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Report-No.: 50152941-001
Qualification of a Solar Collector in accordance with
EN12975-1:2006+A1:2010 and ISO 9806: 2017
Client: % '

Oscar Science & Technology Co., Ltd.

No. 5 Xingda 3 Road, Yongkang,
Zhejiang 321300

P. R. China
TUV Quotation No. {21/ % 52219151
TUV Order No.: Tl | % 154304341
Order of: 7.7 H 14 2018-01-15
Date of Receipt of Test Item: 41 %1 [1 11 2018-01-25
Commencement of Test: Il T4 H 11 2018-01-29
TUV Client No.: % /7 % 5 - 671339

Project engineer: i H 2
Business Field: [/ % 4 .

No of Pages: /1 41 33
Appendix: ] 30to 33
Summary of collector performance test results: =5

Manufacturer =~

Brand /i Oscar
Collector type £ 25 4L o 0S42
Year of manufacture ‘=41 2018
Length 1970 mm
Width 7 1000 mm
Height 1 60 mm
Weight (empty) “= it 33 Kg
Heat transfer medium 1% 74/ Jii  Air

Thermal performance for liquid heating collector mo

i AR R

Oscar Science & Technology Co., Ltd.

Absorber area " U4 1] £+
Aperture area [
Gross area /L[4

=1z

del WiAAL AR

Lily Chen +86(0) 21 60814928
Solar Energy

1.872 m2
1.850 m2
1.970 m2

T TR Pl 2%

Gross area (Ac)

Aperture area (Aa)

Absorber area (Aa)

heat transfer coefficient az

L AR KGR W i i AR
Conversion factor no 0.669 0.712 0.704
Heat transfer coefficient a; 14.829 W/(m3K) 15.791 W/(m2K) 15.605 W/(m2K)
IS CEpEE E 0.028 W/(m2K?) 0.030 W/(m2K?) 0.029 W/(m2K?)

Output power per collector unit  FLEEEHCES (40 H 1%

Irradiation A [1%5 ]

m (kg/h) Tm—Tain K 400 W/m? 700 W/m? 1000 W/m?
111.6 14.3 355 W 621 W 887 W
165.6 13.3 420 W 735 W 1050 W
255.6 8.9 508 W 888 W 1269 W

TUV Rheinland (Shanghai) Co.,Ltd.
Solar/Fuelcell Technology

50152941-001.doc
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1 Summary of test results A%

Quialification of a Solar Collector in accordance with
EN12975-1:2006+A1:2010 and I1SO 9806:2017

Manufacturer &7 : Oscar Science & Technology Co., Ltd.
No. 5 Xingda 3 Road, Yongkang,
Zhejiang 321300

P. R. China
Brand /[ . Oscar
Collector type £ s1 . 0342
Test Star?ate HA ﬂEn g Summary of main test results
X3 B s pre FENRASERER
Iﬂgtg;ﬁ !Llsressure test 2018-03-23 No visual damages
{I?ﬂugztﬂjgiﬁor collapse test 2018-03-27 No visual damages
SJ?H??a;Lon temperature 2018-04-10 No visual damages
J (ITIL
posure tes! 2018-01-26 | 2018-02-25| No visual damages
. N
External thermal shock 1st 2018-01-30 *1008 W/m2 No visual damages
AhER R Pt 2nd 2018-02-28 *1028 W/m?2 No visual damages
Internal thermal shock 1st 2018-04-07 *950 W/m2 No visual damages
R ERE 2nd 2018-05-08 *911 W/m2 No visual damages
Eﬁ;f?wﬁ)ﬁzetratlon 2018-03-02 No visual damages
ARKY I
;{?: %ﬁi%§3|stance NA Air as freeze resistance fluid
/NN
Mechanical load 2018-03-19 Negative 1936Pa: the glass cover
iR RN 2018-03-20 broken
1;?;; gjjlwp;‘?rformance 2018-05-14 | 2018-05-16 | No visual damages
TNAX 0N
%nggﬁj éstance 2018-04-02 Height 1.4m: glass cover broken
o _ Height 1.4m of the 1509 steel ball
Z?il inspection 2018-05-30 impact cause glass cover broken.
S Negative 1936Pa cause the glass
cover broken.

All above listed tests of the standard EN12975-1:2006+A1:2010 and ISO 9806:2017 were
passed successfully in accordance with the criteria. . |- Fr 41 I .00 H 028 00 2F EN12975-
1:2006+A1:2010411SO 9806:2017 it I HHI<HN &

This testing report is prepared and issued solely by “TUV Rheinland”. The use, display, reproduction and duplication of
the testing report will be subject to the following rules:
AR A BE ) TOV SRR R AT AR . BREI . SEACHR o I RER A8 LR B
1. All the copyrights and know-how in this testing report shall be exclusively and solely vested in TUV Rheinland.
AAR T HIRUFI LA BARBUR T TOV 3.

