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ABSTRACT

This report summarizes the testing which was performed on
the General Atomic Fixed M:~rror Solar Concentrator at the
Midtemperature Solar Systems Test Facility. Test Objec
tives are defined, test procedures are described, and re
sults and conclusions are given.
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PERFORMANCE TESTING OF THE
GENERAL ATOMIC FIXED MIRROR SOLAR CONCENTRATOR

INTRODUCTION: The General Atomic Fixed Mirror Solar Concentrator (FMSC) was

the first of a series of solar collector designs to be tested in Sandia Laboratories'

Collector Module Test Facility (CMTF). This facility is operated as a part of the

Department of Energy's continuing program to cha~acterize selected collector modules

for possible future system use (Reference 1). The General Atomic solar collector

evaluated for this report has an expected commercial value of about $16a pe~ square

meter (February 1978 price). The design was chosen for inclusion in Sandia's Mid

temperature Solar Systems Test Facility, and a 260 m2 field is now in operation there.

TEST OBJECTIVE: The objective of this test series was to characterize the per

formance of a fixed mirror, concentrating.solar collector manufactured by the General

Atomic Company, San Diego, CA. Peak thermal efficiency at solar noon and receiver

thermal losses were evaluated at fluid temperatures from about 150 to 300oC.

COLLECTOR DESCRIPTION: The basic ~eflector of the FMSC (Figure 1) is a con

cave array of long, narrow, flat mirror facets fixed on a segment of a cylindrical

surface. The array of flat reflecting facets produces a narrow focal line that fol

lows a circular path as the sun moves (see Figure 2 for geometry of the light path).

Because the focal line path is on the same basic cylinder as the mirror facets, the

focal line can be tracked by a movable heat-receiver assembly that rotates about the

center of curvature of the reflector module. The ideal minimum image width at the

focus is equal to a single mirror facet width, plus an increment caused by the sub

tended angle of the sun. One of the mirror facets near the center of the module is

tangent to the basic cylindrical curvature of the module. The remaining mirror

facets are set at different angles such that all reflect incident light to the focus

point. Using the tangent facet as a reference point, the surface angle of any other

individual facet is one-fourth of the included angle between that facet and the tan

gent reference facet (see Figure 2): See Reference 2 for a more complete description

of the optical principles of the FMSC.

Figure 1. General Atomic FMSC
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Figure 2. General Atomic FMSC Geometry.

As tested at the. CMTF, the General Atomic FMSC consisted of two reinforced

cast concrete modules, each 3.81 m in length with a 2.18 m aperture width (see

Figure 3). Total aperture area for the two modules was 16.26 m2 . The 43 mirror

facets were 5.08 cm in width; each facet length was installed as six 1.27 m long

pieces. The original mirrors were made from silvered single-strength window glass

about 2.4 rom in thickness. The mirror facets were arranged on a 920 arc with a

radius of curvature of 1.51 m. The mirror assembly was symmetrical about the tan

gent facet, and was tilted 320 to the south to optimize heat collection character

istics at Albuquerque's latitude. The concrete modules were cast over a precision

metal mold; the second-surface, silvered-glass, mirror facets were fastened to the

concrete with a transferable film adhesive (3M 468) manufactured by the 3M Company.

The collector's receiver assembly moved along a circular path to track the

reflector focal point; Figure 4 illustrates the movement of the receiver at differ

ent times of the year. In all positions, the receiver is aimed at the tangent mir

ror facet. Figure 5 is a cross-section of the receiver assembly. Primary struc

tural support for the 7.16 m long receiver was the 10.2 cm wide aluminum channel

support beam; the rectangular absorber .tube and surrounding insu]ation were con

tained within the support beam. The extruded aluminum compound parabolic secondary

concentrators on each side of the receiver assembly (see Figure 5) performed three

"



functions: 1) reconcentration of the solar energy directed at the absorber from the

mirror array, 2) reduction of heat losses by being a low-grade convection barrier,

3) increased rigidity of the receiver assembly. The reflecting surface on the

secondary reflectors was Kinglux, a polished anodized aluminum sheet material pro

duced by Kingston Industries. Total hemispherical reflectivity of the Kinglux was

0.88 when new.

