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1 Symbols a units
1 Symboly a jednotky

Aa
Ana
Ac
ap
az
C

Ci

Ct

Gu
Gp

Ke(6)

m;

Pi

Pzul
ta
tin
te
tm

tstg

T
Ap

At
AT

No

Aperture area of collector / plocha aperttry kolektoru

Absorber area of collector / plocha absorbéru kolektoru

Gross area of collector / hruba (obrysova) plocha kolektoru

Heat loss coefficient / stginitel tepelnych strat

Temperature dependence of heat loss coefficient / teplotne zavisly koeficient

Effective thermal capacity of collector / G¢inna tepelna kapacita kolektoru

Specific thermal capacity of collector components / merna tepelna kapacita komponentov
Specific thermal capacity of heat transfer fluid / merna tepelna kapacita teplonosnej latky
Global solar irradiance / globalne solarne oZiarenie

Hemispherical solar irradiance / hemisférické solarne oZiarenie

Diffuse solar irradiance / difGizne solarne oZiarenie

Direct solar irradiance / priame solarne oZiarenie

Global daily irradiation on collector plane / celkové denné oziarenie plochy kolektora

Incidence angle modifier of the hemispherical solar irradiance / modifikator thlu dopadu pre
hemisférické oZiarenie

Mass flowrate of heat transfer fluid / hmotnostny prietok teplonosnej latky

Mass of collector components / hmotnosti komponentov kolektoru

Factor weighting of collector components / vahovy stcinitef komponentov kolektoru

Useful power extracted from collector / uzitoény vykon ziskany z kolektoru

Permitted operation pressure / pripustny prevadzkovy tlak

Ambient or surrounding air temperature / teplota vonkajsieho alebo obklopujticeho vzduchu
Collector inlet temperature / teplota média na vstupe do kolektora

Collector outlet temperature / teplota média na vystupe z kolektoru

Mean temperature of heat transfer fluid / stredna teplota teplonosnej latky

Stagnation temperature / stagnacna teplota

Reduced temperature difference (=tm-ta/G) / redukovany teplotny rozdiel(=tm-t/G)
Surrounding air speed / rychlost vonkajsieho vzduchu

Pressure diference between fluid inlet and outlet / tlakova diferencia medzi vstupom a vystupom
Time interval / ¢asovy interval

Temperature difference between fluid outlet and inlet / teplotny rozdiel medzi vstupom a
vystupom

Solar absorbtance / solarna pohltivost’

Hemispherical emittance / hemisféricka emisivita

Angle of incidence / uhol dopadu

collector efficiency, with reference T / Géinnost kolektora vztiahnuta k T,

Zero-loss collector efficiency (n at T, =0), reference T/ téinnost kolektora pii nulovych
stratach (7 pri T4,=0), vztiahnuta k T,

Machinery and Production Devices Testing Body
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2 Description of solar collector

2 Popis slnecného kolektoru

General information
VSeobecné informéacie

Manufacturer
Vyrobca

| THERMO/SOLAR Ziar s.r.0., Na varticke 14, 965 01
"| Ziar nad Hronom, Slovakia

Brand name of collector
Obchodny nazov kolektoru

.| flat plate solar collector

Collector type

Typ kolektoru 1| TS 300

Serial number

Vyrobné ¢islo | S1542/0852027112/S
Number of drawing:

Cislo vykresu 11 S1542

Year of production 2012

Rok vyroby

Data about the collector
Udaje o kolektore

Recommended flow range (kg.s™)*
Doporuéeny prietok (kg.s™)

0,0086 — 0,0286

Recommended operating pressure
(kPa)*

Pracovny tlak (kPa) 450
Stagnation temperature at 1000 W/m®

and 30C ambient temperature (T)**

Stagnac¢na teplota pri 1000W/m? a teplote 190
okolia 30C (T)

Gross area (m°)* :
Hruba obrysovéa plocha (m?) 2,03
Length (mm)* :

Dlzka (mm) 2009
Width (mm)* :

Sirka (mm) 1009
Height (mm)* :
Vyska (mm) 75
Absorber area (m°)* :
Plocha absorbéru (m?) 1,78
Aperture area (m°)* .
Plocha apertiry (m?) 1,78
Weight empty (kg)* :
Hmotnost prazdneho stavu (kg) 36,1
Fluid content (1)* :
Obsah kvapaliny (1) 1,57

