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NOTICE

This report was prepared to document work sponsored by the
United States Government., Neither the United States nor its
agents the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federsl employees, nor any of their contractors, subcontractors
or thelr employees, make any warranty, express or imglied, or
assume any legal liability or resnonsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privataly owned rights.
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Certification Test Report

The Owens- I111noas, Inc., SUNPAKTM Model SEC 601 air cooled c011ector

has been cert1f1ed it meets national standards and codes as d9f1ned

by the Subsystem Performance Specification and Vgr1f1cat1pn Plan

of contract NAS8-32259. The design, fabribation, installation and
verification test and analysis of the Model SEC-601 collector were
accomplished under contract NAS8-32259, dated October 28, 1976, The
Architectural and Engineering firm , Smith, Hinchman and Grylls, Detroif,
Michigan, acted in the capacity of the independent certification agencx.

The SUNPAK™™ Model SEC-601 collector was tested and evaluated to the

appticable sections of the Interim Performance Criteria for Solar
Heating and Combined Heating and Cooling Systems and Dwellings pre-
pared for the U. S. Départment of Housing and Urban Development by

‘the National Bureau of Standards, dated January -1, 1975. The Model
SEC-601 collector §uccessfu11y completed all requirements and criterion
of the‘Verffication Test Program as evidenced by the documentation
which follows. ‘ '

The SUNPAK™™ Model SEC-601 air cooled collector is a marketable sub-

system for solar heating and combined heating and cooling systems for
dwetlings and commercial installation.

AP

. Kenneth L. Moan
0.1. Test Engineer - P.E. (Ohio 5203)
0.1. Approv;1

-
Jguouoté M(:,L(.»«L, //// /f' Pk
David C. Miiler,Ph.D. °w1111am C. Lou1e V P.
SH&G Certificatibn-Officer P.E. (Mi., 11084)

SH&G Certification Officer



1.3 Collector Performance.

1.3,% Collector efficiency.
The thermal performance of the Model SEC-601 air cooled
collector was investigated on the basis of its operating performance
on an all day besis. That is, the useful energy gain of tie col-

lector:

g, * &C (To ~ Ti) (1)

was evaluztad in five (5) minute increments from sunrise to sunset,

Test points were obtained for relatively clear day operating conditions
for (Ti - Té)/T}P near 0.04, 0.05, 0.3, 0.44, 0.48, 0.60. Additiona1'
test poiats were also obtained under cloudy and intermittent cloudy day
conditions. ZSalar radiation uas measured in the plane of the collector
using an Eppley PSP with integrator for the total radiation measurement
and an [ppley 8-48 with shadow band and integrator for the diffuse solar

radiation measurement.

The five minute incremental data were summed over the day from
sunrise to sunset. The approximate collector fluid inlet terperature
for a given test day was cstablished during the night time hours prior
to the test day. The near zero intercept test point data was obtained
by ingesting ambient air into the air fan inlet and dumping the -
effluent from the collector overboard to ambient. The collector in]ety
temperature thus fletuated throughout the day with ambient tempﬁrature.
- The higher collector fluid inlet temperatures were obtained by using

a liquid energy source and an air liquid heat exchanger to astablish



the collector air inlet temperature. HNear constant inlet temperatures
were obtained by using .city water to dilute the liquid energy gource and
dumping the excess water to the sewer. -
Figures 1.3.7(a) through (f) contain the computer output data
for the six specific days used to establish the Mode] SEC 601 air cooled
collector characteristic efficiency curve. Thé curve is presented in
Figure 1.3.1(g). The data points are noted by open circles. Added
experimental data points are indicated in Figure 1.3.1(g) by the "X"
symbol. The compﬁter output data has been summed in half hour increments
to reduce the vniume of data resulting from 5 minute increment evalua-
tion. MNote that the time column is soiar time for each day of test.

The test Toop schematic is indicated in Figure 1.3.1(h). The
Model SEC-607 air cooled collector was mounfed on a south facing roo%
sloped at 45°. The roof was faced with Alcoa Bone White #K2028-30
(flucrocarbon) diffuse radiation méteria]. The as received total
refiectance which approximates the value of diffuse refiectance was
78.57%. See Figure 1.3.1{1) for the receiving test report.

The collector temperature rise was measured witﬁ a 4 element thermo-
pile constructed from Type T copper constent wire. The thermocouples
were calibrated by the Instrument Serviées Standards Lab of 0.1. The
calibration data is attached as Figure 1.3.71(j) [3 sheets]. The thermo-
piles were constructed using couples 1 through 8.

The experimental data is captured on magnetic tape using a Fluke

Data Logger, Model 2240A, John Fluke Company, Mt. Lake Terrace, Washington,

98043. The Fluke is calibrated in approximately 6 month intervals.



See Figure 1.3.7 (k) [3 sheets] for the calibration data.

. Radjation data is -obtained using Eppléy Pyronometers mounted iniv
the tiit plane of the collector. .A PSP pyronometer is psed to measure
total radiation and an 8-48 pyronometer with shadow band is used to
measure diffuse radiation. The radiation levels are integrated over
the 5 minute interval between data points. The calibration data for
the pyronometers are attached as Figure 1.3.1 (1) for total and Figure
1.3.1 (m) for the diffuse measurements. .

The air mass flow is measured using a Model Fan-E unit manufactured
by the Air Monitor Corporation,“Saﬂ£a Rose, CA., Descriptive literature
is attached as Figure 1.3.1(n). The circular - 6 inch diameter model
is used. Thg Special FAN-E unit was purchased. It was mounted in
accordance with the manufacturer's instructions as contained in
Figure 1.3.1(0).

The analytical model-for collector efficiency baséd'on the experi-

mental test data is:

7 3 ncp (To - TH)I/51, , 4

C
The emperical relationship for the Nodel SEC-601 collector is:
-—"}- = .58 - -‘[4 (T'“’l - TB)/ITP

The thermal performance &ﬁrve of the Model SEC-60T air cooled col-
1e§tor is indicated as the dashed line 1in Figurg 1.3.1{g). The solid line
indicates the thermal performance as requiréd by Appendix H of the contract.
The dash-dot 1ine indicates the thermal performance developed for the 144

tube ERDA collector array over a long period of time.



Reyiew of'items 1.3 and 1.3.1 successfully completed.
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HALF~HOURLY DATA SUMMARY FOR 5-22-78 DAY NO. 142

SOLAR ATR  INLET aMB QuT

TIME I7TP ICP  RD  FLOM  TEMP TEMP TEMP * QU EFF DT/
1"_1 n. 0. H"’?. ha. 52. 62- "1?3. 0.0() 0,-0.0
45 0. O BYyr. LY 51 . Al =128, 0.00 0.00
Irte N, 1% Hal, tl. sl. 6l ~13%. 0,00 0.00
145 {1, 0& 5*‘43. . bln qU. Al e "l"“). e (0 O-Ofl

21‘) f). 0. ﬂ\)‘-). 610 50; ﬁUo "IHPa 0.00 0-00
d‘!s ﬂ. 0,, ﬂq"). bb. ‘TJU. 60- *ll‘-h. D00 . 0.00
315 0, 0. BOA. 60, 49, 59  ~119, 0.00 0,00
345 0. 0. 8918, 59. Gl 59. ~143. 0.00 0.00
415 ﬂ. 0. Hqg. 59. 48. 58. “l‘i‘i. 0.00 OUDD
445 1. Oo 900. SHO QB. 58. "110. -1.‘!—5 12.08
515 6 S. 899, 54, &7, 59. Tsa 0Oelé l.802
545 13. 11, 904 58, &7, 59, 26T. fe25 0.85
615 31. . Z0. 900. - 59, 50, 62 642% (.25 0.31

645 S7. 27
715 TTe 3z2.
74% 117, 36,
815 1590, 42,
445 189, 81,
919 198. 48,
945 21R. 66.
1015 273. 17«
1045 274, g6,
1115 229, 96,
1145 264, g83.
1215 3Mm1, 70,
1245 284y, 77
1315 25«4, 86 o
1345 257, 8.
1415 237. 7.
1445 230. 60,
1515 1197, 48,
1548 1414, 4],
1615 1213, 36,
1645 AR, 32.
1715 56, 29,
1745 27 24,
1415 1R, 19.

8as, 60. 52, t8. 178%. 037 Q.14
890, bl. 53, T7. 3511s 0454 0,09
ARz, . 85, 87 5747 Ne53 0.04
875, 6l. 57. 97. T676. Dub1 0.02
R73. 62, 59, 105. Basy., 57 0.02
B68., 63. 60, 104, 8638, Ne52 0.01
867, 64, 6éls 107, B970. 0449 0.01
BrO,. 65, 63. 1l16. 105f6. 0e46 0.01
BL7. 66, 64, 121. 11307, 049 001
8559, 6bha 64, 117. 9414, 0e49 0.01
856, 66, b4, 114. 9u%h, U 0.01
851 . 67. 64, 123. 11494, 045 0.01
849, 67 65, 124. 11937« Qo448 D01
850, 68, 65, 119. 1054y, 0,49 0.01
850. 68, 65. 119. 1047%, 0.4H 0.01
8572, - 68. 65, 119« 10513. 0353 0.01
850, &8, 65, 118e 10249, 0.53 0.01
45, T1l. 65, 119. 9656. 0.58 0.03
842, 73, 66. 115. B516. D69 0.0%
847, T3. 66, 110 7548, 0«73 0.06
452, 13. b, 102 S943. 0.81 0.09
8%‘}. 73. "650 92- 37Q3- 0.81 0.14
RRg. 72. 65, 82 20724, (.89 0.28
BeP. T77. . 64, 17 1196, QeT2 Qeé}
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1845 R B 8ad, 71. &G, Téa 570. 0485 0.96
191% 1 1. B70. T0. 62, Tl 136, 1465 R.30
1945 0. 0. 872. 70, 6l. 69, ~33. N.N0 0,00
2015 00 00 870. bgl 600 690 "F\"\. 0-00 0.00
2045 0e 0. A77. 68, 60, HH, =20, 0.00 0.00
2119 0. 0. A7h. 6H, 9g, 67. ~4]l. 000 0.00
2145 0e 0. R79., 67, 59, HT =107, (.00 0.00
2215 e 0. HT4, 67. 56, 6o, -16G7. 0«00 0.00
2245 N 0. Rua, 67 58, fb, “11%. 0.00 0.00
2315 Ne 0. A77. tb. Sel, YA -1tu. .00 0.00
234% 0. 0. n, 0. 0. 0. ve UuUUL 0.00
6
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69.
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9977,
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8976,
8377.
5774,
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661.
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-317.
-345.
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“377.
=384,
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.00
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Ne00
0.00
Tadae
~NeT7
0.02
0a26
Oedl
0.51
0.59
D50
De71
D44
043
0047
0ot
043
042
+46
0.48
051
0.53
(.53
0.58
n°65
Na79
0.83
1.04
82
1.07
0601
0.00
0.00
000
0.00
000
000
0.00
.00
.00
ULuuy

Dt/

0«00
0.00
0.00
0,00
0.00
0.00
G.00
0.00
DHUO
112.10
ToT70
1:96
070
0.43
0.36
0.33
0a.24
0.38
0.24
0017
O.18
0.19
0417
“0.14
016
D17
.18
0.19
021
0.25
0.32
043
.75
l1.17
.79
2967
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0.00
000
0.00
B.00
000
0300
0.00
000
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BHal F-rOURLY DATA SlivMawy FOR 4=15-T7R Day wmn, 105

SQOL AP 8IR  INLET a8 OuT .

TIMF  ITP ne en FLDW TEMP  TFME  TEMP oy EFF DT/
15 0, 0. ° 7359, T4, 40, 72. ' =431a 0.00 0.00
45 (1 De ] 731&. Ta. 40- T2 -4540) ., 0,00 0.00

115 ﬂ!. Oe . 735» T4, 39. 7—2‘0 “h4hE o 000 0.00
149 1.9—" O 733. Tas 38, 71, -455, n,00 .00
?1"-) ﬂ. 0. 735- 7“. 38. ?l- ""4‘370 0.00 0’00
245 Na e 737, T4, 34. 71l. -452. 0.00 0.00
315 0 . T34, Tha 7. T1l. -452, 0.00 0.00
345 e 0. Tihe Ta, 37. 11, =450. (.00 0.00
419 138 0. T3P T4, 37. Tl. -45R, 0400 0.00
445 0. 0. 736 T4 37. Tle  =4AT. 0,00 0.00
515 A, 0. 738, 73, 36, Tl. =453, #eawx 135,60
545 4 3. 740, T4, 35. T2 =334. -0.95 Q.08
615 15, 11. T&0, T4, 37. T4 -3R, =-0.03 Ceilth
645 44, 17. T35, 76a 34, BZ2. 8474 .25 0.87

715 Rl. 20,
745 173, 24,
B1S 141, 26.
845 1918, 28,
915 234, 29,
945 263, il.
1015 282, 3T,
1115 275. 12.
1145 185, A7,
1215 210, S5,
1245 185, 94,
1315 237, ga,
1345 1Rgq, 824
1415 151. 85.
1445 110, EH,
1515 105, 66,
1545 1185, 61,
1615 108, 38.
1645 AG, 25.
1715 50. 1.
1745 27 14,

T30. 81. 3v. S7. 2836. Na&?2 Da9]
775, 88, 42, 118, 5308, 0.51 0,38
T71. 94, 43, 137, 7397 Ne55 0.32
119, 100. 45, 150, 8778. 053 0.28
Ti13. 104, 46, 160. 969]. Nes&9 025
709, 101, 47 o 1469, 10417, Na47 0.23
T09, 112, 48, 175, 10844, Y ) 0.23
703, 115, 49, 183. il4nb. 0+443 7 0.21
639G, 1iR. 49, 184, 11101, Nedl 0.25
104, il6. 49, 167. B576. 0«55 0.36
N4, 112. 49, 152. 6R45, Ge39 030
69y, 115, 50. lel. TT22« 0.50 0,35
6GR, 117, 50. 165, 8133, D4l .28
70D 119, 51. 167. BOl1. D50 D436
694, 117. Sl 153, 6027, 048 0a44
699. 116, 51. 147. 5194+ 056 059
698, 115, 51. 142, 4560 052 0ebl
607. 1159 519 141 4405. -Nab6 0.55
606, 116, 51, 144 4HRG, te52 0.60
696ha 118, S0, 148, 5005. Q070 0.79
6927 o il6. S50, 135. 3277 Na78 131
6a0, 112, 49, 122, 1611. N.8H 2487

® ® 0 & @& & &G @8 O © O & e &4 O B ©o € O 4 4 4 2 0 & ¢ 0 » 4 & ¢ ©

N N - N - - - o - - - - - - - - - - R - R -N -~ N
DO DO0OO0ODDOOOWORPRPRWWURITOOELEPURNAWR YN WRARNSNDOODIDOO0DO0D

1815 ‘F\. 8. - 6q6. 108. “'80 110. 2?3‘:). U.gs 9087
1845 1. 1. N 698, 105, 47T, 103, ~265. =5441 YB.69
1915 Oa Oe . 698, 103. 47, 100 =538, 0.00 .00
1945 {) e 00 - 7”1‘. 102- ‘l-f\‘ -98. -6‘."?. nN.00 0.00
2015 0- 0. o 7“1. lnlo [&"_'). 970 "'653. 0.00 0-00
2045 N 0. . Thhe 100, 45, 97 -65i. 0400 0400
2115 1, 0. . 7“1. 100- [;14.‘ 960 "'655. 0.00 0-00
2145 04 0. . Tha, 99, 44, 95, -6Frb. Ne00 0.00
2215 i, 0. . ina, 99, 43, 95, 672 000 .00
2245 ‘0. Oo L] 7n8. Yo 42- QQ. ~HAH, 000 0.00
2315 ‘]- 0. » 7”F". qu 4-2. q‘l’. "'"66"'- 0500 0.00
2345 n. 0. - n, 0. 0. 0. 0. Uity 0.00
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HALF=HGURLY DATA SUMMAFY FNR  4-16-TH DAY wfi, 104

SOLar ATt INLET  amB ouT
TIME [7Tp ice |/ FLOwW TEMP  TEMP  TEME QU " EFF DY/I
15 e 0. 0.0 713, Q7. «0, 92. ~AB%a (.00 D.0n
45 a, 0., 0.0 717, B6. 40. 92 =694, 04,00 0.00
115 0. 0. 0.0 7ne, 9h. 39. S92, -684, 0,00 ds0D
1456 0, 0 0 713. 56, 38, ) ~7T00. Ne00 000
215 1L 0. -0 712 95, 3b. 9l. -698,. .00 000"
845 0. 0. .0 .7]5. 94. 38. 90- -70?0 0000 0000
315 Ou 0. 0 715. 94, 38. 900 -?03| 0000 0000
345 0a 0. «0 Tik, 94, 37, 89, =705%. 000 0,00
415 n! 0. 00 7]?0 Q3. 37. 89. -70%. 0000 0000
445 e 0. T17. 93. 3o, A9, =713, 0.00 0.00
515 N 0. 7?1. 92, 36, Y, =708, ®u#ud 295,53
545 49 3. 7190 92- 35@ 89- -5q5. “]n68 13n43

615 18, 12,
645 473, 17,
715 a0. 21,
745 11h, 26
815 152, 29,
845 195, 32,
915 274, 35.
945 271, 49,
1015 255, 84,
1045 2085, 15,
1115 337, 92,
1145 196, S6.
1245 154, g6,
1315 1iss, 99.
1345 163, 93,
1415 Aé, €6,
1445 1130, A6,
1515 laos, €2,
1545 93, 6l1.
15815 79, 48,
1645 au, 41,
1715 45, 27
1745 Ah, 19,

0

0

7

T 7200 93. 37. qll _‘24qo -0616 3011
4 T17. 94, 38, Y8 597. 0.l16 1.39
3 Ti7. 98, 40, 113, 2456, 0,37 0.73
2 712. 104, 42, 132, 4672 Ne4h NeD4
7z 707+ 110, 43, 149, 6633, D.52 Dedd
2 T02. 116, 45, 165, 8253. 050 0.36
2 bR, 120. 46, 174. G091. D.48 0.33
2 699, 124, 48, 1RS., 10247. D0.45% 028
3 694, 12K, 49, 191. 106725, 0.50 - 0.31
4 695, 126, S50, 176, B297. DJ4H 0.37
3 6RZ2, 131. 51. 199, 11129, @139 024
5 AR6. 134, 52, 194. YBT4., 0.60 0047
8 694, 126. 52, 158. 5319. 0.66 . 0,7A
5 fRG, 123, 50. 150. 4504, Q.34 .46
5 617, 1268, 52, 171 K977, Jed5 Ned?
6R4, 129. 51. 168, 5433 Q.47 .48
6ra, 127. 49, 154, 4448, .62 0.91
6H5, 125, 49, 151. 4297. (039 0.549
hAS, 127. 49, 155, 46264 D53 0.75
6RZ2. 125, 49, l46, 3423, n.44 0.R2
6RT, 126. 49, I47. 3550. 0,53 097
6RA, 125, 49, l4b. 3473, 0.52 0.9%6
6RHE, 125, 48, 140, 26NR, DN.bs 157
690, 122. 48, 131. 1457, n.67 2.67
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1815 8 9, 6an, 18, 47, 119, 1R6. 029 9,37
1845 leo l, 600, 115, a6, 113, “406be ~HeT70 9YH.29
1915 UB Do 6Q?. 113. ab. 1090 ”7]60 0900 0000
1945 Ne 0. 690, 112, 44, 107. ~793, (.00 000
2015 0. 0. 693, 111. 43, 106. ~R2A. 01,00 0.00
2045 fa 0. 6%2, 110. 43, 105, -838. 000 0,00
2115 0- 00 6QP. ]10. 42. 1050 “8400 neOO 0000
2145 ﬂe 0- 6q60 ]09, ﬁ2. 104- ‘838. 0000 0300
2215 no On ﬁqq. }OH. 41; 1030 *8?5u 0000 0000
2245 N, 0. 697, 10&. 41, 103, -831. 0.00 0.00
231% n,. n, 645, 10T, 40, 102 =837, 0.00 C.00
2345 De 0. 0, 0. 0. 0. 0, Unuuy 0,00
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T00.
1.
Tn6,
04,
04,
704,
N3,
7“2.
TuT,.
T12.
T10.
T0G.
Tné,e
T05,
707-
7”6.
TN
700,
TO1,
70l
TNl
63h,
6“":’.
6‘:‘1.