SECTION THROUGH CONCENTRATOR

Figure 3. FMSC Dimensions.

----- --Tne mildiSteel aOS-orber tube was made by pressing a 3.5 cm outer diameter

pipe with a 1.57 mm wall into an oval shape about 5.1 cm in width and 0.95 cm in

depth. The tUbe had a black chrome selective coating, applied by Highland Plating

Company, to enhance solar radiation absorption and reduce heat reradiation. The

absorber tube mounting allowed movement from thermal expansion. The absorber tUbe

was covered on the illuminated side by a two-mil Teflon transparent film, with a

stagnant air gap between the film and the absorber tube. The back, or nonilluminated

side,of the absorber tube was insulated with a form-fitted panel of Microtherm insul

ation manufactured in England by the Micropore Insulation Company. This material is

a silica foam insulation with a much lower conductivity than other insulations, as

can be seen from Figure 6 (figure extracted from Reference 3).

Data collection from the FMSC began on 16 August 1977 and was completed on

23 September 1977. Mr. G. H. Eggers and Ms. M. R. Warsicki of the General Atomic

Company provided helpful advice and assistance throughout the installation and

operation of the FMSC; their contribution to the success of this test series is

gratefully acknowledged. Preliminary analysis of test results has been completed
by General Atomic (see Reference 4).
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TEST FACILITY DESCRIPTION: The fluid loop used for this test series fur

nished a heat-transfer fluid to the collector module at input temperatures from

1000C to 3000C at flow-rates ranging from 4 ~o 40 liters/min. The fluid used was

Therminol-66, manufactured by the Mansanto Company (see Reference 5). Other gen

eral features of the Therminol fluid test loop used for this test can be found in

Reference 6.

Each day's testing began by heating the fluid loop with electric heaters to

the desired collector input temperature. Usually only one temperature point was

attempted in one day due to the time required for temperature stabilization and the

need to conduct efficiency tests near solar noon to minimize end effects. The col

lector system was placed in focus as early as feasible each day so that recovered

solar heat could aid in reaching the desired temperature. Temperatures below about

2000C could be attained by about 10:00 A.M. without difficulty; higher temperatures

required more time due to increasing losses. The electric heaters were not large

enough to heat the system to temperatures over 2500 C before noon without help from

the collector system. For each test, input temperature and flow-rate were main

tained constant; output temperature varied according to test conditions.

The flow-rate of the Therminol-66 working fluid through the system was meas

ured with a PRI-I02A turbine flowmeter, manufactured by Flow Technology, Inc.; this

flowmeter was provided by the General Atomic Company. Flow was also measured with

a Ramapo SGA-IOIRM strain gage flowmeter. The flowmeter calibration was checked

after the test series at three flow-rates by flowing fluid into a tank and plotting

weight vs. time. A set of two calibrated iron-constantan thermocouples was in

stalled at each end of the collector to determine temperatures into and out of

the absorber tube. One thermocouple from each end of the absorber tube was con

nected as a differential pair for determining the delta temperature for calibrations

of heat gain or loss. A static mixer was incorporated at each end of the absorber

tUbe to insure thorough fluid mixing prior to measuring fluid temperature. Direct

solar insolation was measured with an Eppley NIP pyrheliometer. Six locations of

absorber tube skin temperature were measured with iron-constantan thermocouples

welded to the outer tube surface. Ambient temperature, wind direction, and wind

speed measurements completed the active data collection.

The data from the instruments described above were converted to a digital

format by Doric 210 and 220 analog-to-digital data systems. An HP 2116 mini

computer processed the data and a printout was made of the data critical to the

test underway.

Figure 7 is a typical printout of data obtained during an efficiency test.