Heat transfer medium and ratio of
mixture, freezing point*
Teplonosna latka a zmieSavaci pomer,

water glycol mixture

Alternative heat transfer medium and
ratio of mixture, freezing point*
Alternativna teplonosna latka a zmieSavaci
pomer

Machinery and Production Devices Testing Body
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Specification of limitations for operation
Specifikacia obmedzenia pri prevadzke

Maximum operating temperature (T)*
NajvysSia prevadzkova teplota (T)

11120

Maximum operating pressure (kPa)*
Najvyssi prevadzkovy tlak (kPa)

11600

Maximum volume flow rate (kg/s)*
Max. prietok

10,0286

Maximum tilt angle (9*
max. uhol sklonu kolektora

1190

Minimum tilt angle (9*
min. uhol sklonu kolektora

1115

Max. permissible positive pressure load
of wind and snow (kg/mz)*

max. dovolené pozitivne zataZzenie od snehu
avetra

11230

Max. permissible negative load of uplift
forces caused by the Wind(kg/mz)*
max. dovolené negativne zatazenie od
vztlakovych sil vetra

1| 250

Other limitations
Iné obmedzenia

Collector fixation and mounting
Upevnenie a montaz kolektora

Orientation of mouting*
orientacia montaze

vertical

Collector mouting*
Miesto inStalacie

- inclined roof, on the roof

.| - inclined roof, integrated
*| - free mounting with an elevated track

Cover of collector

Kryt kolektoru

Number of cover*

Pocet krytov 1

Cover materials*

Material krytov :| glass
Dimensions of the cover (mm)*

Rozmery krytu (mm) 114 —-975x 1975
Identification of cover*

Oznacenie EN 12150-1
Density(kg/m®), weight(kg)*

Hustota, hmotnost’ .| 2450; 18,8
Cover solar tramsmittance 1*

Priepustnost slne¢ného Ziarenia 7 krytom 89+1
Structure of the cover(inner/outer)*

Konstrukcia krytu clear

Machinery and Production Devices Testing Body
Test report No.: 120700004/1/P
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Absorber
Absorbér

Material, density(kg/m®), weight(kg), heat
capacity(J/(kg.K)*
Materidl, hustota, hmotnost, tepelna kapacita

:| EN AW-5005[AL Mg1(B)]-H24/H34; 2700; 2,5; 921

Construction type (if used)*
Konstrukény typ

.| flat

Dimensions of the absorber (mm)*
Rozmery absorbéru (mm)

111926 x 926 x 0,4

Solar absorptance o*

Ponhltivost’ sine¢ného ziarenia a 1195
Hemispherical emittance €*

Hemisféricka emisivita ¢ 113

Surface treatment and thickness of the

coating (mm)* 110,5-0,7 um

Uprava povrchu a hribka

Brand name of the coating and

manufacturer*
Oznacenie Upravy povrchu a vyrobca

:| ALOX, THERMO/SOLAR Ziar s.r.0.

Type of connection between absorber —
tube*
Typ spojenia

:| compression moulding

Type of hydraulic circuit*

typ hydraulického okruhu meander
Number of absorber tubes*
Pocet rarok absorbéra 1121

dimensions of absorber tubes(mm),
material, density(kg/ms), heat capacity
(J/(kg.K)*

Rrozmery absorbénych rarok, material,
hustota, tepelna kapacita

!/ CU; 010,3x0,5;8930; 394

Distance between absorber tubes (mm)*

Vzdialenost’ medzi absorbénymi rarkami 1| 87
Number of header tubes*
Pocet zbernych rdrok 2

dimensions of the header tubes(mm),
material, density(kg/ms), heat
capacity(J/(kg.K)*

Rrozmery zbernych rarok, material

1| CU; 018 x 0,8; 8930; 394

Number of connections*
Pocet pripojeni

Thermal insulation and casing
Tepelna izolacia a skri na

Dimensions of the back thermal
insulation (mm)*
Rozmery spodnej tepelnej izolacie (mm)

1 1960 x 950 x 40

Dimensions of the thermal insulation on
the side (mm)*
Rozmery boc¢nej tepelnej izolacie (mm)

