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This  Phase  I ERDA program has resulted in the detailed design of a so la r  

energy collection system for  providing process  heat to  a textile drying pro-  

cess .  The  solar  collection subsystem uses  773 square  m e t e r s  (8313 square  

feet) of parabolic trough, single axis  tracking, concentrating collectors t o  

heat water in a high temperature water (HTW) loop. At the.2:00 pm Septem- 

b e r  21 t ime point (clear  day) the so la r  collectors nominally generate  1 9 8 ' ~  
6 (389 '~ )  water with the HTW loop a t  1. 59 x 10 Pa(230 psi). A s team 

generator  is fueled with the  HTW and produces 544.3 kg /h r  (1200 lbs. per  

hour) of process s team a t  the nominal design point conditions. The gener-  
6 

ated process s team is a t  0.524 x 10 P a  (76 psi)  and 1 6 0 ' ~  (321'~) .  The  
6 9 so lar  system will provide 1. 3 x 10 M J / y r  (1.2 x 10 BTU/year)  t o  the 

process.  This  i s  46 percent of the direct isolation available to  the collector 

field during the operational hours (300 days lyear)  of the Fairfax mill. The  

process being solarized is textile drying using cylindrical can dryers .  The  

can d rye r s  a r e  part  of a "slashing" operation in a Westpoint Pepperel l  mil l  

in Fairfax,  A.labama. Over 50% of a l l  woven goods a r e  processed through 

s l a shers  and dried on cylindrical can dryers .  Fur thermore ,  since can 

d rye r s  a r e  a l so  used in other drying processes,  this application of so la r  

energy to process heat i~ onc that ohows high pcrt&tial for liaviiig a 

significant impact on displacing conventional fuels. A.n economic analysis 

of the so lar  system was conducted for three  locations; A.lbuquerque and 

Omaha for  two "fiducial" locations, and Fairfax, A.labama for  the analysis 

at the specific site.  Upon completion of the design, Specifications and 

Drawings were  developed. All subsystems and components of the specified 

system a r e  available for  fabrication and installation a t  the proposed site.  

The specifications and drawings have been issued to  severa l  general con- 

t r ac to r s  for  receipt of f i rm bids for  the second phase of the program. 
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SECTION I 

INT R.ODUCT ION 

1.1 PR.OGR.AM OBJECTIVE 

The overall ob;jective of the Indust r i a l  Drying o r  Dehydration Processes  

program, under which this Textile Drying project is  funded, is to stimulate 

and give impetus to the growth of industry in a reas  capable of supplying 

significant amounts of industrial process heat through the use of solar  

energy. 

The specific objective of the Textile Drying project is to design, build, 

install, and evaluate the application of solar  energy to textile drying and to 

provide an analysis of the economic benefits to be gained by such application. 
& 

1 . 2  PHASES OF PR.OGRAM 

This document is the Final Report for Phase I of the Textile Drying project. 

Phase I included the process definition, detailed design of the solar system, 

development of specifications and installation blueprints for the system, and 

an economic analysis of the solar application. 

The future Phase I1 includes the procurement and assembly of the system 

components and subsystems, the installation of the system at  the MARTEX* 

towel mill of ~ e s t ~ o i n ;  Pepperell at Fairfax, Alabama, the system s tar t -  

up and check-out, and the development of a test plan for tes ts  to be conduct- 

ed in Phase 111. 

* Brand name 



Phase I11 will include the operation of the system for a twelve month period 

supplying process heat to  the drying application, the collection of system. 

operating data during that period, and the evaluation of system performance 

and system economics based on the data collected. 

1 . 3  FORMAT OF REPORT 

This report  is organized to facilitate evaluation using the cri teria se t  forth 

by ERDA during Phase I. Section I1 of this report, Process Description, 

documents the drying operation analysis and lists the solar  integration r e -  

quirements a s  the basis  for the solar  system design. This section is con- 

cluded by explaining that no process modifications a r e  required for utilization 

of the solar  system. 

Section III.is the Technical Discussion that includes the solar  energy system 

description. A l l  system components a r e  listed, along with the manufacturer 

of each component, to prove the state of the a r t  of the components that make 

up the solar  process heat system. The System Design Subsection describes 

in detail the solar  energy system proposed for Phase I1 of the program; the 

Design Considerations Subsection addresses the design decisions and the 

tra.de-offs that led to this design. System operation, control, and 'performance 

a r e  also covered in the technical discussions of Section 111. 

Section IV describes the Economic Analysis including the methodology used, 

the energy, demanded by the process, and the solar  contribution to the pro- 

cess. The Lawrence Livermore Laboratory (LLL) format is used for  the 

analysis based on the two "fiducial" locations, Albuquerque, New Mexico and 

Omaha, Nebraska. The si te  specific economic analysis is based on the 

LLL format but uses Fairfax, Alabama costs and weather. 



1.4 PROGRAM ACCOMPLISHMENTS 

During this program, the following major accomplishmen~s were achieved, 

Detailed analysis of the selected textile drying process 

(slashers) 

Selection of the Westpoint Pepperell, Fairfax, Alabama 

towel mill a s  the eite for the demonstration. Figure 1-1 

is an aerial photograph of this mill. 

a Design of a solar energy system of state of the ar t  components 

to interface with this process and displace fossil fuel process 

he at. 

Evaluation of the expected performance of this system at the 

Fairfax, Alabama site. 

Development of Specifications and Drawings fa r  system 

fabrication and installation. 

a Industry partner approval, of the aystem design and the 

Specifications and Drawings. 

a Issuance of these Specifications and Drawings to General 

Contractors for f irm bids, 

Conduct of an economic analysiq of the solar energy system, 



Figure 1- 1. F hnto nf SvestFaint Femerell Mill .at Fairfax, Alabama 



SECTION I1 

PROCESS DESCRIPTION 

2 .1  DRYING OPERATION ANALYSIS 

2.1.1 Introduction 

The textile industry, which is heavily dependent on natural gas, is ranked 

tenth on the Federal Energy Agency's list of the most energy-intensive 

industries, with an annual consumption of 383 trillion BTU1s. Approxi- 

mately 30% of this energy is consumed in drying related operations. 

Our industry partner, WestPoint Pepperell, is one of the largest U. S. 

textile manufacturers, and consumes 8.7 trillion BTU1s per year in its 

32 plants. 

The cylindrical can dryer is a major drying mechanization in the textile 

industry. The cylindrical dryer in the slashing process was chosen as  

typical of the operational regime of this family of dryers. Furthermore, 

this specific dryer exists in all textile weaving plants and approximately 

50% of the national textile production is processed through this kind of 

dryer. Figure 2-1 is a photograph of a slasher at the WestPoint Pepperell 

Fairfax, Alabama mill. 

Before des~r ib lng  the details of the drying operation, it will be delpful to 

define a se t  of tepms common to thd textile iindu~try. 



Figure 2-1. Photo of a Slasher Unit 



Beam - a large  spool containing hundreds o r  thousands of 

different threads  accurately wound t o  form a sheet of 

ya rn  that can be used in weaving (and other  operations). 

Beamer  - a machine that f o r m s  the beam by simultaneously 

combining and winding the hundreds o r  thousands 

of threads.  

Warp - the sheet  of ya rn  that runs  in a continuous s traight  

line through the weaving machine. It may contain hundreds 

o r  thousands of threads.  The warp is created on the 

beamer  and runs  through the s l a she r  before being used 

in the weaving operation. 

Fill - the yarn  that is c a r r i e d  by the shuttle and runs  

back and forth ac ross  (through) the warp  in the 

weaving operation. 

Size - a substance that is applied to  the warp  ya rn  to 

provide lubrication and protection f r o m  the 

abrasion of the weaving process.  Size is predominately 

cornstarch with a s m a l l  percentage of other ingredients 

such a s  wax. 

Slasher - a machine that applies s ize  to textile yarn. Since 

applying s ize  wets the yarn, s l a she rs  also include a 

drying operation. 



2.1.3 Selected Slasher Drying Operation 

The Westpoint Pepperell plant in Fairfax, Alabama contains eight s lashers  

which process 7070 of the yarn used in the weaving of MAR.TEX* towels. ** 
Figure 2-2 is a schematic of a slasher which is useful in describing the 

slashing operation. Dry yarn on one o r  more beams is located at the r e a r  

of the s lasher  (Section A in Figure 2-2). Four beams a r e  shown in the 

illustration. The yarn is pulled from the beams and drawn through a tank 

containing the hot liquid s ize  (shown a s  Section B in Figure 2-2) where the 

individual threads a r e  coated. R.ollers squeeze off the excess size. To 

remove the moisture absorbed from the size, the warp passes over the 

cylindrical can dryers  a s  shown in Section C of Figure 2-2 (nine can dryers  

shown). The hollow can dryers  a r e  heated with saturated steam and a re  

maintained at a temperature which vaporizes the nloisture in the yarn during 
< 

the  t ime yarn is in contact with the metal can. A large hood above the 

s lasher  ca r r ies  off the humid a i r  and .other chemicals. 

The dry warp then travels through rol lers  that separate the threads that 

have stuck together and is rewound on the beam as shown in Section D of 

Figure 2-2. Since multiple beams typically feed one beam as shown, the . 

output beam fills quickly and must be replaced more often than the input 

beams. These machines operate continuously, 24 hours a day, with the 

exception of the time taken to  unload full beams, set-up and load new input 

beams, and change the size. A t  the Fairfax plant, the slashers have the . 
following average duty cycle; 

*brand name 
*Whereas  most weaving is 50% fi l l  and 5070 warp, towels a r e  woven with 

30% fi l l  and 70% warp a s  an extra layer of warp forms the tiny absorbing 
loops on the towela. 



Figure 2-2. . SCHEMATIC OF A SLASHER 



operating - 30 to 40% of the time 

loading/unloading/setup - 60  to 70% of the time 

During the slashing operation, sensors  and instrumentation continuously 

monitor and record the stretch of the yarn and the moisture in the yarn. 

The drying process is controlled by the steam pressure in the cans (latent 

heat given away during condensation) and the rate of movement of the yarn 

through the s lasher  (time in contact with the cans). The appropriate steam 

pressure  is selected by the operator based on the amount of yarn being 

processed (number of threads and type of thread). The slashers at the 

Fairfax Plant a r e  divided into two drying sections that allow individual 

control of se ts  of three, four o r  five cans .' The ra te  at A ich the yarn is 

processed is then adjusted to  obtain the proper moisture content at the 

output. Thus the can pressure is a coarse control and the yarn velocity is 

a fine control. 

Figure 2 - 3  is a schematic illustration of the steam lines on a single slasher 

(with 9 dryer cans). S t e m  at 0 . 5 . x  lo6' Pascals ( 7 0  psi) is input at the 

central  pipe, split between the two sections of the slasher, and regulated to 

obtain the desired drying rate. The steam pressure in each se t  of cans is 

se t  manually with the knob and meter  shown on the control box. The controls 

automatically adjust the steam flow to maintain the set  pressure a s  condi- 

tions change o r  when the movement is stopped to change beams. Typically 

the f i r s t  s e t  of cans (the'five cans on the right of Figure 2-3)  will have a - 

higher pressure than the latter se t  to achieve higher ra tes  of vaporization 

with the wetter yarn. 
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Figure 2-3. T'YPICAL SLASHER STEAM LINES (condensate l ines not shown) 



Steam enters the dryer cans through a rotary steam joint at the bearing as  

shown in Figure 2-4. The condensate line exits through the steam line. 

The stationary condensate tube is directed to the bottom of the can where 

it "sucks" up the condensate. 

The slashers at the Westpoint Pepperell plant in Fairfax, Alabama a re  

located on the second floor* of building number 2, a s  shown in Figure 2-5. 

The eight slashers have the following characteristics: 

No. 1 Seven drying cans 

No. 2 Seven drying cans on slasher, 
Six drying cans on predryer** 

No. 3 Seven drying cans 

No. 4 Seven drying cans 

No. 5 Seven drying cans 

No. 6 Nine drying cans:(as in Figures 2-2 and 2-3) 

No. 7 Seven drying cans 

No. 8 Nine drying cans (as in Figures 2-2 and 2-3) 

The steam supplied to the slasher room is also used to heat the size in the 

slasher size box (Figure 2-3). 

Figure 2-6 is a schematic of the steam lines that serve the slasher drying 
6. cans. The steam originates at a main line of 1.2 x 10 Pa  (175 psi) steam , . 

from the plant boiler. Two redundant pressure regulators reduce the 
6 6 steam pressure to 0.5 x 10 Pa (70 psi). The 0.5 x 10 P a  (70 psi) manifold 

*counting the basement floor as  the first  floor of the four 
floor building. 

*%redryer is used on yarn that is moist from dyeing process. 
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serves the eight slashers and additional equipment. A flow meter measures 

the amount of steam used and records i t  on a 24 hour chart recorder. Two 

more pressure regulators on each slasher reduce the steam pressure to 

the desired pressure in the cans. The additional equipment on this 0.5 x 

lo6 Pa  (70 psi) steam line includes: 

six drying cans on a beamer 

one size cooker (open, steam coils) 

eight size storage vats (open steam coils) 

Therefore, the steam line associated with the slasher operation provides 

the steam for 72 drying cans, 8 size boxes, 8 size storage vats, and 1 

size cooker. 

2.1.4 Historical Data . 

Slasher room steam usage data were extracted from the available chart 

records. As the year 1975 was an atypical year in the textile industry, 

1974 and 1976 have been evaluated. Figure 2-7 shows examples of the 

average slasher room steam usage (pounds per hour) for two working 

days. Although considerable variation occurs hour-to-hour, usage is 
usually in the 1361 to 2268 kg/hr (3000 to 5000 lb. per hour) range. The 

lowest demand occuring during daylight hours was 908 kglhr (2000 lb. per 
. . 

hour). 

Figure 2-8 shows the slasher room steam usage by week over the years 

1974 and 1976. Each week is a 6 day week unless noted otherwise by 

number. Steam usage remains relatively constant. This slasher room 

steam usage represents about 10% of the total plant steam usage. This 



I FEBRUARY 6,1974 

2AM 4AM 6AM 8AM lOAM NOON 2pM 4pM 6pM 8PM  lop^ 1 2 p ~  
TlME OF DAY 

I 

MIDNIGHT 1AM 2 3 4 5 6 7 8 9 10 11 1 P M 2  3 4 5 6 7 8 9 10 11 MIDNIGHT 
. . .., . 8 

. . .  \. NOON 
.) .. , 

' TlME OF DAY (HR) i 
I 

Figure 2-7. SLASHER ROOM STEA.M USAGE, TWO T Y P I C A L  EXAMPLES ,:, 



I,. 0 

S 10 15 20 25 30 35 40 45 50 
WEEK OF YEAR 

STEAM USAGE VS. TIME OF YEAR 
I 

, . 
Figure 2-8. TOTAL SLASHER ROOM STEAM USAGE, 

1974 (TOP) AND 1976 (B(YI"I'OM) 



data shown in Figures 2-7 and 2-8 for  1974 and 1976, represent a plant 

that is operating at capacity. There a r e  no unusual characteristics in t k  

usage data and future usage predictions can be made accurately. 

Records of the amount of yarn processed during these periods has been 

compared with the steamusage data. Figure 2-9 plots the pounds of yarn 

processed during each week in 1976 versus the steam usage data. A 

correlation exists between pounds of steam used and pounds of yarn 

produced and can be approximated with the relationship 2 lb. s team per lb. 

yarn. 

2.1.5 Future Proiections 

After a significant production slump in 1975, the textile industry has 

recovered its ear l ier  gains and is continuing to expand i ts  production. 

Therefore, the WestPoint Pepperell mill  a t  Fairfax, Alabama will continue 

to operate at full capacity. Over the years  1977 and 1978, WestPoint 

Pepperell is projecting steam usage and yarn production at a ra te  similar  

t o  that shown in Figures 2-7 through 2-9. 

Based on these predictions, steam usage in the slasher Line can be expected 

to  be about 1905 kg/hr (4200.pounds per hour) on the average, and the same 

during the day shift when solar  generated steam is available. 

2.2 SOLAR. INTEGRATION REQUIR.EMENTS 

2.2 .1  Objective 

The integration of the solar  drying capability into the WestPoint Pepperell 
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Fairfax, Alabama facility must take place with minimal disturbance to 

normal production facilities. The slashers in this plant operate 24 hours 

a day, 6 days a week. Our objective is to integrate the solar  energy system 

in a manner so  a s  to  enable the slashing operations to proceed unaffected 

by the solar  demonstration. 

2.2. 2 Constraints 

The existing drying equipment and facility impose constraints on the solar  

design. The following paragraphs discuss the existing constraints. 

6 The main manifold in the slashing operation is maintained at 0.5 x 10 P a  

(70 psi). Therefore, the solar  generated steam must be at a higher pressure 

to provide for  its introduction into the existing system. Since solar  steam 

is generated only in daylight, and the slashing operation continues 24 hours 

a day, the usage of solar  steam must be automatic and should not affect the 

slasher department. Furthermore, even at peak solar  input, the solar  

steam system will supply only a fraction of the steam needed,so automatic 

proportioning is required. 

The control of the solar system should have sufficient flexibility so that 

on Sunday (and Holidays) when the plant i s  closed, it can be shut down o r  

operated in a test  mode. I 

Furthermore, installation of the solar  system and its interface must not 

affect the operation of the slasher department. 

Figure 2-10 shows the size of the various buildings at the Fairfax plant. 

The slaahcrs are located iu building number 2.  The roof of building 
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number' 2 contains two large a i r  conditioning ducts that make it undesirable 

a s  a location for the solar  collectors. The building number 3 roof is rela- 

tively f ree  from obstructions. However, it is two stories lower than 

building number 2 and therefore suffers some shadowing in the afternoon'. 

In spite of the shadowing, the roof of building number 3 is sufficiently large 

to provide . . ample room,for the necessary collectors (one-half of the roof 

of building 3A is also available). In all, there a r e  7436 m2 (80,000 square 

feet) of roof available with less  than 930 m2 (1 0,000 square feet) shadowed. 

In addition to the shadowing, the only obstructions on the roof of building 
2 number 3 a r e  a small  air conditioning duct (< 279 m ) (< 3000 square feet) 

and a radio antenna. 

This roof and support structure is adequate to support the static load of the 

solar  collector field. However, special attention must be paid to the 

dynamic loading of the collector support structure and the method by which 

the dynamic loads a r e  transmitted to the roof structure. The floor directly 

beneath the roof of the building number 3 is the weave room. It is critical 

that the solar  collector installation cause no roof leaks onto the weaving 

operation. 

T h e  solar  boiler also should be located on the weave room roof, against 

the building number 2 wall (in the shadowed area). It should have automatic 

controls so  that no operator is necessary. From the solar  boiler, the 

process steam line should enter building number 2 and travel across t h e  

ceiling of the first floor, to the slasher manifold which runs across  the 

ceiling of the f i rs t  floor (below the slashers on the second floor). 



Solar boiler feedwater will come from an existing condensate receiver. 

Therefore, no make-up water treatment plant will be needed. The existing 

condensate receiver is associated with a finishing process in building no. 10 

and a feedwater line to the solar boiler is necessary. 

2.2.3 Requirements 

Based on the constraints described above the following requiretnents a re  

defined . 

Steam Loop 

Solar steam boiler 

- automatic controls 

- pressure relief valve 

. 5  x 106 P a  (71 psi) saturated steam at existing manifold with 
saturation temperature of 15 ~ O C ,  (3 1 7 ' ~  ) 

.524 x lo6  P a  (76 psi) saturated steam at solar boiler, temperature 
of 1 6 0 ~ ~  ( 3 2 1 ~ ~ )  

i check valvc at intcrfaoe 

flow meter in steam line with recorder and integrator 

boiler feedwater pump and line from existing condensate 
receiver 

2.3 PR.OCESS MODIFICATIONS R.EQUIRED 

No modifications to the process a re  required to allow demonstration of the 

solar process heat system. Solar steam will be introduced automatically 

into the existing steam manifold at the same characteristics (temperature, 

pressure) a s  existing steam. The textile drying process will continue, 

insensitive to the source of process steam. The existing plant steam boiler 



will automatically throttle back when solar  steam is available because the 

demand will be reduced. Thus, the solar  system will displace conventional 

fuel when solar  energy is available. 



SECTION 111 

TECHNIC A L DISCUSSION 

3.1 SYSTEM DESCRIPTION 

3.1.1 General 

.The solar  system designed to provide process heat for textile drying 

consists of five major subsystems: 

1. the collector field 

2. the high temperature water (HT.W) pipe loop 

3. the steam generator 

4. the steam pipe loop 

5. the process 

Figure 3-1 is a simplified system schematic showing these five major 

subsystems. The collector field contains 48 concentrating collectors 

which utilize parabolic trough shaped mir rors  and tubular receivers, and 

follow the sun by means of single axis tracking. Figure 3-2 is a photo of 

tlie erlgineering model of the concentrating collector which has 1 / 2 the 

mir ror  area.  Section 3.4. 6 describes the collector in detail. 

The HTW loop transports the collected energy to the steam generator in 

the form of 1 9 3 ' ~  (380 '~)  water. It is a closed loop system pressurized 

to 1.59 x l o 6  P a  (230 psig). Figure 3-1 illustrates how the HTW loop 

connects the 48 collectors, transports the high temperature water to the 

steam generator, and returns the cooled water back to the collector field. 
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The HTW loop includes the expansion tank, a i r  separator, and field flow 

Pump 

The steam generator is an unfired package boiler that generates 0.524 x lo6  
Pa (76 psig) process steam when fueled by the 1 9 3 ~ ~  ( 3 8 0 ° ~ )  water from the 

HTW loop. Feedwater for  the steam generation is taken from a steam 

condensate tank. 

The steam pipe loop transports the solar generated steam to the textile 

process. Steam flow is controlled by a check valve that allows the solar 

system to displace fossil fuel generated steam when solar generated steam 

is available. Conversely, when solar steam is not generated, the existing 

steam system supplies the process steam. 

The process consists of cylindrical can dryers used in drying textiles in a 

slasher line. The process was described in detail in Section 11, 

Figure 3-3 shows the location of the solar collector field on the weave room 

roof (building number 3). The HTW loop is completed with the solar boiler 

located against the building number 2 wall a s  shown in Figure 3-3. A small 

building will house the boiler, the automatic controls, and test equipment. 