Figure 8 is a sample of data from a thermal loss test. In both figures, tempera

tures shown are in degrees Fahrenheit. Delta temperature shown is not the differ

ence between the input and output temperatures printed; this value was obtained

from the pair of differential thermocouples mentioned above. Speed of the data

system was such that all data channels could be read, calculations performed, and

a line in the data table printed in about 15 seconds. The average values were

automatically printed after 10 data-points were accumulated. The complete data

printout (as shown in Figures 7 and 8) was repeated at intervals of about 3 minutes

throughout a test run. Thirty measured and calculated data values, plus 10 average
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values, were available from the data system every 15 seconds. Only the data shown

in Figures 7 and 8 were printed in real time. The remaining data would normally

be recorded on magnetic tape for later analysis. The number of decimal places

printed in Figures 7 and 8 should not be taken as an indication of data system ac

curacy; choice of the print format was dictated by peculiarities of the computer

system used. Either a loss or an efficiency data print was made continuously;

however, only those data blocks occurring under stable conditions are included in

this report.
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GENERAL ATOMIC FIXED MIRROR COLLECTOR TEST

JULIAN DAY 238 HOUR 12 MINUTE 1 SOLAR TIME

86.2
183
10.7

AMBIENT TEMPERATURE (DEG F)
WIND DIRECTION, DEGREES
WIND SPEED, MPH

G.A. COLLECTOR TUBE SKIN TEMPERATURES
515.2 497.6 484.1 999.99 999.99 475.5

TEMP TEMP SOLAR DELTA FLOW EFFICIENCY
IN OUT BTU/HR TEMP GPM PERCENT

FT"2
471. 2 490.4 314.18 19.9 4.87 41.6
471.1 490.3 314.06 19.8 4.87 41. 5
471.1 490.3 314.06 19.8 4.87 41.4
470.9 490.7 313.39 19.8 4.87 41. 5
471.1 490.4 311. 74 19.8 4.87 41.7
471.1 490.6 311. 61 19.8 4.87 41.8
471.1 490.6 311.11 19.9 4.88 42.1
471.1 490.3 311.11 19.8 4.87 41.9
471 490.5 311.4 19.7 4.87 41.6
471.1 490.4 311.94 19.8 4.87 41.7

10 POINT AVERAGES
471. 08 490.45 312.46 19.81 4.871 41.68

DIFFERENTIAL THERMOCOUPLES USED FOR DELTA T AND EFFICIENCY

END OF DATA PASS 3

Figure 7. Typical Data Printout from Efficiency Test.

GENERAL ATOMIC FMC THERMAL LOSS TEST

JULIAN DAY 238 HOUR 13 MINUTE 24 SOLAR TIME

90.1 AMBIENT TEMPERATURE (DEG F)
219 WIND DIRECTION, DEGREES

11.2 WIND SPEED, MPH

TEMP TEMP FLOW DELTA BTU/HR
IN OUT GPM TEMP GAIN

467.5 465.4 4.86 -2.1 -2386.55
467.7 465.4 4.86 -2.1 -2615.5
467.7 465.4 4.86 -2.1 -2614.07
467.7 465.4 4.86 -2.1 -2615.5
467.7 465.4 4.87 -2.1 -2616.92
467.7 465.4 4.87 -2.1 -2616.92
467.7 465.3 4.86 -2 -2727.61
467.4 465.3 4.86 -2 -2385.04
467.7 465.4 4.86 -2.1 -2614.07
467.7 465.4 4.86 -2 -2615.5

.- 10 POINT AVERAGES
467.65 465.38 4.862 -2.07 -2580.77

-4.7 EFFICIENCY IN PERCENT. (INCORRECT EXCEPT AT SOLAR NOON)
313.676 AVERAGE SOLAR INSOLATION, BTU/HR SQ FT

END OF DATA PASS 11

Figure 8. Typical Data Printout from Loss Test.
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PERFORMANCE TEST DEFINITIONS: During a test run, specific heat and density

of the Therminol-66 fluid were calculated for each data set using the average tem
perature of the fluid in the absorber tube and fluid properties furnished by Monsanto

Industrial Chemicals Company (Reference 5). Heat gain (or loss) was then calculated
from

Q

16

where

Q heat gain, kJ/hr

m mass flow-rate of fluid, kg/hr
Cp specific heat of fluid, kJ/kgOC

~T in/out temperature differential, °c

A successful loss measurement was one in which the values for input and output

temperatures remained constant to within O.loC or less, flow-rate varied by 0.1

liter/min or less, and delta temperature changed by O.loC or less. Most loss test

data points reported are averages of four-to-six ten-point data blocks, each block

judged stable as described above, and with conditions nearly constant over the

entire time averaged. Loss tests were conducted with the collector system near

its normal operating position, but defocused sufficiently so that no light from

the mirror would strike any part of the receiver tube assembly.

