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EN 12975-2* / ISO 9806-1**

TEST REPORT

DETERMINATION OF THERMAL PERFORMANCE
OF GLAZED LIQUID HEATING SOLAR COLLECTORS

ACCORDING TO STANDARDS EN 12975-2* / ISO 9806-1**

* EN 12975-2: “Thermal solar systems and components - Solar
Collectors - Part 2: Test methods”.

** |SO 9806-1: “Test methods for solar collectors - Part 1: Thermal

performance of glazed liquid heating collectors including pressure
drop”.
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NOTES:

1) " 1) The results are related only with the collectors on
which tests were performed and which were
# . delivered by the customer.

2) % % # 2) This report can be reproduced without the writen
%& permission of the Laboratory only in full.

3) Measurement equipment conforms with the
3) ' # accuracy/precision requirements of the standards.
& & . Uncertainty of results is not provided.
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

| TEST REPORT

#/" :soL . .. Customer: SOL E.P.E.
5 ODYSSEOS 5
14452 14452 METAMORFOSI
"H# . 210 2843376 Tel.: 210 2843376
Fax: 210 2841650 Fax: 210 2841650
“$ & #0! #Ho(# " ) / Receipt date of collector (in good condition): 04/05/2009
A /| SOLAR COLLECTOR DESCRIPTION
All / Basic data
- 1* ! e SOL . (SONNE AKTION)
Name of Manufacturer ........................................................................................................
- " B e PHAETHON

Collector model :

-2% "' HH " (2% ) 00 1 e 1186
Collector (s) code :

A.l.2. ! / Collector

- +& :/Type:
&$& % [ Flat plate
2#1%2* *+ [/ Evacuated tube

s O ] 1 1=
EO0O%™* #! & 4/* J A (o FI = | (=T H T 1.99 m?
-E0%* &4/ & + [ APEITUIE AIBA......eeeeeeeeeeeeeeeeeeeeeee e 1.8 m?
- # /2% * [ NUMDBDEI Of COVEIS™ ... e 1
—-#/ # /2 S SURURPPTRPPIN Tempered glass
(070} gl ¢ a T (=T =
- /5 # 2% ST 3.8mm
Cover thickness*:
- 2#P2* 1 x#y * [ Number of tubes or channels*: .........ccccccvviiii i, 9
* 5% & %#)** & * &#l" (**) * %" * 5% & &#l"
Specifications supplied by customer No data were provided by the customer
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
-/ 2#1¥2* (2 | ) % S e TP PP PPN 7 mm
Tube diameter (inside) or channel dimensions*:
-& " 2#1¥2* 1 *#)y*  *[Tube or channel pitch*: .......................coc, 10 cm
Al1.3 "# #$% | * [ Heat Transfer Medium *
- +& :/Type: " [ Water /% [ Qil 3## [ Other
- %' (&', B e -
Specifications (AAITIVES BIC.) & it e e e -
Al4d &##" | bsorber
SYH 241> S5#+ —*3$ 4+## # S &/5 0.5 mm
Material*: ..........cocoeeiiiiiinnnns copper tubes — one piece aluminium sheet 0.5 mm thickness
- '& &6 $ " &4 SRR &# ! 04!
Surface treatMment™: .. ... Selective coating
+& ! SRR " laser
(0] 0153 1 U o1 110 18 1Y/ 0 1= P Laser welded
- +  FLFIUI CONTENT . L. 1.5kg
S 0 00 AT et 1.78 m

Al5 #$' %() * / Thermal Insulation and Casing
- /5 , ! 2" S 30 mm (&#/" )/ 20mm (&# | )
Thermal insulation thickness*: ..., 30mm (back) / 20 mm (side)
- @ 2r 7 - PR 0/0
Insulation Material, DACK™ i ......oouiiei e e Rockwool
- @ 2r L &H R 0/0
INsulation Material, SIHES®: .....oouiie e e e e e e e e s e aas Rockwool
SYH D OEH B L& | K 1.5mm # $*
Casing material, SIdeS™ : ...oooiiiiiee e 1.5mm luminium
* 5% & %W+ & * &#Hl" ** * % 5$ & &#l"
Specifications supplied by customer No data were provided by the customer
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

