR TOJlPERATURE 

@ T I 0 3  AIR TEMPERP.TURE I N  DUCT 
I .  

@TO01 AMBIENT AIR TEMPERATURE 

Tb0I TEMPLRATIJE OF HEATED AIR DELIVERED TO DRYER NO. I 

TbDZ ' TEMPERATURE 'OF HEATED AIR DELNERED 7D DRYER NO. 2 

Tb03 TEMPERATURE ff HEATED AIR DELIVERED 70 DRYER 3 
lJU102. 'AIR VELOCITY IN DUCT , RHO04 RELRTIVE HUMIDITY 

m ~ m 3  TOTAL RADIATION 

BURNER 

BURNER . 
- 

m E P l 0 4  ElELTRICAL FW4E.R CONSUMED BY BLOWER MOTOR 

TI04  CONTROL HOUSE TEMPERATURE 

DRYIER NO. 2 

DRYER NO. 1 

F I G U R E  2-1 9. SENSOR LOCATION 
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Cables s e l e c t e d  t o  in terconnect  sensors and ins t-entat i o n  record- 

ing equipment a r e  audio and ihs t rumenta t ion grade,  UL-approved, f o i l -  
' 

shie lded,  p las t ic- jacketed,  multiconductor cab les  having 18 AWG stranded 

t inned copper' conductors. Temperature r a t i n g  is -20 .to +60°c, and. t h e  

makimym opera t ing vo l t age  r a t i n g  i s  400 V. The ,*i.unber of conduc to rsand-  

t h e  co lo r  coding of each co?ductor a r e  shown i n  t h e  wire run  list 

(Table 2-6). 

A l l  ins t rumenta t ion wiring i s  run i n s i d e  a r i g i d  steel conduit 

i n s t a l l e d  exclus ively  f o r  instrumentat ion use. 

Wire n u t s  a r e  used t o  connect ' .sensors with cab les  except i n  t h e  

blower motor and soybean dryer  area: Because of v i b r a t i o n  i n  t h e  sensor 

i n s t a l l a t i o n  a rea ,  a b u t t  s p l i c e  was made. 

The sensors  used i n  t h e  air  system have weatherproof heads and 

a r e  i n s t a l l e d  i n  themowells .  The weatherproof heads a r e  arranged t o  

mtnimize acc iden ta l  damage. Dow Corning DC-340 heat. t r ans f  er g rease  is 

appl ied  t o  t h e  bottom of t h e  RTD' probe p r i o r  t o  i n s e r t i o n  i n t o  t h e  

theqnowell. Pipe thread sea l ing  compound is used t o  connect t h e  conduit  

to .  t h e  weatherproof heads i n  accordance with l o c a l  codes. 
. . 

.2.2.4 Descript ion of c e n t r a l  Data- Processing System 

T h e . s o l a r  soybean dryer  evaluat ion program-is  a computer code 

used t o  c a l c u l a t e  performance and e f f i c i e n c y  . f a c t o r s  of t h e  s o l a r  dryer 

u t i l i z i n g  d a t a  acquired from sensors  located  wi th in  t h e  system (see  

Sect ion 5 ) .  These f a c t &  a r e  coniieniently su-arized i n  r e p o r t s  t h a t  

can be reviewed on an  hourly,  d a i l y ,  monthly, .and year ly  b a s i s  t o  

evaluate  t h e  .system performance and opera t ional .  c h a r a c t e r i s t i c s ,  

The program is executed on Teledyne Brown Engineering's Varian 73, 

a minicomputer. The. Varian opera t ing system and t h e  V a r i a i  FORTRAN 
compiler a r e  t h e  only software used other  than t h e  program i t s e l f .  The 

Vortex I1 opera t ing system is described i n  t h e  Vortex I1 Reference Manual 

(98 A 9952 245, J u l y  1977). 

The FORTRAN compiler . used . by t h e  program is  described.  i n  t h e  

Vortex FORTRAN I V  Reference Manual (98 A 9952 041, December 1976) . ' 



TABLE 2 - 6 . .  SENSOR WIRE RUN L I S T  
. . . a .  . ! 



The software a r c h i t e c t u r e  t h a t  coordinates  t h e  d a t a  flow of 

Figure 2-21 includes 12 FORTRAN subrout ines ,  5 e x t e r n a l  f i l e s ,  and .9  

i n t e r n a l  common blocks. The FORTRAN subrout ines  a r e  independently 

compilable modules.. Each module is. l i s t e d  i n  Table .2-7 with a b r i e f  : 

statement of i t s  purpose. The e x t e r n a l  f i l e s  i d e n t i f i e d  i n  Table 2-8 ' 

inc lude one user  input  f i l e  and four  mass s to rage  recordkeeping f i l e s .  

The d e f i n i t i o n  of common blocks i s ' ;g iven v i a  I n t e r n a l  Parameter Tables: 

(IPTs) i n  Table 2-9. 





I MODULE . I PURPOSE 

JULDAY . 

C . . . .  . . 

A V E ~ G E  - 

Read i npu t  data and choose appropr iate 
processing method. 

calculate', sum, and averagedata f o r  
hour ly  and d a i l y  reports.  

Check for. new month. o r  year'. . . . 

MAIN .. Dr i ve r  f o r  type o f  repor ts  desired. I 
:' MNTHLY I Calculate, monthly averages. 

I P r i n t  repor ts  and create data buffers 
and create data. f i 1 es. 

PARM 

TEST 

Calculate . parameters. . 

YEARLY 
, , . , . . . . 

HEAD 

DHEAD 

NAMNTH 

Test i npu t  data f o r  v a l i d i t y .  . . 
-. . , 

Cal cu la te  .yearly averages. . .  
. 

Hourly r epo r t  heading,. 

-Da i l y  r epo r t  heading. . . 

Data statement' w i t h  names o f  months. 
, . . .  . . . 

TABLE 2-8. .IDENTIFICATION .OF EXTERNAL FILES . . 

NAME 

BU,FF 

MNFLl 

YRFL3 

MBFL2 

YRFL4 
. 

. 

DEFINITION . . , 

User . Card . i npu t -  

Input  F i l e . f o r  
Monthly Sums: . -' 

Input 
Yearly Sums . . 

Output for 
Monthly 'Sums 

Output F i l e  f o r  
Year1.y Sums 

, . 
. . 

FILE TYPE .: 

Card deck 

Mass storage 

Mass storage . 

Mass storage 

M~~~ storage . .  

MODULE INTERFACE 

. READ . '  

DATCHK 

: DiTCHK 

Y e a r l y  
. . .  

DATCHK 

yearly 

WRITE 
. . 

' . 

brint 

p r i n t  

P r i n t  

pr int  

- .  



TABLE 2-9. INPUT PARAMETER TABLE 

ORP 
NO. PARAMETER NAME 

I I PARAMETERS USED I N  EQUATIONS 

1 INPUT VARIABLES 
1 
1 INTERNATION VARIABLES USED W l l H l N  PROGRAM 

I OUTWT VARIABLES 

BUFFER USED TO STORE WURLY AND DAILY I OUTPUTS 

I CARD READER AND L INE PRINTER 

COUNTERS FOR BUFFERS 

.INFORMATION REGARDING, DAY 

F I L E  NAMES 

, N m S  OF MOllTHS 

1 CY WNTHLY OU'~PUTS FDR REPORTS 

I 
ISSUE COfMON ' DATE 6/12/78 

BLOCK 

MNEMONIC 

PARAM 

INPUT 

1 NTERN 

OUTPUT 

BUFFER 

DAY 

TST 

COUNT 

DATE 

F l L E  

MONTH 

NEW 

NEW MINT. . 

VALUES 

SEC 

UNlTSlVALUE MEANING 

PAGE 



SYSTEM OPERATION, AND MA INTENANCE 
. . . . .  . .. . . . , 

3.1 RESPONSIBILITIES 

The solar energy system"and. its .ancillary systems are conveniently 

delineated for purposes. of ,operation. and maintenance ., ' Teledyne Brown 

Engineering.wil1 be responsible for maintaining the control subsystem 

and the instrumentation monitoring and processing system. Gold Kist will 

be responsible for maintaining and operating the: aolar system (with the 

exception noted above) and for minor operation and maintenance ,require-. 

ments. of the Data Acquisition Unit. ...,?ese latter .functions primarily 

consist of refilling the printer tape and control of the DAU when the 

dryers are not operating during repair and maintenance periods. 

It is the responsibility of TBE and Gold Kist to properly log and 

. fill out .the appropriate .operation and maintenance log, and forms.. The . . 

following sections describe the significant operation and maintenance 

requirements. 

3.2 ' SYSTEM. OPERATION 

3.2.1 Solar Energy System 
' 

System -operation is performed by ~o'ld Kist dryer operatirs. Con- 
. . 

trol of the system is extremely simple; there are only two operations 

that must be considered: controlling the blower and positioning the 

louvers in the ,dryer house. ... , , , 

Prior to operation. of any electrical subsystem, the proper 

switches must'be activated,to provide power. Figure.3-1 illustrates the 

main power panel, main subpanel, and. air handler. control panel. The 

location of .these panels',in the control room'can be identified in Figure 

2-7. Table.3-1 presents the power-on sequence and the normal position 
. . .. t .. 

of all switch&. 
.". " . ,  .,. , .  , 

The. air handler blower can be controlled in either of two modest 

manual or automatic. Table 3-2,presents the manual start-up sequence. 



LIGHTS 
I : .  [TI: ,LIGHTS 

. . 114; . , 

MAIN BREAKER @ ' 

. .  . 

.' @ AIR HANDLER 1 . 7, ' :, ,[Ti, ,I VENT ~AN,MOTOR @ 
CONTROLS 

, . _  
. . . , . , .  . . .  

. . . . . . 

MAIN SUBPANEL 

. . 

FILTER CHANGE - LIGHT 

@ HANOSTART 
BUTTON 

ROOM LIGHT. ' 

110 V OUTLET DATA LOGGER 

. . 

RED GREEN ' 

0 @ 
OFF 

START 

0 "AN03" 

. . 

@ FILTERMOTOR 

110 V:HUMIDITY . 
CONTROL 

AIR HANDLER "ON" LIGHT 

f z l  , 

. [ r j  

3 POSITION HANDIOFPI. @ 
AUTOMATIC SWITCH * I  

' @' MAINTENANCE 
OVERRIDE SWITCH 
(KEY OPERATED) 

. . .  . . . 
! 

AIR HANDLER CONTROL PANEL '. 



. . .  
,\ ... : 

.TABLE 3-1 . POWER-ON SOLAR SYSTEM -SEQUENCE 
. . .  . . . . . . . . . . . . .  ... .... 

*Operation number i s  keyed' to%witches i n  
Figure 3-1. 

- :  

, , . . . .  . ,. 

'TABLE.. 3-2. . . . MANUAL START-UP . . SEQUENCE 

.. 
7.* i , 3 - ~ o s i t i o n  Switch - t o  " ~ a ~ d ! '  . ,  . 

. . . .  . . . .  . . . . .  
8 Maintenance Overr ide Switch - 

Key..to flClose" . . .  
. .  .." . ;, ., . , . . . , ,  . 

9 Hand S t a r t  Button - Push . t o  s t a r t '  

. .' * .  . . I* Main. Breaker - On 
..... . _ : .  . - 

. . 
2 ,  ' ~ o n . t r o i  Panel Transformer '- On . . . . . . . .  

3 .  . . ~i r: Hand1 &r Motor - 0ii 

4 ~ i l t e r  Motor - On . :.. ' 

5 ~i r Hand1 e r  'Qontrol's' - On 
. . .... 

.... , 6  Vent Fan Mot&.-- On 

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

'*Operation number i s  keyed t o  switches i n  

P. 
. ^ . .  1 

.. < ,  

. , -,. 

This  

. \ . . . . .  :,." .,.. ......... - . ,  

. . . . . .  . a y t o m a t i c  .j . . system h :  i i , ' ' p iov ided  a s  th t i 'p r imary  mode of o ope ra t ion .  

systei t i i rns  t h e  h l o & r  on when t h e  ternp6i"aturo i h  t h e  io ia r  pane l  
. . .  

reaches  about  .40° above ambient and s h u t s  it, d0.m when t h e  tempera ture  
. > . . . .  . .; 

drops  t o  2 0 0 ~  above. ambient. 'Table 3-3 i l l u s t r a t e s  ' t h e  sequence f o r  

au tomat ic  s t a r t -up .  Th i s  :mode would be i n t e r r u p t e d  f o r  two reasons:  

1 )  shutdown f o r  maintenance.of  t h e  convent iona l  g r a i n  dry ing  . sys tem,and .- .." 
* .  

J 

2) shutdown f o r  maintenance of t h e  s o l a r  f a c i l i t y :  . - . . . . .  . . .  * _  . . . . . . . . .  
The s o l a r  f a c i l i t y  i s  checked a t  l e a s t  twice d a i l y ,  morning and 

n i g h t ,  by a  Gold K i s t  d r y e r  o p e r a t o r ; .  I f  t h e  system i s  be ing  ope ra t ed  

manually,  the. blower is  turned on. Regardless  of t h e  mode of o p e r a t i o n ,  

h e  checks t h e  f i l t e r  l i g h t  t o  determine whether f i l t e r  r o l l  r e f i l l  is  

r equ i r ed .  



TABLE 3-3. AUTOMATIC START-UP SEQUENCE 

3-Pos i t ion  Swi tch - t o  "Auto" 

Maintenance Over r ide  Switch - 
Key t o  "Close" 

*Operat ion number i s  keyed t o  switches i n  F igure  
3-1 

The opera to r  is  a l s o  responsible  f o r  pos i t ioning t h e  t h r e e  louvers 

t h a t  c o n t r o l  t h e  flow of solar-heated a i r  t o  the  dryer  house. The louvers 

a r e  simply pos i t ioned  open a t  t h e  dryers  t h a t  a r e  i n  opera t ion and closed 

a t  t h e  dryers  t h a t  a r e  n o t  i n  operat ion.  Louver pos i t ion  is checked each 

time d ryer  opera t ions  a r e  changed. 

3.2.2 Data Acquisi t ion System 

During normal opera t ion,  t h e  Data Acquisi t ion Unit p resen t s  mini- 

mal opera t iona l  requirements. These a r e :  1)  h a l t  p r i n t i n g  when e i t h e r  

t h e  conventional  g r a i n  d ryers  o r  the  s o l a r  f a c l l i t y  a r e  no t  opera t iona l  

and 2) reset t h e  clock i f  power is in te r rup ted .  The 'former is accom- 

p l i shed  by p ress ing  t h e  SINGLE but ton under SCAN CONTROL. To r e s t a r t  

d a t a  recording,  t h e  MONITOR but ton is  pressed.  

A l l  t h e  d a t a  a r e  keyed t o  the  clock provided i n  the  logger.  Table 

3-4 p resen t s  t h e  c lock reset opera t ions  a f t e r  power in te r rup t ion .  

3.3 SOLAR ENERGY SYSTEM MAINTENANCE 

Maintenance of t h e  s o l a r  f a c i l i t y  is  conducted by Gold K i s t  mainte- 

nance personnel.  There a r e  two a reas  of maintenance t h a t  r equ i re  regu la r  

a t t e n t i o n :  1 )  panel  cleaning and cleaning system and 2 )  the a i r  handler .  

~ c h e d u i e d  maintenance should be accomplished according t o  the  

appropr ia te  equipment manufacturers '  i n s t r u c t i o n s  a s  fol lows:  



Maintenance Item , .. ' Frequency 

Clean Coll'ector Glazing ' ' 
. . ,. . 

Monthly . 
, . .  

Lubricate Blower Bearings , , . 
' + . . . . Monthly . . 

., . 
Check Blower Belt  Tension' , . 

. ,  . ,  . . ,  
Quarterly 

, . 

Lubricate Blower Motor . , .  ..., '. , . Quarterly 

Change O i l  i n  Cleaning Subsystem Semiannually 
Pressure Pump , 

. . . . 

- 

? . 'PRESS BUTTON . . 

DAYS (under TIME ENTRY) . . 

O T h i s i s t h e  day o f  

, . 
the. year ;  ; for example, . 
t he  75th day i s  .March 11. 5 . ,  . . I .  i 

ENTER/STEP (under DATA .ENTRY) 
. . . . 

HR . M I N  SEC 

P u t  i n  t h e  hour o f ' t h e  day ,: 
... : from midn ight ;  f o r  

5 example, the  15 th  hour i s  
3 p.m. (12:OO + 3:OO). , . 

.;; - .  

Put i n  the  minute o f  t h e  
hour;. f o r  example, the  . 

t i m e , i s 3 : 0 5 p . m .  a 

Put i n  t h e  second*of  t h e  . 

minute; f o r  example, the  
2 t i m e , ' i s  '3:05:52. i . .. 

ENTER/STEP (un'der DATA' ENTRY) 

' , . . '  , DISPLAY 

;Light (POWER FAILURE REENTER TIME) 
. ,  . . 

0 
. 7 .  .. 

. 
" 5 - 

. . 

