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Abstract

This project has consisted in the design, engineering and 

construction of an automatic test and demonstration 

machine which attempts to simulate real gas leaks.  

 

More concretely, this system is capable of generating a 

desired value of concentration in ppm (parts per million) 

inside an urn, in order to test early leakage detection devices 

manufactured by AKO Group. 

 

The system performs thanks to a control software 

implemented in LabVIEW which manages and controls all 

the electronic instruments required to generate the desired 

concentration, by injecting controlled mass of refrigerant 

into the urn. 

Moreover, the software acquires concentration data from the 

tested gas transmitters to visualize the evolution of the 

refrigerant gas concentration inside the urn. 

 

Finally, a test of the machine has been made in order to 

validate if the initial goals are satisfactorily accomplished. 

1. Goals 
The purpose is to achieve a system capable to inject a very 

small amount of refrigerant mass (less than 0.01 g) in order 

to therefore, generate a low concentration. This target allows 

us to separate the project in two goals: 

 

On one hand, addressed to the company, the purpose is 

achieving a system that could test the high precision and 

accuracy of the early gas detection devices while having 

repeatability in the tests. 

 

On the other hand, addressed to customers and refrigerant 

stakeholders, the purpose is, by generating any desired 

concentration, having the capability of simulating a huge 

variety of real leaks which could be produced in a common 

installation. Moreover, thanks to this fact, raising awareness 

of the possible economic losses produced. 

  

In order to achieve these purposes, the project’s practical 

goal has focused in the following aspects: 

 

-Electronic instrumentation required to manage the system, 

which include all instruments and processes that have been 

made to control them or acquire data from them. 

 

-Analysis and description of all the science that manage the 

system, addressing it with calculations, formulas and 

equations selected. 

 

-Design and implementation of software in LabVIEW 

platform, to control the whole system and to allow solid and 

visual demonstrations.    

2. Introduction 
From the beginning to nowadays, one of the most important 

ambitions of the company in terms of R+D department has 

been the ability to test their early leak detection devices.  

 

These gas transmitters detect refrigerant or gas leaks very 

precisely, in parts per million (ppm), due to a sensor which 

uses NDIR technology (Non-Dispersive InfraRed). 

 

Until present, the State-of-the-art for device testing at AKO 

consisted as follows: 

 

Gas transmitters were located in a sealed urn and the second 

step was, through a small syringe pump, pick manually some 

gas refrigerant from two kind of gas cylinders. Some of 

them, at pure gas concentration of 1 million ppm and 

another, at calibrated gas with a specific concentration which 

usually is 1000 or 2000 ppm.  

 

Next step, was open urn’s door and let the refrigerant go and 

immediately close the door. As the gas occupies urn’s 

volume, the display of the device showed us, how raised the 

concentration in ppm. The way we had to check whether the 

device performed well or not was basically observing if its 

display stays at 0 ppm or however, increases to a steady-state 

concentration value. 

 

This system helped to know if the device detected gas or not, 

but was related to these two main issues: 

 

-Starting test conditions were unknown, because mass 

picked from the cylinder was unknown. There was not an 

accurate way to know which mass of refrigerant were leaking 

into the urn and physical difficulties to pick very small 

amounts of mass, fundamental qualities required to generate 

known and small values of concentration. 



 

-In addition, if a calibrate gas cylinder was used instead of 

the pure gas, only existed the possibility to inject 

standardized concentrations of 1000 or 2000 ppm but not 

another concentration of interest. 

 

Summarizing, with this procedure there was reduced 

accuracy, precision and repeatability, fundamental qualities 

to perform the testing of these sensitive devices. 

 

3. Solution Proposed 

 

 
Figure 1. Solution Proposed 

 

The solution adopted was mainly based on replacing the 

manual syringe pump by an electronic injector which solve 

issues of accuracy and precision. 

 

Having the electronic injector, we achieve the suction and 

discharge process of doing a gas injection, automatically 

instead of manually. 

 

This important change carried the following issues: 

 

i.How achieve a known and desired concentration inside the 

urn from a specific volume or mass of refrigerant. 

ii.How and where to locate the gas or refrigerant needed to 

perform the injections. 

iii.At which pressure would be this gas, because depending on 

the pressure, consequently the density of the refrigerant is 

being affected and this makes the refrigerant richer or poorer 

in terms of mass (kg) per volume (m3). 

iv.How to control the whole system in a visual, effective and 

interactive way in order to do the tests and demonstrations as 

the best way possible. 