A door to  the weave room roof will be constructed as shown next to  an exist- 

ing landing, 

Figure 3-4 shows the general routing of the steam lines in the steam loop. 

From the solar boiler, the line will go into building number 2, down to the 

f i rs t  floor ceiling and across this ceiling to the manifold. Completing the 

steam loop is the feedwater line from an existing condensate receiver. The 



Figure  3-3.  LOCATION OF COLLECTOR FIELD ON WEA.VE ROOM ROOF 
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feedwater pump will be located in building no. 10 at an existing receiver. 

Figure 3-4 also shows the solar steam/conventional steam interface. The 

"T" which connects the solar steam line to the existing steam system is 

located on the 0.5 x lo6 Pa (70 psi) main manifold line. A flow meter in 

the solar line monitors the contribution from the solar system. The check 

valve is completely automatic in its acceptance of solar steam when avail- 

able and use of conventional steam when necessary. A manual valve is 

included on the solar line for redundant shut-off of the solar system. 

Solar steam condensate is combined with the conventional steam condensate 

and carried to an existing condensate receiver. Solar boiler feedwater is 

taken from an existing condensate receiver. 

3.1.2 Interface with Existing Line 

The solar system described above is completely responsive to the require- 

ment for integration of the solar system with the slasher operation without 

disturbing the normal operation of the dryers, the slashers, or  the plant. 

Thc "T" and manual stcani 'valve (siuwn in Figure 3-4) can easily be installed 

at a time when the facility is not in operation (Sunday). Connections to the 

condensate lines can also be made at this time. The feedwater system, 

controlled by the boiler level controller, operates automatically by switching 

on a pump when the solar boiler needs water. Therefore, the complete solar 

system can be installed, tested and hooked up to the existing steam line with 

no effect on normal operations. Once the system is tested and operational, 

the manual steam valve can be opened and the slashers will automatically use 

solar steam when it is available. The solar system can be completely isolated 

n~auually a1 ally time using the manual valves. 



- 
Other solar equipment integrated into the Fairfax, Alabama facility will not 

disturb the normal operation of the plant. This equipment includes an 

additional flow meter and other instrumentation, chart recorders, and a 

recording pyroheliometer. Most of this equipment will be located on the 

roof in the solar boiler building, where it will not disturb normal plant 

operations. An annunicator panel with a master switch, warning lights, 

alarm, temperature readout, and flow meter recorder will be located in 

the machine shop with other existing alarms. 



3'. 2 STATE OF THE A.RT 

The solar  energy system design consists of an integration of existing o r  

well developed components that a r e  combined to provide process heat for  

textile drying. This subsection details these components to prove the state 

of the a r t  of this solar  system design. 

3.2. 1 Components List 

Table 3-1 is a component list  for the solar  energy system summarizing all 

it ems required for the Phase' I1 installation including the instrumentation for 

data gathering. All items on this list a r e  commercial products which may 

be purchased from the manufacturer and a r e  usually used for other appli- 

cations, except for the parabolic trough solar  collector. Each of the items 

in Table 3- 1 is briefly described below., A more detailed description of the 

collector elements is included in Subsysection 3. 2.2. 

3. 2.1. 1 Collector Support Structure -- This structure is  formed out of 

standard welded pipe that forms the three support posts per collector and 

the braces for  the posts. The center support carr ies  the motor drive and 

therefore is larger to withstand the wind loading. 

3.2. 1.2: Steam Generator -- One Patterson-Kelly Series 380 Unfired Steam 

Generator, Model H307. This steam generator is typical of unfired package 

boilers which range in size from 250 lbs. per hour to 15,000 lbs. per hour 

of steam output. No unusual option& a r e  required for its use in the solar  

energy system. The Specifications include the following conditions: 

' I  

for  48 GPM of 3 8 9 ' ~  HTW and 200°F feedwater supplied, the 

outlet temperature shall be 333OF and greater  than 1000 lb/hr  

of 76 psig saturated steam w i l l  be produced. 
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Table 3-1. Components List  
1 

Solar Collector Honeywell HSCC-1 
Collector Support Structure Welded Pipe 3-1/2" and 5" std.  
Steam Generator  Patterson-Kelly H307 
Expansion Tank 200 gallon, 400 psig, N2 charged 
Field Flow Pump Buffalo HC R. H66058 
Feedwater Pump Skidmore T P  212-1/2 
Valves 

gate (10) Powell no. 375, no.. 1503 
ba l l  (96 Imperial Eaetman Model 263  
globe ( 3 )   o ow ell no. 1531 
check ( 2 )  Powell no. 560 
s top  & check (1) Powell no. 2475 
roliof (3) Boll & Gvssett  
manual vetlt (2) Worchester no. 466- 300 

T r a p s  
s t e a m  (2) Armstrong F & T  no. 125-A3 
air (2) Armstrong no. 11 AV 

Piping 
3" schedule 40 (welded) P r o c e s s  s team 180 f t  
2-1/2" schedule 40 (welded) HTW 750 f t  
2" schedule 40 (welded) HTW 600 ft  
2" schedule 40 Waste/drain 150 f t  
1" schedule 40 Domestic wa te r  500 f t  
1" schedule 40 Condensate re tu rn  180 ft  
3/4" schedule 40 Feedwater 300 f t  
pipe hangers as required Grinnell no. 173 
bal l  joint expansion joints(2) Chiksan 

Insulation 
f iberglass  pipe insulation Johns-Manville 
PVC insulated fitting covers  Johns-Manville 

System Controller  Honeywell 
Sensoro 

temperature  (8) Minco, S53;P 
p r e s s u r e  (2) Robinson-Halpern, 144C 
flow (3) Hayea.. Republic 
radiation (3) Eppiey, M l a r  Systems Inc. 
wind (1) WeatherMeasure, Wi61 
watt hour ( 1 )  Westinghouse 

Penthouse Armco 

Emergency Generator  Onan 



3.2. 1.3 Expansion Tank -- The expansion tank is specified to be of ASME 

construction and rated a t  400 psig. Capacity is 200 gallons. All required 

support structure is included a s  a part of the expansion tank. The tank will 

include standard accessories and fittings. 

3. 2. 1.4 Field Flow Pump - - One Buffalo Can-0-Matic Model No. HCR 

H66058. This pump is typical of "canned" pumps which a r e  used for  process 

heating and industrial HT W applications. It eliminates the need for 

mechanical seals  and seal  cooling by hermetically sealing the complete 

pump/motor unit inside the case. The Buffalo Forge Company has built 

and sold Can-0-Matic pumps in sizes ranging from 6gpm to 800 gpm, 10 

to 140 foot head, 180 to 430°F, and operating at pressures  up to 400 psi. 

The Specifications state the following operating conditions: 

4 3 0 ~ ~  maximum 

3 00 psig maximum 

48 gpm at 50 foot head 

5hp motor 

1750 RPM, 600V, 3 phase 

3.2. 1.5 Feedwater Pump -- One Skidmore turbine pump model no. T P  

212- 112. This pump is typical of turbine pumps for boiler feed which 

range in size f rom 1.5 to 150 gpm and 20 to 200 psig at 1750 RPM. The 

Specifications state the following operating conditions: 

1-112 hp motor 

600V, 3 phase, 60 cycle 

3 gpm at 125 psig head 

2 1 0 ' ~  inlet water a t  approx. 2 foot suction pressure. 



3.2.1.6 Valves -- The solar process heat system uses all standard 

valves available for HTW, steam, feedwater, or  condensate applications. 

Each valve type is briefly discussed below. 

Gate valves -- there a r e  18 gate valves in the solar energy 

system.. These valves a r e  used for isolation of the steam, 

2' 
condensate, feedwater, and HT W subsystems. Either 

Powell, Crane, o r  Lunkenheirner valves a r e  specified. 

Ball valves -- there a r e  96 ball valves in the HTW loop to 

balance the fluid flow in the collectors and isolate collectors. 

Imperial Eastman Model 263 valves with 112" orifice a re  

specified. 

Globe valves -- two globe valves a re  specified, 1) the outlet 

on the process steam line during start-up and 2) the HTW 

loop balance valve to control the flow rate. Powell no. 153 1 

valves a re  specified. 

Choclc valvco . - two check valves aiic speciCied, une for the 

feedwater line and one for the make-up water line. Powell 

no. 560 valves a r e  specified. 

Stop and check -- a stop and check valve is used to control the 

process steam flow. A Powell no. 2475 valve is specified. .$ 

Relief -- the HTW loop and the steam generator each have relief 

valves for safety reasons. The steam generator relief valve is 

specified as a steam generator accessory a s  described earlier 

in this subsection. A Bell & Gossett HT W loop relief valve is 

specified. 



Manual vent -- two manual vent valves a r e  used to bleed the 

system of a i r  during the filling operation. Additional bleeding 

a t  periodic intervals will eliminate air trapped in the supply 

.- headers. Worchester model no. 466-300 valves a r e  specified. . . 

3.2.1.7 Traps  - - Two steam t raps  and two air t raps  a r e  spe,cif ied in the 

solar  process heat system. 

Steam Traps -- two t raps  in the process steam line a r e  used 

to improve the quality of the steam and reduce potential for  

water hammer. Armstrong F&T no. 125-A3 steam traps a r e  

specified. 

Air traps -- two t raps  a r e  included in the HTW line to eliminate 

a i r  (NZ) in  the system. One is a basic a i r  t rap  constructed in 

the piping. The other is an Armstrong no. l lAV automatic a i r  

vent on an a i r  chamber rated for 400 psig at 500°F. 

3. 2. 1.8 Piping -- Piping includes schedule 40 welded 2", 2-1/2", and 3" 

steel pipe and schedule 40 threaded 3/4", I", and 2" steel pipe. All pipe 

and installation will be standard and typical of existing installations with 

provision for  expansion and a i r  removal. Table 3-1 l is ts  the pipe lengths. 

Also specified a r e  pipe hangers and saddles, and ball joint expansion 

joints. Hangers a r e  Grinnell no. 173. Ball joints a r e  Chilisan. 

3.2. 1.9 ~nsulation -- Piping insulation is Johns-Manville Flame Safe Pipe 

insul&ion, AP jacket, 4- 112 lbs. density and 6 5 0 ~ ~ .  Fittings will be 

covered with Johns -Manville Uni-F it PVC covers. All insulation will be 

of standard materials and typical installation. 



3.2. 1. 10 System Controller -- The system controller is a logic box that 

takes the signals from eight sensors and provides signals to three com- 

ponents and an alarm. The controller uses standard components arranged 

in a custom design for this application. System control is described in 

detail in Subsections 3.4. 5, 3.5.2, and 3.6. The controller will be supplied 

by Honeywell. 

3.2.1.11 Sensors -- A variety of sensors a r e  used to control the system 

and provide data on the system. These sensors a r e  all existing available 

sensors and most a r e  on ERDAls list of acceptable sensors. 

3.2. 1.12 Penthouse -- A. metal building atop the weave room roof will 

house the solar system equipment. This 2 1 x 26'  building is of standard 

materials and construction. 

3.2. 1. 13 Emergency Generator -- A 12 kw diesel powered electrical 

generator will provide 1 lOV three 'phase power to the solar collector 

system in times of power outage. A11 011alr iiiodtl is specified. 

3. 2.2 Collector Components 

The concentrating solar collector to be used for the Westpoint Pepperell 

application includes approximately forty linear feet of curved honeycomb 

reflector and uses a closed loop hot water system for the thermal trans- 

port. Figure 3d5 shows the top assembly drawing of this unit and the 

absorber detail. This drawing reflects the location of the more important 

components of the assembly. The main subassemblies of the collector 

are, 

Reflector assembly 
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Torque tube and adapter assembly 

Absorber support assembly 

Absorber assembly 

Swivel joint holder 

The following text discusses the important parts of each of these sub- 

assemblies. 

3.2.2. 1 Reflector Assembly -- The reflector assembly is a curved piece 

of aluminum honeycomb sandwich. The standard assembly is purchased 

from Hexcel and is preformed, supplied with a 3M reflective surface 

(Scotchcal), screw inserts, and an interface hole pattern. Five parts 

(all standard) a r e  required for each assembly. Four reflector assemblies 

a r e  required for each collector., 

3.2.2.2 Torque Tube and A.dapter Assembly -- The torque tube is a 

standard hollow, square aluminum beam trimmed to fit each pair of 

reflector assemblies. The bearing adapter of one end and the coupling 

adapter of the other end a r e  fabricated from standard stock material to 

interface with the pillow block support bearing and with the gear drive. 

Six piece parts a r e  required for each assembly. Two of these assemblies 

a r e  required for each collector. 

3.2.2.3 Absorber Support Assembly -- The absorber support assembly 

consists of two pieces of rod (legs) joined by a circular strip. All pieces 

a r e  standard aluminum stock material. Twelve of these assemblies a re  

required for each collector. 

3.2.2.4 Absorber Assembly -- The absorber assembly consists of an 

insulated copper tube with a segment of insulation removed to provide a 

window for the reflected sunlight. A l l  of the absorber components a re  

made of standard stock materials with the necessary modifications to fit 



this application. The copper tube is  selectively coated with black chrome 

after purchase. Similarly, the window glass is treated to enhance the 

transmission. The pipe insulation is of standard fiberglass type and i s  

covered with a single ply of high temperature fabric marketed by ARMCO. 

The r i s e r  portions of the absorber assembly a r e  made f rom standard 

pipe, pipe insulation, and fittings. The two absorber ends a r e  terminated 

with standard Aeroquip swivel joints. 

Fifteen components a r e  required to fabricate each absorber. One absorber 

assembly is required for each 40-ft collector. 
. .  . . . 

3.2.2.5 Drive Assembly -- Each collector has its own drive assembly. It 

consists of an electric motor and gear reducer. The gear reducer is a 

standard Winsmith Model 8MCTT that is purchased with a minimum back- 

lash option for improved collector tracking accuracy. The required output 

speeds a r e  achieved with a 7500-to- 1, triple reduction. worm gear train. 

The drive motor is a standard 112 hp General Electric dc shunt wound 

motor, 1 / 2 GE- 17-56N-90-TE-C. This model is a non-ventilated, totally 

enclosed, 1750 rpm motor with a 90 vdc armature and a single NEMA type 

"C" face. 

3.2.2.6 Sun Tracking and Control -- Solar tracking is provided by a 

modified Delevan Electronics SUN LOC- 1 sun tracking system. The 

operation of this device is described in Sections 3.4. 7 and 3. 5.4, a s  it 

pertains to the collector unit controller. The unit requires 110 vac and is 

designed to provide f O .  25-degree tracking accuracy. Tracker electronics 

a r e  mounted within the unit controller enclosure to  facilitate interface with 

the unit controller. 



The unit controller contains the sun tracking electronics (SUN LOC-I), 

motor control electronics (SECO Model 8 503A), and hardwired unit control 

electronics. 

3.2.2. 7 Miscellaneous Parts - - The other important parts  not included in 

the above paragraphs include the bearings, the swivel joint holders, and 

the  flexible hose. Standard Dodge pillow block beari~lgs are installed on 

the two outside posts of each cofllector module. Two swivel joint holders 

fabricated from standard aluminum hold the rotating joints a t  the ends. 

Two flexible hose assemblies made by Parker  will provide the interface 

between,the collector and the supply and return headers. 



3.3 INSTRUMENTATION 

Instrumentation in the form,of sensors is used in this project for  .data 

collection and for system control. Some sensors serve both purposes. 

This subsection describes the data collection instrumentation in detail, 

then l is ts  the control sensors for completeness. Details of the control 

functions a r e  given in Subsections 3 .4 .  5 and 3.5.2. 
! 

3. 3. 1 Data Collection ~nstrumentation 

Instrumentation is provided for collection of data during the Phase I1 

checkout and the Phase 111 operation and test. Figure 3-6, a schematic 

of this instrumentation, includes data from the control sensors. Table 

3 3.2 li'sts data collection instrumentation and summarizes the purpose of 

each sensor. This data will be collected on a 14-channel recorder o r  data 

logger fo r  analysis and determination of system performance. A l l  sensor 

inputs a r e  compatible with the Solar Data Acquisition System (SDAS). The 

data analysis methodology is  described in Section 3. 11, titled Test Plan. 

3. 2.2 Control Instrumentation 

The solar energy system is controlled by a system controller that performs 

logic functions based on control sensor inputs. Unit controllers at each 

collector control the individual collectors when permitted by the system 

controller. Figure 3-7 shows the system controller, the control sensors, 

and the control outputs schematically. Table 3-3 lists the control sensors 

and the control functions each sensor commands. The primary sensors  

in normal operation a r e  1-1, the illumination sensor, and W-1 the wind 

sensor. The illumination sensor turns the system on. and off each day 

as a function of the light level, and the wind sensor serves to protect the . . 

tracking collectors from high winds by stowing the system if the winds 

go above 30 mph. The other sensors protect the system from damage due 
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Table 3-2. Data collection ~nstrumentation 

+&Lo used f o r  control (see  Figure  3-7 and Table 3-4). 

Range 

100-190 
100-170 
100-170 
100-170 
100-170 
100-170 
100-140 
100-115 

4-20 

4-20 

4-20 

0- 10 
0-10 

Units 

ohms 
ohms 
Ohma 

ohms 
ohms 
ohms 
ohms 
ohms 

ma 

ma 

ma 

mv 
mv 

kwh 

Abbreviation 

T- l*  
T -2 
T - 3 *  
T-4* ' 
T-5* 
T-6 
T-7 
T -  8 - 

P - l *  

P-2 

Sensor 

steam generator inlet temperature 
s team generator fluid temperature 
steam generator outlet temperature 
HTW fluid temperature in field 
HTW fluid temperature in field 
process  s team temperature 
fe.edwater tern ~ e r a t u r e  
ambient temperature 

HTW loop pressure  

Accuracy 

+ .05% 
+ .05% 
2 .05% 
+ .05% 
2 . 0 5 %  
2 .05% 
+ .05% 
+ .05% 

*O. lOqoFS 

10. 1070FS 

0.570 

i2% . 
f 270 

3. 5% 

Manufacturer 

Minco S53-P 
Minco S53-P 
Minco S53-P 
Minco S5 3-P 
Minco S5 3-P 
Minco S53-P 
Minco S53-P 
Minco S53-P 

' Robinson-Halpern Model 
144C-230-E-P42-T 

Function 

Monitor system characterist ics '  
a s  a function of t ime 

Calculate system 
.. r: 

performance 

Monitor system character-  
' i s t ics  

Calculate sys tem performance 

Calculate sys tem performance 

Calculate process demand 

Monitor total radiatlon level 
Monitor d i rec t  radiation level 
Calculate system performance 

Monitor e lec t r ica l  power 
usage 

Robinson-Halpern Model 
144C-210-E-P42-T 

Hayes 

Republic 

Eppley Model no. 2 
E P P ~ ~ Y  

Westinghouse 

I 
process  s t ea r .  pressure  

F-1 process  s team flow 

F - 2  ' existing s team flow to process 

1-2 
1-3 

pyronorneter 
pyroheliometer (tracking) 

E-1 i watthour meter  
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Figure 3-7. SENSOR AND CONTROL SCHEMATIC 



Table 3-3. Control Sensors 

$<sensor also used for data collection. 

b 

Abbreviation 

I- 1 

W-1 

FS- 1 

P-1 

T-1 

T-3 

T-4, T-5 

+ 

r 

Function 

sense illumination level to turn 
system on and off - 

sense wind to protect collectors 
(stow in high winds) 

senses flow/no flow in field HTW 
loop (no flow stows collectors) 

senses pressure in HTW loop* 
high pressure shuts system off 
low pressure indicates fluid 

loss and inhibits system 
operation 

senses overtemperature* 
senses freeze threat 

senses overtemperature* 
senses feedwater failure " 

senses freeze threat 

senses freeze threat* 

- 

I 
Sznsor Manufacturer 

p3otocell 

anemometer 

flow switch 

pressure sensor 

s-eam generator inlet 
temperature 

s-earn gene rator outlet 
temperature 

temperature of fluid in 
fie Id 

Solar Systems Inc. 
SS- 300-1 

WeatherMeasure 
SkyVane W161 

Robinson-Halpern 
Model - 144C-230- 
E-P42-T 

Minco S5 3-P 

Minco S5 3-P 

Minco S53-P 



to component failures or  temperature extremes. The flow switch and 

pressure sensor a r e  standard control sensors that serve to inhibit system 

operation i f  either the HTW loop flow or  pressure is too low. The tempera- 

ture sensors monitor various locations for  overtemperature protection and 

freeze protection. 



3.4 SYSTEM DESIGN 

3.4. . 1 , Introduction 

This section describes the system designed for installation on the Westpoint 

Pepperell mill a t  Fairfax, Alabama. In this section, the system is described 

in t e rms  of its major elements, the collector field, the high temperature 

water (HTW). loop,. the steam and feedwater loop, and the system controller. 

Following the design description of these major elements, a description of 

the major components is given to facilitate understanding of the operation 

of these components. Additional design detail is included in Section 3. 5, 

along with the important design considerations that led to the overall system 

design. 

3.4. 2 Collector/Field Design 

3.4. 2. 1 Physical Arrangement - -  The collector field consists of 48 

collectors arranged in two rows of 24 collectors aligned al.ong the weave 

room roof so  that the collector axis is  par?llel to the roof beam structure. 
2 2 The field has 773 m (8313 ft ) of collector aperture. Figure 3-3 shows the 

field location on the roof with the significant dimensions. As shown by the 

arrow pointing north, the hl~ilding itself is  not aligned north-south o r  east- 

west. Since the collector axes a r e  aligned with the building rather than 

N-S o r  E-W, the plane normal to the tracking axis is 40 degrees east of 

north (the axis points 40° south of east and 40' north of west). Although 

this orientation affects the tracking operation, performance predictions 

show that there is  no adverse effect on the overall system performance. 

The pcrformance analysis sesil1.t~ a r e  discussed in Section 3. 7. 



The collector supports a r e  positioned directly above the existing roof 

support beams. This 3.25 m (10' 8") spacing results in a 36% ground 
cover and eliminates shadowing from adjacent collectors unless the sun 

is below 22' elevation. F o r  lower elevations part of the collector aperture 

will be shadowed, increasing to 50 percent fo r  11 degrees sun elevation. 

