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1 Symbols a units
1 Symboly a jednotky

Aa - Aperture area of collector / plocha aperttry kolektoru m

An - Absorber area of collector / plocha absorbéru kolektoru m?

Ac - Gross area of collector / hruba (obrysova) plocha kolektoru m?

a1 - Heat loss coefficient / suéinitel tepelnych strat wm?K?!
az - Temperature dependence of heat loss coefficient / teplotne zavisly koeficient wm?K?
C - Effective thermal capacity of collector / dcinna tepelna kapacita kolektoru JK*

ct - Specific thermal capacity of heat transfer fluid / merna tepeiné kapacita teplonosnej létky Jkg'k?
G - Hemispherical solar irradiance / hemisférické solarne oziarenie w/m?

Gy - Diffuse solar irradiance / difizne solarne oziarenie w/m?

Gy - Direct solar irradiance / priame solarne oZiarenie W/m?

H - Hemispherical irradiation on collector plane / hemisferické oziarenie plochy kolektora MJ/m?
Khem(0L, 07) - Incidence angle modifier for the hemispherical solar irradiance / modifikator thlu dopadu pre -

hemisférické oZiarenie

Kb(6L, 67) - Incidence angle modifier for direct solar irradiance / modifikator tihlu dopadu pre priame -
oZiarenie

Kg - Incidence angle modifier for diffuse radiation / modifikator uhlu dopadu predifizne ozZiarenie -

m - Mass flowrate of heat transfer fluid / hmotnostny prietok teplonosnej latky kg/s

6] - Useful power extracted from collector / uzitoény vykon ziskany z kolektoru w

3a - Ambient or surrounding air temperature / teplota vonkajsieho alebo obklopujticeho vzduchu °C

Sin - Collector inlet temperature / teplota média na vstupe do kolektora °C

e - Collector outlet temperature / teplota média na vystupe z kolektoru °C

9m - Mean temperature of heat transfer fluid / stredna teplota teplonosnej latky °C

stg - Stagnation temperature / stagnacna teplota °C

T'm - Reduced temperature difference (=8m -3a /G) / redukovany teplotny rozdiel(=3y-3a /G) m? Kw*

u - Surrounding air speed / rychlost vonkajsieho vzduchu m.s™

Ap - Pressure diference between fluid inlet and outlet / tlakova diferencia medzi vstupom a Pa
vystupom

At - Time interval / ¢asovy interval s

AT - Temperature difference between fluid outlet and inlet / teplotny rozdiel medzi vstupom a °K
vystupom

o - Solar absorbtance / solarna pohitivost -

€ - Hemispherical emittance / hemisféricka emisivita -

® - Angle of incidence / uhol dopadu degress

- collector efficiency, with reference T"m based on hemispherical irradiance / déinnost -

Them kolektora vztiahnuta k T'w na zaklade hemisférického oZiarenia

- Zero-loss collector efficiency (nat T'm=0), reference T*m based on hemispherical -
To,hem irradiance / ucinnost kolektora pii nulovych stratach (n pri T'»= 0), vztiahnuta k T",, na zaklade
hemisférického oZiarenia

- Peak collector efficiency based on beam irradiance / max. dcinnost na zaklade priameho

No,b .. .
oZiarenia
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2 Description of solar collector
2 Popis slne¢ného kolektoru

General information
VSeobecné informacie

Manufacturer
Vyrobca

. '[HERMO/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 | TS 111

Serial number

Vyrobné éislo 1| 1703669A007
Number of drawing:

Cislo vykresu 1| S1539

Year of production 2017

Rok vyroby

Data about the collector
Udaje o kolektore

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

0,0086 - 0,0286

Recommended operating pressure
(kPa)*

Pracovny tlak (kPa) 600
Stagnation temperature at 1000 W/m”

and 30°C ambient temperature (°C)*

Stagnacné teplota pri 1000W/m’ a teplote 195
okolia 30°C (°C )

Gross area (m°)* :

Hrubé obrysova plocha (m°) 2,51
Length (mm)* :

Dizka (mm) 2009
Width (mm)* :

Sirka (mm) 1249
Height (mm)* :

Vyska (mm) 100
Absorber area (m°)* :
Plocha absorbéru (m?) 2,236
Aperture area (m°)* :
Plocha apertiiry (m?) 2,236
Weight empty (kg)* :
Hmotnost prazdneho stavu (kg) 51,6
Fluid content (1)* :
Obsah kvapaliny (1) 1,7

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
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Specification of limitations for operation

Specifikdcia obmedzenia pri prevéadzke

Maximum operating temperature (°C)*
Najvyssia prevadzkova teplota (°C)

