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Abstract 

Within the participating countries of the EEA Solar Heating and 

Cooling Programme Task 11%: on Performance Testing of Solar 

Collectors, much effort has been devoted to the development 

of qualification tests for the reliability and durability of 

solar collectors, 

As part of their collaboration on collector durability and 

reliability, the Task participants agreed to review their 

qualification test methods and draw up a handbook of recornmen- 

dations for procedures that includes a discussion of more 

innovative ideas that are under development. 

The report on qualification testing of solar collectors gives 

an introduction to the area of qualification testing and an 

overview of the present state of qualification testing of 

solar collectors in E3 different countries as weXL as at the 

Joint Research Center in Pspra, Italy, and recommended pro- 

cedures by International Organizations. Thi.s inc ludes  the 

ASTM Cornittee no. E-44 from USA, the International Standards 

Organization, ISO, the Collector and System Tes.$ing Group of 

the Commission of the European Comunities, and the European 

Union of Agreement, UEATC. A shsrt introduction ta innovative 

solar collector qualification tests is also given. 



I N T R O B U C  'W THE %HTEE3WT%ONAii $ksYEitC>Y AC;ENC'Y 
AND TEE TEA 80LRW HEATLNG AND CalTJZNG PRmI<G%4F; 

The f n t e r n a t i s n a l  Energy Agency was %ormecl  in &ovek&>er 7994 $0 as&abl%sh 
c m p e r a k i o n  among a number osf iMalstr%alieed c o u n t r i e s  An khe v i t a l  area af! 
energy plicy, It. is an  autonomous body w i t h i n  &he framework oE the 
Organiza t ion  f o r  Econwic  C ~ o p e r a t b o n  and B e v e l o p s n t  (OECD), Wentp-one 
countries are p r e s e n t l y  weders, with t h e  Comission o f  &c Eurspan 
C o r n u n i t i e s  a l s o  p a r k i c i p a t i n g  hn &he work QE t h e  IEA undek s @wefaP 
&rTBnQmBnt e 

One element of the IEA% programe Anvslvea eooprntioa in &&e r ea sa rch  and 
d e v e l o p a n t  of aPternaQive ewerw resources i n  order to r&uca excessive 
depn8enca  on o i l ,  A n&er of new and improved anerw technologies which have 
Lhe p t a a k i a l  of making significant eowtributians to global energy n e d s  ware 
identified for co%%abra$ive efforts, The I E A  Cornittee ow Energy Research an8 
Developenk (Cm), supported by a s m a l l  Secretariat  staff, ho t h e  Emus of Im 
m&D actioieies, Four Working P a r t i e s  %in Conservation, Pessil P~~els, 
Renewable E n e r D ,  and Fusion) are chargd w i t h  identifying new areas %or 
c w m r a t i o n  ancl advising a s  cm an policy mattere in *heir respective 
eechwolo9 areas, 

Solar Heating md emling w a s  one of t h e  $achnoLogies selected for j o i n t  
activities, During 1996-97, specific p r o j e c t s  were i d e n t i f i e d  An key areas of' 
t h i s  field and a PomaE Implementing A s e e m e n t  drawn up, %a Apeament covere 
the obligations and r i g h t s  af the Paat ie ipants  and s u t l f n a s  $he s e s p  o f  each 
project or "%askw i n  m n e x a s  to t h e  d ~ c m e n t ,  There are now af@%een 
signatories %o $he Agrement:  

Aakralia 
Austria 
B e l g i m  
Canada 
Demark 
e o m f s s i o n  of t h e  

E u r o m a n  Commikies 
Finlana 
Federal Repabfis oE Germany 
Graeee (withdraw i n  1986% 

I t a l y  
Japan 
Netherlands 
New Zea lad  
Norway 
Spain 
Sweden 
$Iwitzsrbsw& 
United K i n . a g d ~ m  
Uni ted  States 

The o v e r a l l  programa is managed by an  E x s c u ~ i ~ s  Ca~nma.Ltdse, w h i i r c  t h e  
managemene of t h e  i n d i v i d u a l  tasks is t h e  responsibility of khc Operaking 
Agents,  %a t a s k @  of the PEA Ssbar Bea&%wg and Cosling Phff>qrak.a~*:# &heir 
respective Operating Agents, and cur renk  s takus  (angoing o- cmp?at&j are as 
f o l P 0 w s  : 

Task Z P n v e e t i g a t i o n  o f  the performance of Solar MeatPng and C w h i n g  
Syn$:srns - Technical  Unfvarsi$&* ~ g h  Damark (Cmp%at&ls 

Task 1x1 Pesformancs Testing of  Bohar CsIBecQors - University College, 
Cardiff, U,K, [ Q w g ~ i n g ) ~  

Pi"p ~k 7,V Develop%ent oB an IwsoEation Bandbook m8 Inekrw~enL Package - 
0,s. Departmen& o f  Energy $Cmplet&), 



Task V U s e  of m i s t i n g  Mekeorobsgieab Xnzaiszms6,fon Par Solar Energy 
"&pplicaLi~n - Swedish Metcssologiea% and MyBr~%ogicaf 

IwekP%u%e (Completed), 

Task V1 Per%omance 0% mlar Hea t ing ,  Cooling, and Wot Water Systems 
Us ing  mscua ted  CaXlectore - ~ ~ 8 ,  D a p a m s n t  of  E n e r D  
(Ongoing) ,  

Task VIT Central G O % ~ P  Heaking P lan t s  with 8easanaP Storage - swedich 
Council for Building Research (Qngobng), 

Task V P I I  Pass ive  and Wybrbd solar Low margy BdXtiEngs - U o S e  
Depazkment BE Energy (Ongoing) , 

Task HX Sol&%.%= m d i a d i o n  swd Pyranomekry S tud ies  - Deutscher 
Wetterdianst  MsteorolqPsches QbeervaQim,  FRG (Ongoing) ,  

Task X HaQerial~ Research L T e s t i ~ g  .- Solar Weseareh Laboratory, 
GIBIN, Japan (Ongoing), 

Task XI Bassivs Solar Gomerc%a$ Bui ld ings  - Gwiss Federal Of&ica of 
Enerw g Ongoing1 , 

TASK 1 x 1  
PEWOMANCE TESTXNC; 8 P  SOLAR CQUECTOW 

me overall  goal of Task P I 1  is by inearnational cosprst%an t o  develop and 
validate comow test procdnras  for r a t i n g  t he  perfamsnee of m l a r  ehamal 
eoPPcctorc and solar &amestLc hot waker h e a t i n g  syskcwe, 

Task $11 w a s  initiated bn 1977 w i t h  &.hree o&taoke: 

B&eask A: Wandard Test  Brecedurse t o  Determine %amal BerPormance 

B d k a s k  Bs Davelopent of Reliability am3 Dnraki%i&g Test b k a c d u t e s  

S&ask @P I n v e s k i g a t i s n  ef t h e  P o t e n t i a l  of 8nlns 8xm1i%aear~ 

Upon t h e  e m p l s k i s n  of khese oubtaske a$ kbe end oE 1981, the Executive 
Cornittee approved an extension of t h e  Task w i t h  IsllsvjFhP%wg khree subtasks: 

S&taek Da a a t a c k e r i z a $ & s n  af %he Thamal  Performance of ~ o b a r  
W% bsckors 

S d t a s k  E t  Beve lopsn t  of a Capability ks Evalmtc bomes$$e H o t  Water 
8 y s k m  Perf omawcs us ing  Shoe-Fa~m Test M a t h d s  

B u k a s k  I8 Devalaplent of a Basfg gor I d e n t i f y i n g  %he Pargsrmawee 
Requiremenks and for  Predietiwg the  Bemica L i f e  of S o l a r  
c o l l e e o r  Bystem Gompnenks 

A t  %he end of 1985 a f u r a e r  ex%ensios wae approvd, w i e h  a empletion date a t  
the end of 9987, 

participnts  i n  T a ~ k  I P I  [those matkea + u n t i l  t h e  end sf 198% only) arc: 
Australiaq, & u s t r i a e ,  B e b g i m Q ,  Canada, Demark, F,R,Gemmy, I t a l y ,  
Japan*, %he WatherXands, S p i n ,  Swden,  S w i t z e r l a n d ,  United Kingdom, 
Unieed States and the  C o m i e s i a n  of %he E u r o w a n  C s m u n L t i e o ,  
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Within the participating countries of I E A  Task IIE mueh effort 

has been devoted to the development of qualif ica.$ion tests 

for the reliability of solar collectors. The range of tests 

used in each country depends, of course, on the local climake 

conditions. The availability of the tests is also variable, 

In most countries national standards have now been drawn up, 

but many tests have also been developed by individual labora- 

tories for their own use. 

As part of their collaboration on collector durability and 

reliability, the Task pareicipants have agreed to review their 

qualification test methods and to draw up a handbook of re- 

commendations for procedures which are thought ts conkain t h e  

best features of those currently in use, In addition to well 

established qualification tests, the handbook should discuss 

some of the more innovative ideas currently under development, 

An overview of the present state of qualification testing is 

given, with a presentation of operational experience with 

solar collectors together with the rest of the solar coll.eeto-C 

primary circuit, the different kypes of tests which are avai-- 

lable and factors which might influence the choice and seFence 

sf  testing procedures. The qualificaEisn teska treated include 

kesks for rain penetration, thermal shock, w i n d  and snow 

pressure, hail impact, high temperature failure of covers 

and thermal insulation, and also ventilation of col%ectors, 

The common report on qualification testing of solar co%%eetors 

gives an overview of qualification test procedures used in 13 

different countries as well as at the Joint Research Csn%er 

i n  Ispra, Italy, and procedures recommended by ASTE, UEATC, 

IS0 and the CEC Solar Collector and System Testing Group, A 

proposal for a minimum test procedure is also given, 

'J.al~e main focus of the report i.s on solar collector modules of 

what could be called normal size, typically % X 2 m. Solar 



cobll%ec$srs of t h i s  s i z e  have been consicisred 'the most s u i t a b l e  

f o r  mass produckion and easy li.nsta.lla.$$on on .ko roofs. A t  

the same time, they are  g'bei.te easy to tes t ,  especi.ally w i t h  

indoor equipment, However, during the last f e w  gears, new 

solar co l l ec to r  designs of different types have been dsvelopd, 

Building in tegra ted  cencep.$;s are becoming mars and more camon, 

especially in connection with new-built housing. I n  Benatark 

and Sweden, high temperature Eega s o l a r  collector xri~dules ~f 

2 x 6 m fear district heating syZBsKems wi th  between L800 and 

5008 m2 o f  solar collector area have been used in several 

demona$ra,tion projects. Matural%y, there wilE.1. bs a need for 

u s e f u l  test procedures, also f o r  these new so la r  collector 

designs. The repor,& includes a skgsrt discussion on qualific- 

a t i o n  t e s t i n g  f o r  these future-ax:ien.Latsd componen%s, 



Solar collector can be defined as the probabi- 

lity that unwanted incidents can be avoided during opera- 

tion, Reliability characterizes the operation or the function 

of a solar collector while is a long-term charac- 

terization giving information about the ability of the solar 

collector to function and operate for an expected lifetime, 

This is illustrated in fig. I ,  I. 1, I n  [ E ]  it is said that 

successful comercialization of solar energy systems requires 

that system goals are be established for costs, thermal 

performance and for "operational" reliability, maintainability 

and availability ( R M W ) ,  Here is a detailed presentakion 0% 

techniques applied to solar heating and cooling systems 

(see fig. 2 . 1 . 2 ) .  

