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PERFORMANCE OF FLAT PLATE COLLECTORS IN RELATION 
TO CORROSION PROBLEM S 
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Ministry o f Work s &  Supplies 
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ABSTRACT 

The performanc e o f fou r type s o f plat e collector s i s discusse d i n term s bot h o f 
instantaneous efficienc y an d th e overal l efficienc y o f th e complet e sola r energ y 
water heatin g system . Th e influenc e o f corrosio n o n th e durabilit y an d 
performance o f thes e collector s i s discussed . 

INTRODUCTION 

The Whillie r an d Hotte l equatio n lay s ou t a  mode l fo r analysin g th e performanc e 
of fla t plat e sola r collectors . However , result s o f instantaneou s performanc e 
tests d o no t necessaril y relat e closel y t o th e performanc e o f a n installe d system . 

To gai n a  realisti c vie w o f th e relativ e performanc e o f sola r wate r heater s 
therefore require s consideratio n no t onl y o f th e efficienc y o f th e sola r collecto r 
in capturin g sola r energy , bu t als o th e efficienc y o f th e whol e syste m i n term s o f 
heating wate r unde r norma l operationa l conditions . Th e lif e spa n o f th e syste m 
is als o a n essentia l criteri a fo r selectin g a  sola r wate r heatin g system . Agai n 
this ca n onl y b e assesse d throug h operatin g th e syste m fo r a n extende d perio d o f 
time. 

As par t o f a  long-ter m sola r energ y researc h programm e (Zingan o 1983) , th e 
performance an d durabilit y o f variou s plat e collector s an d sola r wate r heater s 
was tested . Al l collector s an d heatin g system s wer e availabl e an d constructe d i n 
Malawi. Instantaneou s collecto r performanc e tests , detail s o f whic h ar e no t 
provided here , an d performanc e o f th e syste m unde r typica l sk y condition s ar e 
discussed. 

TYPES OF FLAT PLATE COLLECTOR S 

Four collector s wer e teste d whic h fal l int o thre e categorie s o f sola r collectors : 

Type A . Sandwic h Type : Thi s collecto r wa s constructe d ou t o f tw o plate s 
of 0.5m m galvanise d stee l an d separate d b y 4m m wid e silicon e 
rubber block s t o for m th e wate r channel . Th e plate s wer e coate d 
with a  blac k acryli c pain t an d seame d o n al l edges . Th e cove r wa s 
3mm crow n glas s lai d i n section s o f 23 0 x  225m m an d 8m m abov e 
the absorbe r surface . 

Type B. Gri d Type : Ther e wer e tw o version s o f thi s typ e o f collector : 

Type Bl : Thi s collecto r wa s constructe d ou t o f 13m m galvanise d 
pipes a s th e gri d wit h a  19m m diamete r manifol d a t bot h to p an d 
bottom. Th e singl e riser s o f th e gri d wer e hal f wrappe d i n 0.5m m 
plates o f galvanise d stee l painte d a s i n typ e A . Th e cove r wa s 
4mm glas s fixe d a t 100m m abov e th e absorbe r plate . Rise r spacin g 
was 100mm . 
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Type B2 : Thi s collecto r wa s constructed a s Type B l bu t th e gri d 
risers wer e space d a t 100m m finne d i n 0.5m m galvanise d plate s 
measuring 150mm across . Th e cover wa s 3mm fibreglass . 

Type C. Snak e Type : Thi s collecto r wa s simila r t o th e grid design , but  th e 
water channe l wa s a  continuou s loope d coppe r tub e 19m m i n 
diameter strappe d t o a  0.5m m galvanise d stee l plate . Th e cove r 
was 4mm glass at 75m m above the absorber surface . 

SOLAR WATER HEATING SYSTEMS 

Five systems were tested . 

System A. Collecto r typ e A  was coupled t o a  storage tan k wit h a  built i n ball 
valve and was a normal symphonic system. 