685,

641,
6“0.
6RO
hAR3,
6813,
629,
632,
T
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h0f,
700,
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701.
‘T03.
TOhb.
707,
707,
703,
T17.
708,
709,
709,
0‘

INLET
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10/,
106,
105.

105,"
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1030
103.
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102,
101.
101,
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106.
112.
117
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12[).
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125,
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132.
135,
137.
137.
134.
132.
131.
129,
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115,
111,
104,
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103,
101,
100,
99,
99,
98,
OR,
9R.
g?.
QT'
97 .
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4=17-78
LT NUT
TEMP TEMM
i%. 101.
39, 101,
39, 100.
IHe . 190.
38, 9G,
38, 99,
37, YH.,
37. 9A,
37. 97.
36, 97
36. 96.
35, S7e
36, 39,
37. 105.
39. 118,
42, 137,
43, 157,
43, 167,
44, 175,
45, 181,
46, 187,
4b. 194,
47, 199,
48, 203.
49, 207.
50, 209,
0. 204.
50, 201
50. ., 199
50. 193.
50, 176.
49, 153,
49, 146
49, 126,
48, 115,
at, 108.
47, 103,
46, 99,
4y, 97 .
bd 96
44, 9%,
44, 95,
44. 94.
44, 94 ,
44, G,
44, 93.
44, 93.
U, G,
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-R34,
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-829,
-R>4,
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=815,
=870,
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6765,
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9195,
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11718,
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13n0.
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050
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Ne61
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~0.10
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0.00
.00
0000
Ne00
000
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0.00
N 00
.00
L s
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0.00
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0.00
224496
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3.73
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0.88
0e61
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0.39
De34
0031
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Ne28
0028
0030
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0.560
.0076
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9,33
12013
0.00
0.00
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D.00
0.00
0.00
0.00
Ooﬂn
Ba00
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DAILY EFFICIENCY - %

n,

MODEL SEC-601 COLLECTOR EFFICIENCY.
= X MCp (To-Ti)
AcX Irp ;

M = FLUID FLOW TO COLLECTOR: #/ DAY
Cp = SPECIFIC HEAT OF FLUID; BTU/#-F

100 To = COLLECTOR OUTLET TEMPERATURE; °F
% T, = COLLECTOR INLET TEMPERATURE; °F
Ac = COLLECTOR AREA -; FT2 (APERTURE ARFA)
80 Irp = INSOLATION; BTU/FTZ - DAY
70

MODEL SEC-601 EXPERIMENTAL PERFORMANCE

60]

50 ERDA 144 TUBE ARRAY EXPERIMENTAL PERFORMANCGE

E | e
40 - . \

30} CONTRACT PERFORMANCE
, SPECIFICATION

0
10

© 0 10 20 30 40 50 60 J0 80 S0 100 110 1.20 1.30 140 150 160 170 1.80 1.80 200 210 220
2 (Tin-Ta)
X lrp . FIGURE 1.3.1. (g)
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OWENS-ILLINDIS

¢ T

[ A Cieraags

February 28, 1978
intra-Company

—

—

b G. R. Mather - Dev. Ctr.

¢c: K. L. Moan - Dev. Ctr.

subject

Y. K. Pei - Dev. Ctr.
L. Spanoudis - Dav. Ctr.
W. J. Zitkus - NTC

SPECTRAL PROPERTIES OF A WHITE BACKGROUND MATERIAL

e e 4 L o iy S S, TR g S A e T e T e R o e

N

A white corrugated aluminum background was installed at the Develop-
The material was Alcoa Bone White '[K-2028,

ment Center in February 1978.
Pesoto Paint].

Reflectance measurements were made on the sampie as received.

The

reflectance was calculated using ASTM Designation E-424-71 (with a barium

sulfate standard instead of magnesium oxlde)

in our file.

Alcoa Bone White, Total Reflectance 78.57.

The spectral curves are

e
/ = 4/ D 3
f//’/""l;j’R. Emch

BRE:gs
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acrrm,

OWENS-ILLINOIS o

Corparate Technology

Pl
.,

Toledo, (lhio

September 14, 1976

Intre-Campany

o

subject

A. Lewis

Report of Calibralion
Type "T" Therimocouples
Designation: ROB-4-976

Calibration was performed on 35 Type "T" copper-consiantan thermocounles
at 32°F, 175°F, and 350°T". The 32°F point was determined by immersing
the thermocouples in melting ice. The 1757 and 350°F peiits vere
determined using a Roscmounut o1l bailh, Mueller bridge, and a platinum
resistance thermometer reofervence siandard, S/M 1739335, The ihermecouples
were referenced to 32°F with a Kaye Ice Poinl Refercnce Sysiom and their
emf was measured on a LEN 7556 polentiometey. The calibration is
referenced to the IPTS €8, and is iraceable to the Hational Burcau of
Standards.

The temperature deviation of all 35 thermocouples is aprproximately the
same for each point, .1° high at 32°F, .2° Tow at 175°F, .7° low at
350°F. The uncertainties of these values are estimated not tc exceed
J1°F at 32°F and 175°F and .2°F at 350°F.

Calibration Test Performed by
Matleis @ (e lbin

Instrument Services Standards Lab

prourE B 100
15



Table 1

ROB-4-976

Tewperature 3°F_ _ . TSE_ . _3W°F
T.C. #__ T.C. Reading °F°_ T.C. Peading °F___ T.C. Reading °F
1 37241 174.¢ 349.3 .,
2 32.1 i74.8 319.3
3 32.1 174.8 349.3
4 32.1 174.0 1 349.3
5 37.1 174.8 349.3
6 32.1 174.8 . 349.3
7 32.1 174.8 346.3
8 32.1 “174.8 3492 .3
g 32.1 174.8 349.3
10 32 174.8 3£9.3
n 321 174.8 319.3
12 32.1 174.8 34¢.3
13 3240 174.8 348.3
14 32.1 -174.8 340.3
15 32.1 174.8 349.3
16 32.1 174.8 342.3
17 32.1 174.8 349.3
18 32.1 174.8 342.3
19 32.1 174.8 344.3
20 32.1 174.8 349.3
21 32.1 174.8 349.3
, 22 32.1 174.8. 34¢.3
23 32.1 174.8 349.3 ¢
24 32.1 174.8 319.3
25 32.1 174.8 349.3
20 32.1 174.8 349.3
27 32.1 174.8 346.3
28 32.1 174.8 349.3
29 32.1 174.8 346.3
30 32.1 174.8 349.3
3] 32.1 174.8. 349.5
32 32.1 174.3 349.3
33 32.1 174.8 3419.3
34 32.1 174.8 319.3
35 32.1 174.8 349.3

FlcoRE £3.7()) 2 or3
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OWENS-HLINOIS
Corporate Technology

Toledo, Chio

June 29, 1977

intra-Company

to K. Moan - Dav Ctr
cc: D. Stahl -~ NTC

subject

FLUKE CAL1BRATION

On May 12, 1977 the six month internal calibration check was
completed for the Fluke data acquisition system. The test was performed
using a Leeds & Northrup millivolt potentiometer balanced to a standard

reference cell. The following results were obtained and are within the
instrument specifications.

STANDARD MV FLUKE
1.000 MV 1.001 MV

10.000 MV 10.005 MV

30.000 Mv 30.011 MV

-
. 4 L
CO fpe rt
P
¥. A. chobs

_lnstrument Services

FreuRrRe/3.4(r) 10#3
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OWENS-ILLINQIS
Corporate Technology

Toledo, Chio

October 24, 1977
intra-Company

to K. Moan - Dev. Ctr.v///

cc: D. Beekley - Dev. Ctr.
b. Stah] - NTC

subject

FLUKE CALIBRATION CHECK

On October 21, 1977 a calibration check was completed on the
Fluke data system used for solar moniteoring. The test was performed
using a Leeds and Northrup millivolt potentiometer referenced to a
standard cell. The following results were obtained and are within
the instrument specifications.

Standard MV Fluke Reading
1.00 MY -939 MV
5.00 Mv 5.000 MV

10.00 MY 10.001 MV
20.00 MV 20005 MV
30.00 MY 30.007 Mv

L4 ﬁl ';
N ‘.
. ﬂ o’ Lol 2o

:J. A.fJacobs
/Instr?ment Services

Frcore 3.0 (18) 2%
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OWENS-ILLINOIS
Corporate Technology

Toledo, Ohio

May &4, 1978

ntra-Company-

10 K. Moan - Dev. Ctr.
cc: D. Beekley - Dev. Ctr.
subject D. Stahl - NTC

FLUKE CALIBRATION CHECK

On May 4, 1973 a calibration check was completed on the Fluke
data system used for SUNPAK meonitoring at the Development Center.
The test was performed using a teeds and Horthrup millivolt poten-
tiometer referenced to a Standard Cell. The foliowing results are
within the Instrument specifications.

Standard HV Fluke Reading
1 MV 1.000 Hv
5 Wy 4,939 HV
10 MV 10,003 MV
20. MV 20.007 MV
30 MV . 30.016 MV

J. A. Jacobs
Instrument Services

FIGURE 1.3.1C1) 34 3
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(401) 847-1020

THE EPPLEY LABORATORY, INC.

SCIENTIFIC INSTRUMENTS
NEWFORT, R1.02840 U S A,

STANDARDIZATION
. OF
EPPLEY PRECISION PYRANOMETER

{horizontal surface receiver-1807, twin hemisphere)
Moadel PSP - Serial Number 159U TF3 Ressstance 615 ohm at 26-C
Temperature éampensatiOn '
Range -20t0 + Lo -c

This radiometer has been compared with the Eppley group of reference standards
under radiation intensities of about 700 wares meter-2 _(roughly one-half 2 solar con-
stant), the adepted calibration temperature s 27 -C.

As a result of a series of comparisons, it has been found to develop an emf of.
AV X 2ETISTP = g %‘ 2,#:/,'5 10,32 x10-6 volis/watt meter-2
7 .20 millnolts/cal cm2 min-?

The calculation of this constant is based on the fact that the relationship between
radiarion intensity and emf is rectilinear to inrensities of 1400 watts meter-2. This
pyranometer is linear to within = 0.5 percent up 1o this intensity.

The calibration was made with bath hemispheres of Schotw WG295 (clear) glass.
This value should be fncreased for other Schott hemispheres as follows: GG400 = 0.0
%, OG530 = 0.59%, RG610 = 1.5% and RG695 = 2.0%.

The calibration of this instrument is traceable to standard self-calibrating cavity pyrhelio-
meters in terms of the Systems Internationale des Unites (SI units), which participated in
the Fourth International Pyrheliometric Compansons (IPCIV) at Davos, Switzerland in
QOctober 1975.*

Useful conversion facts: 1 calem 2 min-t = 697.3 watts/meter2
1 BTU/ft2hr! = 3,153 watts/meter?

Date of Test: July &6, 1977 IN CHARGE OF TEST )
The Eppley Laboratory, Inc. / b {‘V"‘f’)// /?4 ke '(’
" T
. L F -
BY ML ods T, S. 0. 35000
Newport, R, L Date July 15, 1977
Shipped to: Owens Illinois Devclopnent Center

Tolcdo, Ohio

FIoURELSI(L) 1eF3

Remarks: 21

* Sce Reveise For Explana



Explanation of change in calibiation traccability

As of April 1, 1977, the calibration traceability of Fppley 'solar radiation measuring
instruments has been changed from the- International Pyrhicliometric Scale of 1956 (1PS
1956) to the Absclute Scale (SI), This chauge based on the results of IPC IV is such
that instruments calibrated in SI units vield irradiance values which are 2.1 % higher than
values which would be obtained wsing Eppley instruments calibrated previously and refer-
enced to IPS. ’

Fleoee 23./04L) 2os 3
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RELATIVE
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@Eggﬁ? SUNSHINE EXPOSURE TESTS, INC.
We Test (Anything Under the Sun

'BOX 185 « BLACK CANYON STAGE
-PHOENIX,ARIZONA 85020
(602)465-7525

CERTIFICATE
OF

PYRANOMETER CALIBRATION

TAWA,
THE SUN KACHINA DSET Order No. 18011C

Pyranometer: Eppley Model 8-48, SN 15765

Client: Owens-Illinois

Date of Calibration: July 5-6, 1977

Tilt: 45° from horizontal at 180° azimuth
Latitude: 33° 50

Time: 10:00 to 15:00 hrs apparent solar
Scale: Absolute .
Ambient Temperature: 36.7°C - 42.2°C

INSTROUMENT CONSTANT: 8.405 X 10 ° #0.01 V/wm_z

(10:00~15:00 hrs)
8.357 X 106 +0.01 v/ wm
(10:30-13:30 hrs)

-2

Traceability: Calibrated in 60 instantaneous incre-
ments to DSET's Eppley PSP working
standard (SN 14391F3) itself maintained
in calibration against DSET's Eppley
Model H-F BAbsolute Cavity, Self-
Calibrating Pyrheliometer, which is
traceable to IPC IV, October 1975, Davos,

Switzerland through NOAA's Kendall PACRAD
SN 67502.

DESERT SUNSHINE EXPOSURE TRSTS, 1TNC.
4 .

-5 éf ) .,) //f//
PR/ /o
- L

agr-‘l’ec nical Director
uly 8, 1977

Date

DSET, Inc. uses reasonable diligence in the manner of per-
forming the services required but no warranties are given
and none may be implied directly or indirectly relating to
DSET services or facilities or to the tests or calibrations
by DSET upon Buyer's equipment. In no event shall DSET be
liable for collateral, special or conseguential damage.
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An Unique combination of:
» Air equalizer
o Air straightener
» Multi-point self-averaging
pitot tube station
o Airflow meter

ETar e

£
%"Mv.:\m\, e

For accurate #cacarement and (Poutol
of Fan Air Hanaling Capacity
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AR FLOW

niodel C:‘rcular

model Recrangular

A

The model C FAN-E offers a circular configuration for mounting in round high (and low) velocity spiral and round
duct while the model R FAN-E provides a rectangular (or square} configuration for installation in normal rectan-

gular high (and low) velocily main duct or fan discharge ductwork,

Fabricated as a single integral unit, each FAN-E unit incorporates three distinct and highly specialized sections 1o
assure measuring reliability and accuracy.

A.

CASING — Rugged heavy gauge galvanized
steel casing with connecting flanges on enter-
ing and leaving air sides for easy mounting in
ductwork. '

AIR EQUALIZER AND STRAIGHTENER - Ex-
panded aluminum honeycomb with close par-
allel cell orientation and extended depth con-
figuration has the capacity to equalize the
velocity profile of the entering air while elim-
inating turbulent rotational air flow by direc-
ttonalizing the air into laminar flow.

26

STATIC PRESSURE SENSORS — Static pres-
sure sensors are placed along the perimeter
of the FAN-E casing and interconnected by an
external tube.header to produce a single ac-
curate averaged static pressure measurement,
TOTAL PRESSURE SENSORS — The total
pressure sensing section is comprised of anet-
work of interconnected tube headers, each with
a series of muitiple total pressurs sensors with
sensor openings directed into the straightened
air flow. Total pressure sensors are positioned
so that each sensing point represents an
equal measuring area,

FlGURE L2ln) ory



WOrKS...

The FAN-E, ulilizing old estabhshed aw flow principles i a new applicabion concepl
coinbines in a single unil devices lo condibion or  tread™ the an prior tooals o bl meaeaee
ment. How it works 15 briclly oullined below

Fans (blowers, etc ) maove air by centniugal force resulting in the wir near the lan discharqge
being “piled-up” or stratihied (Frgure 1) N is the Tuncheon of the combination air equahzing
and straightening section of the FAN-E unit lo simultangously reduce the sharp vanance
in air velocily projections present in the straliied arr flow while ehiminating all tuerhulent
or rotating arr flow The indiwvdual wall surfaces of each of the long parallel tubes com-
prising this umique honeycomb sechion produces a separale wall fnction or drag cffect on
the stream of aiw passing through thal tube the amounl of this resistance lo flow varying
with the square of the air velocity The result is a sharp reduction in the vanances n the
velocity prolile of the air flow leaving lhe secthion Simullancously
with the passage through the leng honegycomb tubes all ar
rgtation {(turbuience) is ehminated and umiform laminar air flow
15 dehivered lo the sensoi sections (Figure 2 ) The air flow has
now been fu'ly processed for accurate measurement

+The sensor seclions {unction on the prnnciple of a pitol tube (with
separated slatic and lotal mamifolds} With assured laminar arr
flow into the sensor sections the mulli-pont total and slatic sen-
sars {up 1o 100 individual sensors for the largest FAN-E umit) can
accurately measure the tolal and static pressures in the umt and
average each by means of inlerconnecling manifolds to a single
representative value {an apphcation of Bernoulh s Equalion and
Tchebychefi's calculus for averaging of measurement). By trans-

mussion of these values (iolal and stalic pressure} by tubing to -~
an air low meter . (differenhal gauge), the velocly pressure
through the FAN-E umt can be accurately read or recorded
By apphlicahon of controls and relays the FAN-E can conlrol
fan capacily at constant volume or programmed volume changes

e

i
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RESISTANCE TO AIR FLOW

‘- A physical structure placed across the {low of air in a duct will
unpede the flow; the magnitude..of which, -normally referred -1o
as resistance to aw flow, 1s a function of the size and shape of
the structure and the quantity of air passing through it,

The MONIT-Aire FAN-E wunit was designed to function while
producing a minimum of resistance to awr flow. The umque
honeycomb air equalizing and ‘straightening section has a free
area of 96.6% while the total and static pressure sensors usually
represent an area equivalent of less than 12% of the unit's
{otal area

The unique non-restrniclive characterisucs of the FAN-E units
are seen in the Resistance to Air flow versus Unit Velocity graph

& on the right.