 

To solve these issues, the solution established is illustrated 

in figure 1. 

 

Following the scheme, the process starts having a small tank 

with gas inside it which is provided from a gas cylinder at 

100% concentration. Tank’s refrigerant is always 

comprehended between 1 bar and 2 bars depending on the 

amount of refrigerant inside it, being manually refilled. 

 

System’s performing is based on a software running in a PC, 

which receives an input concentration and then manages a 

digital manometer, the electronic injector and the 2 

transmitters two achieve it. 

 

First, the user introduces which concentration desires to generate 

and then the digital manometer measures tank’s pressure. A 

thermodynamic library called “CoolProp” calculates the fluid’s 

density function of pressure and temperature in the tank. 

Depending on which concentration must be generated and 

fluid’s density, a series of calculations determine which volume 

and mass of refrigerant must be injected through the electronic 

injector to achieve that concentration. 

 

Finally, when the mass is injected inside the urn, the software 

also acquires concentration data from the two transmitters and 

show a graphic in real time of system’s evolution until reaching 

a steady-state. 

 

The concentration generated in the urn is based on the following 

equations, as the concentration is based on volume (Volume 

occupied by gas/Total volume): 

 

𝜌 =  
𝑀𝑎𝑠𝑠

𝑉𝑜𝑙𝑢𝑚𝑒
 

 
Equation 4. Density’s equation 

 

 

Volume target (ml) =   𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) ·
𝑈𝑟𝑛′𝑠 𝑉𝑜𝑙𝑢𝑚𝑒(𝑙)

106 ·
103𝑙

1𝑚3  

 
Equation 5. Volume of gas that generates a specific concentration 

inside the urn. 

 

 

 

𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔)  =  𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑠𝑖𝑟𝑒𝑑(𝑝𝑝𝑚) ·
𝑈𝑟𝑛′𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑙)

106 ·
1 𝑚3

103 𝑙
· ρ 𝑓𝑙𝑢𝑖𝑑 𝑎𝑡 1,0133 𝑏𝑎𝑟 

𝑘𝑔

𝑚3 ·
103𝑔

1 𝑘𝑔
  

 
Equation 6. Mass of gas that generates a specific concentration inside 

the urn at atmospheric pressure or 1,0133 bars. 

4. Detailed Engineering 
 

Considering the previous chapter, the following process of 

design and implementation was made to achieve the goals. 

 

This engineering phase was separated in two main parts: 

 

-The first one dedicated to the electronic instrumentation, 

control, communication protocols and developing of the 

software, which include design of the algorithms and 

implementation on LabVIEW. 

 

-The second one based on a scientific study of the physics that 

manage the system, which include theoretical equations and 

calculations required for this project which also were 

implemented in the software. 

 

The electronic instrumentation phase was mainly centered in the 

design of algorithms and therefore LabVIEW subprograms 

implementation to control the electronic injector and to acquire 

data from the digital manometer and the two gas transmitters. 



Also, the communication protocol used in all the project 

which has been Modbus. 

 

Once having achieved each instrument application, finally, 

the goal was two design a control algorithm, then 

implemented in LabVIEW, which involved all instruments 

sub programs which allow performing the whole system. 

 

In figures 2 and 3 are illustrated the algorithms that manage 

the system: 

 

 
 

Figure 2. System’s Software Control Loop 

 

Figure 2 algorithm is based in a control loop, where mainly 

the input concentration desired is received, and then, the 

program acquires pressure data from the digital manometer 

to effectuate all calculations required making use of 

“CoolProp” libraries. Finally, the injector performs the 

injections needed to inject the equivalent mass or volume to 

generate the input concentration. This process repeats in loop 

until all required mass is already injected. 

 

 

 
 

Figure 3. System’s Software Acquisition Loop algorithm. 

 

Figure 3 algorithm is mainly used to execute the concentration 

acquisition data process from the two transmitters that are being 

tested until reach a steady-state concentration, showing the 

evolution of thee system in real time in a graph. 