System B. Collecto r typ e B was coupled t o a  similar storag e tan k a s in A, but 
as a once-through system . I n this arrangement th e pressure o f th e 
incoming mai n wa s regulate d b y a  pressur e reducin g valve . Th e 
automatic inle t regulatin g valv e wa s speciall y develope d fo r thi s 
purpose. I t wa s regulated b y a  therma l valv e whic h wa s designed 
to respon d t o radiatio n intensity . Thu s th e valv e wa s activate d a t 
an irradianc e leve l o f 150Wm~ 2. A t thi s intensit y th e wate r 
trickled throug h th e collecto r an d droppe d int o th e storag e tank . 
The minimu m temperatur e wa s 40°C . Th e wate r di d no t 
recirculate an d therefore wa s not exposed t o furthe r hea t losses . 

System C. Collecto r typ e Bl wa s connected t o a  vertica l tan k an d th e system 
worked in a normal syphonic circulation . 

System D. Collecto r typ e B 2 was connected t o a  horizontal storage tan k wit h 
a side make up tank and a ball valve. Thi s was a syphonic system. 

System E. Collecto r typ e C  was connected t o storage tan k bu t wit h a n option 
of mountin g th e tan k horizontall y o r vertically . Agai n thi s syste m 
was syphonic. 

TEST SITE AND SYSTEM TEST PROCEDURE 

Collectors an d system s wer e teste d o n th e roo f o f a  laborator y abou t 3 m abov e 
the groun d an d facin g north . Th e test s wer e carrie d ou t between Apri l and Jul y 
which ar e winte r month s i n Malawi . Fo r maximu m norma l sola r insolatio n th e 
collectors wer e fitte d a t 14 ° from horizontal . A n eppley solarmeter wa s used t o 
record th e insolatio n an d th e ambien t temperatur e wa s recorde d a t a  nearb y 
Stevenson Screen . Th e win d spee d wa s monitore d an d throughou t th e test s thi s 
did not exceed 5kmh -l. 

Systems wer e lef t i n operatio n fo r a  whol e da y withou t drawin g of f an y water . 
The temperature of wate r i n the main s was recorded befor e sunris e each day. A t 
that tim e th e storag e tank s wer e checke d t o mak e sur e tha t the y wer e ful l o f 
water. 

After sunse t whe n exi t temperatur e i s th e sam e o r lowe r tha n th e inle t 
temperature (Tf e Tfi ) al l th e wate r i n th e tan k wa s draw n of f i n 14. 5 litr e 
buckets. Thi s unit wa s chosen becaus e i t i s the volum e o f a  common vessel used 
for ho t baths in Malawi. 
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An extensive statistica l surve y establishe d tha t wha t i s commonly terme d a  "hot 
bath" i s only 40°C. Th e temperature o f eac h bucke t wa s carefully recorde d unti l 
the storage tan k wa s completely empty . 

On each da y the sk y conditions wer e recorde d an d the cloud cover wa s expressed 
as a  fractio n o f eigh t hours . Thu s 0/ 3 wa s a  clea r da y an d 8/ 8 represente d a n 
overcast day . 

RESULTS 

Instantaneous efficiency tes t 

The result s o f th e instantaneou s performanc e tes t ar e show n i n Figure 1 . T h eX 
and Y  intercepts o f the graphs and the extracted F U values are given in Table 1 . 

Systems efficiency tes t 

By extendin g th e Whillie r an d Hotte l equatio n t o cove r th e collector , 
transmission pipes , and th e storag e tank , th e fina l equatio n woul d b e a s follow s 
(explanations o f symbols are given in the appendix to this paper). 

(1) 

The useful energ y obtained b y the system wa s integrated a s follows: 

(2) 

The result s o f th e system s tes t wer e plotta d against  th e clou d cove r record 
(Figure 2) . Efficienc y decline d a s th e cloud - cove r increased . 

Rating o f collecto r system s based o n the"hot t bath " (40 0)temperature criteri a 

The minimu m temperatur e o f ho t wate r require d b y a  use r wa s take n to  b e 40 0C. 
As a  furthe r assessmen t o f efficiency , th e amoun t o f waite r abov e 40 0C obtaine d 
by eac h syste m wa s calculated . Tabl e 3  compare s th e five  system s i n t e rm s of f 
the volum e o f wate r produce d ove r 6  day s b y each sya t em at o r above  40°C,an d 
expressed a s a  percentag e o f th e ho t wate r stroag e tank. 

