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Abstract 
The optical performance of the LaJet Energy Corporation’s membrane 
faceted concentrator, Model LEC-460, was evaluated a t  Sandia National 
Laboratories, Albuquerque, using a fluxmapper, a device that measures flux 
intensity in the aperture plane of the collector with a movable Kendall 
radiometer. Three-dimensional flux intensity plots and flux contour maps 
were produced from the data, and numerical integration of the data was 
performed to  obtain an estimate of the total integrated power into the 
aperture plane. The test results, normalized to a reference insolation value 
of 0.1 W/cm2, indicated a peak flux of 172 W/cm2 and a total integrated 
power of 30.2 kW. The net efficiency of the collector in a clean mirror 
condition was estimated to be 77.4((). 
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Summary 
The optical performance of the LaJet Energy 

Corporation's membrane-faceted concentrator, Model 
LEC-460, was evaluated at Sandia National Laborato- 
ries' Distributed Receiver Test Facility (DRTF) in 
Albuquerque during the period from October 1985 
through February 1986. This collector model is the 
same as the units installed a t  LaJet's Solar Plant I in 
Warner Springs, Calif~rnia.'-~ A device that measures 
flux intensity with a movable Kendall radiometer was 
used to map the flux distribution a t  the concentrator's 
receiver aperture plane, and three-dimensional flux 
intensity plots and flux contour maps were produced 
from the data. Numerical integration of the data was 
performed to obtain an estimate of the total inte- 
grated power into the aperture plane. 

The fluxmapping of the 43-m2 collector yielded a 
measured peak flux of 172 Wlcm' and an estimated 
total integrated power of 30.2 kW. These two values 
are based on normalization of the data with respect to 
the nominal insolation on a clear day, 0.1 Wlcm'. 
Eighty-nine percent of the 30.2 kW was measured 
within a circle 25.4 cm (10 in.) in diameter around the 
beam's centroid. The net efficiency of the collector in 
a clean mirror condition was estimated to be 77.4'c. 
Facet reflectivity and facet soiling were the greatest 
contributors to collector losses: facet reflectivity was 
82.2 r c  , and facet soiling further reduced collector 
reflectivity by as much as 7.3c(, 

The results are a conservative performance indi- 
cator for the current LEC-460 unit, as the reflective 
facets on the collector tested received no maintenance 
or cleaning after installation. 
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An Evaluation of the 
LEC-460 Solar Collector 

The LaJet LEC-460 
Concentrator 

The LEC-460 solar collector has a nominal diame- 
ter of 10 m and an average focal length of 5.55 m. Its 
total collection area is 43.1 m2 (460 ft2, hence ‘LEC- 
460’), of which 41.3 m2 is estimated by LaJet engineers 
to be unshaded. Its total weight, not including its 
foundation, is 1550 kg. Illustrations of the concentra- 
tor are provided in Figures 1, 3, and 4. 

There are 24 energy-collecting facets per collector; 
each facet consists of an aluminized, 0.5-mm (2-mil)- 
thick polyester film membrane stretched over a hoop 
or shallow drum 1.52 m (5 ft)  in diameter. The facet 
film used is 3M’s aluminized ECP-91 film, which has a 
nominal reflectivity of 0.86. The facet achieves its 
concave shape by means of a slight vacuum applied 
through a small tube inserted into the back of the 
facet. 

The facets are supported on a space-frame assem- 
bly made of steel tubing 2.5 cm in diameter (28 gauge, 
1 in.) (see Figure 1). The tetrahedral frame, which 
suspends the space frame from the diurnal beam, is 
made of tubes 0.32 cm (0.125 in.) thick and 8.9 cm (3.5 
in.) in diameter. The concentrator’s receiver mounting 
ring is supported above the collector facets by a tripod 
attached to the base of the tetrahedral frame. The 
receiver, the receiver mounting ring, and their sup- 
porting tripod serve as a counterweight to the facets 
and the space frame in order to balance the moment of 
the concentrator about the diurnal drive. Because the 
LEC-460 was assembled at  the DRTF without a 
receiver, substitute counterweights in the form of steel 

rings were bolted to the back of the receiver ring. The 
pedestal of the collector is made from welded 
7.6x7.6X0.95 cm (3x3X0.375 in.) channel. 