AT R ARSI s fotil aa A,

1
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DIMENSIONAL DATA

The model G, FAN-E umits are furnished in casings with a con-
stant depth of 12 inches and are available in 2 inch increments
of size (diamefer} from 6 inches to 30 inches, n 6 inch incre-
ments of diameter from 30 inches to 60 inches; and in 12 nch
increments of diameter from 60 inches to 96 inches.

The model R, FAN-E units are fumished in 1089 casing sizes,
with a constant depth of 12 inches, and are available in 2 inch
increments of width {J) and height (K) frorm 4 mnches to 36
inches, in 4 wnch mncrements from 36 inches to 60 inches; and
in 6 inch mcrements from 60 inches to 120 inches.

FAN-E units are only available with 90 degree connecling flanges
on the air entering and leaving sides, varying from 17 to 2,
depending upon unit size.

§
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model Reclangular

AlR FLOW METERING SYSTEMS

Dealing in directly measurable values of iotal pressure,
static pressure and unit area . . while being devord of
any special laboratory developed correclion factors, con-
version lables, or cahbration curves the air flow
metenng arrangements that can be applied lo FAN-E units
and D.AM.D. stations are essentially unlimited. Shown
below are several of the more commonly applied syslems

STATIONARY (DRY) METFR

A diaphragm actuated differentral pressure gauge
mounted on a melal panel with calibrated scale to
permit direct reading of amit velocity in feet per minute,
or where specified, n umt or sialton air {low volume
n cubic feet per munute For continuous momtorng
of [an or duct capacity with eflective range of 800 to
4000 fpm

CENTRAL READOUT OR CONTROL PANT)

The pressure transmitling tubes from multiple FAN E
T or DAMD installations are brought lo a central panel
Q M capable of individual FANE unit or DAMD station

M readout with a single air flow meler ke panel con-
T sisks of a thaphragm Actuated  defferential prossure

4o
A

Y O

L L

gauge flush mounted en a metal conirol panel with a
sertes of push button valves, all with station designa-
ions To read the velocily at any remotely located
FAN E umt or DA M D. station, the wdicated unit or
stalzon bultons are pressed and the velocity is regis-
lered on the meler, There are no technical hmuations
lo the number of readout stalions en a smgle panel
CARLUEY Crubstts 28 TOASING N o2y

A draphragm actuated differeatial pressure gauge with
dual photo-cell elecironic amphfier and slave relay
arcuil Meter scale calibraled lo permit direct reading
of TAN-E or DAMD, velocity in feet per munute or
whete specifted, 1 urit or stabion air flow volume n
cubre feel per minute For use where high and/or low
imit controls on ar flow are required for actuating
alarms, waraing hghts, damper motors, etc.

IR HEEN IR LAY 75 THEE S S o

A daphragm acluated differential’ gauge mounted in
a metal carrying case vath detachable leveling tripod
stand Meler scale calibrated to parmit the direct read
ng of the velooties mn feet per munute of muitiple
FAN-E vmit or DAMD station installations Meter
complete with on off am meler switch and quick
wonnect fittings -

28
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=y : .
/R = Dvaluator Unit

Preface: FAN-E units can atcurately measure air flow at any velocity. Pressure differential meters
(inclined manometers, magnehelic gauges, etc.) are however limited as to their range of readability.
For this reason we recommend FAN-E units be sized for operation within 800 to 4,000 feet per minute.

‘Unit area (5q. ft.) x desirec’ operaling velocity (lom} = Lt Capacity {CFLE,

To. determine.the CEM -Capacity-of a specific- size FAN-E ‘unit, multiply the Unit Area listed in the
charts below by the desired operating ve]ocny

r{_ ¢ - - .,

inches H/R Mv(( UNIT AREAS, in square feet

A e
a | an|es|222] 277 333 38| . 344 500 | 555 | 611 _Gssl.m 777| 833, 898 944 ] 1.0 P 122E 133
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Areas and Capacity Formulations

Known Unit Capacily {CFM} = desired operating velocily (FPM) = vl Areocselenion {8g 70

if the CFM Capacity of the fan is known, divide this value by the desired operating velocity to deter-
mine the unit area. Entering in the charts below, list (for final selection) those FAN4E unit sizes ap-
proximating the unit area figure obtained above, . :

Known Unit Capacity (CFM) < Unit Arga (Sq. Ft) == Unil operating «siocity [-pm}

If the CFM Capacity of the fan and the required FAN-E unit size is known, the operating velocily can
be determined by dividing the CFM by the unit area listed in the charis below

’/ |
“(F,:LELE' '%Ei%l-(( UNIT AREAS, in square feet . h size | pane
dia. UNIT AREA
4 144|155 166} 1.83]| 2.00 2165 _23_3 ?so 268 283_3.00 316 333 Inches Square Feet
6 216 [233] 28[275| 30| 325, 35| 375 40| 428] 4slazs| so0| | e T Toues
g8 | 288|311| 333| 366 40 4335 466 500 533| 566) 600| 633 666 t° g I Tga4
10 | 366|388| 4.16| 458} 50 h541; 583| 6.25) 566 7.08l 750] 791] 833] 0 - osas
12 [ a24467| 50! 55| 60| 685, 70| 75 so| 8s| 00| 9% 100 1z oggs |
ta | 505|s44f 583] 641l 70 ?58! 8.6 87¢ 913l 991f 1wsf 11| s} | | 068
16 578 622 667F 733 80 856! 9331 100 1067 113] 1204 127 133 16 N 1395
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20 | 722|767] 8341 916 100 108} 116 126 13.3] 14.2] 151] 158 w7 b - 20" 2180
22 { 7941855 916_1_1(1'1::{1_03'5 9: 1_23;1_3_7"_14_7 1561 165 174l 183 22 A7 ’ f‘:?-‘s"ot
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i i I |
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32 _Eiﬁ_’_“fla_fs, 147] 160 nsl 187 200 213; 226] 240} 253] 267 I 5 063
sa | 1231132 122} 158| 170] 18.4} 198 212 227524.1 265| 270| 283 o " o614
36 § 130|140 1501 165} 180] 195 210 225 2a0' 355 270 285] 300 15 247
e R R R e | e
57 274 203 312 330y 348) 36,7 60 - ! 19 62
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QB Rlatie at the outlet

measure:

AIR VELOCITY ... AIR VOLUME . . . SYSTEM STATIC PRESSURE
» Instantaneously— Direct readings in FPM (feet per minute} and/or CFM (cubic

feet per minute) obtained in 10 seconds or less.
Accurately—within 1% for FAN-E, D.A.M.D., and.S.5.T.; within 3% for BAL- -cone

with CFMatic.

Reliably— operates on basic principles of air measurement, without use of cor-

rection factors, calibration curves, etc.

Verifiably— Readings are completely reproduciblé, void of instrument technique

or human error.

control:

= fan capacity at constant volume regardiess
of system static changes or vanations.
programmed or manual reset of fan capacity.

= actuation of Audio or Visual safety alarms in

critical air flow systems.

maximum air filter replacement cycle based
on actual air volume, decrease, rather than
arbitrary fiiter resistance increase.

supply and return fan capacities under vari-
able and constant volume systems based on
actual system demand

reschedubng and reset of return lan capaci-
ties 1o match supply fan capacity changes

in vanable volume system operation
return: air duct or space quantity changes to

* match supply awr quantity changes {in vari-

able volume system).

continuous or pericdic monitoring of fan
{duct, or outlet} capacities at a central con-
trol panel.

conirol of fan, duct or system stalic pres-
sures under variable or constant volume
operation, .
predetermined positive, negative or neutral
space pressunzalion regardless of system
static or volume changes.

AirMonitor
Corporation &, &

|
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Santa Rosa, California 95406
(707) 544-2706
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Air RMonitor € orporation

P. 0. BOX 6358 CODDINGTOWN STATION
SANTA ROSA, CALIFORNIA 95405
AREA CODE (707) 544-2706

June 28, 1977

Mr. Ken Mohn
Owens-I1linois
200 North Westwood
Toledo, OH 43666

Subject: Special FAN-E supplied on wo#1552
Dear Mr. Mohn:

The FAN-E delivered to you has an accuracy of + 1% in the range of 300 to 600
SCFM providing that the FAN-E is instalied correctly. This special FAN-E requires
twice the standard installation distance. Enclosed is a sheet of installation
distances for standard units. ‘

We recommend that your arrangement shouid be fan, 2 diameters of duct; screen
unit, 4 diameters of duct; FAN-E, 4 diameters of duct; and screen mounted on
the entrance to the plenium. For best results, we recommend that lab work
should be done on the possibility of eliminating the plenium, since it may
effect accuracy.

AYR MONIFQR CORPROATJON
. Y AR
L B, Gabsem
tt Kenyon

Customer Service

EFnclosures: FAN-E brochure
Instatlation Guide

SK/jda

H:ﬂl\l'ﬁaluawr Bhuct AirNVE nniturlbegigf:-e



2.1 System Design Conditions.

The Madel SEC-601 air collector was.roof.mounted south facing
%t a 45° tilt. Ducting, instrumentation, heat exchanger and air fan were
installed. The duct between the flow meter and the heat exchanger was
detached in order to provide access for smoke ingestion into the system.
The ducting loading from the collector was blccked. The variable speed
air fan was adjusted to provide 1.5 inches. w.g., above ambient in the
collector manifold. A smoke bomb was activated at the inlet to the air
fan. JNo 'evidence of collector or system leakage could be detected.

The system hook up was completed and all ducting and components
insulated. A series of air mass fliow varsus collector pressure drop tests
was completed. The test system schematic and the test data is containad
in Figure 2.1(a). A plot of the data and the equation relating air mass
flow to pressure drop is contained in Figure 2.1(b). The tests conducted
under Section 5.2, temperature and pressure resistance are also applicable
to the subject Section 2.1. Data from the thermal cycling test phase is

contained in Figure 2.1(c).

2.1.1 Eguipment Capabilities.

The design flow rate of the Model SEC-601 collector is approx-
imately 8 Lbs./Hr.Ft.2 higher system flow rates may be used with an
attendent gain in collector thermal performance. The fan theoretical

pumping power is related to flow and pressure dfop by the exprassion:
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HP = 157.5 X 106 g q (1)

P
Q

Pressure drop, inches, w.g.

"

Total air flow; Ft.3/min.

Using the data of Figure 2.1(a)
AP .03 0.5 .10 .15 .20
Q 142 184 261 320 369 CFM
P .29 .48 .95 1.35 1.75 in. w.g.
HP, .0065 .0139 .0391 .068 .1017 HP
However, system pressure drop, leakage and fan efficiency will affect
the sizing of the fan. Most common electric motors will not survive the
high temperatures within the air system ducting; an externally mounted
motor with an extension shaff coupling to the air fan is recormended..
The temperature rise due to fan inefficiency is generally recoverable if
a suitable heat barrier is employed in the extension shaft and motor

mount. Relatively low fan pumping power is required to move the air

through the collector.

2.1.2 Hoise or Erosion-Corrosion.

During the air mass flow-pressure drop experiments, no sound
emanating from the collector tube elements or the manifold could be de-
tected at a system air flow rate up to 369 CF¥. The 144 tube ERDA col-’
lector manifolds and tube elements were inspected after 17 months of

test operation. HNe evidence of erosion-corrosion could be detected in

(1)Page 14-67? ,Marks' Mechanical Engineers Handbook, Sixth Edition,
McGraw Hill. | .
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any of the-working components. Some evidence -of deterioration of the
polyurethane foam insulation was noticed-where the insulation was Hirect1y
exposed to high temperature air f]ow.. Where the insulation material was
protected, no visible sign of deterioration of the insulation was detected.
The Model SEC-601 collector design protects the polyurethane foam in-
sylation from contact with high temperature air. Following completion

of the 100 cycles of thermal cycling at exit air,temperature‘of 325°F,

the manifold was visually inspected. No sign of deterioration of materials

or components could be detected.

2.1.3 Operating Conditions.

The components of the Model SEC-601 collector have been
testéd in excess of the pregsure and temperature ranges expécted in
actual service without damage or Toss in pressure that could impair their
intended functions. Over pressure and high temperature thermal cycling
test data of Figure 2.1(c} is provided as primary evidence along with

other test data as contained principally in Section 5.2.

2.1.4 Fluid Flow in Collectors.

The 144 tube ERDA collector was highly instrumented with
thermocouples to measure the temperature rise in a large number of tube
pairs in many areas of the array. Cach tube pair of the east half of .
the lower manifold was ‘instrumented with thermocouples. A typical set

of data is as follows:

3 31 31 31 31 3637 35 37 49 40 -45 -40 41 41 40 41 45°F
.96 170 83 101 101 105 95 112 108 108 115 103 113 102 94 105 102 93°F

Center-Air Inlet-Qutlet End
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The good correlation of temperature rise is evidence of excellent flow
distribution in each.of the collaector tube elements at the design air flow

rate. At about twice the design flow rate, the temperature rise data

Was:

33 30 30 30 30 34 35 32 35 37-38 41 32 38 38 37 38 43°
89 91 91 92 92 94 95 104 102 100 107 102 110 96 100 99 99 91°F

Flow distribution remains excellent at the higher fiow rates.
Comparative analysis of the ERDA air manifold and the Model SEC-
601 air manifold indicate similarity of fTow-cross section and flow

rates. The experimentally derived flow-pressure drop relationships for

the two collectors are:

l.ea
ERDA AP = CFHt in. w.g.
27
CFM = Volume Flow Per Tube Pair, Ft.3/min.
AP = ;011eétor Pressure Drop, inches, w.g.

Model SEC-601

1.92
4 P =CFH{
10.5
CFM - Volume Flow per Tube, Ft.3/min.
A P = Collector Pressure Drop, inches, w.g.

The essentially identical exponent for flow rate suggests that the
collector pressure drop is controlled by the flow in the tube elements.
The difference in the constant is due to the difference in path length

of the two tubes in series versus all tubes in parallel. Leakage flow
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in the ERDA collector also contriliutes te the larger value of the constant.
Since flow distribution -is controlled bty the pressure drop in the tube
elements rather than in the manifold, it can be implied thqt satgsfactary
flow distribution obtains in the Model SEC-601 collector by simiiarity.
The flow distribution between modules of a large array is a systems desigm
parameter. A variation in flew rate module to module of + 25% will have
1ittle impact on overall system performance because of the very low loss

coefficient characteristic of the collector.

2.1.7 Pressure Drops.

The air flow-pressure drop relationship of the Model SEC-£01
collector is contained in the data of Figure 2.1(a) and the curve and

equation of Figure 2.1(k}.

Review of items 2.1, 2.1.1. 2.1.2, 2.1.3, 2.1.4, 2.1.7 successfully

conpleted.
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2.2 Mechanical Stresses.
2.2.1 Vibration Stress Leyels.

During the testing described in detail in Section 5.2.4, Leak-
age, the collector module was critically inspected for any audible evi-
dence of vibration induced in any collector component due coupling with
air ducts or fan. No audible sound could be detected. Ho evidence of
vibration of any component of the collector could be detected by thorough
inspection of the ERDA 144 tubular air collector. The potential problem
of reinforced resonance vibration of the absorber tube was investigated.
A collector tube element was instrumented with strain gages as shown in
Figure 2.2.(a). No selective coating was applied and the evacuation
process eliminated since the bonding agent used for applying the strain
gages could not tolerate the bake out temperature.

The collector tube element was mounted on a vibration shake
table and excited in the range of 0 to 300 Hz. Two resonant peaks
were observed, one at 139 Hz. and one at 214 Hz. Prolonged exposure
at these frequencies gave no evidence of damage. A frequency response
plot of the tube assembly is shown in Figure 2.2(b). The modulus of
elasticity of KG-33 is 9.5 X 106 lbs./inz. The maximum detected strain
was 27 micro inch/inch. The resulting maximum stress level is 227 psi,
well below the modulus of rupture stress level of an abraded rod of

10,000 psi.

2.2.2 Vibration from Moving Parts.
There are no moving parts within the Model SEC-601 collector

except air flow. MNo evidence of flow induced vibration could be
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detected up to air flow rates of 16 1bs./Hr.ft.2, twice the design air
flow rate. HNo evidence of coupling of the vibration due to moving

parts such as the air fan could be detected.

2.2.4 Vacuum Relief Protection.

The installation and maintenance manuals specify that the air
fan be located in the inlet ducting to the manifold. This will in-
sure that the manifold will always be at a positive pressure. The
manifold was exposed to a positive pressure of 5 inches w.g. repeatedly
during the leakage tests of Section 5.2.4 with no evidence of structural

stress or induced air leakage of greater than 1% of design flow rate.

2.2.5 Thermal Changes.

The collector was subjected to 100 cycles of thermal stress from
ambient temperature to 325°F. No evidence of degredation of any com-
ponent or sub-assembly could be detected as demonstrated by no change
in the rate of leakage air flow from the collector. See Section 5.2

for substantiating experimental data.

2.2.6 Flexible Joints.

Connecting ducting was in place during the thermal cycling tests
of Section 5.2. The flexing of the connecting ducting due to air flow
and thermal cycling was accommodated by the interface and mountjng

provisions of the Model SEC-601 collector.




Review of items 2.2, 2.2.1, 2.2.2, 2.2.4, 2.2.5 and 2.2.6 success-

fully completed.
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2.3 Leakage Prevention.

The design Teakage Flow rate of the Model SEC-601 collector
is 1% target. The measure& leakage flow rate did not change sub-
stantiaT]J from the initial test to the test after 100 thermal cycles
between room ambient and 325°F. The measured Teakage flow rate was

less than 0.2% design flow rate.

2.3.1 Pressure Test: HNon-potable Fluids.
The criterion of 2.3.1 specifically excludes air as the
heat transfer f?uid-from the requirements of the section. A& small but
controlled rate of air leakage is desired in an air cooled collector

to minimize system pressure fluxuation as a function of air temperature.

2.3.2 Pressure Test: Potable Water.

The installation and operation manuals specify that the col-
lector be operated at a positive pressure of 5 inches w.g. or less.
The maximum pressure is specified to 1imit system air pumping power
not for structural reasons. Any potable water leakage would occur at

the air-liquid heat exchange interface not within.the collector.

2.3.3 Air Transport Systems.

The transition ducting betweep the collector manifold and the
system ducting is 0.21 Ft2. At the design air flow rate of 144 CFM
per module, the average air velocity in the transition section is
700 Ft./min. and within the 1imits of air flow velocity as contained

within Section 615-4.3 of HUD MPS (3).
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Review of items 2.3 through 2.3.3 successfully completed.
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2.4 Collector Adjustments.
2.4.1 Orientation and Tilt.

The drawings, speci%ications and installation of the Model
SEC-601 collector were reviewed. The collector may be mounted {n
any fixed orientation or tilt required by the application. There
are no structural or flow path imposed restrictions. A-south facing
orientation with the tube axis north-south optimizes the thermal

performance on a daily basis.

2.4.2 Mutual Shadowing.
The problem of mutual shadowing between multiple collectors
is negated so long as the collectors are installed in a single plane

retative tc the axis of the tube elements.
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2.6 Heat Transfer Fluid Quality.