SYH T O&E P G K 0.5mm # $*

Casing material, Dack™; ........cccooiiiiiiii 0.5 mm luminium
-# 0 ## " 52% ' [ tal mass of collector without fluid*: ................ 39 kg
- # % / / Gross dimenSIONS: .........coviiiiiiiiieeae e ee e (2000 x 995 x 86) mm
- & + [ Aperture dimensions:........ccooovveieinennniiiiiiinnenns (1933 x 934) mm
- *& " B e EPDM

Sealing MaAterial™: ... .o r e e e e e e e e e e e e e e aeaas EPDM

Al6 *# #$ * [ Liminations *

- " , $ # 0% / Maximum temperature of operation: ............... 100 €
- & " # 9% / Maximum operating PreSSUre: .......cceerveeereeesiieesieeenns 1 MPa
Al.7 $ *H# * | Schematic Diagram of the Collector *

. 100

1977.70 _J 977,70 _J

T,
A SECTION A-A \\\
{Ovaass__onr) —=] SCALE1:10 |
r
Y.
o
DETAIL B D C
SCALE1:2 SCALE1:2

DOT

O%34 85

A
(T990,15 Mfxog kopviag 1 ) —=
* 5% & wH** & * &#Hl" **) * %'\"* 5% & &#/"
Specifications supplied by customer No data were provided by the customer
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

1.8 +) #" / Photo of the Collector

* 5% & wH** & * &#HI" **) * %'\"* 5 & &#/"
Specifications supplied by customer No data were provided by the customer
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
2 / INSTANTANEOUS EFFICIENCY
A21 -.! / Method
* | e /[ +& / Outdoor steady-state conditions
A22 $ *# $ ! $'! @ , )

Schematic Diagram of the Test Loop (1 * Installation)

C &$& % ## " Flat-plate solar collector
HE * i " , " Heat exchanger
CM 7 ! */% Cooling machine
DV 4 | or* Differential valve
EC # , & "1 , $ * o+ Electrical stabilizer of water temperature
PT ' Pt100 Pt100 temperature sensor
P 4 & ' Differential pressure meter
T "l % 4/ , $ Temperature difference meter
Ti ' Pt100 ($ % #" ) Pt100 temperature sensor (collector inlet)
Te ! Pt100 (6 % # ") Pt100 temperature sensor (collector outlet)
m ! Flow meter
F $# Filter
P #4 ") Circulating pump
PR , ! &$ " Pressure controller
SV -#0$% Al Safety valve
BD 58 % # Expansion vessel
ST 5% ! , $ Steady temperature vessel
R ! *$ Thermal resistance
\Y -I* +, " & 5! * +  8+6" Valve for the control of cooling water flow
SM * Pyranometer
AT A , $ & O/t * Ambient air temperature sensor
AS "l 5+" * Anemometer
DR + " #it % % *2* Data acquisition system - recorder
GA #.&# | Computer
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1SO 9806-1

A23 $ *H# $ ! $'! 2 , ) / Schematic Diagram of the Test Loop (2 "™ Installation)
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& /
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1SO 9806-1