The distance from a given facet surface to the 
receiver increases as one moves from the center to the 
outside edge of the space frame; the desirable facet 
focal length increases accordingly. Six facet groups are 
selected according to  focal length, the shortest length 
being 5.35 m, the longest 5.70 m (Figure 2). Table 1 
summarizes the information about these facet groups; 
the letter designation for the facets refers to  their 
positions on the concentrator indicated in Figure 2. 

The concentrator is equipped with a polar mount 
with declination and diurnal (hour-angle) drives. The 
declination drive positions the concentrator to the 
declination angle appropriate to  the current day of the 
year and makes occasional adjustments to  correct for 
structural misalignments and other errors. Its action 
is infrequent. The diurnal drive tracks the sun across 
the sky, maintaining the collector a t  the correct hour 
angle. 

The diurnal drive is a 3600:l double-reduction 
worm powered by a 93-W (1/8-hp), 36-rpm output 
gear motor. The output gear rotates the 15-cm (6-in.)- 
dia steel diurnal tube that supports the space frame 
structure. The declination drive is a 3.2-cm (1.25-in.) 
Acme screw with a Teflon-impregnated, electroless- 
nickel coating driven by a 5:l single-reduction worm 
and powered by a second identical 93-W motor. All 
bearings are made from composite materials and run 
on Teflon surfaces. The declination drive has a 
polymer-based drive nut. Figure 3 illustrates in detail 
the diurnal and declination drives. 
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Figure 1. The LEC-460 Solar Collector 
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Figure 2. Facet Layout for the LEC-460 Collector 

Table 1 .  LEC-460 Facet Groups 

Focal Type 
Designation 

U 
v 
w 
X 
Y 
Z 

No. of 
(m) (in.) Facets 
5.35 (210.8) 3 
5.41 (213.0) 2 
5.47 (215.4) 6 
5.58 (219.5) 4 
5.66 (222.6) 3 
5.70 (224.4) 6 

Focal Length 

The tracking control for the LEC-460 a t  the test 
facility is a microprocessor-implemented system con- 
sisting of ephemeris tracking with error feedback from 
four resistance-temperature devices (RTDs) posi- 

tioned around the receiver ring. At Solar Plant I, 
ephemeris data were calculated by a host computer 
and down-loaded to the local concentrator controllers. 
A t  Sandia’s DRTF, the Julian date was input to the 
collector’s control processor, and the collector was 
manually positioned to point a t  the sun. The proces- 
sor was placed in automatic-tracking mode and col- 
lected tracking data as it followed the sun with the 
RTD-based analog tracking system. Thereafter, the 
collector tracked the sun based on the ephemeris data 
in its memory and the error signals from the RTDs. 

DIURNAL BEAM 

\ 

DIURNAL 
DRIVE MOTOR 

COLLECTOR PEDESTAL 

Figure 3. Details of the Drive Area 

Fluxmapping Device 
The fluxmapping device used to evaluate the 

LEC-460 was designed and built for the Solar 
Thermal Program by engineers a t  the Je t  Propulsion 
Laboratory, California Institute of Te~hnology.~  
Figure 4 is a sketch of the device shown mounted on 
the receiver ring of the LEC-460. Its components are 
described below. 



E RADIOMETER 

Figure 4. Mounting Details of the Fluxmapper 

Flux measurements can be made in two modes: 
the cone-absolute mode, in which the absolute value of 
the incident flux is measured, and the cone-relative 
mode, in which the measured flux is normalized to the 
value of the sun’s intensity as measured concurrently 
with a normal-incidence pyroheliometer. 

Calibration is made by means of a four-wire elec- 
tric heater built into the probe. The multiplying factor 
for the calibration, a programmable variable, is 
adjusted so that the probe,s output matches the 
measured input power to the heater. 