. . . . 
> ,  

- .  

. : 
. . .. . . 1 

15 
I .  . . 

. . 1 50 
" 

. . 1505 

10555 

- 105552 
t,.' ' , 



A l l  scheduled maintenance if i terrup t i i g  s y s  t e m  opera t ion should be 

during n i g h t  s h i f t  opera t ion t o  minimize the  i n t e r r u p t i o n  of 

s o l a r  energy c o l l e c t i o n .  
, . 

, . 

3.3.1 Panel  cleaning and' Cleaning System . . ' 

Limited exper ience  has shown t h a t  .cleaning the c o l l e c t o r  panels  

a t  monthly i n t e r v a l s  w i l l  maintain a q u a l i t a t i v e l y  acceptable l e v e l  of 

contamination. ~ e r f o r m a n c e  tests w i l l  be conducted on individual  panels  

t o  q u a n t i t a t i v e l y  determine whether performance l o s s  is acceptable  wi th  

. t h i s  c leaning irequency. During Phase 111, cleaning frequency w i l l  be 
. . 

ad jus ted  to  provide a balance between cleaning c o s t s  and performance 

' degradation.  . . 
. *  

Operation of t h e  high-pressure c leaning system is described i n  

Sect ion.  2.1.5. Three men a r e  required  t o  e f f e c t i v e l y  ixcomplish t h e  . 

. .  c lean ing  exerc ise .  One man a p p l i e s  t h e  soap from- t h e  high-pressure d is -  

pensing system and one man follows with a brush,  scrubbing up accumulated 

depos i t s .  The t h i r d  man fol lows with a water hose t o  f l u s h . o f f  soap and 

depos i t s .  . Approximately 6 hours are requ i red .  f o r  a c leaning,  although 

with experience t h i s  t i m e  may be reduced ?omenhat. 
. . 

The washing s y s  t e m  r equ i res  little maintenance. The ' 

are d e t a i l e d  i n  t h e  i n s t r u c t i o n  and operafion manual provided with t h e  

s y s t e m .  ' The major'  item requ i r ing  a t t e n t i o n .  is  semiannual . . o i l  change of 
. I .  

the  pump.. 

' . 3 . 3 . 2  Air Handler ' ' . , 

Detailed maintenance i n s t r u c t i o n s  a r e  contained i n  t h e  i n s t a l l a -  

t i o n  manual provided wi th  t h e  u n i t .  The primary item t h a t  must be con- 

s i d e r e d  'is replacement o f _ t h e  r o l l  f i l t e r  medium when t h e  need f o r  a new 
" 

f i l t e r  is i n d i c a t e d  by a '  red warning l i g h t  t h a t  appears on t h e  a i r  

.handler  c o n t r p l  panel  (Figure 2 - 7 ) .  .- 

3 .4  DATA ACQUISITION SYSTEM MAINTENANCE 

' 

The d a t a  a c q u i s i t i o n , s y s t e m  requ i res  l i t t l e , s c h e d u l e d  maintenance. 

It pr imar i ly  involves  r e f i l l i n g  t h e  p r i n t e r  with'  paper tape a s  required  and 



per iod ic  c a l i b r a t i o n .  of c r i t i c a l  ,sensors. Each morning a s  the.. d r y e r  . . 

opera tor  makes h i s  .scheduled "round to. the  c o n t r o l  house, he  w i l l  .check 
3 .  . . . : 

t h e  paper l e v e l  i n  the  p r i n t e r  and r e f i l l  a s  n e c e s s a r y . .  H e  a l s o  c l eans ,  

the  ou te r  hemisphere of the  pyronometer ' a t  l e a s t  once a day. This is  
. . 

accomplished with a l i n t - f r e e  s o f t -  r lo ' th  . t o  avoid scra tdhing the  su r face  

and consequently a l t e r i n g  the  o p t i c a l - p r o p e r t i e s .  The dess ican t  i n s t a l l e d  

i n  the  pyronometer case w i l l  be inspec ted .quar t e r ly  and d r i ed  out  i f  : 

requi red . .  . . , 

. , 

~ e a s u r e m e n t  of ' t h e  i o i a r  energy s y s t e d  performance -is c r i t i c a l l y  
'. . -. - . ' .  . : . . i r 

dep'indent on ' the meaburenient df 'temperatdke and a i r  flow r a t e .  ' ~ h u s  ' 

' 

I . )  . .  . .  j 

instruments providing these  measurements w i l l  be' c a l i b r a t e d  q u a r t e r l y  

aga ins t  s tandard  references.  Ca l ib ra t ion  of temperature probes i n  an 

i c e  ba th  is  an e f f e c t i v e  means ..of pkoviding . a .:o'c (32'OF) temperature 
~. ' . .: ? .. . . - . .  . reference .  . .  . . 

, . 
The f lowmeter w i l l  be ' f i e l d  'c;lib;&ed aga ins t  a t i b e  and 

. , . . 
i n c l i n e d  manometer reference.  The range 'o f  thk i a n i m e t i r  i s  0.05 t o  

. . . $ 

0.'25.in. of water  with a minor .&ale d i v i s i o n  .of 0'.005 i n .  of water  
. . 

(283. f t l s e c  a t  standa;d, temperature and pressure)  . '   his s c a l e  prdvides' 
. . .  :. , 

a reading accuracy of about' 3%,  endugh t o  a s sess  any l a r g e  d r i f t  i n  
. ,  . . . flowmeter accuracy.. . - . . ! .. $ .  , 

. r . .  ..- . _  
1t is recommended t h a t  the  pyronometer be checked a t  l e a s t  once 

i .  
. . . . , . 

a yea r ,  which is '.beyond the  t e r m  of ~ h a a e  111. However, to  ass'ure q u a l i t y  

of d a t a  being c o l l e c t e d ,  i t  w i l l  be  removed and t ranspor ted  t o  ~h'e .  

Universi ty of  Alabama i n  Huntsvi l le  where i t  w i l l ' b e  checked aga ins t  

c a r e f u l l y  m a i n t a i l ~ d  , u n i t s .  : , . . . . 
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4. NONINSTRUMENTED DATA ACQUISIT ION 

A complete system' evaluat ion  . . program m u s t  conta in  . a  thorough' and 

sys temat ic  a c q u i s i t i o n  and a n a l y s i s  procedure. f o r  noninstrumented da ta .  

These d a t a  c o n s i s t  of manually recorded information assoc ia ted  with system 

maintenance, opera t ion  ,, and owning cos t s .  

The na tu re ,  c o s t ,  and system down t i m e  a s soc ia ted  with 'scheduled 

and unscheduled maintenance w i l l  be recorded on-prepared  forms. Figure 4-1 

is a sample of the  Maintenance Data Form t o  be f i l x e d  ou t  a t  the.comple- 

t i o n  o f  each maintenance a c t i o n ,  scheduled o r  unscheduled. Each completed 

form should i n d i c a t e  the  subsystem on which maintenance was. conducted. For 

recording purposes, the  fol lowing subsystem ca tegor ies  w i l l  be used: . 

Col lec tor  Subsystem 

A Co l l ec to r s  

Control  Subsystem 

A Sensors 
A Sensor in terconnect ions  

Energy Transport '  Subsystem 

A A i r  handling u n i t  
. . A Duct and dampers . ' . 

S t r u c t u r a l  Subsystem 

A S t e e l  members and f a s t e n e r s  
A Foundations 
A Walkways, h a n d r a i l s ,  a n d  g u t t e r s  
A Lightning p ro tec t ion  ' 

Cleaning Subsystem 

A Pump 
A Piping 
A Hose/nozzle . 
A Chemical i n j e c t i o n  equipment 



1 TYPE I F  ACTION 1 

1. DATE 

: 7 / .  ,.: j7 

COMPONENT/PART I (SEE CODES BELOW) I h r  1 min 
I I I .  

TYPE OF ACTION CODES: ADJUSTMENT AOJ; REPAIR R; REPLACEMENT RPL 

5. DESCR!PTION OF MAINTENANCE 

TYPE: SCHEDULED a UNSCHEDULED a 

4.  AREA OF MAINENANCE - SUBSYSTEM., . . . . 
COLLECTOR 0 ENERGY TRANSPORT CLEANING a 
CONTROL 0 STRUCTURAL 

2. PREPARED BY , . + &, a- 

A. PROBLEM: F& P A  E c / h  . . 
B. CAUSE: , / s r , n ~ /  I L ~ P ~ ~ P -  

3. MAINTENANCE' PERFORMED B I  
3 .  ' +p*. <;&>LzL- 

J . . 

C. CORRECTIVE ACTION : &?j&cr/ r; I /  d .bc:if; 

6. SOLAR DOWN T I M  (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):  

SOLAR SYSTEM MAINTENANCE I hr; DRYER MAINTENANCE - h r 

7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GOLD K I S T  0 
IN-HOUSE TBE O 
CONTRACTEC a 
( INVOICE ATTACHED) 

LADOR CATCCORY h r RATE (S/hr) l ARnR CnST 

TOTAL LABOR COST % 73 
PARTS COST 2 ~ .  13 
MATERIAL COST 
TOTAL MAINTENANCE COST ;33,96 

FIGURE 4-1. SAMPLE MAINTENANCE DATA FORM 



IMPORTANT: ' I tem 6 on t h e  Maintenance Data Form is f o r  record ing  s o l a r  

c o l l e c t i o n  hours  l o s t  due t o  maintenance. A Maintenance Data Form should  

a i s o  be  f i l l e d  ou t  when t h e  s o l a r  system is  o p e r a t i o n a l  and t h e  convent iona l  . ,. . .... 
d r y e r  s y s t e m  is  down for .main tenance .  . . .  . . . 

. a 

The l a b o r  r a t e  used on t h e  Maintenance-Data Form w i l l  . inc lude  
I 

a l l  b e n e f i t s ,  overhead ,. and s o c i a l  ~ e ' c u r i t y  c o s t s  . 
Figure  4-2 is an example of t h e  Scheduled Maintenance Log. This  

form w i l l  b e  k e p t  i n  a secu re  l o c a t i o n  i n  t h e  ins t rument  bu i ld ing .  When 

the  i tems  of  scheduled miinten'ance a r e  accbmplished, the  . app ropr i a t e  

block w i l l  b e  i n i t i a l e d  and dated: scheduled main tenance-wi l l ,  a l s o  be 

recorded on t h e  Maintenance Data Form. . . .  .. 
. .  . \ ' 

The c o s t  of energy and insurance  is recorded monthly on t h e  Energy . . 

and 1nsurance .Data  form shown i n  ~ i ~ u r e  4 - 3 .  These c1at.a w i l l  be  ob ta ined  

by TBE from t h e   old K i s t  accounting department.  The e l e c t r i c i t y  and 
. .  . 

insurance  d a t a  a r e  a s s o c i a t e d  wi th  owning and o p e r a t i n g . t h e  s o l a r  system ' 

and must r e f l e c t  a va lue  f o r  cash  f low a n a l y s i s  every  month. Therefore ,  

t he  insurance 'premium must be sh& a s  a monthly d i s t r i b u t i o n  of c o s t .  



SCHE W L E D  MA1 NTENANCE LOG 

* .  
= Month due 

FIGURE 4-2. SAMPLE SCHEDULED MAINTENANCE LO6 
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5. l MSTRUMENTED DATA ANALY S l S 

5.1 DESCRIPTION OF ANALYTICAL PROCEDURES 

This s e c t i o n  descr ibes  t h e  a n a l y t i c a l  procedures used t o  de ter -  

m i n e . t h e m a l  e f f e c t i v e n e s s  f o r  hour ly ,  d a i l y ,  and annual opera t ing  periods.  

Performance eva lua t ion  f a c t o r s  and nomenclature have been s e l e c t e d  t o  con- 

form a s  c lose ly  a s  poss ib le  t o  the  requirements imposed on t h e  National  

So la r  Heating and Cooling Demonstration Program*. 

The performance evaluat ion  f a c t o r s  a r e  of two .types: 1 )  a thermal 

energy quan t i ty  defined by the  le t ter  "Q" and 2) a  perfo'mance index 

defined by t h e  l e t t e r  "N". Figure 5-1 i l l u s t r a t e s  the  l o c a t i o n  and type 

of measurements used i n  determining performance eva lua t ion  f a c t o r s .  

The measured parameters a r e  sampled.a t  5-min i n t e r v a l s  i f  the  

g ra in  drying sys.tem i s  i n  operat ion.  Whenever g r a i n  drying opera t ions  

a r e  not  i n  progress ,  then the Data Acquisi t ion Unit is inac t iva ted .  To 

determine hourly summaries of performance f a c t o r s ,  t h e  measurements 

acquired over  the  hour a r e  averaged and the  appropr ia t e  conversion f a c t o r s  

a r e  appl ied .  Daily summaries a r e  s i m i l a r l y  determined by averaging t h e  

hourly summaries over the  day. Figures 5-2 and 5-3 i l l u s t r a t e  the  index 

no ta t ion  used i n  descr ib ing the hourly and d a i l y  summaries. 

Table 5-1 desc r ibes  the measured v a r i a b l e s ,  t h e i r  u n i t s  as recorded 

on t h e  output  tape of  t h e  da ta  logger ,  and the  d a t a  channel number. In  

add i t ion  t o  t h e  measured v a r i a b l e s ,  t h e  d a t e  and time a r e  entered  with 

each measurement sample. The u n i t s  a r e :  

a Date - J u l i a n  days 
a Hours - m i l i t a r y  hours 
a Minutes 

Seconds. 

Figure 5-4 is a sample of a  tape obtained £rom the  d a t a  logger.  

m a 1  Data Requirements and Performance Evaluat ion Procedures f o r  the  
So la r  Heating and Cooling Demonstration Program", National  

Standards,  BNSIR 76-1137 
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1 ' 

AIR ' Y 

I003 wy b RHO04 
-- - - 

OIL 

- 
L ,-,,,,- 

/o\ A a Tab\ BURNER 

CONTRl- 
HOUSE 

l TIG-3 FLLLCTORS INPUT AIR TEMPERRTURE G&R 
TI02 tOLLLLTOR5 OUTPUT AIR TEMPERATURE 

01\09 AIR TEMPERATURE IN DUCT 

IN 

DRYER 

DRYER 

NO. 3 

OTODI AMBIENT AIR T€MPER;\TURE I 
T b b l  TEMPERAWEOT-HEATEDA\R WUEREO TO DRYER N3. I 

T W L  TEMPERAnRE OF HEATED AIR DU\VERED 'ID ORYER N6. Z 

l TbD3 TEMPtKATORL ff HEATED A N  DEL\YERED TO DRYER NO, 3 

0 V l K  AIR VELOCITY IN DUCT  mi DRYER NO. 1 
----- 

b R-04 RELRnVE HUMIDITY ------- 
mIOD3 TOTAL RADIRTION BORJER - - 
O E R 0 4  W T R I C A L  K9WR LOhULMED BY BLOWER MOTOR 

TI04  CONTROL HOUSE TEMPERATURE 

FIGURE 5-1. SENSOR LOCATION 



j . - . j t h  :SAMPLE I N  THE n th  HOUR INTERVAL 

n  - n th  HOUR I N  THE DAY 

j ( n )  - NUMBER OF DATA SAMPLES I N  THE n th  HOUR 

1 . 1  1 I I Y I .  I I I 
1 2 3 ...j- 1 j j + l  j l n )  

HOUR (n) - 
,. . . 

T I  ME 

j - . j t h  HOUR I N  THE DAY '. 

N - ~ t h  DAY OF THE YEAR 

FIGURE 5-3. INDEX NOTATION OF DAILY PERFORMANCE FACTOR SUMMARY 

TIME 
. . 

1 1 1 1  1 1  1 . . I 
1  '2 - 1  j.j+l' . 2 4  



TABLE 5-1. INPUT VA2IABLES 

DESCRIPTION 

Total Solar Incident 

Col l s c t o r  Input A i r  Temperature 

Col l s c t o r  Output A i r  Temperature 

Blowsr Power 

Temporature 'in Duct . 

h b i  s n i  ~ i ' r  Temperature 

I Fuel Flow t o  Drver No. 3* I 

. i ; Temperature i n  Dryer No. 1 
. -, 

1 Temperature i n  Dryer No. 2 

--- 

UNITS 

? y" I t  

4 
0 

.. 

YARIABLE 

I003 

Tl  00 

T!O?. 
E P l  01 

TI03 

~ 0 0 1  

T601 

T602 

. T603 

RHO04 

v102 

Temperature i n  Dryer No.. 3 

Relative Humidity 

A i r  Flow Veloci ty 

Fuel Flow t o  Dryer No. I* 

Fuel Flow t o  Dryer No. ,3f 

RANGE 
I 

0 t o  11 

-10 t o  +I10 

-10 t o  +300 

0 t o  4 

. - I0 t o  +zoo 
-10.to +I10 

-1 0 to- +200 

-10 t o  +zoo 

-10 t o  +200 

0 t o  100 

0 t o  6 

CHANNEL 
NUMBER 

1 

11 

, 12 

2 

' . I 3  
- .  