To ensure a satisfactory relation between investment and 

saving, a 20-year is generally considered accept- 

able for solar collectors, For less expensive solar col- 

lector constructions, like swimming pool panels, even a 

shorter life time can be accepked, With regard to b u i l d i n g  

integrated solar collectors, it is desirable to find a product 

with a life time close to other Building esm~~:l.onsnts, at least 

f o r  part of the solar collector construction, 

Building integrated solar collectors should have a built- 

in possibility for maintenance and repair, making it easy 

$0 change part of the construction, for example the absorber 

or the piping system, when necessary, Like many other build- 

ing components, the cover system, the flasbinc and frame 

system and the insulation material and under-roof should 

last for more than 30 years, 



of 

system operation systeni 
f .uric t ioa, 

~ i q .  1.1.1. The figurc is arl attempt to show how ihe 
function of a solar collector system can 
be characterized by l-lac? ccncepts of r e l ;  
ability and durability. The llurability 
is related to the expected period of 
satisfactory function. The ~eliability 
is related to the probability of proper 
operation within the timcscale of dura- 
bility. 



Recorded ProbPem at  Solar-lgaarm Site@ Hajar Oafar Collector Froblew 
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F'ig. 1.1.2 Theory on how to handle reliability of solar 
collectors as presented in [I]. 

It is seen that solar DHW systems with a low 
pump failure rate are not as reliable as 
conventional DHW systems, at least when cal- 
culated in 1981. 



In fig, 1,%,3 is given an examys8le o f  cair:uZated lifetime 

casts i n  Dcrs per kWh o f  produced S O P ~ C  enexgy as a kunc- 

$ion of lifetime, investment, production and speration;ll 

costs. 1% is illustrated that if a ce~Ldin frkesease of the 

lifetime can be reached, a rather Large amount of money can 

be spent on maintenance and repair. I US $ - 7 Dcrs in 1989 

[14], 

I f  problems occur wi%h regard to the quality or reliabilikp 

s f  a solar collector, it can result in either some kind of 

catastrophic failure or an increased environmental stress 

being produced, for example in the case o f  rain penetration, 

In both cases the problem can a f fec t  .the durabil9.t~ of t h e  

solar collector. While tests deal with estimation 

of lifetime of materials, tests, which of t en  

also are called 

of failure. 

A test G by dc,"rjl~i,:ioip, a short-Term 7 f2s-k 

it is supposed to give information an the quality o f  a pro- 

duct, for example af a solar collector, 

The developmen% of gualif icatisn tests for saPar C C ~ . ~ ~ . ~ C E . C J . L C  

was initiated in the USA in 1 9 7 8  by the ASTN Committee No, E -  

44 dealing with solar energy, 136 ,  4 S J .  

Since then work on qualification testing of solar caLle;il*~fjl-,; 

has been performed in most of the IEA participating coui) - 
t r ies .  Furthermore, both individual countries and g%a.gc+k.r i 

zations, like The International Standards Orqanixatiesn, $SO,  

and The European Union of Agreement, UEATC, ;re &c?velopbnq 

skandards for qualification testing o f  solar call  ectoss, C48 

The Solar CoLlect~r and Sysksm Testing Group connected to 

the Commission of the Europc2an Communities, CEG, has been 

very active in developing secomsaaandati~~~s fo r  gualif icatiori 

t qs%ing during the last few years, This is reported i n  [ 2 1 
~ 3 r d  133 and includes detailed information and results from 



Investment factor for solar heating systems 

Dcrs/(kWh pel- year) 2.5, 5 ,  10, 15 

= 2,5 is a very inexpensive solar heating 

design while L P =c 9.0 and 15 are expensive 

designs. 

The netto product.ion of the solar collector 

I system P is assumed to be 300 kwh/(m2.year) 

where a power consumption for the circul.ation 

H \  pump of 20 kwli/ ( m a  .year) is included. 

Operation cost fact.or 

D 0.1 ~ c r ~ / k W h  

D is assumed to be 30 Bcrslma .year saved on a 

bank account each year of the lifetime for 

maintenance and repair. This is 1% of in.- 

vestment if tllc? ii~vestisent X is 3000 llcrri/ 

m' solar collector = 10). 

ECC = I , + g is lifetime cost for the solar P 

collector system. 

Lifetime L is shown for 10, 20 and $ 0  years. 

~ i g .  l.l.3 ~ifetime costs per produced kWh for 4 
solar .heating systems as a function of 
the lifetime (Denmark). 

There is a considerable decrease of the 
lifetime costs when the lifetime is in- 
creased from 20 to 40 years. 

Some of the savings could be used on 
maintenance and repair, 

It was chosen to calculate lifetime costs 
of a solar hea-ti.ng system from the si~ving 
in -- kWh during the system lifetime instead of 
using Dcrs. This is due .to the fact that the 

0- 

most 1mpor.tant economic factor is the very 
uncertain fuel cost during t.he lifetime. 

For I/P - 10, 16% of -the life-time cost is 
used on operation incl, maintenance and 
repair, when a lifetime of 20 years i.s con- 
sidered. If this is increased to 40 years, 
the operation cost factor could be increased 
to include repair and changes of some com- 
ponents 1:41.. 



qualification testing of solar colle~tor msda~$es, It is no$; 

the aim f o r  the ZEW Task I%% to compete with this work and 
ts be involved in a detailed validation o f  used procedures, 

It has been decided to use gained experience in another w a y  

and present an overview of existing qualification test pss- 

cedures, including experience and examples of general inter- 

est, and also to present recommendati~ns for outdoor exposure 

testa and innovative tests. A discussion on operational 

experience with solar heating systems will be used as a basis  

for the understanding of the necessary demands for solar 

collector qualification testing. 

Qualification test procedures should always include a general 

investigation of (environmental 

and system) in order to identify the solar collector q u a l i t y  

and the ability to cope with normal operation conditions, 

In table 1,E a list of aspects to be investigated in esnnec- 

$ion with the qualification tests performed in Dsnr~ark i s  

shown as an illustration. 

Tablel.l.l Important aspects to be considered in con- 
nection with solar collector qualification 
tests (Denmark). 

I. Thermal expansion of materials used 

2. Thermal limits of materials used 
S 3. Outgassing from solar collector construction rnalerldks 

4 ,  Absorber: Construction, materials, surface treatment 

5. Operation pressure recommended 

6 ,  Ageing and corrosion aspects of materials used 

'7, Raintightness of construction, cover enclosure 
assembling, corners, connections 

8 ,  Absorber connections 

9. Ventilation of collector box 

10.  raining possibilities for collector box 

El. Mounting and flashing system 

12. ~echanical strength 

13, Corrosion conditions of absorber and enclosure, 
galvanic corrosion 

1 4 ,  Possibilities for maintenance and repair 

15. Recommendations for install.at.ion, 



Solar heating systems s%.aouLd be eekiable f o r  at least 15- 

20 years in order to make them economically attractive. 

The effort to reach more reliable solar heating systems has 

been concentrated mostly on solar as they 

represent a new technslow and a major part of the total 

solar heating investment, At the same time, the solar col- 

lectors are the subsystem which is exposed ts the 

of the whole solar heating system, 

In the work done within the IEA Task P I T ,  w e  hase not limited 

ourselves to looking at the solar collecksr alone, but have 

included conneckions, piping systems, controls, heat exchanger 

and storage tank, %he reason for this is tha$ evaluation s f  

the primary circuit of solar heating sysksms is vital when 

reliability of solar coLlectors i s  eorlsidersd. Most of the 

work slri. solar collector qualifa.a=aliorl tests in the I E A  coun- 

tries has, however, until now .keen concentrated on solar 

collector modules. Very often the qualification tests are 

carried out in connection with the normal thermal e f f i c i e n c y  

tests for solar collectors, 

Prom experience gained within the last 6-7 yeaAs i% has been 

made clear that it is not only the solar collector modules, 

but the complete solar collector primary c i r c u ~ t  which very 

often causes problems with respect to reliability as well as 

durability, Especial%y, the development of more efficienk 

collectors, first with selective surfaces and later w i t h  $he 

use o f  convection suppression devices, makes it important to 

ensure a reliable function under all circumstances, It i.s 

very important to possess developed, self-functioning devices 

which will be secure against problems with a f ~ P o c k s ,  bad d i s -  

tribution and boiling. [ 6 ,  7, 8, 2 1 ,  24, 3 3 1 .  

An important activity within the IEA Task 111 work has been 

fescussed on 

This work was carried out 



for the complete solar heating system, including piping 

system, etc., and is reported in [43  and C51 

Several examples of failure modes of solar collectors reprted 

by the participating IEA countries are given here. The 

examples include : covers breaking or collapsing at stapation, 

insulation material which bulges, expands, turns brown or 

cracks at stagnation, collectors with a very high rate o f  

air leakage, others which are not raintight. Also high 

temperatures lead to outgassing for nearly all. collectors, 

It has been experienced that solar coLlectors with ordinary 

black absorbers seldom reach more than P 3 O 0 ~  in stagnation 

temperature, while solar collectors with a glass cover and 

selective absorber can reach stagnation temperatures of 1 8 8 " ~ ~  

and solar collectors with a teflon sheet as extra inner coves: 

can reach 240°~, 

In [ a ]  is a presentation of results up to 1983 from 5 5  2BEA 

inspections of solar heating systems in 1% di.fferen$ I E A  

countries, based on a reporting format developed in c o o p e . ~ ~ -  

tion with the European Solar Collector and Syste~~s TenVing 

Group. 

A I %  together, 6 9 7 5  m2 of solar collectors were represented 

in this investigation. Participating countries were Sweden, 

United Kingdom, Denmark, Belgium, Austria, Australia, T h e  

Netherlands, Germany, Switzerland, USA and Japan. 

Two of the insta%lations were from Australia. Because 0% 

their age, %Q and 20 years, they were very in.&eresting, as 

20 years is considered to be the wanted and expected lifetiaae 

of a solar heating system. These two Australian solar heating 

systems were of a relatively good quality and had been opera- 

ting without serious problems, There was skill observed 

condensation in the collectors and a slight galvanic corrosion 

at the connections. It is obvious that it has especially 

been the outer parts, i.e. the enclosure, the attacment, 



the connections and the piping systems w h i c h  have suffered 

from the 20 years of operation. These prob3ems can to a 

large extent be referred to as quality problems in connection 

wikh mounting and installation (fig. 1,2.1), 

The lifetime of the  52 inspected solar heating sysLems was 

estimated in the inspection reports, For most of the inspec- 

ted systems a lifekime sf 15-20 years was expected, and 

several examples of good design features were reported. 

