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a b s t r a c t
Nowadays, leak detection is widely used in many ﬁelds such as automotive and refrigeration industries.
European Regulation No 517/2014 identiﬁes leak tightness as the key point to decrease the emissions
of the refrigerant gases with greenhouse effect. Tightness of systems charged with refrigerant ﬂuids
must be controlled periodically by refrigerant gas detectors. According to the Commission Regulation
No 1516/2007 these detectors are required to be tested at least once per year with reference leaks, or
“calibrated” leaks, to conﬁrm a detection limit of 5 g per year.
For this purpose, a technique to built reliable reference leaks made of R134a (1,1,1,2-tetraﬂuoroethane)
is described. These leaks are suitable to fulﬁll the requirements of EN14624:2012 which deﬁnes the procedure to test refrigerant leak detectors.
The proposed design takes advantage of the suitable permeability of vinyl methyl silicone rubber
(MVQ silicone). The leak rate is adjusted by the size of a hole drilled in the reservoir cap. The described
design is suitable to manufacture reference leaks having leak rates from 1 to 30 g per year. The long
term stability was found to be within the calibration uncertainty of ±3% and the temperature coeﬃcient
of 3.2% per K.
© 2019 Elsevier Ltd and IIR. All rights reserved.

Conception et caractérisation des fuites d’étalonnage de frigorigène
Mots-clés: Fuite d’étalonnage; Fuite de R134a; Perméabilité; Calibrage de la fuite; Détecteur de fuites

1. Introduction
For decades chloroﬂuorocarbons (CFCs) and hydrochloroﬂuorocarbons (HCFCs) were used in air conditioning and refrigeration
systems. After discovering that these gases were producing severe
damage to the ozone layer, Montreal Protocol required to the signatories a reduction, substitution or total elimination of the use
of these gases. Then, hydro-ﬂuorocarbon refrigerants –HFCs, were
developed as an ozone friendly alternative but these gases are extremely persistent in the environment and very effective promoters
of the greenhouse effect (Calm, 2008).
Later, Kyoto Protocol established stricter commitments to reduce emissions of gases that worsen the greenhouse effect. All
member countries were required to reduce emissions of greenhouse gases by at least 5% from 2008 to 2012 (United Nations,
1998). In this context, it became clear that tightness of major HFCs
∗
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containers needed to be quantiﬁed in order to ensure its proper
conﬁnement. The European Regulation 517/2014 deﬁned tightness
as the key to the reduction of refrigerant gases to atmosphere
(The European Parliament and Council of the European Union,
2014). Then, European Regulation 1516/2007 established the obligation for periodic inspections for all equipment and/or installations with more than 3 kg of refrigerant gases. The facilities have
to be periodically checked by a leak detector with detection limit
(sensitivity) of 5 g per year (Oﬃcial Journal of the European Union,
2007). In most situations it is not practical to perform these leak
tests under vacuum conditions. Therefore, tests are performed with
a sniffer leak detector at atmospheric pressure.
Assuring that leak detectors have a detection limit of 5 g per
year requires the existence of materialized reference leaks, usually
referred to as “sniffer test leaks”. Although it is easy to ﬁnd helium
reference leaks in the market, the offer of refrigerant leaks is limited in both the range of leak rates and the available gas species.
Leak artefacts are well characterized for helium leakage. For instance, many reference leaks are made with materials such as glass
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Fig. 1. Components of the R134a permeation leak.