On most days, after reaching the desired temperature, loss measurements

were made until about one hour before noon. Loss testing was resumed for about

two hours after completion of solar noon efficiency tests; the fluid loop was then

placed in a cooling mode prior to shutdown for the day.

For an efficiency test, efficiency was calculated from

11 = Q/A
I

where

11 solar collector efficiency

Q heat gain, W

A collector aperture area, m2

I solar insolation,· w/m2

An efficiency measurement at a single temperature and flow-rate was usually made

from about one hour before noon until about one hour after noon to ensure complete
temperature and flow stabilization. This procedure ensured good definition of the

peak noon efficiency.

A "good" efficiency data point consists of at least one of the ten-point

averages during which input and output temperatures changed by O.loC or less, the

flow-rates varied by 0.1 liter/minute or less, the delta temperatures remained

within O.loC or less, and solar insolation remained constant to about 1%. Temper

atures, flow-rate, and insolation had to have been nearly as stable as described

above for at least five to ten minutes prior to the "good" data point to be
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believable. Except for the continuous all-day test runs, efficiency measurements

were not normally made except near solar noon, and with an insolation greater than

about 950 watts/m2 . Due to the abbreviated efficiency tests with this collector,

three efficiency test points are included at less than 950 W/m2 insolation.

Prior to beginning thermal testing of the GA FMSC collector, measurements

were made to determine the solar spectrum absorptance and emittance of the absorber

tube's black chrome coating. The measurements were repeated after conclusion of

the thermal testing.

When the thermal efficiency was determined to be significantly lower than

expected, a test series was set up to measure the intensity and distribution of the

light reaching the focal line. This test was accomplished by placing a water

cooled solar cellon the receiver assembly and moving the receiver slowly through

the focal position. The receiver motion was calibrated to achieve a known distance

per unit time. The solar cell was equipped with a slit approximately 3 mm in width

to improve the position resolution.

Direct solar radiation, photocell output, and time were printed out contin

uously by the computer during a transit across the focal line, resulting in a

reading of light intensity for approximately each 3 rom of receiver travel.

There were five positions available along the receiver length for mounting

the solar cell. Since the reflector surface was made up of six mirror segments,

each 1.27 m in length, it was desirable to measure the light reflected from each

segment. The relationship between the five available solar cell mounting positions

and the six mirror segments is shown later in this report (Figure 15). By taking

the scan data at several times during the day, measurements could be accumulated

for each mirror segment. Data was obtained only for the new mirrors. Analysis of

the scan data was accomplished by General Atomic (Reference 4).

TEST RESULTS: Before the two FMSC modules were delivered for testing, they

had been assembled and operated at the General Atomic facility in San Diego for some

time. The reflecting surface was known to be deteriorating because of insufficient

protective coating on the back and edges of the glass mirror facets. Initial test

results confirmed that the peeling edges of the mirrors and enlarging pinholes in

the silvered surface had caused significant degradation of reflectivity. Initial

reflectivity of the mirrors was stated by the vendor to be about 0.92. However,

later measurements showed a reflectance of only about 0.88. At the time of initial

testing at Sandia, the reflectance had decreased to about 0.83. The results of

these initial tests are shown in Table 1 under "Old Mirrors," and are also plotted

in Figure 9; maximum efficiency achieved was 37% at 2920 C output. Figure 10 shows

the same efficiency data plotted as a function of average receiver fluid temperature

above ambient divided by direct solar radiation.

A complete set of new mirrors was not available to dedicate to the test mod

ules, so mirrors intended for the 260 m2 collector field at the Midtemperature Solar

Systems Test Facility were borrowed and installed over the old mirrors. The new

mirrors were not glued into place, since they would shortly be needed on other col

lector modules. The new mirrors were made from Corning 0317 low iron glass of about

1.52 mm thickness; measured reflectivity was 0.95. Edges and backs of these mirrors

were coated with a polyurethane enamel to prevent deterioration of the reflective

surface.