2.6.2. The 144 ERDA collector array, under test for in excess of
one year, was inspected and no significant accumulation of dust was de-
tected. Review of thermal performance data for lovember, 1977, indicates
no deterioration in therﬁal performance due to the accumulation of deposits
of dust or dirt after eight months of operation. The critical absorber
surface 1s protected in a vacuum environment; the cover tube surfgces
appear to be self cleaning based on a review of the performance data
taken'over a period of approximately eight months. Air filtration to
the collector should have a minimum ASHRAE arrestance of 60 percent.
Pressure drop through the filtration unit should be minimized (0.1 inches
watergage at 150 SCFM is recommended) in order to restrict air pumping
power requirements.

Review of items 2.6 through 2.6.2 successfully compieted.
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3.1 Structural Design Basis.

The capability of the Model SEC-601 collector to meet the
provisions of MSP [1] and/or'ANS1A]]9.1[4] has been demonstrated by
the physical testing of a complete seventy two (72) tube moduie to the
requirements of the applicable criterion of the sub-sections of ‘
Chapter 3 -- Structural, of the Interim Performance Criteria. A complete
module waé mounted in a load test fixture as shown in the sequenée of
photographs Figure 3.1(a) through 3.1(j). A steel reinforced concrete
floor was used as the test fixture base. Two X ten inch boards were used
as risers to elevate the collector module above the plane of the floor
to provide clearance for the inlet and outlet transition ducts. Sections
of the recommended diffuse backing screen (Alcoa 4-inch ribbed Bone
White #K2028-30, f10ur0£arbon) were attached to the top surface of
the stringers. The twenty mounting pads of the Model SEC-601 coliector
module were attached to the stringers using blind hole {(one per pad)Molly
mounting bolts. A two section air bag was layed on top of the collector
tube elements. A reaction element, isolated from the collector, was
installed. This alTlowed an air pressure within the air bag to impose
a uniform load on the collector elements with the magnitude of the load
a direct function of the air pressure within the air bags. The air
pressure in the air bag was controlled with a two stage pressure regulator
operating off of shop 1ine pressure. An air bleed to amb{ent, downstream
of the pressure regulator, was added to improve the stability of the
system. Dial indicators were mounted to. determine the def]ectian under
Toad at four representative Tocations of the collector module. These

are indicated in Figures 3.7(h) and (i). The Teakage flow rate
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at a manifold pressure of 1 inch w.g. was monitored constantly and was

used as the primary evaluation of the effect of physical loading on

collector operation.

3.1.i AppTlicable Standards and 3.1.2 Service Loads were reviewed
and the definitions and requirements found to be acceptable without
except%on.

1. Dead load. The dead load of the SEC~601 module, fully assembied

is 300 pounds as determined by weighing a completed module.

2. Live loads. Since air is used as the heat transfer fluid, the
cooling fluid does not contribute to any appreciable Tive load.
Snow does not add a significant live load to the collector.

Any snow build up first penetrates between the spaced tubular
elements and acts upon the basic roof structure. Increased
snov depths build up snow behind (roof side) of the tubular
elements, surround the tubular elements and subsequently cover
the tubular elements. Except for a minor degree of loading

of the manifold, the live load dus to snow on the collector is
negligible. This condition was observed during the heavy snow
conditions of the 1977-1978 winter season in Toledo, Ohio.

For test purposes, a snow load equal to the dead Toad will be

assumed.

3. Wind Toads. A wind load equivalent to 40 pounds per square
foot (the worst condition found in applicable specifications)

will be used. The exposed cross section of the cover tube
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per element is 2.13" X 42"/144 = .62 FtZ. The wind loading .

© per tube, assuming a drag coefficient of 1.3 is .62 X 1.3 X 40 =

32.31 1b. The maximum frontal area of the manifold is 13" X 12' =

.13 FtZ and the wind loading is 520#. The total load is 72 X

32 .21 + 520 = 2846 pounds = .20 pounds/inZ.

Earthquake Toads. “A common rule (for earthquake loads) is to
provide in the associated structure for resistance to horizonfa]
forces equal to one~tenth of the dead and Tive load supported."
Page 12-21, Marks' Mechanical Engineers' Handbook, sixth edition,
McGraw Hill. The earthquake Toad will be specified as 300

pounds dead load plus 300 pounds live load times 0.1 or 60 °

pounds.

Constraint Loads. Constraint loads caused by the environment
and normal functioning of the system are accommodated by system
design. The loads would be the result of differences in temper-
atures and coefficients of expansion of the materials of con-
struction. The collector tube glass elements are attached in
a single plane; the opposite (closed end) of the tubular ele-

ments are free to float axially and radially. The manifold

‘design represents the only critical subassembly relative to

strain induced by differential expansion. Evaluatior of this
parameter will be by test and similarity to the 144 tubes

ERDA collector array.

Constraint loads, foundation settlement. The effect of founda-

tion settlement equivalent to 2 inches per 50 feet in any
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horizontal distance will be evaluated by test.

7. Hail loads. Hail loads are specified as resistance to 3/4"
diameter hail without impairment to the functional capability

of the collector.

3.2 Failure Loads and Load Capacity.

3.2.1 Ultimate load combinations.

(1) 1.4D+ 1.7L = 300 (1.4 + 1.7) = 930 pounds = .067 psi.
{2) 0.9D+ 1.7W = .9 X 300 + 1.7 X 2846
(3) 0.9D+ 1.45E = .9 X 300 + 1.45 X 60

5108 pounds = .37 psi.

1l

. 357 pounds = .03 psi.
(4) 11D+ 1.3L + T.7W = 1.1 X 300 + 1.3 X 300 + 1.7 X

2846 = 5558 pounds = .40 psi.
(5) 1.1D + 1.3L + 1.45E = 1.1 X 300 + 1.3 X 360 +1.45 X 60

= 807 pounds = .06 psi.

3.2.2 Ice Loads.
The ice load acting on a tubular element for a one inch glazing

thickness is:

Load = 564 [r (4% - 22) X 42] = 12.83#/tube
Ft.3 % 1728

And on the manifold surfaces,

Load = 56# 13" X 12' "+2X9"X12'] X 1_ =
Ft.3 17 A 7 :]

1454

—

Total ice load = 12.83 X 72 + 145 = 1068 pounds = .08 psi.
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(a) (1) 1.4 X300+ 7T.7 X 1068 = 2236¢ = .16 psi.

(). 1.1 X 300 + 1.3 X 1068 + 1.7 X 2846 = 6557 = .45 psi’
(b) (1) 300 + 1068 = 1368# = .10 psi

(4) 300 + 1068 + 2846 = 42144 = .30 psi.

See Section 3.2.4 for test procedure and results.

3.2.4 Load capacity.
The air bag was inflated to a maximum pressure of 0.50 psi (6984 1bs.
total load) in increments of 0.10 psi. The deflections at the four

representative locations were monitored as was air leakage flow rate.

Air Bag " Total Leakage
Pressure Load (M) (2) (3) (4) Flow
psig Pounds INCHBES c.c./Min.
0. 0 0 0 0 0 8800
.10 1397 L0617  .061 .088 073 8800
.20 2794 .104  .108 .148 110 8800
.30 4190 .135  .143 .21 .146 8800
.40 5587 60 170 .255 170 8800

.50 6984 .183  .190 .335 .202 88090

A plot of the maximum deflection versus applied load {Tocation 3)
is contained in Figure 3.2.4(a). Neglecting the initial system sTack
which takes place near the origin, there is a linear relationship of
deflection versus load within the limits of experimental error. A review
of the experimental data of section 3.2.4 and 3.3.1 indicates an error
band of deflection versus load of the order of .003"/0.1 psi. Thus, to
a load factor of 1.7 times design, the load versus deflection curve
indicates that all elements of the collector structure are well within

their elastic region.
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3.3 Damage control.

3.3.1 Resistance to Damage.

The collector was subjected to the Toading conditions of
Criterion 3.2.1, cembination (4} with the Toad factors specified rather
than the Toad factor of 1.0 as allowed by the criterion. The results

of the load tests were;

Air Bag Total Dial Readings Leakage
Pressure Lpad 1 2 3 4 Fiow
psig Pounds INCHES c.c./Min.
¢ 0 0 0 0 0 8700
.05 698 .037 .030 046 .031 8700
.10 1397 .060 .067 .080 .0565 8700
.15 2085 .083 .092 113 .075 8700
.20 2794 .104 .116 .139- .090 8700
.25 3492 121 .135 .165 105 8700C
.30 4190 137 . 155 .196 .123 8700
.35 4889 .152 174 .228 141 8700
0 Residual .010 .019 L0171 .010 87060
Deflection

No significant change in leakage flow rate could be detected as
a function of loading conditions. The residual deflection upon release
of the Toad is éonsidered to be within acceptable limits. HNo sub-
assembly or component suffered damage of any kind which woufd require
replacement or repair or which would. impair the intended function during

the service life.

3.3.2 Glazing design.
Steel ball drop tests were conducted on six collector tube
elements mounted in a manifold section and in an end support bracket.
Failure of the cover tube was experienced in each test case when a combina-

tion of ball size and drop height reached critical conditions. In no
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case was a failure of the absorber tube experienced. The fractured
j1ass remained in close proximity to the failure point and in all
ases within the installed area of the collector. Nolsign of flying

jlass representing a safety hazard was experienced.

3.4 Cyclic loads.

3.4.1 Deflection Timitations.

Loading conditions

(1) 1.0D to 1.0D + 0.5L = 300 pounds to 450 pounds.

(2) 1.0D to 1.0D + 0.5W

300 pounds to 1723 pounds.

A preload cycle from (1D) to (1D + W) = 300 + 2846 or 3146 pounds
distributed Toad was applied to the collector module to reduce system
sTack. ‘The gages were zeroed and the cyclic testing initiated. The air
Jags were pressurized to 0.115 psig. (3.19" w.g.) and pressure removed
to less than 0.05" w.q. The cycle was approximately € minutes 40 seconds.
The Teakage air flow with the manifold pressurized to 1 inch, w.q. was
8700 c.c./min. A total of 1072 cycles was accumulated over approximately

five days of testing. The deflections measured after 1072 cycles were:

Deflection Leakage/
Applied Load 1 2 3 4 Flow
3.19" w.g. 1606# .080" 076" .086" 062" 8700 cc/min
24 hours after load removal .pzao" .oog®  -.004" 0.0 8800
cc/min.

The.residual deflections were within 25% of the deflections with
load applied and the leakage air flow test demonstrated that structural

integrity was preserved during and after 1000 cyctes of Tload testing.

58



3.6 Creep and residual deflection.

3.6.1 "Deflection 1imitations.

The maximum allowable deflection per the subject criterion
is:

d=1.255 X 0.2D + 1.5L
180 T

There are 20 mounting attachments between the collector rail support
assembly and the structure to which the collector is attached. The
deflection of the span of the rail assembly between the manifold and
outboard support structure is represented by gage ilo. 2, The deflection
of the span of the rail assembly petween mounting pads of the outboard
support structure is represented by gage No. 3. The span lengths are
44 inches and 36 inches respectively.

Since L = D, the equation for allowable deflection reduces to:

d=1.255 X 1.7
180
dg = .519"
d3 = .425"

A total distributed load of 700 pounds was applied to the collector
for 24 hours. The measured deflections of dp = .041" and d3 = .049"
were recorded. These values are well below the allowable limits. The
residual deflections measured three hours after removal of the load
were do = .005" and d3 = -001". These values are well within the

‘allowable Timits for residual defiection of d2 = .061" and d3 = .050"

59



3.7 Hail resistance.

3.7.1 Hai]:sjze and loading.

The criterion for resistance to hail contained in the approved
Verification Test Plan was that hail size up to 0.75" in diameter would
not cause excessive damage to or impair the performance of the tubular
collector elements, mani%o]d or end support brackets. A representative
section of the Model SEC-601 collector was subjected to testing under
simulated hail conditions at the Center for Disaster Research, Texas
State University. A copy of the test report issued by the center is
contained in attachment 3.7.7(a). No excessive damage to any collector

elements was experienced with hail sizes up to 1.25" in diameter.

3.8 Constraint loads.

3.8.1 Foundation settlement; contraction and expansion.

1. The effect of a differential foundation settlement of
2 inches in any horizontal distance of 50 feet was investigated. One
corner of the collector was rigidly attached to a simulated support
structure. All other attachmgnts were removed and the remaining three
corners shimmed above the plane of rigid attachment as indicated in
Figure 3.8.1(a). The numerical values at each of the three unrestrained
corners represents the effect of foundation settlement of 2 inches per
50 feet. The measured leakage flow rate was 8700 cc/min at a manifold
pressure of 1 inch w.g. Shims were then added to each of the unrestrained

through corners of the module and leakage air flow recorded. The shim
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height in inches and the value in

per-50 feet were:

Shimed Heighf

A B c

.323" 580" LA80"
.573" . 830" L7307
.823" 1.080"  .980"
1.073" 1.330" 1.230"
1.323" 1.580" 71.480"
1.573" 1.830" 1.730"

The data demonstrates that

Relative Deflection

A

2"
3.55"
5.10"
6.64"
8.19"
9.74"

B

2"
2.86"
3.73"
4.59"
5.45"
6.31"

¢

2“
2.52"
3.38"
4,24
5.10"
5.97¢

relation to the-critgrion'of'Z inches

Air Leakage
Flow Rate
cc/HMin.

8700
8700
- 8700
8700
8700
8700

the collector can withstand 3 to §

times the criterion for foundation settlement without damage or impairment

of performance of the collector.

2. The effect of constraint loads arising from thermal expansion

or contraction is reported and evaluated in Section 5.2.

3.9 Ponding conditions.

3.9.71 . Design provisions.

Physical inspection of the Model SEC-601 collector roof

installed for the thermal performance testing of Section 1.3 demonstrates

that no poteitial exists for the accumulation of water.

Visual observa-

tion during and after severe rain conditions also confirms that no

ponding conditions exist.
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Review of Ttems 3d, 300, 3.2, 3.2.1,-3.2.2, 3.2.8, 308, 3.3,

3.3.25 3.8, 381,090,600 F 3.0y 3.8, 3.8:1, 3,95, 3.9.1 -are

successfully completed.
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Kenneth L. Moan
P.E. (Ohio 5203)
0.I. Approval

W ssin & i

David C. Miller, Ph.D.
SH&G Certification Officer

. Caudle
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NASA Approval
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INAL PAGEL s.;\
OF POOR QUALILX

ORIG

MODEL SEC 601 COLLECTOR

OVERVIEW:

MOUNTED ON STRUCTURAL TEST RIG

Figure 3.1 (a)
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LOAD TEST FIXTURE BASE; 2" x 10" STRINGERS,

MODULE SUPPORT STRUCTURE.
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Figure 3.1 (b)




CLOSE UP:

T BAR SUPPORTS; MOUNTING PADS SECTIONS

OF ALCOA 4-INCH RIB BONE WHITE #K2028-30,
FLOUROCARBCN DIFFUSE REFLECTANCE BACKING
SCREEN.

Figure 3.1 (c)
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ORIGINAL PAGE 13 CLOSE UP:
OF POOR QUALIT

OUTBOARD SUPPORT STRUCTURE, STAND OFF,

T BAR, ROOF MOUNTING PAD, SECTION OF ALCOA
BONE WHITE BACKING SCREEN.

Figure 3.1 (d)
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TWO SECTION AIR BAG; REACTION ELEMENT STAND OFF SUPPORTS.

5, ®
pG®
G ?1\5 e
e

Figure 3.1 (e)
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REACTION MEMBER MOUNTED IN PLACE
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Figure 3.1 (f)




CLOSE UP: REINFORCED CONCRETE FLOOR; 2" x 10" STRINGERS;
MODEL SEC 601 COLLECTOR; AIR BAG; REACTION ELEMENT.
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Figure 3.1 (g)
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DIAL INDICATORS: DEFLECTION POSITIONS NO. 1 & NO. 2.

Figure 3.1 (h)
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DIAL INDICATORS:

DEFLECTION POSITIONS NO. 3 & NO. 4.

GINAL & - =
D POOR QUAL™

Figure 3.1 (1)
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RIGIN
pi\.;JH\ Al &

BE POOR QUALITY

LOAD TEST FIXTURE; MEASUREMENT EQUIPMENT:

LEFT: MATHESON, BALL FLOAT FLOW METER
LEAKAGE FLOW

CENTER: PRESSURE GAGE, 0 to 30 INCHES, WATER COLUMN.
AIR/BAG PRESSURE / MANIFOLD PRESSURE

RIGHT: INCLINOMETER, O to 5 INCHES, WATER COLUMN.
MANIFOLD PRESSURE / AIR BAG PRESSURE.

Figure 3.1 (j)
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Report on Hail Impact Tests
on Owens-Illinois Solar Energy Collectors

Impact tests were conducted on a 12 tube liquid collector
and a 12 tube air collector for Owens-Illinois on March 23
and March 24, 1978 at Texas Tech University. The missiles used
in the tests were spherical iceballs that simulate hailstoﬂes.
Missile diameters of 1.0 inch, 1.2 inch and 1.5 inch were used.

A compressed air cannon and photocell timing device were
used to fire the missile at a collector tube. In each trial a
tube was selected and missiles were fired at increasing velocities
until breakage occurred. The velocity resulting in breakage was
recorded and photographs were made when the breakage was such
that it would bé_apparent in a photograph.

All impacts were made approximately 9 inches from the top
of the collector tube. Except where noted, the'impacis were
nocrmal and were centered on the tube. This location of impact
is thought to present one of the more severe cases for this type
of collector.

Velocities of hailstones are affected by hailstone diameter
and by wind giving the hailstone a horizontal velocity in
addition to the vertical velocﬁty. Vertical velocity is given by
Vp = 53.5 D
where D is diameter in inches.
and VT is in mtles/hour
R is
VR - (VT2+W2)%

where W is wind spced in miles/hour

Resultant velocity V
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Another way to compute VR is

Vp

R 765 o

where © is the angle from vertical of the hailstones trajectory.

v

Figure 1 gives velocity curves for several cases.

Ligquid Collector Tests

Table I presents test results on the liquid collector. The
tollowing conclusions can be made:

1. The 1.0 1inch icebélls caused no damage even at velocities
much higher than thosc normally encountered for this size hail-
stones. A horizontal wind of 86 miles per hour will be required
to give a 1 inch hailstone a VR of 101.2 miles per hour. It appears
that the collecte1r can survive 1.0 inch hailstones.

2. The 1.25 inch iceballs gave an average breaking velocity

of 73.6 miles per hour; standard deviation was 9.1. V. for this

T
size hailstone is 60 miles per hour. Tubes 3 and 11 (Tests

D and I) were broken at'slightly above V It is probable that

T
1.25 inch hailstones will break some tubes but will not break others
due to the tube variation in strength,

3. The tubes appear vulnerable to hailstones with diameters

of 1.50 inches and larger.

