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Abstract — Nowadays leak detection is widely used ina testing method to qualify these detectors, wharuires

various fields such as the automotive and the gefation
industries. In France, the leak tightness of itsians
charged with refrigerants must be controlled pedaity by
refrigerant detectors, whose sensitivity thresholdse

refrigerant calibrated leaks [1], [2].

However, the standard does not explicit the leak

calibration method and the test conditions needeensure
the reproductibility of the sensitivity

gualified according to several tests described ke t measurements. The main goal of this paper is tortép the

European standard EN 14624. The tests describetthein

industry the means that have been developped pecethe

European standard are mainly a comparison between tregulations relative to the leak tightness of pefrating

detector signals and several appropriate calibrizaks. In
order to ensure the traceability of the calibraleak flow
rates, a project involving the Laboratoire Nationdé
Métrologie et d’Essais (LNE), the Centre d’Energét et

equipment. First the primary standard that ensuhes
traceability to the Sl units of the R-134a calibrhtieaks
used to qualify leak detectors will be presentdake using
these reference calibrated leaks, the paper wilbntethe

des Procédés (CEP) and the Agence de I'Environrteeten identified parameters that may influence the swiitsit

de la Maitrise de I'Energie (ADEME) was carried dat
develop a national standard for calibrating R-13daks
which are used in the tests. Besides, to ensurédbigy of
the sensitivity threshold measurements, a study Hesen
carried out to identify the potential influence aaeters.
This document presents the national standard aed
conclusions of this study.

threshold measurements in order to ensure thatfidglthe
qualification tests described in the standard.

2. PRIMARY STANDARD
th

2.1. Operating principle

The standard is based on the ability of

Keywords : refrigerant gas, leak detector, leak flow rate photo-acoustic spectrometer [5], [6] to distinguisihe

1. INTRODUCTION

concentration of the gas species absorbing IR light
mixture with gases non-absorbing IR light. The lmation
procedure consists in measuring the accumulatidheofjas

Due to the Kyoto Protocol, the European countriestm emijtted by the refrigerant leak at atmospheric fuesin an

reduce their greenhouse gases emission like tloeirfted
refrigerant gases (HFC). The European
n°842/2006 defines the leak tightness as the kawt o
reduce the emissions of the refrigerant gases.eforey, the
leak tightness of installations charged with mdrant 3 kg
of refrigerants must be controlled periodically. Fnance,

the installations with more than 2 kg of refrigegsa(decree

enclosed volume. The rise of the refrigerant cotvaéion is

regulatiofeasured every minutes by an infrared photo-aaousti

spectrometer - calibrated for the appropriate gass-most
of refrigerant gases absorbs at wavelengths inrthared
range. Meanwhile, the temperature and the presssige
the accumulation volume are measured along the fifmen
the flow rate can be evaluated according the eguatl)

n°737/2007) must be controlled yeal’|y by refrigeranusing the We|ghted least squares method.

detectors or room controllers, respectively withetection

threshold

the

limit of 5g.yr-1 and 10 pmol.mdl (Order published in
January 2000) [1], [2], [3]-

Moreover, the implementation of regulation of leak
tightness inspections required the elaborationtahdards whereM, R, V, C, PandT are respectively the molar mass
for the performances of refrigerant leak detectord room of the gas, the perfect gas constant, the accuiomlat
controllers. A European standard EN 14624 publisiied volume, the accumulated concentration, the pressulethe
July 2005 “Performances of mobile leak detectord ah temperature inside the volume [1],[7].
room controllers of halogenated refrigerants »dd$cribes

ety 20%)
ot
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2.2. Design of the primary standard equilibrium system {accumulation volume + standard