The installations which were between 2 and 5 years o ld  had 

a Power expected lifetime, The reason could be a lower 

quality of the systems installed during t h e  years 1975-1978,  

when the solar market expanded very quickly, It was also 

interesting to see that the installations whfeh were less 

than %wo years old, seemed to be s f  a much better quality. 

As part of the evalua.tion of problems and failures, the 

inspected solar heating syst.,enls wesl:a divided into three 

different groups, Group no. 3 was used for solar collectors 

which had serious failures or problems w k t h  reliability and 

durability, which could be referred $0 the csnstruction or 

materials used and which would lead to an unaceeptabLs low 

lifetime, 

Group no, 2 was used isr so l a r  collectors w i t h  failures or 

problems which could easily be mended without complet.ely 

changing the cona-&;ructfoal, And group no, 1 w a s  used for  

solar eollectors without failures or problems, 1 6  solar 

collectors were placed in group % with an expected lifetime 
of at least 20 years. 17 solar co$$sctsrs were placed in 

group 2, and 12 solar col%eckors were placed in group 3. A 

few collectors were impossible to place in any o f  the groups, 



1.1 condensation 
9 . 3  d i r t  on cover 
1-55 breaking o f  cover 

9.7 cover l l o ~ i n g  

2 . 1  d i r t  on absorber 

d l y  leaking 

rust ing  through) 

lure  o f  m u n t i n g  angle iron e e l l a c t o r  
r e i n  - h o l e s  d r i l l e d  

connections 
3,2  poor i n s u l a t i o n  connections not 

4 . 4  & h a m S  expansion of 

Fig. 1 . 2 . 1  Failures and problems report,cd 
for two old Australian solar 
systems. 



In  f i g s ,  1 ,2 ,2  t o  1 .2 ,4  and is2 t a b l e  I .  2 . 1  axe shown earns 

r e s u l t s  from t h e s e  inves t iga t ions ,  

The work on opera t ional  experience with s o l a r  c o l l e c t o r  

systems has a l s o  covered compilation of good design features  

of t h e  systems, Figs. 1 . 2 . 5  and 1 , % , 6  show some main r e s u l t s  

concerning t h e  condensation problem i n  s o l a r  cokhectsrs and 

t h e  way i n  which $a avoid them. 

In i n t e r e s t i n g  r e s u l t s  on opera t ional  experisn~ce of so lax  

hea t ing  systems i n  connection w i t h  the demonstration pr~)g~mf ie  

of 1st generat ion s o l a r  systems have been. coalpiled in t 6  ] 

from 1983,  W s p e c i a l  problekri ill: conn6cLion with s o l a r  a t t a c  

c o l l e c t o r  ays%enss, f o r  example roof integrated s o l a r  col lector  

systems, was repor ted  here, E t  was concluded chat  h igh  

temperatures could a f f e c t  wood cons$ructfcsns i n  the r o o f ,  

S t rength  and i g n i t i o n  Lernperdkuizb ca~~3.d be ~ e d u c e d  a f te r  a 
long exposure t o  high temperatures,  6 6  i s  sscormmsnded &Q 

keep temperatures i n  tire a t t i c  below 7 0 " ~  f o ~  s t r e n y t l l  reassns 

and below 1 0 0 " ~  f o r  f i r e  hazard  reasons,  

Ths above i n v e s t i g a t i o n  covered 1255 systems. 599  of klais 

systems ( 4 8 % )  had one o r  more operational proble~tc ;  C22 o u ~  

of Lhese had heat t r a n s f e r  fluid problems, 6 4 %  of them had 

se r ious  problems regarding eorsosians, and a l l  open sgsbems 

showed s igns  of corrosion,  I n  closed systems 1% is considered 

important to check t h e  g lycols  and p H  values regu$&r$y. 

Especially a f t e r  bo i l ing ,  it i s  passible t h a t  a g lycol  a c i d i c  

s o l u t i a n  ( l a w  pH) i s  being developed, which  might lead &s 

heavy corros ion  within a f e w  ra-wonkhs, T h i s  i s  reported in 

e718  h83 and 



E\lkLUAT%Ol.I OF SOLAR COLLECTOR IOa'SPECTIOil REPORTS 
f , W E  WITH THE IEA-SOUR COLLECTOR IQBSPECTIO~ FORM'i;' 
AND AilAbYZIEl, AS PART OF "IE EEA-TASK H I 1  WORKd 

*FAILURE M D E S  Al l0  GOOD DESIGl4 FEATURES OF SOLAR 
SYSTEI.IS I td OPERATI Off" '  

THE I !iVEST 9 GAT 1 ON COVERED 52 D % FFEREIiT S O U R  COLLECTOR 

INS'FALLBTIONS I N  U IEA-TASK I I % PARTICIPATING COUNTRIES, 

- I N  ALL 6975 f+12 S O U R  COLLECTQRS ARE REPRESE14TED I N  
THE AANLYSIS. 

- $9 SOLAR COLLECTQR BNSTALMTIOIIS HA3 tURE THAN 5 0  ij2 

COLLECTOR AREA, I N  ALL 5 9 3 0  f+12 S O U R  COLLECTOR AREA. 

- 16 SOLAR COLLECTOR :sJSTALLATIONS MAD BETWEEN 10 AND 
50 f+12 COLLECTOR ARM,  

- 11 SOLAR COLLECTOR lNSTALLATlONS H A 3  LESS THAI4 10 1\1' 
COLLECTOR AREA. 

V 
m x e  Uaan 
70 years 

IV 
?a-20 yea  

111 
5-1C year 

I1 
2-9 

I 
ab-2 -8 

n. mid, 8ub. desert. 
curopean eurapian tropical. eld+nat@ 
c l i m t e  c % b a t e  climsata 

Fig, 1 . 2 . 2  IEA Task 111 investigation 
of 52 solar heating systems 
in 11 countries, 
Age is shown compared with 
climate. 





Investigated solar collector 

Age compared with expected lifetlme 

wore thu? 15-20 yeus 10-15 yeus 5-10 years 3-5 years 
20 years 

expected lifetime 

~nvestigated 801ar collector systems 

Durability catagory compared with 
expected lifetime. 

expected lifetime 

Fig. 1 . 2 . 4  IEA Task III investigation of 
52 solar heating systems, 
Age and durability category 
(as defined in text) compared 
with expected lifetime. 
Number of systems in each combination 
is indicated inside the circles. 



leakage of absorber 

water leakage into collector 

breakage of glass cover 

airlocks, boiling, system problems 

degradation of sealants 

thin and bad pipe insulation 

condensation in collector 

dust/dirt in collector 

degradation of piping system 

corrosion in aluminum absorber 

outgassing products on cover 

control failures 

aluminum foil over insulation 

stagnation protection during installation 

ventilation and drain holes with filter to avoid dirt 

easy installa&ion/good design 

20 years lifetime reported 

easy exchange of collector module 

stainless steel or copper tubes in absorber 

collector with plastic absorber designed for Low stagnation 
temperature 

easy exchange of cover 

raintight design 

plastic between aluminum and copper 

airspace between polyurethane insulation and absorber 

ventilation through back side of collector 

ventilation holes at the top protected against rain 

Table % , 2 . L  Examples of reported failures and good design 
features in EEA Task 1x1 investigation of 52 
solar heating systems in 1 2  countries, 



3 p e  P is the most common. 
Ventilation holes are only dril.Ped 
into the bottom of the collector. TYPE 1 
Since there are no holes near the 
top, the chimney effect might 
press hot hulnid air out where it 
might condense again before 
leaving the collector. 

has the same ventilation 
s type 1,  but ventilation 

holes are also placed near the TYPE 3 
top and should h protected 
against rain. 

has the ventilation holes 
placed through the backside of Three types of solar collactor 
the collector, both at the top ventilation. 
and the bottm. A solar collector 
with this type of ventilation had 
very seldom condensation, and the 
relative humidity was most of the 
time lower than that of the 
ambient. 

Fig. 1.2. 5 Example of solar coll.ector desi.c;n evaluation 
with respect to ability to avoid condensation 
over along period. (Denmark). [4]. 

3 types of ventilations are shown. 

temperature "C 
48 

k l. 

35 

36 

2 6 

26 tive humidity, RH 

16 

18 

5 

( kl. = hour of day 

ig. 1.2.6 The figure shows the changes of temperature and humi- 
dity in a solar collector d~kring the day, The venti- 
lation air in a solar collector can dissolve condensate 
on the inside of the glass cover when the absorber tern- 
perature rises because of increased solar insolation. 
This means strong requirements to the ventilation of the 
solar collector so hot humid air on its way out of the 
collector will not condense and leave water in the col- 
lector enclosure. Ventilation holes near the top of 
the collector protected against rain could be a means 
for this. 



An investigation in regarding the reliability of 

solar heating systems, led to answers from 235  consumers, 

giving the following results: 

55% had none or not important failures 

24% reported condensation in the solar collector 

19% had leaks from solar collector systems 

18% reported air problems in the system 

16% showed leaks in system parts in the house 

11% reported failures of the cover 

10% reported rain penetration, 

ResulLs from tests of 14 solar heating systems per- 

formed in 1983 at the %m Institute in Munich are shown in 
table 1.2.2. 

In table 1,2,3 you will find the results of the tests o f  

another 18 solar heating systems for DHW, made in 1986,  

The quality of the best systems as well as on an average 

has been improved. [10J. 

En [l13 inspection and evaluation ~f 100 solar systems o f  

different types, installed 1976-1982 in t r ~ a  are 

reported. The reliability of the solar systems increased 

significantly within this period (failure frequency reduced 

from 80% for the oldest systems to 20% for the newest). 

Defects in collector cover and control, leakage of cslleetor 

loop, absorbers and connections and condensation were the 

most common failures, Only 15% of the systems were visited 

regularby for partial maintenance. 
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In most cases the developed qualification tests have been 

linked only to solar collector modules of what could be called 

a normal size, typically 1x2 m. Solar collectors of this 

size have been considered the most suitable for mass produc- 

tion and easy installation on to roofs. At the same time, 

they are quite easy to test, especially with indoor equipent, 

During the last few years new solar collectar designs of 

different types have been developed. Building integrated 

concepts are becoming more and more cowon, especially in 

connection with new-built housing. An example is the site- 

built solar collector roof; a successful design of this is 

shown in fig. 1.3.1. 

In Sweden, high temperature Mega solar collector modules of 

2x6 m for district heating systems with between L300 and 5800 

m2 of solar collector area have been used in several demon- 

stration projects. In the future there will be a need for 

useful Lest procedures, also for* these new solar cs%l%ectsr 

designs, also shown in fig. 9,3.1, 

Apart from the testing of solar collectors there is also a 

growing demand for qualification L e s & s  o:f nolar collector 

system loops or primary circuits, When evaluating &he reli- 

ability of complete solar heating systems, it is very impas- 

%ant to consider problems with regard ts temperature s t & i k i t y  

of utilized components, air locks, flow distribution, boiling 

and freezing. 