A24A& $ . %/ B &# 0& ( & $ | Test results, measurements and derived data
2 4 &#l [ Latitude :......ccoeeveeeennn 37° 58’ 2 4 ! / Longitude: ........ccovveveeereenne, 23° 43’
#$" ## " [ Collector tilt............... 43 $ / deg. * f ! #HO" & o# ,$ * I#
Collector azimuth ............ccceeeiiiiiiiicee e, sun tracking
To& ! ) # " s 12:20 1 /o [ 1% installation .......... ....coooeveeneeei...
Local time at the Solar:.............cccc.eeveieneeeen, 2 ] /2™ installation.................ccccoeeee. ..
(1 1/ Table A.1
& $ $/( - L8( # ) / Test Results - Measured Data
H /*$ /Date LT G Gy/ G ty u tin (te-tin) m
gm\E( h-}ni/ W/m2 % °c m/s °c K kgls
18/Jun/2009 | 11:41-11:51 933 14 30.0 2 26.2 7.62 0.0393
18/Jun/2009 | 11:27-11:38 945 14 29.5 2 26.2 7.71 0.0393
18/Jun/2009 | 11:13-11:23 950 14 29.2 2 26.2 7.68 0.0393
18/Jun/2009 | 11:00-11:10 950 14 29.2 2 26.2 7.69 0.0394
17/Jun/2009 | 15:01-15:11 995 11 35.5 2 37.8 7.79 0.0395
17/Jun/2009 | 15:15-15:25 996 10 354 2 37.7 7.82 0.0394
18/Jun/2009 | 12:56-13:06 880 17 30.3 2 37.2 6.60 0.0394
18/Jun/2009 | 12:44-12:54 888 17 29.6 2 37.1 6.68 0.0394
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”

&

/ REFERENCE : 1186 DE1

/

EN 12975-2 / 1SO 9806-1

(1 1/ Table Al
$ $/( - L8 ( # )( / Test Results - Measured Data ( ( / continued)
H /*$ /Date LT G Gy/ G t, u t, (to-tiy) m

H-M-E Y ) . . .

D-M-Y h-min g % C m/s c K kg/s
17/Jun/2009 | 13:41-13:51 940 11 34.7 2 56.6 6.29 0.0391
17/Jun/2009 | 13:29-13:39 898 12 34.6 2 56.7 5.97 0.0389
18/Jun/2009 | 14:40-14:50 946 15 31.0 2 57.3 6.21 0.0389
18/Jun/2009 | 14:28-14:38 944 15 30.9 2 57.3 6.16 0.0391
17/Jun/2009 | 12:03-12:13 945 11 33.9 2 80.9 5.14 0.0382
17/Jun/2009 | 12:15-12:26 937 11 33.8 2 80.9 5.05 0.0381
18/Jun/2009 | 15:47-15:57 962 14 304 2 78.9 5.16 0.0386
18/Jun/2009 | 16:09-16:19 948 14 29.6 2 78.8 4.98 0.0384
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”
/ REFERENCE : 1186 DE1

EN 12975-2 / 1SO 9806-1

*(1 2/ Table A.2
& $/( - & ,1%%( ) - |/ Test Results - Derived Data
H /*$ / Date LT th | ¢ | Q [tn-t)/G|(tn-t) /G| QA;G) | QIAG) |QIA ,G)
H'M‘E = &/ o) J/kg 2 2 _ _ _
D-M-Y h-min Clk | W | MKW mKW
18/Jun/2009 | 11:41-11:51| 30.0 | 4178 | 1251 0.000 -0.004 0.67 0.75 0.75
18/Jun/2009 | 11:27-11:38| 30.0 | 4178 | 1267 0.001 -0.003 0.67 0.74 0.75
18/Jun/2009 |11:13-11:23| 30.0 | 4178 | 1262 0.001 -0.003 0.67 0.74 0.75
18/Jun/2009 | 11:00-11:10| 30.1 | 4178 | 1264 0.001 -0.003 0.67 0.74 0.75
17/Jun/2009 | 15:01-15:11| 41.7 | 4178 | 1287 0.006 0.002 0.65 0.72 0.73
17/Jun/2009 | 15:15-15:25| 41.7 | 4178 | 1286 0.006 0.002 0.65 0.72 0.73
18/Jun/2009 | 12:56-13:06| 40.5 | 4178 | 1087 0.012 0.008 0.62 0.69 0.69
18/Jun/2009 | 12:44-12:54| 40.5 | 4178 | 1098 0.012 0.009 0.62 0.69 0.69
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”
/ REFERENCE : 1186 DE1

