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Summary  
 

The issue of the benefits of an ag eing test more severe (and longer) than the 
exposure test in the current standard EN 12975 -2, was raised.  So CSTB with 

several European laboratories conducted a campaign of one year ageing tests.  
 
Twenty -one  solar  collectors were tested before and after a one year exposure. 

A decrease of efficiency of 9 % in average was observed.  
 

The exposure period of one year is a severe ageing test which cause adverse 
effects on several solar collectors, especially evacuated tube collectors with 
heat pipes.  

 
On the evacuated tube collectors with heat pipes, a variety of degradation are 

observed, whose effects on performance are different from each other. Some 
damages affect the zero - loss efficiency, to decrease it, others affe ct losses, for 

increasing them or in some cases for decreasing them.  
 
These results do not demonstrate the need to enlarge the standard exposure 

period. It is possible that the major degradation may also be detected after 

regular exposure time. Furthermore, it should be pointed out, that one year of 

dry stagnation is no common use and may result in too strong thermal stress 

and damages.  
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1 ï STUDY OBJECTIVES  AND PROCEDURE  

As part of European work on the topic of ag eing solar thermal  collectors , CSTB with 

several European laboratories conduct ed  a campaign of ag eing tests;  with the 

following sequence:  

a)  Initial thermal performance s test,  

b)  One year exposure test,  

c)  Final thermal performance s te st and degradation observations . 

The test methodology is according EN 12975 -2 standard : indoor steady state, outdoor 

steady state and outdoor quasi -dynamic method. Some laboratories have made the 

entire series of tests, while others have participated as testing performance without 

making observations of damages.  As all the test data hasnôt been provided , the 

performance test results have  been extrapolated from the 3 coefficients in the range 

of Tm* between 0 to 0,08 for an Irradiance of 800 W/m².   

The documents used to gather information are attached (see annexes ).  In agreement 

with th e observation table , it is recalled that the damag es observed should be 

classified for each components family as follows:  

0 -  No problem  

1 -  Minor problem  

2 ï Major problem  

Furthermore, the document requested if the laboratory could make a possible link 

between the degradation and the thermal performance result.  If ñYesò, the damage 

impact should be classified as ñmajorò, ñmoderateò or ñminorò. This report indicates 

through tables and curves, the difference between final and initial performances, 

completed with the laboratory observed degradation s. 
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The laboratories which participated in th e study are:  

1.  LES ï LNEG (Portugal ):  test of one evacuated tube collector ( ETC)  with direct 

flow and one ETC with heat pipe s. 

2.  TÜV Rheinland  (Germany) : test of two ETC with heat pipe s. 

3.  Fraunhofer ISE  (Germany) : test of three ETC with one direct flow and two heat 

pipes .  

4.  ITW  (Germany) : test of four ETC with heat pipes and one with reflectors . 

5.  SPF (S witzerland ) : test of one ETC with heat pipes . 

6.  AIT  (Au stria ) : test of one flat plate collector and one ETC with direct flow . 

7.  CSTB (France) : test of two ETC with heat pipes . 

8.  ISFH  (Germany) : test of four ETC with heat pipes . 

9.  SP (Sweden) : test of one  ETC with heat pipes.  

21 collectors were tested.  
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2 ï TEST RESULTS 

1.  LES ï LNEG 

The following table summarizes the results of performance test conducted on both 

solar collectors:  

Collector type

Test period

Initial Results Final Results Variation Initial Results Final Results Variation

Ȅ0 0.739 0.746 1% 0.683 0.568 -17%

a1 [W/(m²K)] 1.6 2.1 1.3 1.2

a2 [W/(m²K²)] 0.012 0.011 18% 0.012 0.009 -14%

Initial Results 

LECS-1R09

Final Results 

LECS- 1R09
Variation

Initial Results 

LECS- 3R209

Final Results 

LECS- 3R209
Variation

Tm* Ȅ Ȅ Ȅ Ȅ

0 0.739 0.746 1% 0.683 0.568 -17%

0.01 0.722 0.724 0% 0.669 0.555 -17%

0.02 0.703 0.700 0% 0.653 0.541 -17%

0.03 0.682 0.675 -1% 0.635 0.526 -17%

0.04 0.660 0.648 -2% 0.616 0.508 -17%

0.05 0.635 0.619 -3% 0.594 0.490 -18%

0.06 0.608 0.588 -3% 0.570 0.470 -18%

0.07 0.580 0.556 -4% 0.545 0.449 -18%

0.08 0.550 0.522 -5% 0.518 0.426 -18%

min 0% min -17%

max -5% max -18%

ETC with U-pipe direct flow

Outdoor Steady state method Outdoor Steady state method

ETC heat pipe

March 09 to feb 11 June 09 to feb 11

 Note : the variation of the loss coefficients is calculated with 40 K temperature 

difference (variation of a1 + 40a2)  
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Comparison of performance curves before and after the exposure period:  