Fit) . 1 . 3 . .L ]:l lus t.ra tioln of three di.f i'c2ren.L - t ypes  of solar 
collcc 'corf;  : Roof :i.n i :er~~:-; j . id S(.) l c;cYl.lec.tor, 
sma: l . l  so1l.a~ col.l.ecJ~..or rr1odul.e~ riic!l.l.il t e d  and con- 
nected on to a roof C O Y ~ S . L ~ L I C ~ . ~ ~ : L \  I 1.arge 
MEGA so1.a:~ coJ.l.ecto.rs for d. i:.;i.r. i c:t ht:ati13g 
system:;, 





Table 2 .  E .  E shows an overview of q u a l i f i c a t i o n  test procedmes 

used i n  1 3  coun t r i e s  and a t  t h e  ISPWA J o i n t  Research Center ,  
and d r a f t  test procedures recornended by t h e  CEC, European 

Solar  Col lec tor  and System Test ing Group, &he UEATC and ESO. 

References i n  re ference  l i s t :  [ 2 ,  3 ,  9 ,  2 3 ,  24, 18, 19, 21, 

26, 28, 3 0 ,  31, 3 6 ,  4 0 ,  41, 4 5 ,  48, 5 0 ,  5 6 ,  58, 61, 62, 6 3 ,  

6 4 ,  6 5 ,  6 6 ,  6 7 ,  6 8 1 .  

Table 2.1.1 Qualification test procedures used in 1 3  
countries and at the Joint Reserach Center 
in Ispra, together with draft test procedures 
recommended by UEATC, IS0 and the CEC Solar 
Collector and Sys.tern Testing Group, 



In table 2.1.2, 17 tests from table 2. 1. 1 are divided into 

destructive tests where a result can be some kind of a cata- 

strophic failure, and qualitative tests where tests of a 

more environmental character are performed. Pn the latter 

case, catastrophic failures will not be identified, but the 

failures observed can Lead to degradation over a Longer 

period, 

In table 2.1.2 is also presented the high temperature stagn- 

ation test together with the thermal efficiency test being 

the most comon combination, 

It is seen from table 2.1.1 that the most common test prs- 

cedures are: The absorber pressure dest, the high temperature 

stagnation test, the internal and external thermal shock 

tests, the rain penetration test and the outdoor exposure 

test. The experience and results from these tests are well 

documented. 

Absorber pressure test 
External thermal shock test 
Internal thermal shock test 
Frost test 
Freeze protection test 
Wind/snow load test 
Hail test 
Strength of mounting 
Hydraulic fitting resistance 
Mechanical test of collector structure and 

supporting frame 

Q"fi&"tygf,&f~L~ (environmental) 

Rain penetration test 
Combined rain and wind load test 
Water retention test 
Air leakage test 
Heat transfer fluid test (corrosion) 
Thermal cycling test 
Outdoor exposure test 

Table 2,1.2 classification of flat plate liquid solar 
collector tests. 



1% has been discussed among the IEA Task 1x1 participants 

which of the solar collector qualification tests were the 

most comonly used and which sequence of tests to be recom- 

mended, based on the experience gained until now. The Solar 

Collector and System Testing Group of the CEC gives the 

following recomendations: 

- High temperature tests and short term ageing should be 
near to the beginning of any sequence of tests, 

- If an outdoor exposure test is made, external. shock is 
included here, perhaps also internal shock, 

- Freezing tests and mechanical tests are expensive; they 
should be placed at the end of a sequence. 

The below mentioned tests and sequence of tests have been 

agreed upon as useful by the IEA Task I11 participants: 

1. Absorber pressure test 

2. Collector air leakage test 

3. High temperture stagnation test 

4. Internal thermal shock test of absorber followed by dry 
boiling and stagnation 

5 ,  External thermal shock test 

6 ,  Rain penetration test 

8. Outdoor exposure test. 

Each of the tests numbered 1 to 8 are presenked in subsec- 

tions 2 . 2 , 1  - 2.2.8 with a resum6 of the normal procedures 
and a discussion on procedures, results and recomendations, 

More details can be found in references mentioned in the 

reference list. 



normal groceducs 
- - - - m - -  -------- 
The absorber of the soldr collector is filled with water 

and connected to a safety valve, a pressure gauge and a valve. 
1.5 times the maximum operakion pressure allowed by the 

manufacturer is reached and the valve is closed, The safety 
valve is set to 1.3 times this pressure. After one hour 

changes in pressure are registered anzd possible swelling, 

distortion or rupture are identified by inspection, Accuracy 

is 5% for t h e  pressure gauge. 

In some eases, a leak test is perfhsrnaea wick1 air under pres- 

sure of 8 . 5  bar in order to idenEify saia91 leaks, The abssr- 

ber pressure test is important, especially for plas t i c  absor- 

bers. W distinction should be made for col%eetors intended 

for open or closed systems, 

results and recornendations ........................... 
The for fluid passageways normally 

specifies an excess pressure of 1.5 times the recommended 

maximum pressure, It is important to kest plastic collectors 

at these pressures, and even metal absorbers can f a i l  a$ the 

seams or buckle, 

A distinction should be made between collsctsrs intended 

for open sr closed sys$ems, 

The pressure test is in the UK followed by an absorber air 

leakage test, because the leakage may be small, Following a 

pressure test with oil or water $here is .less danger 0% an 

explosion with pressurized air. 

In Demark, the transparent coves of the rain machine also 

functions as an extra safety when this tes t  is performed, 



normal ------m grocedure 

An air leakage test for the solar collector module can be 

performed by establishing various over-pressures md/or mder- 

pressures in the collector module by use of a vacuum cleaner, 

The ventilation rate measured in mJ/h per $00 Pa pressure 

difference is identified to see if the ventilation rate is 

acceptable and thus avoid condensation problems which are 

common in wet and humid climates. 

results and recommendations 
----m---------------------- 

In a large over-pressure is 

applied to the collector and the volumetric flow rate of air 

is measured. 

The leakage rate under over-pressure is not s,ufficien$ Lo 

characterize the leakage of the collector (and thus how 

susceptible it is to water vapour penetration) since other 

factors, such as the chimney effect, are important. In ref, 

[ 2 ]  it is indicated that the combination of rain penetration 

and air leakage tests followed Bay observations of condensation 

provide the best measure for the tendency of a colleetor to 

cause moisture problems. 

Experience with this test is mostly reported from Holland 

and Bemark, In fig. 2 - 2 ,  1 is shown the test set-up a& TNO 

in Holland, together with a diagram of reported results, 

Air leakages between 1 m3/h and 16 mJ/h at 50 Pa pressure 

difference are reported from Holland. These values are ex- 

trapolated to 5 Pa which is a more realistic pressure dif- 

ference for solar collectors. In Demark, the tested solar 

collectors are divided into five ventilation sate classes at 



Class 1 no ventilation 

Class 2 < 1 m' /h very I . ow venti.la.ti.on 

Class 3 1-10 m3 /h low ventilation 

Class 4 10-20 m3 /h normal ventilat.i.on. 

Class 5 > 20 m3/h high ventil-ation 

Fig. 2.2.2 is an illustration of the Danish air 

leakage test procedure. 

Fig. 2.2.1 Pllustratjon of how a solar collector 
leakage test is performed in the 
Neth~rl n11r1s.  



Equipment to establish ventilation 
rate bPI solar collectors. Two 
holes are drilled in the collector 
side between the absorber and the 
cover. One hole is connected to 
a vacuum cleaner used as a blower, 
and a flow meter. The second hole 
is connected to a precise 
manometer, Leakage rates in m3/h 
are measured as a function of the 
Pressure in Pa. The result is 
given in a diagram as shown above. 

Fig. 2.2.2 Illustration of how a solar collector 
air leakage test is performed in Denmark. 

Out of 22 tested solar collectors 1 1  were 
grouped as having a larger ventilation 
rate than 20 m3/h at 100 Pa. 
2 were grouped between 10-20 m3/h 
4 between 1-10 m3/h and 
8 were lower than 1 m3/h. 
1 collector was completely airtight. 



normal grocedure 
m - - - - - -  -------- 
It is normal to reach stagnation temperature at 850 w/m2 f o r  

at least one hour as part o f  $he normal thermal efficiency 

test for a solar collector, In some cases, the measured 

stagnation temperature at normal solar insslation is used to 

calculate the maximum stagnation t e a ~ p s r a t u r e  in order to 

identify problems with the materials used, As a qualification 
test, 6-8 hours of exposure is considered the least accep- 

table, for example t~ identify outgassing, The necessary 

irradiance level has been proposed between 850 and 1000 w/m2, 

and the ambient temperature between 5 O G  and 30°G.  

results and recommendations ........................... 
The should last for at least 

6-8 hours, during which time cracking si ? 2 ~  glazing or 

outgassing from a breakdown of the gasket or sealant can be 

seen, 

The stagnation test is considered to be a very important 

test by all the participants, Changes of the solar coE%ac$or 

will be identified by inspection af.ter the test .  

The test could be combined with an irradianek clrcPing test, 

and should be followed by a rain-penetration t e & L ,  

It is normal to specify the number o f  Baours the colPecLsr 

should spend above a specified irradiance level (either 

indoors; or outdoors). This level should be specified in 

relation to the ambient temperature gradienk-a &haL stress 

the eo$%ector, (Generally, however, the glaz ing  is sensitive 

to the ambient temperature, while the absorber is more in- 

fluenced by the irradiance), This topic i s  discussed further 

in the new CSA standard from Canada. 

There has been a lot of discussion within the CEG on which 



length of time was appropriate for stagnation testa, with 

30 days often suggested. Also discussion on the stagnation 

temperature to be measured or not; and which reference con- 

ditions should be specified for indoor tests - 1000 %J/m2, 
with Ta at 30°C and air speed higher than 1 m/s, or 850 %/mZ 

T, > 50°C.  The only agreement so far was that the stagnation 
test was one of the most important ones. 

In Spain, experience has shown that a collector likely to 

fail in its first year would show this in a 30-day stagna- 

tion test, In Australia they use oil as heat transfer fluid, 

and simulate the expected maximum stagnation temperature, 

calculated as an extrapolated value at 1200 w/m2 solar insol- 

ation. 

Measurement of stagnation temperatures are often made with 

thermocouples placed on the back of the absorber plate. 