EN 12975-2 / 1SO 9806-1

*( ! .2/ Table A.2
$ $/( - & ,1%%( , - / Test Results - Derived Data ( _( / continued )
H /*$ /Date LT tn | o | Q [tn-t)/G|tn-t)/G| QUAGG) | qia.0) | QUALG)
H'M‘E = &/ o) J/kg 2 2 _ _ _
D-M-Y h-min Cl x| W | mKw] mKW
17/Jun/2009 | 13:41-13:51| 59.8 | 4183 | 1030| 0.027 0.023 0.55 0.61 0.62
17/Jun/2009 | 13:29-13:39| 59.7 | 4183 | 972 0.028 0.025 0.54 0.60 0.61
18/Jun/2009 | 14:40-14:50( 60.4 | 4184 | 1011| 0.031 0.028 0.54 0.59 0.60
18/Jun/2009 | 14:28-14:38| 60.4 | 4184 | 1006 0.031 0.028 0.54 0.59 0.60
17/Jun/2009 | 12:03-12:13| 83.4 | 4198 | 824 0.052 0.050 0.44 0.48 0.49
17/Jun/2009 | 12:15-12:26| 83.4 | 4198 | 808 0.053 0.050 0.43 0.48 0.48
18/Jun/2009 | 15:47-15:57| 81.5 | 4197 | 835 0.053 0.050 0.44 0.48 0.49
18/Jun/2009 | 16:09-16:19( 81.2 | 4196 | 802 0.054 0.052 0.43 0.47 0.48
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / ISO 9806-1
A25 * * , 2 1%$ ( ( & "( (
$  -#S# # 0 3 "#! -#$% |

INSTANTANEOUS EFFICIENCY CURVE, based on gross area and mean
temperature of heat transfer fluid.

A251 3) #$$ ' /Lineal fit to data
$ &% " $9 & " 5" [The instantaneous efficiency is defined by :
G Q / (AG G)
*#] & 4Af* & 5" & $ M&HE 1.99 m?
Gross area used for curve
5! + & 5" &l” % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
0.7
) "\x\*\
g 06
e \M
ST o5
o
© 04
o 3
g 03
=
0.2
0.1
0 ‘ ‘ ‘ ‘ ‘
0 00l 002 003 004 005 0.06 007 008 0.09 0.1
(t,t)/G  [mPK/W]
— — — t.t
6$2" ! , Us /2
G 0G G
Linear fit to data:
DG T rrrerreereeie e 0.67
Us S, 4.54 W/(m® K)
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
A252 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
G Q / (AG G)
*#] & 4Af* & 5" & $ M&HE 1.99 m?
Gross area used for curve
5! + & 5" &I" % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
074
>
é o.ex\x\*\
S 0.5 +
& 9 S~
8 04 [
o g
8 03
2
T 02
014
0 ; ; ‘ ‘ ‘
0 001 002 003 004 005 006 007 008 009 01
(tt)/G  [MPKIW]
- - -t t - .t
652" % 0, + : 16 2 5 G (L2
G 0G G G
Second order fit to data :
06 = e 0.67
LG T, 4.52 W/(m? K)
R . 0.0002 W/(m?® K?)
" $2" ]/ Note:
! G& && * 5" &"$ 62" % 0, + $* 800W/m?

he value of G to be used for a second order fit is 800 W/m2.
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

A2.6 * * , 2 1%$ ( ( &"( & # -0#
( % -#S # # 0 $ "#! -#$% |
INSTANTANEOUS EFFICIENCY CURVE, based on aperture a rea and mean
temperature of heat transfer fluid.