Air Collector Tests

Table IT presents test results for the air collector.
Conclusions from these results are:
1. The tubes should survive most 1.25 hailstones without

damage. Average breaking velocity was 92.4 miles per hour with
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Figure I Theoretical Terminal Velocities 'of Hailstones
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Table I Liquid Collector Test Results

Missile
Test  Tube Number Diameter (in) Velocity (mph) comments

A 1 1.00 8B.8 Nc breakage

B 2 1.00 101.2 No breakage

C VA 1.25 72.4 Internal breakage

D 3 1.25' 63.5 Internal bregkage

E 4 1.25 73.0

F 5 1.25 73.3

G 6 1.25 71.8

H 8 1.25 926

1 11 1.25 68.3 Internal breakage

J 8 1.25 83.7 Glancing impact -
side of tube; no
breakage

K 1 1.50 59.9 Breakage on first.

impact; actual
velocity {or bredk-
age may be lower -
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Table II

Alr Collector Tests Results

78

collector tilted

~ Missile ... -
Test.-  Tube Number Diameter (in) Velocity {(mph) Comments
A 1 1.00 94.0 No breakﬁge
B 6 1.25 86.5
C 7 1.25 103.3 No breakage
D 1.25 99.1
.E 9 1.25 79.7
F 10 1.25 86.5
G 11 1.25 99.1
H 12 1.25 71.3 Impact with
' back 459
I 1 1.50 93.4
J 2 1.50 75.6
K 3 1.50 58.2
A L 4 1.50 73.5
. M 5 1.50 111.1



a standard deviation'of 9.4. The minimum breaking velocity
was 79.7 miles per hdur; a 1.25 inch hailstone will have a
velocity VR equal to 79.7 miles per hour wihen wind is blowing‘
at 53.7 miles per hour. The second lowest breaking velocity
was 86.5 miles per hour; a 62.5 mile per hour wind will result
in 86.5 miles per hour from a 1.25 inch hailstone. These
wind velocities are possible in thunderstorms; however they are
the exception rather than the rule.

2. Average breaking velocity for 1.50 inch iceballs was
82.4 miles per hour; standard deviation was 20.3. Terminal
velocity VT for 1.50 inch hailstones is 65.5 miles per hour. It
" is expected that some tubes will be broken by 1.50 inch hail-
stones and that some will survive.

3. The test with the collector at a 45° angle produced

breakage at 71.3 miles per hour. Although it was thought that

an impact at an angle other than normal would require a higher
velocity for breakage, this one test did net support that

supposition.

Comments on the Tests

The Owens-Illinois evaucated tube collectors have some
unusual characteristics concerning hail survivability due to
the collector design. DMost hailstones‘impacté will occur with
glancing impacts on sides of the tubes rather than at a 90°
angle. All tests except those noted were made at 900 impact
angle. By chance some hailstones will miss the tubes and
strike between adjacent tubes; others wi'll strike at a severe
angle as shown in Figure 2 and will cause no damage. TestJ
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Normal
Impact

Glancing
Impact

Figure 2. Tube Impacts

80



in Table I was made at such an angle, and no damage was observed.

A second unusual characteristic of the Owens-Illinois
collectors is the ease. of replacement of individual tubes.

If one tube in a bank is broken, only that tube must be re-
placed. ‘Alsc if breakage is internal and not on the exterior
of the tube, operation can coﬁtinue until the damaged tube can
be replaced. In several cases breakage was internal with the
outer tube surface remaining ingtact; there will be no loss of
fluid, but there will be some decrease in performance due to
the tubes having lost the vacuum.

The iceball impact tests likely produce a more severe test
than that from a hailstone at the same velocity. Iceballs are
cast uniformly and are at a density that is at the upper limit
of the range of hailstone densities. Also the_location of
impact and impact angle were selected to present a worst case.

Results obtained from these tests should be used with
caution in warranting survivability in a hailstorm. Hailstones
in a given storm are of various sizes; there is no official
measurement of sizes and no highly accurate method available
for measurement. Also hailstonés rapidly decrease in size due
to melting. This results in a situation where it is very
difficult to establish the size of a hailstone that caused
breakage to a collector tube. It is suggested that some type
of a hailpad be installed at each location of SunPac collectors

to provide a record of hailstone sizes should this record be

needed.
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Photographs

The following photographs were made after breakage occurred.

Collector Type Test ‘Tube Number Figure Number
Liquid A 1 ' 3
Liquid F 5 4
Liquid I 11 5

Air B ‘6 6
Air B 6 7
Air E 9 8
Air F 10 9
Air F .10 10
Air G 11 11
Air G 11 12
Air H 12 13
Air H 12 14
Air J 2 15
Air K 3 16
Air L 4 17

Figure 18 shows the collector positioned for Test H.
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4,2 Fai]_Safe Controls.
4.2.1 ‘System Failure Prevention.

Accelerated 1ife tests are conducted on collector tube ele-
-ménts.as a continuing in house program. The DSET outdoor exposurz '
test program, originally planned for use as documentation for this
section, has been reduced in duration. The results of the 0.1I. ongoing
accelerated 1ife tests are now considered to be more appropriate as
documentation. The test consists of heating the internal volume of
the absorber tube by a calred unit. Figure 4.2.1(a) contains a chart of
the experimental test results for a standard production tubular ele-
ment exposed for 2035 hours to 500°F and an additional 9242 hours at
600°F. The tubular element was tested periodically for the stagnation
temperature it would reach when subjepted to radiation from an indoor
solar simulator. The change in the comparative stagnation temperature
was from 320°F initially, a maximum of 342°F and down to a minimum of
300°F.

The collector tube element 1ife is the most critical component in |
determining the long term thermal performance of the collector. The
accelerated life test data of Fiéﬁre 4.2.1(a) documents the capability -
of the collector tube elements to withstand 1ong~ﬁerm periods safely
and reliably under no flow conditions.

Attached as Figure 4.2.1(b) is a chart of temperature data derived
froﬁ_the highly instrumented ERDA air collector. The manifold thermo-
couples were located in the annulus air flow paths as indicated sche-
mati€ally at the bottom of Figure 4.2.1(b). The tube on the inlet side

of the manifold was upward facing. The highest temperature recorded
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for convection air reaching the manifold was 210°F when the recorded
annulus temperature (not for the same tube pair) was 508°F. Under
stagnation conditions the manifold temperature is Timited and repre-
seqts no safety hazard.

Figure 4.2.1(c) contains a plot of the exit air temperature of
the air as it leaves the tube annulus and enters the manifold. The
ERDA collector array was allowed to soak under no flow conditions until
the air temperature in the tube annulus as measured at the axial mid-
point of the tube element reached steady state. At solar noon, &ir
flow at B 1bs./min. Ft.2 was introduced. The decay in temperature of
the air in the tube annulus and the transient air temperature at the
tube annulus exit plane are recorded as a function of time. The
temperature overshoot prior to reaching steady state will be noted. A
thermocouple located in the tube annulus is provided with each Model SEC-
601 collector. The Operations Manual specifies that the control system
shall include the necessary logic and a suitable control element
shall be provided to preciude the initiation of air fiow when the aiy
témperature in the annulus reaches or exceeds 400°F. In the event of
a control failure, air flow could be initiated after a long period of
exposure to high levels of radiation and the manifold could be subjected
to a short term high temperature excursion as indicated in Figure 4.2.1(c).
No failure mode of the collector will result from such short term
exposure. However, repeated exposure to such overtemperature conditions
could degrade the insulation properties of the manifold and/or induce
an air leakage path. These changes could result in some loss in thermal

performance of the collector.
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Several collector tube elements were subjected t@ ‘thermal_shock.
The ‘tube elements were heated aﬁd cold a{r introduced as a werse case
condition. A chart of the test conditions is contained in Figure 4.2.1(d).
fhe criterion of Section 4.2.1 are met by similarity of design,
material selection, and construction of the ERDA air manifold and the
collector tube elements with the Model SEC-601 collector.

Review of items 4.2 and 4.2.1 successfully completed.

2%5 éé ng?:zgz 5:? AP
p ey o ‘
“Robert F. Romaker Fenneth L. Moan

0.1. Test Engincer P.E. (Oivio 5203)
0.I. Approval

L,a(u’t& e. M{L&L\’ / 2‘ e ds fa ., ¢ pfece

Dayid C. Miller, Ph.D. WiTTiam C. Louie, V.P.
SH&G Certification Officer P.E. (Mi. 11084)
. SH&G Certification

~ / Technical Manager
{/ MNASA Approval
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OWENSLLINOIS T
Toledo, Ohio @B

Intra-Company
cc: G. R. Mather - Dev. ctr.

1o K, Moan - Dev. Cﬁr. F. H..Brown. - Dev: Ctr.
) ) ™ B. R. Emch - Dev. Ctr.
subject ‘Thermal Shock Testing of Sunpak™ Sunair Collector Tubes.

1. Introduction

SunpakTM Sunalr collector tubes can reach stagnation temperatures of €00 -
625°F under no-flow conditions. If air circulation is started in‘a stagnating
system the inside surface of the absorber tube would be thermal shocked. The
stresses generated in this type of thermal shock would be less than if water
;aused th; thermal ghock,~due to the lower thermal mass of the air and the lower
heat transfer film coefficient at the air/glass interface.

The purpose of this investigation was té de&elqp an air thermal shock test
for SunpakTH Sunair ;olléctor tubes; and to assess the thermal shock strength \
under conditions of maximum expected shock and abuse.

2. Conclusions

2.1 SunpakT™ Sunair tubes can withstand the maximum possible thermal

shock attainable (sgagnation to rooﬁ tepper;ture air} even when severe defects

are present in the glass.

3. Test Procedure

3.1 Thermal Shock

The collector tubes were heated with a calrod heating element enclosed
in a one inch diameter aluminum tube. The calrod unit was placed inside the
collector tube and the end sealed off with insulation. The tube temperature was

measured and controlled by separate thermocouples placed at midpoint. .

After the contxol temperature had been reached (about 45 minutes), the col-

lector tube was removed from the heating fixture and placed in a verticle rack.

2{d)
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Immediately an aluminum tube,” identical to the feeder tube of a SunpakT™ Sunair
air distribution system, was inserted into the tube. Nitrogen from a compressed
tank was flowed through the feeder tube for five minutes. The temperature of
the nitrogen was measured before the test and after the five minutes. .
Test glass temperatures were varied from 625°F to 700°F. Nitrogen tempera-
ture was 70°F + 2OF. Nitrogen flow rates of 120 CFH (Standard) and 360 CFH

(3 times standard-more shock) were used.

3.2 Tube Scratching

In order to create a condition where the collector tubes are more likely ‘to
break under thermal shock, severe chatter checks were intoduced on the inside

surface as follows: )

A No. l4 hardensd sheet metal screw wvas fastenad throush a flat steel
strip so that the end of the screw extended through the strgp- After sharpening
the screw with a file, the tubes were scratched by running the tube over the
screw at approximately 80% ;f tﬁe mid portion length of the tube. Six pairs of

scratches were produced axially, approximately eguidistant.

3.3 Pressure Testing

Hydrostatic destructive pressure testing was performed on the tubes of 3.2
after thermal shock tests had been completed. A hand operated piston pump was
used at a load rate of zbout 100 psi per second.

4. Results

Table 1 summarizes the thermzl shock test results. No breakage was en-—

countered.

Pressure test of the five intentionally defected tubes, Nos. 4-8 gave an

average failure pressure of 270 psi with a range of 250 - 300 psi.
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T pable 1.

Thermal Shock Summary

(1) Tubes 1-3 standard tubes, no abuse
Tubes 4~B defected tubes, see 3.2

92

Tube(l)' Glass HNitrogen Thexmal Nitrogen
g - Temp. Temp. (°F)}  Shock AT Flow
(°F) Initial Pinal (9F) {CFH)
1 700 68 208 632 120
2 700 :1:] 256 632 120
3 700 71 230 619 120
1 700 68 116 632 360
2 700 71 117 629 360
3 700 71 115 629 360
4 700 71 243 629 120
5 660 71 258 589 120
6 700 69 247 631 120
7 825 70 245 555 120
8 620 69 263 551 120
. 4 700 68 142 632 360
5 €60 70 151 590 360
6 700 69 143 631 360
7 625 €9 155 556 360
8 620 68 152 552 360
Notes



4.3 Fire Safety.
4.3.1 Applicable Fire Standards.
Applicable ‘sections of NFPA 89M," NFPA 90A and 90B, HFPA

30, NFPA 31, NFGC '54-1, NFPA 25b, NFPA 211 and ANSI/ASTM E-84 were
reviewed for applicability to the Model SEC-601 collector. 1In addition,
"HUD Intermediate Minimum Property Standards Supplement -- Solar Heat-
"ing and Domestic Hot Vater Systems, 1977 Edition" 4930.2 was reviewed
for applicability. -A review of the drawings and specifications of -
the Model SEC-601 collector was é]so completed. Experimental tests
and evaluations were performed to evaluate qualitatively such factors
as potential heat, rate of heat release, ease of ignition and smoke
generétion. The outside surfaces of the collector subsystem consist
a]mo§t entirely of ametallic or glass material. All elements of the
-éollector subsystem are mounted external to the roof (fire wall} of
the building enclosure. The collector subsystem does not reduce the
fire resistance rating of the roof assembly. A major or catastrophic
fire condition would have to be reached before the collector components
would reach ignition conditions. The heat transfer fluid is air and

i .
. therefore does not contribute to a fire hazard condition.

4.6 Protection of Potable Water and.Circulated Air.
4.6.4 Growth of Fungi.
Silicone base and zytel nylon materials, K633 Q]ass and
aluminum are the ﬁateria]s in contact with the air circulating in the

Model SEC-601 collector. Attached Figure 4.6.4(a) and Figure 4.6.4(b)
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4.6.4 (cont.d)

are design handback data on silicone and zytel nylon materials. The
data indicates the resistance of the material to the growth of
bacter{a, fungi and termites.

Review of items 4.3, 4.3.1, 4.6, 4.6.4 successfully completed. "

Bl T Mersecrklso 500
Robert F. Ronaker enneth L. Moan

0.I. Test Engineer P.E. (Ohio 5203)
0.1. Approval

s 1 .
Léyﬁ‘jbﬁé C’- 545(5,52£1/ J/QQ’ZZQyIJ%c C/_,%a%?QCL,
bayid C. Miller, Ph.D. William C. Touie, V.D.
SH&G Certification Officer P.E. (Mi. 11084)
SH&G Certification Officer

Technical Manager
NASA Approval
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At temperatures in excess of 150" F., however, certain
specific lubricant additives may effect performance.

Test data on the behavior of “Zylel” exposed to
these automotive fluids at elevated lemperatures is
essential to the success of the intended use. This
matter is discussed in detail in an SAE Paper*.

Another approach designed 1o measure the suit-
ability of “Zytel” in various environments involving
exposure lo automotive malerials is discussed in 2
second portion of that same paper**. This descnibes
how automotive parts were obtained and evaluated
after extended in-use service. Copies of the SAE Paper
c.;‘n be obtfiined from your Engineering Plastics Sales
office.

s Gasolines. “Zytel” nylons are outstanding in their
resistance to conventional automotive fuels. “Zytel”
shows an average weight increase of 0.57 percent and
an average dimensional change of +0.009 percent after
270 days eaposure at 73°F. {23°C.) to the following
gasolines: Esso Regular. Esso Extra. Esso Golden
Extra, Amoco High Test, Sunoco, Gulf Crest, Texaco,
Mobile Premium,

o Acids, Bases and Oxidizing Agents, “Zytel” nylons
are very tesistant to alkalies even at high concentra-
tions up 10 40 percent. They are, however, rapidly
attacked by strong mineral acids andfor oxidizing
agents espacially at high operating tempeiatures, Use
1 ddute solutions of acids or oxadizing agents under
ambient conditions is often possible, bul actual or
simulated service tests should be conducted (o ascer-
tain the suitability of “Zytel” for the particular
application,

o Soaps and Detergents, Tests conducted at 18Q°F.
{(82°C.) show that “Zytel” nylons have excelieni
resistance to standard delergent formulations such as
“Tide”, *“Dreft”, *“Dash”, “Oxydol”, *Qakite”,
Caigon and Fels Naphtha soap.

CHEMICAL RESISTANCE OF GLASS-
REINFORCED “ZYTEL”

The chemical resistance of glass-reinforced “Zytel”
nylons is frequently superior to that of unmodified
nylons. For a detailed discussion, see Section 11.

TABLE OF CHEMMCAL RESISTANCE

Information un the resistance of “Zytel” to speailic
reagents is shown in Table 31. Ratings of excellent,
satisfactory or unsatisfaciory are based upon property
retention for test bars exposed to the specified concen-
trations of the matenals for the indicated time periods
and temperatures. Chemical resistance mformation m
Table 31 1s based on appearance and on retention of
physical properties normally after drying to remove
residual moisture and reapents.

Du Pont also has accumulated a large bank of informa-
tion on chemical resistance of “Zytel” to materizls not

**“The Suitability of 66 Nylon Resins for Molded Puris Involving
Long-Term Resistance to Heat, Gasoline and Sait™, Socicty of
Autemotive Fngincers, Mid-Yoar Meeting, I)clmlt Michigan,
May 18221970, P.spu =700485.

**“Eyvaluating the Effect of Extended Service in Aulomubiles on
Parts Made of 66 Nylon and Acctal HHomopolymer™, Sociely
of Automotive Fngzineers, Mid-Year Mecting, Detroit, Miche
gan, Moy 18-22, 1970, Paper #700485.

shown in this Table and for many conditions not listed.
Consutt your Du Pont Engineering Plastics Sales office
(see back cover} if additional chemica) resistance infor-
mation is needed.

Bacteria And Fungi: Soil
And Underground Conditions

“Zytel” nylons have been found remarkably resistant to
atlack from bacteria, fungi and termites both i labora-
tory-type controlled tests and in burial tests.

Test specimens of “Zytel” 42 were buried at Landen-
berg, Pennsylvania for 3-1/2 years in termife-infested
soil. Examunation after bunal showed no attack by
termites nor any apparent deterioration. from fungi,
insects or other biologicul agencies, It was concluded
that “Zytel” was neither attractive 1o termiies nor
readily utihized by fungi. Control specimens of pine
wood showed heavy infestation with termiies.

Two types of “Zylel” {(“Zytel” 101 NC-10 and 211
NC-10) werc tesied microbiologically for their ability to
support Salmonells typhosa growth, (feod poisoning).
The test proved that these samples would nul support
the growth of this bacteria.

Molded specimens of “Zytel” 101, 103, iOS and 63
were tested for resistance to fungi representalives of the
following groups: (1) chaetommum globosum, (2) rhizo-
pus nigricans, (3)aspergilis fiavus, (4) penicillium
luteum, and (5) momononiells echinata.

Test bars exposed for 28 days to active environments
with respect 1o fungi showed no visual evidence of
attack afler cleaning and no loss in physical properties.
Also, no chianges occurred in molecular weight.

Irradiation

Among plastic materials, “Zyte!” 10} is intermediate in
its resistance to the heterogeneous radiation flux of an

atomic piet. Thus, “Zytel™ 101 1s more fesistant than

such matenals as cellulose acetate and methyl methacry-
late polymer, but less resistant that polyvinyl chloride
acetate. During radigtion, test bars of “Zytel” 101
initially show increased tensile strength with some loss in
toughness. With progressive radistion, brittleness
develops.