Therefore, shadowing of the  collectors occurs only for a short period a t  

the  beginning and end of the day when the sun elevation is very small. 

The collectors a r e  located as close to the roof a s  possible. Since the roof 

slopes, the "eastern" row of collectors is .2m (8") lower than the "western" 

row. Analysis has shown this to have'no significant affect on system per- 

formance. 

The wall of building number 2 shadows the weave room roof on winter 

afternoons. The worst shadows occur on December 21. Sun position data . 

has been used t o  calculate the length of this shadow at  varidus times of 

the  day. These results  have been confirmed by direct observation on 22 

December 1976. The solar  collector field is  located 36.6m (120 feet) from 

the building number 2 wall s o  that the shadow does not fall .on any part of the 

collector field until after  4:00 p. m. local time (EST) on 2 1 December. At 

this t ime the sun is below 15 degrees in elevation. 

In summary, the collector field is arranged in a manner to optimize the 

sun's energy collection with minimal modification to the existing structure. 

The alignment of the collector field squarely with the building is  also 

desirable for aesthetic considerations. 

3.4.2. 2 Support Structure - - Each 40-foot collector assembly is mounted 

on three vertical posts. Figure 3-8 illustrates the' post structure. The 

drive assembly is mounted on the center line post and the two end-posts 

support pillow block bearings. Each of the posts is topped by an adjustable 
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elevating mechanism to provide for fine tuning of the local collector eleva- 

tions. Each elevating mechanism consists of two parallel, horizontal 

plates, which a re  separated by four threaded rods and nuts for locking the 

mechanism in i ts  final position. The top plates of each center post elevating 

mechanism a re  slotted to provide for alignment flexibility of the gear box. 

The plates of'the end posts a re  not slotted because of the flexible design of 

the standard pillow block bearing. 

The column of the center post i s  made from a standard 5-inch, SCH 40 

steel  pipe while the column of the end posts i s  made from a standard 3-inch 

SCH 40 steel pipe. The center post requires greater strength because it 

supports the gearbox and absorbs the majority of the loads exerted on the 

collector. 

Each of the three support posts are  centered on a rectangular wooden beam 

of the existing roof structure. The location of the beams on 3.25m (10'8") 

centers is used to  locate the adjacent rows of the collector field. The beam- 

post interface is made with two 112 x 8-inch lag bolts which fasten the post 

to  the beam. Pitch pans a r e  installed at each of the posts to weather seal  

the interface. 

Since one row of collectors straddles the roof apex, and the other row of 

collectors is  positioned down the sloping roof, each of the six support posts 

have different lengths and the pivot axis of the two adjacent collectors differ 

in elevation by 0.2 m (8 inches). The lengths of the column above the roof 

line a re  a s  follows, 



Post  Location Column Length 

D 4'3" 

E 5'2" 

F 6' 

The collector elevations which resul t  f rom the-se column lengths a r e  

sufficient t o  allow the collector assembly to be stowed with the chord of 

the ref lector  honeycomb positioned horizontally. 

The support posts a r e  interconnected t o  provide stiffness and resis tance to 

the a i r  load exerted on theyposts  through the collector. Subsection 3. 5. 3 

discusses the wind loads in detail. 

3.4.3 High Temperature Water Loop Design 

The high temperature water (HTW) loop includes severa l  key components 

including the absorber  of the concentrating collectors, the s team generatorsand 

t h e  .interconnecting piping, a s  well as accessory  components such a s  valves, 

circulation pump, expansion tank, and ,a i r  elimination devices. These 

components a r e  discussed in general below and ,in Section 3.4.8. Fur the r  

details a r e  included iii Section 3.  5, Design Conside~~ations.  

i .  

3.4.3. 1 Piping -- The piping of the HTW loop, shown schematically in 

Figure  3-9, consists of 750 feet of 2- 112 inch pipe and 600 feet of 2 inch 

pipe. The fo rmer  is used for the supply and re turn  mains which have a 

design flow ra te  of 48 gpm. The la t te r  is used fo r  the pipe runs f rom the 

supply main, and for  the supply headers to  the field of collectors. These 

pipe runs have design flow ra tes  of 24 gpm o r  1 gpm per  collector branch. 
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Standard pipe material  and standard s i zes  a r e  used fo r  the sys tem conduits. 

The HTW loop piping will be of welded construction, Schedule 40, seamless ,  

black s tee l  pipe a s  described by ASME SA-53 (specification fo r  welded and 

seamless  pipe). In accordance with standard practice the piping of the 

HTW loop is sloped upward in the flow direction by approximately 114 inch 

per  10 feet of length wherever possible. This  provides for  the migration 

of vapor bubbles toward the standpipes located a t  severa l  points in the 

loop. Periodically, the accumulation of vapor is bled from the system 

through the manual valves located a t  the vapor collection points. 

At certain tracking angles, the collector absorber  elevation will be g rea te r  

than the re turn  header elevation. In this design the re turn  header is fixed 

a t  a n  elevation which allows vapor bubbles to  migrate  to  the re tu rn  header 

when the collector is stowed. This  automatic purge operation takes place 

when the collector absorber  is positioned below the re turn  header while the 

pump is operating. Any vapor bubbles which collect in the HTW loop close 

t o  the s team generator  a r e  removed by ei ther  of two loop components. The 

first is the "air  t rap" located a t  the highest point in the loop, just before the 

inlet t o  the s team generator.  The second is the "air  eliminator" located 

downstream of the s team generator and just before the field flow pump. 

These two devices a r e  purged automatically by ducting each to  the ex- 

pa~lsivn tank. 

3.4. 3. 2 Insulation -- Standard f iberglass  pipe insulation is used to control 

the heat loss  in the HTW loop. The insulation includes a n  aluminum outer 

jacket which protects the material  f rom adverse  weather conditions, Based 

upon manufacturerls  data on "economic thickness", a n  insulation thickness 

of four inches was selected for  the 2-inch and 2-112 inch pipes of the HTW 

loop. 



3.4.3.3 Interfaces -- The piping of the HTW loop interfaces with two major 

components, the collector and the steam generator. 

A typical header/collector interface is  shown in Figure 3- 10. The supply 

header pipes a r e  drilled a t  fourty-eight locations on 10 ft. 8-inch centers 

to accept a single 112-inch, schedule 80 pipe nipple. The threaded end 

of the nipple interfaces with the thread of the ball valve. The valve in turn 

connects to the flexible hose of the collector assembly. The size of these 

interface par ts  is more than adequate to handle the collector branch design 

flow ra te  of 1.0 GPM without causing an excessive pressure drop o r  vio- 

lating pressure  piping code requirements. Using l / 2-inch valves minimize 

the piece part costs. 

The interface at the return header is similar  to that a t  the supply header 

except-that two half -inch nipples are installed a t  each of 24 locations to  

accept return fluid from two collectors on either side of the header. The 

two pipe nipples, which a r e  offset along the header, accept return flow from 

two adjacent collectors - one to the left of the return header and one to the 

right of the return header. 

The flexible hose allows for  the thermal expansion and contraction of the 

headers. In addition it compensates for normal variations of the hard 

point locations which might occur during the installation of the header pipes 

and the collector assemblies. 

The interface between the HTW piping and the steam generator is accom- 

plished with a standard ASA 300 pound flanged nozzle. 

3.4.3.4 Circulation Pump -- Fluid transport between the solar  collectors 

and the steam generator is accomplished with a standard centrifugal pump. 

A. hermetically sealed, Can-0-Matic pump manufactured by Buffalo Forge 

Co. performs this function a t  HTW temperatures to 4 3 0 ~ ~  without the need 
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for external cooling of stuffing boxes and bearings required for many other 

candidate pumps. The canned pump maximizes safety because it has no 

exposed rotating parts. 

The selected HTW circulation pump is a model H66-058. Its 5 hp motor 

drives a 7-1/2 inch diameter impeller at 1750 R P M  providing 48 gpm at 

50 feet of head. 

3.4. 3.5 Expansion Tank -- A 200 gallon expansion tank is locatcd in the 

HTW loop to accommodate the thermal expansion of the water in the HTW 

loop. The tank, a standard pressure vessel, contains the fittings necessary 

to  accept a charge of nitrogen from an external bottle supply. The nitrogen, 

which is used to pressurize the fluid of the HTW loop, is introduced manually 

in accordance with a predetermined pressure - temperature schedule. The 

schedule is designed to prevent boiling i n  the HTW loop under all normal 

operating conditions. 

The maximum pressure in the HTW loop is controlled by a relief valve 

located just downstream of the circulation pump at the highest pressure 

point of the system. 

3.4.3.6 Valves -- An addition to the major HTW loop components discussed 

above, a variety of valves are inch~derl in the HTW Imp. A l l  of lhe valves 

a re  standard, readily available items and only one bears further mention 

here. Ball valves were selected for the inlet and outlet of each collector 

branch. They represent a compromise between the high cost modulating 

types (needle valves and globe valves) and the lower cost shut off types 

(gate valve etc. ). 



During the initial checkout of the collector field, the valves a r e  manually 

adjusted to  provide equal flow ra tes  of 1. 0 gpm in each of the 48 collector 

branches. It is &ticipated that1 branch-to-branch flow variations of f 1570 

would not adversely affect the system performance. 

3.4.3. 7 Fr ,eeze Protection - - On occasion, despite the Alabama location 

of the textile mill, it is expected that freezing temperatures will be exper- 

ienced by the system. The f reeze  protection is accomplished by the addi- 

tion of 7000 watts of immersion heating capacity to  the HTW loop. The 

heaters  a r e  installed a t  two locations in the loop, and fit inside the piping 

of the loop a s  shown in Figure 3-11. The heaters  a r e  standard devices and 

a r e  selected t o  operate on the standrby 120 volt power supply in case  of 

an  emergency. 

The operation of the HTW loop during the onset of freezing tempera tures  is 

a s  follows. As the fluid temperature drops below the setpoint temperature,  

an electr ic  signal is generated which activates the electr ic  heaters  and the 

recirculation pump. This  thermostatic control is designed to  maintain a 
0 

~ ~ i i n i ~ r l u ~ r l  fluid temperature of 3 5 I?. 

Lf severe  freezing conditions a r e  encountered, and the fluid . temperature 

drops below 3 5 U ~ ,  a n  a l a r m  is tr iggered by the fluid tempera ture  sensor  

signal. In response to the a l a r m  the HTW.fluid is drained 'manually with 

the gate valve located at the low point of the loop. 

3.4.3.8 System Initial Fill and Makeup - - The initial f i l l  and any subsequent 

water makeup is accomplished by tapping the feedwater supply line of the  

s team generator.  The gate valve in the branch leading to  the shel l  s ide of 

the s team generator is closed and the gate valve in the branch leading t o  the 

HTW loop is opened. The feedwater pump is then used to  fill the HTW 

loop. After the filling operation is complete, a s  indicated in the expansion 

tank gauge glass,  the gate valves a r e  returned to the i r  normal positions 
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and the HTW loop is repressurized with nitrogen. Liquid level decrease 

caused by lost fluid is made up with the same procedure. It is anticipated 

that once filled, the system will operate with minimal refi l l  and make-up 

water requirement. 

3.4.3.9 Thermal ~ x ~ a n s i o n  of Pipes - - Thermal expansion provision in the 

HTW loop :piping has been provided because of long pipe runs. Two anchor 

point locations exist in the supply and return lines. One is a t  the center of 

the collector field and one is a t  the entrance to the penthouse. All 2-inch 

and 2-112 inch piping which runs the length of the field is anchored between 

collector row numbers 12 and 13. Thus thermal expansion is allowed to- 

ward the ends of the field. The relative pipe motion between the anchors 

is  absorbed by a pair of' standard flexible off-set joints. Each joint consists 

of two ball joints connected by a piece of rigid pipe. Figure 3- 12 shows a 

typical off -set expansion joint. 

F o r  a pipe wall temperature variation of 400°F~ the linear expansion will 

cause a growth in pipe length of approximately 4 inches on either side of 

the mid-field anchor location. Similarly, the pipe length between the ball 

joint and the penthouse anchor will increase by approximately 3 inches. 

3.4.4 Steam and Feedwater Loop Design 

The heat content of the high temperature water of the HTW loop is used to 

convert feedwater to steam in the steam loop of the solar  system. 

The steam loop is the second of the two fluid loops of the system. It i s  

shown schematically in Figure 3-  13, and for discussion purposes, includes 

a "steam side" and a "feedwater side". The figure shows the layout of 

the steam loop between the penthouse, which houses the steam generator, 

and the interface connection with the existing steam line in Westpoint 

Pepperell building number 2. Figure 3-4 shows the plumbing details of the 
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steam loop including various valves, condensate tank, feedwater pump 

and interconnecting pipes. 

3.4.4.1 Steam Loop - - Steam at 76 psig and 32 1 ' ~  is generated at the 

design operating point of the steam generator. This steam is delivered to 

an existing steam-load supply line. The existing steam line is at  a regulated 

70 psig condition. Therefore, to insure positive steam flow from the solar 

system, the design delivery pressure will be greater than 70 psig at  the 

junction of the two steam branches. To meet this requirement, a standard 

three-inch diameter, schedule 40 black steel pipe is used. This diameter 

pipe results in a very small pressure drop in the 190 foot pipe run needed 

to deliver steam from the steam generator to the slasher room supply 

header. 

Standard fiberglass pipe insulation is used to control the heat lost from the 

steam pipe run. A wall thickness of three inches was selected based upon 

manufacturer's economic thickness data. The resulting heat loss from the 

steam line is expected to condense a small amount (17.7 lbs/hr) of liquid at a 

steam flow rate of 1200 lb/hr, which drops the steam temperahre tn 31 7O6 

at the point of delivery to the existing steam line in the slasher area. 

The condensing water is collected, strained, trapped, and routed to the 

existing condensate return system at the textile mill. The condensate piping 

on the steam side is one inch, standard weight yoloy pipe. 

Provision for the thermal expansion of the pipe on the steam side is 

accomplished with a loop of piping located at the middle of the pipe run as 

indicated in Figure 3-13. 
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3.4.4.2  Feedwater Side -- The feedwater for the steam loop of the solar

system is obtained from an existing condensate supply tank at the mill.  The
feedwater loop includes a feedwater pump and the necessary piping to

transport. the condensate from the receiver to the feedwater supply port

of the steam gengrator. The conduit for this pipe run is 3/4-inch, standard
I                                                                                                                                                                                                                                                                                            L                          .1

weight yoley pipe. The design temperat ure  of the feedwater at the inlet to

the steam generator. is 2000F Feedwater is available  at this temperature

and hence no additip,nal water treatment plant or preheaters are needed.

r·-··· . i ·, ·   ·.. '  ..c '1'. .,i
The feedwater pump chosen for this application is a standard Skidmore

Modlel TP ITurbine Pump) 2,12-,1/2 with-a 1-1/2 hp motor.  This unit is

designedto run at 1750 RPM and to,deliver 3 gpm at 125 psig when supplied

with feedwater at 210'F and approximately two feet of suction pressure.
Thb'turbine' pump wascchose'n for this applitatioh because it develops higher
pressures  at low *flow rates with m6re efficiency than centrifugal pumps.

The presence of the existirig condensate receiver eliminates the need for

a separate receiver. The feedwater pump is operated by the liquid level
control on the steam generator.

r.                  '

3.4.4.3 Interfaces Three interface connections are required. First,
the three-inch solar steam supply Iine rnust be connected to the existing

five-inch steam silpply line for the slashers·. Second, the one-inch conden-

sate line must be connected to an existing tondensate line in the mill.

Finally, the 3/4-inch feedwater supply line must be connected to the

existing cdnderi6atd receiver.  ' All thrde conhettions can be accomplished
with  standard pipe fittings and plumbing techniques.



3.4. 5 System Controller 

The purpose of the system controller is to  provide a central control and 

display station for  the collector field of 48 collectors. The collector field 

is divided into four quadrants. The system controller will completely 

control the direction of travel of the entire field of collectors on a quadrant- 

by-quadrant basis, wil l  act a s  a status monitoring station at the penthouse. 

and will provide remote field status indication to the basement and control 

room. The system controller operates in three modes, manual, automatic, 

and emergency control mode. The field is controlled on a quadrant-by- 

quadrant basis to minimize the hardware requirements for the power dis- 

tribution system. The quadrants a r e  commanded sequentially to follow 

manual commands and automatic commands. In addition to sequencing 
I 

commands, the system controller is also capable of sequencing power 

distribution to each of the quadrants. The field uses 28 volt dc power for the 

control electronics and 110 volt ac power for the drive motors. There is a 

stand-by power generator which supplies power through an automatic trans- 

fer switch. Upon loss of primary power the transfer switch enables a 12 Kw 

diesel generator to begin operation to supply stand-by power which is then 

used to stow the field in a sequential manner such that the motor surge 

current requirements a r e  within the capability of the stand-by generator. 

3.4. 5.1 Requirements -- The requirements placed on the system controller 

a re  1) to insure safe operating conditions before the system is enabled, 

2 )  to provide self protection functions for the field, and 3) to provide the 

manual intervention capability for collector orientation, feedwater pump, 

field pump, freeze protection heater, power distribution during maintenance, 

and under an emergency situation. 



3.4.5.2 Functions -- The functions of the system controlle'r a re  1 ) command/ 

control function, and 2 )  the status indication function. In the command and 

control mode, there a re  three submodes, the automatic mode, the manual 
i - 

mode, and the emergency power mode. 

Automatic Mode -- In its day-to-day operation the system controller is 

typically operating i n  the automatic mode. In this mode it responds to 

control sensor input and commands system components. Figure 3- 1 3 

is a schematic of the sensors, the system controller, and the controlled 

components. 

To initiate opera.t.ion of the solar energy system, three of the sensors 

must provide a positive response to the controller, 

HT W loop epre ssure above limit 

wind below limit 

illumination.above limit * 

The initial control response is to turn the field flow pump on. When 

the flow switch signals flow has commenced, the collector field is 

commanded to the "acquire" mode. If either the illumination o r  

wind sensors provides a negative signal, the system controller 

commands a "stow" after a set time delay. If the loop pressure or 

fluid temperatures depart from their nominal ranges, the system con- 

troller will stow the field and manual reset of the controller i s  required 

before .automatic operation is re-initiated. Furthermore, the controller 
" .  

..commands the freeze protection system (immersion heaters and field 

flow pump) based on fluid temperature inputs and monitors the collector 

state through stow switches and overtravel switches. 



Manual Mode -- In the manual mode, power distribution can be supplied 

on a quadrant-by-quadrant basisfor maintenance and inspection. Key 

lock switches a re  used so that the operator is assured that the selected 

quadrants a re  without electrical power. The capability exists at the 

system controller panel for the operator to remove power to the entire 

field through the use of an emergency power panic button with a key 

lock reset. 

The operator may manually command the field of collectors to rotate in 

the forward or  reverse direction or to maintain a position selected by 

the operator. These commands are  generated through the system 

controller in a sequential fashion so that motor surge currents a re  kept 

within acceptable limits to the power distribution system. The forward 

and reverse directions for collector rotations are  selected by two manual 

push-buttons on the system controller panel. The operator may enable 

both the feedwater pump and the field pump using manual 

push buttons on the system controller panel. Freeze protection in the 

form of immersion heaters may also be enabled from the system 

controller panel. 

Emergency mode -- In the event that emergency power is required due 

to  loss of primary power, the system controller's primary function is 

to stow the field, quadrant-hy-quadrant u a h g  the bnclrnp power 

generator. Two minute quadrant sequencing is use$ to keep power con- 
C 

sumption within the limits of the emergency power source. The emer- 
.*" 

gency power generator will continue to operate to provide for the 

system controller so that temperatures in the field may be monitored 

for freeze protection information. After the loss of primary power, 



manual reinstatement to normal operat ion is required before the 

system can be operated in the automatic mode. The emergency power 

generator operates until normal power is restored o r  i ts  fuel supply 

is exhausted. 

Status indication -- ,The system controller provides collector field 

status indication. Stow parity is  indicated; a signal is generated if 

a l l  of the collectors a r e  not in the same state (either stowed or  not 

stowed). If any of the collectors have exceeded the safety limit switch 

indicating some malfunction a t  a unit controller, a status lamp is 

lighted. Other status indications are:  1) loss of the loop pressure, 

2 )  feedwater pump failure, 3) field pump failure, 4) freeze protection 

required and 5) the condition of having a wind greater  than 30 mph 

persisting for more than one minute and a no-stow condition in the 

field. This no-stow condition could be caused by a s  few a s  one 

collector remaining unstowed. 

3.4.5.3 Implementation -- The system controller is implimented subject to 

certain constraints. One such constraint is the requirement for  power 

sequencing. The field is divided into four quadrants such that each quadrant 

may be sequentially brought into its normal operating state by the system 

controller. In normal operation, each quadrant is enabled a t  5 second inter- 

vals; the reason for this is to keep surge currents within reasonable limits 

to ensure an economic utilization of field wiring. When the emergency power 

generator is being used and the field is sequenced into the stow mode to 

protect the collectors, this sequencing is done at two-minute intervals. This 

allows the use of a smaller  emergency power generator than would be neces- 

sa ry  if all  quadrants were required to stow at the same time. 



3.4.5.4 System Block Diagram -- Figure 3- 14 i s  a functional block diagram 

of the system controller. The system controller obtains information from a 

number of sensors;  illumination, wind velocity, temperature, pressure, 

field flow, field status, and a signal which informs the controller whether 

the power being supplied i s  from the stand-by generator. The signals from 

these sensors  a r e  fed into the input signal conditioning electronics. Basi- 

cally these electronics perform thresholding functions and de -boiincing 

functions to condition the signals f o r  input to the programmable logic unit. 