The primary standard is mainly composed of a maiyolume} after the expansion.
volume — the accumulation volume (see Fig.1). The _Thus, the accumula_uon volume can be deduced fram t
accumulation volume is composed by the accumulatedy ~ fatio and the capacity of the standard volume. The
the internal volume of the spectrometer and thesoeiated accumulation volume uncertainty is calculated frone
fittings. Besides, many instruments are used t@sue contnbunons of uncertainties originating from the
temperature, pressure and concentration in timetinpim homogeneity of the temperature inside both vo_Iu_nuIae,
resistance  thermometers, barometer, photo-acoustRi€ssure and temperature measurements, the calibit
spectrometer respectively [8], [9]. the s_tandard volume and the valug of the reiasfitted a_t

According to an initial comparison study betweero tw the time (_)f the valve openinghe size of the accumulation
available infrared spectrometers, the photo-acoustivolume is calculated asV =(2.169 +0.016) den The
spectrometer was selected to measure the condentrate  Uncertainty is mainly due to the homogeneity of the
[2]. Its operating principle is based on the pheeoan temperatures and the repeatability of the method
called “photo-acoustic effect”; the absorption bé tenergy (€€ Fig. 2.).
of a pulsated light by a sample of gas hermeticsdigled in
a cell is converted into sound pressure, which ban
measured by microphones.
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Fig. 2. Components of the uncertainty of the acdatian volume
using the static expansion system: example of alieration

Fig. 1. Diagram of the primary standard

The photo-acoustic spectrometer calibration is the

2.3. Qualification of the primary standard second of the main components to measure a redriger

The primary standard is mainly characterised by itsalibrated leak. The instrument is calibrated bynparing
accumulation volume and the performances of théhe indications of the spectrometer with the cotregion of
photo-acoustic spectrometer. standard mixtures, which are prepared using theirgedric

By taking into account the restraints, and aftaleating method: a well-known quantity of each gas is susivedy
the different methods available to measure a vojumeas inserted into an evacuated gas cylinder.
decided to measure the accumulation volume by ticsta  The calibration procedure is the following: the tnes
expansion method [9]. This method consists in gtimgy a — concentrations between 10 and 150 umol'molare
gas expansion between two volumes: the accumulaticsuccessively circulating in the accumulation volunwhile
volume and a standard volume, whose capacity ibrafdd the concentration inside the accumulation volume is
with a relative uncertainty about 0.1% using a LE  measured by the spectrometer. Concentrations below
dimensional machine and [8]. By measuring thedhitind 10 umol.mof* are not measured as the repeatability of the
final pressure and temperature in both volumes, gag concentration measurement is about 0,5 pmol:mol
density changes inside the two volumes can be ledéal The concentration uncertainty is calculated frone th
[8], [10]. Applying the conservation of mass aneé tkdeal contributions of uncertainties originating from {9 :

gas law, the ratio of the volumes can be calculatadrding > repeatability of the calibration method,
to the Equation (2): » standard mixtures,
> temperature influence on the spectrometer
(Fy — Ples ) » uncertainty of the fitting C= f(Ccad,
l:g 2) > resolution of the spectrometer, whose indication is
V, (Fy _ Fy) limited to three digits, and
T, /T > spectrometer long term stability (see. Fig. 3.).

The combined uncertainty of the concentration mesasant

whereV and Vs are respectively the accumulation volumeby the spectrometer is estimated as:

and the standard volume capacitiBgs Tes are the initial
pressure and temperature relative to the standzudne, Py, U=(1.5+1.7 x 18 x C) umol.mot".
To are respectively the initial pressure and tentpesa

relative to the accumulation volume - before thpamsion -

and P, T, are the pressure and temperature relative to the
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Fig. 3. Drift of the photo-acoustic spectrometditted
concentrations from the 18/06/2008 to 09/01/2009

Considering the qualification of the accumulation

volume and the spectrometer, the uncertainty ofRt4a
leak flow rate between 1 and 50 g/yr can be estchalt
includes the repeatability, the measurement ofvréation
in time of the concentrations corrected in pressang

temperature, the accumulation volume measuremdihs.

repeatability of the method has been estimatedtaha0 %
(see Fig. 4) and the expanded combined uncertaratout
2 %.