 

Observations following the opening of solar collectors:  

1st  Collector  (re ference LECS -1R09)  

¶ Mountings / structure  :   

Classification 1 : Corrosion was observed in the screws supp orting the collector 

structure.  

 

Figure 1  :  corrosion in the screws supporting the collector frame  

¶ Absorber tubes and headers  :  



  

  

 

Project IEE/08/593/SI2.529236 

 
Synthesis - R2.11 ς One year exposure tests Page 7 of 53 

 

Classification 1: 4 fins with little damage affecting contact between the U tube and the 

absorber tube.  

 

Figure 2,3:  Fins deformed with some points having poor contact wi th the absorber  

Conclusion : the laboratory concluded that these damages have no impact on the 

thermal performance of the collector.  

2nd  Collector ( reference  LECS-3R209)  

¶ Collector box  :  

Classification1:   

a)  Warping was observed in collector box, caused by expansion of the 

po lyurethane.  

  

Figure 4,5  :  Problems with collector box after the long term exposure test  

¶ Insulation  :  
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Classification 1:   

b)  Colour  changing and some degradation was observed in the  insulation . 

 

Figure 6  :  Color changing and some degradation in the collector insulation  

¶ Heat pipes:  

Classification2:  

c)  From all the tubes inspected, 4 tubes contained little liquid remaining and tube 

n°5 contained no liquid at all, only some dirt .  

d)  Corrosion was observed in all co pper tubes, but more evident in the  

beginning/end of every fin.  

  

Figure 7,8  :  Corrosion observed in the copper heat pipes  

Classification 1:  

e)  Degradation in most of the fins (see figure 9). One fin showed deficient 

assembly on the beginning (see picture 10 ). In another fin, there was poor 

contact between the fin and copper tube (see figure 11 ).  
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Figure 9,10,11  : Problems observed with the collector fins  

Conclusion : the laboratory concluded that the damage  c)  has a « major  » impact and 

the damage  d) has a  « moderate  » impact on the performance of the collector.  
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2. T ÜV Rheinland  

The following table summarizes the results of performance test conducted on both 

solar collectors:  

Collector reference

Apertur area (m²)

Collector type

Test period

Initial 

Results
Final Results Variation

Initial 

Results
Final Results Variation

Outdoor Quasi-

dynamic 

method

Indoor Steady 

state method

Outdoor Quasi-

dynamic 

method

Indoor Steady 

state method

Ȅ0 0.518 0.516 0% 0.723 0.666 -8%

a1 [W/(m²K)] 2.015 1.581 0.672 0.952

a2 [W/(m²K²)] 0.0065 0.014 -6% 0.008 0.016 38%

Initial 

Results 
Final Results Variation

Initial 

Results 
Final Results Variation

Tm* ɖ ɖ ɖ ɖ

0 0.518 0.516 0% 0.723 0.666 -8%

0.01 0.497 0.499 0% 0.716 0.655 -8%

0.02 0.476 0.480 1% 0.707 0.642 -9%

0.03 0.453 0.458 1% 0.697 0.626 -10%

0.04 0.429 0.435 1% 0.686 0.607 -11%

0.05 0.404 0.409 1% 0.673 0.586 -13%

0.06 0.378 0.381 1% 0.660 0.563 -15%

0.07 0.351 0.350 0% 0.645 0.537 -17%

0.08 0.324 0.318 -2% 0.628 0.508 -19%

min 0% min -8%

max -2% max -19%

1.0121.400

ETC Heat pipe with Sydney 

tube
ETC heat pipe with fins

July 08 to sept 11 March 08 to sept 11

TÜV Rheinland

21209276-1 2120534-1

 

Comparison of performance curves before and after the exposure period:  
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Observations following the opening of solar collectors:  

1st  Collector  (r eference 21209276 -1)  

No damages observed  (no final inspection because no degradation) . 

2nd  collector  (r eference 2120534 -1)  

¶ Collector box / fasteners  :  

Classification  2 : cracking and rain penetration  

Conclusion : the laboratory concluded that both damages have a «  major  » impact on 

the collector performances.  

