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1.1 Boundary conditions for the ef ciency curve

Test method:
Collector tilt:

Mean wind speed:
Kind of uid:
Period:

Mean ow rate:
Mean irradiation G:

indoor, steady state
45

3m/s

Water

January 2005

144 kg/h

1056 W/m?

1.2 Collector parameters determined

The following parameters are based on the aperture area of 2.030 m?:
oa = 0.486

aa = 1.032 W/m?K
ay, = 0.0105 W/m?K?

The following parameters are based on the absorber area of 4.164 m?:

0A — 0.237

a;a =0.503 W/m?K
aa = 0.0051 W/m?K?

1.3 Incidence angle modi er - IAM (measured at the outdoor te st facility (tracker))

Test method:
Latitude:
Longitude:
Collector tilt:
Collector azimuth:

transversal:

IAM -, =1.157
IAM -4 =1.239
IAM -5 =1.371

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002
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outdoor, steady state
48.0

7.8

tracked

tracked

longitudinal:
IAM -5 =0.937
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1.4 Pressure drop
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The pressure drop in mbar can be described by the following function of

the mass ow x in kg/h:

p=0:01158 x +0:0003643 x?

Effective thermal capacity:
25.11 kJ/K

1.5 Effective thermal capacity of the collector

The effective thermal capacity per sqaure meter is:

12.37 kJ/K m?

1.6 Functional tests

Test Date Result
1st internal pressure 25th January 2005  passed
High temperature resistance 27th January 2005 passed
Exposure 11th January 2005-

04th March 2005 passed
1st external thermal shock 28th January 2005  passed
2nd external thermal shock  3rd January 2005 passed
1st internal thermal shock 27th January 2005  passed
2nd internal thermal shock 2nd February 2005 passed
Rain penetration 31th January 2005 passed
Freeze resistance - not relevant
2nd internal pressure 10th February 2005 passed
Mechanical load 18th January 2005 passed
Stagnation temperature 27th January 2005 232 C
Final inspection 23th March 2005 passed

1.7 Summary statement

The EN 12975-1,2 collector test procedure was passed with minor

problems, see chapter 18.

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002
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2 Test Center

Test Center for Thermal Solar Systems of Fraunhofer ISE
HeidenhofstraRe 2, D-79110 Freiburg

Tel.: +49-761-4588-5354 or -5141; Fax.: +49-761-4588-9354
E-mail: arim.schaefer@ise.fraunhofer.de; rommel@ise.fraunhofer.de
Internet: http://www.kollektortest.de

3 Orderer

Solar Supplies (Europe) Ltd

Roger Boaden

Riverside Business Centre, River Lawn Road
UK - Tonbridge, Kent TN9 1EP

Tel: +44 1732 783503

Fax: +44 1732 362626

4 Description of the Collector

Expeller: Solar Supplies (Europe) Ltd
Riverside Business Centre, River
Lawn Road
UK - Tonbridge, Kent TN9 1EP
Tel: +44 1732 783503
Fax: +44 1732 362626
E-mail: info@solarsupplies.net
Manufacturer:  LianYungGang Sunrain
Address not speci ed
Tel: not speci ed
Fax: not speci ed
E-mail: not speci ed

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 6 of 27
Solar Supplies (Europe) Ltd , Sun Stream
24th March 2005, Fraunhofer-ISE, Heidenhofstra3e 2, D-79110 Freiburg



Fraunhofer

4.1 Collector

Institut
Solare Energiesysteme

(MS) = Manufacturer Speci cation

Type:

Brand name:

Serial no.:

Year of production:
Number of test collectors:
Collector reference no. 1:
Collector reference no. 2:

Collector reference no. 3:

Vacuum tube collector with heat pipe
construction

Sun Stream

none

2004

3

2 KT 43 001 012005 (IAM)

2 KT 43 002 012005 (ef ciency curve
+ functional tests)

2 KT 43 003 012005 (exposure test)

Total area:
Aperture area:

1.705m * 1.715 m = 2.924 m?

2.030 m?

(combination between re ector area
and area of the inner diameter of the
outer tube, calculated according EN
12975-2 (Annex 1)

Absorber area:

4.164 m2
Total area of coated inner absorber
tube from 20 tubes.