17



The new mirrors provided an increase in efficiency of about 8-10% as shown

in Table 1 and Figure 9, labeled "New Mirrors." This efficiency increase correlates

well with the increase in mirror reflectivity from 0.82 to 0.95.

Table 1. General Atomic Peak Noon Efficiency.

Test Date
Insolation

(W/m2 )
Temp Out

(oC)
Receiver Tube

1::.'1' (oC)
Flow Rate

(11ter /min)
Efficiency

(%)
-.

8/17/77

8/18/77
8/19/77

8/22/77

8/23/77
8/24/77

888

958
960

699

953

893

267.5
291.8
294.6

183.5

254.7

311. 3

Old Mirrors

7.5

9.2
8.3

6.6

5.4
7.2

18.9

18.7
19.6

18.6

29.5

18.4

33
37
36
36

35

32

New Mirrors

8/25/77

8/26/77

8/29/77

987
991

938

313.7
255.0

193.1

10.2

9.0
11.3

19.2
18.4

19.3

42

43

44

New Receiver Tube

9/17/77 977 262.3 10.1 18.6 39 .
9/19/77 997 263.4 16.5 11.6 40

9/20/77 981 256.6 7.3 26.8 41

9/21/77 1031 255.8 6.7 26.7 36*

*Mylar window removed, black chrome damaged

Unfortunately, only three days of efficiency testing were completed with

this collector configuration; at this point the receiver was inadvertently brought
into focus without any fluid flow through the receiver. The resulting overheat and
overpressure condition severely damaged the physical configuration of the absorber

tube and its black chrome coating. The exact time the receiver was exposed to
concentrated sunlight is not known, but was estimated to be about 20 minutes.
Similarly, because the data system was not running, temperatures and pressures were

not recorded. Temperatures were estimated at about 500-6000 C. Pressure was great

enough to expand the oval absorber tube back to nearly its original round config
uration. The absorber tUbe was sectioned and absorptance/emittance measured after

the overheat condition (see Table 2).

18

Another absorber tUbe was available; however, its construction was not ident

ical to the original tube. The replacement was stainless steel and had a 50%

greater cross-sectional area. The wall thickness was less (only 0.71 mm vs. 1.57 mm

for the original), and its black chrome coating was not the same quality (see

Table 2). The replacement tube was installed on 16 September; also installed at

this time was a receiver window of 1 mil Tedlar to replace the original 2 mil Teflon

window, which was also damaged in the overheat incident.
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Table 2. Absorber Tube Aborptance/Emittance.

Eth (3000C)

Before After Before After

Original Tube
Replacement

0.956
0.930

0.77 0.23
0.10*

0.14

"

*at room temperature

The differences resulting from the new window and absorber were immediately
apparent when testing was resumed--measured efficiency was about 3% lower at the

same temperature and flow-rate. Efficiency was measured at three flow-rates between
11 and 27 liters/minute; an increase of about 2% was obtained between the lowest
and highest flow-rates for a peak of 41% at 2560 C output fluid temperature. This

data is shown in Table 1 and Figure 9, labeled "New Absorber Tube." The increase
of efficiency with increased flow-rates was probably due to the larger cross
sectional area of the absorber tube, causing the fluid velocity to be lower than

in the original tube at the same flow-rate. Flow-rates higher than 27 liters/
minute could not be attempted; the input pressure necessary for higher flow would

have distorted the oval shape of the thin-walled absorber tube. The reMainder of
the difference in efficiency (about 1%) between the two tubes was probably due to

the lower absorptance of the replacement.

At this time, both Test Loop 1 (Therminol fluid, GA FMSC collector) and Test

Loop 3 (high pressure water, Suntec collector) were being operated simultaneously.