1100

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

.1 600

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

:10,0286

Maximum tilt angle (°)*
max. uhol sklonu kolektora

11 90

Minimum tilt angle (°)*
min. uhol sklonu kolektora

1115

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

max. dovolené pozitivne zataZenie od snehu
a vetra

11230

Max. permissible negative load of uplift
forces caused by the wind(kg/m?)*
max. dovolené negativne zatazZenie od
vztlakovych sil vetra

| 250

Other limitations
Iné obmedzenia

Collector fixation and mounting
Upevnenie a montaz kolektora

Orientation of mouting*
orientacia montaze

horizontal

Collector mouting*
Miesto inStalacie

- inclined roof, on the roof

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

- facade mounting

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 —-1222 x 1975

Identification of cover*

Oznacenie ;| EN 12150-1
Density(kg/m°), weight(kg)*

Hustota, hmotnost’ 1|1 2450; 19,26
Cover solar tramsmittance t*

Priepustnost’ sine¢ného Ziarenia r krytom 189+1
Structure of the cover(inner/outer)*

Konstrukcia krytu :| clear
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Absorber
Absorbér

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

:| EN AW-5005[AL Mg1(B)]-H24/H34; 2700; 1,98; 921

Construction type (if used)*
KonStrukény typ

;| flat

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

111914 x 1157 x 0,4

Solar absorptance o*

Pohltivost slne¢ného Ziarenia o 1195
Hemispherical emittance &*
Hemisféricka emisivita ¢ 1113
Surface treatment and thickness of the
1 1 *
selective coating (mm) 110,5-0,7 um

Uprava povrchu a hribka

Brand name of the selective coating and
manufacturer*
Oznacenie upravy povrchu a vyrobca

:| ALOx, THERMO/SOLAR Ziar nad Hronom s.r.o.

Type of connection between absorber —
tube*
Typ spojenia

:| compression moulding

Type of hydraulic circuit*

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

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

Rrozmery absorbcnych rarok, material,
hustota, tepelna kapacita

| CU; 10,3 x 0,5; 8930; 394

Distance between absorber tubes (mm)*

Vzdialenost medzi absorbénymi rirkami .| 87
Number of header tubes*
Pocet zbernych rirok 2

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

Rrozmery zbernych rarok, material

| CU; 18 x 0,8; 8930; 394

Number of connections*
Pocet pripojeni

Thermal insulation and casing
Tepelna izolacia a skrina

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

111950 x 950 x 70

4Okg/m3

Dimensions of the thermal insulation on
the side (mm)*
Rozmery bocnej tepelnej izolacie (mm)

1120 x79-984 ..... 8,5 pc
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Insulating material*
Izolaény materiél

| ISOVER
Density of the insulating material
(kg/m3)* )
hustota Izolacného materialu |40 and 150
Heat capacity of the insulating material
[V/(kg . K)I* .| 1000

tepelna kapacita izolacného materialu

Casing material*
Material skrine,

:| AIMgSi — T66, AIMn1

Sealing material*
Tesniaci material

:| Silicon, EPDM

* o manufacturer specification
e determined at the lab
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Schematic illustration of the collector (by the manufacturer):
Schematicky nakres kolektoru (od vyrobcu)
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3 Test results
3. Vysledky skusok

3.1 Performance test for liquid heating collectors according to chap. 20 EN ISO 9806

3.1 Skuska vykonu kolektorov podfa ¢l. 20 EN ISO 9806

Thermal performance has been tested based on test methods:

Tepelny vykon bol skiSany na zaklade skusobnych metéd:

[

EN ISO 9806 EN ISO 9806 EN ISO 9806
Outdoor — Steady Indoor — Steady stade Outdoor — Quasi-dynamic
stade method |Z method |:| method
Vonkajsia - metdda Vnudtorna - metéda ustaleného Vonkajsia - metdda
ustaleného stavu stavu Kvazidynamicka
Latitude ' :| Piegtany, 48,59° north
emepisna Sirka
Longitude

Zemepisna dizka

:| PieStany 17.83° ost

Collector azimut
Azimut kolektoru

:| tracked (natacany)

Colector tilt
Sklon kolektru

| tracked (natacany)

Mean wind speed
Priemerna rychlost

‘3 mis

Kind of fluid
Typ skuSobného teplonosného média

‘| water (voda)

Orientation of absorber tubes during testing (Horizontal
or vertical)
Orientécia rurok absorbéru pri skuske (vodorovne alebo zvisle)

:| horizontal(horizontalne)

Peak Power (G = 1000 W/m?) per collector unit - Woeak
Najvy3si vykon kolektorovej jednotky (pri G = 1000 W/m?)

