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  / REFERENCE 

1174DE1 
 

  

       
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 311(00)002).  

The Laboratory satisfies the requirements of 
standard ELOT EN ISO/IEC 17025 and it 
has accreditation from the National 
Accreditation Authority of Greece 
(Accreditation Cert. No. 311(00)002). 
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*   EN 12975-2: “Thermal solar systems and components - Solar 
Collectors - Part 2: Test methods”. 

**  ISO 9806-1: “Test methods for solar collectors - Part 1: Thermal 
performance of glazed liquid heating collectors including pressure 
drop”. 
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. .  / Dr. S. Babalis 
      / Responsible for Testing 

 
 
 
 
 
 

 . .  / Dr. V. Belessiotis 
 / Laboratory Head 

 / Date: 1/07/2008 

 
: 

1)        
      
    . 

2)          
         
.  

3)        
  .    
 . 

NOTES: 

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

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

3)  Measurement equipment conforms with the 
accuracy/precision requirements of the standards. 
Uncertainty of results is not provided. 
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  / TEST REPORT 

 

:  ... 
1 .  -   
320 11  
  

.:       2262031931 
Fax:        22620 32166 

Customer: PAPAEMMANOUEL S.A 
   1st km. Oinofyta - Agios Thomas 

320 11 - Boeotia 
  

Tel.:           2262031931 
Fax:           22620 32166 

   ( ) / Receipt date of collector (in good condition): 04/06/2008 
 

.1    / SOLAR COLLECTOR DESCRIPTION 

 
A.1.1    / Basic data  

-  : ...................................................... ... 

Name of Manufacturer: .............................................................PAPAEMMANOUEL S.A 

-  :........................................................................................B1639 

Collector model : 

  () : ................................................................................... 1174 

Collector (s) code : 
        
      
A.1.2.   / Collector  

- : / Type :  

   / Flat plate  

     / Evacuated tube  

    / Other:...........................................................................................................  

- E   / Gross area: ............................................................... 2.01 m
2
 

- E   / Aperture area: ................................................... 1.88 m
2
 

-  * / Number of covers*:...................................................................... 1 

-  *: ...............................      

  Cover materials*: ............................................................ Solar prismatic heat-treated glass  

-  *: .................................................................................................. 4 mm  

  Cover thickness*: 

-    * / Number of tubes or channels*: .................................... 12 
 
 
 
 
(*)        (**)       
     Specifications supplied by customer          No data were provided by the customer 
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-   ()   *: ...................................... 9,2 mm  

  Tube diameter (inside) or channel dimensions*: 

-    * / Tube or channel pitch*: ........................................ 8 cm 
 
 
A.1.3     * / Heat Transfer Medium* 

- : / Type :  / Water   / Oil   / Other 

 -  ( ...): ............................................................................................. -** 

  Specifications (additives etc.) : ........................................................................................ -** 
  
 
A.1.4    / bsorber 

- Y*:.....................................................................................  –   

  Material*: ...........................................................................................Copper fins and tubes  

-    *: .....................................................   

  Surface treatment*: .................................................................................. Selective coating 

-  *: ..................................................................   
  Construction type*: .................................................................................  Ultrasonic welded 

-  * / Fluid content*: ................................................................................ 2,15 kg 

- * / Area*:....................................................................................................1.78 m
2
 

 
 
A.1.5       / Thermal Insulation and Casing 

-   *: .................................................. 3 cm (), 2cm () 

  Thermal insulation thickness*: ........................................................ 3 cm (back), 2cm (side) 

-  , *: .............................................................................  
  Insulation material, back* : ....................................................................................Rockwool 

-  , *: ........................................................................ 
  Insulation material, sides*: ...................................................................................Rockwool 

- Y , *:......................................................................... 1 mm 

  Casing material, sides* :............................................................................Aluminium 1 mm 

- Y , *: .........     embossed 0.4mm 

  Casing material, back*: ................................  Embossed, hot galvanized steel sheet 0.4mm 
 
 
 
(*)        (**)       

        Specifications supplied by customer          No data were provided by the customer 
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-     * / tal mass of collector without fluid*:................34 Kg 

-   / Gross dimensions: ............................................(1982 x 1015 x 86) mm 

-   / Aperture dimensions:......................................... (1937 x 970) mm 

-  *: ............................................................................ - EPDM 

   Sealing material*: ........................................................................................ Silicon - EPDM 
 

 
A.1.6   * / Liminations* 

-    / Maximum temperature of operation: ...............200  
0
C 

-    / Maximum operating pressure: ..................................... 1 MPa 
 

 
 

