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ABSTRACT 

This report summarizes the testing which was performed 
on the Hexcel Parabolic Trough Solar Collector at the 
Solar Total Energy Test Facility. Test objectives are 
defined, test procedures are described, and results 
and conclusions are given . 
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PERFORMANCE TESTING OF THE 
HEXCEL PARABOLIC TROUGH SOLAR COLLECTOR 

INTRODUCTION : A series of solar collector designs are being tested in the 

Sandia Laboratories Collector Module Test Facility as a part of the Department of 

Energy's continuing program to characterize selected collector modules for possible 

future system use (Reference 1) . Several of the collector designs tested have been 

chosen to provide the energy input for large demonstration projects throughout the 

nation. The Hexcel Solar Collector evaluated for this report is commercially 

available. A series of similar collectors is currently providing power for a 50 hp 

irrigation pump motor at Casa Grande, AZ. The design has also been selected for a 

2800 m2 (30,000 ft2) collector field . at the Indian Health Center project at White 

River, AZ and a 1580 m2 (17,000 ft2) collector field at Yuma, AZ. 

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

performance of a parabolic trough concentrating solar collector module manufactured 

by the Hexcel Corporation of Dublin, CA. Items of particular interest were the 

peak thermal efficiency at solar noon and the receiver tube thermal losses at 

fluid temperatures from 1500 C to 300oC. 

COLLECTOR DESCRIPTION: The Hexcel concentrator system (Figure 1) consisted 

of four mirror panels arranged to form a linear focus parabolic reflector. Focal 

Figure 1. Hexcel Collector 
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length was 0.914 m (36 in.); rim angle was 720
. The mirror panels were 3/8 inch 

aluminum honeycomb sandwich construction with 1/2 inch aluminum channel protecting 

the edges. The reflecting surface was FEK 163, an aluminized second-surface 

acrylic film manufactured by 3M Corporation. Each mirror panel was 2.98 m in 

length and 1.41 m in width and weighed about 16 kg. 

In most parabolic trough concentrator designs, the mirror is a one piece 

assembly. In such a design, the receiver tube assembly casts a shadow along the 

center line of the mirror. The shadowed area is not effective in concentrating 

energy upon the absorber tube but is included in the mirror aperture area. 

In the Hexcel design, advantage was taken of the centerline shadow to make 

the mirror in halves. The resulting centerline gap of approximately 7.5 cm be­

tween mirror halves was fully shadowed by the receiver assembly; this shadowed 

area was included in the mirror aperture area for consistency with the other de­

signs tested. Thus, the mirror aperture used for efficiency calculations was 

15.91 m2 , actual reflective surface aperture area was 15.49 m2 . 

The steel absorber tube was 6.4 m in length, (approximately 30 cm longer 

than the mirror) with 3.81 cm outside diameter and 3.18 cm inside diameter. The 

absorber tube had spiral internal grooves resembling the rifling in a gun barrel 

(Figure 2), with a 3.02 cm internal plug tube to confine the fluid flow to the 

tube wall area. The outer surface of the absorber was plated with a selective 

black chrome to enhance solar radiation absorption and reduce radiated th~rmal 

loss. To further reduce losses from the absorber tube, a half-cylinder of pyrex 

glass was fitted over the tube on the radiation absorbing side. The back half of 

INTERNALLY FLUTED 
TUBE, BLACK CHROME 
PLATED 

./ 

Figure 2. Absorber Tube Construction. 
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the tube was covered with a double layer metal shield (Figure 3); insulation was 

placed between the two layers to reduce losses. The inner layer was polished alu­

minum to reflect radiation back onto the absorber tube. 

75 mm DIA 
PYREX GLASS 

FLUID " 
FLOW r r .... 

AREA 

3.02 cm DIA "" 
CLOSED END " 
PLUG TUBE 

SOLAR INPUT 

3.81 cm DIA 
ABSORBER TUBE 

~I ALZAK 

~INSULATION 
0.8 cm 
THICKNE\3S 

Figure 3. Receiver Assembly. 

