
© ISO 2013

Solar energy — Solar thermal 
collectors — Test methods
Énergie solaire — Capteurs thermiques solaires — Méthodes d’essai

INTERNATIONAL 
STANDARD

ISO
9806

First edition
2013-11-15

Reference number
ISO 9806:2013(E)

This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013?source=preview


 

ISO 9806:2013(E)
 

ii © ISO 2013 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form 
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior 
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of 
the requester.

ISO copyright office
Case postale 56 • CH-1211 Geneva 20
Tel. + 41 22 749 01 11
Fax + 41 22 749 09 47
E-mail copyright@iso.org
Web www.iso.org

Published in Switzerland

This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013?source=preview


 

ISO 9806:2013(E)
 

© ISO 2013 – All rights reserved iii

Contents Page

Foreword ........................................................................................................................................................................................................................................vi
Introduction ..............................................................................................................................................................................................................................vii
1 Scope ................................................................................................................................................................................................................................. 1
2 Normative references ...................................................................................................................................................................................... 1
3	 Terms	and	definitions ..................................................................................................................................................................................... 1
4 Symbols and abbreviated terms ........................................................................................................................................................... 3
5 General ............................................................................................................................................................................................................................ 8

5.1 Test overview - Sequence of the tests ................................................................................................................................. 8
5.2 Particular aspects of collectors using external power sources and active or passive 

measures for normal operation and self-protection .............................................................................................. 9
6	 Internal	pressure	tests	for	fluid	channels ...............................................................................................................................10

6.1 Inorganic fluid channels ............................................................................................................................................................... 10
6.2 Fluid channels made of organic materials (plastics or elastomers) ......................................................10
6.3 Apparatus and procedure ........................................................................................................................................................... 10
6.4 Results ......................................................................................................................................................................................................... 11

7 Leakage test (closed loop air heating collectors only) ...............................................................................................11
7.1 Objective .................................................................................................................................................................................................... 11
7.2 Apparatus and procedure ........................................................................................................................................................... 11
7.3 Test conditions ..................................................................................................................................................................................... 12
7.4 Results ......................................................................................................................................................................................................... 12

8 Rupture or collapse test (air heating collectors only) ................................................................................................12
8.1 Objective .................................................................................................................................................................................................... 12
8.2 Apparatus and Procedure ........................................................................................................................................................... 13
8.3 Test conditions ..................................................................................................................................................................................... 14
8.4 Results and reporting ..................................................................................................................................................................... 14

9 High-temperature resistance test ....................................................................................................................................................14
9.1 Objective .................................................................................................................................................................................................... 14
9.2 Apparatus and procedure ........................................................................................................................................................... 14
9.3 Test conditions ..................................................................................................................................................................................... 15
9.4 Results ......................................................................................................................................................................................................... 15

10 Standard stagnation temperature of liquid heating collectors .........................................................................16
10.1 General ........................................................................................................................................................................................................ 16
10.2 Measurement and extrapolation of standard stagnation temperature ...............................................16
10.3 Determining standard stagnation temperature using efficiency parameters ...............................17
10.4 Results ......................................................................................................................................................................................................... 17

11 Exposure and pre-exposure test .......................................................................................................................................................18
11.1 Objective .................................................................................................................................................................................................... 18
11.2 Apparatus and procedure ........................................................................................................................................................... 18
11.3 Test conditions ..................................................................................................................................................................................... 18
11.4 Results ......................................................................................................................................................................................................... 19

12 External thermal shock test ...................................................................................................................................................................19
12.1 Objective .................................................................................................................................................................................................... 19
12.2 Apparatus and procedure ........................................................................................................................................................... 19
12.3 Test conditions ..................................................................................................................................................................................... 20
12.4 Results ......................................................................................................................................................................................................... 20

13 Internal thermal shock test ....................................................................................................................................................................20
13.1 Objective .................................................................................................................................................................................................... 20
13.2 Apparatus and procedure ........................................................................................................................................................... 20
13.3 Test conditions ..................................................................................................................................................................................... 21

