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Foreword 

This document (EN 1093-4:1996+A1:2008) has been prepared by Technical Committee CEN/TC 114 “Safety 
of Machinery”, the secretariat of which is held by DIN. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by December 2008, and conflicting national standards shall be withdrawn 
at the latest by December 2008. 

This document includes Amendment 1, approved by CEN on 2008-05-14. 

This document supersedes EN 1093-4:1996. 

The start and finish of text introduced or altered by amendment is indicated in the text by tags ! ". 

This European Standard has been prepared under a mandate given to CEN by the European Commission 
and the European Free Trade Association, and supports essential requirements of EU Directive(s). 

!For relationship with EU Directive(s), see informative Annexes ZA and ZB, which are integral parts of this 
document." 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and United Kingdom. 
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1 Scope 

This standard describes a method for the measurement of the capture efficiency of an exhaust system 
installed on a machine. This method is based on a tracer technique and may be operated in all types of test 
environment (bench, room and field, see ENV 1093-1). 

This technique is applicable only if the tracer shows aerodynamic behaviour comparable with the real pollutant 
(see 7.1.1). 

The measurement of the capture efficiency of an exhaust system can serve for: 

a) The evaluation of the performance of an exhaust system of a machine; 

b) The evaluation of the improvement of an exhaust system 

c) The comparison of exhaust systems for machines of similar design; 

d) The ranking of exhaust systems according to their capture efficiency; 

e) The determination of the air flow rate of an exhaust system to achieve a given level of capture efficiency; 

f) The determination of the state of the art of exhaust systems for machines with respect to the capture 
efficiency, 

2 Normative references 

This European Standard incorporates, by dated or undated reference, provisions from other publications. 
These normative references are cited at the appropriate places in the text and the publications are listed 
hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to 
this European Standard only when incorporated in it by amendment or revision. For undated references the 
latest edition of the publication referred to applies. 

EN 292-1, Safety of machinery – Basic concepts - General principles for design – Part 1: Basic terminology, 
methodology. 

EN 292-2, Safety of machinery – Basic concepts - General principles for design – Part 2: Technical principles 
and specifications. 

ENV 1093-1, Safety of machinery – Evaluation of the emission of airborne hazardous substances – Part 1: 
Selection of test methods. 

ISO 4053-1, Measurement of gas flow in conduits – Tracer methods – Part 1: General. 

3 Terms and definitions 

For the purpose of this European Standard the following definitions apply: 

3.1 
capture efficiency of an exhaust system ηc 
the ratio of the mass-flowrate of a specified pollutant directly collected by the exhaust system to the 
uncontrolled mass-flowrate of this pollutant emitted from the machine 
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3.2 
tracer technique 
the use of substances with an aerodynamic behaviour comparable to the hazardous substance under 
consideration and which can be reliably measured 

4 Principle 

The principle of the measurement method consists of: 

a) Emitting a tracer simulating the aerodynamic behaviour of the real pollutant, with the tracer flow rate (qE); 

b) Measuring the flow rate (qc) of the tracer collected by the exhaust system. 

5 Simplified expression of the capture efficiency 

The capture efficiency expressed as a percentage is: 

cη = 100×
E

c

q
q

 (1) 

The tracer flow rate (qE) is determined by emitting the tracer at constant flow rate directly into the exhaust duct 
and by measuring the average tracer concentration in a cross section of the duct then: 

Eq  = )( 12 CCQ −  (2) 

where: 

Q is the average air flow rate in the duct during the measurement period of (qE); 

C1 is the average ambient concentration of the tracer before the measurements (background level); 

C2 is the average concentration of the tracer in the duct (emission of tracer in the duct). 

The tracer flow rate (qc) is determined by emitting the tracer at constant flow rate (qE) at a characteristic point 
or zone of the emission of the real pollutant (e.g. at the furthest locations in the emission zone from the 
exhaust system) and by measuring the average concentration of tracer in the same points of the duct: 

)'(' 13 CCQqc −=  (3) 

where: 

Q' is the average air flow rate in the duct during the measurement period of (qc); 

C'1 is the average ambient concentration of the tracer after the background level is stabilised; 

C3 is the average concentration of the tracer in the duct (emission at a selected location). 

The capture efficiency is expressed as a percentage as follows: 

100
)(
)'('

100
12

13 ×
−
−

=×=
CCQ
CCQ

q
q

E

c
cη  (4) 
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If the exhaust flow rate can be considered as being constant, then Q = Q', and the expression can be 
simplified:  

100
'

12

13 ×
−
−

=
CC
CC

cη  (5) 

The capture efficiency is then determined by measuring only concentrations in the exhaust duct. 

6 Test method 

6.1 General procedure 

The measurement procedure is illustrated by figures 1 and figure 2 shows a typical test record. 

To measure the concentration by sampling the air in the duct, it is assumed that the tracer is well mixed with 
the air. In the case of straight ducts the procedures described in ISO 4053-1 shall be used. 

NOTE Devices can be added to the duct to reduce the mixing length 

At least three tests shall be performed. 
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Phases 1 and 4: Measurement without tracer emission 

 

 

Phase 2: Measurement with tracer emission in the duct 

 

Phase 3: Measurement with tracer emission simulating the real pollutant 

1 sampling 
2 pump 
3 analyser 
4 injection 

5 tracer gas flow meter 
6 tracer gas cylinder (pure or 
 diluted tracer gas) 

7 ambient concentration C1 or C'1 
8  concentration C2 
9  concentration C3 

Figure 1 — Measurement procedure for a simple exhaust system using a tracer gas 
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