This programmable logic unit also accepts inputs from the manual control 

panel of the system controller. The programmable logic unit is  a custom 

microprogrammable controller utilizing MSI and LSI devices. This system 

controller algorithm is programmed into two eight bit PROM's which a r e  

addressed by a pair of 54 LS 163 binary counters. This algorithm performs 

the control functions necessary to .enable the collector field to operate a s  

required. Outputs from the programmable logic units a r e  fed into the out- 

put signal condition electronics. Basically transistor  switching devices, 

they pull in 28 volt relays to supply signals to the field command busses 

and to the field power commands. These same signal conditioning elec- 

tronics also supply output to the status displays in both the penthouse and 

the remote basement control room. A. detailed discussion of the elements 

of the system controller follows in Section 3. 5.2. 

3.4. 6 Collector Design 

The concentrating solar  collector used for  the Westpoint Pepperell a,ppli- 

cation i s  an assembly of standard piece parts as well as adapt.ess and 

interface parts. F o r  discuss ion purposes, the mechanical components of 

the collector assembly comprise five main subassemblies and interface 

parts.  These subassemblies include the drive assembly, the absorber 

assembly, the reflector assembly, the torque tubeladapter assembly, and 

the absorber support assembly. An exploded view of a 20-foot mi r ro r  

subassembly (one-half of a 40-foot collector) i s  shown in Figure 3-15. The 
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The drive assembly is composed of a n  electr ic  motor drive and a reduction 

gearbox. The motor is a standard 1 12 hp unit compatible with the electr ical  

controls of the so lar  system. The gearbox is a standard Winsmith t r ip le  

reduction (7500 to  1) worm gear  unit assembled with a "minimum backlash" 

option to provide maximum tracking accuracy and has a double ended output 

shaft. to  interface with the left and right halves of the collector assembly. 

The drive system was selected to provide a tracking speed of 0.36 degrees 

per  second. In addition, the selected drive system has the torque capability 

necessary to drive the 40-foot collector assembly in a f r ee  s t ream,  30 mph 

wind. Aerodynamic analysis of the collector assembly indicates that a t  

the 30 mph design wind condition, the torque load on the gearbox caused by 

inertial  and a i r  loads would be approximately 806 foot pounds. 

The half-parabola reflector assembly consists of a one-inch thick, aluminum 

honeycomb sandwich with a 3M aluminized acrylic,  relfectice surface ad-  

hered to the concave side. The honeycomb is formed to  fit the parabola,  

represented by the equation x2 = 144Y where X and Y a r e  in inches. The 

half-parabola reflector,  available f rom Hexcel, has a 3 foot focal length 

and a n  aper ture  width of 4.327 feet. 

The drive syst&rn output loads are t ransfer red  to the reflector assembly 

through the torque tubeladapter assembly. The torque tube us  a standard 

3 inch square, 1 /8 inch wall aluminum extruded section. Adapters a r e  

installed in both ends of the torque tube t o  interface with a rigid coupling 

on the drive end and with a pillow block bearing on the other end. During 

the final assembly process,  the torque tubeladapter assembly is attached to 

the back side of the honeycnmb a t  locations where inser ts  a r e  provided in 

the honeycomb. The inserts  allow absorption of the compressive loads of 

the torque tube mounting screws. 



The absorber assembly consists of standard materials, some of which a r e  

treated, after purchase, to  enhance the thermal performance. The assem- 

bly, shown in Figure 3-16, includes a 0.065 inch wall, 1-1/4 inch diameter 

copper tube with a selective black chrome coating on the outside surface. 

The tube is centered in pipe insulation which has been notched along its 

length to provide the optical window. The exposed edges of the insulation 

a r e  covered with a s t r ip  of textile form refractory silica insulation. This 

composite is  enclosed in an aluminum skin which is formed to accept an 
etched glass window. The assembly is held together with bolts located 

periodically along the absorber length. 

Experimental tes ts  show that the refractory silica insulation will withstand 

direct concentrated sun's  energy. During normal operation the direct 

energy will not fall on the insulation. The resistance to high temperatures 

is due, for the most part, to the protective silica fabric which is rated to 

1 8 0 0 ~ ~ .  The fabric also performs a secondary function of providing finished 

edges for  the fiberglass insulation. 

A. length of r i s e r  tube and pipe insulation is  used on both ends of the absorber 

to complete the flow path. One end of each r i s e r  is attached to the end of 
the horizontal absorber. The other end is  attached to a rotary joint mounted 

on the pivot axis of the collector. Additional absorber support is obtained 

by spacing absorber support legs along the length of the assembly. These 

supports connect the absorber' to the reflector assembly. 

The interface between the absorber assembly and the torque tube assembly 

is accomplished with a "swivel joint holder". This is a forked piece designed 

to  permit relative longitudinal displacement of the hexagonally shaped swivel 

joint due to the thermal expansion of the absorber tube. At the installation 

t ime the longitudinal clearance between the swivel joint and the holder is set 

to accommodate the hot and cold temperature positions. Total t ravel  for  the 

swivel joint within the holder is expected to be a maximum of 0. 7 inches. 



Figure 3-16. ABSORBER ASSENIBLY (EXPLODED VIEW) 



3.4. 7 Unit Controller 

3.4.7.1 Gene.ra1 -- The Unit Controller is the device which controls each 

collector. There a re  48 unit controllers, one fo r  each collector, and they 

accept control inputs from either the system controller located in the pent- 

house o r  the manual control panel at the unit controller. The unit controlLer 

must enable the collector to  track the sun's image to within * 114 degree 

in wind conditions up t o  30 mph; be capable of stowing in two minutes; and 

provide a self protect function. 

The Unit Controller performs the following functions: 

1) acquire 

2) track 

3) stow 

4) self protect 

5 )  respond to local and remote manual 
mode commands 

6 )  respond to remote automatic mode commands 

7)  inform system controller of the unit controller state. 

"Acquire" is the act of finding the sun's image and focusing it on the absorb- 

e r  tube within the limits of the solar sensing device. tu rack" is the act of 

maintaining the focused image of the sun on the absorber tube. "Stow" is 

the act of stowing or  condition of being stowed, i. e. ,  being oriented in the 

"off-duty" position of the collector. The stowed orientation is a protective 

orientation in which the chord of the parabola is horizontal and the mirror  

surface points downward. The "self protect" function of the unit controller 



ensures that the collector cannot damage itself by rotational over-travel. 

The unit controller has the capability to respond to remote (from penthouse) 

and local (at the collector module) manual commands to effect changes in 

the collector orientation. It is also required that the unit controller trans- 

mit the status (stow or  not-stow) to the system controller. In addition, the 

unit controller must inform the system controller if the collector orientation 

limits have been exceeded. 

Figure 3 - 1 7  is  a conceptual block diagram of the unit controller showing its 

.. relation to the system controller and the collector. The unit controller 

- consists of four functional blocks; sensors (sun sensor and position limit 

switches), manual control panel, controller electronics, and the actuator 

composed of a motor-gear train combination. 

3.4. 7 .2 Sensors - - The sun sensor is  a null type of device which provides 

switch closure information relating to solar  image position on two photo- 

transistors mounted on the sensor head. The sun sensor and its electronics 

a r e  described in detail in Section 3. 5.4. The limit switches ("stow" and 
I t  max. travel") a r e  positioned such that the collector assembly will activate 

them at  the design limits of desired collector angular excursion. Their  

activation signals the control electronics to modify its command signals to 

i i ~ e  actuator according to the mode of operation a t  that time. The safety 

limit switches provide the self-protect function. They a r e  mounted at the 

extremes of safe collector orientation (outboard of the "stow" and "max. 

travel" limit switches). When these switches a r e  activated, they interrupt 

the motor armature circuit and prevent collector rotation. 

3.4.7.3 Manual Control -- The manual control panel allows an operator to 

command five functions: mode select, automatic/manual; forward rotation; 

reverse rotation; stow; stow-reset, and manual override of safety limit 

switch . 
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Upon selecting manual mode at the unit controller, all commands from the 

system controller a re  disabled and the operator has complete control at the 

local unit controller. 

3.4.7.4 Electronics -- The unit controller electronics provide the inter- 

'face, signal conditioning and mode bgic  required to make the unit controller 

function in the automatic and manual modes. These electronics accept local 

'manual commands, remote system controller commands and respond to 

local limit switch signals . 

3.4.7.5 Actuator -- The actuator consits of a 1/2 hp, variable-speed dc 

motor, associated control electronics, and a 7500:l gear train. The combi- 
. . ' 

nation of these elements was selected to satisfy jointly the requirements for 

tracking accuracy, stow speed capability, and collector wind-induced torque 

balance requirement. 

3.4.8 Steam Generator . 

A key component of the solar drying system is the steam generator. It acts 
as  the interface between the two flow loops of the system - the HTW loop, 

and the steam and feedwater loop. 
' 

It is standard industry practice to configure a steam generator to fit the 

application by assembling a set of standard components which best fit the 

immediate requirements. To meet our requirements a Patterson-Kelley 

unfired, Model H307 has been selected. It is comprised of components 

including a standard pressure vessel, liquid level control, fittings, and 

safety valves. Periodic maintenance is enhanced by the inclusion of a 

removeable tube bundle. To maximize safety the generator is constructed 

in accordance with ASME codes. A typical model of this manufacturer is 

shown in Figure 3 - 18 ,  
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The operating requirements of the steam generator a r e  specified for  a 

nominal operating t ime point. Because of the necessity fo r  matching the 

temperature r i se  across  the collectors with the temperature drop across 

the remaining hardware of the HTW loop, the temperature drop across  the 

steam generator is specified rather than the usual steam flow rate. There- 

fore the steam generator performance requirements include the following: 

steam output: 1000 lbs/hr minimum, 76 psig, 321°F 

condensate input: 200°F 

HTW input: 48 gpm, 38g°F, 218 psig 

HTW output: 333OF 

The unfired steam generator is inherently safe and relatively simple. 

No damage is done if the HTW is admitted to the heat transfer section 

without any feedwater in the shell. This eliminates the need for the pre- 

sence of a qualified attendant, highly accurate low-water controls, and/or 

back-up sensors and controls. 

Shell side level control is performed with a standard Magnetrol Model W -25 1 

water column control which activates the feedwater pump a s  the level falls 

below the low-water set  point. Similarly, pump deactivation occurs as the 

level r ises  to the high water set point. This control utilizes a magnetic 

field a s  the only "link" between a float movement and mercury switch 

ac1;ualiun. This combination provides a high degree of safety and reliability 

since magnetism is  immune to pre.ssure fluctuations, high temperatures, 

and metal fatigue which cause failures in other types of controls. 



3.5 ADDITIONAL DESIGN DETAILS AND DESIGN CONSIDER.ATIONS 

The text of this section includes a discussion of some of the design consid- 

erations that led to the final design discussed previously in Section 3.4. 

The discussion includes design trade -off results  and design details to 

substantiate the final system design. Included a r e  design topics relative 

to  the collector assembly, HTW loop hardware, s team generator, and 

system controller. 

3.5.1 High Temperature Water Loop 

This section discusses some of the design considerations and design details 

of the HTW loop hardware. Included a r e  discussions of the collector field 

design, pipe assembly techniques, pipe support details, and ball valve 

characterist ics.  .. . 

3.5.1.1 Loop Design -- Computer simulation studies were conducted to 

evaluate the performance of several  collector field piping loop designs. Two 

basic designs were investigated. They included the Z-flow networks and C - 
flow networks a s  shown in.Figure 3-19. The results  of the study a re  briefly 

discussed in this section. 

With a branch flow cri terion of + 15 percent maximum flow deviation in the - 
collector branches and no valve control, simulation results showed that the 

maximum number of parallel branches in the field could be 21  and 16 for  the 

Z and C configurations respectively when the header was 6-inch diameter. 

Eight inch constant diameter header was required before the flow criterion 

could be met with 24 parallel branches. 
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Subsequent investigations of configu rations with variable header diameter 

i. e . ,  stepped down by decreasing standard pipe sizes in the direction of 

decreasing flow and visa versa, indicated that valves were necessary to 

provide "uniform" flow rates in the field branches. 

The computer simulation results also indicated that the low fluid resistance 

of the collector caused the shorting of most of field inlet flow through the 

f i rs t  few collectors of a C-flow field and that a more uniform flow can be 

obtained with a Z-flow field if the pipe sizes are  held constant. 

The results of the field design simulation studies indicated 'that the addition 

of valves to each collector branch permitted a large reduction in pipe sizes, 

i .e . ,  from 8-inch to 2-inch diameter; which in turn reduces pipe and 

insulation costs, structural support requirements, fluid volume, pumping 

power and heat losses. 

Because of improved flow uniformity, a Z-field design was selected for the 

collector network of the HTW loop. Anticipated flow and pressure diigtribu- 

tions, a s  output computer data for the selected configuration, a re  shown in 

Figure 3-20. These data were used in part to size the circulation pump of 

the HTW loop a s  well a s  to establish the branch valve pressure drops required 

for a uniform flow field. 

3 . 5 . 1 . 2  Pipiklg Dwsigrl -- A coot trade-off $ t u d ~  Was conducted to determine 

the effects of two designs permitted by the code for the oq. HTW loop. The two 

configurations include the use of welded, schedule 40 pipe o r  threaded, 

schedule 80 pipe. The costs of the two designs differed by less than one 

percent. Therefore, the design specified is the one preferred by Westpoint 



Figure  3-20. COMPUTER SIMULATION OUTPUT DATA FOR A TYPICAL 
COLLECTOR FIELD DESIGN 



Pepperell which includes welded Scheduled 40 pipe with flanged connections. 

3. 5. 1. 3. Piping Supports - - As discussed previously, supply and return 
piping divides the collector field into two halves. Each half contains 24 

parallel collector branches, i. e., each half is  one column of 24 rows. 

Figure 3-21(a) shows the support for  the 2-112 inch supply pipe and the 2-112 

inch return pipe which consists of a horizontal 3 x 3 x 114 angle iron which 

spans the two Inside "end" posts of adjacent collectors in  t h e  same row. 

Fastened to the angle iron assembly a r e  two standard, adjustable pipe 

hangers for  setting the desired local pipe elevations. 

The support used for the 2-inch supply header is also shown in Figure 3-21(b). 

A cantilever t ru s s  of 2 x 2 x 114 angle iron is welded to each outside end 

post. An adjustable, rol ler  type pipe hanger i s  mounted to  the horizontal 

t ru s s  member to  allow adjustment of the pitch and expansion of the pipe. 

The roller  type pipe hangers accommodate the thermal expansion of the pipe 

over the anticipated range of environmental conditions. To prevent damage 

to  the pipe insulation, saddles a r e  installed at all support locations. 

3.5.1.4 Ball Valve Characteristics - - The relationship between the handle 
' position and the flow characteristics of the Imperial Eastman valve will be 

used for  controlling the collector branch flow rates.  F rom the available 

information it was determined that at the design point, a handle position of 

28 degrees (from full open) would generate a 5.0 PSI pressure drop at a 1 . 0  

GPM flow rate,  A t  thio opcrating point the estimated pressure and flow 

sensitivities to handle position are: 

0.032 GPM per degree 

0.286 PSID per degree 
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System Controller 

This section discusses details of the System Controller elements: sensors, 
programmable logic unit, input signal comditioning electronics, output 

signal conditioning electronics, control panel, and mechanical design. 

Representative generic circuitry for  each of the system co~ltroller  functions 

a r e  presented below. 

3. 5.2. 1 Sensors and Input Signal Conditioning -- Figure 3-22(a) is a repre-  
sentation of the temperature signal conditioning electronics. It is typical 

of the thresholding devices used to generate logic signals informing the 

system controller i f  the field temperature exceeds normal operating limits, 

either too high a temperature o r  too low a temperature (as in the case of 

the f reeze  protection circuits). The temperature sensing device is a Minco 

Incorporated Model S53P thermometer probe. It is a three lead device and 

is suitable for use in a Wheatstone bridge configuration. Three leads a r e  

used on the probe to cancel the effects of the long lead length necessary 

when the temperature probes a r e  placed a t  great distance from the con- 

ditioning electronics. The active device in the temperature signal con- 

ditioning electronics. is a LM3 11 comparator, a standard integrated circuit. 

The field freeze protection logic implementation is based on the signals from 

each of the four freeze protection sensors. They a r e  combined into a logical 

function by means of a quad-inverting NOR circuit such that if any one of 

theqemperature signals exceeds the freezing thresholdsthe circuit will 

generate a signal used by the system con1;ruller to take appropriate action. 

Similarly, a field over-temperature condition is generated by a combination 

of the temperatures as sensed by the resistance thermometers a t  the inlet 

to the steam generator and a t  the outlet of the steam generator. Should 

either of these signals exceed their predetermined threshold, a signal will 

be generated which is interpreted by the system controller a s  a signal to 

stow the collector field and await manual intervention. 
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Figure  3-22(b) is a generic diagram of the wind velocity measuring instru- 

ment. 1t is a WeatherMeasure W161 Wind Alarm which provides a relay 

closure i f  the wind velocities a r e  greater  than a preset amount. In this case 

we have chosen 30 miles  an  hour. The signal generated by the switch 

closure provides a ground signal a t  the input to the signal conditioning elec- 

tronics. A timing circuit, composed of an operational amplifier and an  RC 

network, generates a timing pulse of approximately 60 seconds duration. 

The ground signal is combined logically with the delayed signal and an output 

is generated if the wind velocity is greater  than 30 mph fo r  longer than 60 

seconds. This signal informs the system controller to stow the collector 

field. 

Figure  3-22(c) is a schematic representation of the illimunation signal 

conditioning electronics. A, phototransistor is used a s  the sensing element 

and is placed in  one leg of a Wheatstone bridge. The LM311 operational 

amplifier is used to sense when the illumination is above a preset level. 

The comparator output is fed into the same kind of timing function electronics 

as used in the wind velocity signal conditioning. When the absence of illumi- 

nation above the  preset  level persists  for greater  than 5 minutes the signal 

is sent to  the system controller and the field is  commanded to stow. 
I - 

The field loop pressure  sensor is a Robinson-Halpern Pressure  Transducer 

which is comprised of a linear variable differential t ransformer whnse outputs 

a r e  then conditioned using s imilar  thresholding techniques a s  have been dis- 

cussed in the temperature sensing electronics. The field flow sensor is a 

pressure  switch which is activated when the field pump i.s in operation. o hi$ 

switch' provides a ground signal to the conditioning electronics and it is also 

debounced and fed to the programmable logic unit in the system controller. 

The field status sensors  a r e  the safety limit switches and the maximum 

travel  and stow limit switches. These signals a r e  also debounced and fed to 

the programmable logic unit. 
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3. 5.2.2 ' ~ r o ~ r a m m a b l e  Logic Unit -- þ his device provides the control -. . 
algorithm for the four-quadrant collec%or. field. To accomplish this, inpcts 

a r e  required from the sensors and the manual control panel. Output signals 

from the logic unit a r e  converted into actuator commands by the output 

signal conditioning electronics. 
. ." 

A set  of state diag'rams have been constructed for the required modes of 
.. . 

operation and a r e  illustrated in ~ i ~ u r k s  3-23, 3-24, and 3-25. The modes 

for  autdniatic operation and emergency power operation a r e  illustrated in 

Figure 3-23. Each circle in the figure represents one state of the controller. 

The alphanumeric kyrnbols in the upper half of the circle identify the state, 

and any outputs that a r e  required a r e  identified in the lower half of the circle. 

Directed line segments emanating from the state circles indicate transitions 

to other states o r  to the same state depending upon the values of input para- 

meters which a r e  sam-pled prior to making the state transition decision. 

When power is f i rs t  applied to the controller, operation s ta r t s  in state AA 

but proceeds immediately to state A assuming that operation is not under 

emergency po'wer. If the manual/automatic mode switch is in the automatic 

position the controller sequences the system into operation under the 

automatic :mode. Condition C1 is tested f i rs t  to see  if wind and illumination 
5 

values a r e  both within.range, and Lf they are,  state C is entered starting the 

field pump. Field pump operation, field pressure and field temperature a r e  

checked a s  part of condition C 2  and when they a r e  all  at the proper values, 

state F is entered. A GO signal is sent to the f i rs t  quadrant initiating auto- 

matic operation in this quadrant of the field and the timing counter is reset  

to s ta r t  timing for  initiation of the second quadrant. The controller goes to 

State G and remains there until five seconds have elapsed at which time it 

proceeds to  State H and initiates automatic operation of the second quadrant. 
., . . -> 





Figure 3-24. STATE DIAGRAM - STOW MODE 



3-70 

Figure  3 -2  5 .  S T A T E  DIA.GRAM MA.NUA.L MODES 



This procedure continues until, at State M, automatic mode operation has 

been initiated in al l  four quadrants. The controller then proceeds to the 

state group consisting of states N, 0, P and S constantly monitoring the 

manual/automatic mode switch and Condition C 3. Condition C 3 is the logical 

"and" of conditions C1 and C2 and a s  long a s  it remains true and the manual/ 

automatic mode switch is in the automatic position the controller sequences 

between states N and 0 but goes to state S if manual mode is selected o r  to 

state P if condition C 3  is not satisfied. 

Emergency power cycling is also illustrated in Figure 3-23.  Switch-over to 

emergency power is essentially an interrupt to the controller and causes an 

immediate transition to state AA.  In State AB an emergency stow signal is 

sent to the f i r s t  quadrant. The timing counter is reset  and after a two min- 

ute wait in state AC the controller advances to state AD at which time the 

emergency stow signal is sent to the second quadrant. This procedure 

continues until al l  four quadrants have received emergency stow signal at 

which time the controller waits in state AJ  for  a manual reset  before normal 

operation can continue. 

The state diagram for stow mode operation is illustrated in Figure 3-24. 

Two paths a r e  shown; each of them resulting in transmission of the GO (not 

go) signal to the four quadrants in sequence separated by five seconds each. 

The path on the left is entered if out-of -range wind o r  illumination values 

a r e  the cause of the stow command. Upon resumption of in-range wind and. 

illumination values the automatic mode is ree  te'red and normal operation 2" 
resumes. The right hand path is entered if the stow command is the result 

of improper field pump operation o r  out-of-range field pressure o r  temper- 

ature. In th.is case a. manual reset i s  required before normal automatic 

operation can commence. 