* 1 4 ,  
17 

16 

" 1.5 

4 : 

3 

*Not current ly  measured; W i l l  be added a t  fu tu re  time. 



FIGURE 5-4. SAMPLE OF TAPE OUTPUT FROM DATA LOGGER . 



Tables 5-2 and 5-3 present  t h e  thermal energy parameters and per- 

formahce i n d i c e s  used t o  eva lua te  system and subsyst-em performance"f0r 

hourly. and d a i l y  .summaries. 
1 ' 

I. . 
The fol lowing s e c t i o n s  $ t i b e n t  t h e  defining-- equations used t o  : 

compute t h e  pirfdrmance parame teiii. . . . , 

, .  
5.1.1 ~ l i m a t x d  performance Factors 

3 :  . . ,  

5.1..,1.1 Tota l  Solar  Inc iden t  - Direc t  and d i f f u s e  inc iden t  s o l a r  

r a d i a t i o n  i s  measured by a sensor,mounted i n  the  plane of the c o l l e c t o r  

a r ray .  The ins tantaneous  t o t a l  r a d i a t i o n  samples a r e  used to  .determine . . 

t h e  hourly value  by t h e  fol lowing.equation:  ! 

J (a) 1 
Q O O l  = 1003 ( j )  ~ t u l h r - f t 2  

9 .69(10-~)  x 3.153 x J(n) j=l 
1 .  

) . , 

where t h e  cons tan t s  a r e  a s  .follows : 

Conversion of sensor output  t o  engineering u n i t s  

. , 
Conversion from S I  u n i t s  t o  B r i t i s h  engineering u n i t s  

The d a i l y  summaries a r e  computed a s  follows: 

where H is  t h e  i n t e g e r  number of hours i n  which d a t a  samples occur. 



. DESCRIPTION . 

Total  Solar  Inc iden t  

Sol a r  Energy Coi l  ected 

ECDS Operating Energy 
. .    ran sport Heat Loss 

: Total  Sol a r  Energj  U t i  1  i zed. 

~ o l  l e c t o r  E f f i c iency  ' 

Co l lec to r  Panel E f f i c i ency  
Factor 

ECDS Coe f f i c i en t  o f '  , 

Pe.rf o man ce 

ECDS Conversion E f f i c i e n c y  

ECDS U t i  1  i i a t i o n  Ef f ic iency 

Dryer Load 

Fossi 1  Energy f o r  Auxi 1  i ary 

Average Ambient D.B. 
Temperature 
Sol a r  .Fract ion of E,nergy 
Consumed 

N l l O  

,*! N l l l '  

N112 

'3402 

. . 
I '. 

0.F f t2 '  . 
Btu 

VARIABLE 

Q O O l .  

" 

... 

' " 'UNITS" . . a  

S I 

,..W/m2. .. 

... BRITISH 
ENGINEERING 

. B tu /hr - f t2  



TABLE 5-3. DAILY SUMMARY OF THERMAL ENERGY PARAMETERS 

DESCRIPTION . 

Total Solar  Incident 

Total Solar  Incident 

Solar Energy Collected 
Sol a r  Energy Col 1 ected 
ECDS Operating Energy 
Transport Heat Loss 
Total Solar Energy Il t i l  i zed 

Fossil Energy Saved 
Col l ec to r  Efficiency 
Dryer Load 

Fossi 1 Energy f o r  Auxi 1 i ary 
Average Ambient D.B. 
Temperature 
Solar Fraction of Energy 
Consumed 
Coll ec tor  Panel Efficiency 
Factor 

-- 

VARIABLE 

QO8l 

4031 
4180 
4130 
4132 

01 33 
42 33 
4243 
N131 
\ 

. - .- 4432 
4450 

N 143 

N441 
N132 

- 

S I 

J 

J/m2 
J 
J/m2 
J 

J 
J 

l i t e r s  
% 

J 
J 

O C 

% 

O C  m 2  
J 

UNITS 

BRITISH 
ENGINEERING 

B t u 
Btu/ft2 
B t u  

Btu/ft2 
B t u  
B t u 

B t u 

gal 
% 

B t u  
B t u  

" F 

. % 

O F  f t 2  
B t u  

d 



. . 

5.1.1.2 Average Ambient Dry Bulb ~ e m p e r a t u r e  - Average ambient 

dry. .bulb temperature is :.a s i , g n i f i c a n t  parameter  in de te rmina t ion  of system 

p e r f , o e a n c e  and comparison o f  a l t e r n a t i v e  s o l a r  energy systems i n  d i f f e r e n t  

c l i p l a t i c .  . . reg ions .  The hour ly  averag=d d ry  bulb  temperature is: 
. .  . .. . . - .  . . ,  

The d ~ i i y  average ambient d r y '  bu lb  temperature is : 

5.1 ..2 Energy Collec,t iori  and , D i s t r i b u t i o n  Subsystem .(ECDS.) 

5.1.2.1 S o l a r  Energy Col lec ted  - The amount of energy c o l l e c t e d  

i n  t h e  hour ly  i n t e r v a l  is: 

. . .  
where 

A c  - t o t a l  c o l l e c t o r  a r e a  def ined  by t h e  c o l l e c t o r  
a p e r t u r e ,  f t 2  

W100(j) - a i r  flow r a s e ,  l b / h r  

C100(j) - s p e c i f i c  h e a t  of a i r  a t  temperature TA100(j), 
Btu/lb-OF 

The  d a i l y  summary o f  s o l a r  energy c o l l e c t e d  i s  



5.1.2.2 Col lec to r  Eff ic iency - The r a t i o  of t h e  s o l a r  energy 

c o l l e c t e d  by t h e  a r r a y  t o  the t o t a l  s o l a r  energy inc iden t  on the  a r r a y  

i s  termed t h e  c o l l e c t o r  e f f i c i ency .  It is a measure of the a b i l i t y  of 

t h e  s o l a r  c o l l e c t o r  t o  convert  i n c i d e n t  r a d i a t i o n  i n t o  thermal energy, 

which is subsequently t ranspor ted  t o  t h e  dryer.  The e f f i c i e n c y  is calcu- 

l a t e d  by: 

N l O l  = 100 x Q l O O  % 
QOO 1 

The d a i l y  summary o f  c o l l e c t o r  e f f i c i e n c y  is: 

5.1.2.3 Col lec to r  Panel Eff ic iency Factor - The e f f i c i e n c y  of a  

f l a t - p l a t e  c o l l e c t o r  opera t ing  under s teady-s ta te  condit ions can be 

approximated by a l i n e a r  equation with the  following independent 

v a r i a b l e  : 

f l u i d  temperature leaving c o l l e c t o r  - ambient temperature 
t o t a l  inc iden t  r a d i a t i o n  

This v a r i a b l e  is ca lcu la ted  by: 

N102 = - J(N) ~ 1 0 2 ( j )  - TO01 ( j )  O F  h r  
l '  C J(n) j-1 IOol( j> '  ~ t u  • 

The d a i l y  averaged e f f i c i e n c y  f a c t o r  is  



, 5.1.2.4 ECDS Operating Energy - The blower e l e c t r i c a l  energy con- 
. a  . . 

sumption is  measured by a wattmeter with an output  of 0.25 kW./Vr Hence 

the  equation f o r  thermal energy introduced i n t o  the  system by the  blower is: 
. . , . 

The d a i l y  summary of ECDS opera t ing  energy is : 

The constant ,  4 ,  converts  t h e  l i n e a r  output  of t h e  wattmeter from 
_ .  ., . . 

v o l t s  t o  k i lowat ts .  
.. . 

, . 

5.1.2.5 To ta l  So la r  Energy U t i l i z e d  - The s o l a r  energy used 

is  t h a t  which i s  i n j e c t e d  i n t o  t h e  d rye r  house and measured r e l a t i v e  t o  

t h e  a i r  condi t ions  en te r ing  the  c o l l e c t o r .  Since t h e r e  is no t  a tempera- 

t u r e  measurement of t h e  solar-heated a i r  a t  t h e  dryer  house, t h e  tempera- 

t u r e  a t  t h e . . i x i t  of t h e  SCDS must be  est imated based on ex t rapo la t ions  from 
. . 

measurements of a i r  temperature a t  upstream l o c a t i o n s  i n ,  the  duct .  

The duct ,  which is  immersed i n  ambient a i r ,  behaves a s  ' a  h e a t  

exchanger i n  which one medium i s  a t  cons tant  temperature. ' Thus the  

a i r  temperature v a r i e s  according .to the  exponent ia l  relati-onship. The 

equat ions  f o r  t h i s  e x t r a p o l a ~ i o n . a r e :  

and the  temperature a t  t h e  d rye r  house is ex t rapo la ted  t o  be: 



. . 
The s o l a r  h e a t  i n j e c t e d  i n t o  the  'dryer  house' 'is therefore :  

where 
. ., , . . .<. 1 : :  . ::., ,' , : ' ! wlo(j( j) . - air lj,/h'r " . . - . . . . . . . . . . .  

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

. , .  . 
I , .,; ." .. , 

Cl04( j) . - s p e c i f i c  h e a t  o f ,  a i r  a t  temperature Tfi04(.j) , ,  Btu/lb-OF 

, a ... '. *' ..: . . . , , < ; .; +:. "> ys , . 
c.. ...-.. t .  , . . .  . 

~ 1 0 4  = 222 f t .  . . .  . . . . . , : ', 
> .  . 2 . , . . 

The d a i l y  surpmary .o.f t o t a l  ~~olay..energ.y~~t&1.i~~d i s  : .. .: 1 ,  :. . . . . .  

_ . ' I  . . . . .  ' J ( N )  . .  
H 

- .  Q233 = JO: . j=l C' wloO(j) C104(j) x TD104 ( j )  ~ t u -  ;*: 

5.1.2.6 F o s s i l  Energy Saved - The f o s s i l  energy saved is  computed 

f o r  t h e  d a i l y  summary only.  It i s  the  f u e l  o i l  equivalent  of t h e  s o l a r  
. . . . . . . . . . . .  I, " ,  . i  ' .  ' .  8 '  . . . . . . . . . . . . . . . . . . . .  energy ut i l ized: '  ,Hence: , .  

where 
1 .  

' - .  .",... . . . . .  . 
HVF - hea t ing  value  of No. 5 f u e l  o i l s  (=14.8,800), ~ t u / ~ a l  

NHTF - thermal e f  ficioncy of f o s s i l  c.nmhustors (= fl. 99). 
. . . .  . - . : . .  , 

; . f  '- . . 
- ,  . . . . . . .  . - 

5.1.2.7 Transport  ~ub$ystem Heat Loss -  he t r a n s p o r t  .subsystem 
. . .  r - .  

h e a t  l o s s  is the  d i f f e r e n c e  between t h e  energy c o l l e c t e d  and the  energy 
. 

a t  t h e  d rye r  house. Hence: . . 
.a - . . 

. . 



The d a i l y  summary of t r anspor t  subsystem hea t  l o s s  is: 

5.1.2.8 'ECDS Coeff ic ient  of Performance - Energy conversion 

equipment uses e l e c t r i c a l  energy o r  thermal' energy t o  raise h e a t .  from a 

low-temperature source to'a-high'er-temperature sink.  It ,is r a t e d  by the  

r a t i o  of  useful  h e a t  t r ans fe r red  t o  t h e  energy input .  Thus the  c6eff i -  
. . 

. . . . ,  
c i e n t  of performance is: ' ' . 

5.1.2.9 ECDS Conversion Eff ic iency - The r a t i o  of t o t a l  s o l a r  

energy a c t u a l l y  used to  the  t o t a l  s o l a r  energy inc iden t  on the c o l l e c t o r  
. . 

a r r a y  i s  termed the  s o l a r  sub'system:c~nversion e f f i c i e n c y  and i s ' a  

measure of the  a b i l i t y  of t h e  system t o  convert  inc iden t  r a d i a t i o n  into4 

us'eiul thermal energy. The ECDS conversion e f f i c i e n c y  is calcula ted  by: : 

N l l l  - 100 X Q203 
.Ac ., Q0.01 . . 

5.1.2.10 ECDS U t i l i z a t i o n  Eff ic iency - The r a t i o  of t o t a l  s o l a r  

energy a c t u a l l y  used t o  t h e  s o l a r  energy co l l ec ted  'is termed the  u t i l i z a -  

t i o n  e f f i c i e n c y  and is  a measure of t h e . a b i l i t y  o f  the  system t o  u t i l i z e  

co l l ec ted  energy. . The ECDS. u t i l i z a t i o n  e f f i c i e n c y  'is .ca lcula ted  by: 

. . 

5.1.2.11 So la r  Fract ion of Energy Consumed - The f r a c t i o n ' o f  

s o l a r  energy consumkd by the  drying process is: 
. . +  



5 .l. 3 Conventional Grain Drying System 
t . .  . . 

5.1.3.1 F o s s i l  Energy f o r  ~ u x i l i a r ~  - The f o s s i l  energy used f o r  

drying w i l l  b e  a c c u r a t e l y  measured by flowmeters t o  be i n s t a l l e d  a t  a l a t e r  

da te .  The r e l a t i o n s h i p  f o r  computing t h e  .energy added i s  
. , 

' . : : . .  . . . .  ' . 

Since  t h e  flowmeters a r e  n o t  y e t  i n s t a l l e d ,  f o s s i l  energy used must be 

approximated from t h e  energy i n  t h e  a i r  flow. This estimate is an '.. f ,",'- ., . , .. 
approximation only betaukemeasufemen'tk and aCcurate d a t a  a r e  lacking oo 

combustion e f f i c i e n c y ,  h e a t  l o s s  i n  d ryer  ho t  a i r  plenum, blower e l e c t r i -  

c a l  energy*, and most importantly,  .. a i r  flow r a t e .  Hence, f o r  the  t i m e  
. > . , . . . , .~ . 

being : 

5.1.3.2 Dryer Load - The dryer  load is  determined i n d i r e c t l y  

from t h e  temperature i n  t h e  dryer  h o t  a i r  plenum and an es t ima te  i f  t h e  

d ryer  s t andard  air  flow rate. . Thus: . . 

*Blowers i n  the  g r a i n  d ryer  house,., 
. . ,  . . . . .  



where 
... 

TD60l(j) = T601(j) - T001,(j) , O F  

and s o  on f o r  602 and 603. 

The d a i l y  summary of d r y e r  load is  
' 

4432 = Q41D + Q42D + Q43D Btu . 
5.1.4 Spec ia l  Parameters 

5.1.4.1 A i r  Mass Flow Rate - The equat ion  used t o  compute .a i r  

mass flow rate i s  . 

. . .  

. . . - 
This equa t ion  was der ived  i n  Sec t ion  2.:2:2. . 

5.1.4.2 S p e c i f i c  Heat o f  Air - The s p e c i f i c  hea t ,  o f  air is . b a s e d .  . 
. . , . 

on a  polynomial r e l a t i o n s h i p  provided by Obert and ~ a g g i o l i * .  For example: 
, . . . ~. . . 

C l O O  = 
6.713 + 0.4697 (10'~) (TAl00) + 1.147 ( loT6)  ( ~ ~ 1 0 0 )  * - 0.4696 (lo-') ( ~ ~ 1 0 0 )  

28.967 

where 

*E. F. Obert and R. A. Gaggiol i ,  "Thermodynamics", Second Ed i t ion ,  McGraw 
H i l l  Book Company, New York, 1963 



The equat ion  i s  v a l i d  w i t h i n  a range of 2 7 3 , t o  1,800 K wi th  a maximum 

e r r o r  of  0.72%. 

c7,;' ' :' . . .  
I n  t h e  computer program used :"to ev.&.uate . . th'e equations described 

. a 

i n  t h e  previoub s e c t i o n  (5.1) , the  u:&' inpu t s  t h e  d a t a  t h a t .  were. col- 
. ,  . . . .  1 :. 

l e c t e d  and punched on ca rds ,  a s  desc$ibgd i*. s e c t i o n  2.2; The, program. 
- .  . .  . 

al lows the  u s e r  t o  choose t h e  type of, output  r e p o r t  he  d e s i r e s ,  . o r  the  

program automat ica l ly  chooses the  ne=essary typ&'of r e p o r t  using the  
. . ,  ._  

d a t e  o r  t i m e .  Within the  program, d a t a  analyses,  az6 performed. &d averages 
n, .> . .,. 

o r  percentages a r e  . ca lcu la ted  . as., ,describe.d i n .  Sect ion  5.1. .The. fol lowing 

subsect ions  d e s c r i b e  i n  g r e a t e r  d e t a i l  the  i n p u t s ,  process ing, '  and outputs .  
. . 

5.2.1 *.uts -- ' $ .  . . 

. . . . 