The thermocouples are protected with shrinking flex, The 

cover temperature at the middle of the cover and near the 

glass fillet, and the glass fillet temperature are also 

measured to identify risks of cover cracking, 



normal procedure 
m - - - - - -  ------a- 

When the solar collector has been ad stagnation far at 

least one hour w i t h  an irradiance of 850 PJ/m2, c ~ l d  water 

of less than 30°G is Led through the absorber to perfor~i 

an internal thermal shack test, After this a dry-boiling 

and a new stable stagnation will be performed for one 

hour. An external thermal shock will take place by 

spraying cold water on to the surface of the hot solar 

collector for 15 minutes. Because the cover of the 

collector gets cold, it is possible tcs identify rain 

leakage problems by a heavy condensation on the inside 

of the cover, Changes of the solar collector will be 

identified by an inspection after the test, 

results and recommendations ........................... 
The is also a :rain-penetration 

test, Immediately after the collector has been sprayed 

with cold water, condensation appears on the glass ,  but 

this cannot be distinguished from water penetration a% 

an earlier time. 

Nanufactursrs claim that the imediate t rnna i t i sn  frcrshn 

stagnation to cold rain is very 88Ve_k'BB B E A L  would not 

happen in practice, Noreover, failure is mogs lilcs21y 

due to a flaw in the particular piece of glass than o 

design failure. Nevertheless, the test is thought not 

to be very severe (and therefore not very revealing), 

Water at about 20°C in contact with glass ak about 50°C 

does not normally cause problems, 

The can reveal buckling due 

to differential expansion. 



normal erocedure ------- -------- 
The solar collector is mounted at an angle of 3Q0 to hori- 

zontal. Water is sprayed on to the surface of the collector 

for one hour at least. This is with a total precipitation 

of 100 mm, Leaks can be identified by inspection or by 

weighing. If an underpressure of 100-500 Pa is introduced 

into the collector, it will be easier to identify leaks, 

but, of course, not at a realistic level, 

results and recommendations 

For the a 100 anm precipitation over 

a period of about an hour is appropriate, An overpressure 

or an underpressure of about f 00 Pa can be applied to the 

collector interior - this can easily be done with a vacuum 
cleaner. Precipitation times between l and 4 hours are 

the most normal. 

The rain penetration test is considered to be one of the 

most important qualification tests by all. participants, 

Within the CEC this is seen as the second most important 

qualification test. What is most significant is the amount 

of water retained by the collector rather than the amount 

that passes through. 

All collectors (except those which are hermetically sealed) 

admit moisture. That is why drainage holes are recommended, 

The approach adopted in thermal performance testing in 

Canada is, therefore, do always test collectors when their 

inside is wet rather than when they are dry, Two tests 

would be too expensive. The test can be quantitative 

provided a mass difference of as little as 5-10 grams in 

100 kg can be measured. Another approach is to measure 

how long it takes for condensation to form when the absorber 

is heated, The UEATC have 50 grams of water as a Limit 



f o r  water ingress  a f t e r  4 hours of spraying. 

In  Bemark, t h e  r e s u l t  of only spraying water on t o  t h e  

c o l l e c t o r  i s  f i r s t  i nves t iga ted .  Afterwards an underpres- 

su re  i s  introduced between t h e  cover and t h e  absorber  i n  

order  t o  make t h e  tes t  more severe ,  I n  c o l l e c t o r s  with 

only small  leakages,  which were d i f f i c u l t  t o  i d e n t i f y  during 

t h e  f i rst  test ,  t y p i c a l l y  huge leakages are observed a f t e r  

t h e  l a s t  mentioned tes t ,  Many leakages can be i d e n e i f i e d  

v i s u a l l y  o r  by r a i s i n g  t h e  c o l l e c t o r  a f t e r  t h e  t e s t ,  t o  

see  i f  water runs o u t .  I n  some cases ,  humidity measure- 

ment i n  t h e  i n s u l a t i o n  mate r i a l  i s  u s e f u l ,  I f  necessary,  

t h e  t e s t e d  c o l l e c t o r  i s  f i n a l l y  disassembled i n  o rde r  to 

f i n d  t h e  cause f o r  a  Leakage. F igs ,  2 . 2 , 3  and 2 . 2 . 4  i l l u -  

s t r a t e  t h e  Danish r a i n  t e s t ,  

At t h e  Thermal Insu la t ion  Laboratory i n  Denmark, an appre- 

c i a b l e  d i f f e rence  i n  r a i n  penet ra t ion  had been noted with 

underpressure than  with overpressurel  b u t  t h i s  had not  

been observed a t  I s p r a .  

A t  t h e  Flor ida  So la r  Energy @ente r  i n  USA, test recammen- 

da t ions  f o r  roof in teg ra ted  solar  co l l ee&sss  state t h a t  a 

sample c o l l e c t o r ,  not  smaLler than 2 m2 should he tested. 

%he c o l l e c t o r  should be disassembled a f t e r  t h e  tes t ,  The 

Netherlands have a s p e c i a l  test set-zkp fo r  determinat ion 

of r a i n t i g h t n e s s  of roof in teg ra ted  s o l a r  c o l l e c t o r s o  

This set-up i s  shown i n  f i g .  2 , 2 . 5 .  

$SO a l s o  recamends a r a i n  t e s t  on i n s t a l l e d  solar eollec- 

t o r s  followed by disassembling, This t e s t  ensures  t h a t  

the f l a sh ing  system i s  a l s o  t e s t e d  f o r  r a i n  pene t ra t ion ,  



Fig, 2 - 2 - 3  Photo of rain test machine used at 
the Thermal Insulation Laboratory 
in Denmark. 
Pressu-re test of absorber is also 
perf armed. here. 
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Test aat-plp for the d e t e m k t i a n  of the rain-tightness 

of e solab eellaeter. 

In the Netherlands, the rain test 
with the solar collector mounted 
as shown, 

performed 
the roof 



normal erocedure ------- 
Here different types of tests are being performed in vmious 

laboratories. In the U S  a load is applied to the cover. 

In Denmark, an under-pressure is applied to the collector 

interior, In Prance, suction pads are used to lift the 

collector by the glazing. In Sweden and at Ispra, a method 

developed for testing windows is employed. Some laborato- 

ries are testing until a failure occurs, others recomend 

applying a pressure difference of 2500 Pa and others again 

recomend less than this. 

results and recommendations ........................... 
take different forms in different 

laboratories, 

At Ispra, a double chamber with alternative positive and 

negative pressure is used - there must be holes in the 
collector. With pressures up to 2500 Pa, no problems have 

occurred, and the test is therefore not considered to be 

very revealing. 

In France, it is believed that a problem could be caused 

by deformation of the frame rather than the glazing. In 

their approach, four 120  mm diameter suction pads are used 

to lift the whole collector by the glazing, and thus testing 

whether the cover is likely to separate from the frame. 

In Sweden, a method developed for testing windows is used, 

and the effect of snow loading is also found, 

The problem of wind (snow) loading is really a design 

problem, but now and then building authorities require 

proof of the strength of a collector module. 

Some laboratories test to failure, but 2508 Pa is already 



a v e q  high limit. The UEATC had set a value of 2400 Pa 

for plastics, and concluded that there was no real problem 

with glass. 

normal ~rocedure 
-----m- -------- 
This t m e  of test has now and then been called "short term 

ageing test" or the "no flow 30 days testw, Because of 

the limited eime of exposure it is surely not an ageing 

Solar collectors, in connection with a safety valve, are 

filled with water and installed outdoors. The stagnation 

temperatures and solar insolation will be registered norm- 

ally. In USA and Canada, the solar exposure demands are 

four hours of more than 946 w/m2, and 30 days with more 

than 4.7 kwh/m2 per day. 

results and recornendations ........................... 
Since these exposure demands are difficult to reach, the 

UEATC and the Collector and Systems Testing Group (CSTG) 

of the EEC have reduced these demands. The CSTG recom- 

mends the following basic test conditions for the wshork 
tern ageing test", see also fig. 2.2,6. 

The collector is exposed until at least 30 days with a 
minimum irradiation of 4 k~h/m" as recorded by the pyra- 

nometer, have passed. These days need not be consecutive, 

The collector must also be exposed for at least 30 hours 

to an irradiance greater than 850 ~/m-hen the surrounding 

air temperature is greater than 5 ° C .  These hours must be 

made up of periods at least 30 minutes long, The first 

external thermal shock is caused during the first 10 of 

the 30 hours defined above, and the second during the last 

1 0  of the 30 hours. 



However, there has been some concern that this test pro- 

cedure may not include long enough periods of time when 

the collector box is exposed to an atmosphere of high 

humidity. Because of this a test procedure for humid 

climates has been developed. Here the collector is sprayed 

with water (0 .03-0.05 litre/sec a m2) every night between 

sunset and sunrise to simulate a humid enviroment, For a 

period the collector might be screened from solar radiation 

during the day to maintain a high level of humidity in The 

daytime also. 

Temperetwe s m s w  C f <  30'CI I I 
Solar redlet ion 

C40 days with W)  4kUh/m7 and 
3Q heurs with G> 850 Wm2 ~ f h s  Te> 9 ' C I  

Flow m m t w  
8.05 11s p@- m21 

Watw jets 
( 2  axtwnal thermal ehQcks Wing @ x p u s w $  

Tamperetws ssnew 
attached to sbswbw 

A I1 / 11 
A k i m t  tempwetwe 

ssnsar 

Fluid pipe seat& 

Pyranometer 

Pig. 2 .2 .6  Test procedure for the "short term ageing test" 
of the Collector and System Testing Group of 
the EEC. 



This section gives a short discussion on the test procedures 

which were not presented in chapter 2.2, Some of the resulls 

from these tests are also included in chapter 4 on innovative 

test procedures. 

Combined rain and wind load test 
-----a--------------------------- 

In Demark, the rain penetration test is followed by a more 

severe test with a combined rain and wind load, Here the wind 

load is simulaked by establishing over- and under-pressure in 

the solar collector. The external thermal shock test, where 

water is sprayed on to a stagnated solar collector, can also 

be used to identify rain Leakage problems. If water penetrates 

the collector, a heavy condensation will be formed on the inside 

of the cover when it is cooled, 

Water retention test .................... 
In Australia and UR, the rain penetration test is followed by 

a water retention test in order to see if water, actually 
entering the solar collector, will drain out again, 

Frost test ---------- 
In some countries with a cold climate, namely Canada, the Ne- 

therlands and Sweden, a frost test is performed. 

The for tolerance to cold does not seem to be effee- 

tive. In Canada, the test was performed with a slow temperature 

cycle and there was no effect, With a rapid cycle all collec- 

tors failed, 

In Sweden, the test was performed when the interior of the 

absorber was wet, in order to observe the effect of repeated 

freezing and thawing. Water was also applied to the outside 

of the collector. A build-up of ice could damage the gaskets, 

but in fact this was a problem only where sealants are con- 



cerned; primarily it was a problem with regard to materials. 

In Sweden, the biggest effect of this test was observed in 

the pipe connection between two solar collectors, TWO COL- 

lectors were installed together and filled with heat transfer 

fluid and exposed to -2O0~ for 12 hours. 

Freeze ~sotection test 
---a--- -------------- 
In Australia, Canada, France and USA, a separate freeze prokec- 

tion test is performed for solar collectors which are being 

used in drain down systems. 

problem depends on the heat transfer 

fluid and on the collector slope. 

