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ABSTRACT

In the present dissertation, a bibliographic review was performed on each type of solar collector,
focusing on the flat solar collector of natural and forced circulation. Firstly, introductory data on
the solar energy are described. Specifically, the historical background of solar panels, the categories
that are available in the market, their operating conditions, as well as their technical characteristics
are analyzed. The different types of collectors are compared, in particular the natural and forced
circulation water heating systems, in terms of their maximum efficiency and the relevance of the
respective error theory for each collector. A transmission error theory is being investigated which
could hypothetically be introduced into the experimental measurements. This theory can determine
the propagation of the error and the variation of the degree of performance. Furthermore, the
indicative experimental layout in the research area of the university is presented, for the recording
of the required measurements. Additionally, the methodology of taking experimental measurements
as well as the equations included are analyzed. Finally, the conclusions and suggested ideas for the
implementation of the experiment are analyzed.

Keywords: Thermosiphonic system, forced circulation, natural circulation, solar collector,
error, standard deviation, efficiency.
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ICS: Integrated Collector System

FPTU: Flat Pate Thermosiphonic Unit

FCP: Flat Plate Collector

ETC: Evacuated Tube Collector

CPC: Compound Parabolic Concentrator

LFR: Linear Fresnel Reflectors

PTC: Parabolic Trough Collector

CTC: Cylindrical Trough Collector

PDR: Parabolic Dish Reflector

HFC: Heliostat Field Collector

TRNSYS: Transient System Simulation Tool

MLR: Multiple Linear Regression

RMSE: Root Mean Square Error
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.
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. ,

.  

, 

, 
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 2, 0=0.86 

 a1=  FRUL=21.5 W/m2K.  Keymark

(https://keymark.eu/en/)    4

, ,

 2

.

 4. .

. 0 a1= FRUL (W/m2K)

Soltop Energie
SA

Solardach AS 011-7S677 F 0.877 19.64

Soltop Energie
SA

Kollektor AS 011-7S1840 F 0.902 17.22
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2.1.4.   
(Evacuated tubular)

,  2013 . , 

, 

 3.2.5.
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. ,
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Bosch 0= 0.787  a1= FRUL=2.99 W/m2K. , 

2,  0= 0.45  a1=  FRUL=1.25 W/m2K,

, 

 2.

 5 , 

 ( 0=0.653) 

 (1.395 W/m2K), 

 2. , ,

, 

.
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 (m2)
m a

(K)
(max)

a1

(W/Km2)
o

(%)
Uw

(m/s)
2

(W/K2m2)

Naked
Energy

Ltd
Virtu HOT 011-7S2980R Virtu HOT 0.65 80 1.3 37.6 1.3 0.006

Zhejiang
shentai

solar
energy
co.,ltd

Suntask,
SHENTAI 011-7S3020R

SHC8 1.74

63.24 1.206 54.1 1.3 0.004

SHC9 1.96
SHC10 2.17
SHC12 2.59
SHC14 3.01
SHC15 3.22
SHC16 3.43
SHC18 3.85
SHC20 4.28
SHC21 4.49
SHC22 4.7
SHC24 5.12

Beijing
Sunda
Solar

Energy
Technolo

gy Co.,
Ltd

Sunda 011-7S3106R

SEIDO2-6 1.54

55 0.72 58.6 1.3 0.017
SEIDO2-8 2.06

SEIDO2-12 3.1

SEIDO2-16 4.13

Naked
Energy

Ltd

Virtu HOT
HD 011-7S2981R Virtu HOT HD 0.47 80 2.06 54.6 1.3 0.007

Carl
Capito

Heiztechn
ik GmbH

CC-HPV-
S12 011-7S3037R CC-HPV-S12 2.59 63.24 1.21 54.0 1.3 0.004

Consolar
Solare

Energiesy
steme
GmbH

Consolar 011-7S2463R
Consolar

TUBO II C (2
Modules)

2.44 60 0.9 59.5 1.3 0.005

Thermics
Energie

S.r.l.

10 DTH
V2 011-7S3024R 10 DTH V2 2.38 78 0.94 63.7 1.3 0.004

Kloben
Industries

S.r.l
ATON G 011-7S2904R

ATON G 10-O 2.17

79 0.746 61.1 1.3 0.008

ATON G 12-O 2.58
ATON G 14-O 3.01
ATON G 16-O 3.43
ATON G 18-O 3.86
ATON G 20-O 4.28
ATON G 22-O 4.71

NATURAL
ATON 12-200-

O
2.58

NATURAL
ATON 16-300-

O
3.43

Jiangsu Micoe 011-7S2265R SZ58/1800- 0.92 70 2.643 73.3 - 0.000
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Micoe
Solar

Energy
Co., Ltd.