This merel y provide s a  guidelin e t o th e use r sinc e the  system s wer e bein g sol d i n 
these sizes . A  purel y scientifi c comparison s woul d hav e take n int o accoun t th e 
collector apertur e t o storag e tan k ratios , an d the m the storag e tan k surfac e are a 
to volum e ratio s i n orde r t o normalis e th e comparison . 

The average days efficiency ca n then be obtained from th e following equation : 

(3) 

The results of thi s test ar e shown on Table 2 . 

Relation of cloud cover to system efficienc y 
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DISCUSSÏON 

According t o th e instantaneou s efficienc y tes t alon e th e mos t efficien t typ e o f 
collector i s th e sandwic h on e whil e th e snak e typ e i s th e least . Th e forme r ha s a 
very shor t hea t path , i e absorbe r t o wate r whil e th e latte r ha s a  somewha t longe r 
path, i e absorbe r t o pip e an d the n t o water . 

However, th e sandwic h typ e collecto r ha s th e highes t hea t los s factor . Thi s ma y 
be relate d t o th e desig n an d th e widt h o f th e ai r ga p betwee n th e absorbe r 
surface an d th e transparen t cover . I n thi s typ e o f collecto r th e therma l 
insulation abov e th e collecto r i s therefor e no t a s good a s i n th e others . 

Based o n performanc e test s o f th e overal l system , syste m B  i s th e bes t whil e 
system D  is th e wors t o f th e fiv e systems . Althoug h collecto r typ e B 2 performe d 
better tha n collecto r typ e C  an d B 1 i n th e instantaneou s efficienc y tes t thi s di d 
not hol d tru e i n performanc e testin g o f th e syste m unde r norma l operation . 

Flat plat e collector s an d corrosio n 

The performanc e o f sola r collector s i n term s o f efficienc y i s onl y on e paramete r 
of th e economi c effectivenes s o f th e device . Th e othe r paramete r i s th e lif e o f 
the devic e onc e i t ha s bee n installed . Basso n (1980 ) ha s outline d material s fo r 
construction o f thes e device s whic h combin e goo d performanc e an d lon g lif e a t 
an effectiv e cost . 

Corrosion i s mainl y cause d b y constituent s presen t o r absen t i n th e water . 
Campbell an d Turne r (1983 ) hav e evaluate d an d investigate d th e mai n cause s o f 
corrosion i n metal s i n general . Mos t o f thei r finding s agre e wit h th e experienc e 
of th e autho r wit h installe d sola r collector s i n Malawi . Generally , corrosio n i s 
more pronounce d i n th e absenc e o f furrin g o f th e wate r channels . Th e calcit e 
deposition protect s th e meta l fro m corrosion . 

Dissolved salt s i n wate r for m "nodules " scale s a t hig h electricit y curren t 
densities bu t "eg g shell " scales i n lo w electricit y current . Modula r scale s forme d 
of temperature s abov e 60° C diffe r fro m thos e forme d a t roo m temperatures , an d 
have mor e circula r crystals . Th e principa l salt s i n th e scale s ar e fro m sulphate s 
and carbonate s o f sodiu m an d calcium . 

In th e absenc e o f electrolyti c corrosio n th e presenc e o f chlorides , chlorine , 
excessive dissolve d oxyge n an d i n genera l th e element s whic h becom e cathodi c 
stimulants lea d t o corrosion . I n tw o case s th e autho r ha s analyse d sola r collecto r 
failures an d i t ha s bee n foun d t o b e relate d t o th e presenc e o f thes e agent s an d a 
function o f th e sourc e o f th e water . 

Solar collecto r corrosio n i s mor e pronounce d i f th e sourc e o f th e wate r i s 
underground. Thi s phenomeno n ha s bee n attribute d t o th e absenc e o f a 
"prohibitor" (Campbel l an d Turne r 1983) . Thi s prohibito r i s no w believe d t o b e 
colloidal an d th e heavie r th e molecul e th e bette r i s it s prohibitin g influence . 
Thus surfac e wate r i s a  likel y mediu m t o contai n thi s prohibitor . Thi s ha s bee n 
the observatio n i n Malaw i too . Sola r collecto r installation s drawin g wate r fro m 
rivers hav e laste d longe r tha n thos e drawin g wate r fro m lake s an d th e latte r i n 
turn hav e laste d longe r tha n thos e drawin g wate r fro m boreholes . A n analysi s o f 
the wate r ha s onl y indicate d increase d dissolve d salt s i n th e orde r o f rive r water , 
lake wate r an d groun d water . 
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"Egg shell " scale formatio n i s t o b e preferre d t o "nodular " scal e formation . Th e 
former spread s acros s th e meta l surfac e bette r tha n th e latte r an d therefor e 
protects th e metal . O n th e othe r han d th e latte r narrow s th e wate r channe l 
faster an d leave s pit s wher e th e meta l i s stil l expose d t o th e corrosiv e agents . 