11870 W

Photo of the collector on the performance test bed:
Fotografia kolektora pri vykonovej skuske

Figure 3
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Schematic illustration of the test loop for the collector performance test
Schéma skusobného okruhu pri vykonovej skuske
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3.2 Power output per collector unit
3.2 Vykon kolektorovej jednotky

2000,00

1800,00

1600,00

1400,00

1200,00

1000,00

800,00

power output per collector [W]

600,00

400,00

200,00

Performance of collector (W) Irradiance
Vykon kolektoru (W) Oziarenie (W.m)
400 700 1000
(Gp = 200 (Gp =440 (Gp = 850
Gq = 200) G4 = 260) Gq = 150)

10 666 1227 1787

20 578 1139 1700

30 485 1046 1607

) 40 387 947 1508

9m -9ain °K

50 283 844 1405

60 174 735 1296

70 59 620 1181

80 - 500 1061

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 solérneho Ziarenia 1000 W/m?
0 10 20 30 40 50 60 70 80 90 100
tm - ta [OK]

Figure: Power output per collector unit (for G = 1000 W/mz)
Vykon kolektorovej jednotky ( pre G = 1000 W/m?)

TRNo.: 170700006/1/PQ

Page (strana) 11 of (z) 28 pages (stran)



3.3 Instantaneous efficiency curve

3.3 Okamczita ucinnost

Based on gross area and mean temperature of heat transfer fluid
Okamzita ucinnost kolektoru vztiahnuta k obrysovej ploche a strednej teplote teplonosnej latky:

Reference area

Gross area

Ac [m?]

2,51

77hem =

Mhem = no,hem - ai

Q
A,.G

2

('gm _'ga) _a.G. (Lgm _lga)2

G
Coefficient based on gross area
Nohem [-] 0,7449
No,b (estimated) 0,754
ax W/(m’.K)] 3,17
az [W/(m’.K%)] 0,01

3.4 Determination of the collector incident angle modifier (chapter 27 EN ISO 9806)
3.4 Stanovenie modifikatora uhlu dopadu na kolektore (¢I. 27 EN 1SO 9806)

The value 1, A3 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 nonem — values from the measurements with the incident angles 6

have to be divided in each case by the nonem — value during normal solar irradiance (0° from the efficiency curve).
Hodnoty n, 43 a G musia byt pouZité s ohladom na hodnoty z merani pre uhol dopadu 6. Pre uréenie IAM musia byt hodnoty 1o nem
ziskané z merani pre rézne uhly dopadu delené hodnotou nonem Ziskant z merania pre normalovy uhol dopadu sineéného Ziarenia (0° z

krivky ucinnosti).

Khem(eLa eT) = No,hem (eLa eT) / No,hem (0, 0)

Result of the measurements

Vysledky merani

3.5 Time constant of the collector(chapter 26.4 EN ISO 9806)

Incidence angle IAM IAM
Uhol dopadu
0 Khem (6) Ky (estimated)
50° 0,95
0,917

3.5 Casové konstanta kolektora (&l. 26.4 EN 1SO 9806)

This test was not performed.
Tato sktska sa nevykonala.
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3.6 Effective thermal capacity of the collector(chapter 26.3 EN I1SO 9806)
3.6 Usinna tepelné kapacita kolektora (&l. 26.3 EN ISO 9806)

Estimation due to material data
Vypocet na zaklade parametrov pouZitych materialov

C= 155kJK* (effective thermal capacity of the collector filled with water-glycol-50%:50%)
3.7 Determination of the pressure drop of the collector(chapter 28 EN ISO 9806)
3.7 Stanovenie tlakovych strat kolektora (¢l. 28 EN ISO 9806)

This test was not performed.
Tato skuska sa nevykonala.
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4. Durability and reliability test of collectors

4. Skasky trvanlivosti a spolahlivosti

4.1 Record of test sequence and summary of results

4.1 Zapis postupu skusky a suhrn hlavnych vysledkov

Test Date Result
start end
'\;‘t‘?ma',pressure 14.11.2017 14.11.2017 passed
'nutorny tlak
High-temperature resistance 08.08.2017 08.08.2017 passed
Odolnost proti vysokym teplotam T T
EXpOS”r? Or pre-exposure 03.08.2017 15.09.2017 passed
'ystavenie vonkaj$im vplyvom

External thermal shock —first 08.08.2017 08.08.2017 passed
Vonkajsi tepelny raz — prvy
External thermal shock — second 29.08.2017 29.08.2017 passed
Vonkajsi tepelny raz — druhy
Internal thermal shock — first 17.08.2017 17.08.2017 assed
Vndtorny tepelny raz — prvy T T p
Internal thermal shock — second 31.08.2017 31.08.2017 passed
Vndtorny tepelny raz — druhy
Rain penetration
Odolnost proti dazdu 04.10.2017 04.10.2017 passed
Freeze resistance
Odolnost protiu mrazu ; ) not relevant
Mechanical load — positive 21.11.2017 21.11.2017 passed
Mechanické zataZenie — pozitivne
Mechanical load — negative 22.11.2017 22.11.2017 passed
Mechanické zatazenie — negativne
Impact resistance 15.11.2017 15.11.2017 passed
Prierazna odolnost
Final inspection 24.11.2017 24.11.2017 passed
Konecna kontrola
Thermal performance 01.08.2017 04.08.2017 performed

Tepelny vykon

Pressure drop measurement
(optional)
Meranie tlakovych strat(nepovinna)

not performed

Comments:

Thermal performance test was performed on the collector (sample No.2) with serial number 1703669A007 — TSU
identification number 170700007/316/4258B/17.
Reliability and durability tests were performed on collector (sample No.2) with serial number 1703669A007 — TSU
identification number 170700007/316/4258B/17.
The test sequence may have been adapted to the internal requirements of the test institute.