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
Solar/Fuelcell Technology
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2. The client may use this testing report and the test results, calculations, presentations therein in an appropriate
way within the scope and for the purpose contractually agreed by both parties.
ST ARG, & UAE VG A LA SE 75 2R am i . A R B0ES

3. The Client shall use this testing report complete and un-shortened.
o A FH AR o ) 6 8 PR T i

4. Any publication or duplication for advertising purposes by the client needs the prior written approval of TUV
Rheinland
T4 B R AT 2 RROR B 75 2R TOV SR 1 R Ve

5. TUV Rheinland shall not be held liable for any consequences of use of this report for a purpose other than the
purpose contractually agreed by both parties and the client shall hold harmless from and indemnify TUV
Rheinland against all losses, damages, demands, requests or claims claimed or made by any third party re-
sulting from the client’s breach of the contract and the foregoing obligations.

AN PRSI TG A AL B 8. B3 =7 G i & i A BSOS SOk S BT IS R, B R
IR TOV KB I BT Muz Ky PIEEEDK.

6. In case of any conflicts or obscure information will be met, always refer to the English version.
- FLB BT IR B SOP T BANE R R S, 1 AU N E .

Shanghai, 2018-06-21

Project engin eer Assistant Project Manager
T B TA2 ) T HE 2
5 44 >
\
Lily Chen Cai Zhao
TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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2  Setting of tasks {45

A complete collector test in accordance with EN12975-1:2006+A1:2010 and I1SO 9806:2017
of the Oscar Science & Technology Co., Ltd. collector OS42 should be performed with the
aim of Solar Keymark certification.

OscarfE##30S42 4 H11E Solar KeymarkilE 15 iR #EEN12975-1:2006+A1:2010F11SO
9806:201 74 HEHEAT 11 5 2 .

3  Basis of testing i ZE A

EN12975-1:2006+A1:2010 “Thermal solar systems and components — Collectors — Part 1: General
requirements”

EN12975-1:2006+A1:2010 K M55 R RIZN 1T FEH A 75—l i) BRZK.

ISO 9806:2017 “Solar energy-Solar thermal collectors-Test method”

ISO 9806:2017 At~ A M GESE A - M i 7772

Solar Keymark — Specific Scheme Rules v30.00 April 2017: “Specific CEN Keymark Scheme

Rules for Solar Thermal Products”
Solar Keymark -2017 4 4 H v30.00 FIHFALE : CEN X/ 7 XA GETEH =1t HTFFHHE.

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
Solar/Fuelcell Technology
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Prototype samples

BEWLATRE ©
Samples from pilot production o
S it P R

Samples from serial production
P

MRYE SK AR R E HEAT TliE

Selection of test samples acc. To Solar Keymark scheme rules

5 Description of the collector construction

ERBEREE

Manufacturer 1) 111

Oscar Science & Technology Co., Ltd.

Brand name ///\/i"! Oscar

Collector Type /" 0S42

Category /! Flat plate collector
Date of manufacture "I~ | | 7] 2018

Serial number /771 -

0S42-20180109-009
0S42-20180109-003
0S22-20180109-007

Drawing numbers <47 "

KJ-4-0S22-00
KJ-4-0542-00

Collector & construction:

Gross dimensions | x w x t [mm]
AR R

1970 x 1000 x 60 @

Aperture dimensions | x w [mm] x no.

glazes KOG R

1932 x 958 x 1 ©

Physical Absorber dimensions | x w
[mm] x no. of fins 7 T

1912x985x1 %

Deducting absorber area [m?]
TR A AR

0.011 %

Gross/ Aperture/ Absorber area [m?]
S ARG AR MR A AR

1.970/1.850/1.872 ®

Weight empty [kg] - 33®
Fluid content [[]/7i 14 7 & NA

Absorber: 7 1| 4

Construction type

Flat plate absorber ©

ZE R KT
Absorber Material AlUmi ®
AR Hmintm

® beterminate by test laboratory FHil iS4 w i L

® Reviewed manufacturer information ) ¢ 1% 12k (145 1
|

® According to manufacturer information 4z % (= 5

TUV Rheinland (Shanghai) Co.,Ltd.
Solar/Fuelcell Technology

50152941-001.doc
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Absorber thickness [mm]
W Bt J5

0.70®

Effective Surface

BREE

One side ©

Surface treatment
X AL

Painted @

Absorptance [ ]
R e

0.91®

Emittance [ ]

K B

0.12®

Absorber Piping: " #4445 4%

Collector connection type / dlmension /
numbers
BRI R ~FIE

Pipe / 122mm /2 ©

Header tube material / dimension

B BN RS

Not part of construction

Riser tube-header / tube-Absorber

connection NA
T SRR - AR

Riser tube material / @outer / thickness /
overall length [mm] NA

EEMUEREEIKE

Number and Distance [mm] of riser
tubes or fins on center position

71— l:': )&EU\/XIH &l

Not part of construction

Cover: #7155 it

Number of covers 7+ 1
Glazing to absorber space 777 1L NA
W A [
Glass 1 Glass 2

Length / width or @outer / thickness
[mm] KE/5E (sEER) IBE

1950/ 985/3.14 @ .

Material / surface and coatlng M JiiI&
T AL DL K i 2

Glass / structured © -

Transmittance factor [ ] 172/ 1

0.914 @ -

Casing: it (ol # I

Enclosure L X W x T [mm]
JAHE CERBEAR D

1970 x 1000 x 60 @

Enclosure material /7 Jiii

Aluminum alloy ©

Enclosure backside material 157 1)

Zinc plate ©

Frame fastening method 7 %[ /7 0

®

Crimp connection

® beterminate by test laboratory (1] 52 56 =
® Reviewed manufacturer information 1)

® According to manufacturer information 4/

27PN
FARZLNE R
I

EXERS!