The i n p u t s  necessary fo r . . t he  program t o  be 'exe'cuted a r e  numbers. 

t o  i d e n t i f y  t h e  i n p u t  And outpGt"?iled~, a numbei. t o  desc r ibe  the  Wpe o r  

types o f  r e p o r t s  des i red ,  and t h e  d a t a  cards t h a t  conta in  the  Gnstrumented 

d a t a  from t h e  d a t a  logger .  Numbers must be inpu t  t o  spec i fy  t h e  FORTRAN 

u n i t s  from which i n p u t  d a t a  f i l e s  w i l l  be read and the  FORTRAN u n i t s  onto 
. . .  . . . . . . .  

which o u t p u t '  d a t a  i i les  w i l l  be  w r i t t e n .  These four  e x t e r n a l  inpu t  and 

ou tpu t  f i l e s  are descr ibed i n  Table 2-8. and the  FORTRAN u n i t  numbers t h a t  

a r e  i n p u t  a r e  descr ibed i n  Table 5-4, GRP1. Defining the  number t h a t  

s i g n i f i e s  t h e t y p e  of  r e p o r t  i s  t h e  i n p u t  v a r i a b l e  IBUF. Three numbers 

d e s c r i b e  the type o f  r e p o r t .  A "1" s i g n i f i e s  t h a t  hourly and d a i l y  

r e p o r t s  a r e  t o  be p r i n t e d  i f  t h e  d a t e  of  any da ta  sample i s  t h e  f i r s t  

day of  t h e  month o f  the  f i r s t  day of t h e  year .  A "2" read i n t o  IBUG 

s i g n i f i e s  t h a t  a monthly r e p o r t  is  t o  be p r i n t e d ,  and a "3" read  i n t o  

IBUF s i g n i f i e s  t h a t  a y e a r l y  r e p o r t  i s  t o  be p r in ted .  IBUF i s  described 

i n  Table 5-4, GRP2. Up t o  10  values f o r  IBUF may be  inpu t  a t  one t i m e  

so  t h a t  m u l t i p l e  execut ions  of t h e  program may be made. There a r e  th ree  

d a t a  cards  f o r  each d a t a  sample f o r  the  t e s t  equipment. These inpu t s  

are described i n  - .  Table 5-4, , GRP3. : 
, . .  . _ . ,  + . '  ... . :. ' , : . \  



TABLE 5-4. SOLAR SOYBEAN DRYER EVALUATION PROGRAM, ; FORTRAN INPUTS 



TABLE 5-4 - Concluded 

- 
3RP 
NO. - 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

- 

AMBI E#T A I R  TEMPERATURE 

TEMPERATURE I N  DRYER NO: 1 

TEMPERATURE I N  ORYFR NO. ' 2  

TENPERATURE I N  OHYER NO. 3 

FUEL FLOW TO DRYER NO. 4 

' FUEL FLOW TO DRYER NO. 4 

FUEL FLOW TO DRYER NO. 4 

TEMP€.RATUItE DIFFEHENCE ACROSS .WRAY 

. RELATIVE HWIDITY 

AIR BLOU VELOCITY 

. . 
ISSUE Inputs  DATE. 6j12/78 

MNEMONIC VALUES I UUITS/VALUE MEANING 



5.2.2 . Processing . .  . 

Program variables are calculated using program constants and 
. . . .  . . 

i n p u t  data:. These program' variables-are then used t o  calculate the out-  

p u t s  as described i n  Section 5.1. ,Outputs  are then summed and averaged 

i f  necessary. The calculations,  summing, and averaging are done i n  three 

separate,steps.. In,some cases where the, ou tpu t  data are a percentage, no 

summing o r  averaging occurs. 

For example, the  mathematical equation used t o  express Q l O O  (solar 

energy. collected) is: .. 
. . 

. . . . 
. . 

1 1 j (9) Q1OO+' - ' col lector  area NO. samples .c Qc,& ( j )  
j =i 

where ' j (n) is number of samples. 

This equation i n  the computer is accomplished i n  the fol lowing 
. . .. . . . . . , . . . . . . steps: 

1- Q l O O  = Qcall (j) =: W l O O ( j )  x C l O O ( j )  X TDlOO( j )  

.. . 

3. Q l O O  = (l/coliector area) (l/No. samples) (sum of Q100). 

The sum. of Q l O O  i s  i n i t i a l i z e d  'to zero. For each sample . i n  a 

given timef rame ( d a i l y  o r  hourly) , the  first and second s teps are repeated. 

A t  the end of t h e  specif ied t i m e ,  the t h i r d  s t e p  i s  performed t o  calculate 

Q l O O  f o r  tha t  period.. The hourly and d a i l y  calculations are summed and 
. g. 

averaged separately's0 t h a t  t h e ' d a i l y  calculations are not  based on the 

hourly calculations bbt  on individual  data samples,. 
. . . . 

Monthly averages are based dn da i l y  averages. The. sums of the 

days' averages are $tored on a disk '  file.: This' f i l e  is  input t o  the 

program each t i m e  it i s  run. When a d a i l y  average i s  made, t h e  d a i l y  

average is added'to the  respective average on the monthly f i l e .  When the  

f i rs t  day of a new month i s  input. ,  . the program averages the  sum of the  

d a i l y  averages and produces a monthly average. 



Monthly averages a r e  s t o r e d  on 'a d i s k  f i l e .  When a new month's 

average i s  c a l c u l a t e d ,  the  new month'js average ' is  then added t o  , the  

monthly average f i l e .  When the  f i r s t  day of a new year is  i n p u t ,  t h i s  

f i l e  i s  r e a d a n d  t h e  year lyaGerage  is  ca lcu la ted  based o n  t h e  

monthly averages. . . 

5.2.3 Output 
. . 

There a r e .  four  groups .of outputs.; ' These. g roups  c6nsi.s.t of hour ly ,  
, . 

def ined i n  Table 5-5, GRP1; . d a i l y ,  defined i n  Table 5-5, GP.R2 ; monthly, 

defined i n  Table 5-5, GRP3; and' year ly ,  defined i n  Table ,.5-5, GRP4. 

Five types of  r e p o r t s  are prdvided a s  ' r q u i r e d :  'hourly, d a i l y ,  

d a i l y  s k r y ,  monthly, and y4,arly. 'The hour ly '  'repbi!t give6 a t a b l e  of 

a l l  t h e  ou tpu t s  f o r  each hour.' ou tpu t s  a r e  given i n  both S I  u n i t s  and, 
. .  . . . 

~ r i t i s h  engineering units i f  appl icable .  . .  . h t  the'  'end of e a c h  . 24-hbur . 

per,iod , a d a i l y  report is pr in ted  - t h a t  . sunmsrszes . t h e  d a i l y  :outputs  f o r  . . 

t h a t  period. The d a i l y  summary r e p o i t  inc ludes  outputs  f o r . e a c h  day i n  

t a b u l a r  form. A t  t he  end of each mbnth a monthly report  is ;wr i t t en ,  and 
. .  . 

a t  the end of  each year  a year ly .  r e p o r t  is ' . 'wr i t  ten. . ' .' 

There are four  pages i n  each hourly &po=t. An example of the  

hour ly  r e p o r t  i s .  shown I n  ~ 1 , g u r e  5-5. ' ?he d a u y  r e p o r t  'provides the  param- 

eters ca lcu la ted  f o r  a 24-hour period from 0100 t o  2400 hours. The 

example d a i l y  r e p o r t  is shown i n  Figure 5-6. The monthly r e p o r t s  and the  

ye,arly r e p o r t s  w i l l  con ta in  t h e  same information a s  the  d a i l y  r e p o r t  

(Figure 5-6). 
. _  _.  . . .  . . . .  . .  ---- 



- 
GRP 
NO. - 

. . 
PARAMETER NAME ', 

TOTAL SOLAR IKCIDENT.  

SOLAR ENERGY, COLLECTED ' . , 
'. B. 

. . ECDS OPERATIN6 ENERGY . . 

COLLECTOR TRAhSPORT HEAT LOSS - 

TOTAL SOLAR ENERGY U T I L I Z E D  

- .  
ECDS CONVERSI(H EFFICIENCY -- ; . - 

e .  a .  

ECDS UTILIZATION EFFICIENCY . .: 

DRYER LOAD 

, FOSSIL ENERGY FOR AUXILIARY . . . 

AVERAGE AMBIENT 0 . 8 .  TEMPERATURE I 

ECDS ' COEFFIC I UJT OF PERFORMANCE . -, 
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RE PORT l NG 

Reporting of t echn ica l ,  economic, akd opera t iona l  da ta  w i l l  be 

provided a t  monthly i n t e r v a l s .  Some a n a l y s i s  ,and eva lua t ion  w i l l  be 

performed f o r  the monthly repor t s ,  and a complete eva lua t ion ,  inc luding 

l i f e -cyc le  c o s t ,  w i l l  be provided i n  t h e  annual r epor t .  

6 .1 TECHNICAL REPORT 

The t e c h n i c a l  r e p o r t  w i l l  c o n s i s t  of computer-prepared performance 

summaries, some manually prepared ana lyses ,  and a month-by-month log  of 

important performance parameters.  

The computer-prepared r e p o r t s  w i l l  c b n s i s t  o f :  

Hourly summaries 
Daily summaries 
Monthly summaries 

f o r  the  r epor t ing  month. The format f o r  these  summaries and a sample 

copy a r e  presented i n  Sect ion  5 .2 .3 .  

The manually prepared repor t  w i l l  dea l  p r imar i ly  with the  presen- 

t a t i o n  of c o l l e c t o r  performance i n  f a m i l i a r  formats ,and with da ta  t h a t  

a r e  n o t  r e a d i l y  ex t rac ted  by computerized techniques. One of these  i s  

discussed i n  the  fo-llowing paragraphs. 

The .performance of f l a t - p l a t e  c o l l e c t o r s  opera t ing  under steady- 

s t a t e  condi t ions  can be described by t h e  fol lowing equation:  

where 

Qu - r a t e  of u s e f u l  energy extracted by the  
c o l l e c t o r  

A c  - c o l l e c t o r  a p e r t u r e  a r e a  

F R - r a t i o  of u s e f u l  energy co l l ec ted  t o  
u s e f u l  energy c o l l e c t e d  i f  the  e n t i r e  
c o l l e c t o r  su r face  were a t  the  average 
f l u i d  temperature Tf 



IT.  - t o t a l  inc iden t  s o l a r  r a d i a t i o n  

( ~ a ) ~  - e f f e c t i v e  transmission absorptance product 
of c o l l e c t o r  

UL - h e a t  t r a n s f e r  l o s s  c o e f f i c i e n t  f o r  the 
c o l l e c t o r  ' .  

. . 
Tf ,i , - f l u i d  t e m p e r a t u r e  : . .  . . en te r ing  . c o l l e c t o r  

Tf , . - f l u i d  temperature leaving collec-tor  
' .  ' .  

' 2 

Ta - ambient temperature. 
. . . .  , 

' I 'h~s t h e  instant,zineous . . ( h o u r l y )  e f f i c i e n c y  i s  : 

. . . . . .. . . >. 
. - . . 

The ' s o l a r  g.+&$ drying- . .  , system, uses 100% . Ambierit . a i r ;  the re fo re ,  
. >. . . ,  . 

t o  a c l o s e  a p p r b ~ i i d a t & ~ n  ; Tf:: i .'. .Ta. , Now the  average temperature becomes : 
. 9 . :  , . . . . .  . .. . 

. . . .  . 5 .  

and the  . . re l ' a t ionship  . . .  f o r  . ' i n s t a i i t ~ n ~ o u d ;  . . . . e f f i c i e n c y  is 
. . 

. . 

The'te-rm. FR' (TCY), is  r e l a t e d  . . t k : m e -  bptical^propert i 'es  of the  glazibg 

and hence t o  . s e r f - a ~ ~ ' c o n t i ~ n a t i d i i .  o r i g i n a t i n g  from plant '  processes.  

Eachmonth t h e  p l o t s  . in  Figure 6-1:-will. be maiiii8lly prapared 

f o r  b o t h  h o u r l y ,  guhnnariis . . and d a i l y  summaries.  ine ear curve f i t s  t o  the  

d a t a  w i l l  be  developed by -@he ,method u f '  l e a s t  iqr~nrco. The Y i n t e r c e p t  

poin ' t .of  th&. . l inea r  f e l a t i o n s h i p  .is the  term F f ( ~ a ) , ,  which w i l l  be, 
. . dete,&ined from: t h e  b l o t s  and t abu la ted  'monthly. 

. - 
. . 
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FIGURE 6-1. EFF IC IENCY VALUES FOR COLLECTOR ARRAY 

To provide a convenient h i s t o r i c a l  record of performance during 

the e n t i r e  evaluat ion phase, a.monthly: Performance Data Summary . . t a b l e  

w i l l  be' provided of important performance parameters. Figure 6-2 

i l l u s t r a t e s  the  proposed format. . . . . 

. . 

System behavior and t rends  a r e  sometimes more read i ly  discerned 

v i s u a l l y  from p l o t s  than from tabula t ion.  Hence . . severa l  important parame- ., . 

t e r s  w i l l  be ,p lo t t ed  on a month-by-month s o  b a s i s  and updated - ,  . . i n  each repor t  
. . !  : . , .  , . .  

period. Some of these  a r e :  (._ . . 
. , - ' 9  ' 

4031 - Total  Solar  Incident  . :  . . 

Q130\- Solar  Energy Collec,ted . . 

4233 - Total  s o l a r  u t i l i z e d .  
4243 - F o s s i l  Energy Saved: . .  , . . . .  

N131. - Efficiency.  , . . 
.' . . -.: ; 

Others w i l l  be presented i f  i t  is considered des i rab le .  
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FI.GURE 6-2. PERFORMANCE DATA SUMMARY IFORMAT . . . 

. , 
, 

N131 - col lector  ~ f f i c i e n c y  

N143 - ~ v e r a ~ e ' - A m b i e n t  
Dry Bulb Temperature *(OF) 

Y Intercept Point 

-P.onthly 
Average . 

Nonthly 
Average 

Monthly 
fiverage 

. . .. . 

. 
. . . 

. , 
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6.2 FINANCIAL REPORTING ' ' 

~ o n t h l y '  repor t ing of the  f i n a n c i a l  aspects  of system operat ion 

w i l l  cons i s t  of ,  d a t a  summarized from the  instrumented and noninstrumented 
> , -  

data.  The quan t i ty  and value of f u e l  saved and t h e  cos t  of owning, main- 

t a i n i n g ,  and opera t ing t h e  system w i l l  be r e f l e c t e d  on t h e  Financia l  Data 

,Summary, shown i n  Figure 6-3.. These d a t a  a r e  f u r t h e r  summarized i n t o  a 

monthly Cash Flow Impact Summary, shown i n  Figure 6-4.. 

A t  t h e  conclusion on one year's opera t ion,  a  l i f e -cyc le  cos t  

analysis w i l l  be conducted i n  accordance with t h e  s p e c i f i c  g i i h & l i n e s  

provided i n  the  Lawrence Livermore Laboratory r e p o r t ,  "Method of Economic 

Analysis f o r  Comparison of Solar  Process Heat Systems", prepared by W. C'. 

Dickinson 'and 'J. N .' Shearer .  



FINANCIAL DATA S U W Y  

FIGURE .6-3 ; - FINANCIAL DATA SUMMARY 
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CASH FLOW IMPACT SUMMARY. ., 

FIGURE 6-4. CAS'H FLOW IMPACT SUMMARY 
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SPECIAL TASK REPORT 
SD78-DOE-2276 

SPECIAL TASK REPORT FOR CONCEPTUAL DESIGN OF AUTOMATIC CLEANING 
SYSTEM FOR SOLAR PANEL GLAZING-SOLAR DRYING OF S O Y B U S  

October 31, 197 8 

Prepared For 

U. S. DEPARTMENT OF ENERGY 

. 3  

Contfact NO. EY-76-C-05-5122 
(Mod. 4003) , Task No. 4 

Prepared By 

. SYSTEMS DIVISION 
' ,  TELEDYNE BROWN ENGINEERING 

HUNTSVILLE, ALABAMA 



During t h e  i n s t a l l a t i o n  and.'checkbut por t ion  of t h e  Department of 
. . - .  

Energy's program on t h e  Applicat ion of So la r  Energy t o  I n d u s t r i a l  Drying 

of Soybeans, i t  became evident  t h a t  a s i g n i f i c a n t  s o l a r  panel  cleaning 

problem ex i s ted .  The problem stems from soybean o i l  d r o p l e t s  and 

p a r t i c l e s  i n  t h e  environment of t h e  p l a n t  si te.  A conceptual design has 

been prepared f o r  an automatic cleaning system f o r  t h e  s o l a r  panels .  
.. . . . . . . . '  . - . & .  

1nvestigations'into'the.nature of t h e  contaminant revealed t h a t  

t h e  soybean o i l  polymerizes wi th  extended exposure t o  u l t r a v i o l e t  rays.  

This polymerization i s  acce le ra ted  by t h e  presence of ozone. It was con- 

cluded t h a t  . the most p r a c t i c a l  method of panel cleaning would involve 

d a i l y  removal of depos i t s  before  s i g n i f i c a n t  polymerization could occur. 