A26.1 3) #$$ '/ Lineal fit to data
$ &% " $9 & " 5" /The instantaneous efficiency is defined by :
c Q/I(ALG)
& 4f* & |+ & 5" & % & 1.8m°
Aperture area used for curve
5! + & 5" &I % e 0.039 kg/s
Fluid flowrate used for the tests
0.9
0.8 |
0'7%\*
)
& 06 5
SW o5
% 8
8 04
® g
g 03
= o2l
0.1
0 : : : : : :
0 001 002 003 004 005 006 007 008 009 0.1
(t,t)/G  [mPK/W]
- = — t,t
6$ 2 oo c o Uc mG :
Linear fit to data:
0C = rrerrerrene 0.75
Uc = o, 5.01 W/(m? K)
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
A262 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
C Q / (AC G)
& 4f* & + & 5" & % "&HE e, 1.8m?
Aperture area used for curve
5! + & 5" &I % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
0.7*\"\
>
S0 \%x\
:O g
o
204
@ g
£o03
_0.2
0.1
0
0 001 002 003 004 005 006 007 008 009 0.1
(t,1)/G [MK/MW]
— — — t . — t t
6%2" % o, + 1c——2 2cG(—"—2)2
c o S (")
Second order fit to data :
0C = rreereereeseeie e 0.75
- _ 2
1C T 5.0 W/(m* K)
- _ 2 2
9 Teeeneeenes 0.0003 W/(m* K*)

T&! &#™" / Standard deviation:

G 0.001
G 0.14 W/(m? K)
P R 0.0026W/(m? K?)
" $2" /Note:
! G& && * 5" &"$%$ 652" % 0, + $* 800 W/m?

he value of G to be used for a second order fit is 800 W/m?.
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/ REFERENCE : 1186 DE1 EN 12975-2 / ISO 9806-1
A2.7 * L2 1%$ ( ( &"( &#H"
( $ -#5# # 0 $ "#! SH$% |

INSTANTANEOUS EFFICIENCY CURVE, based on absorber a rea and mean
temperature of heat transfer fluid.

A271 3) #$$ '/ Lineal fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
A Q / (AA G)
& 4/* & 4" & 5" & $ & 1.78 m?
Absorber area used for curve
5! + & 5" &I % e 0.039 kg/s
Fluid flowrate used for the tests
0.9
0.8
0.7‘\1\
>
HED B
5'32 0.5 ~%<
o
2 04
® 8
§ 0.3+
T o024
0.1
0 ‘ ‘ ‘ ‘
0 001 002 003 004 005 006 007 008 009 0.1
(t, )G [MKMW]
— — — t_t
6$ 2 oo A o Ua ”‘G .
Linear fit to data:
DA = reerresrenenee 0.75
UA oo, 5.07 W/(m?K)
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
A272 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
A Q/(ALG)
& 4f* & 4" & 5" & % "O&HE 1.78 m?
Absorber area used for curve
5! + & 5" &I" % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
0.7 *\K\
>
g 06
c8 o5/ \
g %
@]
2 04
@ g
% 0.3
= 0.2
0.1+
0 } } } } } }
0 001 002 003 004 005 006 0.07 008 0.09 0.1
(t,t)IG  [MRK/W]
— — -t t, - Tt
6$2|| % 0’ + : 1A m a ZAG m a2
Ao < ()
Second order fit to data :
DA = e 0.75
- _ 2
LA Seeeereeenenn 5.06 W/(m* K)
- _ 2 2
oA T 0.0003 W/(m* K%)

T&! &#™" / Standard deviation:

( on) = e 0.001
( La)= e, 0.14W/(m? K)
( ,0) e, 0.0026W/(m? K?)
" $2" /Note:
! G& && * 5" &"$% 652" % 0, + $* 800 W/m?

he value of G to be used for a second order fit is 800 W/m?.
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

* * , 2 1%$( ( ' &" ( (
-#S # %. # 0 $ "#! -#$% |
INSTANTANEOUS EFFICIENCY CURVE, based on gross area and inlet
temperature of heat transfer fluid.