This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013?source=preview


 

ISO 9806:2013(E)
 

iv © ISO 2013 – All rights reserved

13.4 Results ......................................................................................................................................................................................................... 21
14 Rain penetration test ....................................................................................................................................................................................21

14.1 Objective .................................................................................................................................................................................................... 21
14.2 Apparatus and procedure ........................................................................................................................................................... 21
14.3 Test conditions ..................................................................................................................................................................................... 22
14.4 Results ......................................................................................................................................................................................................... 24

15 Freeze resistance test ...................................................................................................................................................................................24
15.1 Objective .................................................................................................................................................................................................... 24
15.2 Apparatus and procedure ........................................................................................................................................................... 24
15.3 Test conditions ..................................................................................................................................................................................... 25
15.4 Results ......................................................................................................................................................................................................... 25

16 Mechanical load test with positive or negative pressure ........................................................................................25
16.1 Objectives.................................................................................................................................................................................................. 25
16.2 Apparatus and procedure ........................................................................................................................................................... 25
16.3 Test conditions ..................................................................................................................................................................................... 26
16.4 Results ......................................................................................................................................................................................................... 26

17 Impact resistance test ..................................................................................................................................................................................26
17.1 Objective .................................................................................................................................................................................................... 26
17.2 Test procedure ...................................................................................................................................................................................... 27
17.3 Impact location .................................................................................................................................................................................... 27
17.4 Method 1: Impact resistance test using ice balls ....................................................................................................27
17.5 Method 2: Impact resistance test using steel balls ...............................................................................................28
17.6 Results ......................................................................................................................................................................................................... 28

18 Final inspection (related to Clauses 5 to 17) ........................................................................................................................29
19 Test report (related to Clauses 5 to 18) .....................................................................................................................................29
20	 Performance	testing	of	fluid	heating	collectors ................................................................................................................29

20.1 General ........................................................................................................................................................................................................ 29
20.2 Steady-state efficiency test using a solar irradiance simulator .................................................................30

21 Collector mounting and location ......................................................................................................................................................31
21.1 General ........................................................................................................................................................................................................ 31
21.2 Collector frame ..................................................................................................................................................................................... 31
21.3 Tilt angle .................................................................................................................................................................................................... 32
21.4 Collector orientation outdoors............................................................................................................................................... 32
21.5 Shading from direct solar irradiance ................................................................................................................................ 32
21.6 Diffuse and reflected solar irradiance .............................................................................................................................. 33
21.7 Thermal irradiance ........................................................................................................................................................................... 33
21.8 Surrounding air speed ................................................................................................................................................................... 33

22 Instrumentation .................................................................................................................................................................................................34
22.1 Solar radiation measurement.................................................................................................................................................. 34
22.2 Thermal radiation measurement ......................................................................................................................................... 35
22.3 Temperature measurements .................................................................................................................................................... 37
22.4 Flow rate measurement ............................................................................................................................................................... 39
22.5 Surrounding air speed measurement............................................................................................................................... 40
22.6 Elapsed time measurement ...................................................................................................................................................... 41
22.7 Pressure measurement ................................................................................................................................................................. 41
22.8 Humidity measurement ............................................................................................................................................................... 42
22.9 Collector gross area ......................................................................................................................................................................... 42
22.10 Collector fluid capacity ................................................................................................................................................................. 42

23 Test installation ..................................................................................................................................................................................................42
23.1 Liquid heating collectors ............................................................................................................................................................. 42
23.2 Air heating collectors ..................................................................................................................................................................... 46

24 Performance test procedures ...............................................................................................................................................................48
24.1 General ........................................................................................................................................................................................................ 48

This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013?source=preview


 

ISO 9806:2013(E)
 