TUV Rheinland (Shanghai) Co.,Ltd.
Solar/Fuelcell Technology
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Insulation {4, F;nTiry Material
Material /i Not part of construction
Thickness [mm] /") NA
Material thermal conductivity [W/Km?]

- NA
MEHF IR

Sealing's: % £ 41k

Frame — Cover 1/ fli- i Silicon based ©

Frame Corner or side caps /lt-7 == | Silicon based @

Frame — back sheet i/ {ii- 5 i NA
Grommet header tube 7 /7 i NA

Grommet evacuated tube /[ 77- 1L [ NA

Evacuated tube closure 17" i il NA

Limit values (given by manufacturer): 'L (A= pad5 )

Max. operating temperature [°C]

BOKHRAE IR NA

Maximum operating pressure [kPa] )

BRIRIERE 60

Recommended Heat transfer medium | =

B WA Alr

Recommended operating mass Flow NA

[/(m2h)] 20

Tilt angle limits [°] (117702 1] 60 to 90 ©

Collector mounting 7" On roof / flat roof / wall ©
Other limitations /i[5 {71 NA

® beterminate by test laboratory FHil iS4 w i L
® Reviewed manufacturer information 1) ¢ 77 1Z 0 11915 2

® According to manufacturer information i1 4] 7 {75

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
Solar/Fuelcell Technology
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Instruction/installation manual: 411/ %5 T jif

Installation manual is reviewed to the requirements of EN12975-1:2006+A1:2010
AT HRYE EN12975-1:2006+A1:2010 [ B SR 3E47 7 1%

Comments Fulfilled

& T 2

Dimensions and weight of the collector, Yes
nstructtions for transport and handling thereof

RIS RO E B s 1A E Ui
Description of the assembly procedure Yes
H AR A
Recommendations regarding lightning protection Yes
KT B i B
Instructions for connecting collectors to each oth- Yes

er and for connection of the collector field to the
heat transfer circuit as well as dimensions of tube
connections in collector groups up to 20 m?2
ZNEMRB A AR AR 20 m°ERE T A

Recommendations regarding the usable heat Yes
transfer media (also with regard to corrosion) as
well as precautionary measures which are to be
taken for filling, operation, servicing and mainte-
nance FJ FIAE R i AR SRR I CRLAER D s
K BRAE RS R AEAEET B 4 4 e

Maximum operating pressure, pressure loss as Yes
well as largest and smallest tilt angles
ORIRAER 0 SR A /MU IS B ) %

Permissible wind and snow load Yes
FOVF I R ER 5 A7 fef
Maintenance requirements #: 1% 71 Yes

Collector type plate: £E 1%
Collector marking is reviewed to requirements of EN12975-1:2006+A1:2010
FEINIEFRZARIE EN12975-1:2006+A1:2010 (1) E R AT 5 1%

Comments Fulfilled

AE i /2
Name of the manufacturer | = ¥ 7% Yes
Type of collector - /i /i Yes
Serial number /41 Yes
Year of manufacture )~ - () Yes
Gross collector area /! |11 1! Yes
Dimensions of the collector £/t )0 Yes
Maximum operating pressure '; /{111 /) Yes
Stagnation temperature, at 1000 W/m2 and 30 °C Yes
1000 W/m2 #1 30 °C Hsf it 15 i 5
Volume of the heat transfer fluid 1% /i 44 Yes
Empty weight of the collector “* it Yes
Manufactured in: ... [~ 1 Yes
Durability: i/ 72 1% Yes
TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc

Solar/Fuelcell Technology
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6 Execution and evaluation it 51845

6.1  Visual inspection AL Er

Date || V] 2018-01-29 Tester i 01 Jinping Yang
Internal barcode no. Serial no. Description of defects

P 2 2 551 R o i I

A000689745-001

0S42-20180109-009

No visual damages

A000689744-001

0S22-20180109-007

No visual damages

A000689744-002

0S42-20180109-003

No visual damages

SOLAR AIR HEATER

*Type of collector 0S42
-Coverage room area 105m2
*Gross collector area 1.97m2

*Dimensions of the collector
197x100x6.2cm

Empty weight of the collector 41kg

*Max. operating pressure:60kPa

«Stagnation temperature, at 1000 W/

m?2 and 30 °C 139°C

*Manufactured in China

*Manufacturer of collector

Oscar Sci & Tec Co., Ltd.

*\Volume of the heat transfer fluid 42L

*Year of manufacture 2018

«Serial number 20180109-009

Fig. 1: test sample label
Y A B 25

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.2 Internal pressure test P 5

6.2.1 Collector type Z=/175 57

Absorber material /)7 /1444 ) @ Inorganic oL O Organic 174/l
Maximum collector operating pressure

specified by manufacturer [kPa] 60

AR E R KRS RIEE T

Serial no. /771" 0S42-20180109-003

6.2.2 Test conditions /{51

Date | | /] 2018-03-23 Tester it 5 Yi Zhang
Test temperature [°C] 1071 18.4

Test irradiance (W/m2) il {45 ) 934

Max. positive test pressure [KPa] /{12 /o1

i a0

Max. negative test pressure [KPa]

Mt 5 A 47 & Not performed

Test duration [min] JI34 0 (1] 15

Pressure difference [kPa] /1 /) = -

6.2.3 Test results /45

Details of any observed or measured leakage, swelling or distortion and problems which ac-
cording to 7.4 of ISO 9806:2017 are to be classified as “severe”.