Probably, the test should only be applied in cases where $he 

manufacturer makes a specific claim for the freeze protection 

of the collector or for collector integrated storage types, 

The most relevant thing to test in this connection is the safety 

valve and control for drain down or drain back systems. 

In Ausbalia, an artificial sky temperature is used to test 

the freeze protection. 

Neat transfer fluid testlcorrosion test ........................ -------------- 
In Switzerland, the qualification tests include a separate 

test of the heat transfer fluids, and corrosion aspects of 

these are identified. This is an outdoor test over a period 

of one to two years, in which two collectors are installed in 

a solar collector loop. Here, the qualification tests are 

performed in a combined way during a two-day period and repeated 

automatically for ane year. (See also chapter 4.1). 

Strength of mounting and hydraulic fitting resistance 
---------m--- -----m --------m----- ----------- 

In Prance, mechanical tests of strength of mounting and fittings 

are performed. The first test mentioned is also performed in 

USA,  



Mechanical t e a t  o f  c o l l e c t o r  structure and suegort inq frame 
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In France, a mechanical test clef the c01 Lector structure and 

supporting frame i s  also performed 

Thermal cycling .test - m - - - - - "m - - - -.> 
I n  Denmark and t h e  Ne.ther%ands, an indoor thermal cyclinxg test 

has been performed as parct o f  the i-ndoor qualification test, 

T h i s  test i s  a supplement ko the 30 days ou,Ldoor exposure tes$ 

in climates w i t h  limited surkshins d . t ~ r i ~ ~ g  the winter, This 

test S hswsver, r a t k i s ~  expens:i.ve due $0 the f a c t  that i t  

needs a long t i m e  .in the indoor solar n::i,i.m.s~~Xatox:, 

Mail test 
------m-- 

These has been a l o t  of diseussisns an the impastance of hail 

tests o f  so1.a.x collee.tors. Serious effects from hail skorrne 

have been reported, fo:s example near the Research Center in 

Ispx-a and i n  Geneva. Jn Geneva a h a i l  storm in August 1986 

deseroyed 7 0 %  of the glazing a f  a f laL plate solar collector 

installation and evacuated ,Lubulax: ceollee.tsra were also dew 

strayed. T h i s  hail storm i.8 known be ,the warst i n  t h i s  area 

f o r  a hundred years, B a . i l  resis,$zance of sola:c cola-ectors is 

believed Lo be a question o f  co:Llsct-,sr design and i s  ~ n s s t  

importank .in certain areas, 

The UEATG xecommended a steel ball dropping test, I n  the pas&, 

Sspsa prsfer:rsd the use of a h a i l  gnan (which fires specially 

made i c e  ba5,ls a$ the callaetar), but this was a complicated 

apparatus and req.taired a complicated procedure, Mo~~sver,  a 

comparison showed t h a t  a "severeness f acL-,o:c"oof 6 related the 

breaking ef feck  of steel. b a l l s  and i.ce b a l l s  ((a 15 J i c e  ball, 

f a r  example, Ss equi.va$sn'k ts a 2,s J steel ball), and the 

steel ball dropping test is wow t o u g k t  -!:a be u s e f u l .  

Phillips report $Inat their evacaxated t u b u l a r  collector is 

r e s i s e a n t  up t o  a steel ball in~pac:t speed of 7-18 m / s ,  



In some countries, the qualification test is linked together 

with separate material tests in order to identify problems 

with &he materials, especially in cases where new or new corn- 

binations of materials are used in the construction. These 

tests are not considered to be qualification tests, bu$ dura- 

bility tests performed to evaluate the possibility of a long 

service life of the solar collector, Other tests, like W 

radiation tests and salt mist exposure tests, are also durabi- 

lity tests and will not be discussed further here. 

In Demark the work with development of qualification $ss$ 

procedures for solar collectors has been closely connected to 

the participation within IEW TWsk P I T ,  where Demark has been 

in charge of the cooperative work within Subtasks C on relia- 

bility and durability, and P on service life testing of solar 

collectors. W detailed presentation of the equipment and 

procedures of the Danish test programme is given in [ $23 ,  [ % 3 ]  

and [ 14 ] . The main work on qualification testing in Demark 

was made between 1980 and 1983 by a complete test of all 22 

types of solar collectors sold in Demark at that time, 

It was concluded that especially solar collectors which are 
not raintight or which have problems with condensation over 

long periods cannot be expected to have a long lifetime. 

For this reason it is an important requirement for the con- 

struction of solar collectors in the wet northern European 

climates that they are raintight and well ventilated with 

outside air, 

Failures at the cover/enclosure assembly, the piping holes or 

at the corners are normally the reason for collector leaks. 

Ventilation must be made in such a way that condensation in 



t h e  morning can be evaporated into the solar heated ventiPa=- 

tion air inside the solar collector and can get out near the 

top wi,$hsut leaving condensed waker  in unwanted places. 

Selective solar co%lec.tors which are comon today can reach 

absorber temperatures sf 180-20O0@, T h i s  means that you must 

choose materials which do not deteriorate at high ten~peratures, 

Plastic %oam %nsul.ation matsrials, f o r  example, will s u f f e r  

heavy degradation at temperatures exceeding 130°~. Butgassing 

from insu.la%ioaz and gaskets  car% reduce the transmission and 

can  also have a corrosive e f f e c t ,  Plastic eove:rs can collapse 

at stagnation because of a combination of a high stretching 

csef f i c i e n t  and a low heat transmittance, This can be prevented 

by a prafilatian of the cover. 

A1,mgsst all clof the 22 tested collectors had several good details 

and gave many examples of good use of materials, 

On the other handB many colkeetors had one o r  more failures 

i n  the construc1:i~n and were no% designed to meet all the 

demands a solar eoP%ect~r should be able ts meet. Host of 

the csl%eetoss were first genera t i sn  products whose development 

was not yet adapted for the experience from many gears of 

pract ice  m 

The indoor tests were very u s e f u l  because they can be performed 

in only three days in csnnectisrli w i % h  &he established solar 

simu%a%ox efficiency test. "'hey c m  g g i e  the necessary in-. 

dieation of ability of colleetors t o  withsta3ind high tempera- 

kures, rain and wind loads, 

A %est journa l  is made for each o f  the tested solar collec- 

%%ars. kFhis journal gives a detai.led descrl-ption s f  the solar 

collector, simiLar $0 %he awe in $he EEA solar esX%ec%or inspec- 

$ion format, but with more inf ormakion ( f i g ,  2 . 4 . 2 )  . A pre- 

evaluation o f  the colbeckor is made w i t h ,  respect to items 

mentioned in table 1,1.1 chapter 1,l. 
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1 
QESCRIPTXON OF THE SOLAR COLLECTOR CONCERXING 

I 
RELIABILITY AND DURABILITY- ) :  l 

C o l l e c t o r  c o n s e r u c t t o n :  The c o l l e c t o r  c o ~ s a o t  
of  o f r ame  of an  e x t r u d e d  a l u m a n l m p r o f l d e  
w ~ t h  3 thickness of abou t  2 m. The frame i s  
assembled an t h e  c o r n e r s  by sc rews .  The g l a s s  
l n e s  on a f l a o  of t h e  P r m e  and 1s f a s t e n e d  bib 

C o l l e c t o r  construction: The c o l l e c t o r  c o n s i s t  
o f  a  frame of a n  a 1 u n : n i m p r o f l l e .  The frame 
a s  assembled nn t h e  c o r n e r s  by welding.  The 
g l a s s  i s  f a s t e n e d  by t h e  upper  p a r t  of t h e  
alumrnlun frame.  The g l a s s  1s l y i n g  on a  frame 
o f  wood I n  which Soeh t h e  a b s o r b e r  and t h e  
back p l a t e  a r e  f a s t e n e d  t o o .  The absorbe r  have 
I n t e g r a t e d  h e a d e r s  a t  t h e  Cop and a t  t h e  bo t -  
tm. The upper  one h a s  ouesexcklng s o c k e t s  and 
i s  c l o s e d  a t  t h e  mrd le  s o  t h e  f l u r d  muse run 
down s n  one s l d e  and up I n  t h e  o t h e r  s r d e .  On 
t h e  f r o n t  of  t h e  a b s o r b e r  is  p l a c e d  a  s e i e c -  
t r v e  sdheskve t a p e .  The back p l a t e  r s  a l m 
a lumln iumpla tc .  

a  s t r i p s  of aiwnsnlum a l o n g  eh@ two long  s a d e i  
and t h e  upper  axde.  En t h l s  way t h e r e  a r e  n o  
t r o u b l e s  wr th  r a i n w a t e r  and t h e  s t r l p s .  The 
a b s o r b e r  15  f a s t e n e d  by t h e  3 n s u l a t l o n  and t h e  
f o u r  o u ? s t l c k ~ n g  s o c k e t s .  The r n a u l a e s o n  i s  
f a s t e n e d  by t h e  frame and t h e  back p l a t e  whach 
1 s  made o f  c 0 7 m alvmlnaum p l a t e .  The back 
> l a t e  a s  f a s t e n e d  by rawe ta  t o  t h e  frame.  

C o ? l e t e o r  r i a ~ h t e n x m :  Between t h e  q ias s  and 
t h e  f l a p  of t h e  frame a s  a  b u t y l s t r z p .  The 
joint between t h e  g l a s s  and t h e  frame a s  s e a l -  

l e d  wleh s l l a c o n e  j o a n t i n g  material. fPDPil rub- 

C o l I e c t o r  t a a h t e n l n q :  The assembly h t a s s e n  t h e  
glass and t h e  frame 2 s  t x s h t e n e d  w l t h  a  s e a l -  

i I n g  s t r l p .  Rubber n l p p l e a - a t  t h e  l e a d - l n s .  I I 
Ler nipples a t  t h e  l ead-ans .  

Ven ta la t ios r :  The c o l l e c t o r  is v e n t i l a t e d  1 . 3  X max workang pseesure=325  kBa: Pao remarks 
th rouah  t h e  a s s e r b l v  between t h e  back w l a t e  

Yen t s lb taon :  The s p a c e  between t h e  g l a s s  and 
t h e  a b s o r b e r  1s v e n t i l a t e d  by two h o l e s  an t h e  i 
upper  and two h o l e s  I n  t h e  lower p a r e  of t h e  
wooden Prame. 

p s a ~ n a n a :  None. 1 
5 kPa: h!c Ic-cr4r 

r 
: The a ~ r  change 2s g r e a t e r  

B h m h  o r e s s u r e  o f  500 Pa. 1 
n ~ n g :  None. The a l r  change happen; th rough  t h e  assembly h- 

tween t h e  frame and t h e  back p l a t e  and a t  t h e  
a s s e m b l i e s  k t w e e n  t h e  load-ans  and t h e  frame.  I l 

Yenta lae lon  t e s t :  The a l r  change r s  p z e a r e r  iQ 
f l a s h l n g  system can be d e l x v e r e d .  The f a s t e n -  than loo XI / h  by a  h igh  p r e s s u r e  of  SCO Pa. 

can be made with to t h e  frame or The s a r  chbfnge happens th rough  t h e  i*zntriat ls '? .  
by squareheaded  sc rews  from t h e  back. h o l e s ,  t h rough  t h e  assembly between i>i a!,- 

frame and t h e  wooden frame and th rouah  t h e  a - -  

r o o f ~ z r  be i n t e g r a t e d  xn t h e  r o o f .  The under-  
I L x n q  l a y e r  h a s  t o  be v a t e r p r o a P  t o  avoxd pro-  lTernwerstuse t e a t :  
g biem; ws ih  f l a s h l n g  2f t h e  ; o l l e c t o r  z s  Pnte-  
g r a t e d  I n  t h e  r o o f .  The f a s t e n e n p  can kxz made 
w ~ c h  ga lvanazed  a n a l e  r r o n s .  