Material of the cover tube:

Borosilicate Glass (MS)

Transmission of the cover tube:  not speci ed
Outer diameter of the cover 58 mm (MS)
tupe:

Thickness of the cover tube: 1.6 mm (MS)
Outer diameter of the inner tupe 47 mm (MS)
Thickness of the inner tube: 1.6mm (MS)
Distance between the tubes: 85 mm
Number of tubes: 20

Weight empty: 77.8 kg
Volume of the uid: 0.91(MS)

Heat transfer uid:

Tyfocor or equivalent (MS)

Mirror construction:
Material of the mirror:

at, structured
Speckled aluminium in powder coated
frame (MS)

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002
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Material of the absorber:
Kind/Brand of selective coating:

Absorptivity coef cient

Glass (MS)

Triple coating using sputter-
ing technique (MS)

94 - 96% (MS)

Emissivity coef cient ": 4% (MS)
Material of the header pipe: copper (MS)
Outer diameter of the header pipe: 28 (MS)

Inner diameter of the header pipe:

not speci ed (MS)

Function of the absorber:

Material of the contact sheets:
Thickness of the contact sheets:

Contact sheets from the inner
glass tube to heat pipes
Aluminium

0.7 mm

4.3 Insulation and Casing

4.4 Limitations

Collector dimensions
Height, width, depth:

1.705m; 1.715m; 0.017 m

Thickness of the insulation in the
header:

25 mm

Material:

Polyurethane Foam (MS)

Material of the casing:

Powder coated, zinc coated mild
steel (MS)

Seal material;

Silicone (MS)

Maximum pressure:

1000 kPa (MS)

Operating pressure:

600 kPa (MS)

Maximum temperature:

232 C

Flow range recommendation:

150 I/m?h (MS)

4.5 Kind of mounting

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002

Flat roof, mounted on the roof: yes (MS)
Flat roof, integrated: no (MS)
Tilted roof, mounted on the roof: yes (MS)
Tilted roof, integrated: no (MS)
Free mounting: yes (MS)
Fassade: yes (MS)
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4.6 Picture and cut drawing of the collector

Figure 1: Picture of the collector Sun Stream Figure 2: Picture of the collector Sun Stream
mounted on the outdoor test facility (Tracker) mounted on the solar simulator of Fraunhofer
of Fraunhofer ISE ISE
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Figure 3: Cut drawing of the collector Sun Stream
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5 Collector ef ciency curve
5.1 Test method
Indoor with solar simulator, steady state according to EN 12975-2:2002
Thermal solar systems and components, solar collectors, test methods
5.2 Description of the calculation

The functional dependence of the collector ef ciency on the meteorological
and system operation values can be represented by the following
mathematical equation:

tm t (tm  ta)?
(Gi(tm tg) = 0 A1a mG 2 d2a i G 2 (1)

(based on aperture area)

with: ty = et ln)

where: G = global irradiance on the collector area (W/m?)
tin = collector inlet temperature ( C)
te = collector outlet temperture ( C)
ta = ambient temperature ( C)

The coef cients g, a;5 und a5 have the following meaning:

o. Ef ciency without heat losses, which means that the mean co llector
uid temperature is equal to the ambient temperature:

(tin + te) =t
72 a

The coef cients a;; and ay, describe the heat loss of the collector. The
temperature depedency of the collector heat loss is described by:

Aat+ Aa (tm  ta)

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 10 of 27
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Instantaneous ef ciency measurements, based on apertu re and absorber area

and mean temperature of heat transfer uid

The measurements for the determination of the heat loss coef cients aj,
und a,, were performed under the solar simulator of Fraunhofer ISE. The
coefcient  was determined under outdoor conditions. The measurement
data can be seen under chapter 6, table 2.

The measurements were performed at collector with reference no. 2

(2 KT 43 002 012005 ).

Boundary conditions:

Test method:
Collector tilt:

Mean wind speed:
Kind of uid:
Period:

Mean ow rate:
Mean irradiation G:

Results:

based on aperture area
(2.030 m?):

0a =0.486
aja = 1.032 W/m2K
asa = 0.0105 W/m?K?

indoor, steady state
45

3m/s
Water

January 2005

144 kg/h

1056 W/m?

based on absorber area
(4.164 m?):

0A -— 0.237
a;a =0.503 W/m2K
as = 0.0051 W/m?K?