R 1SO 9806:2017 55 7.4 &ior oyl a2 sl & BTt EE . IZAK . AR 58 in) @45 S “™
g

No visual damages

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.3  Rupture or collapse test % Z41 i

6.3.1 Collector type #=7474 57

Serial no./ 71+ 0S542-20180109-003
Date (Start/End)JT-44/45 5 H 1 2018-03-23 2018-05-16
Tester i i Yi Zhang

6.3.2 Test conditions /i 51+

Test duration [min] 40 (1] 10
Test absorber temperature [°C] ﬂ)i PRI | 102.2
Test irradiance [W/m?] Il 4w 956
Ambient temperature [°C] /- Jmm 20.8
Inlet fluid temperature [°C] /1117 UL 21.3

Ambient air absolute pressure [Pa] /" /] |101300

Max. positive test pressure [Pa] /il {52 /- iF 15 | 90000

Max. negative test pressure [Pa]
IR5 N SNy Not performed

6.3.3 Test results /155

Details of any observed or measured leakage, swelling or distortion and problems which ac-

cording to 8.3 of ISO 9806:2017 are to be classified as “severe”.

R4 1SO 9806:2017 25 8.3 &7y Frl S sl & R HAE it . 2K, RS540 15 23
{4 ’J_l/‘ﬁ‘” ;

No visual damages

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
Solar/Fuelcell Technology




14 /33 u . ®
U, TUVRheinland
9\\/__//3_
dacs (( DAKKS Precisely Right.
”’u/:h\,\u“\\\ Akkreditierungsstelle

D-PL-11097-02-01

6.4  Stagnation temperature {Z ¥R E

Serial no./ 71+ 0S22-20180109-007
Date [}/ 2018-02-25 Tester i 7 Jinping Yang

6.4.1 Method used to heat collector i 757

Test performed with outdoor exposure / solar
simulator 7£ /" 4h i/ A PR AL 2% 2547 0t outdoor

6.4.2 Conditions for testing stagnation temperature 15 IR R 2R A

Collector tilt angle [° from horizontal]
SR KT 30

Average irradiation during test [W/m?]

AT A B A 1007
Average ambient air temperature [°C]

TR 26.0
Average amblent air speed [m/s]

TR B A 0.8
Absorber temperature [°C]

AR 1450

6.4.3 Determination of stagnation temperature {5 & I &

Stagnation temperature [°C]
for ambient conditions of 1000W/m?2 and 30°C
148.2

(BRI
FEAE ST 1000W/m2 H AR E 9 30°C

6.4.4 Testremarks #%7F

Requisite additional information for stagnation temperature:

1’%‘;?{?‘{1[1 LA MJ}JH {: B

NA

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
Solar/Fuelcell Technology
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6.5 Exposure test iz

Serial no./ 771+ 0S42-20180109-009
Date begin/ end J{ /40 11 1] 2018-01-26 2018-02-25
Tester il 7 Jinping Yang

6.5.1 Test conditions ik 2414

Collector tilt angle [° from horizontal]

NI AT 30
Total no. of test days and radiation energy
[MJ/m?2] i TR TR O A 30 581.4
No. of days with more than 14 MJ/m?
i 14MI 10K 21
No of rain days and total rainfall [mm]
2 3.2

Time period with G>900 W/m? & ta>15°C [h]
h'HJ j(ﬂ“ 900 W/m? H ]’T 1ﬁﬁnu xj(ﬂ“ 15°C 64.5

FTHSF [
minimum value maximum value
i/ ME SYNEL
Ambient temperature of test days [°C
! peratu stdays [*C] 0.3 30.7

Bk H ARSI

Ambient temperature during high irradiation >
900 W/mz [°C] 21.0 27.6

h'HJ j(ﬂ“ 900 W/mZB’JM lﬁ&i[u
Total daily rainfall [mm]

e I B i

0.0 3.1

6.5.2 Testresults Jllit4s:E

Details of any observed or measured problems or failures which according to A.8 of ISO
9806:2017 are to be classified as “severe”.

FRFE 1SO 9806:2017 A.8 Fi Ft M 2 Bl & 2] i) AT AT ) LK 2 2 4l ) oy “F=E”

No visual damages

For more details about exposition test see Appendix 2:  Climate data.
X F A ) B 2 RIS R S R 3¢ 2. R

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.6 External thermal shock test  #}Ef#uf

6.6.1 Test conditions i 2%/

1stshock = pfili | 2" shock &5 /it

Test performed with outdoor exposure /
solar simulator outdoor outdoor
E 2 A Z WIS O BHASA 28 3347 I K
Serial no./ 71+ 0S42-20180109-009
Date | |} 2018-01-30 2018-02-28
Tester il i Jinping Yang Jinping Yang
Collector tilt angle [° from horizontal]
BB UT D 30 30
Irradiation G'min & G'mean [W/m?2]

N 1008 1026 1028 1063
Ambient air temperature ta min. & tamean [°C]

NI 20.81 21.19 26.82 27.42

Period during which steady state condi-
tions were maintained prior to shock [min] | gg 60

TE PR 2 A A P RS 4 45 B (1]
Water spray mass flow rate [kg/(sm?)]