The collector supporting structure was constructed from welded steel tubing. 

Total weight of the complete module as tested at Sandia was about 580 kg. As con­

figured for a large collector field, weight would be about 435 kg. A Delavan 

Electronics Corporation Sun-Trak sun sensor and the tracking system electronics 

were mounted at one end of the collector module, with a 24 volt dc motor providing 

power to move the mirror system for sun tracking. The collector system was orient­

ed E-W, tracking the sun in elevation only. 

TEST FACILITY DESCRIPTION: General features of the Therminol fluid loop 

system used for this test can be found in Reference 2. Installation of the Hexcel 

Collector module began on 4 October 1977. Various problems with pipe fittings and 

insulation delayed completion of installation until 14 October; data collection 

began on 15 October. A series of excellent sunny days enabled completion of mea­

surements by 25 October. Mr. D. Parker, Hexcel Project Engineer, provided able 

assistance throughout the test period, and has completed preliminary analysis of 

the test results (Reference 3). 

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 

2000 C could be attained by about 10:00 am without difficulty; higher temperatures 

required more time due to increasing losses. Temperatures over 2500 C could not be 
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reached before noon without help from the collector system. For each test, input 

temperature and flow-rate were maintained constant; output temperature varied ac­

cording to test conditions. 

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

sured with a PRI-I02A turbine flowmeter manufactured by Flow Technology, Inc. Flow 

was also measured with a Ramapo SGA-IOIRM strain gage flowmeter. The flowmeter 

calibration was checked prior to the test by flowing fluid into a tank and plotting 

tank weight vs. time. A set of 3 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 connected 

as a differential pair for determining the delta temperature for calculations of 

heat gain or loss (see Figure 4 for thermocouple locations). A Kinics Corporation 

static mixer was installed 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. Differential pressure from end to end 

of the absorber tube was measured with a Rosemont pressure transducer. Four ab­

sorber tube skin temperatures were measured with iron-constantan thermocouples 

welded to the outer tube surface (see Figure 4). Ambient temperature, wind direc­

tion and wind speed measurements completed the active data collection. 

FLUID INLET 

TWO 
THERMO­
COUPLES 

t 
4 RECEIVER TUBE SKIN TEMPERATURE 
THERMOCOUPLES AT 900 INTERVALS 
AROUND CIRCUMFERENCE 

FLUID OUTLET 

t 
TWO 
THERMO­
COUPLES 

lIP OUTLET 

INLET 
MIXER 

OUTLET 
MIXER LW OUTLET. 

INLET 
THERMO­
COUPLE 

1 2 3 4 
OUTLET 
THERMO­
COUPLE 
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ABSORPTANCE 
MEASUREMENT 
POINTS 

Figure 4. Measurements on Receiver Tube. 

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

mat by Doric 210 and 220 analog-to-digital data systems. An HP 2116 minicomputer 

processed the data and a printout was made of critical data while the test was 

underway. 

" 
• 

~ 

" 

• 



no 

W' 

Figure 5 is a typical printout of data obtained during an efficiency test. 

Figure 6 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 the 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 ten data points were accumulated. The complete data 

printout as shown in Figures 5 and 6 ran continuously, repeating at intervals of 

about three minutes throughout a test run. Forty measured and calculated data 

values, plus ten average values were available from the data system every 15 sec­

onds. Only the data shown in Figures 5 and 6 were printed; the remaining data 

would normally be recorded on magnetic tape for later analysis. The number of 

decimal places printed in Figures 5 and 6 should not be taken as indicating the 

data system accuracy; choice of the print format was dictated by pecularities of 

the computer system used. Only those data blocks occurring under stable conditions 

are included in this report. 