¶ Insulation  :  

Classification 1  : water retention and degradation  

Conclusion : the laboratory concluded that both damages have «  moderate  » and 

« minor  » impacts respectively on the collector performances.  

¶ Heat pipe:  

No liquid inspection because of toxic liquid.  
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3. Fraunhofer ISE  

The following table summarizes the results of performance test conducted on solar 

collectors:  

Collector reference

Apertur area (m²)

Collector type

Test period

Initial 

Results Final Results Variation
Initial 

Results

Final 

Results Variation
Initial 

Results Final Results Variation

--- --- --- --- --- ---

Ȅ0 0.581 0.582 0% 0.695 0.626 -10% 0.682 0.569 -17%

a1 [W/(m²K)] 1.464 1.953 1.674 2.81 1.95 1.611

a2 [W/(m²K²)] 0.0084 0.0039 15% 0.019 0.0022 16% 0.0153 0.0114 -24%

Initial 

Results 

U-Tube

Final Results 

U-Tube

Variation
Initial 

Results 

ETC HP1

Final 

Results 

ETC HP1

Variation
Initial 

Results 

ETC HP2

Final Results 

ETC HP2

Variation

Tm* ɖ ɖ ɖ ɖ ɖ ɖ

0 0.581 0.582 0% 0.695 0.626 -10% 0.682 0.569 -17%

0.01 0.566 0.562 -1% 0.677 0.598 -12% 0.661 0.552 -17%

0.02 0.549 0.542 -1% 0.655 0.569 -13% 0.638 0.533 -16%

0.03 0.531 0.521 -2% 0.631 0.540 -14% 0.612 0.512 -16%

0.04 0.512 0.499 -3% 0.604 0.511 -15% 0.584 0.490 -16%

0.05 0.491 0.477 -3% 0.573 0.481 -16% 0.554 0.466 -16%

0.06 0.469 0.454 -3% 0.540 0.451 -16% 0.521 0.440 -16%

0.07 0.446 0.430 -3% 0.503 0.421 -16% 0.486 0.412 -15%

0.08 0.421 0.406 -4% 0.464 0.390 -16% 0.448 0.382 -15%

min 0% min -10% min -16%

max -4% max -16% max -17%

June 09 to april 11 June 09 to april 11 July 09 to april 11

ETC heat pipe 

U-Tube collector

ETC with U-pipe direct flow

Heat-Pipe-Collector 2 

(with special preparation)

0.924

ETC Heat pipe

Heat-Pipe-Collector 1 (with 

special preparation)

Fraunhofer ISE

1.597 0.931

 

Comparison of performance curves before and after the exposure period:  
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Observations following the opening of solar collectors:  

No observation done, the exposure period has been pursued.  

4. ITW  

The following table summarizes the results of performance test conducted on solar 

collectors:  
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Collector reference

Apertur area (m²)

Collector type

Test period

Initial 

Results Final Results Variation
Initial 

Results Final Results Variation

Ȅ0 0.548 0.509 -7% 0.559 0.551 -1%

a1 [W/(m²K)] 0.869 1.923 2.275 2.125

a2 [W/(m²K²)] 0.013 0.003 32% 0.003 0.004 -5%

Initial 

Results C763

Final Results 

C763

Variation Initial 

Results C775

Final Results 

C775

Variation

Tm* ɖ ɖ ɖ ɖ

0 0.548 0.509 -7% 0.559 0.551 -1%

0.01 0.538 0.490 -9% 0.536 0.529 -1%

0.02 0.526 0.470 -11% 0.513 0.507 -1%

0.03 0.513 0.449 -12% 0.489 0.484 -1%

0.04 0.497 0.428 -14% 0.464 0.461 -1%

0.05 0.479 0.407 -15% 0.439 0.437 -1%

0.06 0.458 0.385 -16% 0.414 0.412 0%

0.07 0.436 0.363 -17% 0.388 0.387 0%

0.08 0.412 0.340 -18% 0.362 0.361 0%

min 0% min 0%

max -18% max -1%

April 09 to march 11

Outdoor Quasi-dynamic 

method

May 09 to march 11

Outdoor Quasi-dynamic 

method

ITW

C763

3.710

ETC Heat pipe with reflector

C775

0.950

ETC Heat pipe
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Collector reference

Apertur area (m²)