On 20 October 1977 an electrical short-circuit in Loop 3 caused fluid flow to be
lost in that system; in the emergency rush to defocus the Suntec collector and re

store fluid flow to Loop 3, it was not noticed for several minutes that flow had
also been lost through the GA FMSC collector on Loop 1. The two systems are inde

pendent; however, the voltage surge from the short-circuit condition was enough to
cause the fluid circulation pump relay to drop out, stopping fluid flow with the

FMSC still in full focus.

Loop 3 circulation could not be restored; the pumps on Loop 1 restarted

without difficulty when the lack of flow was discovered. Examination of the data

printout revealed that flow had been zero for about 12 minutes. Approximately one

minute before flow was resumed, skin temperatures measured in the illuminated

side of the absorber tube were 532.6, 508.1, and 505.90 C. A plot of one skin

temperature thermocouple during this incident is shown in Figure 11. Measured
fluid temperatures did not increase to the same extent because the fluid thermo

couples were in mixers just off the end of the absorber, and thus not directly
exposed to the fluid in direct illumination. The maximum fluid temperature

recorded was 3320 C.

Examination of the receiver assembly after shutdown showed numerous holes

had melted in the Tedlar film across the receiver aperture and the formerly black
absorber tUbe'surface was now light tan in color. No overpressure occurred, so the

absorber was not physically deformed.

Efficiency and losses were measured the following day after the remnants of
the Tedlar window were removed. Temperature and flow conditions identical to those

21
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measured prior to the overheat were established. As expected, efficiency had

decreased; the 41% efficiency of the previous day was now down to 36% due to reduced

absorptance and increased losses,

The absorptance and emissivity of the absorber were not remeasured after this

overheat condition occurred. After the first overheat the absorptance had decreased

from 0.956 to 0.77 (see Table 2); calculations using the 5% drop in measured effi

ciency after the second incident indicate that the absorptance was down only about

half as much. This magnitude of decrease is consistent with the time the tube was

subjected to the high temperature, about 20 minutes the first time and 12 minutes

during the second incident.

An extensive series of receiver thermal loss tests was performed. The

results were divided into three categories for low, medium and high flow-rates in

an attempt to determine any effect of flow-rate on the thermal loss. Tabular data

is given in Tables 3, 4, and 5; the same data is plotted in Figures 12, 13, and 14.

In each of the figures loss is shown in watts, watts per meter of receiver length,

and in watts per meter2 of collector aperture. The curves are a least-squares fit

to the data. Included in the loss data are several data points obtained when there

was little or no sunshine, and several taken after the overheat incident had damaged

the black chrome surface and removed the receiver window. These data points are

plotted in Figures 12, 13, and 14 but were not included in calculating the least

squares curve fit.

Figure 15 is a composite loss plot for comparison of the curves from Figures

12, 13, and 14. This figure indicates a small effect of flow-rate orr the thermal

loss. It was expected that higher flow-rates, with a more turbulent flow and a

slightly higher average receiver temperature, would exhibit higher loss. The oppo

site was found; the lower flow-rates show the greater losses. One possible expla

nation isthe heat contribution due to friction losses at the higher flow-rates.

The high and low flow-rate loss curves in Figure 14 differ by about 100 watts.

Converted to pressure drop across the receiverJ 100 watts corresponds to about 230

kPa (33 psi). Unfortunately, accurate differential pressure measurements were not

made during this test series, however, pressures of approximately this magnitude

were observed during the test. Except for this friction heating factor, loss

dependance on flow-rate is probably smaller than the scatter in the measured data.

The points labeled "window removed" in Figures 12, 13, and 14 are those

obtained after the black chrome was damaged in the overheat incident; the Teflon

window was also completely removed for these tests. As expected, the losses were

greatly increased. Most of the increase was probably due to conduction and con

vection losses caused by the missing window.

Figure 16 shows the positions and relative spacing of the six mirror seg

ments and the five measurement points on the receiver assembly used to obtain focal

line intensity scan data. Table 6 identifies the various scan positions with the

input conditions and the figure in which the data is plotted. Figures 17 through

21 contain the scan intensity data obtained on the five measurement locations on

the receiver. In each figure the apparent secondary aperture width is also shown

to illustrate the magnitude of the light lost. It is immediately obvious from

Figures 17-21 that some mirror segments produced a good image at the receiver, so
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Table 3. Receiver Heat Loss at High Flow Rates.