AL R R 0.041 0.050
Water spray temperature [°C]
= 154 22.3
/J\imL
Spraying duration [min]
15 15

A5 S 1]

Absorber temperature immediately prior to
spraying water [°C]:

0 VB A i

6.6.2 Testresults llit4:

Details of any observed or measured cracking, distortion, condensation, water penetration or
loss of vacuum found and problems which according to 11 of ISO 9806:2017 are to be classi-
fied as “severe”.

FRPE 1SO 9806:2017 38 11 Z M2l = BT . B, &tgh. BK. REETEN
BN T

No visual damages

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.7 Internal thermal shock test P4

6.7.1 Test conditions i 2%/

18t shock =% il 2" shock =5 ity

Test performed with outdoor exposure / so-
lar simulator outdoor outdoor
1E 2 A WIS R BH A A5 1 1
Serial no./ 71+ 0S42-20180109-003
Date | |V 2018-04-07 2018-05-08
Tester tWJ ‘Lik Al Yi Zhang Yi Zhang
Collector tilt angle [° from horizontal]
ABEA HUKTED 60 60
Irradiation G'min & G'mean [W/m?2]

N R 950 971 911 921
Ambient air temperature ta min. & tamean [°C]

NI R B 12.7 13.5 20.8 21.9

Period during which steady state conditions
were maintained prior to shock [min] 60 60

My AT AR A Y4 A I Ta]

Mass flow rate [kg/(sm?)]

I R A 0.0236 0.0236
Fluid temperature [°C]
AR 14.2 22.2
Test duration [min]
A S ] > 5
Absorber temperature prior to test [°C]

99.5 97.1

0 E R A TR

6.7.2 Testresults Jljit4s5E

Details of any observed or measured cracking, distortion, condensation, water penetration or
loss of vacuum found and problems which according to 12 of ISO 9806:2017 are to be classified
as “severe”.

R#E 1SO 9806 2017 % 12 =R el &= R PMTaE . AT, Eigh. BK. REEFE [ E
AT EIN “TmE” .

No visual damages

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.8  Rain penetration test 757

Serial no.) 77l = 0S42-20180109-009
Date |1 !}] 2018-03-02
Tester Il 71 Jinping Yang

6.8.1 Test conditions it 2414

Collector mounted on: ‘- /i 224 /1 Open frame

Collector tilt angle [° from horizontal] 60

LG AR
Detection of ingress of water: % 1 /i 1 /L /< | By weighing collector

Water spray flow rate [kg/(s*m?2)]ii 0.039

Spraying duration [h]{ 25 (1] 4

Weight difference before and after testing[kg] | 0.0476

6.8.2 Testresults MRS R

Details of any problems which according to 13 of ISO 9806:2017 are to be classified as “se-
vere”.:

HRE 1SO 9806:2017 2 13 F AR A 4N T IH oy “T@E” .

No visual damages

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.9 Mechanical load test #HL5E% 7 i

Serial no./ /1", 0S42-20180109-009
2018-03-19 (positive)
Date | | ] .
2018-03-20 (negative)
Tester /| i: i Jinping Yang

6.9.1 Positive pressure test of the collector cover &2 #4525 b 1F & Il

Method used to apply pressure & FH 1177 2=
o Suction cups "%t [® Loading with water 11 /)£

Maximum pressure load [Pa]/;: /L /) 2400

Remaining deflection [mm]/f> 2 -

6.9.2 Negative pressure test of collector £ #3301 1 i,

Method used to apply pressure & fH (1175 %
O] Suction cups "% O Loading with water /7K )

Maximum pressure load [Pa] /7 /. /& /) 1936

Remaining deflection [mm]/i> > 5 -

6.9.3 Testresults MiRLE R

Details of any damage to the collector cover, cover fixings or mounting fixings and problems

which according to 15 of ISO 9806:2017 are to be classified as “severe”::

RHE 1SO 9806:2017 % 15 & HFATAEFAS SRR 3 B C A2 0[] G AP 403 A B3 il LA 5 U1
&« )W‘ﬁ ” :

During the negative pressure test, the glass cover broken detected when the pressure in-
creased to 1936Pa.

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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6.10 Impact resistance test using steel ball AN ER {14 )

Serial no./ /1

0S22-20180109-007

Date |1 !}]

2018-04-02

Tester ik 72

Jinping Yang

6.10.1 Test conditions i 2414

Diameter of ball: 33.3 mm
ER B 42

Mass of ball: 150g

WER 5 &

@ vertical impact 1 {4 i f; o horizontal impact /<1 i 117
Maximum height of drops [m] No. of drop tests
ONIN IS R

04 4

0.6 4

0.8 4

1.0 4

1.2 4

14 2

1.6

1.8

2.0

6.10.2 Test results it 4: E

Details of any damage to the collector and problems which according to 16 of ISO 9806:2017

are to be classified as “severe”.