3) #$$ '/ Lineal fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
« Q/(A:G)
*H# & 4/* & 5" & % & e, 1.99 m?
Gross area used for curve
51 + & 5" &I % R 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
0.7
oy ~x\x\
& 06
= 9
T g5 \s(“‘\
= g \(
o
o 04
@ g
g 03
[}
£
0.2
0.1
0 ‘ ‘ ‘ ‘ ‘
0 001 002 003 004 005 006 007 008 009 0.1
(t, )G [MPKIW]
t.t
6$2" 1 . U n a
. ' G 0G G
G
Linear fit to data:
0G = crerreeeirreeiieeiee 0.66
Ug =i 4.42 W/(m® K)

06.1-2/4.0 #$% /Page 19 & /from 32



& /
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
A282 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
s Q/(AsG)
*# ] & 4Af* & 5" & $ M&HE 1.99 m?
Gross area used for curve
5! + & 5" &I" % TP PUPT T PUPPPPRRPN 0.039 ka/s

Fluid flowrate used for the tests

0.9
0.8
> 07
B g 0.6 WKX\
}o E 05 m
3 N :
& ©
£ 03
3
£ o024
0.1
0 ‘ ‘ ‘
0 0.01 0.02 003 0.04 0.05 0.06 0.07 0.08 0.09 0.1
(t, )G [MPKIW]
t ot t.t
6$2|| % 0’ + : n a G In a\2
G 0G 1G G 2G ( G )
Second order fit to data :
06 S e 0.66
A T 4.41 WI(m® K)
. 0.0003 W/(m” K?)
"$2" / Note:
! G& && * 5" &"$ 62" % 0, + $* 800W/m?

he value of G to be used for a second order fit is 800 W/m2.
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/| REFERENCE : 1186 DE1 EN 12975-2 / 1SO 9806-1
A29 * * L2 1%$( ( &"( & # -O#
( -#$ # %. # 0 $ "#! S #S% !

INSTANTANEOUS EFFICIENCY CURVE, based on aperture a rea and inlet
temperature of heat transfer fluid.

A291 3) #$$ '/ Lineal fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by
c Q/(A:G)
& 4f* & |+ & 5" & % & 1.8m°
Aperture area used for curve
5! + & 5" &I % e 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
LZ}‘ o7 7\
: E 0o A\
X W
2y 0° R.%
8 04
@ g
§ 03
[}
£ 024
0.1
0 ‘ ‘ ‘ ‘
0 0.01 002 0.03 0.04 005 0.06 0.07 0.08 0.09 0.1
(t,1)/G  [MPK/W]
tt
652" ! : c oc Yec n__a
G
Linear fit to data :
0 = et 0.73
Ug =i, 4.89 W/(m?K)
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
A292 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
c Q/(A:G)
& 4f* & + & 5" & % "&HE e, 1.8m?
Aperture area used for curve
5! + & 5" &I" % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
S o K\&
.2 o6t
o E ™~
s W g5
& @ X
§ 0.4
® 3
E 0.3
2 02
01+
0 ‘ ‘ ‘ ‘
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
(t,t)/G  [mPK/W]
t ot tt
6$ 2 n % 0’ + : In a G n ay\2
C (0] 1C G 2C ( G )
Second order fit to data :
0C = et 0.73
1o T e 4.87 W/(m?*K)
se S 0.0004 W/(m* K?)
"$2" / Note:
! G& && * 5" &"$ 62" % 0, + $* 800W/m?

he value of G to be used for a second order fit is 800 W/m?.
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/ REFERENCE : 1186 DE1 EN 12975-2 / ISO 9806-1
A2.10 * * L2 1%$ ( ( &"( &HH#"
( -#$ # %. # 0 $ "#! SH#H$% |

INSTANTANEOUS EFFICIENCY CURVE, based on absorber a rea and inlet
temperature of heat transfer fluid.