Several  cleaning system concepts were studied.  An o s c i l l a t i n g  

spray ba r  promised t h e  optimum cleaning a c t i o n l i n i t i a l  investment r a t i o .  

A 48-ft-long prototype of t h i s  type  was constructed and a test program 

i n i t i a t e d .  This  test program w i l l  continue throughout Phase 111. To 

d a t e ,  t h e  prototype has operated d a i l y  without inc iden t  and has  performed 

a c r e d i b l e  cleaning job. 

A prel iminary design of a c o n t r o l  system is presented. This 

system is completely automatkc and incorpora tes  f reeze  p ro tec t ion .  
. , .  . . 

Excluding f i n a l  design c o s t ,  t h e  cleaning system cos t  w i l l  be  . ). . '  

between $1.00 and $1.59/f t2 ,' depending on wheth& Gold K i s t  l abor  i s  

used. The economic improvement i n  system opera t ion is  a n t i c i p a t e d  t o  be 

$2,790 annually. This inc ludes  t h e  reduct ion i n  l abor  now used f o r  

manual c leaning and a 15% est imated performance improvement. 
. : .  . . 

Recommendat ions inc lude cont'inuation" of t e s t i n g  on t h e  prototype 

and a f i n a l  design-and-build program wi th  emphasis on using Gold K i s t  

l abdr  t o  a '&ximum extent .  

APPROVED: 

Program Manager . . i e t h  . " 

Vice Pres ident  
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INTRODUCTION 

1.1 BACKGROUND AND OBJECTIVES 
' . '  

A major o b j e c t i v e  of t h e  Department of Energy's (DOE'S) I n d u s t r i a l  

Processing Heat Program is t o  v e r i f y  and ev'aiuate t h e  t e c h n l e a l  and opera- 

t i o n a l  performance of s o l a r  thermal. energy systems f o r  p rocess  drying. 

For t h i s  purpose, a demonstration system A .  . . .  using a i r  c o ' l l e c t o r ~  has been 
, . 

const ructed  a t  t h e  Gold K i s t  soy p l a n t  in' Decatur, Alabama.' 'he system 

is designed t o  temper t h e  combustion a i r  o f  con"entiona2 d ryers  used t o  

dry soybeans p r i o r  t o  s to rage  and a s  a - f i r s t  s t e p  i n  t h e  e x t r a c t i o n  

process. 

Construction of t h e  s o l a r  f a c i l i t y  and d a t a  a c q u i s i t i o n  have been , 

completed and opera t iona l  s t a t u s  has  been achieved. The system w i l l  be . . 

o p e r a t e d a n d  maintained f o r  l y e a r ' b y  Gold gist a s  a p a r t  of i t s . d r y i n g  

opera t ions .  Operat ional  and t e c h n i c a l  d a t a  w i l l  be  acquired,  analyzed, 

evaluated,  and reported by Teledyne Brown Engineering (TBE). 

'Ehe environmental condi t ions  a t  Gold K i s t  have presented a 

s i g n i f i c a n t  problem i n  maintaining c lean  glazing8 on t h e  c o l l e c t o r s .  As 

a result, 'DOE has  authorized a t a s k  t o  perform a conceptual design of a 

cleaning system f o r  t h e  s o l a r  ar ray .  This  r e p o r t ,  prepared under Contract  

No. EY-76-C-05-5122, p resen t s  t h e  r e s u i t s  of t h i s  conceptual design 

e f f o r t .  I 

1.2 SUMMARY 

This r epor t  encompasses a d e f i n i t i o n  of t h e  cleaning problem, 

conceptual approaches t o  automated c leaning systems, r e s u l t s  of a proto- 

type c leaning system test, and recommendations f o r  t h e  design of a f u l l -  

s c a l e  automatic cleaning system. 
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PROBLEM DEFlN I T I O N  

2.1 SOLAR ARRAY DESCRIPTION 

T h e ' s o l a r  a r r a y  i n  t h e  Gold.Kist  p r o j e c t  c o n s i s t s  of 672 s i n g l e , '  

glazed Solaron c o l l e c t o r s .  The arrangement of t h e  114.5-by-1444 . . t array '  

is shown. i n  Figure 2-1. The e n t i r e  a r r a y  is  t i l t e d  15  deg from h o r i i o n t a l  

and is  eupported on k s t e e l  s t r u c t u r e .  The l o w  end of t h e  a r r a y  i s ' l 6 . 5 :  f t 

from ground e levat ion.  . . . . 

There a r e  seven double rows of c o l l e c t o r s ,  wi th  each double row 

containing 96 c o l l e c t o r s .  A walkway and handra i l  a r e  provided a t  t h e  

bottom and between every o the r  double row. 

2.2 NATURE OF CONTAMINATION . . 

Samples of t h e  contaminated glaz ings  have been examined by person- 

n e l  i n  t h e  Chemistry Department a t  t h e  Univers i ty  of  laba ad i n  ~ L n t h v i l l e  

(UAH) t o  determine t h e i r  na tu re  and t o  ob ta in  recommendations f o r  cleaning 

so lu t ions .  UAH has determined t h a t  t h e  contamination begins a s  a coat ing 

of soybean o i l  s e t t l i n g  on t h e  glazing.  This o i l  polymerizes when exposed 
J .  

t o  u l t r a v i o l e t  and ozone and hardens very much1 l i k e  a varnish .  During t h e  

process,  soybean husks and f l a k e s  a r e  deposited on and then bonded t o  t h e  

su r face  by t h e  p a r t i a l l y  polymerized soybean o i l .  

2.3 CURRENT CLEANING TECHNIQUES 

The cur ren t  cleaning technique r e q u i r e s  t h r e e  men working 6 hours 

t o  c lean  t h e  e n t i r e  ar ray .  The f i r s t  man uses  a hand wand t o  apply' a . .  , 

d e t e r g e n t  so lu t ion  (concentrated carwash golut ion)  under 6 0 0 - ~ ~ i  pressure .  . . 

This is followed 'immediately with scrubbing using a long handled. brush. 
' 

The t h i r d  man uses  a hose t o  apply r i n s e  water. 
, ; 

This cleaning process is  accomplished on approximately a 40.-day. 

schedule. From t h e  performance d a t a  obtained through August 1978, t h e  

eff i-ciency improvement following cleaning is approximately 10 t o  15% 



FIGURE 2-1. SOLAR ARRAY ARRANGEMENT 



'(Figure, 2-2). Plans . .  . aye . underyay . to perform comparison testing of con- . . . : E 

taminaged . versus . .  , clean . .  gtazingg. . . These rest's w i l l  be performed by' UAH. 
. . . . 

~ e a u l t s  w i l l  be included ifi'thc moqth&y progress report following test  

completion. . "  , 

The c o s t  . . of th. current' =lzGg ,._ . technique i s  approximately .: 

$1,800 anq~al ly  including labor , . . *d . . nqteFials. . ... . 
. . . . .  
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CLEANING SYSTEM CRITERIA 

The ob jec t ive -  o f .  t h e  cleaning system design is  t o  minimize recur- 

r i n g  panel c leaning,  c o s t s  while. meeting an acceptable  compromise bet"een 
, . .  . 

c a p i t a l  c o s t ,  r e l i a b i l i t y ;  degraded performance, and main ta inab i l i ty .  To 

meet t h i s  ob jec t ive ,  t h e  . cleaning . system must incorpora te  t h e  following 

f e a t u r e s  : . . . . . , . .  -- . . .  
'Minimum shading . by . t h e  cleaning mechanism 

- .  

a Automatic .coqtrol  system t o  cyc le .  t h e  cleaning a c t i o n  
wi th  a frequency s u f f i c i e n t  t o  prevent excess ive  poly- 
merizat ion and deposi t  .. . 

! '  

:,'Freeze. p ro tec t ion  ,,: ,.,. 
- .  , .  . -  

a - Minimum moving p a r t s  and adjustment 'or .alignment 

' Minimum consumption of ,water,  de te rgen t ,  and e l e c t r i c i t y .  

Sin.ce -the. optimum cleaning frequency and detergent  concentra t ion 

requirements must be determined o v e r - a  long period of opera t ion,  these  

funct ions  should 'have ;! wide la t . i tud< f d r  experimentation. 
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DESIGN' CONCEPTS CONS1 DERED 

Using t h e  c r i t e r i a  presented  . i n  Sec t ion  3 ,  TBE ' s tud ied  severa ' l  

c l ean ing  system concepts .  During t h e s e  s t u d i e s ,  c l ean ing  equipment 

vendors  and s p e c i a l i s t s  were con tac t ed  in .  a n  e f f o r t  t o  e s t a b l i s h  a  d a t a  

base  t o  u s e  i n  e v a l u a t i n g  v a r i o u s  concepts .  Because of t h e  unique n a t u r e  

of t h e  contaminant and t h e  p h y s i c a l  l ayou t  and s i z e  of t h e  s o l a r  a r r a y ,  

no s i g n i f i c a n t  d a t a  base  was e s t a b l i s h e d .  A s  a r e s u l t ,  t h e  e v a l u a t i o n  of 

each concept  had t o  b e  sub jec t ed  and on a r e l a t i v e  b a s i s  r a t h e r  than  

a b s o l u t e .  

F igure  4-1 p r e s e n t s  a  s k e t c h  and comparison of  t h e  major c l ean ing  

concepts  cons idered .  A b r i e f  d i s c u s s i o n  of each fo l lows .  

4 .1  FIXED SPRAY (noOD) 

i his system is simply a f i x e d  p ip ing  system t h a t  d i r e c t s  a sp ray  

' a t  t h e  upper edge of each c o l l e c t o r  row. Because of i t s  a t t r a c t i v e  low 

c o s t  and s i m p l i c i t y ,  a s imple  p ro to type  was cons t ruc t ed .  .The performance 

was poor because of splitting. of t h e  f lood ing  i n t o  ,small s t reams,  r e s u l t -  

ing  i n  d r y  areas. 

4.2 OSCILLATING SPRAY 

Th i s  system i n c o r p o r a t e s  a p ipe  (with a  row of small o r i f . i c e s )  

supported a  few f e e t  over  t h e  c o l l e c t o r  and an  a c t u a t o r  t o  provide  r o t a -  

t i o n .  This  system appeared t o  b e  t h e  most promising o f ' a l l  concepts  

s t u d i e d .  Therefore ,  two pro ' totypes were cons t ruc t ed  and t e s t e d .  A 

d e t a i l e d  d e s c r i p t i o n  of t h i s  system, and t h e  test r e s u l t s .  a r e  presented  

i n  Sec t ions  5 and 6. 

4.3 MOVING SQUEEGY WITH SPRAY 

Th i s  system c o n s i s t s  of a f l e x i b l e  squeegy and sp ray  b a r  t h a t  

t r a n s l a t e  t h e  l e n g t h  of a c o l l e c t o r .  T h e . e f f e c t i v e n e s s  of t h i s  type  of 

system was considered good because of t h e  mechanical a c t i o n  of t h e  

squeegy. However, i t  w a s  'considered i m p r a c t i c a l  because of t h e  c ~ m p l e x i t y  

.and consequent poor r e l i a b i l i t y .  



- .  
CONCEPT . 

OSC lLLAT l NG SPRAY t- 
W V I N 6  SQUEEGY WITH SPRAT 1 . 

PROBABLE CLEANING 
EFFECTIVENESS' 

POOR' - :DIRECT IMPINGE- 
AT UPPER EDGE ONLY. 

FLOODING STREAMS 
SPLIT AS WATER, PROGRESSEI 
OVER GLAZING. LEAVING DRY 
AREAS. 

? 

GOOD - DIRECT IMPINGE- 
AND FLOODING 

ALONG FULL LENGTH OF 
GLAZ I NG 

GOOD' -.DIRECT IMPINGE-. ,m AND SQUEEGY ACT lON 
ALOtlG FULL LENGTH OF 
GLAZ I NG 

LOW -'HINMAL MOVING 
m T S  . 

VERY LOW - SIMPLE FIXED. 
~ Y S T E H  

I 

LOW - FEW SLOW W I N G  
m T S .  NO CRITICAL 
ALIGNMENT REQUIRED 

VERY LOU - NO MDVING 
PAR~S 

HIGH - COMPLEX ROLLERS. 
RAILS AND ORlVE 

MECHAN I W 

HIGH - NUMEROUS W I N G  
PARTS; CRITICAL ALIGN- 
MENT; SENSITIVE TO 
FREEZING CONDITIONS ON 
RAILS. SQUEEGY REPLACE- 
MENT DUE. TO M A R  AND 
BRITTLENESS. 



. .. 
FIGURE '4-1 - Concluded - 

MA1 NTENANCE 
REqU IREMENTS 

VERY HIGH - m l T l O N  L I M I T  
ADJUSTMENTS CRITICAL; 
FREEZING OF BRUSH ELE- 
MENTS; BRUSH YEAR AND 
REPLACEMENT ; BRUSH PRES- 
SURE ADJUSTMENTS 

.. . . 
, I 

HIGH - MION L I n l T  
ADJUSTMENTS; CRITICAL 
AL IGNMENT : FREEZING OF 
MATER ON RAILS AND 
ME CHAN l SM 

- OCCASIONAL BRUSH 
REPLACEMENT 

- 
, 

RELATIVE COST 

VERY HIGH - COMPLEX 
T RANSLATTON AND ROTAT ION 
MECHANISM. OYNAHlC HATER 
SEALS REQUIRE0 

HIGH - COMPLEX TRANSLA- 
MECHANISM. LONG. 

FLEXIBLE FEEDER TUBES 

LOU I N I T I A L  COST - 
SIMPLE FIXED P IP ING 
SY S1 EM 

HlGH LABOR COST - 
REQUIRES APPROXIMTELY 
12 TO 14 MAN-HOURS EACH 
CLEAN I NG 

CONCEPT 

p 
ROTAT ING/MOVING BRUSH 
WITH SPRAY 

7 
MOVING SPRAY 

?. 

IMPROVED MANUAL 
(LONG SPRAY/BWSH) 

PROBABLE CLEANING 
EFFECTIVENESS 

EXCELLENT - BRUSHING 
m R R  ENTIRE 
GLAZING 

GOOD - DIRECT-WATER 
TF~FI~GEMENT OVER ENTIRE 
GLAZING SURFACE 

GOOD - BRUSHfSPRAY mON OVER ENTIRE 
GLAZ ING SURFACE 



This system bears  a resemblance t o  equipmen't used . i n  t h e  carwash 

industry .  It would c e r t a i n l y  of f o r  a b e t t e r  c l ean ing  e f fec t iveness  than 

a l l  methods .considered. .However, t h e - i n i t i a l  - . . coat  and.main.tenance . .  , 
. . p e n a l t i e s  were too severe  fo r  f u r the r  se r ious  consideration.  

. . . . 

This system cons i s t s  of a spray bar  t h a t  t r a n s l a t e s  t h e  length . . of 

t h e c o l l e c t o r .  . It o f f e t a  ve ry  l i t t l e  - .  performance improvement over the. 

o s c i l l a t i n g  spray and h i8  che same disaclv~auLage,of t h e  o ther  ~ ~ ~ t e m s , .  
t 

incorporat ing t r ans l a t i on .  

The cu r r en t  manua1 ,c lea ing  technique involves a separate  . . spray 

and brushing operation.  A,high-flow,:long-handled, spray/brush was found 

i n  t h e  market survey. This method, o f f e r s , t h e  same, cleaning . . ef fec t iveness  . . 

as t h e  method now employed ind t h e  i n i t i a l  cos t  is  low. However, it.. is  . 

estimated t h a t  i t  would take 1 2  t o  14 man-hours..per cleaning a s  ,compared 

t o  t h e  18 man-hours now required.  A s  a r e s u l t ;  ' the  :concept was no t .g iven  

fu r the r  consideration.  . . . . 
. . 



5. PROT0TYP.E < ' .  . SYSTEMS' 
a .. . . :  . -  

. .  , : .  > , . i  .. . , 

B& i r k  f i n e l  se ' lect ion of ii &incept, t w o  test se tups  wef 6 made 

, &d".a prdtdt$pe c iean ihg* iys t& w i 8  constnic ted  'and t e s t td ' .  One t e s t  ' .  . 

se tup was 'ir?&d t o ' e i a m i t k  ' the  ef fect iv&ne6s of t h e .  f ixed spayb& concept :- 
The o t h e r  test '  setupq &d"rot'6type w e r e  'used * t d  detk&ine t h e  "effec t ive-  

ness  of t h e  o s c i l l a t i n g  spray concept. 

5 . 1 ' - .  FIXED SPRAYTEST SETUP 
.> 

"- The i o w  'iiit i$i costi and r 6 1 i i b i i i t y  : of t h i s  concept promptdd 

t h e  c&struct ion o f ' t h e  te'st se tup  shown in Figure'5-1. The t e s t i n g  of 

t h i s  system revealed good cleaning e f fec t iveness  only i n  t h e  a r e a  of 

d i r e c t  water impingement. Below t h i s  a r e a ,  t h e  water formed a random 
... . " 

.. (,. . . 
p a t t e r n  and o f fe red  .no cleaning e f fec t iveness . .  ' . . .  