In order to qualify refrigerant leak detectors, B4a
reference leaks, whose values are about 1 g/yiyr3&g/yr

and 50 g/yr, have been purchased and are regularéyfa
calibrated by the primary standard. The temperature
coefficients of the reference leaks have been adbck
Considering the stability of a calibrated leak (5&g 5) and
in a laboratory at

the influence of the temperature
(20 £ 1) °C, the expanded uncertainty of the floateris
about 7 % for a reference leak used by the LNEualify
refrigerant leak detectors.
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Fig. 4. Repeatability of a 1 g:yiteak calibration
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Fig. 5. Calibration of a calibrated leak flow ratmat 3.6 g.yt*
between 24/07/08 and 19/02/2009, at 20 °C

3. DETECTOR SENSITIVITY THRESHOLD
QUALIFICATION

3.1. Description of the detector qualification tests

As the refrigerant calibrated leaks can be tracetbISI
units thanks to the new primary standard, the stahd
EN 14624 or other standards to qualify the refagethand
leak detectors can now be applied.

Four tests are described in the standard to quélidy

performances of a locating refrigerant leak deteictarder
to assess its sensitivity threshold. The lowestatet! flow
rate of the available calibrated leak is consideasdthe
sensitivity threshold.
This sensitivity is measured when the detector
tionary at a specified distance from the leakemit is
moving at a specified translation speed and atexifipd
distance from the leak, in a clean or polluted ambé.

3.2. Identification of the influence parameters
In order to qualify leak detectors in the best ¢tons,

complementary technical requirements are necessary
taken during the

identify precautions that must be
performance tests. Whatever detection method isidered,
a detector measures a concentration and not diradgak
flow rate [11]. Hence many parameters can infleetiee
relation between concentration and leak flow rate,the
volume is not closed and not well-defined. It dejsemn

several parameters. Experimental and phenomenalogic

studies have been carried out in order to iderdgdye of
them.

Contrary to the primary standard conditions,
reference leak flows in an open volume that willifzaned
“control volume”. Therefore, the equation (1) canhr®
applied. A first approximation of the relation betm
concentration and leak flow rate can be done bidening
that the refrigerant gas quantity sucked by theedaet in
one second is equal to the quantity sent out byléh&
artefact in the same time. In this case, the egnatan be
expressed as:

Q

C = ——, (3)
PR,

the

whereQ, C, p, Q, are respectively the refrigerant leak flow

rate, the concentration of the refrigerant in thentol
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volume, the refrigerant gas density and the volsoneking

rate of the detector. This approximation means that
concentration depends on the sucking rate of thectie
[12]. However, assumptions have been made to diyribié
equations: the air speed around the control volantk the To center the leak
gravity are for instance considered as negligiBlesides, LAk """';I"'E _______ ( Dﬁ)
the distance between the detector nose and thet aditthe : : -
leak are not considered. In order to establish the : :
concentration gradient in the control volume, a il Ii
phenomenological study with the CFD software FLUENT Toiadjusi the
and experiments were carried out. distancebetween th
With the CFD software FLUENT, a simulation of the detector and the leak

gas concentration tendency in a control volume Ihasn
established [9]: the studied control volume wasopened
cylinder. Its length was defined as the distarnesvben the Fig. 7. Diagram of the experimental installation

leak and the detector nose and the diameter otdnérol

volume was set equal to 10 mm. The study has been As expected, the concentration decreased significan
reduced to this control volume in order to haveighly  with the distance of the detector probe from thakle
refined grid mesh (see Fig. 6). Experiments have shown that the detector capabibty
detect a 1g.yF leak decreases with the distance. The
indication of the detector was divided by 2 where th
R=5mm distance was increasing from 1 mm to 2 mm. Foistadce
higher than 3 mm, the leak flow rate was not detkct
anymore. Besides, the influence of the gravity vedso