Merania tepelného vykonu bolo vykonané na kolektore s vyrobnym ¢&islom 1703669A007 - TSU identifikacné ¢&islo

170700007/316/4258B/17.

Skusky trvanlivosti a splahlivosti boli vykonané na kolektore s vyrobnym ¢islom 1703669A007 — TSU identifikacné ¢&islo

170700007/316/4258B/17.
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4.2 Internal pressure test
4.2 Vnutorny tlak

Technical details of collector
Technické detaily kolektora

Collector type
Typ kolektora

Inorganic, liquid, glazed

Max. collector operating pressure specified by manufacturer
Najvy$si prevadzkovy tlak kolektoru Specifikovany vyrobcom

6 bar

Test conditions
Skusobné podmienky

Surrounding temperature
Teplota okolia

21°C , shielded for light

Test pressure
Skusobny tlak

9 bar

Duration
Trvanie skusky

15 min.

Test results

Vysledky skusky
Observation no leakage, swelling, distortion
Zistenie Ziadna netesnost, vydutie, skratenie

Major failures according to clause18 of EN ISO 9806:2013
Podstatné vady podla ¢l. 18 EN ISO 9806:2013

none

4.3 High-temperature resistance test
4.3 Odolnost proti vysokym teplotam

Remarks
Poznamky

Metod used to heat collectors
Pouzitad metéda

outdoor test

Location of temperature sensor
Umiestnenie teplotného senzora

sensor attached to the rear side of the absorber
senzor umiestneny na zadnej strane absorbéra

Test conditions

Skusobné podmienky
Collector tilt angle .
Uhol sklonu kolektora 45%; south
Average irradiance during test 1027 W.m?2
Priemerné oZiarenie pocas testu ’
Average surrounding air temperature °

: i 3 25,4°C
Priemerna teplota okolia
Average surrounding air speed <1mls
Priemerna rychlost' vzduchu okolia
Average absorber temperature 195 °C
Priemerna teplota absorbéra
Duration of test :
Trvanie skusky 60 min.
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Test results

Vysledky skusky
Observation no degradation, distortion, shrinkage or outgassing
Zistenie Ziadna degradacia, skritenie, zmr$tenie alebo splynovanie

Major failures according to clause18 of EN ISO 9806:2013
Podstatné vady podla EN ISO 9806:2013

none

Stagnation temperature for 30°C / 1000 W/m?” given by the
manufacturer
Stagnacné teplota pri 30°C / 1000 W/m* udana vyrobcom

195

Stagnation temperature for 30°C / 1000 W/m® determined
by the laboratory
Stagnacna teplota pri 30°C / 1000 W/m? stanovena laboratoriom

195

Stagnation temperature for 30°C / 1000 W/m?® determined
according to clause 10.2 of EN ISO 9806:2013

Stagnacna teplota pri 30°C / 1000 W/m? podia él. 10.2 EN ISO
9806:2013

195

Stagnation temperature for 30°C / 1000 W/m?® determined
according to clause 10.3 of EN ISO 9806:2013

Stagnacna teplota pri 30°C / 1000 W/m? podfa &l. 10.3 EN ISO
9806:2013

Standard stagnation temperature given by the manufacture

r is found to be adequate for the installer manual

Stagnacna teplota udana vyrobcom je postacujuca pre navod na instalaciu

4.4 Exposure test
4.4 Vystavenie vonkaj$im vplyvom

Test conditions
Skusobné podmienky

Test method
Pouzita metéda

outdoor test

Collector tilt angle
Uhol sklonu kolektora

45°; south

Exposition for at least 30 days with a daily global

Part A irradiation H = 420 / 540 / 600 MJ/m”

Cast A Min. 30 dni vystavenia Ziareniu s celkovou hodnotou Ziarenia
vécSou ako 420/ 540/ 600 MJ/ m
Exposition for at least 30 hours at irradiation G = 800 /
900 /1000 W/m®

Part B and ambient temperature 3, = 10°/15°/20° C. The

Cast B minimum duration of every period is = 30 min.