A.1.7       * / Schematic Diagram of the Collector* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(*)        (**)       
              Specifications supplied by customer          No data were provided by the customer 
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.1.8      / Photo of the Collector 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(*)        (**)       
              Specifications supplied by customer          No data were provided by the customer 
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.2   / INSTANTANEOUS EFFICIENCY 

 
A.2.1    / Method  

      / Outdoor steady-state conditions 

 

A.2.2        (1 ) 
    Schematic Diagram of the Test Loop (1

st
 Installation) 

 
 

 
 

C   Flat-plate solar collector 
HE    Heat exchanger 
CM   Cooling machine 
DV   Differential valve 
EC     Electrical stabilizer of water temperature 
PT  Pt100 Pt100 temperature sensor 
P   Differential pressure meter 
T    Temperature difference meter 
Ti  Pt100 ( ) Pt100 temperature sensor (collector inlet) 
Te  Pt100 ( ) Pt100 temperature sensor (collector outlet) 
m  Flow meter 
F  Filter 
P  Circulating pump 

PR   Pressure controller 
SV   Safety valve 
BD   Expansion vessel 
ST    Steady temperature vessel 
R   Thermal resistance 
V      Valve for the control of cooling water flow 

SM  Pyranometer 
AT    Ambient air temperature sensor 
AS    Anemometer 
DR    Data acquisition system - recorder 
GA .  Computer 
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A.2.5      ,       
     . 
INSTANTANEOUS EFFICIENCY CURVE, based on gross area and mean 
temperature of heat transfer fluid. 

     
A.2.5.1    / Lineal fit to data 

       / The instantaneous efficiency  is defined by : 

    
G GQ / ( A G)



 

      : ..................................... 2.01 m
2
 

Gross area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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 :           
G 0G G

m a
U

t t

G
 


 

Linear fit to data: 

                                               
0 G

= ...................................0.69 

 

                                                UG   =................... 4.30 W/(m
2
 K) 
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A.2.5.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 


G GQ / (A G )



 

      : ..................................... 2.01 m
2
 

Gross area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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  :    
G 0G 1G

m a
2G

m a 2t t

G
(
t t

G
) 





G  

Second order fit to data :    

                                                          
0 G

 = ................................0.69 

                                                          
1 G

 =................  3.81 W/(m
2
 K) 

                                                          
2 G

  = ............ 0.011 W/(m
2
 K

2
) 

 
 
 

 

 

 

 

 

 

 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m2.
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A.2.6      ,      

      . 
INSTANTANEOUS EFFICIENCY CURVE, based on aperture area and mean 
temperature of heat transfer fluid. 

     
A.2.6.1     / Lineal fit to data 

       / The instantaneous efficiency  is defined by : 


C CQ / (A G)



 

      : ................................ 1.88 m
2
 

Aperture area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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 :           
C 0C C

m a
U

t t

G
 


 

Linear fit to data: 

                                               
0 C

 = ..................................0.74 

 

                                                UC   = .................. 4.60 W/(m
2
 K) 
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A.2.6.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 


C CQ / (A G)



 

      : ............................... 1.88  m
2
 

Aperture area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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   : 2am
2C

am
1C0CC

)
G

tt
(

G

tt 



 G  

Second order fit to data : 

                                                           
0 C

 = ...............................0.74 

                                                           
1 C

 =................ 4.08 W/(m
2
 K) 

                                                           
2 C

  =............ 0.012 W/(m
2
 K

2
) 

 
T  / Standard deviation: 

 

         (
c0

 ) = …………0.00 

                         (
c1

 ) = …………0.50  W/(m
2
 K) 

         (
c2

 ) =………….0.011 W/(m
2
 K

2
)  

   
 
 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m
2
. 
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A.2.7      ,     
       . 
INSTANTANEOUS EFFICIENCY CURVE, based on absorber area and mean 
temperature of heat transfer fluid. 