Input Ambient Solar
Temp Receiver Flow Loss Wind Temp Input

Test Date ~ l1T (0C} (Liters/min) (kJ/hr) (m/sec) (oC) (W/m2 )

8/16/77 176.3 0.7 19.94 1809 1.2 23.8 832

8/17/77 102.5 0.3 18.8 725 1.2 22.2 867

8/17/77 262.1 1.7 18.8 3952 2.1 30.0 400

8/17/77 103.0 0.3 23.9 755 1.4 22.7 867

8/22/77 175.2 0.6 18.6 1297 0.8 29.4 924

8/22/77 176.3 0.3 26.1 872 1.9 28.3 933

8/23/77 246.7 1.1 18.4 2479 3.4 31.6 936

8/23/77 247.2 0.6 24.8 1785 0.8 30.0 939

8/24/77 303.9 1.7 18.6 3942 1.3 30.5 889

8/26/77 242.1 1.2 18.4 2761 2.4 31.1 977

8/29/77 176.3 1.0 19.2 1643 3.6 31.1 908

8/30/77 307.0 1.8 19.5 4460 2.1 24.4 0*

8/30/77 307.3 1.9 34.4 5119 2.8 27.7 3

8/31/77 308.3 1.8 19.4 4423 1.3 28.8 883

9/21/77 246.6 1.5 19.0 3548 1.9 25.5 1002

9/21/77 247.1 0.8 26.6 2999 2.1 24.4 1015

9/22/77 243.6 1.4 27.8 5193 0 25.0 1.6t

9/23/77 175.4 1.1 25.5 2867 2.4 22.0 753t

*Light rain, dark clouds
tMylar window removed, black chrome damaged

Table 4. Receiver Heat Loss at Medium Flow Rates.

Input Ambient Solar
Temp Receiver Flow Loss Wind Temp Input

Test Date (oC) l1T (oC) (Liters/min) (kJ/hr) (m/sec) (oC) (W/m2 )

8/16/77 175.5 1.2 10.7 1554 1.2 26.6 832

8/17/77 104.6 0.6 12.0 782 1.6 25.0 867

8/18/77 305.3 3.6 12.0 5218 2.0 27.7 902

8/18/77 198.2 1.3 15.2 2161 0.9 21.6 66

8/22/77 175.3 0.9 11. 6 1198 1.0 26.6 9

8/17/77 260.3 2.9 11. 5 3562 2.3 30.0 438

8/23/77 245.5 2.2 11. 5 2321 3.4 31.1 927

8/24/77 298.2 3.3 11. 2 3805 1.1 30.0 889

8/30/77 304.2 3.5 11. 2 4953 2.6 25.5 6

8/31/77 305.8 3.4 11.2 4463 2.0 28.8 848

9/16/77 241. 7 2.4 14.2 4199 1.0 26.1 19

9/22/77 246.2 3.8 11.1 5354 1.8 23.8 6*

*Mylar window removed, black chrome damaged



that most of the focused light could be captured by the receiver; for example, see

Figure 19. Other segments produced a fairly poor image, as seen in Figure 21.

Some of the results of an analysis of the near noon scan data by General

Atomic are shown in Table 7 (data from Reference 6), indicating that only about 71%

of the reflected light was captured by the receiver.

By contrast, preliminary results of scan testing on several new FMSC modules

being installed in the Midtemperature Solar Systems Test Facility show about 90%

of the reflected light is being captured.

Table 5. Receiver Heat Loss at Low Flow Rates.