5.2 OSCILLATING .SP.RAY TEST S.EWP . .,. . .. . . ' , . . -  . >  . . . . 
. . . ,  . . ~. . . 

A simple test se tup using & irivertgd standard lawn. s p r i n k l e r  

w s s  i n s t a l l e d  "t6 ver i fyy t h e  ' cleaning' ef rect ' i6eness o f '  t h e  - b s c i l l a t i n g  
. . .  . . 

S$r& coicLpt:  his s e t u p  i s .  shown i n  ~ i g & e s 3 - 2  5-3.   his rjrstem 

was i n s t a l l e d  on' ;~&ui't"4 &ti2 t&kt%d'. Gnt i1 ' ' ' ~ igub t  '3%. The '.$rs:tem. was 

operated once i n  t h e  morning and once i n  t h e  l a t e  afternoon.  'Each Cycle 

consis ted  of 1 min of cleaning wi th  detergent  i n j e c t i o n  and 1 min of 

r i n s e .  This system incorporateh an inexpensive syphon-type soap i n j e c t o r  

with no accura te  method of determining concentrat ion.  The system covered 

four  panels  and had a flow r a t e  of approximately 5 gpm (0.063 gpm/f t2) .  

Although no s p e c i f i c  performance t e s t i n g  was performed', t h e  

cleaning e f fec t iveness  appeared exce l l en t .  A s  a r e s u l t ,  .it was decided 

t o  prepare a more 'e labora te  system incorpora t ing control led  soap in jec -  

t i o n  and var ious  hole  spacings and s i z e s  t o  determine t h e  bes t  combina- 

tions of each of these  va r iab les .  



FIGURE 5-1. FIXED SPRAY TEST SETUP 



WAP INJECTOR 
STANDARD LAWN SPRINKLER (INVERTED) 

1--314-INCH SUPPLY/SUPPORT PIPE 

FIGURE 5-2. OSCILLATING SPRAY TEST SETUP 



FIGUPL 5-3. OSCILLATING SPRAY TEST  SETUP'^$@ 
P5J - 



5.3 OSCILLATING SPRAY PROTOTYPE 

A 48-ft-long o s c i l l a t i n g  spray prototype has been i n s t a l l e d  and 

p a r t i a l l y  tes ted.  The t e s t i ng  of t h i s  system i n  continuing. Figures 5-4 

and 5-5 present an ove ra l l  view and photograph of t he  system. 

5.3.1 Prototype System Design 

The bas i c  design c r i t e r i a  used i n  t h i s  system were a s  follows: 

Several  t e s t  sect ions  t o  evaluate  d i f f e r en t  hole 
spacings and diameters 

An actuator  with an adjustable  s t roke 

An accurate,  var iab le  soap feed system 

Suf f ic ien t  l i n e  s i z ing  t o  provide a t  l e a s t  65-psi 
pressure a t  a del ivery r a t e  of 25 gpm 

Manual control  system without f reeze  protect ion 

Expandable t o  a fu l l - sca le  system 

Minimum system cost .  

The prototype system t h a t  was designed is a 48-ft o s c i l l a t i n g  

spray bar. The system covers 32 co l l ec to r s  (16 pa i r s ) .  A discussion of 

t he  design follows. 

To ensure adequate del ivery and t o  incorporate s u f f i c i e n t  

s t r u c t u r a l  r i g i d i t y ,  a 0.75-in, type K, r i g i d  copper pipe was chosen a s  

t he  spray bar. Through experimentation, it  was determined t h a t  t h i s  

pipe required support a t  l e a s t  every 12 f t .  This led t o  t he  four-section, 

48-ft spray bar  shown i n  Figure 5-6. The spray bar  is  fed from both ends. 

The various hole  s i z ing  and spacing w i l l  allow evaluation of these  param- 

e t e r s  through tes t ing .  These a r e  c r i t i c a l  parameters s ince they a r e  

d i r e c t l y  associated with t h e  t o t a l  water consumption required f o r  each 

cleaning. 

Each spray bar  support i s  made up of inexpensive, off-the-shelf 

hardware. Figure 5-7 sEluws d e t a i l s  of the supports. 



FEEDER PIPE 

FIGURE 5-4. PROTOTYPE CLEANING SYSTEM 



FIGURE 5-5. 48-ft PROTOTYPE CLEANING SYSTEM 
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FIGURE 5-6. SPRAY TUBE HOLE PATTERN 

,037 Dlb  HOLES ,037 DIA HOLES 
CINCH SPACING &INCH SPACING 

.041 DIA HOLES 
61NCH SPACING 

.041 DIA HOLES 
&INCH SPACING 



INCH iPVC TEE 

IZED PIPE 

112 x 314 PVC ADAPTER 
BUSHING 

DETAIL A 

112-INCH THINWALL 
CONDUIT BRACE 

112 INCH CONDUIT 
PIPE/- MOUNTING 

SEC c-C 
TYPICAL BRACEISUPPORT 
ARRANGEMENT 

CLlP 

112-INCH THINWALL 
CONDUIT 

CONDUIT --\ 
MOUNTING \ I I 
CLlP 114-INCH x 1 114-INCH 

BOLT, NUT 

SHEET METAL SCREW 

SEC B-B 
TYPICAL SUPPORT 

1 1  FCOT 4 INCHES 

1ICINCH BOLT 

FIGURE 5-7. SPRAY TUBE SUPPORT ASSEMBLY 



The actuator  assembly is shown i n  the drawing and photograph of 

Figure 5-8. The motor is a standard 2-rpm, 25-in.-lb gearmotor. For 

r i g i d i t y ,  a c a s t  aluminum box w a s  chosen t o  house the motor. The linkage 

system cons is t s  of crank arms and a push rod tha t  a re  standard i n  the 

heating, ven t i l l a t ion ,  and a i r  conditioning industry. 

The detergent in jec t ion  system (Figure 5-9) was chosen t o  provide 

a var iab le  in j ec t ion  rate of various chemicals. It is located i n  the  

supply l i n e  inmediately upstream of the f i r s t  spray tube supply feeder. 

This system is capable of in jec t ing  0.008 gpm of detergent a t  a l i n e  

pressure of 70 psig. 

5.3.2 Prototype System Testing 

To have a r e a l i s t i c  t e s t ,  a l l  panels should be thoroughly cleaned 

i n i t i a l l y .  The prototype became operational (with the  exception of the 

soap in jec tor )  on August 31, at  the midpoint of a routine manual cleaning 

cycle. However, i t  w a s  operated f o r  2 min. twice dai ly  u n t i l  the next 

scheduled panel cleaning. The accumulation of contamination a t  s ta r tup  

was  heavy and its effectiveness was d i f f i c u l t  t o  evaluate during t h i s  

preliminary t e s t  phase. 

The e n t i r e  array was  cleaned on September 20, a t  which time a 

test program w a s  s t a r t ed  without the use of a detergent. Figure 5-10 

presents a comparison of panels with and without da i ly  r insing with the 

prototype cleaning system. This comparison is more vivid i n  the overal l  

view shown i n  Figure 5-11. 

After approximately 2 weeks of tes t ing  a number of the o r i f i ces  

w e r e  pluggbd by debris. It is suspected tha t  t h i s  debris came from a 

r epa i r  operation by Gold K i s t  on a nearby water main. It does es tab l i sh  

the  need fo r  a f i l t e r  i n  the  f i n a l  design system. 

It is still  too ear ly  i n  tes t ing  t o  properly evaluate the e f f ec t s  

of d i f fe rent  detergents and concentrations. This tes t ing  w i l l  continue 

beyond t h i s  writ ing u n t i l  freezing conditions d i c t a t e  draining. Results 

of t h i s  fur ther  t e s t ing  w i l l  be contained i n  monthly and quarterly con- 

t r a c t  s t a t u s  reports.  
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PIPE CLAMP 

ACTUATOR HOUSING 
(ALUMINUM CAST BODY) 

FIGURE 5-8. ACTUATOR ARRANGEMENT 



ep.#,z>;* J-= .$% - . d l -  

FIGURE 5-8 - Concluded 
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SYSTEM DESIGN CONCEPT 

6.1 SPRAY BAR ARRANGEMENT 

The sp ray  b a r  syetem is  conceived a s  b e i n g  21  modules, 48 f t  

long.  Each module would be  s i m i l a r  t o  t h e  p ro to type  d e s c r i b e d  i n  

Sec t ion  5. The suppor t  system w i l l  r e q u i r e  some mod i f i ca t ion  t o  accom- 

modate t h e  i n t e r s e c t i o n  of each module. A des ign  concept  of t h i s  

mod i f i ca t ion  is  shown i n  F igu re  6-1. 

A s  i n  t h e  p ro to type ,  s t anda rd  m a t e r i a l s  may be  used throughout  

t h e  spray  b a r  system. The a c t u a t o r  assembl ies  a r e  conceived as be ing  

i d e n t i c a l  t o  t h e  p ro to type ,  r e q u i r i n g  one pe r  module. 

Each.module is  fed  from b o t h  ends. T h i s  ensures  maximum d e l i v e r y  

p r e s s u r e  f o r  good water  impingement c l ean ing  a c t i o n .  

Although n o t  y e t  conc lus ive ,  t e s t i n g  t o  d a t e  i n d i c a t e s  optimum 

h o l e  s i z i n g  t o  b e  0.037 i n . ,  spaced a t  4-in. i n t e r v a l s .  Th i s  provides  

a flow' of 0.055 gpm/ft2.  Therefore ,  f low of 34 gpm is a n t i c i p a t e d .  

6.2 PLUMBING 

A s tudy  of  optimum p ipe  s i z e  h a s  r e s u l t e d  i n  t h e  choice  of 

1-in.  PVC main runs  and 0.75-in. feeder  runs.  -To minimize t o t a l  flow, 

each module i s  i s o l a t e d  w i t h  a so l eno id  v a l v e  and w i l l  be  opera ted  i n  , 

series by a n  a u t o m a t i c . c o n t r o 1  system. 

F igure  6-2ypresents a  l ayou t  of t h e  t y p i c a l  plumbing proposed. 

c a r e f u l  des ign  and i n s t a l l a t i o n  w i l l  be  neces sa ry  t o  ensu re  proper  

g r a v i t y  d r a i n i n g  f o r  f r e e z e  p r o t e c t i o n .  

6 . 3  DETERGENT INJECTION 

The d e t e r g e n t  i n j e c t i o n  system u s e d ' i n  t h e  p ro to type  is  su f -  

f i c i e n t  f o r  u se  i n  t h e  f u l l - s c a l e  system s i n c e  only  one module w i l l  b e  

opera ted  a t  any one time. 
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FIGUXE 6-1. SUPPORT SYSTEM AT MODULE INTERFACES 



FIGURE 6-2. TYPICAL MATER DISTRIBUTION LAYOUT 
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6 . 4  CONTROL SYSTEM 

The c o n t r o l  system w i l l  manipulate the system to  apply a detergent  

s o l u t i o n  t o . e a c h  module f o r  a  dura t ion of 1 min. each. With 2 1  modules, 

t h , i s  w i l l  a l low a  20-min. "soak" with the  detergent  solut ion.  The soap 

i n j e c t o r  would then be turned off  and a  1 min. r i n s e  applied t o  each 
. . module. 

The c o n t r o l  l o g i c ,  shown i n  Figure 6-3, a l s o  provides f o r  f r eeze  

p ro tec t ion .  I f ,  a t  t h e  end of each r i n s e  cycle ,  the  temperature i s  below 

33OF, t h e  main water supply valve  is positioned t o  "drain" and a l l  con t ro l  
. .. 

v a l v e s  a r e  pos i t ioned t o  "on" t o  allow the  system t o  d r a i n . ,  
. . 

The system will b,c designed t o  uae r d a y  logic, a t%me clock, 

and 'a thermostat .  Sy$tem packaging w i l l  cons i s t  of a power panel and 

a c o n t r o l  panel  housing: the  r e l a y s  and the  t i m e '  clock. A block diagram 

of t h e  c o n t r o l  sys  t e m '  is presented i n  Figure: 6-4. 
. . ,  . 

6.5 SYSTEM LAYOUT 

For weather protec t ion,  the  con t ro l  . system, .main water valve,  

and soap i n j e c t o r  w i l l  be located  i n  the  bui ld ing adjacent  t o  the  s o l a r  

a r ray .  This loca t ion  has t h e  necessary water and power requirements and 

o f f e r s  fu l l - t ime f r e e z e  protec t ion f o r  , t h i s  p a r t  of t h e  system. 
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FIGURE"6-3.  CONTROL LOGIC  - ' 

- SEQUENCE. ,. 
CONTROL 
VALVES "ON" 
1 min. EACH 

SOAP 
INJECTOR 
"OFF". 

ALL CONTROL 
VALVES ''OFF" 

- 
6 a.m. 
AND 
6 p.m. 

- -' 

-a 

SOAP ' 

INJECTOR 
"ONu 

- - 
- 

WATER 
SUPPLY VALVE 
"ONU 



I f l H I B I T  I F  r 
33'F 

CLOCK 
OSCILLATOR 

J 

RESET 
SUITCHES , RESET '-. . 
AND RELAYS . . 

. ,. 
STEPPING , 

O lV lDEH * CONTROL - 
S-1 
STEPPING 
DRlVC 

a STEPPING 
s I G ~ ~ A L S  

. , - - STEqPlNG ' 

SIGNALS :' 
.. - . % W 

SET-i! 
STEPPING 2 W 6. P.M.' - DR l V t  6 A.M. -. g 2: . . 

4- ! I - -  i - 
CONTROL ul I !U  I 

nv) 4 V )  

VALVE 21 0 1 B .  
1, I I I I 

I 
I 

'424- - ., 
CONTROL '9". 

5-2 VALVE 2 - , , ,  , 
& - 

I : b26 
1110- a c  
QR 20 Vac 

110 Vac 
OH 28 Vac * 

CONTROL , 

. . 

. . 

" ,  . . " - 

.. 
. ,  . . .. 

, . . 

. . 

. . 
VALVE 1 - , ' . . - 

I- . . 

1 1 0  Vac ... 
' OR 28 ~a? 

ACTIVATE I F  c 33°F . . 

I RtSET 

WATER 
SUPPLY INJECTOR 

blAIN VALVE . k 

WATLR 
DHAlN 

FIGURE 6-4. CONTROL SYSTEM BLOCK DIA.GRAM - .. . 



7. SY.STEM BUDGETARY COST 

' 

Based on experience gained,.during t h e  f a b r i c a t i o n  and i n s t a l l a t i o n  

of t h e  prototype cleaning system, a budgetary estimate has been prepared 

f o r  t h e  f u l l - k a l e '  cleaning system. The r e s u l t s  of t h i s  e s t ima te  a r e  

i n  Table 7-1. Engineering es t imates  shown a r e  based on minimum engineer-. 

i n g  documentation. 
. . .  

TABLE 7-1. BUDGETARY'COST ESTIMATE : . . . .  , 

. . .  . .  . . 

' . ENGINEERING . . .. . . . . . . 

Mechani cal '$5,000 

MATERIAL 

Mechanical 
... _ .  . 

Electri cal /El ectrori:i c 1.,'500 , 
. . 

: $ 6,900 . . 
, .. 

. >. . .  

INSTALLATI ON . . 

. . . . 
. . ,. Mechanical . , $5,500 

. . 
. . ,_I  

~lectrichl/~lectronic' .. 2,,200 . 
. _ " . .  ..; 

.. . . $ 7,700 
' . TOTAL . $30,900 

. . ,.. .. , .. . 

It should be noted t h a t  t h e  mechanical f a b r i c a t i o n  and i n s t a l l a -  

t i o n  could ' be accomplished by Gold K i s t  personnel a t  s i g n i f i c a n t  savings. 



Based on a 157; o v e r a l l  performance improvement, t h e  c lean ing  . . . > . . . . 

system would i n c r e a s e  annual  f u e l  s a v i n g s  by $992 (based on June - 
August 1978 d a t a ) .  The manual c l e a n i n g  c o s t ,  based on t h e  f i r s t  t h r e e  

months of opera t ion ,  i s  p r o j e c t e d  t o  be $1,800. p e r  year .  The combination 

of  these  two i s  an es t imated $2;792  annual  economic improvement, assuming 

approximately equal  q u a n t i t i e s  of wa te r  and d e t e r g e n t  are consumed by 

e i t h e r  method of c lean ing .  



. . : 8.. CONCLUS IONS AND 'RECOMMENDATIONS,, , . . ! . ,  . . . .  . , . .  : . ' . . . . .  . . 
. .  , . . 

. . .  . . The fol lowing conclus ions  a r e  drawn from t h i s  conceptual design 
. . . . . . . . .  . . . . .  . . , . . . . . . . . . .  . . . . .  

study: . . 
. a .  _..1 . . , . . . .  . . 

e For t h i s  a p p l i c a t i o n ,  no t r a n s l a t i o n . o r  d i r e c t  
mechanical c leaning a c t i o n  is  p r a c t i c a l .  