The Flux Probe 
Flux measurements were made with a Kendall 

radiometer having a full-scale range of 1000 W/cm2 
and a resolution equal to 1% of full range. The output 
of the instrument (up to 10 mV) is obtained from 30 
chromium-constantan thermocouples in series mea- 
suring the temperature difference between two copper 
cones, one exposed to the solar radiation, the other 
shielded and water-cooled. The radiometer has a 
thermal time constant of -0.25 s and reaches 99.7% 
of its final value within 8 s. A maximum of 5 s is 
required to reach a steady state for satisfactory 
measurement. 
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ments can be made in a 16x16-in. area in the xy 
plane; the z-axis drive has a 16-in. range of movement 
provided by a rack gear and a dc motor. 

The scanning mechanism's positioning resolution 

operation, a raster is made of the Kendall in equally 

The 3-D Scanning Mechanism 
The probe is positioned in the flux field by a 

scanning mechanism, depicted in Figure 5. The 

a is 
mechanism consists Of a 'quare framework supporting and speed are 0.01 in. and -3 in./s, respectively. In 

carriage upon which the flux 
mounted. Stepper motors and a cable system move the 
flux Probe in the flux Plane (the XY Plane) PerPendicu- 

sized steps the xy plane, stopping at  each 
measurement point long enough for the Kendall 

lar to the concentrator axis (z axis). Flux measure- output to settle. 

+Y 
I 

I 

-Y 

CONE 
RADIOMETER 
PROBE ___I 

Y-AXIS DRIVE 

Figure 5. Scanning Mechanism of the Fluxmapper 



Control and Data Acquisition 
The fluxmapper’s three drive motors are con- 

trolled and data are acquired by two preprogrammed 
microprocessors that communicate by a common 
random-access memory (RAM). The user accesses the 
control processor from a CRT terminal via an RS-232 
link. Acquired fluxmap data can be “dumped” to an 
external device, such as a magnetic tape drive or 
another computer, by means of another RS-232 line. 
An electronically shielded box located behind the 
scanning mechanism houses signal conditioning and 
control electronics. 

Data Representation and 
Reduction 

The fluxmap data from the device’s microproces- 
sor are in an ASCII file containing header informa- 
tion, and the time, radiometer position, and flux 
intensity (in engineering units) for each flux measure- 
ment. The test data were transferred to an IBM-XT 
using the communications program VTERM, and 
rewritten into a more readable and self-explanatory 
ASCI1 file. 

Contour maps, 3-D plots, and numerical integra- 
tion of the data were generated by software developed 
at  Sandia’s Flux Gauge Calibration Station where flux 
measurements are routinely made. To use that soft- 
ware, it was necessary to rewrite the data file into a 
compatible format. The numerical integration scheme 
employed performed a summation of the product of 
the flux intensity and the square area around it  (over 
the entire fluxmap) to obtain an estimate of the total 
power. 

Experimental Setup 
The concentrator facets were installed -7 months 

before the first fluxmap tests were performed. Before 
each facet was installed, its focusing tube was adjusted 
to obtain the focal length specified. The facets were 
aligned by the same technique employed by LaJet a t  
their Warner Springs facility: a facet close to the 
collector’s vertex was manually positioned to reflect 
its focused energy into the receiver ring while the 
concentrator tracked the sun; the other facets were 
kept unfocused (vacuum lines disconnected). The for- 
mer facet’s focal spot served as a reference for adjust- 
ing the remaining facets. Each facet was focused and 
its heam aimed a t  the referenced focal spot; its fasten- 
ers were then tightened to fix it in position. After 
defocusing the facet, the procedure was repeated on 
the next facet. 

All fluxmap tests were performed a t  the aperture 
plane of the LEC-460. The fluxmap device was 
mounted to the backside of the LEC-460 mounting 
ring (Figure 1). Water-cooling lines and signal and 
power cabling were routed down the mounting ring 
pods and to the ground. 