FRYE 1SO 9806:2017 2F 16 & AT EEASSIRIR Bl v] LB Ay “F ™" |

During the steel ball impact test, the glass cover broken detected when the vertical height

increased to 1.4m.

TUV Rheinland (Shanghai) Co.,Ltd.
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6.11 Final Inspection %%

Serial no./ 771 7 0S42-20180109-009
Date || /i 2018-05-30
Tester i i Jinping Yang

6.11.1 Test results %45 5

Collector component Potential problem Evaluation
SRR T AE ) P
a) | Collector box, fasteners Cracking, warping, corrosion, rain
SRR R penetration 0
W Al . K
b) Mountings structure Strength, safety 0
S N s, etk
C) |Seals, gaskets Cracklng adhesion, elasticity 0
wa, B PR RGBT R
d) | Cover, reflector Cracklng, crazing, buckling, delami-
mifi SOt nation, warping, out gassing f 7% . 1
L, JEih. a2, il RS
e) | Absorber coating Cracking, crazing, blistering 0
IR e LS N e
Absorber tubes and headers Deformation, corrosion, leakage,
I 1A% R4S Sk loss of bonding 0
DI R, MEE. REME
Absorber mounting /i #1142 Deformation, corrosion 2%/ i/ 0
f) | Insulation Water retention, out gassing, degra- 0
{E R dation /2 /K. AR aEfL

Evaluate each potential problem according to the following scale:
W3 FIHE PP B — TR AE )
0 No problem?% 47 ] il
1 Minor problem?% /| jii] il
2 Severe problem;™ i [
. Inspection to establish the condltlon was not possible.
S I6 R ISRAEREANT] RE

Requisite additional information for final inspection:
LR AU B IS B

Height 1.4m of the 1509 steel ball impact cause glass cover broken.

Negative 1936Pa cause the glass cover broken.

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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7 Measuring results of thermal performance testing
AAEREN RS R

7.1  Pressure drop test & /7 [l

Serial no./ 771 0S42-20180109-003
Date || /] 2018-05-12
Tester ). i Yi Zhang

7.1.1 Test conditions i 2414

Fluid used to pressurize collector

FH i s 0 B a4 Alr
Average fluid temperature [°C] )1
LT 457 5

7.1.2 Testresults k45 5

700.0

600.0 X

500.0

400.0

300.0

200.0 /

100.0

pressure drop (delta p) [kPa]

0.0
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00

volume flow (Vdot) [I/h]

X measurment points —— pressure drop curve

Fig. 2: pressure drop curve [T /J [l 2k

Function of pressure drop curve . OE-03"V2 +5.937E.-01%
T 7 [ 28 B Ap(V)= 4.119E-03*V2 +5.937E-01*V

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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7.2  Performance test method according to ISO 9806:2 017 chapter 24.2
MR 1SO 9806:2017 5 24.2 FFJMIR 715

@ outdoor steady state (6.1.4) O indoor steady state (6.1.5)
U N SN = N ATk
Serial no./ /1l " 0S42-20180109-003
Date (Start/End) /|- ii/25 0 [ ] 2018-05-14 2018-05-16
Tester i Yi Zhang

7.2.1 Test conditions i 2414

Latitude [°]71 )" 30°50' N
Longitude [°]27 /% 120°61' E

Collector tilt [° from horizontal]
FERBI WP 60
Collector azimuth [° from south]

eI 7R ONERD 0

Orientation of absorber or pipes Horizontal

W AR 78 T8 T oL

Heat transfer fluid 1/ H1 7 14 Air

Gross area Ac [m?].. |11 1! 1.970

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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7.2.2 Calculation method 1% J7 7%
The instantaneous efficiency of a solar air heating collector, operating under steady-state condi-
tions, is defined as the ratio of the extracted power to the solar energy intercept by the collector.
The useful power output for an open to ambient collector can be described by:
FRASRAS T IS AT B K BH B8 A T I I 034 i SO AR AR TR I B Th 2 5IRISCK FH RE &
R ELA. — AN IS A Rl DR A R R :

Q: Mpe* (Cf, e*te- Cf, amb™ti)

The solar energy intercept is A*G, where the area is Aa when referred to the absorber area, Ax
when referred to the aperture area and Ac when referred to the gross area of the collector.
WU 2 R BH BE A A*G, 45 BRI HAAARFAI AN AA; S 2 EROG TR A Aa; 42 e S AR
I} 9 AG.

n= Q/AG:[ m pe* (Cf, e*te- Cf. amb™ti) | AG]

n: Efficiency

Q: Power output (W)

A: Reference area (m?)

G: Global irradiation (W/ m?)

