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-
F I N A L REPORT 

LINE FOCUSING ADJUSTABLE PARABOLIC 

SOLAR CONCENTRATING COLLECTOR 

l Introduction and Background 

This is a final report and analysis for an "Adjustable 
Focus Concentrating" (AFC) line focus collector, an energy­
related invention. This device is a concentrating collector 
scheme which permits development of a very accurate line focus 
parabolic concentrating collector system by means of actively 
tuning a flat sheet of reflective material. 

The shape created by flexing this thin sheet can 
approximate a parabolic collector system very well. Since 
this is possible, the device has the potential to reduce the 
fabrication and assembly costs for line focus concentrating 
solar collectors. 

The purpose for the present project was to commercialize 
this concept. The project, therefore, was directed at evaluation 
of the design for potential commercialization and for fabrication. 
In this effort, several tasks were undertaken. These included: 

- Prepare a Value Engineering Study to reduce 
overall fabrication costs, 

- Develop a Marketing and Commercialization Plan, 

- Evaluate the potential for reducing systems 
costs by improving overall system's design, 

- Develop a prototype installation for test, 
evaluation, and demonstration purposes. 

As a result of these tasks, the present system costs 
have been evaluated for installation of these collectors on a 
commercial basis. The project has developed commercial versions 
of the collectors (see attached drawings for these collectors as 
Figures 1 through 10). The market feasibility for this item has 
also been evaluated in view of the current 1983 energy costs. 
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2 Overview of Tasks Completed 

This Report, along with its supporting Cost and 
Management Report, is being submitted as a Final Project 
Report. This work was carried out for the eventual com­
mercialization 0£ an Adjustable Focusing Concentrating (AFC) 
Collector System. 

The purpose of this research grant was to develop 
and commercialize a relatively low cost mass producible line 
focusing concentrator and to surface any existing problem 
areas associated with this invention. Much of the technical 
work was directed toward the development of: 

- Glass reflector design, 

- High temperature evacuated receiver system, 

- Support frame configuration design, 

- Selection of a commercial tracking system, 

- Commercial promotion of the collector. 

The tasks performed in each of these areas are 
described in more detail below. This report has been 
divided into three areas: 

- Technical Work Performed 

- Management Plans and Commercialization Plans, 

- Cost and Contractual Status. 

2.1 Value Engineering and Cost Analysis 

-

Costs for manufacturing line focusing solar collector 
troughs and their installation are currently difficult to 
justify by their resulting fuel savings. This has been 
increasingly true in recent years with the reduction of fuel 
costs after the peak prices in 1981. Most concentrating 
collector systems would cost around $50-$60/square foot of 
aperture area in the 1983 market. One major problem with 
these devices is their high cost for fabricating the 
collector line focus troughs themselves. The typ~cal methods 
used for their fabrication are shown in the attached Table 1. 

Not only are reductions in costs for fabricating this-
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iterr. no~ ocssible, but additional imorovements in the optical 
performance over these previous conc~ntrating trough systems are 
no~ oossible using the AFC trough fabrication method. Based upon 

A-he ~resent concept and related concentrator technology, a 
~edu~tion in these collector costs is anticipated. Our current 

1983 fabrication cost estimates (based upon a single unit with a 
nominal mark up) for the· AFC system are: 

Item 

Collector 
Drive 
Support 
Control 
Plumbing 

Total 

TABLE 1 
AFC System Installed Costs 

% Total 

43.0 
18.0 
25.0 
9.0 
5.0 

100.0 

Cost - $/sf 

15.10 
6.40 
8.60 
3 .1 O 
1.38 

34.58 

The present invention and current·DOE energy related 
invention grant supported research work were directed toward 
providing additional reductions in these costs and, at the same 
time, to increase the system's reliability. 

The ultimate. intent of the grant was to foster 
commercialization ·of this AFC reflector which would permit it to 
compete with existing, more expensive fossil-fueled devices as 
well as with other more expensive concentrating collector 
fabrication methods. 

As described in more detail below, typical applications 
for the AFC include food processing, industrial process heat 
applications, solar power production and, to a lesser degree, 
agricultural pumping- ·of water. 