Stagnation : No remarks 

Shockcoolrng of  t h e  a b s o r b e r :  Some of t h e  ab-  
s o r b e r  f l n s  sembly b e t r e e n  thrr b c k  p l a t e  and t13e uoode:, I DETAILS: 
buck led  a  l i t t l e  
when t h e  absorbe r  
was coo led  I 

f ~ r y b o l l i n g  and s t a g n a t i o n  : No remarks 1 t a g n a t z o n  : No he ;zJ rk~  

hockcoo l lng  of t h e  absortver : 5,: re,-c -:C! 

r y b o l l l n g  and s t a g n a t i o n  . K D  . S\? .  .'....~" 
hockcoo l lng  of  t h e  cover  . . iQo ,-,S- .- . ,:.. .- 
hermal c y c l e  t e s t  . R,> ,- . " G . . , *  r . 5  

S h o c k c w l a n g  of t h e  cower : No zeinarks 

Thesmal r f c l e  test : No remarks 

w a t e r  I ~ Z ~ S S  test: 
Waterprof  i s l fhou t  r i n d - p r e s s u r e :  No. t h e  c o r l e c  
t o r  l e a k s  between @he frame and t h e  back p l a t e  

Ua te rp ro f  u i e h  %%ad-presse re :  No, t h e  c o l l e c t o r j  
l a s h s  k t w e e n  t h e  Prame and t h e  beck p l a t e  

wind-pressu re  : tYo ? : - r ; , < s  

n d - p r e s s u r e  : . , .  ,.:,- ,., 
. . d at the cove=: 1 

f ;?:h::ollector 0 5 0  Pa! : No r e -  1 i m u l a t i o n  o f  wrnd l o a d  a?  t h e  coveg: 

1gh p r e s s u r e  hn t h e  c o l l e c t o r  ( 5 5 0  Pai: r:o re-. 
Low p r e n s u r e  i n  t h e  ~ o l 1 e c t o r  (750 Pa! : No r e -  

~ ~ 

marks j 
/Low p r e s s u r e  I n  t h e  c o l B e c t o i  ( 750  Pa) : Wa r e -  : 

/comments t o  t h e  t e s t :  None l 

* )  A f u r t h e r  d e s c r a p t l o n  o f  t h e  c o l l e c t o r  is g i v e n  OR t h e  d a t a a h e e  
e f f ~ c a e n c y  v ~ t h  t h e  Id-no.  369. 

R f u r t h e r  d e s c r x p t l o n  o f  ehe  c o l l e c t o r  s s  w v e n  on t h e  d a t a s h e e t  on s o l a r  c o l l e c k o r  / e f f x c i e n r y  w ~ t h  t h e  ad-no. 1 7 4 .  

solar eoEEeetor reliability tests ~ i q .  2 . 4 . 1  Example of reporting format for indoo - 
performed in Denmark, 
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designed for roof integration, One of the solar collectors 

should be installed with a piping sys.tem as prescribed by the 

manufacturer, and it should be connected in a thermosyphon 

circuit to a non-insulated tank to simulate normal operation 

conditions. During the test period, tests should be performed 

with the collectors in operation and in stagnation as described 

above. 

The actual tests used could be dependent on the climate for 

which the solar collectors are designed. There could, for 

example, be three different climate conditions, depending on 

the actual weather during the winter time: 

a Climate conditions with frost where it is wet and humid 

during the winter, 

b. Climate with frost where it is sunny during the winter. 

c. Sunny climates without frost during the winter. 

Depending on the actual climate in which the solar collector 

is supposed to operate, different qualification tests could be 

used in order to ensure a good reliability in practice and a 

long lifetime of the solar collector system. 

Several approaches have been made to identify solar collec.tor 

degradation, for example observed in outdoor exposure tests, 

by use of measurements, 

One method, reported by several institutes, is to perform a 

second thermal efficiency test after the outdoor exposure test 

in order to observe changes of the efficiency curve. This has 

been reported in [ 15 1 and [ 16 J . The conclusion is that it is 

difficult to identify degradation using this method if the 

uncertainty of the monitoring methods is taken into account. 



In & 1 7 ]  B B ,  Birnbreier has a proposition for a simple method 

for measuring how the relationship between the absorber heat 

loss coefficient UL and the effective transmittance - absorb- 
tance produck ( ~ a ) ~  of a solar collector is changed at differant 

irradiance values for example during one year, B ,  Birnbreier 

postulates that you can find the daily average uL/(zale value 

o f  a collector by measuring the stagnation temperature of the 

absorber T,, the ambient temperature T, and the irradiance 1, 

You then have: 

This i s  when you assume that the heat capacity of ,&he collector 

is constant and the midnight absorber temperature is the same 

as it was 24 hours earlier. 

2 4 h  
Change of the average valueas a functionof $ ~ d t  

(-ca), 0 

could be used as measure of quality changes o f  a collector 

over a period of, for example, one or two years. 

In [ I S ]  G. Riesch proposes, instead of using 24 hours, %a 

integrate over a few hours from one time when the absorber 

temperature is Tl, over a period where it is climbing $0 T2 

ancl at a later time again falling to Tl, This is also the 

basis for t h e  experiments used in the Swiss outdoor exposure 

Lest procedure (see chapter 41 ,  

A third approach i s  to register the temperature difference Ts 

- T, and t h e  irradiance I a% noon on sunny days and use  t h e i r  

ratio as an indicator of collector quality, This method has 

been recommended as being useful togeeher with the previously 

mentioned method, &19] as a basis for identifying changes of 

the collector quality. 



Dawson, Thomas and Wahlman [2O]  fovand that the mentioned methods 

require clear day conditions, and that the use of closely 

matching test conditions should make it possible to detect 

changes in the order of 0.1 in solar transmittance, absorptanee 

or emittance. 

In 1981, 20 solar collectors were placed in an outdoor stand 

at the Thermal Insulation Laboratory in Demark. Continuaus 

measurements of stagnation temperatures and climatic parameters 

were made for two years in order to identify humidity and 

condensation problems, and to investigate if changes of collec- 

tor quality could be identified by using the previously men- 

tioned methods. 

Figs. 3.2.1 and 3.2.2 show examples of solar collectors tested 

in outdoor stagnation at the Thermal Insulation Laboratoryp., 

and the monitoring device with hourly recording of measured 

data. 

In fig. 3.2.3 and example of analysis of stagnation temperatues 

is shown as a basis for evaluation of degradation, It was 

possible to identify changes for most of the solar collectors 

by using the Birnbreier method and by using the method where 

stagnation temperatures are measured around noon. But the 

changes were not very significant, and it was not possible &o 

identify a clear correlation to degradation observed in practice 

by visual inspection of the solar collectors, For example, 

solar collectors with heavily degraded backside insulation or 

with moisture built up inside the collector, 
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Fig, 3 , 2 . 2  Outdoor exposure test at the 'Thermal 
Insulation Laboratory. Inspections were 
performed with one months interval, 
Also a roof integrated solar collector 
was tested, one in stagnation and one in 
operation. 
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F i g .  3 . 2 . 3  Example  o f  a n a l y s i s  o f  o u t d o o r  e x p o s u r e  d a t a  p e r f o r m e d  a t  t h e  Thermal  I n s u l a t i o n  
L a b o r a t o r y .  To t h e  r i g h t  i s  shown t h e  r a t i o  o f  T -T a n d  I a r o u n d  noon on s u n n y  d a y s  i n  A u g u s t  
1 9 8 3 .  

S a  
IAT d i v i d e d  by  I I  c a n  b e  u s e d  a s  a m e a s u r e  o f  c o l l e c t o r  q u a l i t y  as it i s  t h e  same as 

( -c a )  /UL. F o r  t h e  m e n t i o n e d  c o l l e c t o r ,  t h i s  v a l u e  i n c r e a s e d  d u r i n g  t h e  y e a r s .  I n  1 3 8 1  it w a s  
0 . 1 6 ;  i n  1982  0 . 1 7  a n d  i n  1 9 8 3  i t  w a s  m e a s u r e d  b e t w e e n  0 . 1 7  a n d  0 . 1 8 .  I n  t h e  same p e r i o d  t h e  
p o l y u r e t h a n e  b a c k s i d e  i n s u l a t i o n  became v e r y  b rown.  
To t h e  l e f t  i s  a n  e x a m p l e  o f  a  B i r n b r e i e r  a n a l y s i s  f o r  a n o t h e r  c o l l e c t o r .  The c o l l e c t o r  q u a l i t y  
m e a s s u r e d  as JAT drlvided. by I i s  h e r e  r e d u c e d  f r o m  0 . 1 3  t o  0 . 1 2 5  " @ " d a y / W h .  



~dentification of Problems with ~oisture and 

condensation in the Outdoor Exposure Test 

As part of the outdoor exposure test of solar collectors 

at the Thermal ~nsulation Laboratory, monitoring of 

moisture and relative humidity were performed during 

different periods of the year. 

The following quantities were measured hourly: 

ambient air: temperature, relative humidity, 
wind speed 

collector, 
air space between 
glass and absorber: temperature, relative humidity 

collector, 
insulation material: temperature, relative humidity 

The saturation pressure is calculated by the expression: 

and the moisture content in the air, grams of water per 

kilo dry air is then calculated as: 

[X]: gram waterlkilo dry air 

[RH]: RH % ,  [P]: Pa 

where RH is the relative humidity, Ps is the saturation 

pressure at a certain temperature and P is the total 

pressure. 

The ventilation rate of the solar collector is known 

from the indoor qualification test. We also know that 

the actual ventilation is a function of wind pressure 

and the chimney effect of the collector. 

The type of ventilation is evaluated as shown in fig. 

1 . 2 . 6  in chapter 1 . 2 .  



Analyses of RH and X as a function of time are performed for 

different kinds of days and for different solar collectors. 

In fig. 3.2.4 is shown how a "wetu solar collector typically 

would have heavy condensation during the afternoon when the 

glass is cooled. 

In fig. 3.2.5 is shown an example of a roof integrated solar 

collector with corroded absorbers because humid air from the 

house is vented to the outside through the collector, Unfsr- 

tunately, this is quite a frequent problem in houses where &he 

loftroom is often used by the inhabitants. 