or metals, and can be calibrated against vacuum or atmospheric
pressure, by many accredited laboratories (Becker et al., 2015).
This paper describes the design and characterization of R134a
permeation leaks for possible use as standards in periodic tests of
leak detectors. R134a was chosen due to its common use in various
applications over other HFCs (Borde et al., 1995; McCulloch and
Lindley, 2003; Yau and Foo, 2011) as well as it is a constituent of
other common refrigerant gases such as R404a and R407f (Bortolini
et al., 2015). These are probably the reasons why the norm EN
14624: 2012 (BSI, 2012) recommends its use in leak detector testing. The same design principle can be used to produce refrigerants leaks of other gases like R32, R123, R124, R125, R143a, R152a,
R404a, etc.
2. Permeation leaks
Permeation leaks are based on the principle of diffusion of a gas
through a dense membrane like a glass or a polymer. The gas permeates through the membrane from the high concentration side
to the lowest and then desorbing. Flow through the membrane
is ruled by its permeability. The most common permeation leak
found in industry is made for helium. Typically, this reference leak
has a metal container ﬁlled with pressurized helium. The container
is partially sealed with a membrane e.g., quartz glass. Helium diffuses through the glass at a constant rate. Since typical ﬂow rates
are very low, the depletion rate is usually well below 10% per year.
The majority of leaks calibrated by National Metrology Institutes
are of this type as reported by NIST (92%), which also assessed the
long term stability of these artefacts (Abbott and Tison, 1996).
Helium leaks are typically used by mass spectrometer leak detectors, which run under vacuum. Therefore, such leaks have to
deliver to vacuum. These leak detectors can also be operated in
the so-called sniffer mode. In this case, it is recommended to use
reference leaks delivering helium directly to the atmosphere very
similarly to those required for refrigerant leak detectors.
In the proposed design the leak consists of a reservoir with the
desired ﬂuid (for instance R134a), and at the top of the reservoir
a membrane through which the vapour slowly escapes. The leak

rate depends on the membrane permeability to the selected gas,
the exposed area, the thickness and the pressure gradient. Inside
the reservoir, vapour and liquid may coexist to increase the leak
lifetime.
3. Proposed design for refrigerant reference leaks
Standard EN 14624:2012 refers to R134a as the refrigerant
ﬂuid to be used in testing leak detectors. Leaks having nominal
rates of 3, 5 and 10 g per year are selected to determine the
detection limit. Its calibration uncertainty must not exceed 15%
(BSI, 2012). From these requirements we were able to establish the
main objectives for our design: leak rates ranging from 3 to 10 g
per year, be easily transportable, low production cost, good time
stability, acceptable robustness and minimum lifetime of 3 years.
Fig. 1 depicts the proposed design. The reservoir is a 20 ml reinforced Pyrex glass vials closed with a screw cap. Inside, the permeation element, a washer and a gasket are ﬁtted. The washer and
the cap have a central hole with a well-deﬁned diameter, which
deﬁnes the permeation area and the subsequent leak rate.
The molar leak rate, qn (mol s−1 ) is given by the following relation:

qn =

Pe · A ·  p
,
d

(1)

where Pe is the membrane permeability (mol (Pa m s)−1 ); A is the
permeation area (m2 ); p is the pressure difference between the
two sides of the membrane (Pa) and d is the membrane permeation thickness (m).
If the reservoir is ﬁlled with refrigerant in the liquid phase, its
pressure depends only on its temperature. If one considers room
conditions (typically 23 °C; atmospheric pressure = 1 bar = 105 Pa),
which corresponds to an internal absolute pressure of 6.24 bar and
consequently p will be 5.24 bar. Regarding the cap, it was decided
that the central hole should have a diameter from 0.5 to 5 mm in
order to be easily machined. Available membranes had thicknesses
from 0.3 to 2.0 mm, but the permeability for this gas was not found
in the literature.
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Fig. 2. Pressure rise experimental setup used for permeability determination. V1, V2, V3 are plug valves (see text for further details).

Having these constrictions, it was necessary to select a membrane having a permeability suitable to produce leak with rates
within the desired range. In the absence of this information, tests
were carried out on several membranes to determine its permeability for R134a.
4. Evaluating the membrane permeability
The Vp or pressure rise technique, is often used for determination of the membrane permeability (Czichos et al., 2011). The
Vp system used in this work is shown in Fig. 2. It measures the
permeated ﬂow rate by monitoring the pressure rise in the closed
volume V, (approximately 6.7 × 10−2 L) using a high accuracy
pressure gauge.
Membranes under test were positioned in a sample holder,
which was made for this purpose. Initially the system is evacuated in the upper part of the sample holder. Then, the valve
V1, connecting the pump to the permeation cell, is closed. Next,
R134a is introduced (using valve V2) and then the pressure in the
closed volume is recorded by the high accuracy absolute capacitance manometer (MKS 690A). The feeding pressure upstream the
membrane was measured by a 5 bar absolute pressure transducer
(MKS 627B). The starting pressure of the lower part of the sample
holder was at approximately 1 bar, since it was intended to study
the permeability under realistic conditions to which the membrane
will be subjected (delivery at atmospheric pressure).
The throughput qpV is obtained by:

q pV = qn · R · T = V ·



 p 
Pa · m3 · s−1 ,
t

(2)

where R is the ideal gas constant, T is the temperature, p is the
pressure, t is the time and V is the volume. This volume was measured by inducing an expansion to a known volume as described
in previous works (Fonseca et al., 2013; Brazinha et al., 2013). Rearranging Eq. (1) and calculating the ﬂow rate qpV by Eq. (2), the
permeability is given by:

Pe =



q pV · d
mol · (Pa · m · s )−1 .
R · T · A · p

(3)

The temperature of the experimental set-up was kept constant
and homogeneous by a bath circulator. Three calibrated thermocouples were ﬁtted in different points to monitor the temperature
homogeneity. Typically, the uniformity recorded by the three thermocouples, throughout the system, was better than 0.5 °C.
A typical result of an R134a permeability assay for a silicone
membrane, is shown in Fig. 3. Looking closely, the steady state is

obtained after about 10 0 0 s. The throughput qpV is calculated from
the slope once the volume V is known. Then the membrane permeability for R134a is obtained by using Eq. (3).
Several polymer membranes, with different thicknesses were
tested in order to obtain the permeability for R134a: teﬂon, MVQ
rubber (vinyl methyl silicone), Arlon modiﬁed PVMQ (phenyl vinyl
methyl silicone), neoprene, nitrile and polyurethane.
Polyurethane, teﬂon, neoprene and nitrile membranes presented too low permeability for R134a. Contrarily, Arlon modiﬁed PVMQ presented too high permeability to R134a; this silicone membrane also showed a high deformation. Membranes
with thicknesses below 0.5 mm did not resist the pressure in the
reservoir and therefore could not be used for the production of
leaks.
Since 1 mm thick MVQ silicone (Manufactured by Samco Silicone Products, United Kingdom) gave suitable permeation rates, it
became the selected membrane. For this reason, further characterization of this membrane was performed which is described in the
following sections.
4.1. Characterization of the MVQ silicone membrane
The MVQ silicone manufacturer provided some information regarding the physical, electrical and thermal properties of this material, but no information concerning its permeability (SAMCO
Silicone Products). Hence the MVQ silicone membrane was tested
under different temperatures, pressures and gases.
4.1.1. Pressure effect on the permeability coeﬃcient of the MVQ
membrane
Several authors report the diﬃculty in establishing a sustainable conclusion about the effect of pressure on the transport
coeﬃcients. Merkel et al. measured the permeability for polydimethylsiloxane membrane (PDMS) for different gases, with feeding pressures from 1 to 17 bar. Authors found that for the most
of the tested gases, the permeability remained unchanged, with
different pressure gradients. However, for C3 H6 , C3 F8 e C2 H6 the
permeability increased (Merkel et al., 20 0 0). Beeskow-Strauch also
publish results on the permeability of CH4 through PDMS membranes; they concluded that the gas pressure on the feeding side,
from 10 to 190 bar, did not inﬂuence the permeability coeﬃcient
(Beeskow-Strauch et al., 2015).
The pressure effect on the permeability of the poly(ethylene oxide) (PEO) membrane for several non-polar gases (He, H2 , O2 , N2 ),
for some hydrocarbons (CH4 , C2 H6 , C2 H4 , C3 H8 , C3 H6 ) and for CO2
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Fig. 3. Typical result of a pressure rise test. The membrane permeability can only be obtained after the stationary stage been achieved. This membrane was testes at 20 °C
and the R134a permeability was about 7 × 10−12 mol/(Pa. m. s ).