Min. 30 hodin vystavenia Ziareniu s hodnotou Ziarenia vd¢sou
ako 800/ 900 / 1000 W/ m? ateplote t, 2 10/ 15 /20 °C.
Minimalny &as tseku je = 30 min.

Climatic condition for all valid days during the test (Part A)
Klimatické podmienky pre vsetky platné dni pocas testu (Cast' A)

Date 9a [°C](mean) H [MJ/m?]
03.08.2017 36 10,8
04.08.2017 31 19,77
05.08.2017 29 18,2
07.08.2017 23 26,4
08.08.2017 24 23,6
09.08.2017 30 23,9
10.08.2017 33 17,1
11.08.2017 34 10,9
14.08.2017 27 20
15.08.2017 26 21,2
16.08.2017 27 23,1
17.08.2017 27 26,5
18.08.2017 29 24,8
20.08.2017 20 11,9
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21.08.2017 20 17
22.08.2017 20 19,2
23.08.2017 20 25,2
25.08.2017 28 21,8
26.08.2017 29 23
27.08.2017 27 18,9
28.08.2017 23 26,5
29.08.2017 23 26,7
30.08.2017 25 26,9
31.08.2017 28 25,9
01.09.2017 24 14,3
02.09.2017 17 16,13
04.09.2017 17 18,8
05.09.2017 19 14,97
06.09.2017 20 12,5
07.09.2017 18 13,1
08.09.2017 19 23,4
09.09.2017 23 22,8
10.09.2017 23 14,5
13.09.2017 19 20,3
14.09.2017 22 22,4
15.09.2017 17 15,9
Suma: 718,37
Total : 36 days in which H > 600 MJ/m*
Climatic condition for valid days during the test (Part B)
Klimatické podmienky pre platné dni pocéas testu (¢ast' B)
Test results
Vysledky skusky
Date G [W/m?] 34 [°C] At [hod.]
05.08.2017 1014 29,5 1,33
07.08.2017 1010 22,8 3,33
08.08.2017 1007 23,8 2,83
15.08.2017 1008 26,5 2,25
17.08.2017 1005 27,2 2,25
23.08.2017 1013 20,2 3,5
28.08.2017 1008 23,1 2
29.08.2017 1011 23,7 2,33
30.08.2017 999 25,9 2,33
31.08.2017 998 28,8 2
08.09.2017 998 20,2 1,33
09.09.2017 997 23,7 1,75
10.09.2017 995 25,5 0,75
13.09.2017 1000 20,1 2,25
Total: 30,23
Soamreten
Major failures according to clausel18 of EN ISO 9806:2013 none
Podstatné vady podfa ¢l. 18 EN ISO 9806:2013
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4.5 External thermal shock test
4.5 Vonkajsi tepelny raz

Test conditions

Skusobné podmienky
Shock No.
Sok éislo 1 2
Test performed outdoor outdoor
Test vykonany
Test combined with exposure test es es
Test kombinovany s testom vystavenia vonkajsim vplyvom y y
Test combined with hight-temperature resistance test es no
Test kombinovany s testom odolonosti proti vysokym teplotam y
Collector tilt angle o . .
Uhol sklonu kolektora 45; south 45; south
Av.eragetlrrzva.dlan_ce dgnng test W/m? 1027 1025
Priemerné oZiarenie pocas testu
erjlnjy_m |vr_rad|a}nce vdurlng test W/m?2 1007 1011
NajniZsie ozZiarenie pocas testu
Av'erage’surroundlng air temperature °C 254 246
Priemerna teplota okolia
Mnjl(rv]vqm surroundlpg air temperature °C 238 237
Najnizsia teplota okolia
Period during which the required operating conditions were maintained
before the shock min 60 60
Casovy usek, v ktorom boli udrzované poZzadované podmienky pred vykonanim ’
testu
Flowrate of water spray
Prietok vodnej sprchy kals 0.08 0,08
Temperature of water spray °C 17 17
Teplota vodnej sprchy
Durat'lon cgfvwater spray min. 15 15
Trvanie skusky
Absorber temperature immediately prior to water spray °

X s ; C 195 195
Teplota absorbéru tesne pred pouzitim vodnej sprchy
Location of temperature sensor during shock No. 1 sensor attached to the rear side of the absorber
Umiestnenie teplotného senzora pocas Soku ¢.1 senzor umiestneny na zadnej strane absorbéra
Location of temperature sensor during shock No. 2 sensor attached to the rear side of the absorber
Umiestnenie teplotného senzora pocas Soku ¢.2 senzor umiestneny na zadnej strane absorbéra

Test results
Vysledky skusky

Observation — Shock No. 1

Zistenie none

Major failures according to clause18 of EN ISO 9806:2013

Podstatné vady podfa EN ISO 9806:2013 none

Observation — Shock No. 2

Zistenie none

Major failures according to clause18 of EN ISO 9806:2013

Podstatné vady podia EN ISO 9806:2013 None
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4.6 Internal thermal shock test
4.6 Skuska vnutornym tepelnym razom