The basi c constructio n o f th e collecto r ha s som e effect s o n furrin g u p o f th e 
water channels . Thu s althoug h th e sandwic h sola r collector s ar e mor e efficien t 
the scal e formatio n narrow s th e passag e faste r an d increase s bot h th e therma l 
and hydroli c resistances . 

CONCLUSION 

Generally th e intrinsi c efficienc y o f a  sandwic h sola r collecto r i s highe r tha n 
that o f a  gri d o r snak e type . Howeve r thi s advantag e ca n b e los t i f th e syste m 
installation i s no t th e righ t one . I n al l type s o f sola r syste m installation s th e 
efficiency drop s inversel y proportiona l t o increase d clou d cover . 

To ensur e a n extende d lif e o f a  collecto r i t i s advisabl e t o trea t al l wate r t o hav e 
a compositio n clos e t o tha t o f rive r wate r i n term s o f organi c matte r content . I t 
is bette r t o hav e wid e wate r channel s i n collector s o f th e sandwic h typ e an d thi s 
is where th e gri d typ e ha s a n advantage . 
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NOMENCLATURE 

Ac =  apertur e o f collecto r 

Ap, A t =  surfac e are a o f transmissio n pipe s an d storag e tan k 
respectively 

C p =  specifi c hea t o f wate r 

F =  drai n facto r 

I =  intensit y o f irradianc e 

Igt =  tota l globa l radiatio n o n a  horizonta l surfac e 

Qu =  usefu l hea t gaine d 

Q u t =  tota l usefu l hea t gaine d 

T a =  ambien t temperatur e 

Tj =  initia l temperatur e 

T f w ' T f i
 =  exi t and  inle t temperature s respectivel y 

T m =  averag e o f exi t an d inle t temperature s 

T m c , T m t , T m p =  mea n wate r temperatur e i n collector , storag e tan k an d 
transmission pipe s 

Tsupply =  temperatur e o f mai n wate r 

Uc' U p, U t =  hea t los s facto r fo r collection , transmissio n pipe s an d 
storage tan k 

= produc t o f absorptio n an d transmissio n factor s 

= syste m efficienc y 

= averag e syste m efficienc y 

= collecto r efficienc y 
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TABLE 1 : Performanc e characteristic s o f fou r flat  plat e collector s 
and thei r aperture s 

TABLE 2 : System s performance fo r si x day s 

Collector 
Type 

Type A 
Type B 1 

Type B 2 

Type C 

Zero radiatio n 
efficiency 

(F (  )  x 10 0 

90 
54.3 
57.3 
55.7 

Heat los s 
factor 

FU (Wm-2c-l ) 

10 
5.3 
9.9 
9.9 

Zero efficienc y 
temperature 

(°C) 

113.3 

122.0 
79.3 
80.3 

Aperture 

(m2) 

1.86 

0.86 
1.53 
1.31 

Test No . 

1 
2 
3 
4 
5 

Total irradianc e 
lgt (MJ/M -2) 

17.58 
13.06 
17.37 
15.66 
16.74 

A 

21 
48 
39 
56 

48.9 

System efficienc y 

B 

26 
57 
39 
53 
45 

C 

1.9 
19 
20 
25 
19 

D 

2.3 
6.7 

18 
24 
23 

E 

8.6 
25 
31 
40 
35 

Cloud conditio n 

5/8 
3/8 
2 5/ 8 
1/8 
3/8 
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FIGURE 1: Grap h of efficiency fo r the four collector s - 1 7 7 -
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FIGURE 2: Grap h of system efficienc y agains t average cloud cover 
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