was also studied. As showed with the PDMS membrane, considering the non-polar gases, the permeability coeﬃcients are essentially pressure independent although for CO2 and for hydrocarbons
such as C3 H8 , the permeability increases with the feeding pressure
(Lin and Freeman, 2004).
Presently, and according to our knowledge, literature about the
determination of the permeability for R134a through polymeric
membranes is scarce. In the only publication found, tests were
performed with non-identiﬁed polymer membranes (Yu, 2008). In
this work, Yu described several permeation tests through different membrane samples and studied the correlation between the
feeding pressure and the permeability coeﬃcient. He tested three
unidentiﬁed membranes with R134a at 50 °C, at three different
pressures: 7.7 bar, 10 bar and 13 bar. The three membranes showed
distinct behaviour: the ﬁrst membrane did not seem to change
its permeability for R134a with increasing pressure; the second
showed a drastically increased and the third membrane showed a
decrease on its permeability.
Considering Yu results it seemed necessary to analyse the effect
of feeding pressure on the permeability of the MVQ membrane, using R134a vapour. Four tests were carried out at different pressures
without reaching the saturation pressure (1.5, 1.9, 2.3 and 4.5 bar),
at 35 °C. MVQ membrane did not show signiﬁcant variations of
its permeability for different R134a feeding pressures. According
to the literature, it can be said that the membrane exhibits a
typical behaviour of a glassy type polymer (Jyh-Jeng and Shung,
1999). Considering these materials, as with most glassy polymer
ﬁlms described in literature, (Xu et al., 1997; Paul et al., 1998;
Wang et al., 1998) its permeability is mainly independent of the
pressure or tends to decrease slightly with increasing feeding
pressure.
The pressure effect was also evaluated using a gas different
from R134a. The membrane permeability coeﬃcient was obtained
using N2 with feeding pressures of 2.6, 3 and 3.5 bar. As previously
observed for R134a, the permeability to N2 did not change with
the pressure, a typical feature for vitreous membranes.

4.1.2. Temperature effect on the R134a permeation of the MVQ
membrane
The temperature dependency of the permeability is well documented in the literature, for several polymeric membranes. Van
Amerongen presented results for several membranes (natural

rubber, buna S, perbunan, neoprene G, oppanol B 200, butadiene
rubber, methyl rubber, mipolam MP and thiokol B), at different
temperatures (17, 25, 35, 43 and 50 °C), tested for various gases
(H2 , O2 , N2 , CO2 , He and methane) (Van Amerongen, 1946). Also
Michaels et al. showed the permeability behaviour of polyethylene membranes (glassy and rubbery type), as a function of
temperature and gas type (Michaels et al., 1963).
More recently, and speciﬁcally for silicone, results have been
published for different temperatures. Zhang et al. published results
for several silicone membranes for oxygen. In the case of PVMQ
silicone, coeﬃcients for other gases were also measured (H2 , He,
COy , Ny , Oy , CHy ); and, for helium, a study on the temperature effect was performed (Zhang and Cloud, 2006).
However, to our knowledge, only Yu published results about
the temperature effect on the permeability of R134a, considering
polymeric membranes (Yu, 2008). The author tested three different
membranes at the same feeding pressure (7.7 bar) at three different temperatures: 30, 40 and 50 °C.
All publications were in agreement regarding the permeability dependence on temperature; it is consensual that the permeability increases with temperature. However, little information is
available concerning the MVQ silicone membrane. Thus, we needed
to conﬁrm the effect of the temperature on the permeability of
R134a.
The MVQ permeability was measured for temperatures of 15,
20, 25, 30 and 35 °C. The feeding pressure was the vapour pressure corresponding to each temperature experiment which are respectively 4.88 bar, 5.72 bar, 6.66 bar, 7.71 bar and 8.87 bar. Results
are shown in Fig. 4. These experimental results present a clear linear trend with the temperature. A linear trend line was calculated
as displayed in the ﬁgure. The vertical error bar represents the
standard deviation for several tests (<2.5%) and the horizontal the
temperature stability. Results show a decrease on the permeability
with temperature. The maximum variation of the permeability coeﬃcients obtained at 10 °C and 35 °C was under 25%. Surprisingly,
and contrary to the results described in the literature for other
polymer membranes, the permeability of this MVQ membrane to
R134a decreases with temperature.
To further understand the behaviour of this membrane regarding temperature tests were performed with N2 at different
temperatures. Results are also presented in Fig. 4. It is noticeable
that the nitrogen permeates much less than R134a (almost 9 times
at 35 °C and more than 14 times at 10 °C). But, unlike R134a, the
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Table 1
Prediction of R134a leak rates at 20 °C considering the permeation area as a circle.
Cap hole
diametermm
2.1
2.2
2.3
2.4
2.5
3.0
3.5
4.0

Fig. 4. MVQ permeability for R134a and N2 at temperatures from 10 to 35 °C.