Test conditions

Skusobné podmienky
Shock No.
Sok &islo e %
Test performed outdoor outdoor
Test vykonany
Test combined with exposure test Yes s
Test kombinovany s testom vystavenia vonkajsim vplyvom y
Test combined with hight-temperature resistance test No no
Test kombinovany s testom odolonosti proti vysokym teplotam
Collector tilt angle ° . .
Uhol sklonu kolektora 45; south 45; south
Av.eragetlrrzva.dlan_ce dgnng test W/m? 1021 1012
Priemerné oZiarenie pocas testu
erjlnjy‘m |vrlrad|a'1nce vdurlng test W/m?2 1005 008
Najnizsie oZiarenie pocas testu
Average surrounding air temperature °C 205 290.9
Priemerna teplota okolia ’ '
Mnjl(rv]vu_m surroundlpg air temperature °c 27.2 28.8
NajniZ3ia teplota okolia
Period during which the required operating conditions were maintained
before tthe shock min 60 60
Casovy usek, v ktorom boli udrzované poZadované podmienky pred vykonanim ’
testu
Flowrate of heat transfer fluid 2
Prietok teplonosnej latky kg/(s.m") 0,04 0.04
Temperature of heat transfer fluid °c 17 15
Teplota teplonosnej latky
Duration of heat transfer fluid flow .

o S min. 5 5
Trvanie prietoku teplonosnej latky
Absorber temperature immediately prior to heat transfer fluid flow °C 198 195
Teplota absorbéru tesne pred pouzitim prietoku teplonosnej latky
Location of temperature sensor during shock No. 1 sensor attached to the rear side of the absorber
Umiestnenie teplotného senzora pocas Soku ¢.1 senzor umiestneny na zadnej strane absorbéra
Location of temperature sensor during shock No. 2 sensor attached to the rear side of the absorber
Umiestnenie teplotného senzora pocas Soku ¢.2 senzor umiestneny na zadnej strane absorbéra

Test results
Vysledky skusky

Observation — Shock No. 1

Zistenie none

Major failures according to clausel18 of EN ISO 9806:2013

Podstatné vady podfa EN ISO 9806:2013 none

Observation — Shock No. 2

Zistenie none

Major failures according to clause18 of EN ISO 9806:2013

Podstatné vady podia EN ISO 9806:2013 none
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4.7 Rain penetration test
4.7 Skuska odolnosti proti prieniku dazda

Test conditions
Skusobné podmienky

Collector mounting
Montaz kolektora

outdoor test
open frame

Collector tilt angle
Uhol sklonu kolektora

15 ; south

Method used to keep absorber warm
Metbda udrZania teploty absorbéra

hot water circulation

Absorber temperature or temperature of heat transfer fluid

(water) 53 °C
Teplota absorbéra alebo teplota teplonosnej latky (voda

Flowrate of water spray

Prietok vodnej sprchy 0,15 kg/s
Temperature of water spray 17 °C
Teplota vodnej sprchy

Duration of water spray 250 min

Trvanie skuSky

Detection of ingress of water
Zistenie prieniku vody

weighing method
metdda vazenim

Test results

Vysledky skusky

Observation none
Zistenie

Major failures according to clause18 of EN ISO 9806:2013 none

Podstatné vady podfa EN ISO 9806:2013

4.8 Freeze resistance test
4.8 Skuska odolnosti proti mrazu

The freeze resistance test is not relevant, because the manufacturer suggests a application of the collector only with

a freeze fluid.

Skuska odolnosti proti mrazu je irelevantna, pretoZe vyrobca dovoluje prevadzkovat kolektor iba s pouZzitim nemrzntcej kvapaliny.

4.9 Mechanical load test
4.9 Skuska mechanickym zatazenim

4.9.1 Positive pressure test of the collector and fixings

4.9.1 Skuska pozitivnym tlakom na kolektor a dchyty

Test conditions
Skusobné podmienky

Method used to apply pressure
Metdéda pouzita pre vytvorenie tlaku

loading with water

zataZenie pomocou vody

Maximum pressure load
Max. tlakové zatazZenie

2300Pa
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Test results

Vysledky skusky

no damage at the collector cover, box and fixing after
Observation the test
Zistenie Ziadne poskodenie krytu kolektora, skrine a spojovacich