Insulating material*
I1zolaény material

:| ISOVER

Machinery and Production Devices Testing Body
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Density of the insulating material
(kg/m3)*

tepelna kapacita izolacného materiélu

hustota Izola¢ného materialu 40
Heat capacity of the insulating material
[J/(kg . K)I* :[ 1000

Casing material*
Materidél skrine,

1| EN AW-5754[Al Mg3]; 1982 x 982 x 0,8

Sealing material*
Tesniaci material

1| silicon

* o manufacturer specification
FE e determined at the lab

Machinery and Production Devices Testing Body
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Schematic illustration of the collector (by the manu
Schematicky nakres kolektoru (od vyrobcu)

{2009)

facturer):

St

(73]

(1863)

Figure 2
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3 Test results
3. Vysledky skisok

3.1 Performance test for liquid heating collectors according to chap. 6.1.4 EN 12975-2

3.1 Skuska vykonu kolektorov pod/a ¢l. 6.1.4 EN 12975-2

Thermal performance has been tested based on testm  ethods:

Tepelny vykon bol skiSany na zaklade skiSobnych metod:

EN 12975-2, chapter EN 12975-2, EN 12975-2, chapter

6.1.4, chapter 6.1.5, 6.3

Outdoor — Steady Indoor — Steady stade Outdoor — Quasi-

stade Method |X| Method |:| dynamic |:|

VonkajSia - metoda Vnatorna - metéda Method

ustaleného stavu ustaleného stavu Vonkajia - metdda
Kvéazidynamicka

Ii?:rlwt:gsené Sirka :| PieStany, 48,59°north

Longitude

Zemepisna dizka

;| PieStany 17.83°0st

Collector azimut
Azimut kolektoru

;| tracked (natacany)

Colector tilt
Sklon kolektru

‘| tracked (natacany)

Mean wind speed
Priemerna rychlost’

‘13 mis

Kind of fluid
Typ skiSobného teplonosného média

‘| water (voda)

Orientation of absorber tubes during testing (Horiz ontal

Najvy33i vykon kolektorovej jednotky (pri G* = 1000 W/m?)

or vertical) ;| vertical
Orientacia rirok absorbéru pri skiiSke (vodorovne alebo zvisle)
Peak Power (G* = 1000 W/m °) per collector unit - W peak | 1444

Photo of the collector :
Fotografia kolektora

Machinery and Production Devices Testing Body
Test report No.: 120700004/1/P
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Schematic illustration of the test loop for the coll
Schéma skiSobného okruhu pri vykonovej skiske
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3.2 Power output per collector unit
3.2 Vykon kolektorovej jednotky

Performance of collector (W) Irradiance G*(W.m )
Vykon kolektoru (W) Oziarenie (W.m?)
400 700 1000
10 511 945 1378
30 366 800 1233
tm —ta in K
50 206 639 1073
70 29 463 896

NOTE: The reported values are valid for normal incidence of irradiance
Poznamka: Udané hodnoty su pri kolmom dopade oZiarenia

Power curve of the collector with an assumed global solar irradiance of 1000 W/m

Graficky priebeh vykonu kolektora pri hodnote solarneho Ziarenia 1000 W/m?

1600,00
1400,00
1200,00 - \
1000,00 |

800,00 -

600,00

power output per collector [W]

400,00 -

200,00

2

0,00 T T T

0 10 20 30 40 50 60
tn-ta [K]

Figure: Power output per collector unit ( for G* =
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3.3 Instantaneous efficiency curve
3.3 Okamzita uc¢innost

Based on (absorber/apenture) area and mean temperature of heat transfer fluid
Okamzita ucinnost kolektoru vztiahnuté k ploche (absorbéru/ apentlry) a strednej teplote teplonosnej latky:

Reference area Aperture area

Reference area Absorber area

Aa [m?] 1,78 An [M?] 1,78
Q .
Ma=—— - Q
G A=
A AG
— _ (tm _ta) _ (tm _ta)2 (t -t ) (t -t )2
Ma =Moa ~ Na- G &, - G OAZOOA_aiA'M_aZA'M
G G
Coefficient based on aperture area Coefficient based on absorber area
Noa [] 0,8117 Noa [-] 0,8117
aza [W/(m*.K)] 3,63 aia [W/(m?.K)] 3,63
aza [W/(M?.K)] 0,011 aza [W/(M*.K?)] 0,011

3.4 Determination of the collector incident angle

modifier (chapter 6.1.7 EN 12975-2)

3.4 Stanovenie modifikatora Ghlu dopadu na kolektore (¢l. 6.1.7 EN 12975-2)

The value n, AT and G have to be inserted with respect to the measurements for the incident angles 6. For the
determination of the incident angle modifiers, the no — values from the measurements with the incident angles 6

have to be divided in each case by the no — value during normal solar irradiance (0°from th e efficiency curve).