HEXCEL COLLECTOR EFFICIENCY TEST 

JULIAN DAY 292 HOUR 12 MINUTE 1 SOLAR TIME 

69.2 
267 
3 

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

SKIN TEMPS-0,90, 180, 270 DEG 464.2 
462.1 

TEMP TEMP SOLAR DELTA 
IN OUT BTU/HR TEMP 

FT 2 
446.8 473.7 322.23 25.7 
446.8 473.7 322.52 25.7 
446.9 473.7 322.64 25.7 
446.9 473.7 322.56 25.6 
447 473.7 322.85 25.6 
447 473.8 322.85 25.7 
447 473.9 322.89 25.7 
446.9 473.8 322.47 25.8 
447 473.8 322.56 25.7 
446.9 473.8 322.35 25.8 

10 POINT AVERAGES 
446.92 473.76 322.592 25.7 

7.15525E-06 AVERAGE KINEMATIC VISCOSITY 
6.94739 AVERAGE DENSITY 
2. 33050E-02 AVERAGE FRICTION FACTOR 
10.395 AVERAGE DIFFERENTIAL PRESSURE 

453.4 462.6 

FLOW 
GPM 

5.27 
5.26 
5.27 
5.27 
5.27 
5.27 
5.26 
5.26 
5.26 
5.26 

5.265 

DIFFERENTIAL THERMOCOUPLES USED FOR DELTA T AND EFFICIENCY 

END OF DATA PASS 4 

Figure 5. Efficiency Test Data Printout 

EFFICIENCY 
PERCENT 

57.2 
57.2 
57.3 
57 
56.9 
57.2 
57.1 
57.4 
57.2 
57.4 

57.19 
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HEXCEL THERMAL LOSS TEST 

JULIAN DAY 295 HOUR 13 MINUTE 4 

65.8 
112 
7 

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

SKIN TEMPS-O,90, 180, 270 DEG 514.7 

TEMP TEMP FLOW 
IN OUT GPM 

519.7 516.1 5.38 
519.7 516.1 5.38 
519.6 516.1 5.37 
519.6 516.1 5.37 
519.6 516.1 5.36 
519.7 516.2 5.37 
519.6 516.2 5.37 
519.6 516.1 5.36 
519.6 516.1 5.36 
519.6 516.1 5.38 

10 POINT AVERAGES 
519.63 516.12 5.37 

SOLAR TIME 

569.9 

DELTA 
TEMP 

-4.4 
-4.3 
-4.4 
-4.3 
-4.4 
-4.4 
-4.3 
-4.2 
-4.3 
-4.4 

-4.34 

518 518.3 

BTU/HR 
GAIN 

-5132.02 
-5012.45 
-5119.23 
-5006.16 
-5114.31 
-5125.83 
-5009.2 
-4889.09 
-5000.68 
-5130.02 

-5053.09 

-14.69 EFFICIENCY IN PERCENT. (INCORRECT EXCEPT AT SOLAR NOON) 
202.794 AVERAGE SOLAR INSOLATION, BTU/HR SQ FT 
9.95 AVERAGE DIFFERENTIAL PRESSURE 
1. 96834E-02 AVERAGE FRICTION FACTOR 
2950.44 AVERAGE REYNOLDS NUMBER 

END OF DATA PASS 11 

Figure 6. Thermal Loss Data Printout 

PERFORMANCE TEST DEFINITIONS: During a test run, specific heat and density 

of the Thermino1 66 fluid were calculated for each data set using the average 

temperature of the fluid in the absorber tube and fluid properties furnished by 

Monsanto Industrial Chemicals Company (Reference 4). Heat gain (or loss) was then 

calculated from 

where 

Q m Cp I1T 

Q heat gain, kJ/hr 

m mass flow rate of fluid, kg/hr 

Cp specific heat of fluid, J/kgOC 

I1T 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 assembly. 
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On most days, after reaching the desired temperature, loss measurements were 

made until about one hour before noon. Lo~s 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 

where 

T) Q/A 
I 

T) 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 insure complete 

temperature and flow stabilization. This procedure insured good definition of the 

peak noon efficiency. The all day efficiency tests were run at a constant flow­

rate and input temperature without interruption for the entire day to define the 

concentrator's efficiency at various sun angles. These tests began as early as 

operating temperatures could be established and continued until efficiency reached 

zero (zero net heat gain). 