prvkov po skiske

Major failures according to clause18 of EN ISO 9806:2013

Podstatné vady podia EN ISO 9806:2013 none

4.9.2 Negative pressure test of the collector and fixings
4.9.2 Skuska negativnym tlakom na kolektor a uchyty

Test conditions

Skusobné podmienky

Method used to apply pressure suction cups

Metoda pouzita pre vytvorenie tlaku prisavky

Al\jllaxmum pressure ]oad 2500 Pa

ax. tlakové zataZenie

Test results

Vysledky skusky

Qbse_rvatlon none

Zistenie

Major failures according to clause18 of EN ISO 9806:2013 none

Podstatné vady podla EN ISO 9806:2013

4.10 Impact resistance test using steel ball

4.10 Skuska odolnosti proti narazu pouZzitim ocelovej gulicky

Test conditions

Skusobné podmienky

Blgmeter qf ball 33,3 mm

riemer gulicky

Mass of ball

Hmotnost gulicky 1509

Type of impact vertical

Druh narazu zvisly

Point of impact No. 1 Point of impact No. 2 Point of impact No. 3 Point of impact No. 4
Bod dopadu ¢.1 Bod dopadu ¢.2 Bod dopadu ¢.3 Bod dopadu ¢.4
Dropping : . Dropping . Dropping .
; . Dropping Observation ) Observation - Observation
height Observation hei e height e height = e
3 . ) eight Zistenie S Zistenie 3 Zistenie
Vyska Zistenie VVS Vyska Vyska
ySka

0,4 0 0,4 0 0,4 0 0,4 0
0,6 0 0,6 0 0,6 0 0,6 0
0,8 0 0,8 0 0,8 0 0,8 0
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1,0 0 1,0 0 1,0 0 1,0 0
12 0 1,2 0 1,2 0 1,2 0
14 0 1,4 0 1,4 0 1,4 0
1,6 0 1,6 0 1,6 0 1,6 0
1,8 0 1,8 0 1,8 0 1,8 0
2,0 0 2,0 0 2,0 0 2,0 0

Legend

Legenda

Absorber leakage or such deformation that permanent contact between absorber

and cover is established 1
Netesnost absorbéra alebo deformacia, ktora spésobuje staly dotyk absorbéra a krytu

Breaking or permanent deformation of cover or cover fixing
Lom alebo trvala deforméacia krytu alebo jeho upevnenia 2

Breaking or permanent deformation of collector fixing or collector box
Lom alebo trvala deformacia upevnenia kolektora alebo kolektorovej skrine 3

Loss of cacuum or low pressure (applicable for vacuum or subatmospheric

collectors) 4
Strata vakua alebo podtlaku (plati pre vakuové alebo podtlakové kolektory)

Any other abnormality resulting in a significant reduction of performance or service
life time 5
Akékolvek iné abnormality zapriCiriujice zniZzenie vykonu alebo Zivotnosti

Aesthetical defects(e.g. dents) neither affecting the function and durability nor the

power output of the collector 6
Estetické poruchy(napr. priehlbiny) neovplyvriujuce ani funkciu a trvanlivost’ ani tepelny vykon

kolektora.

No failures

Ziadne podstatné aj nepodstatné vady 0
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4.11 Final inspection
4.11 Konec¢na kontrola

Evaluation according to the following scale:
Hodnotenie problémov v sulade s nasledujucou stupnicou

0 — no problem

1 - Requirement apart from testing not fulfilled
2 — Requirement from testing not fulfilled
* - inspection to establish the condition was not possible

Test results

(Ziadny problém)

(poZiadavka skuSania nesplnend)

(kontrola nebola mozna)

(poziadavka nesuvisiaca so skusanim nesplnena)

Vysledky
Result Result
Collector component Potential problem Hodnotenie | Hodnotenie
Cast kolektoru Mozny problém Sample Sample
No.2 No.3
Collector box/fasteners Cracking/warping/corrosion/rain penetration 0 *
Skriria kolektoru/upevnenie Popraskanie/zbortenie/kordzia/prienik dazda
Collector mounting/structure Strenght/safety 0 *
Montaz/konStrukcia Pevnost/bezpecénost’
Seals/gasket Cracking/adhesion/elasticity 0 *
Ucpavky/tesnenie Popraskanie/stdrznost/pruznost
Cracking/crazing/buckling/delamination/warp
Cover/reflector ing/outgassing 0 *
Kryt/reflektor Popraskanie/viasové
trhliny/vybulenie/Stiepenie/zbortenie/bublinatenie
Absorber coating Cracking/crazing/blistering 0 *
Povlak absorbéru Popraskanie/vlasové trhliny/pluzgierovanie
Absorber tubes and headers Defor_mation/corrosion/leakage/loss of i
Rurky a zberné rarky absorbéru bonding . . . . 0
Deformacie/korézia/netesnost/porusenie spojov
Absorber mountings Deformation/corrosion 0 %
Upevnenie absorbéra Deformacie/korézia
Insulation Water retention/outgassing/degradation 0 %
Izolacia ZadrZovanie vody/bublinatenie/degradacia
5. Remarks
5. Zaver