Mpe: Mass flow, collector outlet (kg/s)

ct, . Specific heat capacity of the heat transfer medium, collector outlet (KJ/kg-K)
Ct, amb: Specific heat capacity of the surrounding air (KJ/kg-K)

te: Temperature of the heat transfer medium, collector outlet (K)

ti; Temperature of the heat transfer medium, collector inlet (K)

7.2.3 Schematic of the testing loop Ml 5] #% & fi#

7

—_—
/'r l 1 f "\]
S |00 m— \x)

@‘ o=\ 1R
1

Sl il R
2 3 (i
l_)] 12 U 13 U 14
Fig. 3: Schematic of the testing loop
i 1915
TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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Key
1 Fan 9 Fan
2 Flow meter (m,= f(V,, B 1rHP)) 10 Ambient temperature sensor (9,)

L]

=1 On U e

Electric air heater
Temperature Sensor (9,)
Solar air heater
Pyranometer (G)
Temperature Sensor (9)

11 Pressure gauge for surrounding air (Paps)
12 Pressure gauge (Pg;)

13 Differential pressure (AP = Pfi-Pfe)

14 Pressure gauge (Pg.)

=]

Flow meter (m, = f(V,.%

JoH, P

7.2.4 Performance measurment result

7.2.4.1 efficiency

Power output measurement data

Mpe ti te dT/G G Na
(kg/h) (°C) (°C) (Km?W) (Wim?)
111.6 35.1 61.8 0.001 951.7 45.0%
165.6 334 54.7 0.003 971.8 53.3%
255.6 34.0 50.5 0.001 942.5 64.4%

The above values given are valid for radiation of normal incidence and gross area as reference.

7.2.4.2 Power output per collector as function of irradiation

th (kg/h) 9m—9.(K) | 400 (W/m?2) | 700 (W/m2) | 1000 (W/m?)
111.6 14.3 355 621 887
165.6 13.3 420 735 1050
255.6 8.9 508 888 1269

TUV Rheinland (Shanghai) Co.,Ltd.
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2500
m=421.4kg/h
F 2000 ETh=sAg kg
= + m=280.8kg/h
©
2
B 1500
(3]
)
o
5
£-1000
=]
[o]
o 500
0
0 2 4 6 8 10 12 14
19m - &a (K)

Fig. 4: Power output per collector unit over the temperature difference between the mean collec-
tor temperature tm and the ambient temperature t,, represented for 1000 W/m?

Fi4 %y 1000 WIm? [ 5 —ZE 45T 1571l /&5 21 B i /& 22 (X I O i 11 205

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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7.3 Measuring results of time constant testing B &5 %l 45 5

Serial no.) 71+ 0S42-20180109-003
Date || 1] 2018-05-14
Tester /i 1 Yi Zhang

7.3.1 Test conditions 244

Collector tilt [° from horizontal]

SRR AP Tracked
Orientation of absorber or pipes _
B 7 Horizontal
Mass flow (Ac) [kg/(m?2s)])ii & i n 0.0236
Gross area Ag [m?]/ [11] /] 1.970

7.3.2 Testresults Jllit4:E

Collector Time constant  Tc [s] 1/ |17 %

140s

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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7.4  Collector incident angle modifier £ #.28 \ &t F & 1F

7.4.1 Test method according to ISO 9806:2017 Chapter 26
#R#71S0 9806:2017 526 EHTMiH 7%

Serial no./ /1", 0S42-20180109-003
Date (Start/ End) /1 /5i/45 70 ] 2018-05-14 2018-05-16
Tester il 72 Yi Zhang

7.4.2 Test conditions it 2414

Latitude []71 )" 30°50' N
Longitude [°]27 /% 120°61' E
Collector tilt [° from horizontal]

B YA 60
Collector azimuth [° from south]

EHBITAL AIERD 0
Orientation of absorber or pipes _
B Horizontal
Heat transfer fluid {7 1/ 1 Air

Gross area Ac [m?].1 (111 1] 1.970

7.4.3 Quasi-dynamic test results  #EEhZ45 5

Angle [*] o 30 40 50

Kebiongi () [] 1.000 097 0.93 0.85

K ebtrans() []

Incidence angle modifier K ¢(50) [ ]

A AIBIERE 0.85

Requisite additional information for incident angle modifier:
ASHAEIE LI I E R

The evaluation in Chapter 7.4 was detected according to 1ISO 9806:2017 Chapter 26.4
55 7.9.4 I HTHRAE 1ISO 9806:2017 1157 26.4 F AT

For more details about incident angle modifier see Appendix 1: Thermal performance test re-
sults N5 AEIERE 240 S ¢ 1. AdEre 45 R

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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8 General remarks =i

All results only refer to the test samples that were subjected to testing. Symbols are in accord-
ance with ISO 9488 and ISO 9806:2017 chapter 4. Solar Keymark — Specific Scheme Rules
v30.00 April 2017 is not part of D-PL-11097-02-01 scope.

BT 45 A A X T 42 52 3 AR RE i 77 5 MK 38 T 1SO 9488 Fl1 I1ISO 9806:2017 554 . Solar
keymark FFikZE R 201744 H Hii4<V30.004~ /£ D-PL-11097-02-0 1t [ P

During outdoor tests irradiation class C “Temperate” according to ISO 9806:2017 was covered.
P40 IR HE1SO 9806:2017 BT

Comment:

The following test item was performed by Zhejiang Provincial Solar Energy Products Quality
Inspection & Testing Center (CNAS register number: CNAS L6894, address: No.208
Lianhong Road, Yuanhua town, Haining city 314412, Zhejiang province, China):

Internal pressure test; Rupture or collapse test; 1" and 2" internal thermal shock test; pressure
drop test; IAM; time constant and performance test.