2.2 Detailed Work Performed During This Project 

During this the project, technical work was performed 
which would develop a collector reflector substrate and support 
frame (i.e., the metal and glass material which supports the 
collector reflector as shown in Figure-1 in Appendix A of this 
report}. A material which has a better speculax reflectance arid 
weatherability than the previous 3M acrylic film reflectors used 
by MEGA (see Table 2) was desired. Work was also 
performed on integrating an improved receiver system, tracking 
system and support system. The emphasis in each of these areas 
has been to explore commercially available items which would 

.osely match the required system's specifications. 
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TABLE 2 Potential Appllcatlon1·ot Solar Thermal Energy Syal•m• for lnduslT,lal ProceH Heal 

lndu,try·/proccss 

Aluminum 
Bayer process di11<5tion 

Automobile and truck manulacturinR 
Heating solutions 
Healin,t makeup air in paint booths 
Dryin11 and baking 

Concrelr block and brick 
Curin,t product 

Cypsum 
CalcinlnR 
Curin,t plastoboard 

O.rmicals 
Boru. dinolvlnp: and thickening 
Boru. drying 
Bromine. blowing brine/distillation 
O.lorine. brine healing 
O.lorine. cawlic rvapontion 
Phoophoric add. drying 
Phnsphoric acid, evapontion 
Potassium chloride. leaching 
Potassium chloride. i;lrying 
Sodium metal, alt purification 
Sodium met.al, drying 

Food 
Washing 
Concentration 
Cooking 
Drying 

Cius 
Washing and rinsing 
umlnaling 
Drying glass fiber 
Dea,nting 

Lumber 
JCiln drying 
Clue preparation/plywood 
Hot pre11ing/6berboard 
Los coaditioning 

Mining (Frasch Sulfur) 
Extraction 

Paper and pulp 
JCraft pulping 
ICnlt liquor ev.ap0M1tion 
JCraft bleaching 
Papennalang (drying) 

Plastics 
Initiation 
Steam distillation 
Flub separation 
Estrusion 
Drying 
Blending 

Synthetic rubber 
Initiation 
Monomer recovery 
Drying 

Steel 
Pickling 
Caning 

Tatdea 
Washing 
Prepuation 
Mrn,erizing 
Drying 
Fitlilhing 

•Prekned bm (1ecuncl•ry form). 

Ene.gy form• 

Steam 

Sleam (waler) 
Air 
Air 

Sleam 

Air 
Steam (air) 

Steam 
Air 
Steam 
Steam (waler) 
Steam 
Air 
Steam 
Steam 
Air 
Steam 
Steam (air) 

Water 
Steam (waler) 
Steam 
.Steam (air) 

Waler 
Air 
Air 
Air 

Air 
Steam 
Steam 
Waler 

·Pressuri2ed Water 

Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam (waler) 
Steam 
Steam (air) 

Steam 
Steam 

Waler 
Steam 
Steam 
Steam 
Steam 

Temperature. •f 

420 

120-180 
70-85 

325-425 

165--350 

320 
570 

180-210 
140-170 

225 
150-200 
290--300 

250 
320 
200 
250 
275 
.240 

120-160 
100-200 
250-370 
250--450 

160-200 
212-J50 
27:.-285 
70-200 

150-210 
210-J50 

390 
180 

320-330 

360-370 
280-290 
280-290 

350 

250-295 
295 
420 
295 
370 
250 

250 
250 
250 

150-220 
180-200 

160-180 
120-235 
70-210 

140-275 
140-300 

Estimaled lime of 
technolo~cal 

readiness! 

1985 

1980 
)980 
1985 

1985 

1985 
1990 

1980 
1980 
1985 
1980 
1985 
1985 
1985 
1980 
1985 
1985 
1985 

1980 
1980 
1985 
1985 

1980 
1985 
1985 
1980 

1980 
1985 
1985 
1980 

1985 

1985 
1985 
1965 
1985 

1985 
1985 
1985 
1985 
1985 
1985 

1985 
1985 
1985 

1980 
1980 

1980 
1980 
1980 
1980 
1980 

X 
X 

X 

-X 

X 
X 

X 

X 

X 

X 

X 
X 
X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 

X 
X 

X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

X 

X 

X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 

t Demonstrated thnmal diidrncy and reliability fur JO yean. 
IOUIICE: Banelle Columbus uboratori'"" et al.. •s-r of the Applications cl Solar Thermal Energy Systems to Industrial Process Heat.· pp. 22-24. &port No. 