10HA
SZ58/1800-

15HA 1.38

SZ58/1800-
20HA 1.84

SZ58/1800-
25HA 2.31

SZ58/1800-
30HA 2.77

EHT Italia
s.r.l. - 011-7S1430R 1100 HP 20 3.1 130 1.030 69.0 - 0.016

1100 HP 30 4.63
Bosch

Thermote
chnik
GmbH

Bosch 011-7S2460R
Bosch VK120-

2 CPC (2
Modules)

2.44 60 0.90 59.5 1.3 0.005

ATAG
Italia S.r.l.

SOLDPF21
T 16598Rev.0 SOLDPF21T 4.45 64.3 0.69 61.1 1.3 0.005

Ritter
Energie-

und
Umweltte

chnik
GmbH

OEM 21,
CSO 21* 011-7S114R

OEM 21 1.33

70 1.437 71.8 - 0.007

CSO 21* 1.33

Pleion
Industries

S.r.l.

X-RAY 21
R 16082Rev.0 X-RAY 21R 4.45 64.3 0.69 60.9 - 0.005

NES -
New

Energy

SUNSYSTE
M VTC 15,
SUNSYSTE
M VTC 20,
SUNSYSTE
M VTC 30

011-7S2236R

SUNSYSTEM
VTC 15 1.412

70 1.500 66 - 0.020
SUNSYSTEM

VTC 20 1.882

SUNSYSTEM
VTC 30 2.824

Bosch
Thermote

chnik
GmbH

Junkers 011-7S2466R
Junkers

VK120-2, 2
module

0.92 70 2.990 78.7 - 0.015

AmoSol
Solartech
nik GmbH

AS HP
70.05, AS
HP 70.10,

AS HP
70.20

011-7S1830R

AS HP 70.05 0.561

70 1.98 69.4 - 0.0016AS HP 70.10 1.122

AS HP 70.20 2.244

CIRELIUS,
Lda.

Solius
TuboSol

HP 20
tubes,
Solius

TuboSol
HP 30
tubes

011-7S1992R

Solius TuboSol
HP 10 tubes 0.94

70 1.529 73.4 - 0.016

Solius TuboSol
HP 15 tubes 1.40

Solius TuboSol
HP 20 tubes 1.87

Solius TuboSol
HP 25 tubes 2.33
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Solius TuboSol
HP 30 tubes 2.79

NES NEW
ENERGY
SYSTEM

LTD

Sunsytem
VTR 15,

Sunsytem
VTR 20,

Sunsytem
VTR 30

011-7S2514R

Sunsytem VTR
15 1.40

70 1.668 72.6 - 0.017
Sunsytem VTR

20 1.87

Sunsytem VTR
30 2.81

solardirek
t24 GmbH

EUROTHE
RM

SOLAR
PRO 10R,
15R, 20R,
25R, 30R

011-7S1505R

EUROTHERM
SOLAR PRO

10R
0.94

70 1.668 72.6 - 0.0172

EUROTHERM
SOLAR PRO

15R
1.40

EUROTHERM
SOLAR PRO

20R
1.87

EUROTHERM
SOLAR PRO

25R
2.34

EUROTHERM
SOLAR PRO

30R
2.81

Ritter
Energie-

und
Umweltte

chnik
GmbH &
Co. KG

Ritter XL
Solar 011-7S2425R XL 19/49 4.94 108 0.531 62.7 - 0.003

GREENon
eTEC

Solarindu
strie

VRK 14,
VRK 10 011-7S016R

VRK 14 2.23
70 0.654 63.6 - 0.013

VRK 10 1.60

Westech-
Solar
OHG

Tubepow
er 10, 15,

20
011-7S1682R

Tubepower 10 1.01
70 1.379 71 - 0.0031Tubepower 15 1.51

Tubepower 20 2.01

Menbro
Energiete

chnik
GmbH &
Co. KG

Membro
BHP-15,
Membro
BHP-20,
Membro
BHP-30

011-7S2410R

Membro BHP-
15 1.40

70 1.670 72.6 - 0.017
Membro BHP-

20 1.87

Membro BHP-
30 2.81

Bosch
Thermote

chnik
GmbH

Buderus 011-7S2467R
Buderus

Lagasol SKR5,
2 Module

0.92 70 2.990 78.7 - 0.015
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2.2. 