. checked. Indeed, R-134a is heavier than air: itssithe at
Detector sucking rate 101 kPa and at 20 °C is 4.36 kg/mn theory, R-134a tends
to «fall » due to the gravity. The simulation biyUFEENT
underlined this phenomenon (see Fig. 8): the cdnaton

of R-134a decreased when the altitude was incrgaSinis
trend was all the more amplified when the detestarking
rate was lower. In the case of a high sucking thggravity
influence was then compensated. However, the

Leak rate

L2mm concentration remained higher in front of the leak.
Experiments were in agreement with these results.
Fig. 6. Description of the control volume usedtfeg CFD As the sensitivity threshold of a detector is athecked
simulation when it is moving, a comparison between the 1 détector

indications and the 1 g/yr leak flow rate was doden the
The experimental study [9] aimed at drawing a gaeiphy ~ detector was moving at different speeds. This empsnt
of the concentration near a R-134a calibrated ile@kder to ~ has underlined the influence of the translatiopakes! of the
validate the tendency shown on the phenomenologie®)  detector: the detection improves when the speecedses.
study. The concentration changes have been chewad Indeed, if the distance traveled in one seconchbydetector
the leak artifact orifice: the detector nose waacetl at IS higher, the control volume that must be considéras to
different distances from the leak and differenitadies from  be also larger.
the orifice of the leak artifact (see Fig. 7). Atetgtor, which To conclude, several parameters may influence the
indicates leak flow rate values and whose sensitivi €xpression of the conversion of the concentratia teak
threshold is about 1 g/yr, has been used for tpeement. flow rate: the distance from the leak, the directf the

Complementary to the detector, the photo-acoustigetector nose relatively to the leak axis, the igyawhese
spectrometer was also used. parameters must be controlled in order to ensuee th

repeatability of the sensitivity threshold measuzats.

Therefore, some precautions must be taken intouatco
during the qualification tests described in thendtad. The
design of the test bench has been done considérase
parameters.
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Leak orifice :
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R-134a concentratiot y=0

/mol.mof*

Fig. 8. Dispersion of the R-134a simulated by th®Gbftware
FLUENT

3.3. Precautionsin the qualification procedure
The identified influence parameters have to berotlet

for ensuring the repeatability of the tests. Othly detector
sucking flow rate depends on the manufacturer arhat
be controlled. A test bench to qualify the deteettcording
to the standards has been designed and realizedién to
control the other influence parameters. It is a ihaob

platform, moving from left to right and vice-versafront of

a standard leak orifice whose nominal value is betw

Fig. 10. Photo of the LNE test bench to qualify tefsigerant leak
detectors according to the standard NF EN 14624

4. CONCLUSION

To conclude, the traceability of refrigerant dedect
qualification is now ensured. The LNE can provide
calibration of R-134a leaks between 1 g/yr to 50,gin
their operating conditions with a relative expanded
uncertainty around 1-2%, at a fixed leak tempegatit is a
necessary support to ensure the traceability ot#tierated
leaks needed to qualify the refrigerant detectassthe leak
operating conditions are respected. Even if onl§3Ra
leaks can be measured now, an extension to otises gaill

1 g.yf* and 50 g.yf. As the position of the detector nose be studied.

according to the leak orifice, the gravity and ttenslational
speed of the detector nose may influence the segsée
Fig. 9), these parameters must be controlled. &eltench
has been realised considering these specificatizes

Fig. 10.).
Detector average translation
speed
2mm.s | 50 mm.§
Distance
between the Maximum mass flow rate
detector and the indicated by the detector
leak
mm 9.yt
1 2.3 0.6
2 0.7 0.2
3 0.4 0.3
5 0.2 No detection

Fig. 9. Maximum value indicated by the detector mitenoves in
front of a calibrated leak whose flow rate is (1438.053) g.yt.

Complementary to the leak primary standard, a test
bench has been realized in order to qualify R-1Btactors
according to the standard EN 14624. As a handdesdctor
measures a concentration and not a leak flow sme
parameters that have been identified can influetiee
qualification results: position of the detector Ipep absence
of obstacles below the calibrated leak, air distndes. The
test bench has been designed considering the pi@Tau
that must be taken.
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