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ABSTRACT

A project has been carried out on the containnmamd, more specifically the leak tightness, of inata&ins
using CO2.

The objectives are to define a test procedureniqualification, regarding containment, of compuseaised
on installations working with CO2.

The three stages of the project are : a) to defitesst procedure in collaboration with a groupedfigeration
companies, b) to test the sealing ability of congrds following the newly built procedure, and c)etect
and measure leaks on installations in servicedermto observe the feasibility of the detectionhmdtand to
measure the real leaks.

This article describes the test procedure for C@8ponents, the results of the lab tests and thitsesnd
observations of the on-site detections.

1. CONTEXT

Certain refrigeration applications come back with tise of CO2 as a refrigeration fluid. The comptmbave
to be specifically adapted to this fluid and pautdely prove to be tight enough for security reasand to
avoid loss of energetic performance of the systethese high pressures.

2. AIMSOF THE STUDY

The first aim of this study is to set a proceduretésting the components that are most commordy irs
refrigeration installations using CO2. The selatta components, as well as the definition of tbstihg
parameters, are carried out with the collaboratibsome of the industry players so as to insuretteb
representation of real use conditions. Tests irclD@2 and helium leak measurements. Helium is chasé
is a reference gas for leak testing.

The second aim is to perform tests on different maments (e.g. valves, hoses, filters) followings thew
procedure and to determine their leakage ratesaittiaximum service pressure.

On-site leakage measurements are also performaaliéat data in operating conditions.

3. IN-LAB TESTS

3.1. Testing procedure
The procedure is based on work done for the eléibaraf the XP E35424-1 and -2 standards.
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This present procedure divides components intodstegories : universal components used in sulzakiti
applications and those in trans-critical applicasio

The following flow chart (Figure 1) shows the diféat steps of the procedure.

Leakage measurement at max. pressure of CQ2
Leakage measurement at max. pressure of helium

v

| If pass criterion

Cycling pressure of CO2, cycling temperature atdations

| If no failure

v

Leakage measurement at max. pressure of CD2
Leakage measurement at max. pressure of heljum

v

| If pass criterion |

| Pass standard |

Figure 1 : Procedure steps

3.2. CO2 leakage measurement method

Leakage rate is determined by accumulation of & method consists of placing a component inaéese
enclosure which is vacuumed and then filled witinagjen at atmospheric pressure so as to have ituaés
CO2 from the ambient air. The component is pressdrivith CO2 and the increase of the concentration
CO2 over time is measured with an infra-red spebtimtometer. The leak rate is then calculated flumdata
(minimum 0.1 glyear). The tests are performed anrdemperature and at maximum pressure : 65 bar
(sub-critical applications) or 120 bar (trans-catiapplications).

3.3. Helium leakage measur ement method

The tightness is tested according to the globalwacmethod to measure the total leak rate of thgpoment.

It consists of placing a component in a sealedosnice which is vacuumed. The component is pressliris
with helium and the total leak is measured withassnspectrometer (range 1€ 1 atm.cn¥s) connected to
the enclosure. This method is described in stang@blrd 779. The tests are performed at room temperand

at maximum pressure : 65 bar (sub-critical apgbees) or 120 bar (trans-critical applications).

3.4. Pressure and thermal cycling with vibrations

Components are initially subjected to 24 hours akimum CO2 pressure so as to leave some perméiatien
Pressure cycling with CO2, temperature cycling aiftations are applied for 225 hours. A tightness
inspection, via a multi-gas mass spectrometeriffirmmode is performed daily allowing the detectiof any
deterioration in the tightness of the componeraseal in the climatic chamber.

The pressure and temperature parameters are dmbanilf-igures 2 and 3. Vibration parameters aret200
and 10-15 mm/s.
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Figure 2 : Cycling for sub-critical applications

3.5. Resaults of in-lab tests

Below is a summary of the results. The graphs coeniee level of leakage for the components befack a
after accelerated ageing. The leakage values inrhelre expressed in atm.Ymand the ones in CO2 are in

igkre 3 : Cycling for trans-critical applications
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Figure 4 : Helium leakage (sub-critical applicaipn

Figure 5 : Helium leakage (trans-criticapkcations)
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Figure 6 : CO2 leakage (sub-critical applications)

3.6. Conclusion on in-lab tests

Figure 7 : CO2 leakage (trans-critical appiars)

This study enables us to observe leakage behavi@artain components so as to improve their lgdgkness

in the future.