A2101 3) #$$ ' /Lineal fit to data
$ &% " $9 & " 5" [The instantaneous efficiency is defined by :
A QI(ALG)
& 4f* & 4" & 5" & % & 1.78 m?
Absorber area used for curve
5! + & 5" &I % PP PPP PP 0.039 kg/s

Fluid flowrate used for the tests

0.9
0.8
5 T~
506 X
= 9
X i 05 \
3 9 R ™
@]
204
@ 3
3
g 0.3
0.2
0.1
0 ‘ ‘ ‘ ‘ ‘
0 001 002 003 004 005 006 007 008 009 0.1
(t, )G [MPK/W]
t. t
6$ 2 n ! . A oA UA n a
G
Linear fit to data :
DA = crrerrrrrii 0.73
Uy S 4.94 W/(m? K)
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A2.10.2 3) . #2-% / Second order fit to data
$ &% " $9 & " 5" |The instantaneous efficiency is defined by :
A Q/(A,G)
& 4f* & 4" & 5" & % "O&HE 1.78 m?
Absorber area used for curve
5! + & 5" &I" % PP TPOPPPPRPPN 0.039 ka/s

Fluid flowrate used for the tests

0.9
0.8
0.7 .X
3 \x\l
& 06 3¢
2E o ™
& 9 ’ R
[e]
wé 0.4
g 03
2
T 02
0.1
0 ‘ ‘ ‘
0 001 002 003 004 005 006 0.07 008 009 0.1
(t, )G [MPKIW]
tt tt
6$2|| % 0’ + : in a G( in a)2
A 0A 1A G 2A G
Second order fit to data :
GA S oo, 0.73
LA S 4.92 W/(m? K)
gp Seeerens 0.0004 W/(m* K?)
" $2" ]/ Note:
! G& && * 5" &"$ 652" % 0, + $* 800W/m?

he value of G to be used for a second order fit is 800 W/m?.
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

1 4 5 / COLLECTOR OUTPUT
5+ 6% * H## " $9 & " 5" [The collector output Q is defined by:
' - 2 - 1:m ta - tm ta 2
Q AG ¢ AG( o 1c 2c G(—"—2)%))
G G
5+ 6% [/ The peak collector output Q :
Woewe ALG oc= 1343 W
*(! .3/ Table A.3
0! 3%. ( $(. / Power Output per collector unit
- /| RADIATION
m-Ta 400 700 1000
{K} {W/m2} {W/m2} {W/m2}
10 447 850 1253
30 267 669 1072
50 86 489 891
10000 -
. 2
. = 8000
H* S
5
< § 6000 -
3
* j“% 4000
1
© > 2000 -
53 —, @
g
0 : : | |
0 20 40 60 80 100
Tm- Ta [K]
5+ 6% * ## " (  G=1000 W/m?) /
Power output per collector unit (for G=1000W/m?)
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/ REFERENCE : 1186 DE1

/| PRESSURE DROP

EN 12975-2 / 1ISO 9806-1

0 16 1o " [ Water

o $

1400

1200

1000

[Pa]

&$
Pressure drop

800

600

400

200

0

06.1-2/4.0

+  FIUd TEMPEIALUIE ..o 20 °C

/

e

e

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13

5!

/9 [ka/s]
Mass flowrate
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(

/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1

/ TIME CONSTANT

("™ / Time, [s]
40 60 80 100 120 140

0632 [(te - ta)fin - (te - ta)in]
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/ REFERENCE : 1186 DE1 EN 12975-2 / ISO 9806-1
.6 ( | EFFECTIVE THERMAL CAPACITY
C = e, 19.28 KJ/K
, [ Determination:.......coooeeveeeiiiiee e ! 62 |/ / Outdoors
" $2 " :
* , b2m" ' &# $9 & + * 2% )* tn, 1, G
o 652" % ! 62 ' 5) :
Note:
The effective thermal capacity is calculated from or from the measurement records of t,, ,t G

and by the following relation for outdoor testing :

— t, . ty —_ t, 1 t,
Ag oo Gdt mg © Tdt A Us (t, t)dt o ° Tt

t

t

m2 ml
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/ INCIDENCE ANGLE MODIFIER