TID-2'T.UB/l. U.S. Energ,· Research and Development Administration. January 1977. 
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The previous MEGA AFC designs and field tested prototypes 
used flexible aluminum substrates with 3M FEK acrylic material A 
reflecting surfaces. The weathering characteristics of this FEK 9 
material.were not adequate for a planned 20-year life. In 
addition, the labor required to coat the aluminum sheets was also 
extensive, and the costs required to support the replacement of 
these reflectors periodically would be too costly. It was then 
planned to evaluate the potential of bending thin glass sheet 
material for the AFC project. 

In a related project, under the SERI "Accelerated 
Commercialization Program for Materials and Components - Solar 
Sheet Glass Project," the problems of bending and handling such 
tempered thin glass sheets were evaluated. This work was carried 
out by the Corning Glass Company using Corning 7809 Solar Fusion 
glass. 

Unfortunately, this glass will not be commercially 
available in the U.S. on a production basis in the thickness 
(.25mm). However, a similar glass reflector is currently 
available from Glaverbel of Belgium. The feasibility of using 
this source was good, and MEGA has purchased sufficient material 
stock to fabricate 4 collectors. The support frames have been 
altered to accept these larger dimensioned sheets of glass. 

The present AFC design will use, as a baseline, a thin 
sheet of second surface silvered glass bonded to a thin gauge 
steel substrate. The parabolic shape can be developed by using 
edge couples and controlled positions for the edge generator 
support points (see Figures 1,2 and 3 of Appendix A to this 
report). This requires bending of the flat thin sheets of bonded 
glass and steel materials. This sheet can be flexed sufficiently 
to form a parabolic shape within the constraints of limiting the 
mirror material stresses and within the available geometric 
limits of the glass sizes. 

In a parallel effort, the potential for using ALZAK 
reflector sheet material has also been pursued. These 
conventional lighting reflectors do not have the high specular 
reflectance of either the acrylic or glass plate materials; yet, 
they have the weathering characteristics necessary and an 
acceptable reflectance (see Table 2). Costs for this material 
are higher than for the glass reflector materials. This "ALZAK" 
material would be an acceptable choice if its costs had been 
sufficiently low. Sample sets of these reflectors have also been 
procured from ALCOA for one reflector trough. 

2.3 Support and Drive System Development 

The previous AFC test units were mounted to track the sun 
about either a single axis or about two axes. In these models, 

- 4 -
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the focal line of the concentrator coincided with the axis of the 
6 rotation of the parabolic trough. All receiver tube plumbing had wto pass through a set of stipport bearings. Complications of this "through-the-bearing'' mounting of the receiver tube dictated the size of the support, and made alignment of the receiver and reflector difficult. 

The present concept has an independent support for the 
trough with the receiver mounted on separate brackets attached to the frame. This design is shown in Figures 1 through 12 of 
Appendix A to this report. 

Rotation of the reflector was previously accomplished 
with a reversible motor controlled by a solid state clock drive 
controller which received update inputs from a sun sensor mounted on the reflectors. Mechanical drive of all collectors was 
through a chain drive sprocket attached to the support bearing shaft at each collector end support. 

The present design has eliminated the combined "gang drive" system which used a long chain to drive the collectors. The 
collectors are driven through a torque shaft system which has 
been sized to minimize angular phase lagging during driving. The revised support system minimizes the complexity of this drive system. This new design also permits "up-side down" stowage to protect 
the collector during snow dust or hail storms. 

The tracking system consists of a Z8761 microprocessor based controller system. The solid state device is a "basic" 
language programmable controller which has the capability of 
receiving sensor data through its analog to digital converter and sending output data to motor drive relay based on the program 
routine. The system offers combined control and data acquisition with remote access through an RS232 port by means of an 
"auto-answer modem". 

2.4 Value Engineering of Supports 

During the project, designs for this revised support 
design were prepared and sent to subcontractors for competitive 
bids. Based upon these bids and additional cost estimates, a Value Engineering analysis was prepared to minimize the cost of 
that support while maintaining its functional and performance 
specifications. As seen in the Cost Table-1 of Page 3 of this 
report, the collector support amounts to 25% of the total system cost. There was then a large incentive to reduce this component cost. 

A Work was also carried out on re-designing the support 
~stem for a commercially available receiver tube system. The 

commercially available evacuated tube receivers which were 

- 5 -



evaluated included the Owens Illinois Sunpak type tube, Philco 
Italiana, Thermomax evacuated heat pipe systems and the GE Dewar A 
type receiver tube systems. W 

Our present design includes provisions for the Owens 
Illinois Sunpak type receiver as one which is capable of 
withstanding temperatures of 600-700 degrees F. The prototype 
set of four receiver tube sections have been procured for 
integration into the present frame structures. 