permeability for nitrogen increases with the temperature, a typical
behaviour as described in literature for most membranes.
4.1.3. Permeability of the MVQ membrane to R134a under vapour
or liquid phase
The coexistence of two phases, liquid and vapour, in a pressurized reservoir may expose the membrane to one or the other
phase. Therefore, it is relevant to understand if the permeation is
the same for both phases at the same pressure. In the proposed
leak design, this corresponds to have the reservoir in horizontal or
vertical position.
Hence, the permeability was measured this time with the membrane in direct contact with liqueﬁed R134a. For that reason, the
tests were performed at pressures above vapour pressure to ensure the liquid phase. These tests were also performed at different
temperatures: 15, 20, 25, 30 and 35 °C. The obtained results are
presented in Fig. 5. Permeability to liquid R134a is higher than for
vapour although both present a decreasing linear tendency with
the temperature. This is due to the higher density of the liquid
phase, which enhances the permeation. The main outcome of this
result is that reference leaks should be calibrated and used in the
same position, normally upright. The permeability coeﬃcients obtained for R134a vapour and liquid as well for nitrogen present a
constant ratio of approximately 1.7.
5. Assembling reference leaks
Once the permeability is known, the area for the hole in the
screw cap in the proposed design (see Fig. 1) may be predicted
considering that the permeation area is a ﬂat circle. The leak rate
in g per year, qm , can now be foreseen by:

qm =

P e · π ·  p · D2 M
× 365 × 24 × 3600 (g per year ), (4)
R·T ·4·d

where D is the cap hole diameter, M is the molar mass (M =
102.03 g/mol for R134a).
Table 1 shows these results at 20 °C. At this temperature, the
permeability coeﬃcient obtained was 7.53 × 10−13 mol (Pa m s)−1 ;
assuming an atmospheric pressure of 1.0 bar, a p of 4.68 bar, the

Leak rate
mol/s
1.2E−09
1.3E−09
1.5E−09
1.6E−09
1.7E−09
2.5E−09
3.4E−09
4.4E−09

(R134a)

g per year
3.9
4.3
4.7
5.1
5.6
8.0
10.9
14.3

expected leak rate can be calculated which is shown on the same
table.
Based on the above approximation to produce a reference leak
with a rate of 5 g per year, the hole diameter should be from 2.3
to 2.4 mm.
Similar projections about leak rates were made for 10 and 30 °C
and are presented in Fig. 6. Different temperatures generate different pressure gradients. As described before, the permeability coeﬃcient decreases with temperature; however, the increase in p
leads to an overall increase in the leak rate.
At atmospheric pressure, R134a liqueﬁes at −26 °C. A schematic
on ﬁlling the reservoirs with R134a is shown in Fig. 7. To ﬁll the
glass reservoirs we used a climatic chamber; the chamber was set
to reach a temperature below −30 °C. Then, the valve attached to a
R134a bottle was slowly opened. A long coil of 3 mm thick copper
tube was used as heat exchanger. The gaseous ﬂow when circulating through the tube was cooled down and condensed producing
drops which were collected by the reservoir. Through a small window one could control the ﬁlling level. This level is important because when at ambient temperature it expands and should not be
in excess to avoid breaking the bottle.
After the ﬁlling operation, the cap set should be promptly tightened. Metallic washers were used to better deﬁne the permeation
area; to control lateral leakage a neoprene washer was used due
to its measured low permeability to R134a. After ﬁlling, the R134a
reference leak should only be used after stabilization, typically after a period of 1 or 2 days.
6. Calibration of the leak rate
Twelve identical leaks were prepared varying the diameter of
the cap hole: 1.5 mm (two leaks), 1.8 mm (one leak), 2.0 mm (four
leaks), 2.2 mm (one leak), 2.5 mm (two leaks) and 3.0 mm (two
leaks).
After ﬁlling the reservoirs with R134a, leaks were calibrated in
our ISO 17025 accredited laboratory, according to the procedure
described in EN 13192 – Non-destructive testing – Leak testing –
Calibration of reference leaks for gases, method C – Calibration by
direct ﬂow measurement (ISO, 2001). The calibration technique is
very similar to that described in Jousten and Becker (2009). The
leaks were calibrated at different temperatures: 20, 25 and 30 °C,
with a 3% uncertainty (k = 2 ).
Table 2 presents the experimental and the predicted leak rates
at 25 °C. Surprisingly, all the experimental leak rates were well
above the predicted values. These results led to the conclusion that
the permeation area was probably not correctly estimated.
An important observation was the shape of the visible part of
the membrane under pressure. It was deformed more and more for
increasing hole diameters, causing a larger permeation area, similar
to a spherical section. For that reason a better approximation is
given if the permeation area is described by a half sphere. Then,
the leak rate can be predicted by:
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Fig. 5. Comparison concerning permeability coeﬃcients of MVQ membrane in contact with vapour and liquid R134a at different testing temperatures.