  . , 

, 

. 

, 

.

2.2.1.  F.P.T.U  I.C.S.

, 

,

 (F.P.T.U.)

 (I.C.S.) .  I.C.S. 

, .

13.

Viessman
n Werke
GmbH &
Co. KG

Abrand 011-7S2192R

Vitosol 300-T
SP3B-12 1.60

70 1.256 76.9 - 0.005
Vitosol 300-T

SP3B-24 3.19

1.395 65.3

 5. .
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 12. F.P.T.U. vs I.C.S.

, , 

, , 

.  14  15

.

13. .
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 14. .

 14,

 ( ),  ( ). 

,

. , 

 15, . 

.

,  ICS    

(FPTU) . 0=0.465  FTPU 0=0.63 

ICS  0.17  17% [16].
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2.2.2.  FTPU  TRNSYS

, ,

,  TRNSYS. 

, , 

, , 

, 

. 

, 

, . , 

, , 

,  16.

 15. .

, , , 

,  R2 ( )  0.9.

 17, 
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 (TRNSYS) . 

, 

. , 0=0.507 

FPCU 0=0.486  TRNSYS  0.12

 12%. , 

,  5.8%, 

 [17].

 16.  TRNSYS .

2.2.3.

, 

 quasi-dynamic, 

. , 

EN 1295-2  multiple linear regression (MLR) 

 Kratzenberg [18].  MLR 

 95%, 
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, . 

, 

. , 

,    18,

.

, , 

.

 17. 
 G  =  1000  W/m2

, 

, 

 19, , 

 18,  

.
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 18. : , 
, : .

, 

, , 

, . 

0=0.665 0=0.675, 

. [19].

2.2.4.

  , 

. , ,

, .  20,

,

. , 

. , 

 18% 

. , 

, 

, . 

0 0.8 , 
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. 

, .

 19. .

, 

, . 

,

 [20].

2.2.5.

, 

, . ,

,  0.042

kg/s .

, 

,  (±0.1%),

 (±0.1%)  (±0.1%). 

, , 

, 

 (root mean square

error RMSE).  RMSE 
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3.8 (  3.3),  1.15%, .

 21  6

.

 20. .

, 

0 0.71   (  6), 

. 

, 

 [21]. , 

,   , .

 6. .
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2.2.6.

, 

,  R600a.

, 

.

,  22, 

. 

, 

2.2%.  97%, 

, .

 21.  .

, 

 ( ) 

. 

.

, , 

, , 

. 

 7 & 8.
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 7. .

 7,

. ,  8, 

,

. , 

,  RME (Relative

Mean Error)  [22], 

 Student  95%, 

 2.2.2.

 8. RME .

 8, col ( ) 

 22.8%. , 

, 

, 

. ,  (  22)  

col, 

. , 

, ,  «An average

efficiency of 58.22 ± 12.81% was obtained on this day»,   

col  12.81%  22.81%. 
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.

 [23].

2.2.7.   

, , ,

, 

, 

 0.02 kg/s. , 

, , .

, 

 2.2.,  4. 

, , , 

 38%, , 

.  23

 1999-2000.

 22. .

, 

0 0.73, 

 ( ). , , 
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 34.1%  41.2%  24. , 

,  [24].

 23. .

2.3. 

 2

, 

. 

0 0.9. , 

. ,  (evacuated

tubular), , 

. , 

,

, 

0 0.75 

.

, 

, , , 

. 

.

, 
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, , ,

.  2.2.

, . 

   2   

 0.45 0.79, 

, 

 0.71 0.73.  (

)  , 

, 

.

, , 

. , ,

, 

 (2.2.3.).

,  Student, 

 (2.2.6), 

. 

, 

Student,  (R2)

. 

 9.
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 9. .

0 0

(4.1)

0.75 0.75 -

0.63 0.82 -

0.86 0.9 -

0.37 0.78 -

4.2.1 FTPU - 0.47 - -

ICS - 0.63 - -

4.2.2 FPCU 0.49

(TRNSYS)

0.51

)

R2

4.2.3 ETC 0.57 0.59 MLR

 StudentFPC 0.66 0.68 MLR

4.2.4 Flat Plate - 0.78 - -

Evacuated

tubular

- 0.81

Plastic no cover - 0.91

Air absorber - 0.71

4.2.5 - 0.71 R2
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