Input Ambient Solar
Temp Receiver Flow Loss Wind Temp Input

Test Date ~ L'.T (oC) (Liters/min) (kJ/hr) (m/sec) (OC) (W/m2 )
8/16/77 169.3 5.2 3.06 1695.6 2.1 26.6 832
8/17/77 104.2 1.3 4.3 662.8 0.5 23.8 867
8/17/77 255.3 7.2 4.1 3535 1.6 30.5 738
8/18/77 296.7 10.00 3.7 4462 2.2 27.7 895
8/22/77 175.7 2.6 4.8 1330 1.7 25.0 9
8/23/77 240.6 5.8 3.7 2580 1.4 31.1 898
8/24/77 290.2 10.1 3.1 3682 1.4 31.1 889
8/26/77 234.6 6.4 4.1 3115 2.6 31. 6 971
8/30/77 294.4 11. 0 3.5 4561 3.6 21. 6 0*
9/21/77 243.9 8.5 3.4 3512 1.7 25.5 980

'. 9/22/77 242.7 11.1 3.8 4900 0.2 25.5 28t

*Light rain falling during measurement; dark clouds
tMylar window removed. Black chrome heavily damaged

Table 6. Identification of Focal Line Intensity Scans.

Solar
Test Test Solar Insolation Curve Figure

Position* Date Time -D!..L~ Number Number

1 9/10/77 11:50 993 1 17
1 9/10/77 13:25 905 2 17
1 9/10/77 15:12 804 3 17
2 9/04/77 12:43 905 1 18
3 9/04/77 11:12 917 1 19
4 9/04/77 10:52 902 1 20
4 9/04/77 12:09 911 2 20
5 9/11/77 11:32 999 1 21
5 9/11/77 8:50 914 2 21
5 9/11/77 12:30 914 3 21
5 9/11/77 7:52 615 4 21

*See Figure 16 for test position locations.

Table 7. Light Collection Efficiency*.

Position

1
2
3
4
5

*Average -

Solar Time

11:50
12:43
11: 12
12:09
12:30

71. 3% ±8.4%

Light Collection
Efficiency

63.0%
79.1%
81.5%
65.6%
67.3%
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Figure 16. Solar Cell Measurement Points with Respect to Mirror Segment Location~
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SUMMARY OF RESULTS AND CONCLUSIONS: The General Atomic FMSC modules pro
duced disappointing results during their efficiency testing. The peak efficiency
near 3000 C was expected to be about 50%; the measured peak efficiency was about
42%. Reasons for this are readily identified. The dominant deficiency was loss
of about 30% of the reflected light because of poor focus. In turn, the lack of
a sharp focal line can be traced to variations in positions of the individual
mirror segments. Several reasons are possible for the mirrors not being precisely
placed. The most important are: 1) the form used for casting the concrete module
may not have been rigid enough, leading to some deformation of the structure, 2)
chipping of edges, and facet surfaces when removing concrete form added grit and
irregularities which could cause individual mirrors to be randomly out of focus--a
condition which was observed on the test modules, 3) the test modules had new re
placement mirrors temporarily installed without a complete bond to the module over
their entire rear surface. This was done so that the mirrors could be removed for
use in the larger field, but late in the test series it was observed that the mir
rors were not all lying flat on their underlying facets. Assuming that the concrete
facets were sufficiently precise (not a known fact), additional adhesive on the
individual replacement mirror segments would have improved the focus. Most of
these deficiencies would be easily correctable in building a new system based on

the FMSC modules.

Preliminary tests on the new FMSC modules have indicated that the first two
of these difficulties have been reduced to acceptable levels and the third was the
result of a temporary measure which would not be expected in'a permanent, installa
tion.

If 100% of the light from the mirror surface had been captured by the
receiver, the thermal efficiency would have been about 62% at 3000 C. The 90%
capture demonstrated by a preliminary test on a module installed in the systems
test facility would have produced an efficiency of about 53% at 3000 C, a notable
improvement over the 42.5% actually measured with the test modules.

The thermal loss, measured on the FMSC receiver was very low; the loss per
unit length of receiver was among the lowest achieved by any of the collectors
tested at the CMTF. The exceptionally low conductivity of the Microtherm insula
tion and secondary concentration to a smaller active receiver are probably the
primary reasons for the low loss rate. The window was also important, as can be
seen from the dramatic increase in loss when the window was removed.

In summary, this evaluation has shown the thermal performance of the
Genflral Atomic Fixed Mirror Solar Concentrator to be lower than expected. However,
the deficiencies have been identified as being caused by problems which can be
corrected in the manufacturing process for future modules produced by General
Atomic.

-'
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