Hodnoty 77, AT a G musia byt pouzité s ohfadom na hodnoty z merani pre uhol dopadu 8. Pre uréenie IAM musia byt hodnoty 77, ziskané
z merani pre rézne uhly dopadu delené hodnotou 77, ziskanl z merania pre norméalovy uhol dopadu sinecného Ziarenia (0°z krivky

Gcinnosti).
(7]
K(g) = ,70( O)
176(0°)
Result of the measurements
Vysledky merani
Incidence angle IAM
Uhol dopadu
0 K(6)
50° 0,95

3.5 Time constant of the collector(chapter 6.1.6.
3.5 Casova konstanta kolektora (¢l. 6.1.6.3 EN 12975-2)

This test was not performed.
Tato skuska sa nevykonala.

Machinery and Production Devices Testing Body
Test report No.: 120700004/1/P
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3.6 Effective thermal capacity of the collector(ch  apter 6.1.6.2 EN 12975-2)
3.6 Uginna tepelna kapacita kolektora (¢l. 6.1.6.2 EN 12975-2)

Estimation due to material data
Vypocet na zaklade parametrov pouzitych materialov

C= 11,26 kJK* (effective thermal capacity of the collector filled with water-glycol-50%:50%)

3.7 Determination of the pressure drop of the coll  ector(chapter 6.1.8 EN 12975-2)
3.6 Stanovenie tlakovych strat kolektora (¢l. 6.1.8 EN 12975-2)

The pressure drop curve was determined with water as heat transfer fluid with an average inlet temperature of 20 + 2C
and with ambient temperature of 20<C.
Tlakové straty boli stanovené pomocou vody ako teplonosné médium s priemernou teplotou 20 +2<T a pri teplotie okolia 20<C.

.I2 .
Ap=am +b.m

The following coefficients were calculated by regression of the measured data:
Nasledujuce koeficienty boli stanovené pomocou regresnej analyzy z nameranych hodnot:

a =8794437,6 (Pa.s’)/kg’
b = 179403 (Pa.s)/kg

Pressure loss (tlakové straty)

50000
45000 P

40000 /
35000 //

j-d
30000 —

Ap [Pa]

25000 P

20000 o
15000 //

10000
5000 —

0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07
m [kg/s]

Table of measured data
Tabu/ka nameranych hodnét

Mass flow rate
prietok 0,0 | 0,007 | 0,014 | 0,028 | 0,036 | 0,05 | 0,064
(kg/s) : , . : : ' '

Pressure drop
Tlakové straty

(Pa) 0,0 1380 | 3620 | 11800 | 18100 | 31200 | 47300

Machinery and Production Devices Testing Body
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3.8 Observed failures
3.8 Vyhodnotenie

Absorber leakage or such deformation that permanent contact between absorber and cover

is established not found
Netesnot absorbéra alebo deformécia, ktora spdsobuje staly dotyk absorbéra a krytu
Breaking or permanent deformation of cover or cover fixing

f . ; : not found
Lom alebo trvald deformécia krytu alebo jeho upevnenia
Breaking or permanent deformation of collector fixing or collector box not found

Lom alebo trvala deforméacia upevnenia kolektora alebo kolektorovej skrine

Loss of cacuum or low pressure (applicable for vacuum or subatmospheric collectors)
Strata vakua alebo podtlaku (plati pre vakouvé alebo podtlakové kolektory)

not relevant

Accumulation of humidity in form of condensate on the inside the transparent cover of the
collector exceeding 10% of the aperture area

Hromadenie vihkosti vo forme kondenzatu na vnitornej strane transparentného krytu kolektora
presahujuce 10% plochy apertary

not found

4. Remarks
4, Zaver

The present report has been performed according to EN 12975-2:2006.