* Some valves do not show any increase in leakadeeittier CO2 or helium.

+ A few valves show a large increase in leakage (&@Rhelium) after the pressure/thermal cycling.
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* The hoses present a very high leakage before gtimgyest. They are therefore not subjected to the
remaining procedure.

* The fill valves are displaced with pressure dutimg tests. They are therefore not considered for th
remaining tests.

* One valve presents a decrease in leakage for othadd helium. Could the sealing elements react
during the cycling test? Could elastomeric materisdact with temperature and seal better by
adherence?

4. ON-SITE MEASUREMENTS

Leakage detection, with an estimation of its restepnducted on industrial and commercial refrigerasites.
This is to validate the detection method with measent of CO2 in the field.

The installations are of different types : commareefrigeration (supermarket) with R404A and C@2 i
cascade, industrial refrigeration (cold storesdffreezing) with NH3 and CO2 in cascade.

We perform the detection/measurement at the latatfccomponents (manual and automatic valves, check
valves, sight glasses, filters, etc) and connesti@imazed or welded joints, threaded connectionkedb
flanges). One measurement corresponds to one emissirce (e.g. a welding line, a single connection
stuffing box, a single flange, etc).

4.1. L eakage detection method

The measurements are performed using a sniffingiHgasg spectrometer set for the application to CO2
detection/measurement mode. The sniffing methade@ssribed in standards EN 1779 and EN 13185.

The sniffer is placed as close as possible to ¢meponents and gradually moved around the compdoent
locate the leak as precisely as possible.

Most of the installations’ components are inspeclédils enables us to identify the component typea site
which are leaking the most and to cross-checkehalis with the ones from all the other sites.

4.2. Results of on-site measur ements

Measurements are performed on about 2000 emissimees, one component having frequently several of
these sources. The graphs presented below sholevitleof leakage at sources where the leakagewase
found above 2 or 5 g/year depending on the suriiagrabnditions.
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Figure 12 : Cold store

4.3. Conclusion on on-site measur ements
The detection method with measurement of CO2 isiooing and leaks of different rates are identifi€te
advantages of this method is that it can claskiééaks by levels which allows to carry out ragition and
maintenance by priorities on the components.

Most of the installations are fairly new : lessrttayears old.

The most leaking components are :

* Flanges. One of them is not tightened enough. Ghgtke surfaces of the flanges, putting the right

gasket and tightening at the recommended torgessisntial.

» Threaded connections. This is often due to eitheettightening or over-tightening the connection.
The right torque should be applied in conformityghathe instructions from the connection supplier.

» Stuffing boxes.

Figure 11 :d-fyeezing

The number of emission sources falling into diffédeakage rate ranges are as described in Table 1.

Table 1 : Number of leaking sources for differez@tdage rate ranges

Leakagerate | Number of controlled emission
range (g/an) sources within therange
2-5 23
5-50 70
50 — 100 8

Around
2000 controlled
€emission sour ces

% over thetotal
number
of controlled
€emission sour ces

1.2

3.7

0.4
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100 — 500 5 0.3

> 1000 5 0.3

Certain unit operating conditions prevent leak etjon :
» The presence of ice or insulation casing on sonmeponents creates a sort of leaktight envelope.
These conditions imply that possible large |leaksrat detected at all or not at their real level.
» Access to very few components can be difficult atrpossible for a proper detection/measurement.
* The breathing of the operator could increase veghtyy the measurement value. We consider that
measurements are possible for leakage values &apyear and easy above 5 g/year while still giving
attention to an increase of the value if the operexhales heavily.

5. CONCLUSION

This study provides a specific testing procedurectamponents used on refrigeration installationsking
with CO2. An identification of leakage rates of qmments is performed in-lab and on-site. Theselteesu
enables our partners to have a good knowledgeeoletlel of leakage of their component and instiathat
strong of having measured data in hand.
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