Furthermore, “Zytel” 101 is relatively resistant to the
effecis of gamma radistiont§. Tests on nylon Nilm (66
nylon) made alter exposure to & megarads of ganuna
radiation indicate essentially no harm to the material.
On the basis of the study, it was concluded that 66
nylon could be considered as packaging of food subject
to perservation by high energy radiation,

+The United States Atomic Energy Commission ORNL-928,
Sisman, Q. and Bopp, C. D.,.June 29, 1951,

+ekrasnansky, V. L., Ashhamaner, B, G., and Parker, M. S., SPE
Transactions, July 1961 - I'tiect of Gamma Radiation on
Chemieal Structure ol Plastics,
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;‘i}ﬁ*fungu&aSHmBies of silicone rubber have huen
LG%&W %eﬁtetf a4 W‘ﬂte two major military speci-
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%ﬁ Shitimoe ey, A¢rdhautical and Associated Ma-
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,--'nfud?mon “esistange i nnrmahy defined by the
SR ok, zgf:her io ‘retain usable physical
i¢d altel S¥posure” to high 1adiation dosape
_‘hconc ~rubber geflects saysfactory resistance
sossd to §O4. raimtpons, Tltis_ radiation resist- .
; mcwdst tifa{éf ¥EE resin and is-compar.ble
tlor to, Sargelpstomers at raom temperature,

the :mhgum.

it abk’; iatsn, ibuy Tas, indicates a distinct Tadiatiog o
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%mﬂnn Damp&ng

# - Silicune rubber has- -the ebility to absorh encrgy uver

'éﬁf.\aldc*rmgg Qf—iteq jgs and over a wide tempera-
léé‘ﬁﬂgﬁr it ¥hcelieat elastic and dumpening proper-
i e‘mv;&eall é,zite{] for use in vibration control

: @tf*m&; This t:o;wp "{'a“h’ﬁl\' simple constiiction of

*’v ton contrel m ps designed wih siticone rub-

t!%geﬂ‘lef’,%"!& yen durability of the rubber,
%&m the ‘mgxinhmy gmug term reliability,

J%z mnmisﬁrbﬂiﬁg aid resonant frequency o
nrpur sficone rubber witl remain
%aﬂu “vongtang T2 -6 to 300F.  The maximum
> fargtor gblitsemam\. is gencrafly 3.0 o
LERE o 1dwdi. inperaturcs, and 3.5 wt 30UF.
:f mnnts leg. {mw !msar loud-deflection character-
AR 400!&5!3013_3 secelerations up o 3G in
X n: I don normal variations in put
feder wdiﬁwvc‘]qitk uffect on jsolation efficiency
s b e ne. marked wesonant frequency shift.
U5 Sptfng rates avé approximately equal in all dnections
ﬁﬁﬁ. highly . damped eharacteristics yickd a trans.
Lblﬁty curve that ig smooth i the high frequiency
;R s unbiroken by sprlng surges or fugh fre-
harmonios which might dumage the mnunted
hagifREent.
'f'hﬁ&mpmg, characteistics incresse at an exponeitid!
: &Bti provide gemle bottonunn under shock con
.’. + Thege ‘mongtings cushion « load gredually
and arc zapable of Hirge deflcctions with a non-incar
'..sp:mg rate. Repeated test shooks of 156G do noe reduce
stion efficiency, and the mounts wilf withstard 30G
prk” puises without failure

ﬁo sarim of mems%m In this silicone rubber pad help
osaure snltorm; peetivichle vibration cofiecHon chorecter-
feiias ﬂﬁmpcmwes fram 45 +o 300F.

fonr _’&é‘o{; 5

Ozone and Corona Reslstanceo

The ozone resistance of silicone rubber approac.hes
that of wmiva. Unhkke fluoro-carbon materials,’ such as
Polytetrathioroethylenc resing, which have good ozTofe-
resistance but degrade rapidly when subjected 10
corona, ~ticone rubber also has execlient corona re-
sistunce., '

To determne the resistance of ssdicone rubber te
high- voitage gradients, samples of #28 AW wire
willt 1 3/64 inch wall of insulation have been subjected
to a 10,000 volt potential for 100 hours at g tem-
perature of 500F. There were no sipns of stress
cracking or carona erosion at the canclusion of this test
Under the same conditions organic rubber insulations
fail within a few minutes, even when the test is con-
ducted st room tumper.nure

Tests also show thut organic rubber is badly dam-
aped alter being subjected to astress of 200 volts/mi)
for 30 minutes. Even after 12,000 hours silicone rub-
ber insulated wire is unaflected by & stress of 200
voits /ml,

Silicone rubber is virtually unaffeciod ﬁyfc;ieqau.

Resistance to Weathering -

Sttcone rubber resists the deferiorating effects of
sunlight. ozone, and gases which canse weathering, In-
herenlly waler repellent, silicone robber is not affected
by muwst operating condsfons, Very dry conditions
and i bumidity will not leach, dry out, or affect sili-
cone mhl-u Imn any way, at any fcmperaturc extrema
fourdd in naure,

Stliwene rabber also has pood resistance to deteriora-
ting umonis found m -am wawerr chloride, suMate,
mbate sed hydrogen sons  Surface water which may
+have feeched minerals, acids, bases, und salts from the
501l nermally has no detrimental effect on sihcore rub-
her Siicone rubber wil] effectively vesist the concen-
tritfons of such matetsd, fosmd in surface water.

’ SILICONE RUEBER RESISTANCE-
TO CHEMICALS CD’MMON_LY}FO?ND,"‘! SO T

Vhem.cal ] Resistance
Ac di.

Hydrochlor-. 3%, Good

Phosphane 167, (suod

RINENTINITL N Gaod
Base. o I

Adem Hydrande 1Y, Goad

Putwesium  Hyvdroaide !“f, i Goad
[Salb.

Catesum Carbonain Good

Ualeium Chiotide Gond

“Zale’ury Hydroxide Good

Sodium ‘Carbonate 2/ Sood

* o, C]ﬂoru]o “J' Gaod
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- Ozo'r:'*‘ RESISTANCE
" Silastic siicone rubber, wher:
-;j_%ted fur resistanca to ozone,
1, $hows exceltont stabibty Atter
twth slatic and dynamic tesung o
riods 0f.2, 4,6, and 8-hou:s
samples +ad no significant change
‘m dwomﬁtar mrﬁnssa, tensile
1 ,sfreng;h, or slongatior, Under a
-»tﬁggmf cation of 18,, AQ mac{ung wr
xs“zecmné: VRS m:rxg‘

i o
—‘ﬁzha iesia SoHowed ﬂi‘d@urab of
LAETIE 318 ang ASTM D 1149 with
r;‘;a.ﬂe moﬂifiraiaons {o match the
guts!aﬁ..:ng proprties of Silastic
Jbg}*!mmr‘L;a-:si As epem!leé n
hﬁj;‘-;TH o 518, ‘spacimeps were
~Avashsd 50 pardard: However, i
?st;mn 10 Gus siatic gondition,
: #.‘..qumm test elohgated
ggngmmens 25 pereent in a cycie of
- gt mnahes fisr minyte, This
gt '-?mg 18 tho rubber ware atlactad
b? oz@m; would vosult in the rapwd
nton of agy egagking As
taz&,‘na cracking.of meciﬁng
m‘i‘ﬂﬁ v £,

m"-ﬁgs! madifigatiaig goncern
it imethod ASTRRD 188 Part ¢
mder‘prmedum spaclhes a
“eogeonitation:bl 28 narts of o7c
pﬁréi}ﬁ atithon pards of ar And for
& Hﬂ;cana Jubben thils was
‘frs»i:ea&w“m a-concentration of
*emiaarfs of pzone: Pert D
'y ﬁ*aa‘t 8 tempéram of 30 C
#n“ﬁy iy tiged for, plastamérs with
!w}resménoe 10 ozone‘*'cr’ackmq
i gt dg Cig sahszacmfy tor
mé‘ﬁﬁ ¥yrh.good ance
18jfastic rubber festéd successtul'y
i Fh 6

I E"

2 5

RADIATION RESISTANCE
Radiaiam o5es « bange -0 th
{aref e ety of Dalas i ruhee

sl o ho-,2 caused by ne
aging As g lotad radialic. dor

is INcioosedd, hardness of the rubbee
ncreases, tenst'e strength aay
increase al first, but luter e reaes
sharply: siongation decrensss

These direct effects of ramaian

arge proporuonal to the total amou
of radiation level-‘as long o~ the
radiation levei is low or murerats:
However with high radiatic:, levels,
the heating-effacts ceuse

additionei chanyes

Figure, 15 shows the radiaton doge
that 1s required tu iedues the
elongation of two 3imnples ot

Silastic 1ubbey to an ubsoluta .

iavel of 50 percant. Data i qven
for radichion expos.Jte 10 2
cobalt-30 source at reom
iemperainre and at X600 C ihe level
of 50 pe cent alongation 1+
arbitranily used as the test eanpont
becausas, for many apphications,
this is the rpirnmum amound of |
rubberiness a4l an alastomer can
have and still pe useiul Cf course,
static seals-and similar product..
might remain serviceable at much
tower levels of elgngation

FIGURE 15, Andixtidn required to raducn
slongation of two samplas of Sidastic sitcone
rubbar ta an absolute value of 56 perceni

S5k sl

Gunerat-
EJrpose

rubber (FYMCH

Extierna-igw-
wBmperatunee
servise

T itadaics doae reegigade
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FUNGUS RESISTANCE

Whar rubaoer 8 used &t any warm.
s oy renmient, e propertes
‘..uc' 105,51 aitack by wetd-or
ungus Aithough Sitasic rubber s
feat abitfungcidal ibis not a
autnen® o fung: ner s of adversely™
aitecled by fungus or mold.

With =51 pruceduras described in
0052 228 {USAF), seversl classes

of Mutary Specification
MiL-E-sihuone rubber were exposed
to chastonuum. alobum,

asperdiius nigel, aspergius
terieus petalliium futem, and -
tusanum moniliforne None ot these:
minro-orgamsms deteriorated the
specunans

I anotner tesl, Sitastic rubhar
samples were buried in 5 inches of
warm (28 CY moist soil for 6. weeks
with no evidence of migrobisl
attact

in a thire 'ast, samples were
sprayed with a mixed spore
suspense n of fungs and then
maced  n & {ropical test chamber
ol 77 O 9(/700 percent relativg
Latrphity. ane was atlacked

by mpgew
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O, - Destgraton Loy
Ly ey A‘i bt for Type nt frareaS o ieanih Fiameafcy Volumne
AR ' B SILAST & 1 IGIOT g N !?E;f.r".'i‘.. Chang
@é‘" nmersion Mad;um ° H.n00: I e achlinas t o trae, (11 per ot parcen
m"'~ N " MG 11 Bays/20 i L 4. Y )
- ; VNG ; RS At -5
..:.’..“.'1.... e L 2‘_"-_ 18 NS
VMQ 1 day/SO psi 3 - 25 -1 +5
3 days/50 pst1 ) 5 30 -5 +5
& days’30 pst =5 =40 25 )
. 7 days/50 psi _..~5 -- 65 -30 +5
e YW . day/85 psi -10 -30 -30 +5
T .+ Sdays/95 psl . -s -50 ~25, +5
. « " 7 days/85 psi - 10 -65 - 80 +5
1 daw/80 psi i -40 | -10 +5
3 daya/B0 psi -10 ~80 ~40 +10
- .7 days/80 psi -1 -7 —45 +5
MQ . > A6 hr/100 psi -10 30 +25 i
MO © 1 day/100 psi -10 ~-40 - 10 +5
VMO 4, ~40 ~15 il
PVMQ ~5 ~25 +§ nit
FVYMQ N 5_ ) -20 ¢ 6 nit
MQ 3 days/100 psi 10 -8C -20 - +10
VMQ 15 74 - &5 +5
PVHIQ . ) . -u --35 5 mi
. MQ YT days/100 psi - 2n -30 -25 +5
g - YMQ . - 10 -85 -85 5
PYMQ . - 20 ~75 . -76 i
YMO "L 7 days/24C (T5F) -5 .. +5
MQ' o ¢ 7 days/24C (75F) -5 .. cee . nli
VMO T 5 . .. +6
. PyMO _ -5 . k5
FYMQ .. 2 days/24C [75F) . . S b2D
VMQ * 1 day/100G (212F) -30 . .- +100
FYMQ - ' - 15 . +10
MQ 7 days/24C (75F) o . e nil
Y, ) . il
VM nf . . ril
FVMQ T = & -25 --15 il
O FVMQ 3 days/24C (75F) i 20 -10_ . nil
; ; '_ e \T‘ 4 9%“3‘ ‘- 3 days/65C {150F) il 3% 30 +10
oS3 e RBRAR ACRE T £ T MO T 7days/24€ (75F) pror
fs 5% ;;jca nﬂiﬁp? i YMQ . -5 ) . 35
.'*."ff' - }} J'r.’. . PVYMQ B brsttle
2 "{’;‘,“"““ Mg wE o T FUMQ A R S ~30 +10
See P m&é:ﬁ’wm PMQ - B days "27C (80F) delariarated
(R 2 L, f MG 7 days/ 240 (75F) n ) +10
o T T - “ VG nyt . nil
Lol 11 1F , ! ot :l P\”\AQ " ! . il
'::;‘-' ,.,'1 ":L“ o?' Co .q-—",'. FVMQ T ai 10 -5 nil
= o, B 3 =5 T v — S o o e
Lo ;ﬁ*' l@! W@M ol » V—(vinyl gmups) e P-{phenyl groups} + F—{fluorins-contiaining graups)
) ‘.M s . . — . e e e e
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ASTM
Designation ! Fens e
for Tppe'af Hutddoges  Sireugin EBinngation Yo'time
SILASHC frmerson Change {.=arags Change Char ge,
Rubber Contirons o AT Dwifont paroant
“YMQ Sdeys/Z4CTF) b iy -G 5
—— oo CMasfeseason o te o T a0 T TE
- MQ . . & days/24C-(THF, T . f.onr
VMO ) . T30
_PVMQ - : brittle \
FVYMQ . : nil 43 ~30 -5
MQ - - T days/24G (75F) unaftected
PNG e maiterted
MO 7 days/100C (212F) unaffectad
PMQ - ' unaifected .
MQ 7 days/#4C (75F) unaffacted
PMQ . unaffected
MQ 7 days/100C (212F) dissolved
PMQ", . dissoived
MQ "7 7 days/100C (212F) unaffected
PMQ unaffected
MQ - 1 day/83C (160F) - il =10
' 7 days/B3C (180F) ni -25
PVMQ 2 he/93C (200F) < rul 20 :

RO FVMQ 3 days/24G (75F _n -5 -5 nil
AR AR [ e 3 deys/65C (156F) %5 3 .15 il
;:g-.:r#} MQ - 7 daysizaG (75F decomposed
Fortd VMG decomposed
e TR FYMQ i dcomposed

W) NRET T LT e PYMG . decomposed
‘.{S- 3 > Cak rik Y ~ i TR mmT R emeThs st e meemmess e g -
2@ X MQ 7 days/24C (756 -5 . . nil

AT VMG ail - .. nit
«;‘.{\é MG unaffected . r

T PYMQ m! - +5
5 EVYMOQ, _ -5 - 45 -5 +5
VMG 1 day/ 149C (300F) “5 i5 T ~10 +5
viug;, 1 day/149C (300F)  ail -25 -10 , -& -
VMO 1 day/148C (300F) -10 ~7% il -85
vMa 1 day/149C (300F) deteriorated . -
Annrigaieny . ‘ .
1@, %rgggéw; m;; fVMQ ! -1 day/148C (300F) 45 - -20 —-15 -5
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4.7. Excessive Surface Temperature.
4.7.1. Protection from heated components.

The Model SEC-601 co]1ector was set up for thermal cycling
tests. The air flow set up is shown schematically in Figure 4.7.1.(a).
The collector was instrumented with temperature sensors as indicated
in Figure 4.7.1.(b), The collector air flow path was into the exit air
duct, through the manifold and tube elements and out through the inlet
duct. The reverse air flow path simulates actual operating conditions
where a positive temperature gain would be experienced from inlet to
outlet. ) .

A portion of a strip chart recorder indicating the sensed
temperatures is contained in Figure 4.7.1.(c). A dual element electric
heater was used to minimize the rate of change of the heated air flow-
ing into the collector. Element 1 was activated at cycle time, t,, the-
second after one hour into the cycle. Both elements were shut off
after two hours into the cycle allowing ambient air to cool down the
collector. The total cycle time was three hours. It will be noted in
Figure 4.7.1.(c) that all temperatures were approaching steady state
conditions and,. in fact, extending the cycle time d1d not result in an
appreciable change in the sensed temperatures.

It will be noted in Figure 4.7.1(c) that no exposed surface
temperature exceeded 100°F at an inlet air flow temperature of 325°F.
Couple No. 9 senses the temperature at the interface between the glass
cover tube and the silicone rubber seal. This surface is.not exposed
during normal operating conditions. In addition, several of the person-
nel explored the collector surfaces by touch; no surface could be
detected which was uncomfortable to the touch.

Review of Items 4.7. and 4.7.1. successfully comﬁ]eted.

(4 - -
e 2 /”/ elptapmer

obert F. Romaker Kenneth L. Moan

0.I. Test Engineer P.E. {Chio 5203)
0.I. Approval

Fi '’ . B \:’/_
wwd éﬁ ML%D ../Z.—;L’C:,ﬁ{,{-ncz &L Al
David C. Miller, Pn.D.  William C. Louie, V.P.

SH&G Certification Officer P.E. (Mi. 11084)
SH&G Certification Officer

echn1ca1 Manager
NASA Approval
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THERMAL CYCLE TEST SCHEMRTIC
FOR
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5.1 Effects of ExtefngT Eqvjronmgnt.

S.i.i fﬁe capabiTity of: the Model SEC-601 collector cover mate-
rial and wavelength selectiyelcoating to meet the solar degradation
griferion haye been evaluated by a combination of indoor accelerated
Tife testing and Tong term outdoor exposure tests. The indoor accel-
erated 1ife testing emphasized thé evaluation of the Tong term stabil-
ity of the wavelength selective coating and the vacuum. The tesés
and data have been reported under Section 4.2.1, previously submitted.
Thg results of seventeen (17) months of ocutdcor exposure of the EFDA
collector array are presented in Section 5.3. A review of this section
verifies the capability of the collector components to withstand
extended outdoor exposure without degraaation which would adversely
affect the capability of any component of the collector to perform its
intended function.

"As further evidence of the long term capability of the CB¥Tgctor
components to withstand outdoor exposure under stagnation conditions,
collector components were subjected to outdoor exposure at the Desert
Sunshine Exposure Tests, Inc. facility starting in August, 1976.