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

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

flow-rates varied by 0.1 liter/minute or less, delta temperature remained within 
D.loe or less, and solar insolation remained constant to about 1%. Temperatures, 

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 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 . 

Prior to beginning thermal testing of the Hexcel collector, measurements 

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

sorber tube's black chrome coating. These measurements were made with a Gier­

Dunkle Infrared Reflectometer, Model DB-IOO, at intervals each side of center on 

the absorber tube. Measurement positions are indicated in Figure 4. The measure­

ments were repeated after conclusion of the thermal testing . 

Differential pressure from end-to-end of the absorber tube was measured 

throughout the test series for all the temperatures and flow-rates used. These 

values were not printed continuously, but ten point averages were printed at the 

end of each three minute data block. Differential pressure indicates the pumping 

power that may be required at various temperatures and flow-rates and was also 

used in calculating friction factor and Reynolds numbers for the system. 

TEST RESULTS: Table 1 shows tabulated values obtained near solar noon dur­

ing the efficiency tests. These values are plotted in Figure 7 to obtain a curve 

15 



of peak noon efficiency vs. fluid output temperature. Flow-rates were varied from 

11 to 28 liters/min (approximately 3 to 7 gallons/min). Measured peak efficiencies 

ranged from 64% at 160°C to 56% at 300°C. 

Table 1. Hexcel Collector Peak Noon Efficiency '" 

Temperature Receiver Solar 
Test Date Ogt TUBe Flow-Rate Efficiency Insola~ion 

( C) (L~T C) (liters/min) (%) ~m) • 

10/15/77 167.2 9.4 31.4 62 946 
10/17/77 168.8 16.3 19.9 64 1006 
10/18/77 161.6 11. 7 28.4 64 1021 
10/19/77 245.4 14.3 19.9 57 1015 
10/20/77 241.3 10.3 27.4 59 987 
10/21/77 226.7 20.8 13.6 58 1006 
10/23/77 299.2 9.4 26.6 56 946 
10/24/77 304.0 13.6 19.3 55 999 
10/25/77 312.2 23.4 11.5 56 1009 

70 

---- . , 
65 

,.... 
!)Q. ...., 
>< 60 
C) 
Z 
r"l 
H 
C) 
H 

~ 55 
r"l 

Z 
0 
0 
Z 

~ 50 r FLOW RATES 

& 11 liters/min 

0 19 liters/min 

45 l- • 28 liters/min 

40 L,------L-----~----~~--~~--~~~--~~--_:~----~n_--~ 
100 125 150 175 200 225 250 275 300 325 

RECEIVER OUTPUT TEMPERATURE (oC) 

Figure 7. Efficiency of Hexcel Collector. 
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Figure 8 illustrates the measured collector performance throughout the day 

when operated at a constant input temperature and constant flow-rate. The solar 

insolation curve is that measured on 17 October and 25 October during these two 

efficiency tests; insolation was nearly identical on both days. The efficiency 

curves begin late in the morning due to the time required to heat and stabilize 

the fluid loop system at the desired input temperature 
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Figure 8. Hexcel All Day Efficiency. 

The top efficiency curve in Figure 8 was obtained 17 October 1977 with an 

input temperature of 1540 C and a flow-rate of 19 liters/min. Maximum output tem­

perature was 1710 C shortly after noon. Total energy delivered from 1130 to 1630 

hours was about 7.3 MJ/m2 . Other collectors have shown symmetrical performance, 

morning and afternoon. Assuming the early morning portion of this curve would 

be symmetrical with the afternoon portion, about 12.2 MJ/m2 could be obtained 

from a single Hexcel collector module in an 8 hour period. It should be noted 

that the Hexcel absorber tube extended 30 cm beyond the east end of the mirror. 