Manual mode operation is illustrated in Figure 3-25. Starting in state S at 

the top of the figure the forward/reverse switch is checked and the extreme 

left o r  right hand paths a r e  selected if either forward o r  reverse manual 

operation has been selected by the operator. The forward/reverse switch 

has a center off position. When it is in this position the controller sequences 

through states S, SA, and SV, continuously checking for any change in the 

switch ps i t i on .  A t  a l l  t imes except when an actual eequcncing of the qua- 

drant signals is taking place the manual mode selector switch is monitored 

and appropriate actions a r e  taken. If reverse  manual movement of the 

collector has been selected, the sequence of states on the upper left of 

Figure 3-25 causes a reverse command signal to be sequentially transmitted 

to  the four quadrants. When it is desired to stop reverse movement of the 

collectors, the switch is moved to the center off position and the reverse 

command signals a r e  removed from the four quadrants in the same order  

in which they were transmitted, by the sequence of states immediately to 

the right of those previously mentioned. A similar  sequence for forward 

movement of the collectors is illustrated at the upper right part of Figure 

$3-25 .  IJ? forward or reverse  command signals have been sent to the 4 qua- 

drants and the manual/automatic switch is moved to  the automatic position, 

the forward o r  reverse  signals must be sequentially removed in the same 

manner as if the forward/reverse switch had been moved to the center off 

position. The sequence of states for  accomplishing this a r e  illustrated at 

the bottom of Figure 3-25. 



Control functions such as  those required in this application have tradition- 
< 

ally been implemented with hardwired, fixed-design, sequential circuits 

implemented with flip flops and gates. For  this application, a controller 

designed in this manner would require a large amount of logic due to the 

number of states that a r e  required, the number of input parameters that 

must be checked, and the numbel: of latched output signals required. Fixed 

design controllers of this type also require a relatively large amount of 

design time, a r e  difficult to debug and a re  extremely difficult to  modify if 

changes to the controller algorithm a re  required. 

In contrast, current MSI and LSI technology have made possible the design 

of simple programmable controllers which a r e  easy to design and debug and 

extremely easy to modify to accommodate control program changes. Two 

types a r e  currently in use. The f i rs t  utilizes standard MSI and LSI devices 

to implement microprogrammable controller sized and structured to fit  

the intended application. The second uses microcomputers to implement 

control functions of this type although they often contain additional capability 

which is not needed. 

Based on these considerations, a custom microprogrammable controller 

utilizing currently available MSI and LSI devices has been designed to 

perform the control functions illustrated in the state diagrams of Figures 

3-23, 3-24, and 3-25. It has built-in memory and address capabilities to 

handle approximately two times the number of states presently anticipated, 

to sample and test five additional input parameters, and to ~ u t p u t  five 

additional latched logic signals, 



A 16-bit instruction,word is stored in two programmable read only memory 

(PROM) ar rays  which a r e  addressed by a pair of 54LS163 binary counters. 

Each instruction word provides bits for selecting an input parameter to bk 
tested and  for providing instructions to'the address counter for sequencing 

the control program. . In addition, ' the  timing counter can be reset  and' an 8- 

bit field is available for use wither a s  a jump address o r  an output address 

depending on which of these. t vo  functions is enabled. The instruction word 

format i s  illustrated in Figure 3-26. A description of the controller follows. 

Two 54LS251 multiplexers a r e  used to select ope of up to 16 input para- 

meters  to  be tested by the program control logic in order to select between 

an increment o r  hold operation o r  a jump and increment operation. This 

provides considerable flexibility for controllihg the sequencing of the 

microprogram. A. four stage timing counter provides for timing intervals 

of up to 17  seconds. Decoded outputs of this counter can be tested via the 

input multiplexers and used to modify the sequencing of the microprogram. 

A set  of three 8-bit output . . 1 a t c h e s . i ~  ,available, for holding output parameters . . 
and permitting them to be selectively set  o r  reset  by the microprogram. 

.. . 
The only restriction is that an output parameter cannot be modified during 

.'.I 2.. 

a j u m p  ins,lrucliun. 

Programming is very straightforward due to the single instruction format 

and relatively smal l  number of variations in the use of"each of the instruc- 

tion fields. The fArmat is 'illustrated in ~ i i u r e  3-26 'along with sevekal 

lines of program code to illustrate its utilization. Bit 0 is the count/load 
. . 

select bit. A logic 0 causes the program counter to increment if the selected 

condition is satisfied o r  to hold the present count.,if it is not satisfied. .>A 

logic 1 causes the program to jump t o  the address specified by bits 8 through 

15 if the condition is satisfied o r  t o  increment the counter if the condition is 

not satisfied. Bits 1 through 4 select the input condition to be tested. If 

these bits are  a l l  O ' s ,  the output of the multiplexer is a logic 1 and the 
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ADDRESS 1 1 
(OCTAL) 

ST1 
LD 

JUMPIOUTPUT 
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0 1 2 3 4 5  

MUX ADDR. 
(CONDIT. CODE) 

0 1 0 1 1 0 0 1  
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1 X X 0 0 0 0 0  
X X X X X X X X  

I- 
zri 
:5 
50 
a X  
I1 
oz 
0 

MICROINSTRUCTION CODE 

X = DON'T CARE 

COMMENT 

TEST E 
TEST M 
TEST C1 
START FIELD PUMP 

' TEST C2 
SET Q1 GO = 1 
WAIT 5 SEC. 



program increment o r  jump will occur unconditionally. The remaining 

codes permit  the selection of one of 15 input conditions to be tested. Bit 5 

in the instruction word is used t o  complement the output of the condition 

multiplexer and thereby implement a program change based on a 0 s ta te  

r a t h e r  than a 1 s ta te  out of the multiplexer. A 1 in bit 6 causes the timing 

counter t o  be c leared  such that a new timing sequence can begin. Bit 7 is 

used t o  define the function'of bit$8 through 15. A logic 1 implies that these 

bi ts  will be used to set o r  r e se t  an output latch based on data contained in 

bit  8 and a n  address  contained in bi ts  11 through 15. A logic 0 in bit 8, and 

a n  address  contained in bi ts  11 through 15. A logic 0 in bit 7 signifies that 

b i t s  8 through 15 caontain a jump address  t o  be loaded into the program 

counter if the input conditions a r e  satisfied. 

3. 5.2. 3 Output Signal Conditioning Electronics -- The purpose of the output 

signal conditioning electronics is t o  amplify the control commands f rom the 

programmable logic unit. The logic unit itself cannot provide the switching 

capability needed to  actuate the devices (i. e. ,  contactors, etc. ) which 

control the field motors,  unit cdntrolleks, pumps, etd. 

F igure  3-27(a) shows a typical arrangement  f o r  the output signal condition,ing 

f o r  the field pump, the.feedwater  pump, and immers ion  heater command 

signals.  The c i rcui t  consists  of an  analog t rans is tor  switch in paral lel  

with the manual control switch on the panel of the saystem controller. The 

analog switch is driven f r o m  the sys tem control ler 's  programmable logic 

unit through an inver ter  which will switch the t r ans i s to r  on and off. A 

multicontact re lay  is used t o  lock out the automatic mode when the  manual 

mode is selected; this  is done by grounding the base of the t rans is tor  analog 

switch. When the  switch is activated, the re lay  is pulled in and the re lay  

contacts  then provide s ignal  closure t o  a contactor which enables the pumps 

o r  the immers ion  heaters .  Figure 3-27(b) describes the output signal condi- 

tioning switches f o r  the sequenced field signals typical of the command bus. 
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The programmable logic unit output i s  inverted into a transistor  switch 

which pulls in a relay to switch the appropriate command bus to the command 

bus ground. Collector parity logic is used to indicate to the system con- 

t rol ler  that al l  collectors in the field a r e  not in the same state. This is done 

using LSI logic which accepts inputs f rom the limit switches from the field 

collectors. Figure 3-27(c) is a detail of the safety limit violation a larm and 

i t  is implemented on a quadrant-by-quadrant basis by the ser ies  connection 

of the safety limit switches of al l  of the collectors in each quadrant. This 

circuit, when complete, locks out the safety alarm. Should any of the safety 

limit switches be interrupted due to collector overtravel the safety a larm 

is set  through the four input "NAND" gates. 

3.5.2.4 System Controller Manual Control Panel -- The manual control 

panel has a number of status indicators and manual control switches which 

a r e  used t o  control the field and display field status information to the 

operator. An a r r a y  of 48 lights displays to the operator which of the 48 

modules a r e  in the stowed o r  unstowed status. There a r e  two lights which 

indicate failure of the feedwater pump and the field pump. Beside each of 

these status indicating lights is a manual override switch which allows the 

operator to  command the feedwater pump o r  the field pump to begin opera- 

tion. There i s  a freeze indicator lamp which informs the operator that the 

temperature in the field is approaching 32 '~ .  Near this freeze indicator is 

a manual pushbutton which allows the operator to start the immersion 

heaters  to prevent the field from freezing. There a r e  also indicator lamps 

which tel l  the operator that the field loop pressure has been lost, that there 

is a condition of high winds with the field unstowed and a status indication 

that not a l l  of the collectors a r e  in the same state (which would usually 

indicate some type of unit controller malfunction). The mode switch allows 

the  operator to select the - automatic mode o r  the manual mode. In the 

manual mode the operator may select collector rotations by means of two 



pushbuttons near the automatic/manual mode switch. These pushbuttons 

then allow the operator to command the entire field of collectors to rotate 

either in the forward or  in the reverse direction. If neither forward nor 

reverse is selected the collectors remain stationary. There a re  series of 

four toggle type pushbuttons and four key lock switches whereby the operator 

may disable any or  all quadrants1 power by these switches. In the event that 

maintenance is required on a given quadrant, the operator may remove power 

to that quadrant by means of the appropriate key switch and therefore insure 

him that power will be disabled while he is in that quadrant performing 

maintenance o r  inspection. There is an emergency power disable switch 

(or panic button) which allows the operator to remove all power to the field 

in a single stroke. Once this has been done, it is required that the operator 

use a key to return power to the field. Certain conditions exist under which 

the field must be manually reset in order to restore power to the field. 

Those conditions a re  1) if the. feedwater pump fails, 2 )  if the loop pressure 

becomes excessive, o r  3) if temperature conditions in the field violate 

certain extremes as  were discussed in the previous sections of this report. 

3.5.2.5 System Controller Mechanical Design -- The system control panel 

is fabricated from a standard 1 9" wide panel and will be mounted over a 

standard electrical enclosure hung on the wall in the penthouse. 

The system controller electronics cards will be mounted on standoffs to 

the back of the system controller panel to aid in maintenance, checkout and 

operation. The system controller electronics .will consist of four electronics 

cards: two cards will contain the relay and relay drivers and the other two cards 

will contain integrated circuits and the input signal conditioning electronics. 

Signal and power cabling will enter through the bottom of the standard break- 

e r  box and be distributed to the various cards by means of pin connectors. 

Figure 3128 describes the system cunt~*oller Manual Corrtrol Panel. 
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3. 5. 3 Collector 

The solar collector assembly is a key component in the solar drying system. 

The design was formulated under a Honeywell funded development program. 

For  completeness, this section discusses the more important collector 

design considerations. They include a discussion of the design wind require- 

ments, pivot location and stow position. Also included a r e  the critical design 

loads and absorber tube design details. 

3.5.3.1 Wind Conditions -- Design loads for the solar collector assembly 

were established at a 30 MPH wind condition for the operational mode and 

at a 100 MPH wirid condition for the nonoperational mode. The latter condi- 

tion was established based upon the data of "wind Gust Statistics for Structure 

Designs", a Sandia Lab memo by J.W. Reed dated January 21, 1975. The 
' 

data contained in this document suggest that the probability of a wind condi- 

tion exceeding 100 MPH in a 20 year return interval is approximately 

lo-?. Recorded winds have never exceeded 55 mph in the Columbus, 

Georgia area and recorded wind gusts have never exceeded 70 knots. The 

30 MPH wind condition was selected considering the wind characteristics a s  

described in Marks Mechanical Engineering Design Handbook. According 

to  this reference a 30 MPH wind, labeled "strong" by weather bureaus, is 

accompanied by the motion of large tree branches. A 32 MPH wind is also 
I I strong" but is accompanied by the motion of whole trees. A 39 MPH wind 

is classified as  a "gale" and is accompanied by broken t ree twigs. The 

collector would.be stowed for winds above 30 MPH to protect its components, 

especially the reflective surface and the absorber, from flying objects. 



3 . 5 . 3 . 2  Collector Pivot Location -- Design studies were conducted to in- 

vestigate the trade-offs of alternate collector pivot locations. These included 

the configuration with the pivot at one end of the reflector honeycomb, an 

absorber-pivot configuration, and configurations with the pivot positioned 

at  different locations along the back side of the reflector honeycomb. The 

analysis included the inertial loads and the free stream a i r  loads which act 

on the collector assembly. In addition, angle-of-attack effects on the aero- 

dynamic forces and moments were considered as  well a s  the effect of resul- 

tant wind direction and collector orientation. 

The results indicated that the key design parameter was the hinge-line 

torque and that substantial reductions in its magnitude could be obtained 

by locating the collector pivot at o r  near the mid-chord position of the 

reflector. Therefore, the torque-tube assembly was located midway between 

the ends and on back side of the curved reflector. 

3 . 5 . 3 . 3  Collector Stow Position -- The collector is stowed at night and 

when wind speed exceeds 30 MPH. In the stow position, the chord line 

across the ends of the honeycomb is horizontal. This orientation presents 

a low profile and reduces the wind loads on the collector assembly and on the 

support structure. This orientation also protects the reflective surface 

from night time condensation and from adverse atmospheric conditions 

including rain and hail. It is noted that because of the non-symmetric air-  

foil shaped nature of the collector profile, the stow position is not one of 

zero aerodynamic lift. Further force and torque redhctioh could in theory 

be obtained by stowing at the zero-lift position, however, this is only true 

for  the condition when the wind direction stays at a constant azimuth. 



3.5.3.4 Collector Design Loads - -  T h e  est imated design loads fo r  the  ,40- 

foot collector assembly  of the  design discussed in this  repor t  a r e  summarized 

in Table  3-4. They include the aerodynamic loads result ing f r o m  30 MPH 

and 100 MPH design wind conditions and weight of the  collector assembly  

hardware. T h e  s ign convention f o r  these  loads is shown in F igu re  3-29. 

(1) typical  of two 
(2) torque is about pivot axis  

Using the support  s t ruc tu re  design descr ibed in Section 3.4.2.2,at the collector 

support/roof interface, these  loads resu l t  in a 1120 lbs.  upward load at the 

cen te r  post when operating in  a 30 MPH wind, and a 560 lbs .  downward load 

when stowed in a 100 MPH wind. ~ c c o m ~ a n ~ i n ~  s h e a r  values within the 

s t r uc tu r e  and moments around the welded joints a r e  well  within the s t ruc -  

lure desigu 1ilrliI.s. 

WIND 
DIRECTION 

TORQUC 

7,- ROOF LINE 

Figu re  3-29. SIGN CONVENTION FOR COLLECTOR 
DESIGN LX)A.DS 



3. 5. 3. 5 A.bsorber Tubing -- Copper tubing is one of the piping materials 

permitted by the pressure  piping code (A.SAB 31.1). It can be used up to 

temperatures of 4 0 6 ~ ~  and the corresponding saturation pressure of 250 

psig. Based upon the hoop s t r e s s  design equation of the seamless copper 

tube specification limit (ASTM SB- 75), fluid pressures for various standard 

wall thickness were established a s  follows: 

Slaudard Wall Thickness Limit Pressure  
(inches ) IPSIG) (PSLA) 

These limits were established using the relation: 

where 

P = pressure (psig) 

S = allowable hoop s t r e s s  
(2500 psi  at T < - 400°F) 

t = wall thickness (inches) 

0. D. = outside tube diameter (inches) 

Based on these data a 0.065 inch wall was selected fo r  this application. 

3 . 5 . 3 . 6  ivlotor/'Gear Drive -- This section presents the considerations 

which led to the selection of the motor gearbox and motor controller f o r  

the collector modules to be used i n  the Westpoint Pepperell concentrating 
collector field. The selection of these three items is based on three main 

constraints, 1) the collector must stow in three minutes from any position; 

2) the motor and gear t ra in  must be capable of driving the collector against 

a wind load torque of 806 f t .  lbs. ; and 3 )  the motor/gearbox and controller 



configuration should maintain a quarter of a degree tracking accuracy. 

Along with these cri teria a r e  certain economic considerations and mech- 

anical lirnitat ions. 

To  stow in three minutes the collector stow speed must be 114 rpm or  

higher, Tracking speed was selected to be 25% of the full speed capability 

of the motor. Thus, t rack speed is 1 /  16 rpm and specifying an 1800 rpm 

motor, the motor speed during tracking is 450 rpm o r  7.5 revolutions per 

second. 

A bang-bang o r  on-off controller is the most simple and economical type 

to be used. Popular reversible and variable speed motors a r e  typically 

of the permanent magnet variety o r  the shunt wound variety requiring dc 

power. A n  important consideration in these types of motors, especially 

when used in a reversing scenario, is that the armature current be allowed 

to extinguish in one direction before reverse  polaity voltage i s  applied to 

the armature. Typically, it takes about 500 milliseconds for this to occur. 

Computing the amount of armature rotation which is possible under the 

constraint of the 500 millisecond armature extinction, the equation is: 

"min = 0.5 sec x 7.5 rev/sec x 360°/rev 

Aemin = 1350° 

Therefore the required gear ratio = 1 35 o0 input divided by 0.25' output = 

5400. 

Thus we can see  that a t  least a 5400:l gear reduction is necessary if the 

required tracking accuracy ia to bc obtaincd. 

Considering the horsepower requirements for  the motor, it is required 

that the motor be able to stow the collector in 3 minutes. This is to allow 

f o r  stowing of collectors under adverse weather conditions. The collector 



has  a total  possible angular rotation of 270°. The 3 minutes and 270' 

constraint yields 114 of a n  rpm as the required stow speed. A further  

requirement  is that the  motor  be able to  stow the collector in the 30 mph 

wind. It has been shown by aerodynamic considerations that the maximum 

torque which the  motor  must  overcome with the collector in a 30 mph wind 

is 806 ft, lbs. There fo re  the re  is approximately 0.057 horsepower requi.red 

at the output shaft  of the g e a r  reducer  in o rde r  to  stow the collector in the 
. . 

3 . .  

30' mph wind. Th i s  output shaft horsepower may be converted t o  input shaft 

horsepower by'consideration of the efficiency of the  gea r  reducer; this 
' 

efficiency is between 12-20 70 depending upon the gear  reduction chosen. 

F igure  3-30 shows the  efficiency of gearboxes with severa l  gear  reductions. 

T h e  bas is  for  th is  graph is manufacturers data on gearboxes in which input 

horsepower is given f o r  a specified input shaft speed and output torque 

speed are a lso  given. F r o m  the graph, it can be seen that in  the range of 

gear reductions f rom about 5000-7500: 1, the efficiency is approximately 

13-16 percent. Combining this  efficiency with our  required output shaft 

horsepower of 0.057 horsepower we s e e  that the required input horsepower 

is on the o rde r  of 0.44 horsepower fo r  the 7500: 1 reduction. It is on this 

bas is  that the 112 horsepower motor was selected f o r  this application. 

Another important consideration in the selection of the gearbox is the r e -  

quired output shaft s i z e  to  sustain the design torque loads of 800 f t .  lbs. of 

torque under a 30 mph wind condition. Under the assumption that the  gea r -  

box output shaft is of solid s tee l  construction, the required output shaft ' 

diameter  needed to  accommodate the 800 f t .  lbs. torsional load without . 

fa i lure  of the shaft has been calculated. This  calculation is shown in 

Table 3-5. 

Therefore,  to sustain a pure torsional load of 800 ft. lbs. ,  the required 

d iameter  of the output shaft is about 1-314". Lf the ultimate skiear s t r e s s  

of s t ee l  (12000 ps i )  is substituted f o r  the 9000 ps i  and the calculations a r e  

repeated for  the 30 mph wind'requirem'ent, a shaft diameter  of 0. 92 inches 



I ' 

Table 3- 5. Sample Calculation 

1000 2000 3000 4WO 
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- 

Figure 3-30. GEARBOX EFFICIENCY VS. GEAR REDUCTION 
RATIO 

Sample C alc ulat ion 

Compute shaft diameter  needed t o  sustain 800 ft-lb tors ional  load. 

Variable : Ss: shearing s t r e s s ,  psi 

T :  applied torque, in-lb = 800 x 12 

D: shaft diameter ,  in. 

C:  shaft radius, in. = D/2 

J: shaft sectional moment of inert ia  (in) 4 

- T *  C Ss - - J 

F o r  a solid shaft J = (7132) D 4 

('s ),ax for  s t e e l  is between 9000 psi  - 12000 psi. Using Ss= 9000 ps i  we find 

(800 x 12) (D/2) 9000 = 
( 1 ~ 1 3 2 )  ~4 

o r  
D = I. 76 inches 

This  is the required shaft s ize  t o  sustain 800 ft-lb of torsional  load with 
9000 psi  shearing s t r e s s .  - 



is required. These  two values define the design limits for the output shaft 

size. The chosen gearbox has an output shaft diameter which meets the 

design constraints. 

3. 5 . 4  Unit Controller 

This section describes the constituents of the unit contrnller* Fo l~ r  

principal subelements comprise the unit controller; sensors,,  manual 

control panel, the motor-gearbox actuator, and the contr~l . l . .~r  electronics. 

3 . 3 . 4 . 1  Sensors -- 'l'he sun sensor is a null type of device which provides 

switch closure information relating to the relative solar  image position on 

two phototransistors mounted on the sensor head. The sensor is mounted 

above the collector in a plane perpendicular to the collector aperture plane. 

This sensor  gives relative position information with respect to the sun by 

varying the shading of the two phototransistors. The control translates this 

position information ( see  Figure 3-31 )  into relay outputs that drive the 

motor until a balance condition exists. 

Figure 3  - 3  1.  SIMPLIFIED TRACKER CIRCUIT D1A.GRA.M 



The sensor  box is mounted by three  screws arranged in the tripod con- 

figuration. This  .allows for  alignment of the sensor  with the so lar  collecting 

system. Relay contact ratings a r e  115 VSC a t  5  amperes.  

