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Background: Tracer Gas Leak Detection 

The term “tracer gas leak testing” describes a group of test methods 
intended to detect and measure the flow of a tracer gas through a leak. 
Examples of tracer gases include halogen (refrigerants), helium and hydrogen 

5%/nitrogen 95% mix. These techniques differ depending on the tracer gas 
used and the equipment design.  

 
The most commonly used tracer gas, other than halogen refrigerants, is 

helium. Helium has been used successfully as a tracer gas for long time due 
to its physical properties. It is neither toxic nor flammable, is inert and does 

not react with other compounds. Helium has low viscosity and relative 
molecular mass, so it easily passes through porosities. In the same 
environmental conditions, it flows through orifices 2.7 times faster than air. 

Since its concentration in air is low (5 ppm), it is easy to detect an increment 
of helium concentration. However, there are some shortcomings. Helium 

disperses slowly into the atmosphere, so, in case of big leaks, its high 
concentration will contaminate the area for a long time, even hours. Also, 
Helium is relatively expensive when compared to other industrial gases, so 

wasting it in the case of a big leak is very costly. A helium mass-
spectrometer is the instrument best suited for detecting it (i.e. mass 4).  

 
It is important to remember that background concentration in air is a limiting 
factor for any tracer gas detector. There are two ways to carry out leak 

testing with helium tracer gas: external detection of tracer gas escaping from 
leaks of a filled unit (inside-out method), and internal detection of tracer gas 

entering from leaks (outside-in method). For each of these two methods 
there are two realization techniques. The inside-out methods can be 
executed with atmospheric sniffing or with vacuum chamber detection, while 

the outside-in method is generally implemented by putting the unit to be 
tested in an enclosed space containing the tracer gas or, very rarely, 

spraying the tracer gas on the unit surface. For our purposes, we will focus 
on the two automatic methods of helium sniffing, as described in the sections 
to follow.  

 

Vacuum Chamber Inside-out Leak Testing 

Overview 

Vacuum chamber inside-out leak testing is suitable for detecting very small 
leaks. Its sensitivity, depending on tracer gas and test time, can reach 10-10 

mbar · l/s, even if for a practical application in the refrigeration industry the 
limit is 10-7 mbar · l/s. This method has some advantages. This technique is 

fully automatic, so it depends very little on an operator.  
 

The equipment is composed of one or more vacuum chambers, large enough 

to house the unit to be tested. The chamber is connected to a vacuum 
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pumping group equipped with the tracer gas detector, for chamber 

evacuation and gas detection. A second vacuum group is required to 
evacuate the unit under test before filling it with gas. A tracer gas-filling 

device completes the testing apparatus. The unit to be tested is put into the 
vacuum chamber and connected to service hoses. Then the vacuum chamber 
and the unit are evacuated. During chamber evacuation, the part is 

pressurized with the tracer gas and, after a stabilization time, the mass 
spectrometer is linked to the vacuum line in order to detect the tracer gas 

flow drawn in by the pumping group through a leak and is detected. It is a 
“go-no go” test, so finding the leak location requires other techniques. 
 
Application 

In "inside-out" techniques, known also as “global hard-vacuum test”, the 
component is placed inside an air-tight chamber provided with service hoses 

and a vacuum pumping group with a mass spectrometer. The unit is 
connected to the service hoses, the chamber is closed, the part is evacuated 

and then pressurized with helium. The chamber is subsequently evacuated 
and once a suitable vacuum level is reached, the inlet valve of the leak 
detector is opened. The leak detector begins to analyze to the residual gas 

molecules present in the chamber. Any helium molecules that escape from 
the component are conveyed and measured by the leak detector. At the end 

of the cycle, the vacuum chamber is vented. The leak detector gives the total 
measurement of the leak. Referring to the complexity of the test and the 

desired degree of automation, different test systems may be realized from 
the simplest to more elaborate. As an example, a two chamber machine can 
be realized so that in one chamber the test cycle is in progress while in the 

other chamber a part is unloaded and reloaded. In many industrial 
applications, in order for the test chamber to reach the vacuum level in 

acceptable times, an auxiliary pumping group is needed. The dimensioning of 
the pumping group depends on different parameters, such as the body of the 
expected leaks, the dimensions of the parts to be tested and the desired 

cycle time. 
 