The impact of this asymmetry on the reported data is estimated to be small. 

The lower efficiency curve resulted from an input temperature of 287°C and 

a flow-rate of 11.5 liters/min on 25 October 1977. Maximum output temperature of 

3120 C occurred at noon. Total energy delivered over the time period shown was 

about 7.7 MJ/m2 . Again assuming symmetry, about 10.9 MJ/m2 would be delivered 
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~ 
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from this module during an 8 hour period. Less end loss would occur when similar 

modules are placed in long East-West rows in a typical collector field, so the 

energy delivered per module would be larger. 

Another long period efficiency run was attempted on 21 October at an input 

temperature of 2250 C; intermittent clouds prevented obtaining smooth data. Several 

selected points from this test were checked against Figure 8. As expected, they 

fell between the two efficiency curves shown. 

Some difficulty with the tracking system was encountered during the long 

efficiency runs. Over a period of about an hour, the tracking would degrade 

enough to reduce efficiency about 2%; these are the steps visible on the 1540 C 

curve in Figure 8. After r~adjusting tracking for optimum focus, the problem 

would appear an hour or so later. This difficulty was apparently not due to a 

malfunction of the tracking equipment, but probably was due to a misalignment of 

the tracking photosensors with the collectors. 

Table 2 contains the data accumulated during the receiver thermal loss test­

ing. Thermal loss vs. fluid inlet temperature is shown in Figure 9. 

Test Date 

10/15/77 
10/15/77 
10/15/77 
10/15/77 
10/15/77 
10/15/77 
10/15/77 
10/15/77 
10/18/77 
10/18/77 
10/19/77 
10/19/77 
10/19/77 
10/20/77 
10/22/77 
10/22/77 
10/23/77 
10/23/77 
10/24/77 
10/24/77 

Input 
Temp 
(OC) 

148.9 
147.8 
142.2 
150.0 
216.1 
214.4 
211.7 
203.6 
152.4 
151.9 
229.3 
228.0 
225.7 
227.8 
273.7 
271.7 
283.3 
287.8 
277.8 
283.1 

Receiver liT 
(OC) 

0.9 
1.7 
4.2 
0.5 
0.8 
1.5 
2.7 
7.0 
0.6 
0.9 
1.2 
1.6 
3.3 
1.6 
1.8 
2.4 
2.8 
1.8 
4.1 
2.4 

Table 2. Hexcel Losses 

Flow 
(liters/min) 

19.6 
11.9 
4.6 

31.2 
29.5 
19.0 
11.4 
3.6 

27.3 
18.8 
28.1 
21. 3 
10.8 
26.4 
29.1 
20.3 
17.2 
26.9 
11.4 
19.2 

: Loss 
(kJ/hr) 

2026 
2179 
2098 
1567 
2787 
2767 
2971 
3199 
1741 
1885 
3756 
3983 
4072 
4385 
5152 
5337 
5690 
5671 
5526 
5461 

Wind 
(m/sec) 

6.7 
6.7 
6.7 
4.5 
1.3 
2.7 
2.7 
2.2 
2.2 
1.8 
1.3 
1.3 
3.1 
3.1 
4.5 
4.5 
1.3 
0.5 
1.3 
1.3 

Ambient 
Temp 
(OC) 

16.1 
16.7 
17.2 
18.3 
19.4 
20.6 
20.0 
20.6 
24.4 
24.4 
23.3 
23.9 
24.4 
22.8 
18.9 
18.3 
18.3 
18.3 
21.1 
20.0 

Solar 
Insolation* 

(W/m2) 

946 
946 
955 
949 
939 
946 
939 
939 
984 
962 
980 
968 
943 
977 
892 
735 
946 
946 
939 
974 

*Direct solar insolation incident on receiver tube assembly during loss test 

Thermal loss data has been shown in many ways in previous solar test reports. 