In previous MEGA units, the receiver tube was a selective coated 
steel tube housed within a Pyrex glass shield. This receiver 
tube was .75" in diameter. The Pyrex shield was 1.25" inside 
diameter and 8' long. Our present alternative design also uses a 
Corning glass tube and internal selective coated glass receiver 
tube. The tube is 2"O.D. Schedule 40 pipe. The internal pipe is 
a 1-1/4" O.D. steel schedule 40 pipe. 

3 Prototype Installation 

To prepare the present design for commercial production, a 
prototype systems design was made for a ski lodge located in 
Copper Mountain,·colorado. This site was selected primarily 
because the lodge operators were willing to cooperate in its 
installation and to assist in the payment for the system costs. 
The system was to be mounted on the roof of the restaurant and 
lodge building to augment the existing oil fired boiler systems 
at that site. 

The system was designed for 15 collectors, and the 
mechanical interface with the facility was also designed. The 
entire project was to be financed by Helioscience of New York. 
The project was cancelled by Helioscience in June of 1983 in 
favor of a less complex flat plate collector system. As part of 
the prototype systems design, a mounting, tracking and 
drive system was developed for that site. 

As part of that particular design a roof mounting system 
which would be light weight and functional was evaluated. 

A series of alternate support and drive system configurations has 
been explored in terms of a structural analysis of gravity loads, 
wind loads, thermal loads, and stability loads. These loads were 
applied to analytical models (NASTRAN finite element 
models) to evaluate stresses and deformations. 

Each support arrangement was evaluated, not only to verify its 
structural integrity, but also to determine distortion effects on A 
the optical performance under wind loads and support settlements exTecte 

- 6 -



-
4 Commercialization Plan 

There are a number of potentially feasible industrial 
applications for the MEGA AFC concentrating solar collector 

reflectors. Table 3 shows the general range of temperatures and 
corresponding industries which are involved with energy use in 
those temperature ranges. Table 3 indicates the amount of energy 
consumed in each range. Figure 13 also indicates the range of 
temperatures applicable for different collector types as a· 
function of their instantaneous efficiencies. From that Figure, 
it can be seen that the AFC concentrator would be competitive in 
temperature applications above 300 degrees F up to the practical 
limit of 450 degrees F which is the point at which heat transport 
fluids degrade and surface coatings degrade. According t~ Table 
3, the most attractive industries in this area are in the food 
processing industry. This potential application has been 
identified as a suitable target for concentrator applications. 
Industrial process steam is also a general target to which 
commercial applications should be directed. 

In both of these areas, we have made contact with and 
have proposed joint efforts with several organizations. 

For example, we have proposed a joint venture with SECO 
Industries (kitchen equipment manufacturers). This project 
proposed to develop a high temperature kitchen thermal power 
equipment system which is heated by solar concentrators. This 
would include heat for steam tables, deep fryers, and ovens for 
food processing operations. 

In addition, the following industrial applications may be 
potential targets for solar concentrator uses which have been 
briefly explored and which can be investigated at a later date: 

-

Developing steam for high temperature thermal process heat such 
as the MISER program. (Initial inquiries were made into this 
program for this purpose). 

Solar· augmented second stage oi 1 recovery. ( Published reports 
indicated that the systems costs would have a hard time to 
compete with recovered oil itself as a source of power for steam 
genera tors) . 

Photovoltaic applications (initial contacts have been made with 
photovoltaic corporations to explore the use of the AFC system 
for solar intensifiers for photovoltaic systems). 

- 7 -
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Summary of Proce,ss Heal Require,me,nts for Selecte,d lndustrie,s In th" Unhe,d 