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 11 of 27
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m tin te te tin tm ta tm ta (tm ta)=G aa
[kg/h] [ C] [ C] [K] [C] [C] [K] [Km2/W] [-]
1454 28.97 36.38 7.40 32.68 32.37 0.30 0.0003 0.583
1454 2896 36.35 7.39 32.65 3256 0.09 0.0001 0.582
1454 28.95 36.33 7.39 32.64 32.78 -0.14 -0.0001 0.581
145.3 28.93 36.32 7.39 32.63 3231 031 0.0003 0.581
143.5 58.68 65.69 7.01 62.18 32.60 29.58 0.0280 0.545
1435 58.65 65.62 6.97 62.14 32.68 29.46 0.0279 0.542
143.5 58.64 65.59 6.96 62.11 32,54 29.57 0.0280 0.541
143.7 58.63 65.57 6.94 62.10 32.61 29.48 0.0279 0.540
146.3 87.17 93.41 6.24 90.29 32,52 57.77 0.0547 0.497
146.3 87.13 93.33 6.20 90.23 32,53 57.70 0.0546 0.493
146.3 87.11 93.29 6.18 90.20 32,54 57.66 0.0546 0.492
146.2 87.10 93.27 6.18 90.18 3242 57.76 0.0547 0.492
140.9 11541 120.86 5.46 118.14 32.44 85.69 0.0811 0.421
140.9 11545 12094 549 118.19 32.31 85.89 0.0813 0.424
140.8 115.47 120.97 550 118.22 32.35 85.86 0.0813 0.424
140.8 115.49 121.00 551 118.24 3254 85.70 0.0811 0.425

Table 1: Data of measured ef ciency points

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 12 of 27
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5.4

h (based on aperture area)

Efficiency
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Ef ciency curve for the determined coef cients and for a n assumed irradiation
of 800 W/m? based on aperture area

0.9
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DT/G [K*m2/W]

Figure 4: Ef ciency curve scaled to 800 W/m 2 based on aperture area 2.030 m?

based on aperture area: based on absorber area:
0:05a — 0.413 0:05A — 0.202

o0:05 is the ef ciency of the collector for the follwing conditons (for
example):

0.1

an irradiation of 800 W/m?, an ambient temperature of 20 C and a mean

collector temperture of 60 C. These are typical conditions for solar
domestic hot water systems.

Solar Supplies (Europe) Ltd , Sun Stream
24th March 2005, Fraunhofer-ISE, Heidenhofstral3e 2, D-79110 Freiburg
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6 Incidence angle modier IAM

The incidence angle modi er IAM was measured at the outdoor t est facility
(tracker) of Fraunhofer ISE.

The measurements were performed at collector with reference no. 1

(2 KT 43 001 012005).

Test method: outdoor, steady state
Latitude: 48.0

Longitude: 7.8

Collector tilt: tracked

Collector azimuth: tracked

The Incidence Angle Modi er IAM (transversal to the pipes) w as measured
for the angles:

IAM - =1 (per de nition)
IAM -5 =1.157
IAM -4 =1.239
IAM -¢o =1.371

The Incidence Angle Modi er IAM (longitudinal to the pipes) was measured
for the angle:

1AM =50 =0.937

Table 2 shows the determined ef ciency points for the incide nce angle
modi er IAM. For the calculation of the IAM, the ef ciency va lue (last
column) was extrapolated to (t,, tz)=G = 0. To accomplish this, the heat
loss values of the collector a;, = 1.032 W/m?K and a,, = 0.0105 W/m?K?
were used. The incidnet irradiation came from east and west.

Table 2 does als oshow the measurement data for the determination of the
coef cient ¢ for the ef ciency curve.

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 14 of 27
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G Gg=G m tin te te tin tm ta tm ta (tm ta)=G a
Wim?  [[] [ke/h] [C] [C] [K] [C] [C] (K] [Km?/W] [-]
0

961 0.10 1334 1437 2035 598 17.36 8.14 9.22 0.0096 0.487
960 0.10 132.1 1448 2049 6.01 17.48 8.24 9.24 0.0096 0.485
962 0.10 1329 1448 2048 6.00 17.48 842 9.06 0.0094 0.486
953 0.09 134.0 1451 2045 593 17.48 8.48 9.00 0.0094 0.488
20 transv.

900 0.10 134.0 1348 1994 6.46 16.71 7.50 9.21 0.0102 0.563
897 0.11 1335 1359 20.03 6.44 16.81 7.50 9.31 0.0104 0.562
898 0.11 1343 13.76 20.19 6.43 16.97 7.44 9.53 0.0106 0.563
897 0.11 1337 13.87 2033 6.46 1710 7.83 9.27 0.0103 0.563
40 transv.