To facilitate comparisons with other reports, the loss data from the Hexcel test 

has been-plotted -in several different iormafs. 

• 
a. 

• 
~ 



• 

2000 

300 ~ - 12~ 

250 100 

~'BOO 
_ 1600 

'-' 

1400 

200 80 
1200 

S C\l 
........ s a:: a:: ........ 

a:: 1000 rI.l 
rI.l 150 60 rI.l 
rI.l rI.l 0 
0 rI.l ....:l 
....:l 0 800 ....:l 

100 40 --1 600 
FLOW RATES 

6) 4 liters/min -t 400 
50 I::=-F 20 .. 11 liters/min 

J 
0 19 liters/min l :00 • 29 liters/min 

100 150 200 250 300 
RECEIVER INLET TEMPERATURE (oC) 

Figure 9. Hexcel Receiver Thermal Loss. 

The right ordinate in Figure 9 shows measured thermal loss from the receiver 

assembly. The left ordinates show thermal loss per unit length of the absorber 

tube and thermal loss per unit area of the collector aperture. The loss curve 

was extended to lower temperatures than actually tested by assuming zero losses 

at approximately 200 C ambient temperatures. 

Measured values of differential pressure across the absorber tube are shown 

in Table 3 for several flow rates and fluid temperatures. Calculated Reynolds 

numbers are also given in Table 3. Figure 10 shows absorber tube differential 

pressures vs. flow rates. 

Table 3. Absorber Tube Differential Pressures. 

Average Reynolds 
Temperature Flow Number liP 

(OC) (Ii ters/min) (kPa) 

154 13.9 55.4 
152 18.8 2950 87.9 
153 27.3 4339 157.3 
156 31.3 196.7 
216 29.4 9388 145.6 
214 18.9 5993 69.4 
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Table 3. Absorber Tube Differential Pressures (Cont) 

Average 
Temperature 

(OC) 

250 

211 
202 
288 
282 
276 

Flow 
(liters/min) 

11.3 
3.6 

26.6 
17.2 
11. 4 

Reynolds 
Number 

3462 
1014 

15048 
9415 
5980 

I1P 
(kPa) 

20.7 
9.76 

106.5 
50.8 
26.9 
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Figure 10. Hexcel Receiver Tube Differential Pressure. 
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Results from the absorber tube absorptance and emittance measurements are 

shown in Table 4. The data indicate less than the normal as plated absorptance of 

~0.95. Emittance was also less than the normally observed values of 8th (300
o

C) 

~0.25. 

Table 4. Absorptance/Emittance 

Location 0 0 
CI. 8th (100 C) 8th (300 C) 

Before After Before After Before After 

Position 1 0.92 0.91 0.12 0.11 0.18 0.17 
Position 2 0.92 0.93 0.12 0.15 0.17 0.18 
Position 3 0.89 0.87 0.11 0.11 0.16 0.15 
Position 4 0.79 0.72 0.21 0.17 0.22 0.21 

The absorptance and emittance measurements made after conclusion of the ther­

mal testing are also shown in Table 4. The measured values were nearly the same 



.. 
"\ 

)' 

as the pre-test values (within the accuracy of the measurement) except near the 

outlet end of the receiver tube. These values had decreased, as shown in the last 

line of Table 4. 

A partial time-temperature history of the absorber tube was obtained from 

the test data as a possible aid in determining reasons for the degradation of the 

black chrome surface. This data is shown in Table 5, revealing a total of about 

33 hours at temperatures above 2000 C during testing at Sandia's CMTF. An unknown 

amount of testing at unknown temperatures had also been done by Hexcel prior to 

shipping the collector module to Sandia. 