In the same figure is also shown another example of a solar 

collector with condensation still present in the afternoon. 

I f  it is a rainy and very humid day, this might be the case 

for many solar collectors. However, in cases of good quality 

solar collectors with protected ventilation holes in the top 

and at the bottom of the collector, the chimney effect was, in 

most cases, able to remove the condensation in only one hour 

in the morning. 

In. fig, 3,2 ,6  is shown measured stagnation temperatures and 

relative humidity in four different solar collectors, A, B, G 

and D, in March 1983. Relative humidity is measured for the 

ambient air (1) in the insulation material near the absorber 

( 2 )  and in the air space between absorber and glass (3). 

Collector A is a good collector which seldom forms condensa- 

tion. The collector case is almost hermetic, but with drilled 

holes in the back plate. The relative humidity during a sunny 

day is very low, 10-20% RH for the air space while the relative 

humidity for the insulation material is higher than for the 

ambient air. 



F i g ,  3 . 2 . 4  Before the outdoor exposure test at the 
Thermal Insulation Labora-tory, the collectors 
were shielded with. plastic foil, (above 1 .  
An example of typical condensation in "wet" 
collector during the afternoon when solar 
insola tion is decreasing, (below) . 



Fig. 3 , 2 . 5  Qualification t e s t i n g  o f  ssla:r col-iec$s:cs at the Thermal 
Insula.tj-on blabo:ratsry, inc%.,  f ~1'eqaxen.t i ~ n ~ ; p e c t i o n s  of 
opera,$ional solar hea.kj-.ng systems us in.g $:%a,e same C O Z ~ ~ C -  
.:;or8 . Eier~:  j-8 an exawp:&e of heavy co:ic::r~x,.nn d-iae to humid 
air f rc3m the houses which i s  ve:al.t:i~la;t~:C'i c3.i i,t: .khraugh %he 
cc21 lsc.Lor , BaLow i s  sklown an sxamp1.e of :i.:rbk.c.>~:nal conden- 
s a t i o n  in s. "we%"  colleestar sra a ral.r.,y af'F.c?rnsan, 
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Fig. 3 . 2 . 6  

~elative humidity 
(RH) and stagnation 
temperatures 
measured for four 
different solar 
collectors in March 
1983 at the Thermal 
~nsulation Labora- 
tory in Denmark. 

RH is measured 
for the ambient 
collector air space 
between absorber 
and glass and for 
the insulation 
material near the 
absorber. 

Collector A has 
a very good 
performance, 
always with low 
values of air space 
RH, and thus only 
seldom condensation 
on the glass cover. 

0 6 12 l B 23 hour 
March 16. 1 9 8 3 ,  collector D 



Also note that the relative humidity of both air space and 

insulation are well below that of the ambient air during the 

night. This means that it is difficult for condensation to be 

formed on the inside of the glass cover, even when this is 

some degrees below the ambient temperature during the night. 

For collector B, the air space RH is also low during the day, 

but during the night it is near to the ambient air because of 

direct ventilation, 

In the case of collector C and D, it is seen that the RN for 

the insulation comes near to 1 Q O %  during the day. Especially, 

collector D is not raintight with the result that the insulation 

most probably is wet much of the time. 

F Q ~  the good collector A, there was also a rise in RH of the 

insulation during the day, but still far from 1 0 0 % ,  





The described method is a draft Swiss Standard (SN 165003/3)* 

L213 Q 

The philosophy of the procedure is to include, in one single 

test, every important load which may occur in practical opera- 

tion of solar energy systems. The solar collectors are exposed 

outdoors to the following well defined load conditions: 

- high temperature stagnation test 
- external thermal shock test 
- internal thermal shock test 
- rain penetration test 
- thermal cycling test 

In addition, during operation of the pump, the internal pressure 

is kept beyond the normal operational pressure, thus an absorber 

pressure and absorber leak test are also included in this 

procedure. 

The test cycle is shown in fig. 4.1,%, 

At least two solar collectors of the same manufacture should 

be exposed together, mounted on the outdoor test facility 

according to the prescription of the manufacturer. Also fit- 

tings and joints are to be used according to the manufacturer's 

installation guide, thus the test procedure includes a small 

collector field similar to those in use conditions. 

The test period lasts one year and has to begin in sumer 

bekween the middle of July and the middle of August, 

During the test period, the following quantities are to be 

measured : 



- ambient temperature 
- irradiance on the collector plane 
(global and diffuse) 

- wind velocity 
- inlet and outlet temperature of each collector 
- $bow rate 
- stagnation temperature of each collector 

Based on these data, during given time intervals, the following 

collector parameters are to be determined: 

- optical efficiency for direct and diffuse radiation 
perpendicular to the collector plane 

- thermal heat loss coefficient 
- stagnation parameter (representing &he stagnation 

temperature under certain boundary conditions) 

The test results include on one hand the descriptions of the 

visual changes including cases of damages as eg. broken covers, 

and on the other hand the monthly averages sf the collector 

parameters. 

A calculation method allows an assessment of the quality .level 

and an estimation if the collector is capable to achieve a 

minimal lifetime of 95 years under normal operation conditions. 





It is important to focus more on qualification testing of the 

solar collector primary circuit. As reported in chapter 2, 

solar collector failures are often reported in connection witk 

the function of the collector primary circuit, especially with 

respect to freezing, air locks, boiling and corrosion, Free- 

zing problems have been mentioned in the previous chapters. 

In [ 7 ] ,  [ 8 J  [ g ]  and [ % 2 ]  there is a discussion on important 

aspects in connection with the problem of how to avoid corrosion 

in the solar collector primary circuit. In 671 J . G .  Wvery and 

J.J. Hrall discuss the need for maintenance of the heat transfer 

fluid in active solar systems. They recornend to use 50% 

inhibited glycol in water if there is a risk of frost, to avoid 

both freezing and corrosion. In systems with stainless steel, 

less than PO0 ppm of chloride in the water should be used, 

Periodic monitoring and maintenance of heat transfer fluid 

(glycol %, pH factor, reserve alkalinity) should be performed, 

for example once a year, the last two by indicator strips or 

laboratory analysis. 

In [ g ]  from Deutsche Gesellschaft fBr Chemisches Apparatewesen 

e.V, (Dechema) it is recornended to avoid under-pressure and 

leakages in closed systems in order to avoid diffusion of oqgen 

into the system and also to avoid the use of plastic and rubber 

in systems with metal. Furthermore, they recommend to avoid 

skagnation of the solar collector in case of repair or in case 

of winter-stop af %he solar collector. 

In [ B ]  it is stated that it should be possible to assure a 

long lifetime for the primary circuit if the mentioned condi- 

tions are incorporated in the solar design. 

It is the general understanding that long time boiling should 

be avoided for the primary circuit if frost protection witk 

glycol is used. If the pH value has dropped more than from 8 



ts 7, it will be necessary to change the heat transfer fluid 

and &his can be very costly. From this point of view it seems 

to be an important task for solar system designers to incorpo- 

rate means to avoid boiling or at least limiting the damage 

fo r  example by stopping the pump and installing an alarm as 

indication in a drain-back system, Since air locks can often 

lead to bad flow distribution and thus start a boiling, it is 

important to assure that there are no air locks and that %he 

flaw distribution is in order, A qualification test of the 

pr-inaary circuit to assure that boiling will not occur, might 

be worthwhile because of these aspects. 

Perhaps one can also rely on a check of these things as part of 

the inspection of new solar systems, for example by use of the 

IEW inspection format [ % 3 ] .  

Nega solar collectors 
#-.-"W>--------------- 

Mega solar collectors are large collectors for mounting on 

outdoor stands, for example for district heating systems. An 

exaimple of a 12 m2 Mega solar mllector, 2x6 m, and produced 

i n  Sweden, is shown in fig. 4.3.1, 

%he solar collector modules are too big to be tested in indoor 

s o l a r  simulators. At present both efficiency tests and quali- 

fication tests are being performed outdoors. 

Procedures on how to construct a sample collector, which could 

be tested indoors, would be of great value, 

1 f $;he ambitious plans for using Mega collectors in large 

krr_sk:~$latisns with between 1000 and 10,000 m2 of collector 

a x e c  are $0 be realized on a commercial basis, development of 

i,gqbP~sj9ria$e testing procedures will be necessary. 



Site-built roof integrated solar collectors 
--------------W----- ...................... 
Fig. 4 . 3 - 2  shows an example of a site-built roof integrated 

solar collector which has been used with success in new building 

projects in Demark and Sweden. At present there is no agreed 

upon method for performing qualification test of this solar 

collector. Testing of sample collectors could be a possible 

method in this connection. 

Another important aspect for roof integrated and building 

integrated solar collectors in general i s  to perform tests and 

have demands for resisting fire hazards. This would not be a 

problem with the already mentioned solar collector, but for 

solar collectors, where either the wood construction in the 

roof is used as part of the collector or where wood is used in 

construction, it is a question which wood temperatures can be 

accepted. For continuous temperatures, 80°C as a maximum would 

be normal, but in solar collectors the temperatures will vary 

a lot over the time. Fire experts are of the opinion that 

wood does not burn before the temperature is well over 3QOQC, 

and even in this case only when ignited by a spark. Further 

testing will be necessary to identify the safety levels of 

temperatures in wood constructions. 

I n  fig. 4.3.3 is shown an example of how Mega and site-built 

roof integrated solar collectors are integrated in e new Total 

Energ Building Project i n  Demark. A more frequent use of 

this technslow in new-built housing will be possible only if 

reliable qualification test measures and demands for the tech- 

nolow have been developed. [ 2 4 ] .  



1 
Fig. 4.3.1 12 m' Mega solar collector developed for effective 

operation at district heating temperatures of 60-80°C. 
Installed cost in Denmark in 1988, incl. primary 
circuit, is 240 US$ per m2. 

Fig. 4.3.2 Site-built roof intesrated 
solar collectors of this 

l00 m 
design have been a success 
in Denmark and Sweden. 
The photo shows a 160 m2 
solar collector used in a 
~ o r d i c  Demonstration Project 
in Ballerup, Denmark. 



Pig. 4 , 3 . 3 .  A Total Enerw Project in Denmarlc w i k h  integration of 
roof integrated solar collector and Mega solar collector 
oaa the ground was realized durirng 2989 in BerPev, Demark, 
partly funded by the EEC and the Energy counc i l  in Den- 
mark, 

A low energy design for the houses i s  used together with 
Iocail. solar heaking systems for DMW, Besides 1050 rn2 
Mega eolLeeQors are heating a 3008 m3 seasonal storage, 
buried in the ground, to $OaG during the summer. A 1 1  
heating demand fo r  the 92 houses is covered alone f r e a m  
the seasonal storage until. Decentbere Prom here on, a 
small heat pump is taking the rest o f  the energy out o f  
the storage, cosling it down to 1 0 ° C  in April, The total 
savings of natural gas is 80% compared to normal Danish 
standard, Leading to an expected use of natural gas far 
heating BimiLed ta 35 kWh per m2 house per year, 
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