
 

19th World Conference on Non-Destructive Testing 2016 
 

 

 1 
License: http://creativecommons.org/licenses/by-nd/3.0/ 

Advantages of Carrier Gas Leak Detection using 
Novel Helium or Hydrogen Leak Detectors with 

Specific Sensor Types 

Klaus HERRMANN1, Daniel WETZIG1  
1INFICON GmbH, Köln, Germany 

Contact e-mail: Klaus.Herrmann@inficon.com  

Abstract. The number of industrial products required to be leak tested have 
increased during the recent years. The high quality demands for such products 
require the detection of the smallest leak possible in the shortest possible cycle time.  
 The large variety of objects to be tested requires a variety of leak testing 
methods. One of these methods is the so called carrier or transport gas method.  This 
method is based on the principle that the leaking gas which is escaping from the 
object being tested is transported to the leak detector by an additional flow of a 
carrier gas. This approach has several important advantages. First of all it allows 
parts to be tested which are not vacuum tolerant. Also extended parts like tubes 
which are too large to be tested in a vacuum chamber can be tested. It enables the 
leak testing of objects without high expenses for a vacuum chamber and pumping 
systems. In addition, many leak testing objects have testing areas which are difficult 
to access which can lead to long test times and overall long test sequences. Using 
the carrier gas flow method can help to get the leak signal much faster. 
 Instruments with mass spectrometer type sensors offer the possibility to test 
vacuum type carrier gas applications. These sensor types offer the highest sensitivity 
for Hydrogen and Helium. In combination with carrier gas there are no high vacuum 
chambers necessary to use mass spectrometer type sensors. 
 The WISE Technology™ sensor is a new development which opens up new 
possibilities in leak testing applications with carrier gas. The WISE Technology™ 
sensor is a quartz window type sensor that is completely independent of total 
pressure. Instruments with this new technology enable application-dependent leak 
testing at low pressure up to atmospheric pressure. 
 Instruments with semiconductor type sensors for Hydrogen offer robust and 
cost-effective solutions for carrier gas leak testing at atmospheric pressure. The 
combination of leak detectors with the semiconductor sensor type with the carrier 
gas method is very well suited for detecting liquid leaks in very small objects at 
atmospheric pressure. In this presentation the advantages of the carrier gas method 
in combination with each sensor type will be discussed and typical applications will 
be shown. 

Introduction  
 
The number of industrial products required to be leak tested have increased during the 
recent years. Despite todays sophisticated high technology it is practically impossible to 
manufacture products that can be guaranteed to be leak-proof without first being tested.  
Leak proof does not mean that the product is without any leakage. It only means that it has  
leaks smaller than a specified value. Leak testing is therefore a necessary quality control 

More info about this article: http://ndt.net/?id=19330

http://creativecommons.org/licenses/by-nd/3.0/


2 

step and a very important non-destructive testing technology ideally without any impact on 
the environment or the operators. 
 Typical examples for products to be leak tested come from all fields of industry. 
The objects to be tested can be in a large variety of shapes, sizes and materials. 
Consequently there are many different methods for the testing of these devices available. 
The basic methods are standardized in the European EN 1779 standard [1]. All these 
methods can also be combined in order to solve a particular application problem. Although 
there are different methods for leak testing available the overall testing goal for these 
products require the detection of small and relevant leaks in the shortest possible cycle time 
and in the most economical way. Due to the large variety of objects that need to be tested 
no single leak testing method can cover all applications. One of these methods is the so 
called carrier or transport gas method and it will be described in this paper. 

 
1. Principle of carrier gas method  

 
The method is based on the principle that the leaking gas which is escaping from the object 
being tested is transported to the leak detector by an additional flow of a transport or carrier 
gas. It has several important advantages. First of all it allows parts to be tested which are 
not vacuum tolerant. Also extended parts like tubes which are too large to be tested in a 
vacuum chamber can be tested. The method is also very cost effective. It enables the leak 
testing of objects without high expenses for a vacuum chamber and pumping systems. In 
addition, many leak testing objects have testing positions which are difficult to access. This 
can lead to long test times and overall long test sequences. Using the carrier gas flow 
method can help to get the leak signal much faster. The carrier gas method is often used to 
enhance or extend other existing methods. However for certain applications the method has 
a benefit of its own.  
 In the schematic (figure 1) the object under test is placed in a tube with a flow of a 
carrier gas driven by a strong fan and detected by a sniffer type leak detector. 
 