725 0.11 128.8 1343 19.15 571 16.29 6.23 10.06 0.0139 0.598
731 0.11 130.7 13.44 19.21 577 16.32 6.37 9.95 0.0136 0.606
741 0.11 1304 1350 19.26 5.76 16.38 6.61 9.78 0.0132 0.596
738 0.12 1334 1349 19.24 575 16.37 6.96 9.41 0.0128 0.611
60 transv.

444 0.17 1315 1384 1751 3.66 1568 355 12.13 0.0273 0.653
457 0.17 131.2 1390 17.72 3.82 1581 397 11.84 0.0259 0.658
465 0.17 131.0 1395 1787 392 1591 446 11.45 0.0246 0.661
467 0.18 130.3 14.04 18.06 4.02 16.05 4.81 11.24 0.0241 0.671
436 0.13 1333 1433 1804 3.71 16.19 1052 5.67 0.0130 0.664
429 0.13 133.3 14.38 18.08 3.70 16.23 10.82 5.41 0.0126 0.673
418 0.13 1334 1443 1806 3.63 16.25 10.74 5.50 0.0132 0.678
409 0.13 1323 14.29 1787 359 16.08 10.78 5.30 0.0129 0.678
50 long.

582 0.13 133.2 1442 1781 3.40 16.11 954 6.57 0.0113 0.458
580 0.13 1325 1447 1784 3.37 16.16 9.81 6.35 0.0109 0.454
575 0.13 1336 1450 17.84 3.34 16.17 10.07 6.10 0.0106 0.456
564 0.12 1336 1443 1769 3.26 16.06 9.90 6.16 0.0109 0.455

Table 2: Data of measured ef ciency points for IAM

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002
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7 Pressure drop

The measurement of the pressure drop p was carried out with water as
uid up to a ow rate of 220 kg/h. The inlet temperature of the w ater was
20 C.

The measurements were performed at collector with reference no. 1

(2 KT 43 001 012005 ).

25 ! ! ! !
T
Qo : : : :
ay
Q.
o
kS
g s s s s
[%]
o
o
5 - —
0 | | | |
0 50 100 150 200 250
Mass flow [kg/h]
Figure 5: Measured pressure drop of the collector Sun Stream
The pressure drop in mbar can be described by the follwing function of the
mass ow X in kg/h:
p=0:01158 x +0:0003643 x?
KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 16 of 27
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Example values from tted curve:

Mass ow Pressure drop

Institut

Solare Energiesysteme

[kg/h] [mbar]

0 0.0
50 15
100 4.8
150 9.9
200 16.9
250 25.7
300 36.3
350 48.7
400 62.9
450 79.0

Table 3: Example values for

8 Effective thermal capacity of the collecotr

The effective thermal capacity of the collector is calculated according to

section 6.1.6.2 of EN 12975-2:

25.11 kJ/K

The effective thermal capacity per sqaure meter is:

12.37 kJ/K m?

KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002
Solar Supplies (Europe) Ltd , Sun Stream
24th March 2005, Fraunhofer-ISE, Heidenhofstra3e 2, D-79110 Freiburg
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Collector reference no. 2:

2 KT 43 002 012005

Maximum pressure speci ed
by the manufacturer:

1000 kPa

Test temperature:

18 C

Test pressure:

1500 kPa (1.5 times the maximum pressure)

Test duration:

15 min

Result;

During and after the test no leakage, swelling or distortion was observed or

measured.

10 High temperature resistance test

Method: Indoor testing
Collector reference no. 2: 2 KT 43 002 012005
Collector tilt angle: 45

Average irradiance during test: 1056 W/m?

Average surrounding air temperature: 27.2 C

Average surrounding air speed: <0.5m/s
Average absorber temperature: 2416 C
Duration of test: 1h

The temperature sensor was pla

ced in the rst pipe on the righ t side of the

collector, xed at the contact sheet from the tube to the heat -pipe in two

thirds from the bottom.

Result;

No degradation, distortion, shrinkage or outgassing was observed or

measured at the collector.
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11 Exposure test

To fasten the test procedure during the winter months, the exposure test
was performed at collector no.3 (2 KT 43 003 012005 ) at:

ITC - Instituto Tecnolégico de Canarias, S.A.
Playa de Pozo Izquierdo, s/n, 35119
Santa Lucia, Gran Canaria, Spain

Latitude: 28
Longitude: -15
Collector tilt: 45
Collector azimuth: south

The following table shows all test days of the exposure test.