     
A.2.7.1     / Lineal fit to data 

       / The instantaneous efficiency  is defined by : 


A AQ / (A G)



 

      : .............................. 1.78 m
2
 

Absorber area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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 :           
A 0A A

m a
U

t t

G
 


 

Linear fit to data: 

                                               
0 A

 = ..................................0.78 

 

                                                UA   =.................. 4.85  W/(m
2
 K) 
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A.2.7.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 


A AQ / (A G)



 

      : ............................... 1.78m
2
 

Absorber area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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   :    
A 0A 1A

m a
2A

m a 2t t

G
(
t t

G
) 





G  

Second order fit to data :    
 

                                                            
0 A

 = ..............................0.78 

                                                            
1 A

 =............... 4.30 W/(m
2
 K) 

                                                             
2 A

  = ......... 0.013 W/(m
2
 K

2
) 

 
T  / Standard deviation: 

 

         ( 
0 A

) = …………0.00 

                         ( 
1 A

) = …………0.53 W/(m
2
 K) 

         ( 
2 A

) =………….0.012 W/(m
2
 K

2
) 

 
 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m
2
. 
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A.2.8      ,       
     . 
INSTANTANEOUS EFFICIENCY CURVE, based on gross area and inlet 
temperature of heat transfer fluid. 

 
A.2.8.1     / Lineal fit to data 

       / The instantaneous efficiency  is defined by : 

G GQ / (A G)


 

      : ..................................... 2.01 m
2
 

Gross area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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  :          G 0G G

in aU
t t

G
 


 

Linear fit to data: 

                                                0 G  = .................................0.68 

 
                                                  UG   = ................. 4.20 W/(m

2
 K) 
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A.2.8.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 

G GQ / (A G)


 

      : ..................................... 2.01 m
2
 

Gross area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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   :    G 0 G 1G

in a

2 G

in a 2t t

G
(

t t

G
) 





G  

Second order fit to data : 
 

                                                           0 G  = ...............................0.68 

                                                           1 G  =................ 3.81 W/(m
2
 K) 

                                                           2 G   =............ 0.011 W/(m
2
 K

2
) 

 

 

 

 

 

 

 

 

 
 
 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m2.
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A.2.9      ,      

      . 
INSTANTANEOUS EFFICIENCY CURVE, based on aperture area and inlet 
temperature of heat transfer fluid. 

     
A.2.9.1     / Lineal fit to data 

       / The instantaneous efficiency  is defined by  

C CQ / (A G)


 

      : ................................ 1.88 m
2
 

Aperture area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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 :          C 0C C

in aU
t t

G
 


 

Linear fit to data : 

                                              0 C  = ...................................0.72 

 

                                               UC   = .................. 4.49  W/(m
2
 K) 
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A.2.9.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 

C CQ / (A G)


 

      : ................................ 1.88 m
2
 

Aperture area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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   :    C 0C 1C

in a

2C

in a 2t t

G
(
t t

G
) 





G  

Second order fit to data :    
 

                                                           0 C  = ................................0.72 

                                                           1 C  = ..............  4.08  W/(m
2
 K) 

                                                           2 C   =........... 0.011  W/(m
2
 K

2
) 

 

 

 

 

 

 

 

 

 
 
 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m
2
. 
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A.2.10      ,     
       . 
INSTANTANEOUS EFFICIENCY CURVE, based on absorber area and inlet 
temperature of heat transfer fluid. 

     
A.2.10.1     / Lineal fit to data 

       / The instantaneous efficiency  is defined by : 

A AQ / (A G)


 

      : .............................. 1.78 m
2
 

Absorber area used for curve 

     : .........................................0.040 kg/s 
Fluid  flowrate  used for the tests 
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  :         A 0A A

in aU
t t

G
 


 

Linear fit to data : 

                                              0 A  = ...................................0.76 

 
                                                UA   = .................. 4.74  W/(m

2
 K) 
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A.2.10.2     / Second order fit to data 

       / The instantaneous efficiency  is defined by : 

A AQ / (A G)


 

      : .............................. 1.78 m
2
 

Absorber area used for curve 

     : ........................................0.040  kg/s 
Fluid  flowrate  used for the tests 
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   :    A 0A 1A

in a

2A

in a 2t t

G
(
t t

G
) 





G  

Second order fit to data :  
 

                                                           0 A  = ...............................0.76 

                                                           1 A  =............... 4.31  W/(m
2
 K) 

                                                           2 A   =........... 0.012  W/(m
2
 K

2
) 

 
 

 

 

 

 

 

 

 

 
 
 
 / Note: 
    G           800 W/m

2
 

he value of G to be used for a second order fit is 800 W/m
2
. 
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A.3    I   / COLLECTOR OUTPUT 
 

        / The collector output Q is defined by:  
 

.
2m a m a

1C 2CC 0C

t t t t
( ( ) ))

G GC C
Q G G GA A    
     

 
   / The peak  collector output Q :  

 

0Cpeak C
W GA  =  1389 W 

 
 .3 / Table A.3 

     / Power Output per collector unit 
 
 
 

  / RADIATION 

m-Ta 400 700 1000 

[K] [W/m2] [W/m2] [W/m2] 