   

Fig. 1:  Basic setup for carrier gas measurement  
 
The concentration which is measured at the exit of the carrier gas tube is calculated 
according to the following formula:  

Concentration:                  00
_
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Q
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c:        Tracer gas concentration in gas flow 
c0:        Background of tracer gas concentration in the carrier gas 
Qleak:        Flow of tracer gas out of leak 
Qcarrier_gas:  Flow of carrier gas 
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The gas exchange time tex is defined as the ratio of the gas amount in the tube and the total 
carrier gas flow plus the flow of tracer gas out of the leak. Typically the carrier gas flow is 
some order of magnitudes higher than the tracer gas flow. 
  

tex:   Gas exchange time   
LeakGasCarrier

ex QQ

Vp
t 


_

   (2) 

p:  Chamber pressure  
V:  Effective volume of chamber 
 
For the calculation of the gas exchange time it is assumed that the leak is located at the 
entry of the pipe. Although the leak can be anywhere along the length of the pipe the worst 
case and therefore the maximum gas exchange time is obtained when the leak is located at 
the entry of the pipe.  
 

2. Carrier gas solutions with mass spectrometer type leak detectors 
 

Instruments with mass spectrometer (MS) type sensors offer the possibility to test vacuum 
type carrier gas applications. A mass spectrometer type leak detector comprises basically of 
three sub-systems. The subsystems are the mass spectrometer, the high vacuum pump and 
an auxiliary roughing pump system for stationary units. The mass spectrometer typically 
consists of an ion source and the deflection system. Today most mass spectrometer type 
leak detectors operate in the counter-flow method. These leak detectors offer the highest 
sensitivity for Hydrogen and Helium. In combination with carrier gas there are no need for 
high vacuum chambers necessary to use mass spectrometer type leak detectors.   
 
2.1 Carrier gas testing of long objects 

 
A well-known application of carrier gas testing where the advantages of this method can be 
fully exploited is leak testing of long pipes. In many plants special gases and liquids  with 
high purity need to be conveyed by pipes and system of pipes over long distances. Typical 
examples are gas lines in semiconductor fabs (figure 2). These gas lines need to be leak 
tested to very small leak rates typically in the range of 10-7 mbar·l/sec after installation and 
before operation. 

 

 

               Air                                                                   

                                                            

                      He                                                                                                                                       

Fig. 2: Carrier gas testing of long gas lines with mass spectrometer leak detector UL5000 
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The testing direction is from the outside to the inside. The gas lines are evacuated inside by 
a MS-leak detector and the outside is sprayed with helium. In the case of a leak within the 
area which is sprayed the helium will enter into the pipe due to pressure difference from the 
outside to the inside and will then pass on to the leak detector where it is detected. However 
the longer the pipe is the more time the helium will need to pass from the point of the leak 
to the leak detector. In an experiment with a 50m long tube with a diameter of 6 mm 
Helium is injected at one end of the pipe while a mass spectrometer type leak detector 
(UL5000) is directly connected to the pipe at the opposite end. In order to have a rather 
well-defined leak input a testleak with a value of 3·10-3 mbar·l/sec is used.   

 

 

Fig. 3: Transport time for 50m gas line with no flow applied 

In the example above a pulse of Helium is travelling through the pipe and it takes 300 sec. 
before the first response is recorded at the leak detector (figure 3). The maximum of the 
pulse only arrives after 500 sec at the detector. The transport time of this setup therefore 
amounts to minutes thus making the leak detection process difficult and time consuming. 
The origin of the above mentioned long transport time is not only due to a diffusion 
controlled propagation of the carrier gas pulse through the pipe but rather it is a 
combination of diffusion and a very small flow resulting from the desorption of water vapor 
from the internal pipe walls.  
 A much faster response time is obtained by using a controlled carrier gas flow 
which is fed into the end of the pipe and which is capable of reaching the leak detector 
within a few seconds.  
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Fig. 4: Gas exchange time for 50m gas line for different carrier gas flow rates 
 