Good c lean ing  a c t i o n  r e s u l t s  from a d i r e c t  water/ 
de te rgen t  impingement on t h e  face  of c o l l e c t o r  
g laz ings .  

The mechanical por t ions  of such a system can be con- 
s t r u c t e d  using standard off-the-shelf hardware. 

An accura te  economic assessment of an automitic 
c leaning system can be made only a f t e r  s p e c i f i c  
performance t e s t i n g  on i d e n t i c a l  c o l l e c t o r s  . i n  t h e  
contaminated condit ion and then i n  t h e  cleaned 
condit ion.  

8.2 RECOMMENDATIONS 

The following recommendations a r e  offered a s  a r e s u l t  of t h i s  

s tudy : 

Testing of t h e  prototype system should continue (except . 
' 

during f reezing weather) t o  determine t h e  optimum clean- 
ing  agent and concentrat ion and t h e  .best nozzle s i z e  
and spacing. 

Tes t s  should be performed t o  accura te ly  determine t h e  
performance degradation a s  a r e s u l t  of the'  contamination. 

Based on r e s u l t s  of t h e  above, i t  is  recommended t h a t  
t h e  system be designed and constructed i n  t h e  following 
manner : 

A Design - TBE 

A Fabricat ion 

- Control System - TBE 
- Mechanical - Gold K i s t  



A Installation 

- Control System - TBE 
- Mechanical - Gold K i s t  
- Electrical - Gold K i s t .  
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ABSTRACT 

A s  p a r t  of DOE'S I n d u s t r i a l  Process Heat Program, a demonstration 

s o l a r  c o l l e c t i o n  system has been constructed a t  t h e  Gold ~ i s t  soybean 

p l a n t  i n  Decatur, Alabama, t o  augment the  f u e l  used i n  t h e  soybean drying 

process. Even before  const ruct ion was complete,. i t  w a s  apparent  t h a t  
. . 

contamination of t h e  c o l l e c t o r  by p l a n t  emissions would severe ly  degrade 

performance. A s  a r e s u l t ,  DOE authorized t h i s  study t o  i d e n t i f y  emission 

sources and p o t e n t i a l l y  s u i t a b l e  suppression techniques. This  s tudy 

was conducted j o i n t l y  by Teledyne Brown Engineering and Gold K i s t ,  Inc .  

A survey i d e n t i f i e d  11 sources of emissions. Permits  e x i s t  f o r  

a l l  i d e n t i f i e d  sources. Also, a l l  suppression devices w e r e  found t o  be 

operat ing wi th in  permit s p e c i f i c a t i o n s .  The .source ( s )  of t h e  o i l y  

mate r i a l  was no t  i d e n t i f i e d  and needs a more d e t a i l e d  i n v e s t i g a t i o n .  

Basic types of emission abatement equipment a r e  compared. Speci- 

f i c i a l l y ,  bag f i l t e r s  and high and low-efficiency cyclone type  equipment . 

a r e  presented. The bag f i l t r a t i o n  systems were found t o  range up t o  

99% c o l l e c t i d n  e f f i c i e n c i e s  a t  a cos t  of approximately $S/cfm, compared 

with cyclone equipment, which ranges up t o  95% e f f i c i e n t  a t  an  approxi- 

mate cos t  of $4.25/cfm. 

Data on s p e c i f i c  opera t ions  wi th in  t h e  g r a i n  and soybean processing 

indust ry  and t h e i r  a s soc ia ted  flow ranges a r e  presented.  I n s t a l l e d  c o s t  

ranger of equipment pecu l i a r  t o  each type of emission a r e  a l s o  included. 

PREPARED BY: APPROVED BY: 

r ,  , . ;. . . . / ,; ' :/. , .;c ,, ,, ;. , ,: .,. 
. I, 1 . , .. ' 

G. R.' Guinn K. H. McKechnie 
Energy Program Manager 
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INTRODUCTION 

1.1 OBJECTIVES 
. .. . . . . 

. . I .  ,', . . . ,, *. : , . , 
A major o b j  e c f i v e  of the  Department of Energy's (DOE'S) ~ n d u s t r i a l  

Process Heat Program is t o  v e r i f y  and eva lua te  the  t echn ica l  and opera- 

t i o n a l  performance of s o l a r  thermal energy systems f o r  drying and dehydra- 
:. , 

t i on .  For t h i s  purpose, a demolistration s o l a r  col lec t io i i .  s ) s t = m  using 

a i r  c o l l e c t o r s  has been constructed a t  the  Gold. k i s t .  soy. p lan t  i n  Decatur , 
Alabama. The system is designed t o  temper the  combustion a i r  of ,conven- 

% . . . % 

t i o n d  d rye r s  used t o  dry  soybeans p r i o r  t o  s to rage  and a s  a f i r s t  s t e p  
' ' .  . , . ,  

3 .  , .. i n  t h e  o i l  e x t r a c t i o n  process. 
. . 

. -. , 

Even before  cons t ruct ion  of the. 'koidr  a r r a y  was comp'lete, i t  was 

apparent  t h a t  contamination. of t h e  c o l l e c t o r s  by - p a r t i c u l a t e  emissions . 

from the  p l a n t  would severe ly  degrade performance. Much of t h e  e a r l y  con- 

tamination experienced during cons t ruc t ion  was subsequently el iminated by 
< 

t h e  i n s t a l l a t i o n  of a baghouse t o  the  seed c leaner  l o = a t e d  on top of the  

g r a i n  e l eva to r s .  Although contamination had been. s i g n i f  i k a n t l y  reduced, .; 
i t  was s t i l l  severe  enough t o  warrant  a . s t u d y  t o  I d e n t i f y  emission sources  

. . .  

and p o t e n t i a l l y  s u i t a b l e  suppression techniques. To accomplish these  

o b j e c t i v e s ,  DOE authorized the  study reported he re in  and prepared under 

Contract  No. EY-76-C-05-5122. 

1.2 BACKGROUND 

Dust p resen t s  an important environmental cons idera t ion  t h a t  must 

be addressed f o r  any process heat  a p p l i c a t i o n  of s o l a r  energy. It e n t e r s  

i n t o  t h e  des ign from two s tandpoints :  1 )  s a f e t y  and 2)  performance degra- 

d a t i o n  due t o  depos i t s  on the  g laz ing su r face .  The s a f e t y  hazard posed 

by f i n e  organic p a r t i c u l a t e s  suspended i n  a i r  has been dramat ica l ly  i l l u s -  

t r a t e d  by t h e  r ecen t  explosions and f i r e s  a t  g r a i n  e l eva to r s .  The concern 

f o r  s a f e t y  was a key considera t ion  i n  t h e  design of t h e  Gold K i s t  s o l a r  

drying system and eventual ly  l ed  t,o t h e  s e l e c t i o n  of a pos i t ive-pressure  

a i r  d i s t r i b u t i o n  system. ~ l t h o u ~ h  leakage of  a i r  p o t e n t i a l l y  reduces the  



c o l l e c t i o n  e f f i c i e n c y  of  such a system over a negative-pressure system, 

i t  minimizes t h e  p o s s i b i l i t y  of dus t  inges t ion  i n t o  the  c o l l e c t o r  and 

t r a n s p o r t  system. It a l s o  f a c i l i t a t e s '  t he  f i l t e r i n g  of the incoming 

a i r ,  which can b e  accomplished a t  a s i n g l e  loca t ion .  

The e f f e c t  of dus t  d e p o s i t s  on the  f l a t  p l a t e  c o l l e c t o r  g laz ing 

e n t e r s  i n t o  the  des ign  from th ree  s tandpoints :  1)  reduction i n  perform- 

ance and hence reduced f o s s i l  f u e l  savings,  2) increased opera t ing  c o s t s  

r e s u l t i n g  from panel  c leaning l abor  and mate r i a l s ,  and 3) increased invest-  

ment c o s t  a t t r i b u t e d  t o  panel c leaning o r  emission con t ro l  equipment. 

The p o t e n t i a l  f o r  c o l l e c t o r  contamination e x i s t s  i n  any app l i ca t ion  of 

s o l a r  energy t o  i n d u s t r i a l  processes because 1) e i t h e r  the  p l a n t  w i l l  

produce emissions t h a t  w i l l  contaminate t h e  col located  s o l a r  c o l l e c t o r ,  

as i n  the  case  a t  Gold K i s t  o r  2) the  p lan t  w i l l  be located  i n  an a r e a  of 

i n d u s t r i a l  a c t i v i t y  producing condensables and p a r t i c u l a t e s .  capable of ' ' . 

contaminating c b l l e c t o r s  loca ted  a t  g r e a t  distances from the  po in t  of d i s -  

charge.  The e f f e c t s  of contaniination c i t e d  above provide a c l u e  t o  poten- 

t i a l  s o l u t i o n  approaches: 

Allow the  c o l l e c t o r  t o  contaminate and thereby l i v e  wi th  . 
t h e  reduced c a p a b i l i t y .  

P e r i o d i c a l l y  clean t h e  panels ,  thereby improving per- 
formance but  with increased maintenance cos t s .  

I n s t a l l  automated' techniques f o r  panel  c leaning o r  
suppression devices  a t  the  point  of emission (both 
techniques inc rease  caplLal  c o s t s  and add some opeuae- 
i ng  and maintenance c o s t s ) .  

I n  a previous ly  repor ted  t a s k  (Ref. l ) ,  t h e  f e a s i b i l i t y  of automated 

c leaning systems has  been examined. I n  t h i s  t a sk ,  i s s u e s  r e l a t e d  t o  

emission c o n t r o l  w i l l  b e  examined. 



, ,  . . : .  ., 2. .PROCESSES AND E M l S S  IONS . .. 

. . 

, . .  . 
 he sources  of a i r  po l lu t ion  i n  a soybean processing can '. 

be grouped i n t o  t h r e e  boar'd ca tegdr ies  : 1)  soybean r e c e i v i n g ,  handling, 

and drying opera t ions ;  2) .  soybean processing opera t ions ; -and 3) soybean 

meal ' loadout  opera t ions .  Table 2-1 Presents  some of t h e  more s i g n i f i c a n t  

p o t e n t i a l  sources  i n  each category. . , 

Emission sources  associa ted  with g ra in  receiving and handling 
. $.', . . .  . . . 

opera t ions  a r e  s i m i l a r  t o  ' those ix&olbed in a i l  gra in  handling s torage  
. .  . . 

ope=ations.  The g r a i n  c leaning a n d  grdin  'drying opera t ions  a r e  the  most 

s i g n i f i c a n t  emission sources i n  t h i s  part of t h e  soybean processing . . . . .  

f a c i l i t y .  The p a r t i c u l a t e  matter  'my c o n t a i n  60 t o  90% organic mate r i a l .  

Of t h e  . .  inorganic  . mat te r ,  3 to 20% &ay be f r e e  s i l i c o n  (sand from entra ined 
. . . ' "  

d i r t )  . s p e c i f i c  . m a t e r i a l s  i n  the  p a r t i c u l a t e  matter  inc lude p a r t i c l e s  of 

g r a i n  k e r n e l s ,  - . spores of smut' and 'molds, i n s e = t  debr i s ,  and pol len  and 

d i r t  fro; t h e  f i e l d s .  Soybeans conta in  more d i r t  t'han c o r n ,  wheat, aGd 

milo s i n c e  they grow c l o s e  t o  t h e  ground and t h e  ha rves te r  m a y  scrape  

up t h e  e a r t h  a s  .it c u t s  the  p lan t  o f f .  A s  evidenced'by t h e  red color  of 

t h e  depos i t ,  i t  was d i r t  emitted from the  seed c leaner  t h a t  contr ibuted 

t o  t h e  heavy acc&ulation.experienced before installation of t h e  baghouse. 
. . 

In  add i t ion  to  the  emissions t y p i c a l  of t h e  g ra in  e leva to r ,  the  
. . , , . . 

Gold K i s t  p l a n t  is  p o t e n t i a l l y  capable of producing emissions from the 

crushing and ex t rac t ion  processes. The major sources of emissions i n  the  

soybean processing sec t ion  of t h e  p lant"are  the  product recovery systems 

used bn the  dehul l ing  equipment and' the h u l l  g r inders  and meal d ryers  and 

coo le r s .  These emissions add t o  the  s e v e r i t y  of t h e  problem because they 

may conta in  condensables o r  ae roso l s  t h a t  a c t  a s  . a  binder and provide 

adhesion of p a r t i c u l a t e s  t o  c o l l e c t o r  surfaces .  Thus p a r t i c u l a t e s  t h a t  

would normally be removed by wind o r  r a i n  may be d i f f i c u l t  t o  remove by 

s t rong  mechanical a c t i o n  i n  such a case.  



T A B L ~  2-1. POTENTIAL SOURCES OF A I R  POLLUTANTS I N  
SOYBEAN PROCESSING PLANTS 

-+ 

. a Grain Receiving, Cleaning, Drying, and Storage 

 rain Unloadi ng Trippers , Conveyor Transfer Points 
E l  eva t o r  Leg Vents Grain Cleaner 
Corner and Side Vents Grain. Dryer 

a Soybean Processing 

Cracking Ro l l  s Desol ven t i  zer-Toas t e r  
Dehull ing System Meal Dryer . .  
Hu l l  Toaster Meal Cooler 

, ' Hu l l  Grinding Meal Grinder 
Bean Condl ti oner Sol vent Vapor Recdvery. Sys tern 
Flaking M i l l s  

a Product Shipping 

Meal Loadout 



E M I S S I O N  > ,  SURVEY AND I D E N T I F I C A T I O N .  ' 

'-' On ~ u l y  24,  ,1978, t h e  information contained i n  the  a i r .  q u a l i t y  

permit appl ica t ions .  f o r  e a t h  emission source was v e r f f i e d  by inspect ion .  

Each source has been i ssued an a i r  q u a l i t y  permit by the  Tri-Counties 

Health Department. Each emission source and i t s  t y p e . o f  c o n t r o l  device 

a r e  . l i s t e d  i n  Table 3-1. During the  inspect ion ,  evidence o f ' s a t i s f a c t o r y  

opera t ion  of each c o n t r o l  device  was. apparent,  Also, i t  wad .observed 

t h a t  the  bean d rye r s  may emit some matter  i* the  a r e a  of the  

s o l a r  panels.  4 

I n  add i t ion  t o  the  sources l i s t e d  i n  Table 3-1, c e r t a i n  o the r  

: f u g i t i v e  sources may .be inf luencing the  'accumulation .of  d u s t  on the  
. . 

s o l a r  panels.  The conveyors under the  bean d r y e r s  may occas iona l ly  emit 

f u g i t i v e  dus't when conveyor covers. a r e  loose.  The bean conveyor from 

s to rage  t o  t h e  prepara t ion  bui ld ing formerly emit ted f u g i t i v e  p a r t i c u l a t e  

m a t t e r . '  However,. t h i s  conveyor. has been replaced wi th  a.covered,conveyor 

t o  e l i m i n a t e ' t h e  f u g i t i v e  dus t .  Light  chaff  and dus t  have been observed 

f a l l i n g  from. overhead conveyor D-27.  he head of t h i s  conveyor i s  equipped 

wi th  a s p i r a t i o n  dus t  c o n t r o l ,  and t h e  d ischarge  end of t h i s  conveyor is  

equipped w i t h '  a scraper  on t h e  underneath s i d e  of t h e  b e l t .  ' ~ u s t  emis- 

s i o n s  from t h i s  conveyor should be n e g l i g i b l e  o r  e l iminated  with proper 

opera t ion  of the  a s p i r a t i o n  dus t  c o n t r o l  system f d r .  t h i s  source. 

Evidence of adhesion of proteinaceous o r  o i l y  m a t e r i a l  t o  t h e  

s o l a r  panel  su r faces  was observed. The source o r  sources  of t h i s  m a t e r i a l  

a r e  not  c l e a r l y  apparent .  This m a t e r i a l  may be generated a t  process po in t s  

where physlca l  ur clieluical changes t o  t h e  soybeans occur. Thus one or  

more emission sources  i n  t h e  bean prepara t ion  o r  o i l  e x t r a c t i o n  a r e a s  

'may be  c o n t r f b u t i n g , s m a l l  amounts of adhesive mate r i a l .  
' >  

. .  . . A s  a r e s u l t  .of t h e  emi,ssions source inspect ion ,  the  fol lowing 

conclusions were obtained:  

. .. Sources of p a r t i c u l a t e  emission have been accura te ly  

. i d e n t i f i e d  ,by t h e  aii: q u a l i t y  permit app l i ca t ions .  Also, 
' 

- . a. v. isual '  i n spec t ion  i n d i c a t e s  t h a t  the  p a r t i c u l a r  col lec-  
; . t i o n  devi'ces, a r e  performing wi th in  o r  ' b e t t e r  than' l i m i t s  

. r equ i red  ,by l o c a l  ind  s t a t e .  a u t h o r i t i e s .  
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n o t  c l e a r l y  es tab l i shed .  e adheifion n&t&re 'of ' t h i s  
. . ,material may* be,. sagus.in t h e  severe  c lean ing  problqm .i , 
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I .Ensure proper operat ion and maintenance of t h e ,  dus t  con- : I, ,, 
!, . '  

" trol ?'sys tern on overhead conveyor ~ i 2 3 ,  iricfGdfng'the 
d b e l t .  Pbaiier hood and the  b e l t  scraper  hood. 