The two phototransistors in the sensor  box (see  Figure  3-31 )  a r e  in a 

bridge circuit .  The irnpedence of the phototransistors var ies  a s  the 

amount of sunlight on them varies.  The shade mounted above the sensor  

box is a half c i r c l e  with concave sides that allow the phototransistor chip to  

be mounted directly below the outside edge of the shade. The shadow line is 

not.an on/off condition but follows the Cornu spiral,  where the change from 

light to shadow occurs  in about 20 thousandths of a n  inch. If the photo- 

t r ans i s to r s  a r e  placed such that they a r e  both exposed to  the sun when in 

the balanced consition, there  is a deadband in the output of the summing 

amplifier. If the t rans is tors  a r e  placed such that they a r e  both entirely 

shaded when the system is balanced, then again a deadband appears  in the 

output of the summing amplifier. Therefore,  it is necessary t o  place the 

phototransistors such that the  proper  response t ime in the output will 

occur when a desired accuracy is needed. Thus, it is imperative that the 

phototransistors a r e  properly' positioned in o rde r  t o  give the use r  the 

ability t o  select  the desired accuracy, within a given range, with the dead- 

band control in  the control box. 

A.lso, the phototransistors have a wide angle of response that allows the 

same sys tem accuracy to  be generated in the bridge circuit  fo r  any complete 

so la r  day that will give a shadow on the phototransistors. This  sys tem re -  

sponds to  the infrared frequencies f rom the sun. Thus, the sys tem will 

f i~nct ian  on 1.i.ghtly overcast days. 

The output of the summing amplifier is put into an  adjustable delay. 'I'he 

delay will be set  such that it will allow the system to overlook any temporary 

fluctuations in sunlight intensity, but yet fast  enough t o  give desired response 



i n  the servo loop. Too long a delay will result in hunting of the control, 

given that all other mechanical parameters a re  correct. The delay also 

avoids having both relays being energized simultaneously. 

The deadband control is the parameter used to adjust the accuracy of the 

system. By decreasing the deadband the accuracy of the system is increased. 

When the voltage from the delay circuit is out of the deadband area, it either 

turns one or the other of the relays on, depending on the voltage present at 

the comparators. 

The limit switches ("stow" and "max, travel") a re  positioned such that the 

collector asserribly will activate them at the design limits of desired collec- 

to r  angular excursion. Their activation signals the control electronics to 

modify its command signals to the actuator according to the mode of operation 

at  that time. In the case of "acquire" command, the maximum travel limit 

switch will cause the collector controller to reverse the motor. In the 

case of a "stowt1 command the stow limit switch activation will cause the 

controller to cease motor operation. If the system is not called upon to 

stow, the stow limit switch activation will be interpreted as  a signal to 

cause the motor to drive forward, seeking the sun. This case could be 

caused by a cloud passing over the face of the sun while the system is 

acquiring. 

The safety limit switches provide the self-protect function, They are  

mounted a t  the extremes of safe collector orientation (outboard of the "stow" 

and "max. travel" limit switches). When these switches are  activated, they 

interrupt the motor armature circuit and disable a latched relay wh ich i s  



also in ser ies  with the motor armature. Manual correction and reset of 

this latching relay i s  then required to permii  resumption of operation. 
, . 

Figure 3-32 describes the electrical circuitry involved in the safety limit 

switch arrangement. 

3.5.4.2 Manual Control Panel -- The manual control panel allows an 

operator t o  command five functions: 

1) .mode s e  lect: automatic/manual 

2) forward 

3) reverse  

4)  stow 

5 ) stow-reset 

6 )  manual override of safety limit switch 

u p i n  selecting manual mode a t  the unit controller. all  commands from the 

system controller a r e  disabled and the operator has complete control a t  

the :local unit controller. Once in the manual mode, the operator may 
," ;., ', 

. : ieq~est  forward o r  reverse rotation of the collector. This rotation is a t  

the highest speed available (stow speed). The forward-reverse switch is 
!; 

a 3iposition, center off, spring return type so  that the operator is required 
1' 

to &ld the switch in the "forward" o r  "reverse" position until the collector 
.. . ,. .:. 

attains the desired orientation. Release of the switch stops the collector 

motion. Through the activation of the "stow" switch the operator may cause 

the collector to stow. The collector will continue to drive toward the stow 

position until the stow position is attained o r  the operator activates "stow- 

reset". 

The "stow"/"stow-reset" switch is a center-off position, spring switch also. 

Stow commands a r e  executed a t  stow speed (318 rpm). Figure 3-33 describes 

the manual control panel a t  the unit controller. The manual override switch 
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allows the operator to reinstate the motor o r  armature circuit and back the 

collector off of the safety limit switches. Once the safety limit switches a r e  . 

in their normal state, the latching relay holds the armature circuit intact. 

3.5.4.3 Actuator -- The actuator consists of a 1/2 hp, variable-speed dc 

motor, associated control' electronics, and .a 7500:,l gear .train. The combi- 

nation of these elements was selected to satisfy jdintly the requirements fo r  

tracking accuracy, stow speed capability, and collector wind-induced torque 

balance requirement. 

' .  

The motor is a shunt field, 1/2 hp, motor rated at 90 vdc armature and 100 

vdc field voltages. Control electronics for the motor provide variable 

speed and reversing capability. Dynamic armature braking and armature 

current  protection a r e  provided by the motor control electronics. A 

standard SCR. full wave bridge technique is used to provid'e speed control. 

An auxiliary circuit is incorporated to ensure that plugged rotor conditions 

do not occur due to too rapid armature current  reversal  attempts on the part 

of the controller. . . 
.. I 

. . 

3. 5. 4.4 ,Unit -Controller Electronics - -  The unit controller controls the 

collector drive via signals from the sun tracker and commands from either 

the manual control panel o r  the system controller. The inputs from the 

system controller a r e  interrupted by a relay which is energized when the 

manual mode is selected a t  the unit controller. The inputs from the system 

controller a re  parallel signals to the manual mode switches a t  the unit 

controller. Manual mode functions a r e  manual/automatic mode select, 

forward/reverse collector rotation, stow control and motor control. There 

is also a manual reset  for the s tar t  lock-out latch. The function of the 

s ta r t  lock-out latch is to inhibit collector rotation in the event that the 

collector is on the maximum limit switch. The System Controller Enable 



input is a control signal which allows the unit controller to assume control 

and perform the "acquire" function. The System Control Enable signal 

generates a pulse which rese t s  the stow command latch and generates a 

power on signal which is used to  se t  the t r ack  mode latch. The function 

of the t rack  mode latch i s  to  change the speed from the acquire speed 

(114 rpm), which is the top speed of the collector, to  the slower tracking 

speed (1 / 1 6  r p m )  required for  maintaining tracking accuracy. The  inputs 

t o  the unit controller electronics f rom the t r a c k e r  electronics have the 

following functions: 

1) determine the direction of rotation of the collector 

2 )  generate a signal to  t r i p  the t r ack  mode latch which indicates 

t o  the unit controller that the sensor  has acquired the sun and 

that the speed should be shifted f rom acquired speed to  the 

t rack  speed. 

Tracker  electronics a r e  also used to  generate forward and r e v e r s e  com- 

mands and power on-off commands, that is power on o r  off to  the motor. 

Motor control relays, that is the power on-off re lay  and the forward-reverse  

relay a r e  connected such that when the t racker  has achieved a null s ta te  

the power on-off relay is switched s o  that no power is available t o  the motor. 
r 

The forward-reverse relay is then dropped into the reverse  direction s o  

that in c a s e  of component failure of the sys tem will re turn  to the stow mode. 

If the maximum limit switch is activated, "Max Trave l  Limit Switch" 

circuit  is interrupted causing the power on-off relay to be disengaged. The  

second function of the "max. limit" switch is t o  r ese t  the stow initiate 

latch which then pulls in the stow re lay  which subsequently pulls in  the 

power on-off relay. There  is a twenty-second delay circuit  between the stow 

initiate latch and the power on-off re lay  to  allow sufficient t ime f o r  a r m a -  

tu re  current  extinction in the motor. Subsequent to  th is  action, logic has 

been engaged to  put the system in the reverse  mode s o  that the collector will 



return to the stow position a t  the stow speed. Speed control is  selected by 

the stow speed relay; The motor speed control is effected by the stow 

speed relay and switches two combinations of resistors into the motor 

controller circuitry by means of the stow speed relay. 

3.5.4.5 Voltage Requirements -- Unit controller voltage requirements 

are: 

1) 11 0 vac for  motor and motor controller 

2) +5 vdc digital logic electronics 

3) +28 vdc for relay logic/switching 

The 11 0 vac and 28 vdc power is bussed to the unit controller via field 

wiring. The +5 vdc is generated internal to the unit controller, from +28 

vdc, using a standard logic power regulator. 

3.5.4.6 Unit Controller Mechanical Design -- The unit controller electro- 

nics is housed in a NENLA 12 water-tight enclosure measuring 2 0 " ~  x 24"H x 

8"U. 'Yhe manual control panel and the required electronics cards for the 

unit controller a r e  mounted on the door of the water tight enclosure to 

facilitate maintenance and operation. Terminal s t r ips  a r e  mounted on the 

r e a r  portion of the water tight enclosure to facilitate cabling and electrical 

wiring between the motor, sensors, limit switches, signal busses from the 

system controller and the field power distribution system. The field power 

and system controller signal bus entries into the enclosure will be rade by 

means of conduit a s  specified on the overall electrical installation drawing 

of the field. Inputs f rom the sensor, limit switches and the motor control 

outputs a r e  passed out through the enclosure by means of water-tight strain 

relief couplings. Figure 3-34  depicts the mechanical housing of the unit 

controller.  



Figure  3 - 3 4 .  COLLECTOR UNIT CONTROLLER 



3.6 SYSTEM OPERATION AND MAINTENANCE 

3.6.1 Sequence of Operation 

F o r  purposes of this discussion the operational sequence is divided into 

two parts; 1) normal operation and 2 )  abnormal operation. In the normal 

operational mode we will consider day and nlght operational statud . uhring 

the night, the system controller will be in the automatic mode, the collec- 

t o r s  will be stowed and a l l  pumps will be off. The 110 vac supply voltage 

and 28 vdc supply voltages will be present at the unit controllers. The 

sensors  will be activated for  control and data acquisition, but because of 

the lack of an "enable" signal, the unit controllers will remain dormant. 

After sun-up when the illumination exceeds the preset limit and the wind is 

below 25 miles per hour, the system controller checks the status of the field 

pressure .  If field pressure  is between specified limits, then the field 

pump is enabled. When field flow is verified, the collector field is enabled 

on a quadrant-by-quadrant basis.  The enable command to the collector 

field then causes the collectors to  unstow (on a quadrant to quadrant basis). 

Subsequent to the unstow of the collectors the unit controllers will take over 

control from the system controller to acquire the sun. When the sun has 

been acquired by the tracking sensor the unstow operation ceases and the 

xnit controller changes to the track mode. Under normal conditions the 

sensors  will cause the collector to track the sun a s  it r i ses  towards the 

zenith and through the day until sunset. During the time that the collectors 

a r e  tracking, fluid in the high temperature water loop is heated in the absorb- 

e r  tubes. The field flow pump t ransfers  the water through the collector loop 

t o  the steam generator. Heat is extracted from the collector loop and 



. transferred to water in the steam generator. Steam is,generated at process 

conditions and piped into the slasher &&ifold. 

The feedwater pump maintains liquid level with feedwater and this operation 

continues throughout the day with the high temperature water loop collecting 

solar  energy and transporting it to  the steam generator for  the production 

of the process steam. A t  sundown, which is determined when the illumi- 
I 

nation drops below a preset threshold, a stow command is sent from the 

system controller causing the collectors to stow. The system controller 

also disables the field pump and returns the collector field to the nighttime 

status a s  described ear l ier .  

Certain abnormal conditions may exist in which the system controller is 

required to protect the collector field from possible damage due to high 

winds, high temperatures, high pressure, field pump failure, freezing 

conditions in t& field, and combinations of these/ events coupled with the 

possibility of loss of primary power. When the wind r ises  to over 30 miles 
an hour and wind velocities of this magnitude persist  for more than 

seconds, the system controller automatically stows the field. Whe 

winds deminish, the field will again unstow. If the water loop tempesature 
r i ses  above a preset threshold, o r  there a r e  pressure excursions beyond 

the normal limits, o r  a field pu&p failure occurs, the system controller 

will command the collector field to stow. Any of these latter conditions 

will require a manual reset  of the system controller a t  the system con- 

trol ler  manual control panel in order to reinstate normal field operating 

condi t ions ,  

In the event that freezing conditions occur in tee field the sy'stem controller 
8 

enables two immersion heaters located a t  the extreme ends of the field to 



operate and provide heat to  prevent the field -loop from freezing. In the 

event that normal pr imary power is  in terppted,  the stand-by generator is 

activated. Power from the stand-by generator activates the system controller 

and causes the collector field to stow. The system controller is maintained 
I 

in an active state by power from the stand-by generator until such time a s  

the normal primary power comes back on line. After the norAal primary 

power is reinstated a manual reset  is required to res tore  n o h a l  operating 

conditions at the system controller. The operational sequence is summarized 

in Table 3 - 6 .  

3. 6. 2 Maintenance 

6 .  

The maintenance requirements of the textile drying solar  system a r e  ex- 

pected to  be minimal based upon the past experience of Honeywell with other 
I 

solar  systems. The maintenance schedule for  the westpoint' Pepperell 

application is planned to include brief visual inspections and more thorough 

quarterly maintenance programs. The anticipated maintenance requirements 

a r e  discussed in the following text, and a more detailed maintenance 'schedule 

will be developed during Phases I1 and I11 of the program a s  no system of 

this type currently exists. 

3 . 6 . 2 . 1  Visual Inspection -- During the f i r s t  year  of operation a daily visual - - --.- % s-d --. 
inspection of the system is anticipated. This will consist of a walk-through 

tour  observing the hardware for damage, wear, and/or malfunction. Parti- 

cular  attention will be given to those components with moving parts, bearings, 

and seals .  Unusual vibration and noise would indicate potential pump pro- 

blems. Similarly any fluid leaks through valves, swivel joints, and flexible 

hoses would indicate that the seals  o r  other elastomeric parts  need replace- 

ment. The pipe insulation will also be inspected. If any a rea  of the insula- 

tion is damaged it will be repaired during this daily maintenance program. 
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T A B L E  3-6. S Y S T E M  O P E R A T  1ONA.L S E Q U E N C E  

. d 

A. Nighttime Status 

Control in  automatic 

Collectors stowed 

Pumps off 

110v supply on 

28v control supply on 

Sensors active f o r  control and data collection. 

B. Sun-Up 

When illumination i s  above preoet lcvcl, 

and wind i s  below preset level. 

and system pressure  i s  within limits; 

TURN ON FIELD PUMP. 

When field flow i s  verified; 

TURN ON COLLECTOR FIELD. 

C. Unstow (Acquire) 

Collector control t ransferred to  unit controller 

Collectors rotate to unstow 

Tracking sensor  monitors sun position 

Unstow ceases  when tracking sensor nulls. 

D. Tracking 

Collector t racks  forward and/or reverse  with control from 

t racker  

Fluid in HTW loop ia heated in receiver  tube 

Flelll flow pu111p 1rallufe1'u water P I . U U I ~  CUUBCLU~ 

loop and to steam generator 

Heat i s  t ransferred to  water in s team generator 

Steam i s  generated at  process conditions and piped 

to  slasher manifold 

Feedwater pump maintains liquid level wlth feedwater 

Operation continues throughout day with HTW loop 

collecting solar  energy and transporting it to s team 

generator for  production of process steam. 

E. Stow (Sun-down) 

Illumination drops below preset level 

* Stow command sent from system controller 

Collectura aluw 

Field flow pump turns off 

System in Nighttime statue (A ). 



Instruments such a s  pressure guages, temperature guages, and liquid level 

indicators will be observed to verify that the entire solar  system is operating 

normally. The reflective surface of each collector will be inspected to check 

for  excessive dust deposits o r  spotting which tend to reduce the performance 

of the collectors. This condition will be corrected initially by washing the 

surface on an as-needed basis  and later  on a defined schedule. The c o 1 . l ~ ~ -  

t o r  reflector surface will be inspected f o r  any structural damage such as  that 

caused by flying objects (stones, etc. ). 

3. 6 .2 .2  Quarterly Maintenance -- In addition to the regular visual inspec- 

tion of the solar  system a quarterly preventive maintenance program i s  

anticipated. F o r  this program, maintenance will be conducted when the 

system is not operating such a s  during the normal weekly shut-down period 

(Sunday). At this time the steam generator will be drained and refilled to 

remove the non-circulating portion of the fluid reservoir.  Once a year a 

thorough inspection of the steam generator may be needed. 

Collector drive system gearbox lubrication, the drive motor, the HTW 

circulation pump, and the feedwater pump would be serviced a t  the interval 

recommended by the manufacturer. This includes inspection and lubrication 

on an as -required basis. 

Those components with elastomeric parts  will be checked a t  this time. 

This is particularly applicable to the flexible hose assemblies which join the 

cullectors to the supply and return headers, and the rotary joints. Those 

hoses o r  joint seals  with noticeable deterioration will be replaced with new 

assemblies. 



3.7 SYSTEM PER.FORMANCE 

3.7.1 Energy Collected from the Solar Field 

To predict the performance of the solar  system the following infor- 

mation is necessary. 

a Solar insolation at location (both instantaneous 

and integrated ) 

a Direct component of insolation 

a Solar collector performance 

a System thermal losses 

Typically, the insolation data f rom the actual location of the solar  system is 

not available. Moreover, if the total insolation data were available the 

direct and diffuse components of the available insolation need to  be deter- 

6 ined  for which only a few models exist and these give differing results.  
. . 

F o r  the purpose of this project, a simulation approach is used in which a 

.. '.blear a i r  model is modified by the weather data. The simulation technique, 
. . 

developed ear l i e r  at Honeywell under ER.DA Contract No. W-7405 -ENG- 92 

(SUNSIM) is based on the ASHR.AE procedure, and uses the weather data 

provided by the National Climatic Center and the radiation model due to 

Kimura and Stephenson to modify the c lear  a i r  predicted insolation. The 

output of the simulation is the direct component of the solar  energy available 

for use by the concentrating collectors. 

The single axis tracking collector used in this design, continues to undergo 



testing under an internally funded Honeywell program. Based on the test 

data taken on the collector and the design of the collector for installation at 

the Westpoint Pepperell facility, Figure 3  - 3  5 displays the expected efficiency 

against operating temperature. The various optical component efficiencies 

reduce the amount of energy at the receiver wall to 70 percent of that 

intercepted by the collector aperture. A further reduction in collector 

efficiency is experienced due to the thermal losses from the collector 

absorber.  A detailed description of the thermal loss analysis is given later  

in this section. A t  the design point of 380°F, a peak collector efficiency of 

6 4  percent is  expected. Equation 3 - 1  define's the collector performance on 

an instaneous basis and incorporates the effect of receiver thermal losses 

and end losses due to  single axis tracking. 

f tan CY 
9 = C O p ( l  - ) - Q/L L QDIR. H 

where 

7 = collector efficiency 

= optical constant 

f = focal length 

(Y = sun angle with normal to collector 
aperture 

L = length of the collector 

H = width of the collector aperture 

&/L = heat loss per  unit length of absorber 
length 

Q~~~ 
= direct coniponent of solar  flux intercepted 

by collector aperture 

A detailed time point by t ime point thermal analysis of the solar  system 

transport  loop was also performed. 
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Figure 3-35 .  EXPECTED COLLECTOR EFFICIENCY 



The collector efficiency defined by equation 3-1 was included in the 

simulation. The system thermal losses were then included in the analysis 

to determine the amount of steam that can be generated at the installation 

site. At the chosen design point of 2 p. m. on September 2 1, the solar  

system is expected t o  provide 544 kg/hr (1200 lb /h r )  of steam. On the 
basis of the computation of the energy collected over the entire year, 

G 9 
1. 3 x 10 MJ (1. 2 x 10 BTU1s) of steam is expected a t  the process. 

Table 3-7 summarizes the solar field performance data for Fairfax, 

Alabama. 

3 . 7 . 2  Verification of the Simulation Approach 

F o r  conducting the economic analysis, data were provided by ERDA for  

the measured insolation a t  two locations, namely, Albuquerque, New Mexico 

and Omaha, Nebraska. The tabulation provided included the total radiation 

and also the direct component available to an East-West axis horizontal 

tracking concentrating collector. Also, weather data tapes of the type 

used in our  simulation approach a r e  available for these two locations. 

Table 3-8 shows the insolation available in BTU's per square feet per year 

at the collector aperture aligned East-West obtained by our simulation 

approach. Included in Table 3-8 is the insolation available a s  calculated 

f rom the data provided by ER.DA. It is seen that for  the two cities mentioned 

the data matches quite closely. This comparison is a verification of 

the simulation used to  obtain the direct component at Fairfax, Alabama 

based on an Atlanta 1952 weather tape. 



Solar Energy Available and Delivered to 

Process in' the Form of Steam, Fairfax, Alabama 

QAVAIL 
(365 days) 

QAVAIL 
(300 operating days) 

QPROCESS 
(In form of steam) 

Peak B~~/sq.ft./hr. 

282 

- 

282 

130 

BTU/sq.ft./yr. 

394,900 

324,600 

149,300 

Total BTU/yr. 
(8313 sq.ft.) 

3.3 x 10 
9 

2.7 x 10 9 

1.2 lo9 



Table 3-8. Solar Flux Available at Collector Aperture, 
BT U/square foot/'year 

Location ----r 

Qavail by 
simulation 

Qavail from 
ERDA data 

Albuquerque 
(Kew Mexico) 

639,300 

629,500 

Fairfax (Alabama) 

372,400 

N. A .  

Omaha (Nebraska) 

410,600 

401,200 



3. 7. 3 Effect of Collector Orientation North 40° Eas t  

The collector field of the Westpoint Pepperel l  installation will be aligned 

square  with the building number 3 roof. This building is oriented with its 

longest wall a t  an  angle 40° east  of north. With the collectors mounted in 

line with the roof, the axis  of rotation of the collectors will be oriented 

40' north of  west. The predicted performance of the collector field was 

examined with the collectors in this orientation and was compared with 

t ruely E-W oritented collectors. F igure  3-36 presents  a performance 

measure  for  day 173 (June 21) f o r  the Fairfax, Alabama latitude. This  

performance measure  is the cosine alpha functions (effect of the angle the 

sun makes with the normal t o  collector aper ture)  over  the so lar  day. In- 

cluded on the axis  is the average cosine @ value for  the  day. Cosine alpha 

is the measure  of orthogonality of the collector sys tem with respect  to  the 

sun line-of-sight with the collector location. In all, th ree  days were  

investigated; 3/21, 6/21, and 12/21. F o r  3 /21  and 6/21, the average 

cosine a value is g rea te r  for  the 40° orientation than the east-west 

orientation. On 12/21 the 40' orientation gives a smal le r  average cosine a. 