Because the fluxmap device was designed for an 
azimuthlelevation-driven concentrator, substantial 
difficulty was experienced operating it on the LEC- 
460, which has a polar mount. Specifically, the drive 
motor for the horizontal axis was unable to drive the 
probe when that axis was tilted >-5” from horizon- 
tal. As a result, all fluxmap tests had to be conducted 
in a 1-hr time window about solar noon. Because of 
this and other maintenance difficulties with the flux- 
mapper, only two satisfactory tests were performed. 

Test Results and 
Discussion 

The results of the two successful fluxmaps- 
performed November 27, 1985, and February 11, 
1986-are reported here. On both dates, steady insola- 
tion and clear sky conditions prevailed, and the 
Kendall probe was operated in the cone-absolute 
mode. During the fluxmapping, the standard devi- 
ation in the insolation measurements was (3% of 
average. Subsequently, an average insolation during 
each test period was used to normalize the data to 0.1 
W/cm2. The test parameters and test results are sum- 
marized in Table 2. The three-dimensional intensity 
and isoflux contour plots for the two fluxmap test 
days are provided in Figures 6 through 9. 

The measured peak flux levels were 169.5 and 
175.2 W/cm2 for the two tests. When these measure- 
ments are normalized to  0.1 W/cm2 they equate to 
concentration ratios of 1720 and 1704, respectively. 
The two contour plots (Figures 7 and 9) reveal that, 
although the isoflux contours are not particularly 
symmetric or smooth, the flux fields are largely con- 
tained within small circles, compared to the 51-cm-dia 
receiver mounting ring of the LEC-460. 

Numerical integration of the flux measurements 
yielded an estimate of the total normalized power 
contained within the measured flux field. The esti- 
mates obtained for the November 27th and February 
11th test dates were 30.2 and 25.2 kW, respectively. A 
circle 25.4 cm (10 in.) in diameter about the flux 
centroid contained 88.7% of the total power for the 
November 27th date and 96.4% for February 11th. 
Table 3 summarizes these integrated power values. 
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Table 2. Summary of Fluxmap Tests 

Test Date 
11/27/85 2/11/86 

Average insolation (Wlcm’) 0.0985 0.103 

Peak flux measured (W/cm2) 
Actual 169.5 175.2 
Normalized 172.1 170.4 

Normalized total power (kW) 30.2 25.2 

Comments 
Flux measurement spacing (in.) 1.00 0.79 

Kendall model 

Clear sky, steady insolation on both days 

ABSOLUTE ABSOLUTE 

+xx: -Y 

Figure 6. 3-D Flux Plot, November 27, 1985 
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Figure 7. Isoflux Contour Plot, November 27, 1985 

+xx+Y -Y -X NORMALIZED 
PEAK FLUX: / 170.4 W/cm2 

Figure 8. 3-D Flux Plot, February 11, 1986 
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RELATIVE LOC AT10 N 
OF LEC-40 RECEIVER 

MOUNTING RING, 
51  cm IN DIAMETER 

PEAK FLUX: 170.4 W/cm2 

r + . . . . . t . t . * . . , 1 . '  
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Figure 9. Isoflux Contour Plot, February 11, 1986 

Circle (kW) Radius of Circle 
(in.) (cm) 11/27/85 2/11/86 

The total integrated power for the February 11th 
test (25.2 kW) represents a 17% decline in the perfor- 
mance, compared with the earlier, November 27th 
test. Possible explanations for this decline include 
facet misalignment, tracking errors, and reduced facet 
cleanliness during the February test, and an observed 
gradual deterioration in the facet hoop-to-facet mem- 
brane bond. Details are provided below. 

After the November 1985 test but before the 
February test, it  is possible that several facets became 
misaligned. An evaluation of facet alignment per- 
formed in the summer following the fluxmapping 
indicated that three facets were aimed incorrectly. 
The power intercepted on a clear day by three facets 
having 80% reflectivity would be 4.4 kW. This com- 
pares closely to the performance difference of 5 kW 
observed between the two test days. 