Approximate 
Temperature 

(OC) 

200-225 
225-250 
250-300 

Table 5. Hexcel Absorber Tube 
Time-Temperature History 

Time in Focus 
hr:min 

10: 15 
8:00 
5:30 

Time out of Focus 
hr:min 

4 45 
2 30 
2 00 

Total Absorber Tube Time Over 2000 C 33 Hours 

Total Time 
hr:min 

15 00 
10 30 

7 30 

SUMMARY OF RESULTS AND CONCLUSIONS: The Hexcel collector was the most 

efficient yet tested in the Sandia Collector Module Test Facility. At 1600 C out­

put fluid temperature, 64% of the sun's energy entering the collector aperture 

was recovered; this efficiency dropped to 56% at 3000 C outlet temperatures. As 

can be seen from the data plotted in Figure 7, no correlation was apparent be­

tween efficiency and flow-rates tested, indicating excellent heat transfer even 

at low flow-rates. 

The thermal efficiency of this collector design could be improved in two 

areas: (1) the absorber tube's black chrome coating absorbed less of the in­

coming energy than would be expected for a good black chrome plating, and (2) 

the thermal losses from all sources were greater than several other collectors 

tested. 

Hexcel has estimated (Reference 3) that an optimum black chrome absorber 

would have increased peak noon efficiency by about 4%. Reasons for the rapid 

degradation of the absorber tube's black chrome coating at operating temperatures 

is unknown at present. This phenomenon has been observed on a few other receiver 

tubes after short exposure times, but has not occurred on others after long 

exposure at operating temperatures. Investigation is underway by Sandia Labora­

tories and others. 

When compared to other systems recently tested, the losses per meter of the 

absorber tube were about twice as large, indicating that an improved design might 

reduce losses and thereby further increase efficiency. The receiver design as 

tested was not well sealed at the ends and had several small gaps in the glass 

covers, allowing some air circulation to carry away heat. A counterbalancing 

advantage to this glass cover design is the ease with which a section of glass 

could be replaced if broken. 
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The insulation layer behind the absorber tube was thinner than seen in some 

other insulated designs; Hexcel has already changed their design to increase insula­

tion and reduce losses from this area (Reference 3). 

Another possible contributor to losses was the aluminum secondary reflector 

behind the absorber tube. A recent NASA stuCy (Reference 5) reported that a re­

flector of ALZAK material similar to that used by Hexcel returned only about 55% 

of incident energy compared to an expected 80% reflectivity. Sandia measurements 

have been less pessimistic, reporting reflectivities in the 70-75% range (Reference 

6). 

The composite magnitude of improvements in all these areas is hard to esti­

mate, but if a 40% loss reduction were achieved, to bring this collector's receiver 

losses near those of the lowest loss receiver tested at the CMTF, the result would 

be an increase of more than 4% in peak noon efficiency. 

Because the heat losses are relatively constant, while total heat recovery in 

the fluid decreases steadily off-noon, such a reduction in losses is even more 

desirable when considering the increase in energy recovered throughout an 8-hour 

day. At 3000 C, 8.3% more heat would be recovered at noon, 18% at three hours 

from noon, and 44% more heat recovery at four hours from noon. 

The internally finned, plugged absorber tube design was quite effective in 

producing turbulent fluid flow and efficient heat transfer; no improvement in 

efficiency was apparent as flow-rates were increased. However, the differential 

pressures measured were relatively high, indicating high pressure drops in a large 

collector field and the requirement for high pumping power. For comparison, re­

sults from tests on another collector's similarly sized absorber tubes are in­

structive. The other absorber tube was 2.5 cm in diameter vs 3.81 cm for Hexcel, 

12.2 m in length vs. 6.4 m for Hexcel, and contained no plug or other turbulence 

producing device. This design did exhibit some sensitivity of efficiency to 

flow-rate (about 2-3%) but produced pressure drops more than an order of magnitude 

smaller at similar flow-rates and temperatures, even using a tube nearly twice as 

long. 

Although some improvements are possible as indicated above, the Hexcel 

collector design is an excellent one. It was higher in efficiency than others 

tested, mechanically simple, relatively light in weight, and rugged enough to 

obtain a long lifetime in the field. 

• 
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