Table 2
Leak rate at 25 °C for the twelve manufactured reference leaks.

qn =
Fig. 6. Prediction of the R134a leak rate as a function of diameter and temperature.
Different temperatures generate different pressure gradients, p and different leak
rates.

Leak/hole diameter

Experimental qm
(R134a)g per year

Leak
Leak
Leak
Leak
Leak
Leak
Leak
Leak
Leak
Leak
Leak
Leak

4.14
4.87
6.26
7.64
7.92
8.54
7.59
8.35
13.39
12.31
23.37
24.39

1–1.5 mm #1
2–1.5 mm #2
3–1.8 mm
4–2.0 mm #1
5–2.0 mm #2
6–2.0 mm #3
7–2.0 mm #4
8–2.2 mm
9–2.5 mm #1
10–2.5 mm #2
11–3.0 mm #1
12–3.0 mm #2

Predicted qm (R134a)g
per year
2.26
2.26
3.26
4.02
4.02
4.02
4.02
4.87
6.28
6.28
9.05
9.05

Pe.π .D2 . p
.
2 ×d

(5)

The predicted leak rates obtained by Eq. (5) at 25 °C together
with the experimental results are shown in Fig. 8. Most results are
well described by a half spherical permeation area. For larger holes
the deviation is higher, suggesting that the permeation area is even
higher, which is consistent with the observed strong deformation
for larger diameters.
7. Temperature dependency and time stability

Fig. 7. Assembly diagram to ﬁll the vials with liqueﬁed R134a.

As shown before, the leak rate increases with the temperature
due to the relevant pressure increase in the reservoir. The temperature coeﬃcient α can be taken from the slope of qm (T) for each
leak, which in ﬁrst approximation may be assumed linear. Fig. 9
shows these results for two different leaks. The best ﬁt returns
α = (3.2 ± 0.6)% per K, which is well in accordance with the literature (Abbott and Tison, 1996; Vacuum Instrument Corporation,
2014; EMRP IND 12 Consortium, 2015).
Long term stability was also investigated. During one year, leaks
were calibrated at the same temperature (23.0 ± 0.3) °C, every 3
months. Results are shown in Fig. 10, for a 5 g per year leak. The
mean leak rate was 4.83 g per year, which is represented in the
graph by a dashed line. Long term stability does not present a visible trend, and is below 3% per year, (within the calibration uncertainty). Similar results were obtained for all leaks.
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Fig. 8. Leak rates for R134a leaks as a function of the hole diameter. Dashed lines are for predicted values and dots for experimental values at 25 °C.

Fig. 9. Leak rate as a function of temperature. All leaks revealed a similar temperature dependency.

Fig. 10. Calibration of leak, every 3 months to evaluate its stability, during a year. The vertical bars are the calibration uncertainty (±3%).
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8. Conclusion
A new design for R134a permeation leaks is proposed which
is suitable to produce leak rates ranging from 1 to 30 g per year.
A membrane is tight between two drilled washers inside the cap
of a reinforced glass reservoir ﬁlled with R134a. The ﬂow rate is
deﬁned the hole diameter of the washers. MVQ silicone membrane showed to be the most proper membrane, among several
other tested membranes. Permeability coeﬃcients for this membrane were obtained for R134a and for N2 and its temperature and
pressure dependence was investigated. Twelve leaks were assembled and calibrated. The desired leak rate can be obtained with
good reproducibility by adjusting the cap hole diameter. The leak
rate can be well predicted assuming a spherical shaped permeation area, which is a result of the membrane deformation induced
by the pressure gradient. The temperature coeﬃcient was determined to be 3.2% per K, which is well in the range of other permeation leaks. Long term stability was also determined showing
no trend with scattering within the calibration uncertainty. These
leaks are suitable to evaluate refrigerant leak detectors according
to the standard EN 14624:2012.
Reference leaks for R404a have been also produced with the
same design, taking into account the higher vapour pressure for
this ﬂuid. Leaks for other ﬂuids can be produced in a similar way.
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