H: daily global irradiation
valid period :  periods when the global irradiance G is higher than 850 W/m?
and the surrounding air temperature t, is higherthan 10 C

ta: surrounding air temperature
rain : daily rain [mm]
Date H valid period ta rain
[MJ/m?] [h] [C] [mm]
11/01/05 20.9 4.4 21 0
12/01/05 23.1 4.7 20.5 0
13/01/05 26.2 4.5 21.2 0
14/01/05 25.6 4.5 21.8 0
15/01/04 26.7 4.7 21.1 0
16/01/05 23.3 4.5 20.1 0
18/01/05 4.8 0.0 20.7 0
19/01/05 9.6 0.1 20.1 0
20/01/05 23.3 4.5 20.5 0
21/01/05 19.3 3.2 22 0
22/01/05 24.7 4.1 22.1 0
23/01/05 23.7 4.2 215 0
24/01/05 25.5 4.6 20.8 0
25/01/05 24.4 4.5 20.5 0
26/01/05 16.3 1.3 19.6 0
27/01/05 4.9 0.0 17.1 0
28/01/05 9.3 1.0 16.6 0
29/01/05 7.1 0.4 14.4 0
KTB No. 2005-04 : Collector test according to EN 12975-1,2:2002 Page 19 of 27
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Date H valid period ta rain
[MJI/m?] [h] [C] [mm]
30/01/05 5.1 0.0 16 0
31/01/05 12.0 0.7 16.1 0
01/02/05 21.1 3.6 16.8 0
02/02/05 26.7 4.7 19 0
03/02/05 25.8 4.4 19.3 0
05/02/05 15.3 1.5 19.2 0
06/02/05 8.5 0.3 17.9 2
07/02/05 22.9 2.9 18.3 0
08/02/05 9.6 0.2 18.3 10
09/02/05 51 0.3 16.3 12
10/02/05 12.7 1.6 15.9 32
11/02/05 9.6 0.1 18.4 0
12/02/05 17.7 0.8 19 0
13/02/05 14 0.0 157 30
14/02/05 13.6 0.0 18.5 0
15/02/05 20.7 3.2 194 0
16/02/05 18.3 1.8 19.6 0
17/02/05 12.2 1.1 18.6 8
18/02/05 8.1 0.1 17 0
19/02/05 13.8 11 18.4 0
20/02/05 254 4.1 19.1 0
21/02/05 13.8 2.0 17.9 0
22/02/05 9.9 0.4 17.7 0
23/02/05 115 0.0 17.9 0
24/02/05 16.3 15 194 0
25/02/05 27.1 4.4 21 0
26/02/05 254 4.4 20.1 0
27/02/05 18.0 21 19.9 14
28/02/05 15.6 11 20.3 0
01/03/05 16.9 2.3 18.4 0
02/03/05 8.3 0.5 18.7 20
03/03/05 215 34 19 0
04/03/05 15.2 1.2 19.3 0

Result:

The number of days when the daily global irradiance was more than

14 MJ/m?d was 30 . The periods when the global irradiance G was higher
than 850 W/m? and the surrounding air temperature t, was higher than
10 Cwas 110.8 h.

The evaluation of the exposure test is described in chapter 18 (Final
inspection).
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12 External thermal shock tests

The tests were performed at collector with reference no. 2

(2 KT 43 002 012005 ).

Test conditions 1st test 2nd test
Indoors: yes yes
Combined with exposure test: no no
Combined with high temperatur resistance test: no no
Collector tilt angle: 45 45
Average irradiance: 1056 W/m? 1056 W/m?
Average surrounding air temperature: 26.3 C 289 C
Period during which the required operatingcon- 1 h 1lh

ditions were maintained prior to external ther-

mal shock:

Flowrate of water spray: 0.051/m?s 0.051/m?s
Temperature of water spray: 19.7 C 19.3 C
Duration of water spray: 15 min 15 min
Absorber temperature immediately prior to wa- 239.9 C 244.0 C

ter spray:

Result:

No cracking, distortion, condensation, water penetration, or loss of vacuum

could be observed or measured at the collector.

Internal thermal shock tests

The tests were performed at collector with reference no. 2

(2 KT 43 002 012005 ).
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Test conditions 1st test 2nd test
Indoors: yes yes
Combined with exposure test: no no
Combined with high temperatur resistance test: no no
Collector tilt angle: 45 45
Average irradiance: 1056 W/m? 1056 W/m?
Average surrounding air temperature: 270 C 312 C
Period during which the required operating con- 1h 1lh
ditions were maintained prior to internal thermal

shock:

Flowrate of heat transfer uid: 0.03l/m2s 0.031/m?s
Temperature of heat transfer uid: 195 C 193 C
Duration of heat transfer uid ow: 5 min 5 min
Absorber temperature immediately prior to heat 241.6 C 245.6 C

transfer uid ow:

No cracking, distortion, condensation, water penetration, or loss of vacuum

could be observed or measured at the collector.