Collector type

Test period

Initial 

Results Final Results Variation
Initial 

Results Final Results Variation

0.638 0.594 -7% 0.765 0.721 -6%

1.967 2.519 1.211 0.636

0.01 0.001 8% 0.005 0.017 -7%

Initial 

Results C804

Final Results 

C804

Variation Initial 

Results C823

Final Results 

C823

Variation

Tm* ɖ ɖ ɖ ɖ

0 0.638 0.594 -7% 0.765 0.721 -6%

0.01 0.618 0.569 -8% 0.752 0.713 -5%

0.02 0.595 0.543 -9% 0.739 0.703 -5%

0.03 0.572 0.518 -9% 0.725 0.690 -5%

0.04 0.547 0.492 -10% 0.710 0.674 -5%

0.05 0.520 0.466 -10% 0.694 0.655 -6%

0.06 0.491 0.440 -10% 0.678 0.634 -6%

0.07 0.461 0.414 -10% 0.661 0.610 -8%

0.08 0.429 0.387 -10% 0.643 0.583 -9%

min -7% min -5%

max -10% max -9%

ITW

Outdoor Quasi-dynamic 

method

Outdoor Quasi-dynamic 

method

July 09 to march 11 Sept 09 to march 11

0.940 1.460

C804 C823

ETC Heat pipe ETC Heat pipe

 

Comparison of performance curves before and after the exposure period:  
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Observations following the opening of solar collectors:  

Only the collector C823 has been opened for observation, the laboratory wante d to 

extend the exposure period of the others.  

¶ Collector box / fasteners  :  

Classification 1  : corrosion  

Conclusion : the laboratory concluded that the damage  has no impact on performances 

and the impact was considered like « minor  ».  

5. SPF 

The following table summarizes the results of performance test conducted on the solar 

collector:  
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Collector reference

Apertur area (m²)

Collector type

Test period

Initial 

Results
Final Results Variation

Ȅ0 0.654 0.529 -19%

a1 [W/(m²K)] 1.48 0.47

a2 [W/(m²K²)] 0.0127 0.0249 -36%

Initial 

Results X144

Final Results 

X144
Variation

Tm* ɖ ɖ

0 0.654 0.529 -19%

0.01 0.638 0.522 -18%

0.02 0.620 0.512 -18%

0.03 0.600 0.497 -17%

0.04 0.579 0.478 -17%

0.05 0.555 0.456 -18%

0.06 0.529 0.429 -19%

0.07 0.501 0.398 -20%

0.08 0.471 0.364 -23%

min -17%

max -23%

1.885

SPF

X144

ETC heat pipe

Nov 09 to aug 11

Indoor Steady state method
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Comparison of performance curves before and after the exposure period:  

 

Observations following the opening of solar collectors:  

¶ Collector box / fasteners:  

Classification 0 (but with remark) : rain penetration  

It was known that the side covers are not water tight. To prevent from influencing the 

test  because of a known problem , the side caps were sealed by SPF before startin g the 

one year test.  

 

Figure 12:  view of side cap sealed  
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¶ Absorber coating  :  

Classification 2: blistering  

Conclusion : the laboratory concluded th at the damage  has a «  major  » impact on the 

collector performances . 

 

Figure 13:  view of the damaged tube #4  

¶ Insulation:  

Classification 1: water retention and color changing . 

Same remark as before.  

¶ Vacuum tubes:  

Classification 2: Vacuum losses and colour  changing  

On tube #4 the vacuum loss is obvious (getter / absorber coating). Tube #12 looks 

ok, but the IR photo reveals a vacuum problem  (see infrared pictures) .  
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Vacuum loss on tube #4  

Hotter tube (vacuum  ?) on #7  

Vacuum loss on tube #4 and #12  

Hotter tube (vacuum  ?) on #6 #8 #10  

Figure 14,15:  infrared pictures  

 

Conclusion : th e laboratory concluded that both damages  have «  major  » impacts on 

the collector performances.  

¶ Heat pipes:  

Classification 2: liquid losses  

Classification 1: corrosion  

Conclusion : the laboratory concluded that both damages  have «  major  » and 

« minor  » impact s respectively.  
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Figure 16 -19:  global view of components  

All the components parts look surprisingly ok. No signs of severe degradation are 

visible. Interesting to see that all heat pipes and all the copper pipe work has been 

blackened. Exception: heat pipe of tube #8.  

One of 20 heat pipes was empty. The others all had  about the same liquid content. As 

we donôt know the liquid content of the new heat pipes a rating of the other heat pipes 

would not be adequate.  












