© ISO 2013 – All rights reserved v

24.2 Test installation ................................................................................................................................................................................... 49
24.3 Preconditioning of the collector ............................................................................................................................................ 49
24.4 Test conditions ..................................................................................................................................................................................... 49
24.5 Test procedure ...................................................................................................................................................................................... 51
24.6 Measurements ...................................................................................................................................................................................... 52
24.7 Test period ............................................................................................................................................................................................... 54
24.8 Presentation of results .................................................................................................................................................................. 59

25 Computation of the collector parameters ...............................................................................................................................59
25.1 Liquid heating collectors ............................................................................................................................................................. 59
25.2 Steady-state air heating collectors ...................................................................................................................................... 63

26 Determination of the effective thermal capacity and the time constant of a collector ............64
26.1 Measurement of the effective thermal capacity (separate measurement) ......................................64
26.2 Measurement of the effective thermal capacity (quasi dynamic method) .......................................66
26.3 Calculation method .......................................................................................................................................................................... 66
26.4 Determination of collector time constant (optional) ..........................................................................................67

27	 Determination	of	incident	angle	modifier ..............................................................................................................................69
27.1 Modelling .................................................................................................................................................................................................. 69
27.2 Test procedures ................................................................................................................................................................................... 73
27.3 Calculation of collector incidence angle modifier ..................................................................................................74

28 Determination of the pressure drop across a collector (Liquid) (optional) .......................................75
28.1 General ........................................................................................................................................................................................................ 75
28.2 Test installation ................................................................................................................................................................................... 75
28.3 Preconditioning of the collector ............................................................................................................................................ 75
28.4 Test procedure ...................................................................................................................................................................................... 75
28.5 Measurements ...................................................................................................................................................................................... 76
28.6 Pressure drop caused by fittings .......................................................................................................................................... 76
28.7 Test conditions ..................................................................................................................................................................................... 76
28.8 Calculation and presentation of results .......................................................................................................................... 77
28.9 Pressure drop for air collectors ............................................................................................................................................. 77

Annex A (normative) Test reports ........................................................................................................................................................................79
Annex B (informative) Mathematical models for liquid heating collectors ..........................................................104
Annex C (normative) Properties of water ................................................................................................................................................ 108
Annex D (informative) General guidelines for the assessment of uncertainty in solar collector 

efficiency	testing ............................................................................................................................................................................................ 111
Annex E (informative) Measurement of the velocity weighted mean temperature......................................115
Bibliography ......................................................................................................................................................................................................................... 117

This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 9806:2013". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%209806:2013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013&source=preview
https://webstore.ansi.org/Standards/ISO/ISO98062013?source=preview


 

ISO 9806:2013(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International 
Standards adopted by the technical committees are circulated to the member bodies for voting. 
Publication as an International Standard requires approval by at least 75 % of the member bodies 
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9806 was prepared by Technical Committee ISO/TC 180, Solar energy, and by Technical Committee 
CEN/TC 312, Thermal solar systems and components in collaboration.

This first edition cancels and replaces the first editions EN 12975-2:2006, ISO 9806-1:1994, 
ISO 9806-2:1995, and ISO 9806-3:1995, which have been technically revised.
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Introduction

This International Standard defines procedures for testing fluid heating solar collectors for performance, 
reliability, durability and safety under well-defined and repeatable conditions. It contains performance 
test methods for conducting tests outdoors under natural solar irradiance and natural and simulated 
wind and for conducting tests indoors under simulated solar irradiance and wind. Outdoor tests can be 
performed either steady-state or as all-day measurements, under changing weather conditions.

Collectors tested according to this International Standard represent a wide range of applications, e.g. 
tracking concentrating collectors for thermal power generation and process heat, glazed flat plate 
collectors and evacuated tube collectors for domestic water and space heating, unglazed collectors 
for heating swimming pools or other low temperature applications. Air heating collectors have been 
included in the scope of this International Standard. Similarly, collectors using external power sources 
for normal operation and/or safety purposes (overheating protection, environmental hazards, etc.) are 
also considered.
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