10 477 893 1310 

30 305 721 1138 

50 115 531 948 
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    ( G=1000 W/m
2
) / 

 Power output per collector unit (for G=1000W/m
2
) 
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A.4      / PRESSURE DROP 
 
 

 / Fluid : ...........................................................................................  / Water 
 
o  / Fluid Temperature : .......................................................... 20 

0
C 
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A.5     / TIME CONSTANT 
 
 

 
c  = .......................57.75 s 
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.6    / EFFECTIVE THERMAL CAPACITY 
 
 

C  = ......................18.2 KJ/K 
 
 
 

  / Determination:..................................................   / Outdoors 
 
 
: 
          tin, , ta, G  
        : 
 
Note:  
The effective thermal capacity is calculated from or from the measurement records of  tin, , ta, G 
and by the following relation for outdoor testing : 
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A.7      / INCIDENCE ANGLE MODIFIER 

 
 

 
 
Angle 

 
0

0
 

 
30

0
 

 
45

0
 50

0
 

 
60

0
 

K 

 

1.00 1.00 0.93 0.89 0.73 

 
 
 
 

 

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

0 10 20 30 40 50 60 70

   ()
Angle of incidence  (degrees)






 




 




 

  
In

c
id

e
n

c
e

 a
n

g
le

 m
o

d
if
ie

r

 
 
 
 
 
 



   &    /  ‘’’’ 
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR ‘’DEMOKRITOS’’ 

  / REFERENCE : 1174DE1                                                   EN 12975-2 / ISO 9806-1  

 06.1-2 / 4.0                                                                                                 / Page   30   / from 32  

 
 

.8    / SYMBOLS AND UNITS 
 

 

Symbol 

 

Meaning 

 
Units 

1 A ,    T*i 

Algebraic constant, reference to T*i 

W/(m
2
 K) 


1
 A ,    T*m 

Algebraic constant, reference to T*m 

W/(m
2
 K) 

2 A ,    T*i 

Algebraic constant, reference to T*i 

W/(m
2
 K

2
) 


2
 A ,    T*m 

Algebraic constant, reference to T*m 

W/(m
2
 K

2
) 

AA E    

Absorber area of collector 

m
2
 

AC E    

Aperture area of collector 

m
2
 

AG     

Gross area of collector 

m
2
 

cf      .  
Specific heat capacity of heat transfer fluid 

J/(kg K) 

C     

Effective thermal capacity of collector 

J/K 

G '    
Global solar irradiance 

W/ m
2
 

Gd '    
Diffuse solar irradiance 

W/ m
2
 

K    
Incidence angle modifier 

--- 

LT   

Local time 

--- 



m        
Mass flow rate of heat transfer fluid 

kg/s 



Q        

Useful power extracted from collector 

W 
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 

Symbol 

 

Meaning 

 
Units 

t  
Time 

s 

ta    

Ambient or surrounding air temperature 

C 

te     

Collector outlet (exit) temperature 

C 

tin     

Collector inlet temperature 

C 

tm       
Mean temperature of heat transfer fluid 

C 

T   

Absolute temperature 

C 

T*i   , *=(tin-ta)/G 

Reduced temperature difference           

m
2
 K/W 

T*m   , *m=(tm-ta)/G 

Reduced temperature difference            

 m
2 
K/W 

U      
,    T*i 

Measured overall heat loss coefficient of collector, with 
reference to T*i 

W/(m
2 
K) 

U       
,    T*m 

Measured overall heat loss coefficient of collector, with 
reference to T*m 

W/(m
2 
K) 

u    

Surrounding air speed 

m/s 

Vf    

Fluid capacity of collector 

m
3
 

p         

Pressure difference between fluid inlet and outlet 

Pa 

t   

Time interval 

s 
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 

Symbol 

 

Meaning 

 
Units 

      , =te - tin 

Temperature difference between fluid outlet and inlet 

 

K 

     ,    T*i 

Collector thermal efficiency, with reference to T*i 

--- 

     ,    T*m 

Collector thermal efficiency, with reference to T*m  

--- 

0     ( T*i =0) 

Eta zero ( at T*i = 0), reference to T*i 

--- 


0
     ( T*m =0) 

Eta zero ( at *
m = 0), reference to T*m 

--- 

      
Density of heat transfer  fluid 

kg/m
3
 


c
     

Collector time constant 

s 

Qpeak    

Collector peak output 

W 

 
 
 
 
 / Subscripts 
 

A      

Reference to absorber area 

C      

Reference to aperture area 

G       

Reference to gross collector area 

 