In figure 4 a typical measurement with carrier gas is shown. The helium entering the pipe 
through a possible leak is mixed with the carrier gas flow and passes at the same speed as 
the carrier gas to the detector. The carrier gas maybe air or nitrogen. In the case of nitrogen 
the carrier gas has the additional benefit of reducing or eliminating the amount of Helium in 
the gas line thereby enabling an even more sensitive leak dectection.   
 The comparison of the experimental response times for different flow rates are in 
good agreement with the calculation according to formula (2). As can be seen from the  
figure 4 the peaks are much narrower than before and their amplitude corresponds to the 
measured test leak. In the previous case the amplitude is more than two orders of magnitude 
smaller even if the injection time for both measurements is comparable. The origin of the 
different peak sizes is the fact that the transport of the helium pulse through the tube is a 
superposition of flow process and a diffusion process. The diffusion process leads to a 
dispersion of the injected Helium pulse. In the case of "no-flow" measurement the flow 
caused by desorption is so low that it takes a much longer time for the pulse to travel from 
the injection point to the leak detector. During this time the Helium pulse will be broadened 
due to the diffusion process. In case of measurements with carrier-flow the pulse travels 
much faster and therefore the dispersion of the Helium pulse is not so strong.   
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Fig. 5:  Comparison between experiment and theory for gas exchange times  
for 50m gas line for different flow rates 

 
In a plot of gas exchange time versus flow (figure 5) an interesting feature is observed. The 
gas exchange time does not fall linearly with increasing flow but it levels off eventually. 
This can be explained in the following way. A higher carrier gas flow is leading to a higher 
gas flow but also to a higher pressure inside the pipe. This higher pressure leads to a higher 
amount of gas inside the pipe which in turn leads to a levelling off of the gas exchange 
time.  

 
3. Carrier gas solutions with Wise Technology™ sensor type leak detectors 

 
The Wise Technology™ sensor [2] is a quartz-window type sensor which checks for the 
presence of helium independent of the surrounding total pressure. The helium Wise sensor 
consist of a hermetically sealed glass container inside which the total pressure is measured 
with high precision. On one side the glass container is closed by a very thin quartz 
membrane. This membrane is permeable only for helium thereby separating the helium 
from air effectively. The measured total pressure therefore corresponds to the helium partial 
pressure. Instruments with this sensor enable application-dependent helium leak testing 
from vacuum pressure up to atmospheric pressure.  

 
3.1 Carrier gas testing of objects with separate inner chambers 

                

Fig. 6: Big oil cooler testing for high speed trains, Courtesy of INFICON China 
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The oil cooler in figure 6 is a brazed plate type heat exchanger with separate fluid circuits 
for water and oil. The leak rate to be tested is 2·10-3 mbar·l/sec. The circuits have to be leak  
tested against each other and against the outside respectively.    
 A simple accumulation test is not sufficient in this case. Instead the tracer gas 
Helium is applied to one fluid circuit (B, water) while the other circuit (A, oil) is being 
measured with the T-Guard Leak detector in carrier gas mode. The carrier gas employed in 
this application is air. Whenever there is a leak between circuit (A) and circuit (B) the 
tracer gas will be mixed with the carrier gas and transported from the inside of the oil 
cooler to the leak detector (figure 7). 
                                                                    

             T-Guard Leak Detector
                            Inside - Out Accumulation testing of the oil cooler  

          A             B 

                                                                                                                                                           
                    
         

            
          B             A   

                                 
                                             T-Guard Leak Detector
                                   for Carrier gas testing of inner chamber 

Fig. 7: Carrier gas application for oil cooler testing 

 
4. Carrier gas for controlled background applications 
 
One of the more advanced applications for the carrier gas method is leak detection with 
background control. Typically, industrial environments where leak detection with tracer gas 
is performed are contaminated by these tracer gases. This is mostly true for helium and 
hydrogen testing but also for other gases such as CO2 or refrigerants.  
 Helium has a natural background concentration of 5 ppm while the natural hydrogen 
background is only 0.5 ppm in natural environment. So from a background point of view 
Hydrogen is certainly preferable. However Hydrogen is a highly flammable gas and it can 
only be used safely in very low concentrations, typically not more than 5% Hydrogen 
mixed with 95% Nitrogen. This safe Hydrogen gas mixture is known as forming gas in 
industrial applications. As a consequence this requires a careful and thorough selection of 
the type of tracer gas for any given application. However as long as the background is 
stable it is no problem to compensate it electronically. If the background varies from place 
to place and changes with time then a reliable leak detection is difficult. Both Helium and 
Hydrogen contamination originates mainly in the leak detection system itself or in the gas 
supply. In addition to that charging stations for lead batteries could produce additional local 