SIJlte,s• 

Hor 
Sream Dirrct l,rat/hot air 

SIC ..._.ih:r Rounded 

Codr Drscnption <2l!?"F 2 l 2--350"F >350"F <212"F 212--350" F >350"F total• 

1211 Bituminous coal 
and lip,itr 11 11 

U77 Sulfur mining ~ ~ 

20 Food and kindred 
products 60 z;:; JOO JO 95 15 sss 

22 Te.tile mill 
products )9 )91 4 69 13 296 

24 Lumber and v.-ood 
products 5 21 4 106 4 70 210 

26 Paper and allird 
products 465 94 559 

.26 Cht:micab 1400 450 250 2100 

2911 Pt:trolcum n:6ning 120 380 2600 3)00 

32 Stonr, cla,·. and 
11lan 6 20 37 24 1081 1170 

3312 Blast funuet:s and 
sred milb 65 1712 )7,; 

3331 Primary copper 14.2 2.4 55.4 72 

3334 Primary aluminum 38.4 63.l 102 

3711 Automobile and 
3712 tnJd, rnanu-

3713 Cacturing 13 1.4 21.3 10 0.9 47 

Roundrd totals 120 2600 563 140 652 5965 10,040 

Pt:rccnt or total 1.2 25.9 5.6 1.4 6.5 59.4 

• Figures in l 0 11 Btu/y~. 
sou11=: flan,:llo, Columbw Labor.atones r1 al .• -sw-vey or tht: Application or Solar Thermal :Energy 

Syst,:ms lo Industrial Proc,as Hr.at.. 
0 

p. 15, Ro,port No. TID-27348/1, U.S. :Energy R,:..eard, and Development 

Administntioa. Ja.nua,y l!l'i7. 

TABLE 3 

-7A-

-



Solar furnace applications (A Heliostat system was proposed.pr 
the NASA Langley Virginia facilities which would use the 9'C 
system to power a CO2 Laser system. This is still in the 
evaluation phases for funding by NASA.) 

Rankine cycle engine applications. ( Under a separate research 
activity an engine system was built and tested. Efforts are now 
under way to obtain R&D limited partnership money to develop a 
new project for R&D which would include the line focus AFC 
system). 

Absorption refrigeration and air conditioning. (A proposal was 
prepared and submitted to AP parts of Toledo, Ohio. The interest 
was very good initially. However, with the reduction in oil 
prices this year, the project was put aside). 

5 Management Report 

The Principal Investigator for this project was Dr. 
Richard E. Dame. Dr. Dame is the inventor of this device and is 
a Registered Professional Engineer with over 23 years of 
professional engineering experience in Structural Engineering, 
Mechanical Engineering, and HVAC design using solar heating. Dr. 
Dame is an Adjunct Professor at the Catholic University of 
America and also has lectured in mechanical engineering, solar 
engineering (both passive and active), economics of energy usage 
and energy management at the Catholic University of America, 
Virginia Polytechnic Institute and State University. 

Dr. Dame has also acted as the Project Manager for this 
grant. As the Project Manager, he has been responsible for 
assigning research tasks to senior mechanical engineers on the 
staff and has directed the research efforts for the reflector 
materials, receiver tube study, and support design efforts. 

5.1 Engineering Staff Support 

Dr. Dame was assisted on the project by a technical staff 
of engineers and mechanical designers from MEGA Engineering, all 
of whom are experienced in solar related mechanical design and 
analysis. The lead mechanical engineer was Mr. Harry A. Warren, 
a Princeton University and Stanford University graduate in 
Mechanical Engineering. Mr. Warrens experience includes design -
of active solar heating projects for commercial applications. 
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The structural/mechanical lead enaineer was Mary Jean Studer. 
· Her expertise in structural analy;is and design includes design 
for the original collector support frames and extensive work with 

~e NASA/GSFC on mechanical systems. Her efforts during the 
second quarter were aimed at developing the support frame 
structure. 

The research and development related to the tracking 
system controller was carried out by Raymond Stattel. Mr. Stattel 
was a senior electronics engineer for NASA/GSFC and has had 
considerable experience in systems control device development for 
various agencies of the Federal Government. Maureen J. Reed 
assisted in the evaluation of the optical analysis, receiver 
distortion analysis and systems analysis. Systems overall 
thermal performance efficiency analysis was carried out by T. 
Chan using computer simulation techniques to trace the solar 
energy through the system optical and mechanical components. 

Mega Engineering support staff of designers and engineers 
assisted in the structural analysis, thermal and optical 
analysis, and design activities. This staff also assisted in the 
preparation of concepts and proposals for the marketing of this 
device. 

5.2 Administrative Staff Support 

The administrative support for the project during the 
second quarter was provided by MEGA Engineering, which has an 
approved accounting system and property control accounting system. 
MEGA's administrative staff has had over 15 years of experience in 
contract administration with various Government agencies. 

6 Costs to Date 

The attached budget form represents the total project 
costs expended to date for this grant. The costs include monies 
expended for direct labor, materials and overhead for the 
project. No profit or interest has been charged for this project. 

-
- 9 -
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