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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Appendix 1:  Thermal performance test results  #i4 Ae il 45 5

25
20
= 15
=
& 10
5
10:30 10:32 10:34 10:36 10:38 10:40 10:42 10:44 10:46 1048 1050 10:52 10:54 1056 10:58 1100
time[min]
Figure Al.1: Time Constant ] [11] 7 %7
TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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Appendix 2:  Climate data < <%#

January 18
Date time ta H minta |max.ta fneanta | Rain {omments
(G*>850W/m?) | (G*>850W/m?)
min °C MJ °C °C °C 1/m2
2018-01-01 12.5 8.5 23.9 18.3
2018-01-02 4.7 10.8 19.6 17.6
2018-01-03 2.6 10.9 13.0 11.6 3.0
2018-01-04 235 20.0 24.2 6.1 23.4 18.2
2018-01-05 235 20.2 24.5 3.9 23.5 18.1
2018-01-06 235 20.8 24.8 7.4 24.3 19.2
2018-01-07 255 20.6 25.3 8.8 23.9 19.2
2018-01-08 255 20.2 25.5 2.5 24.5 18.1
2018-01-09 240 20.4 24.8 2.9 24.5 18.4
2018-01-10 3.8 7.3 12.7 9.9
2018-01-11 10.9 7.3 15.0 11.3
2018-01-12 1.6 8.1 9.0 8.5
2018-01-13 3.4 7.8 13.4 10.4
2018-01-14 75 19.7 18.2 8.6 21.4 16.6
2018-01-15 170 20.5 23.6 3.1 24.2 18.0 intermittent failure
2018-01-16 200 20.5 23.2 5.6 22.7 18.2
2018-01-17 225 20.5 23.8 3.5 24.2 18.4
2018-01-18 150 20.4 22.5 4.0 23.4 18.1
2018-01-19 160 20.9 23.5 4.5 24.6 18.8
2018-01-20 235 21.9 24.6 4.4 25.3 19.7
2018-01-21 225 21.8 24.1 4.6 25.0 19.4
2018-01-22 230 21.8 24.4 1.5 31.7 19.6
2018-01-23 240 21.1 24.9 4.1 31.3 19.0
2018-01-24 250 22.8 25.3 5.8 26.9 21.1
2018-01-25 265 23.4 25.9 8.1 25.6 21.3
2018-01-26 235 22.4 24.8 6.3 25.8 20.2
2018-01-27 255 21.7 25.2 9.6 23.3 19.8
2018-01-28 270 21.0 26.1 3.5 24.3 18.6
2018-01-29 225 21.7 24.7 0.3 27.0 19.1
2018-01-30 250 21.4 25.1 5.8 24.3 19.5
2018-01-31 4.0 8.4 11.9 10.1
TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc

Solar/Fuelcell Technology



32/33 - . ®
jacwen (| DAKKS i i
=S <> Precisely Right.
“irfy W Akkreditierungsstelle
D-PL-11097-02-01
February 18
Date time la H min ta |max.ta meanta | Rain omments
(G*>850W/m2) (G*>850W/m?)
min °C MJ °C °C °C 1/m2

2018-02-01 7.0 7.6 17.3 11.5

2018-02-02 0.6 1.9 8.3 4.1 3.1

2018-02-03 1.9 1.9 5.0 3.8 0.1

2018-02-04 9.1 5.2 14.4 10.2

2018-02-05 2.2 3.7 5.3 4.6

2018-02-06 5.6 4.6 11.8 8.1

2018-02-07 12.6 7.8 19.8 14.2

2018-02-08 145 21.2 22.7 8.7 25.9 19.4

2018-02-09 260 23.9 25.9 6.3 25.5 20.8

2018-02-10 130 22.7 21.4 11.4 24.3 19.9

2018-02-11 180 22.8 23.9 5.1 24.9 20.0

2018-02-12 245 23.7 26.0 5.3 27.2 21.2

2018-02-13 165 25.1 24.8 6.1 30.7 22.8 intermittent failure
2018-02-14 165 27.6 23.5 9.4 30.3 23.7

2018-02-15 160 24.7 23.5 14.4 26.4 23.0

2018-02-16 290 24.7 27.7 4.5 28.3 22.1

2018-02-17 300 26.6 28.2 5.7 29.7 23.7

2018-02-18 235 25.5 26.0 11.3 27.5 23.4

2018-02-19 260 25.4 25.8 8.4 27.9 22.9

2018-02-20 235 26.4 25.3 9.3 29.2 23.9

2018-02-21 135 26.0 22.2 10.3 27.5 22.5

2018-02-22 270 25.9 26.6 8.9 29.0 23.6

2018-02-23 210 25.8 25.2 9.5 27.8 23.2

2018-02-24 45 24.6 12.6 15.8 26.4 22.7 intermittent failure
2018-02-25 260 25.2 26.0 6.7 28.9 22.5

2018-02-26 145 25.2 23.0 8.7 29.1 23.0

2018-02-27 110 25.2 19.4 14.3 29.3 23.1

2018-02-28 290 26.6 27.7 8.4 31.3 24.6

TUV Rheinland (Shanghai) Co.,Ltd. 50152941-001.doc
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Appendix 3: Photo documentation

Fig. 5: incoming inspection

K&I5: #iks

Fig. 7: impact testing
AT B

A TUVRheinland®
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R Ry XA

Fig. 6: incoming inspection
K6: It

Fig. 8: final inspection

K8: ity
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