Table 3. Normalized Integrated Power 
Estimates for LEG460 Flux 
Measurements 

Estimated Power Within 

(2.5) 
(5.1) 
(7.6) 

(10.2) 
(12.7) 
(15.2) 
(17.8) 
(20.3) 
(22.9) 

2.9 
11.5 
19.5 
24.5 
26.8 
28.3 
29.7 
30.1 
30.2 

3.2 
11.6 
19.1 
22.6 
24.3 
24.9 
25.2 
25.2 
25.2 



Another possible explanation is the difference in 
facet cleanliness on the two test dates. After installa- 
tion and alignment at the DRTF, they were not 
cleaned, nor were they given any maintenance in the 
months prior to the fluxmap tests. The experience at 
the Test Facility is that the collector facets stored face 
up tended to become dirtier during brief rains, where- 
as extended rains could improve the cleanliness of 
their surface. In July 1986, the summer after the tests 
were performed, specular reflectivity measurements 
were made of a facet, first dirty and then cleaned, 
using the Sandia-developed prototype portable reflec- 
tometer.* The solar-average reflectivity was 74.9 5% for 
the dirty facet, and 82.2% for the same facet after 
cleaning. Thus, the reflectivity of the collector facets 
may have varied by as much as 7%.  The reflectivity 
measurement has an expected maximum error of 
t-2%. 

Another contributing factor may have been an 
offset that existed in the concentrator’s tracking dur- 
ing the February 11th test. This tracking offset can be 
seen from the fluxmap made on that date (Figures 8 
and 9). The tracking error was probably due to mis- 
alignment of the fluxsensors. 

Deterioration in the bond between the polyester 
film and the metal hoop or ring was observed on some 

of the facets in the period following the November test 
date. On some days during January and February 
1986, it was not possible to draw the vacuum on some 
of the facets because of this debonding. The expected 
effect of the bond degradation is the defocusing of the 
given facet and a consequent enlargement of its focal 
spot. However, integration of the February 11th flux- 
map showed the overall flux pattern to be even 
“tighter” than the November 27th map. 

The total normalized power estimate of 30.2 kW 
for the LEC-460 concentrator represents an overall 
collector efficiency of 77.4% for the clean mirror 
condition and 70.1% for the soiled condition. These 
percentages are based on a measured collection area of 
43.1 m2 and a nominal available solar energy of 0.1 
W/cm2. A total of 12.9 kW of available energy was lost. 
Table 4 accounts for contributions to collector losses. 
The reflectivity and soiling losses account for 80% of 
the lost power (10.7 of the 12.9 kilowatts). 

*This is a prototype portable reflectometer developed at 
Sandia, not the Device and Services instrument commonly 
used there for field measurements. Its wide, flat base 
permits better positioning on the flexible membrane than 
would the Device and Services instrument. 

Table 4. Breakdown of Collector Losses 

Measured Power: 30.2 kW 

Power Lost Balance 
(kW) (kW) 

Power available (starting balance) - 43.1 
Shading (estimated to be 4.2% by LaJet Corp) 1.8 41.3 
Reflectivity loss (17.8% of 41.29 kW) (measured) 7.4 33.9 
Facet soiling (7.3% of 41.29 kW) (measured) 3.0 30.9 
Unaccounted losses 0.7 30.2 

Total collector losses: 12.3 kW 
Net collector efficiency (clean condition): 
Net collector efficiency (soiled condition): 

77.4% 
70.1 % 
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Conclusions 
Fluxmap tests of LaJet’s LEC-460 concentrator 

indicate a normalized peak concentration ratio of 1720 
(172 W/cm2) and a normalized overall power of 30.2 
kW. Based on gross reflective area, this represents a 
collector efficiency of 77.4 7 0 ,  not including the contri- 
bution of facet soiling. Eighty-nine percent of the 
power was contained within a circle 25.4 cm (10 in.) in 
diameter. The greatest contributors to collector losses 
were the reflectivity of the facets, which was 82.2 %, 
and facet soiling, which reduced reflectivity by 7.3%. 