 
Oil cooler with separate water 

(A) and oil circuit (B) 
 

Tracer gas: He 

Carrier gas:  Air  
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hydrogen contamination of the surrounding environment. Especially a strongly varying 
contamination of the leak detection area can be very detrimental for the leak detection 
process itself. For both tracer gases Helium and Hydrogen a carrier gas approach can be 
used to control or eliminate tracer gas contaminations of the environment. A typical device 
for sniffer leak testing with a controlled background is shown in the following pictures. In 
this device a flow of carrier gas (typically nitrogen) is used to isolate the object under test 
from the tracer gas fluctuations in the environment.  
 
4.1 Purging clamshell applications 

 
A very effective implementation of this approach for Helium and Hydrogen sniffer leak 
testing applications is shown in figure 8. This application is actually a combination of the 
carrier gas method with the accumulation method. The object under test is placed inside a 
so-called "purging clamshell" (Figure 8) [3]. A flow of carrier gas is created by various 
purge ports located inside the lid of the clamshell device. This flow of carrier gas 
effectively creates a curtain which isolates the object under test from the fluctuations of the 
tracer gas in the environment. In addition the carrier gas also flows around the object under 
test thereby transporting the tracer gas from a possible leak to the sniffer tip of the leak 
detector. Such a solution effectively reduces false positives and it is possible to measure 
leak rates with Helium reliably down to 10-6 mbar·l/sec even in an industrial environment.  

 
                 Object under test 

 

                                                             

 Carrier gas ports          Sniffer tip        Carrier gas inlet  

Fig. 8: Purging clamshell, Courtesy of CTS, USA 

 
5. Carrier gas solutions with Semiconductor Sensor type leak detectors 

 
The semiconductor sensor is an extremely sensitive Hydrogen gas sensor based on a 
microelectronic field effect transistor (MOS-FET). The gas sensitivity appears when 
hydrogen permeates into the sensor through a metal hydride layer. Only hydrogen can 
diffuse into the metal and therefore the sensor is practically insensitive to other substances 
that do not contain free hydrogen molecules. The sensor itself is very compact and rugged 
and can be employed in standard desk instruments and in custom-specific applications. The 
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combination of leak detectors with semiconductor type sensors for Hydrogen offer robust 
and cost-effective solutions for carrier gas leak testing at atmospheric pressure.  
 
5.1 Custom-build Scanner for large, flat objects 

 
The carrier gas approach is closely related to the sniffer approach. In the following 
application carrier gas is used to transport a tracer gas mixture of 5% Hydrogen and 95% 
nitrogen from several inlets to one common sensor inside a scannner (figure 9). In this case 
the carrier gas and the tracer gas enter the scanner through the same inlets. Inside the 
scanner a small pump generates a flow of air to the sensor. The advantage of this scanner 
application is a higher throughput and a correspondingly reduced overall cycle time for the 
leak testing. This type of scanner allows to scan large flat objects such as heat exchangers 
with increased throughput.  
 

                                

Fig. 9: Custom-build scanner with semiconductor hydrogen sensor, Courtesy of INFICON Sweden 
 

6. Advanced carrier gas applications 
 

One of the more advanced carrier gas methods is a combination of carrier gas and the low 
pressure method. This enables measurements down to very small leak rates without the 
need for expensive hard vacuum equipment. The principle of the low pressure method is as 
follows. Inside a test chamber a moderate vacuum pressure of 1 - 10 mbar is generated by a 
small vacuum pump. With this approach not only the concentration of tracer gas in the 
environment can be controlled but also the pressure of the environment is controlled.  
According to equation (2) a reduced pressure inside the test chamber leads to a faster gas 
exchange inside the chamber. Using a carrier gas free of tracer gas the measurement can be 
more sensitive. According to equation (1) the concentration of the tracer gas in the 
environment is always on top of the measurement of the leak rate of the object. If a carrier 
gas free of tracer gas is used this background concentration of tracer gas will be eliminated. 
As a result the measurement at low pressure will be faster and more sensitive than a 
measurement at high pressure.  
 In the following application (figure 10) this approach [4,5] will be demonstrated. 
The object under test is filled with Helium as a tracer gas and is placed inside a test 
chamber (Volume: 10 l) with a moderate vacuum pressure (0.5 - 5 mbar). A carrier gas is 
supplied to the chamber. The carrier gas is either air or nitrogen. With air the background 
inside the chamber is still 5 ppm Helium and therefore no effect on the concentration 
measurement is expected. However with nitrogen the background concentration is much 
less than 5 ppm and therefore a significant improvement of the detection limit is expected. 
A scroll pump is connected to the test chamber. The mixture of carrier gas and tracer gas is 