14 Rain penetration test

Collector mounted on: Open frame

Method to keep the absorber warm:

Exposure of collector to solar radiation

Flowrate of water spray: 0.051/m? s

Duration of water spray: 4h

Result;

No water penetration was observed or measured at the collector.

15 Internal pressure test (retest)

Collector reference no. 2:

2 KT 43 002 012005

Maximum pressure speci ed

by the manufacturer: 1000 kPa

Test temperature: 251 C

Test pressure:

1500 kPa (1.5 times the maximum pressure)

Test duration: 15 min

Result:

During and after the test no leakage, swelling or distortion was observed or

measured.
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16 Mechanical load test

The tests were performed at collector with reference no. 2
(2 KT 43 002 012005).

16.1 Positive pressure test of the collector cover

This test was not performed because it is not relevant at the present
collector construction.

16.2 Negative pressure test of xings between the cover and t he collector box

This test was not performed because it is not relevant at the present
collector construction.

16.3 Negative pressure test of mountings

The negative pressure (according to a negative pressure load caused by
wind) was increased in steps of 100 Pa up to the maximum pressure load.

Method used to apply pressure: suction cups
Maximum pressure load: 1000 Pa

Result:
During and after the test no damage at the collector mounting xtures or
xing points was observed.
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17 Stagnation temperature

The temperature sensor was placed in the rst pipe on the righ t side of the
collector, xed at the contact sheet from the tube to the heat -pipe in two
thirds from the bottom.

The stagnation temperature was measured indoors under a solar
simulator. To determine the stagnation temperature, the measurement data
were extrapolated to an irradiance of 1000 W/m? and an ambient
temperatur of 30 C. The calculation is as follows:

Gs:
Gm:
tsm:

G
ts = tas + G—S (tsm tam) (2)
m

Stagnation temperature

30 C

1000 W/m?

Solar irradiance on collector plane
Absorber temperature
Surrounding air temperature

Mean values of the measurement:

Gm:
tsm:

1056.0 W/m?
2412 C
278 C

The resulting stagnation temperature is:

232 C
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An overview of the result of the nal inspection shows the fol lowing table.

Collector component Potential problem Evaluation

Collector box/ fasteners Cracking/ wraping/ corrosion/ 0
rain penetration

Mountings/ structure Strength/ safety 0

Seals/ gaskets Cracking/ adhesion/ elasticity 0

Cover/ re ector Cracking/ crazing/ buckling/ de- 0
lamination/ wraping/ outgassing

Absorber coating Cracking/ crazing/ blistering 1

Absorber tubes and headers Deformation/ corrosion/ leak- 0
age/ loss of bonding

Absorber mountings Deformation/ corrosion 0

Insulation Water retention/ outgassing/ 1
degradation

0: No problem

1:  Minor problem

2. Severe problem

X:  Inspection to establish the condition was not possible

18.1 Absorber coating

During the exposure test, at one tube a change in the absorber coating at one

spot could be observed.

Figure 6: Change of the absorber coating
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18.2 Insulation

During the exposure some kind of outgasing out of the header, between the glass
tube and seals and the header could be observed. After the exposure test a
change of the PU insulation could be observed. At the beginning of the test the
PU insulation was bright.

At the end of the test, some of the heat pipes tubes could not be dismanteled out
of the header/condensor (see on the right side of the picture). The tubes had to be
cut of for dismanteling the collector.

Figure 7: View inside of the header after dismanteling the glass tubes and
heat pipes
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19 Summary statement

The measurements were carried out from January to March 2005.
The EN 12975-1,2 collector test procedure was passed with minor
problems, see chapter 18.

20 Annotation to the test report

The results described in this test report refer only to the test collectors. It is
not allowed to make extract copys of this test report.

Test report: KTB No. 2005-04

Freiburg, 24th March 2005
Fraunhofer-Institute for Solar Energy Systems ISE

Dipl.-Phys. M. Rommel Dipl.-Ing. (FH) A. Schéfer
Head of the Test Center for Responsible for Testing
Thermal Solar Systems
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