Maintenance difficulties with the fluxmapper, 
and the inability to operate the device except during 
solar noon, prevented the successful completion of 
more fluxmaps. 

The fact that the facets tested on the LaJet con- 
centrator were not given any special maintenance 
indicates that these results give less than optimal 
performance values for the LEC-460 unit. 
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Aeronautics Library, MS 205-45 
Attn: Jean Anderson 
Pasadena, CA 91125 

California Polytechnic University 
Dept. of Mechanical Engineering 
Attn: W. B. Stine 
Pamona, CA 91768 

Chicago Bridge and Iron 
Attn: J. M. Shah 
800 Jorie Blvd. 
Oak Brook, IL 60521 

Colorado State University 
Attn: T. G. Lenz 
Ft. Collins, CO 80523 

Columbia Gas System Service Corp. 
Attn: J. Philip Dechow 
1600 Dublin Rd. 
Columbus, OH 43215 

Datron Systems, Inc. 
200 West Los Angeles Ave. 
Simi Valley, CA 93065-1650 

DSET 
Attn: G. A. Zerlaut 
Box 1850 
Black Canyon Stage I 
Phoenix, AZ 85029 

Donnelly Corporation 
Attn: M. DeVries 
49 West Third St. 
Holland, MI 49423 

Electric Power Research Institute (2) 
Attn: J. E. Cummings 

E. A. Demeo 
3412 Hillview Ave. 
Palo Alto, CA 94303 

Energy Technology Engr. Ctr. 
Rockwell International Corp. 
Attn: W. L. Bigeiow 
PO Box 1449 
Canoga Park, CA 91304 

ENTECH, Inc. (3) 
Attn: W. Hesse 

M. O’Neill 
R. R. Walters 

PO Box 612246 
DFW Airport, T X  75261 

Eurodrive, Inc. 
30599 San Antonio Rd. 
Hayward, CA 94544 

Florida Solar Energy Center 
Attn: Library 
300 State Rd. 401 
Cape Canaveral, FL 32920 

Ford Aerospace 
Attn: R. H. Babbe 
Ford Rd. 
Newport Beach, CA 92663 

Ford Motor Company 
Glass Div., Technical Center 
Attn: V. L. Lindberg 
25500 West Outer Dr. 
Lincoln Park, MI 48246 

Foster Wheeler Solar Dev. Corp. (2) 
Attn: M. D. Garber 

R. J. Zoschak 
12 Peach Tree Hill Rd. 
Livingston, NJ  07039 

Garrett Turbine Engine Co. 
Attn: Ed Strain 
111 South 34th St. 
PO Box 5217 
Phoenix, AZ 85010 
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Georgia Power Co. 
Attn: E. Ney 
7 Solar Circle 
Shenandoah, GA 30264 

Heery Energy Consultants, Inc. 
Attn: Glenn Bellamy, Project Energy Mgr. 
880 West Peachtree St., NW 
Atlanta, GA 30309 

Highland Plating 
Attn: M. Faith 
10001 N. Orange Dr. 
Los Angeles, CA 90038 

Industrial Solar Technologies 
Attn: Randy Gee 
5775 West 52nd Ave. 
Denver, CO 80212 

Imtitute of Gas Technology 
Attn: Library 
34245 State St. 
Chicago, IL 60616 

Jet  Propulsion Laboratory 
Attn: M. Alper 
4800 Oak Grove Dr. 
Pasadena, CA 91109 

Kearney & Associates 
Attn: David W. Kearney 
14022 Condessa Dr. 
Del Mar, CA 92014 

LaCour Kiln Service 
Attn: J .  A. LaCour 
PO Box 247 
Canton, MS 39046 

LaJet Energy Co. (2) 
Attn: Monte McGlaun 

PO Box 3599 
Abilene, T X  79604 

Carl Williams 

L’Garde, Inc. 
Attn: Mitchell Thomas 
1555 Placentia Ave. 
Newport Beach, CA 92663 