The present report has been performed according to EN ISO 9806:2013. Main purpose for testing has been to fulfill all
requirements for the SolarKeymark label and is valid along with the test report No. 170700006/2/P (test of thermal
performance for smallest collector) for collecor ,family” of the type , TS 111, TS 101“
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Table of the measured values for the collector efficiency
Tabulka nameranych hodnét pre stanovenie ucinnosti kolektora

Reference area: gross area
Referenc¢na plocha:obrysovéa plocha

Mernd| G | GuG m Sn | % [%-%n| Om 9% |Om—9a| Tm Nhem
Wim3 | [-] | [kg/min] | [°C] | [°C] | ['K] | [)C] | [C] | [K] | [mKMW] | [-]

1 | 1019 | 0,16 | 1,619 | 18,02 | 34,94 16,921 | 26,4805 | 28,17 |-1,6895 | -0,00166 | 0,7461
2 | 1013 | 0,16 | 1,619 |18,03 |34,85 16,818 26,4390 | 28,22 | -1,7810 | -0,00176 | 0,7459
3 | 1029 | 0,16 | 1,618 |18,03 |3533 17,298 26,6790 | 28,25 | -1,5710 | -0,00153 | 0,7548
4 | 1070 | 0,16 | 1,617 | 18,05 |36,02 (17,970 27,0350 | 28,32 | -1,2850 | -0,00120 | 0,7536
5 981 | 0,16 | 1,619 | 28,46 | 43,74 |15,280 | 36,1000 | 22,44 | 13,6600 | 0,01392 | 0,6996
6 959 | 0,16 | 1,615 | 2850 | 43,34 |14,844 | 359220 | 22,57 | 13,3520 | 0,01392 | 0,6935
7 975 | 0,16 | 1,615 | 28,69 | 43,97 | 15,276 | 36,3280 | 22,89 | 13,4380 | 0,01378 | 0,7020
8 987 | 0,16 | 1,616 | 2851 | 43,98 | 15,466 | 36,2430 | 23,32 | 12,9230 | 0,01309 | 0,7025
9 960 | 0,16 | 1,615 | 58,18 | 70,65 | 12,468 | 64,4140 | 20,77 | 43,6440 | 0,04546 | 0,5832
10 | 938 | 0,16 | 1,619 |58,21 |70,41|12,196 | 64,3080 | 20,93 |43,3780| 0,04625 | 0,5853
11 | 931 | 0,16 | 1,620 |58,18 | 70,10 | 11,924 | 64,1420 | 21,14 | 43,0020 | 0,04619 | 0,5769
12 | 944 | 0,16 | 1,616 |58,20 |70,43|12,230 | 64,3150 | 21,22 | 43,0950 | 0,04565 | 0,5821
13 | 905 | 0,16 | 1,615 | 76,00 |86,10 10,102 | 81,0510 | 22,65 |58,4000 | 0,06453 | 0,5024
14 | 914 | 016 | 1,616 | 76,02 |86,35|10,333 | 81,1865 | 22,83 |58,3565| 0,06385 | 0,5092
15 | 916 | 0,16 | 1,615 | 76,01 |86,28 10,270 | 81,1450 | 22,96 |58,1850 | 0,06352 | 0,5047
16 | 911 | 0,16 | 1,616 | 76,00 |86,36 | 10,360 | 81,1800 | 23,08 |58,1000| 0,06378 | 0,5122
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Normalized efficiency curve scaled to 800 W/m? based on gross area
Krivka tcéinnosti normalizované pre 800W/m? vztiahnuta na obrysovi plochu

Ag = 2,51 m?
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Table of measuring instruments & test equipment
Tabulka meracich pristrojov a zariadeni

Meauring equipment ident. code
Air speed
Snimac rychlosti vetra Vaisala WAA 151 D32311
Hemispherical solar
irradiance .
Hemisférické ozZiarenie Kipp @Zonen CMP 11 080385
Diffuse solar irradiance
Difuzne oziarenie Kipp @Zonen CMP 11 080386
Water flow
Prietok OPTIMASS 7000 TO6 (G100000001102333
Ambient temperature
Teplota okolia Sensor PT-100 334/10
Temperature of absorber
Teplota absorbéra Thermo senzor typ K 1624/3
Temperature of collector 9in
Teplota vody na vstupe do )
kolektora 9in PT-100, Sensit TR 013-60 6346/1008
Temperature of water
Teplota vody PT-100, Sensit TR 013-60 7278/1208

Temperature of collector 3¢

Teplota vody na vystupe z
kolektora e PT-100, Sensit TR 013-60 6345/1008
Pressure
Hydraulicky tlak DMP331 1832593
Mass
Hmotnost HFM 3000 WF1422241
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Photodokumentation
Fotodokumentacia

Exposure test and Internal thermal shock Exposure test and external thermal shock

Rain penetration test

Final inspection Final inspection
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Final inspection

Final inspection

Final inspection
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