Machinery and Production Devices Testing Body
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Annex 1: Table of the measured values for the colle
Priloha 1: Tabul/ka nameranych hodnét pre stanovenie G¢innosti kolektora

Reference area: aperture area
Referenéna plocha: plocha apertary

ctor efficiency

Measuring

T

point No. G , Gu G m tin te te — tin tm ta tm—ta ] Na

Wim| [-] |[kg/min] | [C] | [C] | [K] [C] (€] (K] [ [mKW]| [-]
1 920 0,12 1,256 | 78,34 | 87,94 | 9,600 | 83,1400 | 17,64 | 65,5000 | 0,07120 | 0,5153
2 925 0,12 1,261 | 78,27 | 87,86 | 9,590 | 83,0650 | 17,65 | 65,4150 | 0,07072 | 0,5140
3 933 0,12 1,268 | 78,20 | 87,87 | 9,670 | 83,0350 | 18,26 | 64,7750 | 0,06943 | 0,5167
4 940 0,12 1,266 | 78,11 | 87,90 | 9,790 | 83,0050 | 18,55 | 64,4550 | 0,06857 | 0,5184
5 980 0,11 1,240 | 18,52 | 34,76 | 16,240 | 26,6400 | 23,85 2,7900 | 0,00285 | 0,8041
6 962 0,11 1,238 | 18,52 | 34,47 | 15,950 | 26,4950 | 23,36 3,1350 | 0,00326 | 0,8032
7 955 0,11 1,236 | 18,51 | 34,31 | 15,800 | 26,4100 | 23,22 3,1900 | 0,00334 | 0,8002
8 972 0,11 1,236 | 18,50 | 34,44 | 15,940 | 26,4700 | 23,55 2,9200 | 0,00300 | 0,7932
9 779 0,11 1,230 | 46,57 | 56,93 | 10,360 | 51,7500 | 18,53 | 33,2200 | 0,04264 | 0,6406
10 803 0,12 1,245 | 46,59 | 57,25 | 10,660 | 51,9200 | 19,02 | 32,9000 | 0,04097 | 0,6472
11 817 0,12 1,269 | 46,63 | 57,50 | 10,870 | 52,0650 | 19,37 | 32,6950 | 0,04002 | 0,6612
12 837 0,12 1,260 | 46,64 | 57,77 |11,130 | 52,2050 | 19,76 | 32,4450 | 0,03876 | 0,6561
13 914 0,12 1,268 | 60,19 | 71,56 | 11,370 | 65,8750 | 21,82 | 44,0550 | 0,04820 | 0,6185
14 914 0,12 1,268 | 60,21 | 71,50 | 11,290 | 65,8550 | 21,54 | 44,3150 | 0,04848 | 0,6142
15 918 0,12 1,272 | 60,26 | 71,57 | 11,310 | 65,9150 | 21,37 | 44,5450 | 0,04852 | 0,6145
16 913 0,12 1,271 | 60,28 | 71,55 | 11,270 | 65,9150 | 22,10 | 43,8150 | 0,04799 | 0,6152
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Annex 2: Normalized efficiency curve scaled to 800 W/m? based on aperture area
Priloha 2: Krivka Géinnosti normalizované pre 800W/m? vztiahnuta na plochu apertary
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Annex 3: Table of measuring instruments & test equi pment
Priloha 3: Tabulka meracich pristrojov a zariadeni
Measuring equipment ident. code

Air speed
Snimac rychlosti vetra Vaisala WAA 151 D32311
Hemispherical solar

irradiance :
hemisférické oZiarenie Kipp @Zonen CMP 11 080385
Diffuse solar irradiance
DifGzne oZiarenie Kipp @Zonen CMP 11 080386
Water flow
Prietok OPTIMASS 7000 T06 G100000001102333
Ambience temperature
Teplota okolia Sensor PT-100 334/10
Temperature of collector tin
Teplota vody na vstupe do .

kolektora t, PT-100, Sensit TR 013-60 6345/1008
Temperature of water
Teplota vody PT-100, Sensit TR 013-60 7278/1208
Temperature of collector te
Teplota vody na vystupe z .

kolektora t. PT-100, Sensit TR 013-60 6346/1008
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