This effect can be seen in Figure 3-37, a plot of the energy collected pe r  

collector f o r  each of the two field orientation cases.  This graph, obtained 

by integrating the daily energy collected per  collector, shows that the two 

orientations collect almost equivalent amounts of energy over the year .  

This  can be seen by the average values of these curves which a r e  shown on 

the ordinate of the graph. The 40' north-of-west orientation shows some- 

what m o r e  variability during the year  then the east-west orientation. This 

investigation was conducted through the use  of the simulation program which 

uses the c lear  a i r  model for  the insolation to  eliminate the affect of weather 

variability. 

F igure  3-38 is a yearly plot of the end loss  measure  of the concentrating 

collector fo r  the two orientations, E-W and aligned with the building (40' 
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Figure  3-36.  COSINE ALPHA VS. T IME O F  DAY FOR DAY 173 
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Figure 3-37. ENERGY COLLECTED VS. TIME OF YEAR* 
(Single Collector) 
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Figure 3-38.  AVERAGE ENERGY LOSS MEASURE VS. DAY OF YEAR 



north of west). Average values of the curves a r e  shown on the ordinate. 

It is seen that the average end loss is less  for the 40° north of west orienta- 

tion. 

3.7.4 Thermal Losses from the Collector R.eceiver 

The heat losses from the receiver can be divided into three components; 

a )  conduction through the insulation, b)  convection in the aperture opening, 

and c )  radiation from the aperture. TO 'estimate the heat losses the follow- 

ing assumptions were made; 

a) the surface of the absorber is at a uniform temperature TI ,  

b)  the outer surface of the receiver is at a uniform temperature T2, 

c )  the heat transfer  is one dimensional, and 

d) the aperture window is black in the infrared. 

Conduction through the insulation -- The heat t ransfer  by conduction 

f rom a circular  tube completely surrounded by insulation is given by 

where 

kI = thermal conductivity of the insulation 

L = length of the tube 

Q, = heat loss by conduction 

rl = inner radius of the insulation 
(or  absorber tube radius) 

r2 = outer radius of the insulation 



T I  = temperature at the inner surface of the 
insulation (or  absorber tube temperature) 

T 2  = temperature at the outer surface of the 
insulation. 

F o r  the receiver design described herein, approximately 78  percent 

of the circumference of the tube is insulated. 

Therefore the conduction heat loss, Qcond, is given by 

Convection i n  the aperture region -- The heat transfer mechanism in 

the aperture region is free convection. However, the convection 

process can be expressed in the same form as  conduction by the intro- 

duction of an "effective thermal conductivity", ke. Using this procedure 

and observing that approximately 22 percent of the total circumference 

is aperture, the heat loss by convection in the aperture, Qconv, can be 

expressed as  

Qconv 0.22 (2a) ke (TI - Tg)  

The equivalent thermal conductivity is a function of temperatures, a i r  

properties, aperture dimensions and the orientation of the warmer and 

cooler surfaces. For example, when the receiver aperture fa.ce.9 dnwn- 

ward (i. e., the hotter absorbe:: tube is directly above the horizontally 

oriented window) the a i r  in the aperture region is relatively stable. 



Therefore, in this case the equivalent thermal conductivity is approxi- 

mately equal to  that of still a i r .  

If the receiver is rotated from this position, such that the hottest 

surface is not at the extreme top of the enclosed a i r  space, f ree  con- 

vection begins to occur and the equivalent thermal conductivity 

increases. ' 

This variation due to orientation can be approximated by equation 3-5 

from ~ e f e r e n c e  2, 

ke ke, (Q=o)  - = 1 + (  - 1 ) cos 8 (3-5) 
kair  kair  

0 - < 8 < - 3r/2 

where 

kair = thermal conductivity of a i r  

8 = angle between the normal to the 
aperture and the horizontal (see 
Figure 3-39) 

Based on the current design and information presented in R.eference 3, 

it is estimated that 



Figure  3-39.  Definition of Angular Orientation 8 

Substituting th is  value into equation (3-5) r e su l t s  in  an  es t imate  of the 

effective t h e r m a l  conductivity 

T h i s  value is then used in equation (3-4) to  predict  the  convection heat 

loss .  

Radiation heat  l o s s  -- The net radiation heat l o s s  was calculated using 

the  radiosi ty  approach, taken f r o m  Reference (4). The  g lass  ape r tu re  

cove r  was a s sumed  to  



be black at the wavelengths in  which the radiant heat exchange occurs .  

The  edges o r  su r faces  of the insulation, which f o r m  the s ide walls  of. 

the aperture ,  w e r e  included in the radiation calculation. The  temper-  

a ture  of these sur faces  was  t rea ted  as constant but u n k n ~ w n  and they 

were  assumed to be black. The radiation heat loss ,  Qr, was  calculated 

t o  be given by 

where 

A, = uninsulated a r e a  of the abso rbe r  tube 

E = in f rared  emittance of the abso rbe r  tube 

o = Stefan-Boltzmann constant 

The  denominator of the right hand s ide  of equation (3-8) ( i .e . ,  1 + 0.256) 

r e su l t s  f r o m  the inclusion of the s ide walls  of the  aper ture  in  the 

analysis.  If they had been neglected, the denominator would have been 

unity. F o r  the cu r ren t  configuration the  uninsulated area ,  Ar, is 

Therefore  

Tota l  heat t r a n s f e r  -- The total  heat loss,  Q, f r o m  the r ece ive r  is given 

by the s u m  of the conduction, convection and radiation los ses  expressed  

by equatione (3-3), (3-4)  and (3-10) respectively.  That  is, 



and 

k e = k  ( 1 + 2 . 5 c o s 8 )  a i r  

The outer surface temperature of the insulation, T2, will be very close 

to, but slightly above, ambient temperature. The maximum heat loss 

will be predicted by assuming that the temperature T 2  is equal to 

ambient temperature. The outer surface temperature can be corrected 

by assuming the receiver to be a cylinder i n  cross  flow with the air  

velocity equal to the wind speed. However, doing this correction for 

a minimal wind speed of 15 mph only reduces the predicted heat loss by 

5 percent. Increasing the wind speed reduces the correction. Equation 

(3-11) along with the equation (3-1) and (3-6) were included in the simu- 

lation to arrive at the best possible estimate of yearly energy collected 

by the solar system. 



3.8 IMPACT O F  SYSTEM O N  PR.OCESS ENERGY REQUIREMENTS 

3.8.1 A t  the WestPoint Pepperell, Fairfax, Alabama Mill 

A s  discussed in detail in Section 11, the cylindrical can dryer operation at 

the Fairfax, Alabama mill averages 1905 kg/hr (4200 lbs per hour) of 

0.5 x l o 6  Pa  (70 psig) steam usage for 72 dry cans. For  three slashers 

(21 drying cans) this represents a requirement for  1162 MJ/hr (1.1 x lo6  

BTU/hr). The proposed solar  system is expected to supply 1200 lbs. per 

hour. peak (every c lear  day) to the process. This represents 11 38 MJ/hr 

(1.08 x l o 6  BTU/hr) supplied o r  98% of the three slasher demand during 

peak solar  conditions (and 29% of the total average slasher room demand). 

Over an eight hour day, the three slasher process requirement is 9296 MJ 

(8.8 x l o 6  BTU). At the equinoxes, the solar  system is  expected to supply 

7,968 MJ (7.56 x 106 BTU) which is 86Y0 of the average demand. during that 

8 hour period (and 2570 of the total s lasher room demand). 

using WestPoint Pepperell data for 1976, the day shift requirements for process 

energy for  three slashers over a complete year is  2.8 x l o 6  MJ (2.65 x 10 
9 

BTU). Based on the Atlanta weather data a s  described in Section 3.7, the 
9 proposed solar  system will supply 1.3 x l o 6  MJ (1.2 x 10 BTU) over a yeark 

period. This represents 4670 of the three-slasher demand and 1470 of the 

total s lasher room process energy requirement a t  the Fairfax, Alabama 

mill. 



The total  annual demand for steam at the Westpoint Pepperell Fairfax, 

Alabama mill was 5 x l o 9  lbs. steam (in 1976) o r  4.5 x 1012 BTU/year 

(4.6 x 10' M J ) .  Steam usage at 0.5 x l o 6  P a  (70 psig) o r  , less i s  2.3 x 10' 

MJ/yr. (2.2 x 10' BTU/yr. ). The solar  demonstration project is expected 

to  provide 0.170 of thislat ter '  demand. 

3.8.2 Industry Wide Impact 

The U. S. textile industry consumes 115 trillion RTU's annually in textile 

drying-related operations. Over 5070 of the material used in weaving goods 

is dried on s lashers  using cylindrical can dryers .  The U. S. Department of 

Commerce R.eport No. MC-72 contains statistics under the heading  exti tile 

Machinery in Place a s  of December 31, 1973" that state that 1056 Slashing 

and Sizing machines were in place on that date. Furthermore, statistics 

f rom the Department of Commerce Bureau of Census state that the average 

production of broad woven goods over the period .l971 to 1975 was 10, 800 x 
6 10 yards.  At 2.31 yards per pound, the production was 4700 x lo6  lbg. of 

a n .  Since approximately 60% of this yarn is processed on a slasher, 

2800 x lo6 lbs. was dried on cylindrical can dryers.  Using the ratio of 2.0 

lbs. of steam per lb. of yarn (from Figure 2-91 5.6 x l o 9  lbs. of steam o r  

5 x 1012 BTU per year  were consumed in the slashing process. Therefore, the 

selected process, slashing, represents a use of process heat that consumes 

a significant amount of energy. 



3.9 MODIFICATION T O  BUILDING R.EQUIR.ED 

Modifications to  the Westpoint Peppere l l  mi l l  at Fairfax,  Alabama in the 

installation of the s o l a r  sys t em will  be  minor .  They a r e  summarized  thusly: 

access  door  between landing and weave room roof 

passage of pipes (s team, condensate, conduit) through 

wall  between penthouse and building no. 2 

passage of waste  dra in  pipe through weave room roof 

and f i r s t  f loor  

0 '  passage of emergency generator  exhaust pipe through 

outside wall  

passage of feedwater pipe out of existing building to  

penthouse 

f he a c c e s s  door  wil l  be a 3'6" by 7l0" f i redoor .  The  opening in the existing 

masonry  wil l  be placed at a previously bricked-in window. Details of the  

specifications f o r  th is  modification a r e  given in Division 4, Masonry and 

Division 8, Doors, in  the Specifications and Drawings. 

Specifications f o r  the passage of pipes through floors,  walls, and roofs a r e  

given in Division 15, Mechanical, (Section 151 0.05) and Division 16, 

Electr ical ,  (Section 1601.14). 

The addition of the s o l a r  col lector  field supports atop the weave room roof 

is not considered a modification to  the building. The  support s t ruc tu re  is 



designed to support the loads without modification to the building and without 

requiring cutting holes through the roof. The detailed description of this 

addition is in Section 3.4.  

Similarly, the penthouse on the weave ,room roof, the steam and feedwater 

pipes in the building, and the annunciator panel in the machine shop a re  

considered additions to the existing capital equipment and not a s  modifica- 

tions to  the building. These additions a r e  discussed in detail elsewhere in 

Section 111. 
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3.10 INTERRUPTION TO PROCESS FOR INSTALLATION 

No interrupt to the textile drying process will occur due to the installation 

of the solar  system. The critical nature of the drying process within any 

textile mill demands that no interruption occur. Therefore, the solar  

system was designed to feature a simple interface between the solar  system 

and the existing system and thereby elminate any interruption to the process. 

- 

The textile drying process in the slasher room is a. continuous, 24 hour a day, 

six days a week operation. On Sunday, the mill shuts down and the interface 

points can be modified.. The main connection is a t  the 5-inch steam line 

that acts  a s  the manifold for the slashers. This steam line runs along the 

ceiling of the basement floor under the slashers. Under Westpoint . 

. Pepperell'supervision, this line can be cut and a "T", with a valve, installed 

on a Sunday. .With the valve closed the drying process will continue un- 

, interrupted a s  the remainder of 'the solar  steam line is installed during 

weekday working hours. 

Similarly, a condensate line connection will be made with a 'IT" and a valve 

in the same a rea  of the ceiling. This.work will also be conducted on Sunday. 

The feedwater pump fitting will also be added to the existing receiver on a 

Sunday when the mill is not in operation. This work is minimal and will not 

. . interrupt the drying process o r  any other process in the mill. 

Figure 3 -40 illustrates these three interface points. 

The electrical connection to the westpoint Pepperell power line a r e  designed 

to isolate the solar  system for data analysis purposes. This connection will 

also be done on Sunday and no ifiterruption to the process o r  the mill will 

occ11r. 
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Figure 3-40: INTERFACE POINTS - SOLAR T O  EXISTING 



During the installation of the solar  system at the Westpoint Pepperell 

facility, employees of the General Contractor will be on and around'the 

building, in the halls, and using the access to the building. Additional equip- 

ment will be on the grounds. However, any minor disruptions that occur 

will be typical of this general type of work (i. e. ,.- installation of another 
f 

steam line, additions to a roof) and not be aggravated by the inclusion of a 

solar  system. 



3.11 TEST PLAN , 

A. preliminary test  plan was developed in this studysfor use in defining the . . 
instrumentation requirements. This test plan is described briefly below. 

The Phase 111 ijperation and test will be directed7to:two objectives: 

provide solar produced steam to the process 

monitor performance of the system 

The system will be adjusted and "tuned" during the set-up and checkout 

period in Phase 11. This will include balancing the collector flows and 

setting the field flow. Further adjustment of the operating parameters will 

not be scheduled during Phase 111 but can be conducted if necessitated by the 

change in solar insolation with season. Phase I11 will emphasize steam 

production and data collection rather than experimentation and modifications. 

System performance is monitored by fourteen sensors as described in 

Section 3. 3, Instrumentation. The function of each sensor in the test plan 

and the data analysis is described in the following paragraphs. 

Temperature Sensors -- The temperature sensor data will be plotted 

versus time (eight sensors, eight curves) for each day of operation to 

allow viaual inspection of the system warm-up. opesatioa. and cool- 

down, and for comparison with similar plots of illumination versus 

time. Figure 3-41 is an example of how the temperature data is expec- 

ted to look. 
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The solar collector field input and output temperature (TI and T3) will 

be used in calculating the performance of the solar collector field sub- 

system. The rate of energy collection by the field, Qc; will be deter- 

mined as  a function of time using the following relationship, 

where 
. . 

Qc = rate of energy'collection by the collector field 
(MJ/hrs) o r  (BTU/hr) 

M = HTW flow rate (kg/hr) o r  (lbs/hr) o r  (GPM) 

Cp = the specific heat of the fluid 

- - 2.4  M J  

kg. OC 

= ( 1.0 
BTU 
Ib.OF' ) 

ATc = temperature differential (OC) o r  (OF) 

The solar steam line temperature (T6), and the feedwater temperature 

(T7), will be used in calculating the overall performance of the system 

in terms of the rate of energy delivered to the process.' 

. - 
Q~ = m(cp ATp + hf ) 

g 
where 

Qp = rate of energy delivery to the process 
'(MJ/hr) o r  (BTU/hr) 

m = steam flow to process (kg/hr) or (lbs/hr) 

ATp = the temperature differential (OC) o r  (OF) 

h f ~  
= heat of vaporization (M.J/kg ) o r  ( B T T J / ~ ~ )  



The value ATp will be relatively constant and the flow rate mwill be 

integrated to determine the total amount of energy delivered per day. 

Ep = m (C ATp + hf ) P g 
where 

m =  the amount of steam delivered to the process per day (kg) 
o r  (lbs) a s  determined by the flow meter integrator. 

These performance values will be plotted versus time, Qc and Q on an P 
hourly basis and Ep on a daily scale. Figure 3-42 is an example of Qp 

vs. time taken from the performance prediction. 

Pressure Sensors -- The pressure sensor data will be plotted versus 
. 

time (two sensors, two curves) for each day of operation to allow visual 

inspection of the system changes in pressure with temperature change 

and time. Figure 3-43 is an illustration of representative plots. The 

solar steam pressure, P2, will be used in calculating the performance 

of the system. The value of the heat of vaporization, hfg, in equations 

(2) and (3) will be determined by the pressure from sensor P2. 

Flo'w Sensors -- The flow sensor data will be plotted versus time (two 

meters, two curves) for each day of operation to allow visual inspection 

of the system performance in terms of steam flow provided to the pro+ 

cess. The flow in the existing steam line, taken from the existing 

sensor F2-will be recorded on the solar data collection system in addi- 

tion to its existing recorder at the mill. The solar steam flow, F1 will 

be used in calculating the performance of the system. The value of m, 

the steam flow i n  lbs. per hour will come directly from sensor F1. 

Figure 3-44 shows one example of a)  existing flow taken from Westpoint 
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Figure 3-42. POUNDS O F  STEAM PRODUCED VS. TIME O F  DAY 
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Pepperell data and b) predicted solar steam flow a s  determined in the 

performance analysis. 

Radiation Sensors -- The radiation sensor data will be plotted versus 

time (two sensors, two curves) for each-day of operation to allow 

visual inspection of the illumination levels and comparisons with other 

data. This data will provide a data base of total and direct normal 

incident radiation not currently available for the Alabama-Georgia 

locality. 

The direct solar insolation on the collector plane, Id, will be calculated 

from the direct normal data, 12, using cosine a, factors calculated from 

the known positions of the sun and the collector field. This parameter 

(Id) will be plotted versus time. 

The solar collector field efficiency at given points in time will be 

calculated from 

where 

'Ic = the efficiency 

Qc = the rate of energy collected as  calculated i n  
equation (3-12) (MJ/hr) or  ( ~ ~ U l h r )  

Ac = the area of the collector field 
(m2) o r  (ft2) 

Id = the direct solar insolation on the collector 
plane (MJ/hr. m2) o r  ( B T U / ~ ~ *  ft2) 

The total solar system efficiency, at given points in time, 'I syat, will 



be calculated from 

where 

"yst = the energy available -to -energy provided to 
the process ratio 

QP = the rate of energy delivered to the process a s  
calculated in equation (3 - 13) ( M J /  h r )  or (BTU lhr )  

Using data from the pyroheliometer integrator and the process steam 

integrator, average values of efficiency over a days time will also be 

calculated. 

Solar system efficiency as  a function of the total incident radiation may 

also be calculated using the data from sensor I- 1. 

Graphs of solar system efficiency versus the operating parameter O P  

will bc generated whoro 

and T8 is the ambient temperature. This plot is expected to be a family 

of curves forming a band of expected performance. Figure 3-45 is an 

illustration of the form this curve will take. 

R.eco-rder -- The data collection system is designed for complete 

compatibility with the Solar Data Acquisition System (SDAS) currently 

being developed by ER.DA. This system will be used for data collection 
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P A R A M E T E R  CURVE 



if it is available when needed. If the SDAS is not available, Honeywell 

will provide a data logger o r  recorder from its capital equipment. 

The data can be recorded continuously o r  at specific time intervals. 

Process  steam flow and direct radiation will also be integrated due to 

the critical nature of these parameter in the data analysis and their 

variability . 
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SECTION IV 

ECONOMIC ANALYSIS 

4.1  INTRODUCTION 

The economic analysis conducted in this program involves two approaches. 

The f i r s t  is the Lawrence Livermore Laboratories formal developed by 

Dickenson and Shearer which uses two "fiducial" locations so  that various 

solar  systems may be compared on a common basis. The second is the 

industry-specific analysis that uses the specific unique process location to 

demonstrate the economic viability of the project. This introduction des- 

cribes these two methodologies briefly,. summarizes the performance infor- 

mation used in the economic analysis (performance details a r e  described 

in Section 3. 7), and details the costs used in this analysis. The following 

subsections describe the results of the analysis. 

4. 1. 1 Methodology 

4.1.1.1 Lawrence Livermore Lab Format -- The LLL format, described 

in detail in Reference 1, is summarized below. Much of this summary is 

a paraphrasing of Reference 1. 

The purpose of this economic analysis is to ass is t  ERDA in evaluating the 

economic viability of the textile drying solar  system that is described in 

this report. The standard conditions defined herein allow this to -be done 

in a way that is  both meaningful to ERDA. and equitable for other solar  

energy systems. , . 

In some ways this analysis imposes conditions that a r e  different from those 

expected in the, textile industry in the Southeast. F o r  example, to avoid the 

influence of different amounts of insolation in different parts of the country, 



this economic analysis is conducted for two "fiducial" locations, Albuquer- 

que, N. M. and Omaha, Neb. Likewise, the fuel oil at $15 per bbl has been 

chosen a s  the standard fossi l  fuel energy source. These conditions a r e  

used for  the purposes of this economic analysis even though the proposed 

textile mill is in Fairfax, .Ala. and uses natural gas and coal rather than 

oil. Likewise, it is necessary to standardize assumed lifetimes, income 

tax, ra te  of return on investment, and other factors which in reality will 

vary from one location to another o r  from one industry to another. 

Four s e t s  of calculations a r e  conducted in this econo,mic analysis: 

Plan A - Annual Energy Cost Calculation for Conventional 

Process  Heat System using Fuel Oil 

Plan B - Annual Energy Cost Calculation for a Combined 

Solar /Fuel  Oil System 

Plan C - Annual Energy Cost Calculation for  Solar Energy Alone 

Payback - Calculation of the Payback Period for Plan B 

The results  of the cost calculations a r e  expressed in $/MBtu. The payback 

results  a r e  in t e r m s  of years.  