2*$ 0° 30° 45° 50° 60°
Angle
K
' 1.00 0.98 0.83 0.78 0.70
11
1® —- —I—\-\
-fI_’ 0.9
N g \.\
B £ 0.8
&3 ©
(@]
% \-\-
g: g 0.7
c
3
S 061
- £
3+
* 0.5
0.4 ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70

2 &2t ($ )
Angle of incidence (degrees)
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/ REFERENCE : 1186 DE1

/ SYMBOLS AND UNITS

EN 12975-2 / 1ISO 9806-1

0$2 $ (.
Symbol Meaning Units
1 A# 0 ! 2 & ™ TH W/(m? K)
Algebraic constant, reference to T*
- A# 0 | L2 & TR, W/(m?® K)
Algebraic constant, reference to T*,
) A# 0 | 2 & T W/(m? K?)
Algebraic constant, reference to T*
-, A# 0 | L2 & T, W/(m? K?)
Algebraic constant, reference to T*,
Aa EO0O%™* & 4"! #t " m?
Absorber area of collector
Ac E0%* & ,+ # " m?
Aperture area of collector
Ac #' 0%™ #o" m?
Gross area of collector
Ci % ! , " + 4 ., " JI(kg K)
Specific heat capacity of heat transfer fluid
C * ! , ba" ' #it " JIK
Effective thermal capacity of collector
G IR B *0#$ W/ m?
Global solar irradiance
Gy txo %/5 " "# | *0#$ W/ m?
Diffuse solar irradiance
K, *f 2*$  &'&2"
Incidence angle modifier
LT &! )
Local time
m 5! /9 + 4/ , " kg/s
Mass flow rate of heat transfer fluid
Q 44" 5+ &% % * & #H " W
Useful power extracted from collector
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/ REFERENCE : 1186 DE1 EN 12975-2 / 1ISO 9806-1
052 $ (1
Symbol Meaning Units
t ("™ S
Time
ta $ & O/ * C
Ambient or surrounding air temperature
te $ 6'% & ## " C
Collector outlet (exit) temperature
tin $ "% #t " C
Collector inlet temperature
tm " , $ + 4/ , " C
Mean temperature of heat transfer fluid
T &# ", $ C
Absolute temperature
T *) , ! % 4/ , *=(t-t)/G m® K/W
Reduced temperature difference
T*m *) , ! % 4/ , *n=(tn-t)/G m*K/W
Reduced temperature difference
U / & % 9 * #' *H# &2# )* W/(m*K)
# " 2 & T
Measured overall heat loss coefficient of collector, with
reference to T%;
U / & % 9 * #' *H# &2# )* W/(m?K)
#" 2 & "OTr
Measured overall heat loss coefficient of collector, with
reference to T*,
u 5+" & O/ * m/s
Surrounding air speed
Vs 2" ' #t " m®
Fluid capacity of collector
p )" &$ " 6+ "% 6'% + Pa
Pressure difference between fluid inlet and outlet
t (* %/ " s
Time interval
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0%$2 $ (.!
Symbol Meaning Units

! % 4/ 6+ 6% %, =te-tp K

Temperature difference between fluid outlet and inlet

! &% " ##® " 2 & T
Collector thermal efficiency, with reference to T
! &% " ## " 2 & T
Collector thermal efficiency, with reference to T*m
0 " &% " #H " ( T%=0)
Eta zero ( at T* = 0), reference to T*
_O " &% " # " ( T+ =0)
Eta zero ( at *m = 0), reference to T*,
e + 4/ , kg/m®
Density of heat transfer fluid
. A 5 #t " S
Collector time constant
Qpeak ! St 6% W

Collector peak output

/ Subscripts
A *4 | " & A* & 4"!
Reference to absorber area
C *4 | " & A4* & +
Reference to aperture area
G *4 | "o# Il &4 #it "
Reference to gross collector area
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