. Ensure t h e  ;,roper operat ion and maif i tmaneeof  a l l  dus t  + - 
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may c o n t r i b u t e  t o  t h e  adhesion of p a r t i c u l a t e  mate r i a l  to.? 
.? ., * ;. !...I. i '  ,- ;:.; i * ; . , ;  5 : : : '  , 9 ,, ": ..' : t h e  s3:I.a-r panels  . , . >  . ". 

. . . . .  . :..'.. 2 < . :' *: :  , '* . ;. -, " ; , , ; . , , ; 
. . -  I 

... 2 . ..- . . . . . .  . . . . .  . - 



TABLE 3-1 . PRIMARY EMISSION SOURCES , 
~ECATUR OIL PRODUCTS FACILITY . . 

. . : i 
', DECATWR, ALABAMA . .  . 

I '0°"' I Bean Receiving , Storage, Conveying ; I Fabric .F i l  t e r  
Truck, Rai 1 , Barge Loadout . . . ' . 

( 2002 1 Bean ~ c s l  pG, Screerier, H'aher M i l  1 1 ~ a b r i c  F i l t e r  1 2001 1 Preparation scrkenei IZEC , '.. 

I ZOO4 

High Ef f ic iency 
Cyclone 

cracking Operation 

I 
High Ef f ic iency 
Cycl one 

Dehull ing Operation, Separator, 
Cleaners, Aspirators 

Fabric F i l t e r ,  
.High' Ef f ic iency 
Cyclones 

. 

. .I . I 

ZOO6 

ZOO7 

ZOO8 

ZOO9 

. Z O l O  

~01;. . . 

, . 
. 

I . .. . . . . . . .  

%l aking Operation 

meal . ~ r y i n g l ~ e a l  cooling 
. . 

Meal s i f t e r s / i i i nde rs  

Meal Hand1 ing/TransTer 

'Bean Drying 

~ o i s t e d  Hu l  i /er inders 
. . 

. 
. . 

..I" . 

High ~ f f i c i e n c ~  
, Cyclones 

Fabric ~i'i t e r  

Fabric F i  1 t e r  

Fabric F i  1 t e r  

Perforated Col umn 
Plates 

~ i ~ h  ~ f f l c i e n c y  
Cyclone. 

,, . . , , I  



ABATEMENT EQU I PMENT 

4.1' ' INTRODUCTION 
I * .  ,. . 

. .  . : .  . .. . . . . 
~ ~ i s s i o n s .  can be con t ro l l ed  a t  two d i f  f f o e n t  ' p o i n t s  i n  t h e  process. 

. . , . 
The emissions can be e l iminated  a t  t h e  s o u r c e , . o r  a hooding and a s p i r a t i o n  

. , 

system lead ing  t o  a dus t  c o l l e c t o r  can be employed t o  cap tu re  emissions. 

Techniques t h a t  e l imina te  the  sources of dus t  emission o r  t h a t  r e t a i n  i t  

a r e  t h e  most e f f e c t i v e .  The g r a i n  and feed indus t ry  t y p i c a l l y  employs 

c o l l e c t i o n  dev ices  such as cyclones or, f a b r i c  f i l t e r s .  Since e l imina t ion  . . ,  , 
c .  i ' 

of sources  involves  techniques t h a t  apply only t o  the  s p e c i f i c  process  

irivolved, such a s  enclosures  6r 'covers 'on bixii , tanks ,  and hoppers, d i s -  

cuss ion of abatement equipment is' l imi ted  t o  c o l l e c t i o n  devices t h a t  have 
,... . .  . . .  

genera l  app l i ca t ions .  . . 
, . 

f .; 
The phys ica l  a n d  chemical c h a & c t e r i s t i c s  and p r o p e r t i e s  of ' 

I '  < '  _ I , I  I . . * .  

inc luding s i r e ,  p lay  an important r o l e  i n  the  design and 
. . 

s e l e c t i o n  of d u s t  cap tu re  equipment. Also of s i g n i f i c a n t  importance a r e  

t h e  p a r t i c u l a t e  concentra t ions  i n  the  gas ,  along with gas  temperature and 

Design and performance a r e  a l s o  influenced by o t h e r  parameters of 

t h e  process such , a s  ' t o t a l  flow volume, temperature,- and Opressure of the  

c a r r i e r  gas and i t s  ent ra ined p a r t i c u l a t e s .  Other ' f a c t o r s  t o  6e con- 

s ide red  ' include p ressure  drops i n  the  system, s i t e  l i m i t a t i o n s  a f f e c t i n g  

t h e  accommodation of removal equipment, u t i l i t y  irequirements', a v a i l a b i l i t y ,  

and c o s t .  F i n a l l y ,  th;? comparative maintenance and e t ionwics  f o m  the  over- 

r i d i n g  cons ide fa t  ion i n  m a t e r i a l  s e l e c  ti&. I t  i s  e s p e c i a l l y  important  

t h a t  t h i s  system be ,designed a s  an in tegra ted  u n i t  with adequate capac i ty  

f o r  cur ren t  and planned production. 

s tandards '  of performance a r e  designed to  r e f l e c t  the  "best  a v a i l -  

a b i e  technology". Generally, con t ro l  of p a r t i c u l a t e s  i n  e f f i c i e n t  gas  

streams i s  accomplished i n  t h e  g ra in  indus t ry  using cyclone, separa to r s  

and f a b r i c  f i l t e r s .  . . 



4 . 2  CYCLONE . . I . 
, . 

Cyclones a r e  c l a s s i f i e d  according t o  e f f i c i e n c y .  ~ i g l i - e f  f i c i ency  

cyclones a r e  cha rac te r i zed  by a narrow i n l e t  opening, long body l eng th  

r e l a t i v e  t o  body diameter ,  and small o u t l e t  diameter (see  ' ~ i ~ u r e  '4-1) . 
I I' . . 

The higher gas v e l o c i t y  r e s u l t s  i n  a c o l l e c t i o n  e f f i c i e n c y  of about 25 

t o  95% and a pressure  drop of 3 t o  5' 'ii. of water.  This  is  t h e  most  corn- 
. , 

mon con t ro l .  device .used a t  e l eva to r s .  Low-efficiency cyclones 'have l a r g e  

i n l e t  openings, large-diameter bodies,  and l a r g e  b u t l e t  diameters .  'The 

slower gas v e l o c i t y  r e s u l t s  i n  c o l l e c t i o n  e f f i c i e n c i e s  between 60 and.851: . . . ,: . . , ' , 8 . . . .  . 1 ,: 

an,d pressure"dr6ps of only 0.5 t o  2.0 i n .  of . water .  . 
, . i .  

The p r i n c i p a l  advantage of t h e  cyclone is t h a t  i t  o f f e r s  mechani- 

c a i  s i m p l i c i t y  and high r e l i a b i l i t y ,  along wi th  low c a p i t a l  c o s t  and e&gy 
' . ,..; 

consumption. Because of these  f e a t u r e s ,  they have been used ex tens ive ly  

t o  c o n t r o l  g r a i n  rece iv ing and shipping opera t ions ,  a s  w e l l  a s  a v a r i e t y  

of g r a i n  processing emission sources.    or u n i t s  t h a t  a r e  n o t  proper ly  

maintained (e.g.,  d u s t  accumulations on the  w a l l s ,  a i r  i n f i l t r a t i o n  through 

t h e  dus t  d i scharge ) ,  t h e  e f f i c i e n c y  w i l l  decrease  dramat ica l ly .  v i s i b l e  

emissions can be  q u i t e  no t i ceab le  even f o r  t h e  b e s t  o p e r a t k g  u n i t s .  

SOURCE: ' REF. 2 

H I G H - E F F I C I E N C Y  DESIGN 

F IGURE 4-1. CYCLONE DUST COLL~CTORS 



, F i g u r e  4-2 shows . the,  t y p i c a l .  , cp l l ec t ion  e f  c i c i ency  f o r  both t,he . . . . . .  

high-thro.ughput , . . ,  . . and high-ef.ficiency,,cyc~ones f p r  .var ious  p a r t i c l e -  diam-. . . 

. ~ . t e , r s . .  . i - Since  ,. . .  b.oth typ?s o$: d e v i ~ e s  . . . . . . .  are .  . i n e f f i c i e n t  . . .  f o r  . c o l l e c t i n g  , s p a l l .  

p a r t i c l e s  ,. ,and i-t i s  t h e  q . a l 1 . e ~ :  . p a r t i c l e s  . t h a t  s c a t t e r  l i g h t  moss ;ef fec-  . . .  .;.. 

t i v e l y ,  . i t  is a p p a r e n t  t h a t  even thed  moqt e f f i c i e n t  cyclone w i l l ,  ppe ra t e  . - .  . . .  
w i t h  some v i s i b l e  emi.ssi,on. i f  . t h e  incoming g r a i n  ha.s a  s i g n i f i c a n t  amount 

' .  I , ' .. 
of  f i n e  d u s t  o r  t h e  emiss ion  i s  from a  p roces s  t h a t  has  emission of .. , , . 

, , '1 . ."; 
...... > . , - . . I - . .  j i  

FIGUREGP. % TYPICAL COI~~ECTION EFFICI'ENCY 'CURVES FOR HIGH-THROUGHPUT 
AND 1.3 1GI.I-E:FFICI ENCY CYC.LONE.S 

4 . 3  FABRIC FILTERS :" 
F a b r i c  f i l t e r -  systems fyp:icBIly . c o n s i s t ,  of . . . . .  e,+oth bags o r  envelopes 

suspended i n  such a way t h a t  t h e  c o l l e c t e d  p a r t i c l e s  w i l l  f a l l  i n t o  a ... ( .  . 

hopper when d i s lodged  from t h e  f a b r i c .  The p a r t i c l e - l a d e n  a i r - & h a l l y  . '  ' 

f lows  from: i n s i d e  t h e .  bag .ouyt; :;enyelopes: from t h e r  ovts,ide $n, The accumu- 

l a t e d  m a t e r i a l  can be  d is lodged  by such d-evice's a,s,..bag. s h a k e r s ,  . t h e .  yeverse 

je t  from a  r i n g - s l i t - j e t  (which: ., . moves. . .. along,, , t h e  .bag) ,  , and a  . . .  p u l s e - j e t  
. . I . .  .<.r . -  -, 3 



rever'se gge flow. 'The .dislodged mater*l drops i n t o  a .  bin  f o r  d i sposa l .  

~ a b r i c  f i l t e r s  can be -uijed to. remove smaller p a r t i c l e s .  than cyclone sys- 
! .. . ' 

tems, b i t  t h a i r  . . c b s t s  f & & t a l l a t i o n ,  .:.... . .  oparatzon, - ,  a n d  :maintenanc; are some- 
. . 

what higher. Bag rup tu re  can"resu1t .  in d i scharge '  , . of p a r t i c u l a t e s  hi1 .. 
. . .  

repairsr are made. ~ a b r . l c  ' f i l t e r s  qrtircapable of over 99% c o l l e c t i o n  ef f  i- 

cleney of f  we par t icula tes . '  . Figure 4 - 3  preents2 s&e b a s i c  baghouse . ' 

~. . . .. . . .. : . . . . 
capture  sys  t'@s. . 8 . . 

INS IDE  - . , OUTSIDE . 
F.'ILTER:ING . .  - .. , . FILTERING 

.NORMAL 
, (UPWARD) 
FLOW 

DOWN 
FLOW 

. . 

SOURCE: . REF. 2 
J '  

TYPE ) 

4.4 CONTROL DEVICE COSTS 
. . . .  . .  

The t o t a l  i n s t a l l e d  c o s t  . for  .a given i n s t a l l a t i o n  is highly 
. ,  . . 

v a r i a b l e  depending on 'such f a c t o r s  as:.. , . . . 
. ) I  5 ,  . . .. .; . .  . .  

' 

Type of i n s t a l l a t i o n ,  ' new o r  e x i s t i n g :  p l a n t  : 

. Type. of l abor  used, p l a n t  o r  con t rac t  

' . Typo of 'pyocess contrcjlled, .amount of duCtwork . . fequired ,  
,md geographical ' locat ion.  



Figures  4-4 and 4-5 p resen t  c a p i t a l  c o s t  as a func t ion  of capaci ty  

f o r  va r ious  types  of c o n t r o l * d e v i c e s  used on g r a i n  processing emission 

sources  (Ref. 2 ) .  These f i g u r e s  r e p r e s e n t  t h e  c o s t  of t h e  c o n t r o l  and 

those  appurtenances u s u a l l y  considered a p a r t  of the  con t ro l  devic<e.but  

n o t  such i tems a s  ductwork, f ans ,  s t a r t e r s ,  and motors whose c o s t s  vary 

cons iderably  from one i n s t a l l a t i o n .  t o ,  another;  nor  do they inc lude  the  

i n s t a l l a t i o n  c o s t s .  .-. 

Gold K i s t  has  r e c e n t l y  conducted a s tudy of.. t he  i n s t a l l e d  c o s t s  of 

c o l l e c t i o n  systems and has  found t h a t  t h e  fol lowing values  generalJy apply:  
, . 

, . -.. 
, ..." Cyclone System - $4.2S/cfm ,. 

,." . 
Baghouse System - $5/cfm.' . .  . .. ' . . 
Table 4-1 (Ref. 2) ' l ists ' t h e  approximate c o s t  range f o r  c o n t r o l l -  

ing  s p e c i f i c  types o f  emission sources .  These f i g u r e s  r ep resen t  only ' 

t h e  normal c o s t  range t h a t  would be  a p p l i c a b l e  t o  perhaps 90% of the  

v a r i o u s  source types.  The lower c o s t  f i g u r e s  a r e  f o r  cyclone systems. 

Because of t h e  l a r g e  v a r i a b i l i t y  i n  c o s t s ,  t h e  c o s t  t o  c o n t r o l  an 

i n d i v i d u a l  f a c i l i t y  must be  determined by c a r e f u l  eva lua t ion  of the  
" & \  

p a r t i c u l a r  . requirements o f  . t h a t  f a c i l i t y .  



. . 
i, . . . . .  . . . . 

0; 20 2; 5 ' i n .  H ~ O  PRESSURE DROP 
0 6.0 ' in.  H z 0  PRESSURE DROP 

. . . . 

A I R  HANDLING CAPACITY (cfm) 

FIGURE 4-4. CYCLONE COLLECTOR (EQUIPMENT. COST INCLUDES BASIC U N I T  
DUST HOPPER, SCROLL OUTLET, WEATHER CAP, AND SUPPORT 
STAND) 



FIGURE 4-5. FABRIC FILTER (EQUJPMENT COST INCLUDES BASIC~UNIT, COMPLETE 
WITH A I R  PUMP AND ROTARY VALVES, MOTOR, STARTER) A 



TABLE 4-1. APPROXIMATE RANGE OF CONTROL COST 
(TOTAL INSTALLED COST) 

OPERATION 

Recei v i  ng 

Truck Dump 

Boxcar Receiv ing . ,+.. , 

Hopper Car ~ e c e $ v f i i  .,..i... 

Barge ~ e c e i ' v i  ., i ng 

Dry ing  

Cleaning 

Trans fer  opera t ions  

Scale and Garner . 

Trans f e  r 

Loadou t (Truck, Boxcar, 
Hopper Car, Ship, Barge) 

TY P I CAL RANGE INSTALLED COST . . 

i (cfm> 
.rl..- 

- 

G R A I N  HANDLING . -'.'''. 

5,000 t o  15,000 (each) 

Depends .on p l a n t  con- 
f i g u r a t i o n  

5,000 t o  20,000 (each) 

1.75 to14.00 , 

1 .75 to,,>i4.00 

1 .75 to' , .'4.00 . 

0.25 toP;0.75 

SOYBEAN PROCESSING 

Cracking M i  11 s, 
F1 aking, Condi t ion ing, ,  
Dehul 1 ing,  and Screening 

Receiv ing :and . .. T rans fer  
2 .  . .. .. ..... . 2s.- .. . .... . 

.-. ',, ..r ) . . .  : . . :... ' 

Meal Dry ing  
" .  . . .  . ;'..'; ' 

< . "  .; 2 . Meal ' 'cool < " - '-. .:.. :a . .-b 

' .*,,'# , 
, a .  ; ;. . 

H u l l  Toaster  and 
Gr inder  

:(see $ r a i n  Hand1 i n g  .. ..; . . -.. ..,. - .... .< ..' 
> . .  

. . . 
. . .  < 

5,000 t o  15,000 (each) 
' , ':c,. -:. : 1 . _.. , 

, . , , 
7 . L ' .  

:., .,. . . . .  " 3.2. ' ' 
. 

t r  . .  . 

5,000 t o  20,000 (each) 
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