" Figure 5.1.1(a), sheet 1, contdins a record of the stagnation tempera-
ture reached b} a standard production Tiquid collector tube element

in August, 1976. Figure 5.1.1(a), sheet 2, indicates the stagnation
teﬁperature reached as a function of solar time on June 24, 1978. An
indication of the level of solar radiation is also given for each test
day. Because of instrumentation difficulties, the so]ar'}adiation
listed is not that existing in the tilt plane of the test rack. The

test rack tiit angle was changed monthly to 60rrespond roughly to the

plane in which the solar radiation

106



5.1.1 {cont.d)

would be normal to the test rack during {he month. A review of the data
indicates no significant change in the stagnation tenperature reached
and therefore that no degradation to the wavelength selective coétiﬁg

or vacuum has occurred after essentially two years of continuous outdoor
exposure to the maximum solar radiation condition with no cooling fluid
flow through the collector element. The test requirements of Section 03
were exceeded by a factor of four with no evidence of deterioration in
performance or change in characteristics of the wavelength se]ectivg
coating. The pnodﬁction process for applying the wavelength selective
coating, evacuation, tip off and getter material and flashing are
identical for the liquid and air SUNPAkT” collector tube elements.
Therefore, the Model SEC-601 collector tube elements meet the criterion
of this section by similarity. An extended outdoor exposure test has
been initiated for the Model SEC-601 components. The first record of
the st;gnation tempetature of each of the tubes is contained in Figure

5.1.1(b).

5.1.3 Airborne poliutants.

The capability of the components of the Model SEC-601 components tg
withstand exposure to airborne pollutants has been evaluated by simi-
larity to the liquid SUNPAKT™ collector materials and moderate exposure
testing of the Model SEC-601 components at Desert Sunshine Exposure Tests,
Inc. Figure 5.3.1{a) contains a listing of the liquid SUNPAK™ com-
ponent§ with outdoor exposure test results from August 10, 1976 to

June 27, 1978. Figure 5.1.3(b) contains a definition of the ranking
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applied to the physical inspection of the components.- The rack—on
which the components are mounteé is south facing. .Its tilt angle is
adjusted once a month in erder to cause the solar radiation to be
essentially normal to the rack during the month's test period.

. Figure 5.1.3(c) contains the physical inspection ranking for the
Tiquid SUNPAK™ components for dune 27, 1978. Figure 5.1.3(d) contains
the initial report for the Model SEC-601 collector components. The
tube retainer component (panel item Mo. 3) of the Model SEC-601 col-
Tector uses the same material as the liquid SUNPAKT™ component panel
item Nal & except that the poncafboﬁate source was changed from G.E.
to Mobay. A1l other components of the liquid SUNPAKTM collector module
demonstrate long term resistance to the attéck of airborne poilutants
under conditions of adverse severity to an extent that no significant

-impairment to the intended performance of the components during their
design T1ife would be expected.
The components of the Model SEC-601 collector are considered to *

meet the criterion of Section 5.1.3 by similarity. Further, a design
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review of the Hodel SEC-6G] collector indicates that the only non-
nne&ﬂiicparts subject to direct exposure to solar radiation are PH-

SK~5103 (MS-1022) and PH-SK-5067 {(ns-1021).

Review of items 5.1, 5.1.1, 5.1.3 successTtully completed.

Z f?%ﬁ‘/?mzmc//i H L P

Robert F. Romaker Kenneth L. Moan
0.1I. Test Engineer P.E. (Ohio 5203)
0.I. Approval

1 - P . .
Wacdd €Ul e & TFrer
David C. Miller, Ph.D. HiTT1am €. Couie, V.P.

SH&G Certification Officer P.E. (Mi. 11084)

SH&G Certification Officer

Lhﬂﬁ///. /4? (/4b-@¢{fe/

//dohn M. Caudie
Technical Manager
NASA Approval
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TABRLE VI

DSET No. 16605s August 10, 1976

OWENS-ILLINCIS

Stagnation 'i‘emperathres - 45° South

Tube Temperatures (°C) °c T INSoLn TV
Solar ' Ambient o /g 2
Time #9  (op) 310 #11 #12 . TemEeraturECBT G 4)
. GF)
1040 211.8 /2. 216.3 220.9 213.0 35.6 E% 2e5
1100 251.8 ygg  261.2 258.3 257.1 36.1 97 L8/
1130 280.1 g3,  296.5 283.1 - 295.7 36.7 98 t9o
1200 289.7 453  305.3 290.0 312.1 36.9 498 R9L4
" 1230 293.5 g¢o  305.0 291.6 317.5 37.1 99 ré8¢
1300 296.7 &46  303.6 292.0 318.4 36.9 98 2§/
1330 297.8 5¢§  299.0 - 288.8 317.5 37.5 oo 310
1400 - 297.8 %48 295.2 286.0 312.3 37.3 92 r48
1430 296.7 $4¢  292.3 282.1 305.0 37.7 roo  REL
1500 293.7 &4/ 288.1 276.5 296.6 39,4 vs03 197
1530 286.8 549  283.5 272.2 286.0 39.1 2 [t
1600 277.8 &3 276.1 266.4 271.1 38.5 rof 13t
1630 265.0 599  255.6 246.1 261.8 37,7 /o¢
1700 249.9 482  219.3 213.4 235.5 37.3 499
1730 222.5 435  178.9 173.5 194.6 37.2 99
1800 175.2 347 143.6 138.8 153.1 36.5 98
1830 140.6 265 118.7 113.8 125.4 35,4 ¢
1900 114.0 2¢7 99.3 93.6 102.6 34.5 94
1930° 94.7 20 84.8 79.2 86.6 33.7 73
2000 81.2 ;78 74:2 68.7 75.3 33.1 92
" 2030 71.1 g% - 66.3 61.2 67.0 32.4 Yo
2100 63.6 145 60.2 55.6 60.6 31.8 gy
2130 57.8 13L 55.3 51.0 56.1 30.4 g7
2200 52.9 IR7 51.0 47.2 52.3 29.4 g5 .
2230 48.9 spo 47.3 43,9 48.8 28.5 &3
2300 45.6 4 44.4 .41.3 45.8 28.4 83
2330 42.8 ;09 41.9 39.0 43.3 28.1 &3
0000 40.4 4o 39.8 37.1 41,2 27.7 F2
August 11, 1976 - .
0030 38.4 10! 38.1 35.5 39.5 27.8 82
0100 36.7 %% 36.5 34.1 38.0 27.9 82
0130 35.2 95 35.1 32.9 36.7 27.1 g/
0200 33,8 93 33.8 31.7 35.4 26.5- 80
0230 32,6 4/ 32.6 30.7 34.2 25.9 7%
0300 3.5 g9 31.6 29.8 33.1 25.4 78
0330 30.4 gy~ 30.5 28.9 32.1 25.3 3§
0400 29.4 gg 29.6 27,9 31.1 25.1 77
0430 28.7 ¢ 28.8 27.4 30.4 25.2 77
0500 27,9 3! 28.0 26.6 29.5 24.8 97
0530 28.5 &g 28.6 27.4 30.1 25.5 78
0600 33.8 93 33.7 33.2 35.8 26.1 39
. Frevri 8.4 (&)
110
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B ey S Sy —

Solar Time

+.SERT SUNSHINE EXPOSURE TESTS,

Ch.#32 OF
Tube 9

JUNE 24, 1978

0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430.
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000
2030
2100
2130
2200
2230
2300
2330

460.0
494.0
514.5
529.6
541.1
549.1
556.3
561.7
564.6
566.9
568.8
569.4
568.1
564.9
559.9
552.5
543.1
507.6
404.8
391.1
402.6
380.5
322.7
270.6
232.5
204.1
182.2
164.5
151.3
139.5
129.7
i2l.8

¢

STANDARD PRopucTio N

ch. #35
Tube 12

525.8
569.7
598.3
616.6
627.0
637.4
643.0
645.4
645.6
645.5
644.9
642.6
637.7
629.2
618.8
606.1
589.3
559.2
470.7
450.8
444.2
406.8
351.9
301.8
262.2
231.5
207.1
187.1
171.5
158.3
146.9
137.2

INC.
OWENS-ILLINOLS

Ch. #33 © Ch. #34 o
~Tube 10 Tube 11 __
387.7 306.5
409.1 322.5
426.3 334.7
439.6 341.7
447.9 347.1
454.5 353.3
460.9 357.4
465.1 358.6
466.4 358.0
467.5 358.9
467.8 357.6
465.3 354.0
460.1 347.9
455.1 343.0
488.3 334.2
439.3 324.1
429.5 315.9
402.4 294.4
292.1 199.5
273.2 201.1
269.6 205.9
237.2 176.6
196.6 143.6
164.2 120.8
141.7 108.3
126.9 102.0
116.7 97.9
108.8 94.9
103.8 93.1

98.8 90.1

94.2 86.8

91.0 85.0

WATER TUBE STAGNATION

*

Ambient Insolation
op (BUT/£t2 . hr)
97.7 1€1.5
99.8 190.2
102.5 21l4.6
104.3 238.9
106.3 263.2
106.0 280.9
106.0 294.2
107.6 303.1
109.3 307.5
107.7 305.3
109.7 296.4
108.9 287.6
109.7 272.1
108.8 250.0
108.8 225.6
110.1 199.1
108.7 170.3
108.0 135.4
107.0 108:4
lo6e.2 75.2
103.7 46.5
103.0 22.1
101.1 -0
99.3 =Q-
99.4 Q-
97.2 -0-
96.9 -Q=-
95.3 -0~
93.2 -0-
S0.1 -~
88.7 -
88.4 =0=

o .
* 07 Horizontal

FI/GURE 5.4 7 ta)
SHeer 2
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DESEL JINSHINE EXPOSURE TESTS, INC. AIR TUBE STAGNATION

OWENS-ILLINOIS

e Ll oy . s e e o o S T T T S, o S il A S S AR e i A e o i R ks v v i o S o M i B P B T . g el B iy B gt e e ey o 4 ek B g o e e e

True ch. 24 0°p ch. 25 0% ch. 21
Solar Time Tube #5~ Tube #§

e e L - ——

July 4, 1978 |

e T g . i s i, i - S L g e SO S A B St . RS P

8:29:01 469.8 460.3 88.8
9:00:07 504.5 495.2 91.1
9:28:37 524.3 515.7 93.3

10:00:00 538.2 530.9 94.0
10:30:00 544.5 538.8 94.2
10:59:52 548.6 545.7 94.8
11:30:00 555.6 553.8 98.0
12:00:00 557.9 555.8 97.6
12:30:00 558, 8 558.7 98.8
13:03:54 556.1 556, 2 96.9
13:28:57 557.1 556.8 98.9
14:00:34 559.7 559, 4 98,7
14:35:33 550.4 548, 5 99.4
14:59:15 547.2 546.4 100.4
15:30: 34 540.4 539.6 '100.0
16:02:42 526.9 526.8 © 98.4
16:28:00 508.8 517.6 . 100.4
17:00: 00 411.2 458,73 98.3
17:30:00- 372.2 408.9 98.9
18:00: 00 "379.5 403.2 97.1
18:30:00 376.4 383.4 94.9
19:00: 00 340.4 330.9 92.2
19:30: 00 286.9 277.9 90,3
20:00: 00 246.5 238.3 88.1
20:30:00 215.6 208.0 85.9
21:00: 00 191.4 184.3 82.9
21:30:00 171.7 165.1 81.2
22:00:00 155.6 149.6 78.8
22:30:00 142.1 136.6 77.7
23:00:00 131.0 125.8 77.3

.23:30:00 121: 6 117.0 75.3

FIGURE 5././(b)
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Pit

INSPECTION REPORT

COMPANY OWENS-ILLINOIS

P.0. M98-4442 dtd 7/19/76 PO 99-15423

OUR ORDER 166055

g PANEL
NUMBER REMARKS

1 1 10 101 10410 19 10 Manifold with mounting bracket .
2! 2. 10 10) 10110 |10 ] 10 Foam_end_cap

3 3 10 0] 10}110 10 10 Joint covers

4 4 10 10t 10310 {10 | 10 __End bracket sections

5 5 10 10 0] 10 10 10 Support straps

s 6 10 104 10{ 10 110 { 10 Original tubs ;uapofgﬂggbl insert,

7 soft ring

8 7 10 10 10| 10 10 10 Heavier support cup, insert, positive
9 - restraint bolit
10 B 10 10 iot 1o 10 10 Heavy support cup, insert, stiff spring
11 9 10 Na o] 10 10 10 ks Tube, standard prod/flashed getter
121 10 10 NAj Jol10 [1o ! 10 Tube, std. prod/old bake-out
13 11 10 NA] 10110 {10 | 10 Tube, std. prod/new bake-out

14] 12 10 Nal 10} 10 10} 10 Tube, Airco cnating/flashed getter
15

16
17
18

19

20
21
22 <
23
24 ]

GENERAL REMABKS

.TYPE EXPOSURE__45% south direct _
EXPOSURE DATE: From: 8/10/76 To:  H/32/75
INSPECTED BY: Biii Dokos Date:  8/31,76

- Flooee 5. L2 L8] .

(O R Rl ]

J— e -ww-m-n-m" Rl *
T

.‘H»-.ﬁﬂﬁ%'“h .



11

THLLE A 2%
cy)
BT
NUYBER AND DESCRIPTIVE RATINGS FOR WEATHERING TESTS e
v8
- \2\63_
FSPT Other -
Failure Failure
Kumber Arpearance . (check, chalk, etc.) Appearance (check, chalk, etc.)
10 as received ‘ abzent as received none
g ‘ excellent very slight
8 good slight failure good slight '
7 good to fair slight to considerable
6 . fair considerable {marked)
5 intermediate intermeciate fair to poor considerable tO severe
. {marked to very marked)
4 paor severe {very marked]
3 pocor to very poor severe ¢ Very severe
2 poor bad failure very poor X almost complete
1 : extrtemely poor ccmpliete
¢ poorest degree conplete failure
- conceivable

Numerical readings of gloss will be made with the Gardner '"Multiangle" Glossmeter,
Please specify:

(1) Angle’

(1) Area of psnel to be cleaned
{3) Manner in which psnel is to be cleaned

DESERT SUNSHINE EXPOSURE TESTS, INC, - Phoenix, Arizona
Frioruk. 503 C60
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DESERT SUNSY \ﬁ EXPOSURE TESTS, INC.

, BOX 185
BLACK CANYON STAGE
PHOENIX, ARIZONA 86020

CoOMPANY Owens Illinois ‘
INSPECTION REPORT YOUR REF. Ref. M98-4442 PO 99-15423
DSET ORDER NO. 166058 Page L of 1
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§ 5 g F
§/ & &

g/ & g/ &/ & &
1 1 T 6 |00
2 2 10 | '8 1011010
3 3 10 '8 1011010 i Adhesive Tetaining dirt
4 4 10 ig8 {10 j10110 ' Rust developing along edges’
5 g 10 P 10}10{10! 10 ! ! Rust developing at ends
5 6 10 : 10 110! 10 |10 ' = B That_h Tted and
b P a ' g8 17 |lo |6 i Top cap has portion that has fie
| 8 8 100 10 110 (10 | IO j ‘ deft-a—hol
i 9 ) o1 NA 110 | 10 | 10 ! i - @ ~
| 1d __lO 10§ : . NA 10 —];0_“_ _10 : : ) ] t@ Z s -'
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16 T I : T i i T : T B 7 =
e : ! LIRS S SO L . Ll e n e —
| -1 _d - — N N . A
o - — ! — e A
15 L S M e
1,29 L i R L . ] I
21 o1 i . f .
22 ' ’ :
23 ! ] . —
24 ; i . .
| 25 ] 1
. . : . ‘ . 14° south direct - stagnation
GENERAL KREMARKS -Stagnation rack is readjusted once a month TYPE EXPOSURE ,
so _the collector is normal incidence to the sun. EXFOSURE' DATE: From o/10/7% To ©/27778

INSPECTED BY Herb Albert Date 6/27/78

FlCuRe S.'A.ecc)
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DESERT SUNSHMINE  tPOSURE TESTS, INC. %@
BOX 185 foax}/),
BLACK CANYON STAGE %
PHOENIX, ARIZONA 85020 ? < »
@7,
EAC
COMPANY Owens Illinecis ﬁ%ﬁﬁy
INSPECTION REPORT YOUR REF, Ref. M99-2952 PO 98-1101
DSET ORDER NO. 191748Aa Page 1l of L
=
O
g/ /& 5
PANEL & ;E'? 3‘? § 5
NUMBER *75? g o é? w /g REMARKS
& &f b s/ G & E 2
55 5/8/el/5/818)a/8/5 il
sa18/5/5/8/&81&8)5/5/58/
=l o/ /890 4/&87/8]&F
11 1 10 10| 10} 10] 10 "0" Ring MS 1024
2 2 10 10 10 10§ 10 Seal Retainer M5 1021 -
3 3 10 101 10} 10| 10 Retainer - tube MS 1022
4. 4 10 10] 10] 10| 10 Cushion MS 1013
5! 5 10 10} 10 10! 10 Support - ocutboard
6 | 6 10 10|10 10} 10 Insulation ~ bottom MS 1027
71 7 10 | 101 10} 10] 10| ' Spacer Cup MS 1020
8 i 8 10 10 10] Tol 0]~ : [ Retainer Cup '
91 9 10 10| 10] 10] 10 ! 3/32% alum,.."Pop" Rivet
10 ¢ 10 10 10; 10 104 10 % Red Silicone adhesive
11 ¢ !
12 | !
13 |
14 !
15 |
15 |
17 |
18
19
20 1
21 |
22 -
23
24
25

GENERAL REMARKS

50 the collector is normal ilncidence to the sun.

Stagnation rack is readjusted once a month

TYPE EXPOSURE

LBXPOSURE DATE: From

INSPECTED BY Herb Albert

Initial Inspection prior to Mounting

5719778 To 5719778

Date _ 5/19/78
FreuvRE 5. L3 (A)




5.1.4 Dirt Retention on Cover PTate Surface.

A1l tubes used in the ERDA air collector were rated by sun
testing on November 1, 1976.' The procedure used was the placement of
sets of twenty two (22) tubes in a rack tilted at 45° from the horizontal.
A white backing screen was provided consisting of outdoor mariné ply-
wood painted with flat white Dutch Boy paint. The rack was period-
ically relocated to face the sun. The test ﬁeriod was determined by
the indicated températures reaching steady state. The tubes were re-
tested on July 14, 1977 and again on March 28, 1978. A sqmp]e of the
test data s {n Figure 5.1.4(a). The tubes were washed only by the
natural conditions of rain or melting snow over the seventeen (17)
month test period. There'is no significant deterioration in thermal

performance due to dirt retention on the cover tube surface.

" 5.1.5 Abrasive Wear.
KG-33 borosilicate glass has the highest rating for:the ’
lasting quality of its surface of the commonly available glass composi-

tions as indicated by the data of Figure 5.1.5{a).