John Lucas 
865 Canterbury Rd. 
San Marino, CA 91108 

Martin Marietta Corp. 
Attn: T. Tracy, MS M0441 
12250 So. Hwy. 75 
Littleton, CO 80125 

McCarter Corporation 
Attn: R. A. Powell 
200 E. Washington St. 
PO Box 351 
Norristown, P A  19404 

McDonnell-Douglas Astronautics Co. (3) 
Attn: R. L. Gervais 

J. Rogan 
D. Steinmeyer 

5301 Bolsa Ave. 
Huntington Beach, CA 92647 

Mechanical Technology, Inc. (2) 
Attn: G. R. Dochat 

J. Wagner 
968 Albany Shaker Rd. 
Latham, NY 12110 

Meridian Corporation 
Attn: D. Kumar 
5113 Leesburg Pike, Suite 700 
Falls Church, VA 22041 

Midwest Research Institute (2) 
Attn: R. L. Martin 

425 Volker Blvd. 
Kansas City, MO 64110 

J . Williamson 

NASA Lewis Research Center (2) 
Attn: R. Beremand, 500-215 

R. C. Evans, 500-210 
21000 Brook Pzrk Rd. 
Cleveland, OH 44135 

New Mexico Solar Energy Institute 
New Mexico State University 
Box 3SOL 
Las Cruces, NM 88003 
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Parsons of California 
Attn: D. R. Biddle 
3437 S. Airport Way 
Stockton, CA 95206 

PG&E (2) 
Attn: G. Braun 

J. Iannucci 
3400 Crow Canyon Rd. 
San Ramon, CA 94583 

Polydyne, Inc. 
Attn: Peter Bos 
1900 S. Norfolk St., Suite 209 
San Mateo, CA 94403 

Power Kinetics, Inc. 
Attn: W. E. Rogers 
415 River St. 
Troy, NY 12180-2822 

Reinhold Industries 
Division of Keene Corp. 
Attn: J .  Flynt 
1287 E. Imperial Highway 
Santa Fe Springs, CA 90670 

Renewable Energy Institute 
Attn: Kevin Porter 
1001 Connecticut Ave. NW, Suite 719 
Washington, DC 20036 

Research Systems, Inc. 
Suburban Trust Bldg., Suite 203 
Attn: T. A. Chubb 
5410 Indian Head Hwy. 
Oxon Hill, MD 20745 

Rockwell International 
Energy Systems Group 
Attn: T. Springer 
8900 DeSoto Ave. 
Canoga Park, CA 91304 

Rockwell International 
Space Station Systems Division 
Attn: I. M. Chen 
12214 Lakewood Blvd. 
Downey, CA 90241 

Sanders Associates 
Attn: B. Davis 
MER 15-2350 
C.S. 2035 
Nashua, NH 03061-2035 

Science Applications International Corp. 
Attn: Barry Butler 
10401 Roselle St. 
San Diego, CA 92121 

Solactor Corporation 
Attn: Joseph Womack 
2065 Keystone Blvd. 
Miami, FL 33181 

Solar Energy Industries Association 
Attn: C. LaPorta 
1730 North Lynn St., Suite 610 
Arlington, VA 22209-2009 

Solar Energy Research Inst. (7) 
Attn: G. Gross 

B. P. Gupta 
D. Hawkins 
D. Johnson 
A. Lewandowski 
M. Murphy 
J. Thornton 

1617 Cole Blvd. 
Golden, CO 80401 

Solar Kinetics, Inc. 
Attn: J. A. Hutchison 
PO Box 47045 
Dallas, TX 75247 

Solar Stream 
Suite 400, Old City Hall 
Attn: D. E. Wood 
625 Commerce St. 
Tacoma, WA 98402 

Southern California Edison (2) 
Attn: J .  N. Reeves 

PO Box 800 
Rosemead, CA 92807 

P. Skvarna 
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SLEMCO 
Attn: A. J. Slemmons 
19655 Redberry Dr. 
Los Gatos, CA 95030 