In design and realization of the vacuum chamber, particular care must be 
taken to avoid helium contamination. In fact, if some helium remains on the 
chamber’s inner surface or in some internal components, the background 
helium level will be high and the sensitivity will consequently be reduced. If 
the test unit has a large leak a lot of helium would leak out of the test unit 

and into the vacuum chamber, the mass spectrometer and the vacuum 
pumping station.  
 

One solution for this an initial nitrogen filling, before each test, besides the 
mechanical stress and leakage test, allows purging the circuit to be tested, 

lowering its humidity. At the end of cycle, the part may be filled again with 
nitrogen, even at a low pressure, to purge its internal circuit from the helium 
residuals before vacuum chamber venting. 
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Outside-in Leak Testing 

Overview 

Outside-in Leak testing is capable of detecting small leaks. The sensitivity, 

depending to tracer gas and test time, can reach 1.8 x 10-6 mbar · l/s. This 
technique is fully automatic, so it is not operator dependent. In this testing 

technique, the unit to be tested is put into an enclosure containing the 
helium tracer gas. The part is connected to a vacuum group and evacuated. 
A mass spectrometer is placed in the vacuum line in order to detect the 

tracer gas flow pulled in by the pumping group through a leak. Again, as with 
the inside-out method, this is a pass/fail or go/no-go test suitable for 

determining global leak rate of the product but not the leak location.  
 
This method has some advantages. The gas containment hood can be 

realized to prevent dispersion, in order to reduce working area pollution and 
tracer gas consumption, saving money by avoiding the need for a recovery 

system. It is particularly useful on production lines where a test piece must 
be simply accepted or rejected.  
 
Application 

In the "outside-in" helium leak testing technique, the part to be tested is 

placed in a containment hood suitable for containing helium and connected to 
a vacuum group equipped with mass spectrometer. The test consists of 
evacuating the unit and flooding the hood with helium. Helium, due to its 

atomic characteristics, has a high penetration capability. So a mass 
spectrometer can detect the helium leaked into the component through 

cracks and porosities not detectable using other systems. The part is 
evacuated to less than 15 Pa (100 µm Hg). The unit may be also subjected to 
a vacuum rise test to ensure that it is “clean” from water vapor 

contamination, other non-condensable gases, and free of very large system 
leaks. After evacuation, the internal circuit is connected to the mass 

spectrometer. If any helium has leaked into the circuit, the mass 
spectrometer detects it. In this way, it is possible to quickly establish 
whether a sample leaks and to establish the total leak rate. This method is 

able to detect leak rates up to 1.8·10-6 mbar · l/s, that is 2.5 g (0.1 oz) of 
R134a refrigerant per year. 

 
There are several practical realizations of this testing method. The test 
system can be designed with one or multiple stations, usually two, for 

production rate requirements since multi-station machines allow testing 
several parts, one for each station, simultaneously. The containment hood 

may be designed so as to reduce helium dispersion during loading and 
unloading operations. Advances in vacuum and helium technologies provide 

improved sensitivity and faster test cycles even with low helium  
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concentration, as low as 10-15% helium to nitrogen ratio. In this case, the 

containment hood uses a helium ratio transducer to monitor the mixture 
inside it. Recirculation fans and mixing ducts maintain the preset 

concentration of helium to air uniformly distributed in the internal volume. 
The system will only replenish the helium when needed. Adoption of this 
solution has the potential to save a considerable amount of helium thereby 

reducing operation costs. The hood must be the appropriate size to 
completely cover the test unit and can be designed to be adjustable, 

“collapsing” and thereby lowering the volume and therefore helium 
consumption. The total process time to leak test a part is low, regardless of 
its volume, even less than 80 seconds for a medium size unit. 

 
Since the unit to be tested is evacuated, its internal pressure is lower than 

atmospheric pressure. Therefore, if the working condition requires a positive 
pressure inside, this leak testing method will stress the part in the opposite 
way. This problem can be mitigated using a proper preliminary pressure test.  

It is worth noting that parts to be checked must be kept in an area free from 
helium contamination before outside-in leak testing. If high-pressure air is 

used for a preliminary pressure decay test, the high-pressure air compressor 
inlet must also be in a “fresh air” atmosphere. At the end of cycle, the unit 
may be filled with low-pressure nitrogen to avoid helium entry into the part 

when disconnected. 
 