5.1.6 Fluttering By Wind.
The only component of the Model SEC-601 collector subject
to flutter induced vibration due to wind action is the collector tube
element. Such vibrations are caused by vortices leaving the down streaﬁ
side of the tube; this phenomena is known as Von Karman vortex sheets.
Figure 5.1.6(a) contains a discussion and a graph bearing on the sub-
Ject. The information is taken from "Boundry Layer Theory,f by Herman

Schlichtrig, translated by Dr. J. Keston, Fourth Edition, McGraw Hill.
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Figure 5.1.6(b) is derived by using the graph of Figure 5.1.6{a)
and calculating Reynolds' Mumbers for wind velocities from O to 120 MPH,

with D = 53mm {.1739 Ft.} and ¥ = .180 X 1073 Ft.2/Sec. The cross hatch

area near the origin in Figure 5.1.6(b} shows the wind speed range in
which regular vortex sheets are formed. Above this small wind speed regio
the wake is turbulent and regular vortex sheets are not formed; that is,
no real flutter frequency is establiished. Also shown in Figure 5.1.6(b)}
is the Tocation of the two resonant frequencies of the absorber tube
measured by a scan of 0 to 300 Hz. on a vibration shake table. These

are both far removed from the frequency range where the vortex sheets
occur. The conclusion from this data is that wind induced flutter fre-
quencies will not excite the resonant frequencies of the colliector tube

elements.

Review of items 5.7.4, 5.1.5 and 5.1.6 successfully completed.

5 > SRR
obeYt F. Romake Kenneth L. Moan
0.I. Test Engineer P.E. (Ohio 5203)
0.I. Approval

£ p o

P
’)ﬂ,{)éxﬂt g, M/l bggf’v ) Z:; KZ‘-‘""‘:& (,7‘ _'/_‘,};;t’('t.
avid C. Willer, Pn.0. ii1Tiam C. Louie, V.P.
SH&G Certification Officer P.E. (Mi. 11084)
SH&G Certification Officer

ohn M. CatdTe
Technical Manager
MASA Approval
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Chemical Durability is the lasting quality of a glass
surface. It is frequently evaluated, after prolonged
weathering or storing, in terms of chemical and physi-
cal changes in the glass surface or in terms of changes
in the contents of a glass vessel. The glass which is
best suited chemically in one situation is often inferior
in another. This information bock covers glassware
intended for many differen! uses. For many of these,
special tests or prolonged cbservation in service are
required to establish excellence. Great differences
exist in the chemical properties of glasses customarily
used for these different purposes. The result obtained
in an atbitrary test should therefore be interpreted
with caution.

In this information book, typical values are given for
several crushed-sample tests in order to indicate chemi-
cal durability broadly. A glass is handled in a specified
manner to yield 10 g. of crushed grains that pass a
No. 40 sieve and are retained by a No. 50. In ASTM
Test P-W {ASTM Designation C225], this glass is ex-
posed to the action of specially purified water at
121°C. for 30 minutes after which the alkaline ma-
terial extracted is determined by titration. The resuit

Chemical Durability

is expressed as “‘ml. 0.02 N H,50," [ml N/50
H, 804} used in the titration. This procedure is des-
ignated as the Powdered Glass Test by the Umnited
States Pharmacopeia (USP XVII, pp. 900-901} where
it is the basis of the following container specifications.

Type General Description Limits
Highly resistant,
I borosilicate glass 1.0
I Soda-lime glass 8.5
NP Genera_xl-purpose 15.0
soda-lime glass

FIGURE 5.0.5Ce,
G-1
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The frequeney with which vortices are shed in a NArmdn vortex street be-
hind a cireular cylinder was first extensively measured by H. Blenk, D. Fuchs
and L. Liebers [2]. A regular Kdrmin street is observed only in the range of
Reynolds numbers ¥ Dfr from about 60 to 5000. At lower Reynnlds numbers
the wake is laminar and has the form vivible in the first two photograph of Fig. 1.6;
at higher Reynolds numbers there is complete turbulent mixing. Measurements
show that in the regular range given above, the dimensionless frequency,

-'%Il =S5, . (Strovhal number)

also known as the Strouhal number [20], depends uniguely on the Reynolds
nmunber, This relationship is shown ploited in Fig: 2.9 which is based on the more
recent measurements performed by A. Roshke [16]. The experimental-points which -
were obtained with eylinders of different diameters D and at different velocities ¥
arrange themselves well on a single curve, At the higher Reynolds numbers the
Stronhal number remains approximately constant at S = 021, When the diaméters
uof the eylinders are small and the velocities are moderate, the resulting frequencies
lie_in the acoustic range. For example, the familiar “acolian tones™ emitied by
telegraph wires are the result of these phenomena. At a velocity of 177 = 10 m/sec
(30-18 ft'sec) and a wire of 2 mm (0-079 in) in diamecter, the frequency becoanes
% == 0-21 (10/0-002) = 1050 sec™?, and the corresponding Reynolds number R & 1200.
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B2 Temperature and Pressure Resistance.

5.2.4 Leakage. A thermal cycle test Toop was built containing the
elements indicated schematically in Figure 5.2.4(a). Ambient air is
increased in ﬁressure by the air fan. An electric heating element
increases thé air temperature to a preselected Tevel. The high temper-
ature air is introduced into the normally exit air duct. The air flows
through the duéting internal to the manifold and the tube elements and
out the normally inlet air duct. The revarse air flow path is used to
simulate the iemperature gain of the air as would exist under normal
operating conditions. The air flow rate is monitored by the inclinometer
whicﬁ measures the pressure drop of the collector due to air flow. The
flow rate used was in the range of that expected under normal operating
conditions; viz. a flow rate which causes approximately 0.3 inches w.g.
pressure drop.

. ‘Temperatures were monitored on a strip chart recorder with the
sensors located as indicated in Figure 5.2.4(b). The three hour cvcle
to_tem#erature and return to essentially ambient conditions as shown in
Figure 5.2.4(c) was selected to allow a reasonable total elapsed time
for the cycle testing and still allow all temperatures to reach essentially
steady state conditions. After the accumulation of a selected number of
cycles, the air supply was disconnected and the inlet and exit ducts
taped closed. One tube was removed allowing the direct connection of
a pressurized air supply to the air manifold. A rubber stopper, with
two access holes was inserted into the manifold well in place of the
tube and silicone seal. The second access hole was connected to an

inclinameter of 5 inches w.g. total range for an accurate measuraient
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of pressure. A precision air.flow neter was used to measure the volume
of leakage air flow.

The regulated air supply provided a precise control of manifold
pressure from 0 to 5 inches w.g. The manifold pressure was set and
allowed to stabilize. The volume of air flow required to maintain the
selected manifold pressure is a measure'of the leakage flow rate.of
the coliector. Since time was required to make the change over,
leakage air flow at the maximum temperature condition could not be
accomplished. Tflerefore, a qualitative indication of leakage flow at
maximdm temperature was obtained by simply taping shut-the exit flow '
duct. A smoke bomb was fired and the smoke ingested into the inlet to
the fan. At no time could any evidence of leakage as indicated by a -

lsmoke pattern be detected.

The measﬁ;ed leakage flow rate after the accumulation of various
numbers of thermal cycles is indicated in Figure 5.2.4(d). It will be."
noted that the high temperature condition was approached in steps as
a precautionary measure. The principal features of the data are first
the very Tow Teakage flow rate measured at the order of 0.1% of oper-
ating flow and second the Tack of any trend towards an increase in
leakage flow rate. The scatter in the data indicates that the tight-
ness with which the flow ducts were ené1osed and with which the pressuée

_source and inclinometer were attached to the manifold caused variations
in the measured value of leakage flow rate as large as the leakage
volume flow itself. Note that leakage flow was measured up to 5 inches
w.g. which is a factor of 10 or more higher than the collector pressure
drop itself.
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Upon physical examination there was no sign of creep or embrittle-

went of the silicone seé]s.

5.2.5 Deterioration of Gaskets and Sealants.

The tests conducted and described in Section 5.2.4 are evidence
of the canability of the gaskets and sealants to withstand operating
service conditions. It is felt that the very low leakage evidenced at
high temperature (smoke bomb tests) and near ambient conditions (direct
leakage flow measurasment) represent more demandiﬁg recuirements than
those of‘thé approved Acceptance Test Procedure. The capability of the
materials to operate satisfactorily after exposure to extreme cold
conditions was evidenced during the extreme weather conditions of the
Toledo winters of 1977 and 1978. Examination of the gaskets and sealants
used in the ERDA collector array upon disassembly of a manifold after
removal in March 1978 show no signs of creep, embrittlement, cracking
or other deterioration. Testing of the assembied array just prior to
removal from the ronf showed no signs of Toss of ability to perform the

intended functions.

5.2.6 Transmission Losses Due to Outgasing.

This section is not applicable to the Model SEC-601 collector
tube elements since the transmission path is a hard vacuum totally’
enc]oséd in permetical1y sealed glass. However, this section is
applicable in intent since a loss of vacuum due to outgasing of the
glass and/or selective surface or a deterioration of the selective
surface due to long term exposure to the high temperatures which can

obtain under no flow conditions can cause a deterioration in performance.
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To accumulate evidence that the collector tube elements have the
requisite long term stability under exposure to normal operating con-
ditions, all of the tube elements of the ERDA air collector were rarked
by a standard outdoor sunshiné test. The tube elements were tésted
first on 10/30 to 11/1, 1976. They were retested on 7/13/77 and a sample
lot retested 3/20/78. The cover tubes were not cleaned at any time
deing the entire test period except by the natural processes of rain
and melting snow. Thé level of insolation in the ti1t plane of the
outdoor test rack was noted for each day of test at the time the
stagnation temperatures were measured. A suitable day for the séagﬁa-
tion tests was determined qualitatively as relatively "cloud clear®
by the test operator. ‘

The test data is shown in Figure 5.2.6(a). The change in the
average value of stagnation temperature was of the order of 1.5%, well
within the possible experimental error. The tubes were subjected to
no flow stagnation conditions almost every weekend and over the holiday
periods from 11/15/76 to 3/17/88, a period of 17 months.

Three major installations, GSA Building, Saginaw, Michigan; Terraset
School, Reston, Virginia, and the Troy Library, Troy, Ohio represent a
total of 12,672 tube elements installed and operating under field ser-
vice conditions. Tube elements have been replaced for apparent loss of
thermal performance under the O-I warranty agreement. The reason for
failure has been investigated and in all cases was attributed to loss
of vacuum due to a micro crack developing in one of the glass seal
areas. No failure was attrib‘uted to outgassing or coating deterioration

under field operating conditions.
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Review of items 5.2.4, 5.2.5 and 5.2.6 successfully completed.

- 4 PR "
/E Z g tué 33 140 {{_
Robert F. Ronaéer + Kenneth L. Moan

0.I. Test Fngineer P.E. (Okio 5203)
0.1I. Approval

1 ] ‘“
! (% ? A . f ~ B - '/
“.(ld-uut '(‘- ZZ'M‘/ ~ /{’ red o, 7 N /";‘(-’c" {
David C. Hiller, Ph.D. ‘Mitliam C. Louie, V.P.

SH&G Certification Officer P.E. (111, 11084)
SH&S Certification

Technical Manager
NASA Approval
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vacuur Loss IN suneak(TM) Tuses AT s BurLome, A% ¢

sk, mgiotl, 10 T N

Seven tubes returned from the subject installation by Mr. E. G. J.
LaBonte were examined to determine the cause of suspected vacuum degrad-
ation. The tubes had been selected out because they were warm to the
touch.

A summary of the analysis is given in Table 1. Five of the seven
tubes had a capillary channel in the tip-off. One tube had a pinhole
jn the tipoff tubulation seal to the cover tube. One tube had a crack
in the cover tube due to external damage.

* _The above described tubes represent seven out of 1200 tubes in the
first row or 0.58%.

R

vzg;t“'°_,3?2522?1£16<é¢§1;

Louis_Sﬁan udis

LS/gs
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Table 1.
Analysis of Sunpak(TM) Tubes With Suspected Poor

Vacuum; Saginaw GSA Building; 11/30/77

Batch Number -Analysis

"A-197 . Tip Qff Capillary

A-206 Tip Off Capillary

A-282 Tip Off Capillary

A-134 Tip Off Capillary

A-132 Tip Off Capillary

A-206 Pinhole in Tubulation--
Cover Tube Seal

A-730 Crack Due to External Cover

Tube Damage.
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5.3 Chemical Compatibj]ity'of Components.

| The design and material specifications for.the ERDA and the
Model SEC-607 collectors were }eviewed and it was judged that simi1arity
could be used for compliance to the criteria of Section 5.3. Since
seventeen ménths of service experience has been accumuiated, only data
from the ERDA array'wi11 be used. One of the two ERDA manifolds was
disaséembled to allow complete inspection of all critical components by

a representative of the certifying agency.

'5.3.1 Materials/Transfer Fluid Compatibility.
No evidence of corros%on of the aluminum divider strip, the
aluminum distributor tube or glass surfaces could be detectea. In the
Model SEC—GGT c011ecior, air flow is contained entirely withiﬁ glass or

aluminum materials.

5.3.2 Corrosion of Dissimilar Materials.
A review of the drawings and material specifications of the
ERDA and Model SEC 601 collectors demonstrates that no non-dialectric
materials are in contact one with the other within active collector flow
path.- The only dissimilar metals in contact with each other are 608}
Type aluminum with Type 340 stainless steel in the support structure.

These are compatible materials for the application.

.5.3.3 Corrosion by Leachable Substances.
Upon close inspection of the ERDA manifold, no eyidence of

corrosion by leachable substances occurred.
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5.3.4 Effects of Decomposition Products.
A close inspection of the ERDA manifold and a review of per-
formance data over the seventeen (17) month test period demonstrates
no impairment in the ability of any of the components to perform their

intended function.

Review of items 5.3, 5.3.1, 5.3.2, 5.3.3 and 5.3.4 successfully

AT //2’-2’ )/‘)/")d-?oa"\—
Robert F. Roméker Kenneth L. HMoan

0.1. Test Engineer P.E. {Chio 5203)
0.1. Approval

-completed.

ovid C Mty it loce

David C. Miller, Ph.D. Wiliiam C. Louie, V.P.
SH&G Certification Officer P.E. (Mi. 11084)
SHAG Certification Officer

Techniéa1 Manager
NASA Approval
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6.1 Accessibility for Maintenance and Servicing.

6.1.1 Access for sysﬁem maintenance.

‘ The Model SEC-601 collector subsystem has been designed
for zero maintenance during its seryice 1ife. However, the collector
tube element could encounter service use failure due to natural causes
such as unusual hail conditions or due to human factors such as vandalism
or‘imﬁact failure in handling. .The need for replacement will be realized
through visual observation of obvious glass breakage or by the detection
of: sub-par iﬁsu]ation properties of a coliector tube element. The Tat-
ter condition may be ascertained by physical hand ;ontaét with the glass
cover tube and a sense'of its being above ambient temperature; a lack
of frost covering on the glass surface where most other tube covers are
frosted; or by sophisticated techniques such as the use of infra red
radiation detectors.

A1l of the collector elements required for the removal -and replace-
ment of a collector tube are easily accessible from above the piane of
the collector. The system's designer/installer ﬁﬁst ensure that suit-
able space is available for the mounting of a temporary support which
can accommodate a workman for the removal and replacement activity.

It is recommended that any collector tube replacement be accomplished
in the early morning or late afterncon hours. If only a minor replace-
menﬁ.effort {perhaps 19%‘0f the tubes in a moduie or less) is required,
no problem is introduced by collector tube change at any time of the
day. Two precautions should be observed. First, the center air dis-

tributor tube could be very hot and could burn the skin if touched
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shortly after removal of the collector tube. Second, if the control
thermocouples -are in the annulus of the collector tube element being
removed, an overtemperature condition could develop after the collector
tube {is replaced and prior to the time system activation is attempted.

Proper control system functioning would prevent system start-up.

+6,1.2 Access for system monf;oring.

Thermocouples ttwo-copper—constanton, Type T) are provided
to indicate the temperature of the air in the annulus of a collector tube
element. These couples are intended for use in the control of the
solar energy system. The collector inlet and exit air temperatures
and air mass flow measurements are required to monitor the collector
thermal performance. It ié recommended that six element thermopilés
be mounted in the transition éucting leading to and from the collector
manifold if individua1’c0{1ector module monitoring is desired, If
monitoriné of the-performénce of a collector array is desired, suitable
temperature and air flow sensing elements will have to be located in

Cross appropriate cross sections of the system main air ducting.

6.2 1Installation, Operaﬁion and Maintenance Manual.

6.2.1 Installation instructions.
- A section of the manual deals with the installation of a
Model SEC~601 air collector subgystem. No special provis{ons are provided
for interconnections between modules. The interconnection between col-

lector modules is to be proyided as a part of the dwelling/site installation
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6.2.2 Maintenance and operation instructions.. .
Sections of the manual deal with the operating and the -

maintenance instructions for the collector subsystem.

6.2.3 Maintenance plan.
No routine maintenance plan has been develaped for the’
Model SEC-601 collector. MNo component oy subassembly has been designed
or selected on the basis of limited 1ife short of the design 1ife (target,

20 years} of the collector subsystem.

6.2.4 Replacement parts.

No special tools or test equipmént are required for service,
repair or rep1acément of parts or components of the Model SEC-601 col-
Tector. Service, repair or replacement parts required by unforeseen
in service conditions may be ordered from the collector mqggf;ctuéer:

attention, Field Service Engineering, Solar Eneréy Products Group,’

1020 N. Westwood, Toledo, Ohio, 43666, (telephone (419) 247-9705). _

6.3 Repair and Service Personnel.

6.3.1 and 6.3.2 Servicing of H, HC and HW{ Systems.

A reyiew of the drawings, specifications, maintenance instruc-
tions and a typical installation demonstrates that antinsta11éd Model
SEC-601 collector can be conveniently and simply serviced by a trained
HVAC service technician using the Installation, Operation and Main-

tenance Manual.
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11.2 Durability and Reliability of Dwelling and Site,

11.2.1 Chemical cofko%ion. Satisfactory completion of Criteria -
.5.3.3 and 5.3.4 (Chapter Five) satisfies the criterion of this sec-
Ction - 11.2.1.

11.2.2 Heat and moisture.
Physical and yisual inspection of a Model SEC-601 collector sub-
system installed and operatingjdemonstrates that no heat or moisture

build up can or will occur by a collector installation.
. 11.3 Durability and reliability of connections,

11.3.1 Satisfactory completion of Criterion 5.3.2 of Chapter Five -
constitutes satisfactory compliance with this criterion - 11.3.1.

Review of items 11.2, 11.2.1, 11.2.2, 11.3'and 11.3.1 successfully
comp teted. p )d%’
Kenneth L. Moan S

0.1. Test Engineer P.E. (Ohio 5203)
~ 0.1. Approval

w1111am C. Lou1e, V.5,

SH&G Cert1f1cat10n Offlcer P.E. (Mi. 11084}
SH&G Certiftcation Officer

/ Technu:a] Manager
NASA Approval

144
§’U35.@VEMMENT FRINTING OFFICE 1979-346091/399- REGION HO, 4




Review-of items 6.1, 6.1.1, 6.1.2, 6.2, 6.2.1, 6.2.2, 6.2.3,
6.2.4, 6.3, 6.3.1 and 6.3.2

%X%@ﬁ Kbt @ 3-7P 00
Robert F. Romaker Kenneth L. Moan™

(.1. Test Engineer P.E. {Ohio 5203}
0.1. Approval

I . y
David C. Miller, Ph.D. Tiam C. Louie, V.P.
SH&G Certification Officer ‘P.E. (M. 11084)

SH&G Certification Officer

Techniéal Manager
MASA Approval
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