Steams-Catalytic Corp. 
Attn: T .  E. Olson 
Box 5888 
Denver, CO 80217 

Stirling Thermal Motors 
Attn: Ben Ziph 
2841 Boardwalk 
Ann Arbor, MI 48104 

Sun Exploration and Production Co. 
Attn: R. I. Benner 
PO Box 2880 
Dallas, T X  75221-2880 

Sun Power, Inc. 
Attn: Mac Thayer 
6 Byard St. 
Athens, OH 45701 

Sundstrand ATG (2) 
Attn: A. W. Adam 

D. Chaudoir 
PO Box 7002 
Rockford, IL 61125 

Suntec Systems, Inc. (2) 
Attn: J. H. Davison 

PO Box 315 
Savage, MN 55378 

Harrison Randolph 

Swedlow, Inc. 
Attn: E. Nixon 
12122 Western Ave. 
Garden Grove, CA 92645 

3M-Energy Control Products (2) 
Attn: B. Benson 

207-1W 3M Center 
St. Paul, MN 55144 

J. L. Roche 

Texas Tech University 
Dept. of Electrical Engineering 
Attn: E. A. O’Hair 
PO Box 4439 
Lubbock, T X  79409 

TRW (3) 
Space & Technology Group 
Attn: J. S. Archer 

G. M. Reppucci 
A. D. Schoenfeld 

One Space Park 
Redondo Beach, CA 90278 

US Department of Energy (4) 
Albuquerque Operations Office 
Attn: C. Garcia 

D. Graves 
N. Lackey 
J. Weisiger 

PO Box 5400 
Albuquerque, NM 87115 

US. Department of Energy (2) 
Office of Solar Heat Technologies 
Attn: C. Carwile 

Fred Morse 
Forrestal Building 
Washington, DC 20585 

US Department of Energy (6) 
Div. of Solar Thermal Technologies 
Attn: H. S. Coleman 

S. Gronich 
C. Mangold 
M. Scheve 
R. Shivers 
F. Wilkins 

Forrestal Building 
Washington, DC 20585 

US Department of Energy 
San Francisco Operations Office 
Attn: R. W. Hughey 
1333 Broadway 
Oakland, CA 94612 
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US Robotics 
Attn: Paul Collard 
8100 N. McCormack Blvd. 
Skokie, IL 60076 

University of Houston (2) 
Energy Laboratory, SPA 
Attn: A. F. Hildebrandt 

Houston, TX 77004 
Lorin Vant-Hull 

University of New Mexico (2) 
Dept. of Mechanical Engineering 
Attn: W. A. Gross 

Albuquerque, NM 87131 
M. W. Wilden 

Viking Solar Systems, Inc. 
Attn: George Goranson 
1850 Earlmont Ave. 
La Canada, CA 91011 

WG Associates 
Attn: Vern Goldberg 
6607 Stonebrook Circle 
Dallas, TX 75240 

1510 J. W. Nunziato 
1513 D. W. Larson 
1810 R. G. Kepler 
1820 R. E. Whan 

1824 
1830 
1832 
1840 
1841 
1842 
1846 
2520 
2525 
2540 
2541 
3160 
4031 
6200 
6220 
6221 
6222 
6222 
6223 
6224 
6225 
6226 
6227 
6250 
6254 
8133 
8470 
8024 
3141 
3151 

J. N. Sweet 
M. J. Davis 
W. B. Jones 
R. J. Eagan 
R. B. Diegle 
R. E. Loehman 
D. H. Doughty 
N. J. Magnani 
R. P. Clark 
G. N. Beeler 
J. P. Abbin 
J. E. Mitchell 
R. P. Stromberg 
V. L. Dugan 
D. G .  Schueler 
E. C. Boes 
J. V. Otts 
J. W. Strachan (10) 
G. J. Jones 
D. E. Arvizu 
H. M. Dodd 
J. T. Holmes 
J. A. Leonard (20) 
B. W. Marshall 
B. Granoff 
A. C. Skinrood 
R. L. Rinne 
P. W. Dean 
S, A. Landenberger (5) 
W. L. Garner (3) 
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