T o  simplify the analysis the method of "equivalent uniform annual net 

disbursements", usually referred to as the "annual cost method" is used. 

No energy conservation o r  energy recovery system a r e  included in the 

analysis. The costs used a r e  in 1977 dollars and include those costs a s  

estimated by a General Contractor based on the Specifications and Installa 

tion Drawings developed during Hone.ywellls Phase I program. 



The methodology described by Dickenson in Reference 1 has been coded 

into a computer program for continuing use in this project. To verify the 

coding, the example in Reference 1 was run. Figure 4-1 is a reproduction 

of the output from the program showing identical results to those described 

in Reference 1. 

For  the analysis of the solar textile drying system at the "fiducial" locations, 

the following assumptions a re  made: 

a Lifetime for boilers and solar energy system is 20 years. 

a Straight line depreciation on solar energy system 

a Federal plus state income tax is 50% 

a Initial investment tax credit is 1070 

a Inflation rate is zero 

a Real after tax rate of return is 10% 

a Fuel oil delivered price is $15 per barrel  

a One barrel  equals 5.8 MBtu of energy 

a Fuel oil conversion efficiency is 70% 

a Conventional boiler cost is $O.20/MBtu 

a Salvage value after 20 years is zero 

a Local labor sate is $15/hr. 

Furthermore, the analysis is carried out for the case of NO FUEL 

ESCALATION, and for the case of 5% of ESCALATION IN PRICE OF 

FUEL OIL. A "levelized" fuel cost technique is used to incorporate 

this fuel price escalation in the analysis. 
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4. 1. 1. 2 Industry Format -- The s i te  specific economic analysis utilizes the 

LLL format a s  its basis. The variations include: 

Fuel costs 

Fuel escalation ra te  

Labor rates 

Electricity ra tes  

The WestPoint Pepperell Fairfax, Alabama mill uses natural gas a s  its 

primary fuel and coal as the backup. Its average fuel cost for 1978 is 

estimated to be $1.68 per MBtu (4070 natural gas a t  $1. 65 per MBtu and 

6070 coal a t  $1. 70 per MBtu). Thus fuel costs a t  the s i te  a r e  considerably 

cheaper than those assumed for the comparative analysis. 

WestPoint Pepperell has estimated that their fuel costs will escalate a t  a 

rate of 770 per year over the three  year period of 1978 to 198 1. This 

escalation ra te  is taken over 20 years in the analysis. This escalation 

rate, combined with a. return on investment of 0. 1 gives a Multiplying 

Factor (MF) of 1. 66. The resulting "levelized" fuel cost is $2. 68 per 

MBtu. 

Maintenance labor ra tes  in the Fairfax, Alabama area  a r e  $6 per hour. 

This cost affects the Operation, Maintenance, Replacement, and Insurance 

(OMRI) costs. Subsection 4 .4  describes the calculation of OMRI cost in 

detail. 

Electricity rates at Fairfax, Alabama a r e  $0. 02/Kw Hr. This cost affects 

the operation portion of the OMRI cost as detailed in Subsection 4.4. 



Of course the industry format uses performance data representative of 

Fairfax, Alabama. This data was described in detail in Section 3.7 and is 

summarized in this subsection below. 

4.1.2 Performance - - .This subsection describes the energy demand 

for  the process and the solar  contribution to that demand - two inputs to 

the economic analysis. 

4.1.2.1 Energy demand -- The solar  system has been designed to supply 

the day shift energy demand of three slashers with 21 cylindrical drying 

cans (seven cans/dryer) .  Based on the data provided by Westpoint 
6 Pepperell, these three  s lashers  have a demand of 2.8 x 10 MJ per year 

(2.65 x lo9 Btulyr). It is this demand that is used in the economic analysis. 

4.1.2.2 Solar contribution -- the solar  contribution is defined for three 

locations - Albuquerque, NM, Omaha, Nebraska, and Fairfax. Alabama. 

F o r  the "fiducial" locations Albuquerque and Omaha, the data for radia- 

tion available is taken from reference l, " ~ v e r a g e  direct radiation on a 

surface tracking about an east-west axis, " 

Season 

Spring 

Summer 

Fall 

Winter 

a 
Radiation ( M J / ~  ) 

Albuq. 

16.3 

22.7 

17.1 

22.2 

Omaha 

9.7 

14. 7 

13.1 

12.4 



The yearly radiation is calculated a s  recommended - the sum o i t h e  

seasonal values x 36514. 

The radiation available at Albuquerque is 

7145 MJ/rn2 (629,463 Btu/ft2) 

The radiation available a t  Omaha is 
2 

4553 MJ/rn2 (401,152 Btulft 

For  Fairfax, Alabama, performance data was calculated using the SUNSIM 

program developed at Honeywell. The Atlanta, Georgia 1952 weather tape 

was used and collector orientation of 40° east-of-north a s  described in the 

system design was used. Subsection 3.7 describes the performance analysis 

in detail and compares SUNSIM results for Albuquerque and Omaha with the 

data taken from Reference 1. 

Table 4-1 summarizes the solar contribution data used in the economic 

analysis. The radiation available, QAVAIL, is the radiation falling on the 

collector aperture during the 300 working days of the year. The amount of 

energy delivered to the process, QPROCES, includes the collector losses, 

system losses, and steam generator efficiency. The percentage of solar  

contribution to the demand is included in Table 4-1. 

4.1.3 Cost -- This subsection details the Installed Solar Energy System 

Cost for  the "fiducial" locations of Albuquerque, N. M. and Omaha, Neb. 

and the site specific location of Fairfax, Ala. These costs a r e  based on 

estimates made by a general contractor in the Fairfax a rea  using the 

specifications and drawings. 



TA.BLE 4- 1. S0LA.R CONTRIBUTION, THREE LOCATIONS 

FAIRFAX , ALA. 
1952 

3700 MJIM~ 

(324,600 BTU/F?) 

2.85 X lo6 M J 

(2.7 x 109 BTU) 

1.3 X lo6 MJ 

(1.2 x lo9 BTU) 

46% 

OMAHA, NEB. 
1962 

3700 MJ/M~ 

(329,700 BT ~ 1 ~ 1 ~ )  

2.86 X lo6 MJ 

(2.7 x lo9 BTU) 

13 X lo6 MJ 

(1.2 x lo9 BTU) 

46% 

QAVA I L/AREA 
(300 DAYS) 

TOTAL QAVAIL , 
(300 DAYS) 

QPROCESS 

PERCENT OF DEMAND 

ALBUQUERQUE, N. M. 
1962 

5900 MJIM' 

(519,000 B T U I ~ )  

4.56 X lo6 M J 

(4.3 x lo9 BTU) 

2.1 X lo6 MJ  

(2.0 x lo9 BTU) 

7 Yo 



The installed solar system costs by major subcontractor a r e  listed in 

Table 4-2. 'These catagories were convenient in costing due to the manner 

in which Honeywell received i ts  estimates. Tables 4-3, 4-4, and 4-5 

detail the General Contractors .estimate. Note.:that the labor estimate is in 

hours and $15 per hour is used in the "fiducial", location analysis 

(although the local labor rate at'the site is $10 per hour). , Table 4-6 

itemizes the collector materials and Table 4-7 details the systems engineer- 

ing and the collector assembly labor costs. Based on these costs; the 

installed solar system cost used in the economic analysis is: 
b 

$53. 28 Isq. ft. "Fiducial" locations 

$51. 13/sq. ft. Fairfax, Alabama 
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TA.BLE 4-2. INSTA.LLED SOLAR SYSTEM COST 

-C 

r 

General Contractor Estimate 
Materials & Installation 

Collector Materials 

System Engr. , Tech. , 
Assembly 

Crating & Shipping 
r 

TOTAL COST 
- ---- 

Cost Pe r  Square Foot 

Fairfax 

$224,083 

$110,296 

$ 78,675 

$ 12,000 

$425,054 

$51. 13 

1 

Albuquerque & 
Omaha 

$256,153 

$110,296 

$ 64,500 

$ 12,000 

$442,949 

$53.28 



TABLE 4-3. GENERA.L CONTRACTOR MA.TER1A.U COST 

h 

It em - 
r 

Steam Generator (Patterson Kelly) 

I Field Flow Pump (Buffalo) I 
Feedwater Pump (Skidmore) 

Masonry (door, etc. ) 

Steam Flow Meter & Recorder (Hays) 

Air Eliminator 

A.ir  Trap  

Expansion ~ a n k  

Nitrogen Equipment 

Temp Wells 

Fence 

Prefab Penthouse & Landing 

Collector Supports (pipe supports) 

Pitch Pans, Pitch, & Plywood 

Other Steel 

Piping & Fittings & Valves 

Pipe Hangers & Wall Sleeves 

Stand-by Generator 

Transformers,  Relays & Annunciator 

~ i s c ,  & OH 

Electrical Materials 

Insulation 

Paint 

t 

Cost I 

L TOTAL $134,655.00 ] 



TABLE 4-4.  GENERAL CONTRACTOR'S LABOR COSTS 

a - local labor rates 

b - average labor rate of $15 per hour 

ITEM 

Assemble Collectors 

Assemble Penthouse 

Install Steam Generator 

Install Door 

Install Standby Generator 

Welding and Assembly 

Supervision 

1401~ Soc. Sec.,  Work. Comp., etc 

Painting 

Electrical . 

Insulation 

TOTAL 

HOURS 

72 0  

120 

4 8  

48 

32 

1440 

17 wks. 

540 

2152 

1250 

COST $ 

FAIR FAX^ 

7 , 2 0 0  

1 , 2 0 0  

480 

480 

320 

14,400 

6 ,800  

4 ,323  

5 , 5 0 0  

23 ,020  

14 ,000  

78,623 

ALBQ. s,  OMAHA^ 

10,800 

1 , 8 0 0  

72 0  

720 

4 , 8 0 0  

21 ,600  

6 ,800  

4 ,323 

13,100 

32 ,280  

18 ,750  

110,693 



TABLE 4-5. GENERAL CONTRACTOR TOTALS ($) 

ALBQc & OMAHA 

134,655 

110,693 

10,805 

$256,153 

Mater ia l s  
-. . . . .  . . .. 
: Labor 

. Mark-Up 

TOTAL 

FAIRFAX 

134,655 

78,623 

: 10,805 

$224,083' 



TASLE 4-6. COLLECTOR MAT ERIA.LS & INSTRUMENTATION 

Single Collector Subzssembly 

Reflector Assembly $ 907 

Absorber Assembly 307 

Motor/Gearbox Assernb.1~ 595 

Unit Controller 454 

TOTAL $2,263 

Instrumentation 

Photocell .$ 12 

Anemometer 360 

Flow Switch 85 

Pressure Sensor. 420 

Temperature Sensor (3) 81 

Steam Flow Meter 729 

' TOTAL $1,687 
- 

Total COST - Complete Field 

Material cost per Collector $ .  2,263 

48 Collectors 

Total Material Cost $110,296' 

Instrumentation 1,687 

TOTAL $108,609 



TABLE 4-7. ' SYSTEMS ENGR., TECH., SUBA.SSEMBLY 

a - includes local labor rates and overhead 

b - average labor rate of $15 per hour 

Systems Engr , 

Technician 

Sub -assembly 

TOTALS 

T 

Hours 

500 

800 

3000 

e 

~ o l l l r  s 

 airf fax^ 

$15,973 

18,897 

43,805 

$78,675 

Albq. & Omaha 
b 

$ 7,500 

12,000 

45,000 

$64,500 



4 . 2  LA.WRENCE LIVERMORE LABS FORMAT RESULTS (A.ND COST OF 
ENERGY) 

I . . .. . . .. 

Four  sets of results  were generated using the LLL format. They a r e  

Albuquerque - no escalation .. . . .. . 
Albuquerque - escalation 

Omaha - no escalation 
. . 

, . .Omaha - escalation -,. . .: 

Tables 4-8, 4-9, 4-10, and 4:ll tabulate these results  (two pages per 

table) in the p-escribdd formatbased on the methodology and inputs 

described above. The OMRI inputs is discussed in detail in subsectidn ' 

The cost of energy and payback t imes determined'in this analysis are: 

Payback Times (Years) 

Plan A - Convention 
Fuel (Fuel Oil) 

Plan B - ~ o m b i n e d / ~ o l a r /  
Conventional 

Plan C - Solar only 

COST ($ / M ~ U )  

Albuquerque Omaha 
No Escal. 

3.89 

29.74. 

38.27 

No Escal. 

3.89 

.. 30,79 . 

. 
62.22 

Fuel Escal. 

5.46 

30.14 

. I * 
38.27' 

Fuel Escal. 

5.46 

31.63 

. 
' 62.22 



Table 4e8a. Ecofiomics Analysis R.esults 
Albuquerque, No Escalation 
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Table 4-8b. ~ c b n o k i c s  Analysis Results 
,Albuquerque, No Escalation 
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Table 4-9 a. Economics Analysis Results 
Albuquerque, Fuel Escalation 
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Table 4-10a. EconorrLics Analysis Results 
Omaha, No Escalation 



Table 4- lob. Economics Analysis Results 
Omaha, No Escalation 
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Table - .- 4-1 la.  Economics Analysis Results 
Oinaha, Fuel Escalation 



Table 4-llb. Economics Analysis Results 
Omaha, Fuel Escalation 



The results  based onthe industry specific data a r e  given in Table 4-12 and 

4-13 (two pages per table). Because of the lower fuel costs and less  solar  

contribution at Fairfax, Alabama, payback time is longer and the cost of the 

solar  energy is higher. 

The cost of energy determined in this analysis is: 

The payback times are, 

Plan A - Conventional Fuel 
gas /coal 

Plan B - Combined Solar/ 
Conventional 

Plan C - Solar only 

36. 4 years  for no escalation, 

33. 2years  for fuel escalation 

4.4 OPER.ATION, MAINTENANCE, R.EPLACEMENT AND 1NSUR.ANCE (0MR.I)' 

COST ($ / M B ~ U )  

These costs a r e  broken down in the following subsections and estimated 

for the "fiducial" locations and for Fairfax, Ala. Table 4-14 summarizes 

and totals the OMRI costs. The sensitivity of the system payback to the 

OMRI cost was investigated by running the economics analysis program and 

No Escalation 

2. 60 

28. 61 

57.91 

parametrically varying the value of OMRI over the expected range. Figure 

4-2 shows that the payback period is not sensitive to the OMRI value. 

Using $4000 per year as  a nominal OMRI value, reducing the OMRI by 50% 

Fuel Escalation 

4. 19 

29.46 

57.91 



Table 4 - 1 2 ~ .  Economics Analysis Results Fairfax, N o  Escalation 
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Table 4 - 12b. Economics A.nalysis Results Fairfax, No Escalation 
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4-28 

Table 4- 1 3a. Economics Analysis Results Fair  fax, Fuel Escalation 
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Table 4- 13b. Economics Analysis Results Fairfax, Fuel Escalation 



TABLE 4- 14. TOTAL OMRI 

Operation Costs 

Maintenance Costs 

Replacement Costs 

Insurance Costs 

TOTALS 
i 

Albuquerque 

$ 197 

1,350 

2,215 

443 

$4,205 

Omaha 

$ 151 

1,350 

2,215 

443 

$4,159 

.. -. . 

Fairfax 

$ 101 

540 

2,125 

42 5 

$3,191 



DATA FROM ALBUQUERQUE, 
NO ESCALATION 

OPERATION, MAINTENANCE,REPLACEMENT, AND INSURANCE COST ($1 

Figure 4-2. PAYBACK PERIOD OF COLLECTOR SYSTEM VS. OMRI COSTS 



(to $2000) reduces the payback period by only 770 (31.7 years  to 29.5 years). 

Furthermore, if the OMRI is 5070 higher .($6000) the payback period increases 

by only 77'0 (31. 7 years  to 34.0 years) .  

4.4.1 Operations Costs -- The operating costs a r e  the costs of the 

electrical usage. Each of the electrical components was evaluated for 

power demand and duty cycle. Table 4-15 summarizes the results  of this 

evaluation. As will be  apparent below, these costs a r e  small  and the 

economics analysis is relatively insensitive to the assumptions made in 

the operating costs. 

The field flow pump will operate continuously when the collector system is 

in operation. This is estimated to be 2200 hours/yr. in Albuquerque and 

1400 hours/yr.  in Omaha and Fairfax. The feedwater pump operates 

intermittently a s  demanded by the steam generator. Based on predicted 

performance, this pump will operate 1100 h r s / y r  in Albuquerque and 730 

hr s /y r .  in Omaha and Fairfax. The collector field motors stow and unstow 

sequenced, and track on a staggered sequence. Each collector motor is 

expected to operate approximately 50 hours/yr. in all locations. Although 

more sunshine days and operation hours occur in Albuquerque, the system 

will experience additional stowing and unstowing at the other locations due 

to variable weather. The system controller will be on continuously 

24 hours /day, 365 days lyr .  Since the system is daylight dependent, very 

little lighting power is expected to be needed. Safety lighting and outlets 

a r e  provided. They will be used approximately 300 Kwh per year. 



TABLE 4-15. OPERATING COSTS 

a - electricity cost at  3ji!/kwh 

b - electricity cost at 2#/kwh 

Field Flow Pump 

Feedwater Pump 

Field 
48 hloinrs and Unit Control System 

System Controller 

Lights and Misc. 

TOTALS 

c - operation i s  randomly sequenced 

resulting in duty cycle of approximately 

2. 5% (average) 

b 

Power (kw) 

1 .5  

0.9 

12. oc 
.1 

Hours of Operation/yr 

Albq. 

2200 

1100 

50' 

13760 

Operating Cost 

Albq. a 

$99 

$3 0 

$1 8 

$4 1 

$ 9  

$197 

Omaha 

1400 

73 0 

5 0 

13766 

Fairfax 

1400 

73 0 

5 0 

13766 

Omahaa 

$63 

$2 0 

$1 8 

$41 

$ 9  

$151  

Fairfax 
b 

$42 

$13 

$12 

$2 8 

$ 6  

_ $ I 0 1  



4.4.2 Maintenance Costs -- Maintenance costs a re  estimated for this 

system by averaging maintenance over the 20 year lifetime of the equipment. 

Thus, the expected increasing maintenance near the end of the 20 year lifetime 

lifetime is averaged into the total. Furthermore, the Phase I1 setup and 

check out task, and any Phase I11 tests or debugging is not considered as  

typical maintenance costs.for the operational system. 

The hours of maintenance per year a re  summarized in Table 4- f 6 along 

with the costs at various locations. The visual inspection of the system 

is a scheduled 20 minute walk around the field and into the penthouse 

every-other day - 150 days per year. The maintenance man will perform 

no maintenance o r  repair during this inspection but will note items in a 

log book. 

Major component maintenance is scheduled for every quarter. It is 

expected to take 4 hours to accomplish the following tasks, 

drain and refill steam generator shell 

malntain two pumps /motors 

0 check gearbox oil level 

inspect hoses /rotary joints 

The mir ror  surfaces will be washed two times per year. This flushing 

of the surface with process water is estimated to take 15 minutes per 

collector or  12 hours for the complete field. 

4.4.3 Replacement Costs -- Replacement c'osts a re  estimated based on 

replacement of 10% of the system over the 20 year lifetime. For the 

"fiducial" locations, the installed system cost is $442,949. Therefore, 



TA.BLE 4- 16. MAINTENANCE COSTS 

a average labor rate c.f $15/hr 

b local labor rate of $6/hr 

Visual Inspection of System 

Major Component Maintenance 

Wash Mirrors 

TOTALS 

Hours/yr 

50 

16 

24 

90 

1 

Cost ( $ 1  i 
Albuquerque & a 

Omaha 

750 
i 

240 

360 

$1350 

I 
Fairfax 

300 

96 

144 

$540 - 



the replacement cost is $44,295 total and $2,215 per year. 

F o r  Fairfax, the installed system cost is $425,054. The replacement 

cost is $42, 505 total and $2,125 per year. 

4 ,4 ,4  Insurance Cost,  - -' Discussions with Westpoint Pepperell 's 

Insurance underwriter, Factory Mutual, have defined the cost of insurance 

as 10C per  $100 of system value. Therefore, insurance at the "fiducial" 

locations is $443 per year, at Fairfax the insurance permium i s  $425 per 

year. 

4.5 COST EFFECTIVENESS 

The potential for cost effectiveness is addressed by reexamining the costs 

listed above in subsection 4.1. 3. System effectiveness can be expected to 

improve by percentage points a s  equipment is redesigned and further 

developed based on experience gained in the ERDA demonstrations. 

However, any marked improvements in cost effectiveness will have to 

come through cost reduction. 

Table 4-2 shows that the conventional construction cost portion of the 

installed solar  cost represents approximately 55% of the total cost. The 

remaining 45% is for the solar  collector materials and assembly. Thus 

system cost is not sensitive to one particular item and cost reduction 

must address not only collector design but also system design to reduce 

the cost of installation. It should be noted that these costs represent a 

retrofit  project and collector costs would probably be a larger percentage 

of the system cost if i t  were not a retrofit of an existing mill. 



From the systems viewpoint, the areas  where cost redu'ctions could be 

achieved a r e  'the following: 
. .. , #. 

piping and insulation 
. . 

supports for the collector field 

electrical wiring for tracking system 

Further attempts to minimize the material and labor costs could result 

in sizable reductions of solar systems cost, however, for retrofit solar  

demonstration systems much of the design is constrained by existing 

facilities. 

F o r  the soloar collector, .the a r eas  of significant cost reductions a r e  the 

following: 

unit controller with reduced flexibility 

motor /drive system 

a reflector assembly 

gang driven collectors 

Multiple units driven by the same motor/drive and controller system 

could reduce the tracking system cost considerably. However, this would 

result in sacrifice of the tracking accuracy and flexibility of operation. 

It is felt that a s  the design matures and the collectors and systems a r e  

installed in large fields, the solar  system installed costs should come 

down. 

Further economy in solar  system design can be realized through size. 

The system proposed i s  of demonstration size, and represents a relatively 

small  job to the general contractors. Larger fields of collectors would 



realize some economy of size. Furthermore, the general contractors 

a r e  unfamiliar with this type of installation and may be expected to bid 

high due to uncertainties and lack of history. When solar  systems become 

more routine, the cost for installation may come down. 
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