Multiple gas inlets 
 
 
 

Semiconductor sensor 
 

Carrier gas exhaust 
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compressed to atmospheric pressure and measured at the exhaust of the pump by a T-Guard 
Leak detector with a WISE Sensor. The tracer gas is contained in the gas mixture at a 
partial pressure which is increased by the compression ratio of the vacuum pump. Based on 
this effect the sensitivity of the tracer gas detection is increased. In addition to this the 
reduction of pressure inside the chamber leads to a shortened response time of the 
measurement. The object under test was a test leak with a leak rate of 1·10-5 mbar·l/sec.  
 
                                                                                        

            Test chamber  

          P << 1000 mbar                 Air, 
                      N2 

          Object under test   

                                             

         

                   

 

Fig. 10:  Carrier gas low pressure application with T-Guard  
 

The measurements were performed with three different flow rates for each carrier gas (Air, 
Nitrogen) used. In the diagram below the three upper curves belong to the measurements 
with air while the three lower curves belong to the measurements with Nitrogen. The Wise 
sensor output current is recorded. The results of these measurements are shown in figure 
11. 
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Fig. 11: Response time and sensitivity for air and nitrogen as carrier gas 

 
As can be seen from the measurements in figure 11 the Wise sensor output current is 
approximately one order of magnitude lower for the nitrogen measurement compared to the 
air measurements. Ideally the current should be exactly zero because there is no Helium 
inside the chamber anymore to be detected. However this residual current comes from the 
Helium which is inside the Wise sensor itself. For each carrier gas the response of the 
T-Guard leak detector is measured. Each pulse correspond to a measured leak rate of 1·10-5 
mbar·l/sec. The measured response time in figure 11 is not related to the gas exchange time 
inside the chamber. It is only the response of the leak detector itself and a possible delay 
time due to the finite length of the measurement line.  
 
 

Table 1: Calculated gas exchange times for air and nitrogen 

 
Carrier gas: Air Carrier gas: Nitrogen 

Qcarrier_gas/sccm P/mbar Tex/sec Qcarrier_gas/sccm P/mbar Tex/sec 

198 1,03 3,1 198 1,02 3,1 

601 2,24 2,2 600 2,2 2,2 

1800 5,72 1,9 1792 5,67 1,9 

 
In Table 1 the gas exchange time is calculated for the different flow rates and the different 
carrier gases air and N2. The measured values for the carrier gas flow and the corresponding 
pressures inside the chamber are also indicated. It can be seen that the gas exchange time is 
very short owing to the low pressure inside the chamber.  
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Fig. 12: Sensitivity for air and nitrogen as carrier gas 

 
In figure 12 the response of the wise sensor as a function of the flow rate for each carrier 
gas is plotted. As can be seen the response of the sensor is getting smaller the higher the 
carrier gas flow is. This is due to the fact that the flow of the tracer gas out of the object 
under test is more and more diluted. Therefore in order to get the highest sensitivity the 
carrier gas flow should be low.  

With this low pressure carrier gas measurement setup the T-Guard is able to 
measure leak rates of down to 10-7 mbar·l/sec repeatably with response times of the order 
of a few seconds.  
 

 
Summary  

 
In this paper the principle of the carrier gas method is explained and it is shown that this 
method has several important advantages. For leak testing of extended objects like long 
tubes it helps to get the leak signal much faster compared to other methods. It allows leak 
testing of objects which are not easily accessible. Furthermore with the carrier gas approach 
it is possible to develop new devices for leak testing which help to control or eliminate 
tracer gas contaminations of the environment.   
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