 

The scientific phase was based on a study and selection of the 

correct formulas and equations that this project required to 

achieve the goals. Moreover, it was fundamental to design and 

analyze of which variables the software would be used by the 

software and the most appropriated nomenclature for them. 

 

Table 1 and 2 shows a summary of all variables and equations 

used in the software with a description to better understand its 

function. 

 

 

 
 

Table 1. Variables that do not depend on logical condition 2



 

 
 

Table 2. Variables that depend on logical condition 2 

 

The following part tries to better explain the calculation 

process that the software performs by doing a typical 

scenario. 

 

Considering a desired concentration of 50 ppm, a 

temperature of 25ºC and a pressure of 1.5 bars and knowing 

that urn’s volume is 103,45 l and the fluid’s density (ρ), at 

1.0133 bar is 4.26 kg/m3 and at 1.5 bar is 6.37 kg/m3: 

 

1. Mass Target 

 

𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔) =  50 ·
𝑈𝑟𝑛 𝑉𝑜𝑙𝑢𝑚𝑒

106
·

1 𝑚3

103 𝑙
· 

4,26
𝑘𝑔

 𝑚3
·

103𝑔

1 𝑘𝑔
= 0,022 

 

2. Volume target 

 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑚𝑙) =   100 ·
𝑈𝑟𝑛′𝑠 𝑉𝑜𝑙𝑢𝑚𝑒

106 ·
103𝑙

1𝑚3 = 5,17  

 

3. Correction volume (necessary to overcome piston 

dead volume and related pressure drops along the 

system) 

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) = −3,6 · 1,5 + 8,6 = 3,2  

 

4. Available volume per injection 

 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛(𝑚𝑙) =  10 𝑚𝑙 −
3,2 𝑚𝑙 = 6,8  

 

5. Available mass per injection 

 

Available Mass per injection (g) = 6,8 ·
1  𝑚3 

106 𝑚𝑙
·

6.37
𝑘𝑔

𝑚3 ·
103𝑔

1 𝑘𝑔
= 0,0433  

 

6. Remaining mass to inject 

 

Remaining Mass to inject (g) = 0.022 − 0 = 0,022 

 

 

7. Logical condition 2: 

 

Remaining Mass to inject (g) ≥
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔)?     

 

  0,022 ≥ 0,0433? = 𝐹𝑎𝑙𝑠𝑒 

 

8. Mass per injection 

 

Mass per injection (g) =  0,022  

 

9. Frame Volume of injection 

 

Frame Volume of injection (ml) = (0.02 ·
1 𝑘𝑔

103𝑔
·

1

6.37

𝑚3

𝑘𝑔
·

106𝑙

1 𝑚3) + 3,2 =  6,34  

 

10. Volume per injection 

 

Volume per injection (ml) =  6,34  

 

11. Mass injected 

 

Mass injected (g) = 0 + 0,022 = 0,022  

 

12. Volume injected 

 

Volume injected (ml) = 0 + 6,34 = 6,34  

 

Arriving at this point, the software will apply the logical 

condition: 

 

Logical condition 1: 

 

Mass target (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑(𝑔)?  

 

0,022 = 0,022? = 𝑇𝑟𝑢𝑒  

 

Being true the condition, the system would stop injecting 

due to all mass needed to generate 50 ppm at these 

conditions is already injected. 

5. Conclusions 
 

After testing and demonstrations period, proving how the 

system performed under different conditions, with 

different inputs, we can affirm that the initial goals and 

purposes established has been satisfactorily accomplished, 

considering these items: 

 

i.Creation of an automatic test system that guarantees 

accuracy and precision by having the capability of injecting 

less than 0.01 grams of refrigerant mass into the urn, which 

belongs to very low values of concentration. Furthermore, 

guaranteeing repeatability in the tests, applying same input 

conditions, and obtaining very close values of 

concentration as a result. 

  



ii.Designed and implemented in a platform which finally 

allows a visual impact and interactive demonstrations which 

are essential for the understanding by the refrigerant 

stakeholders. 

 

 

 

 

 

iii.Creation of a system that allows generating any value of 

concentration desired with the possibility of using a huge 

variety of refrigerants as the test refrigerant. 

 

In personal aspects and focusing in the practical part, it has 

given me the opportunity to apply specialization knowledge 

learnt in the degree, mainly related with electronic 

instrumentation and control techniques, and apply these 

skills to achieve a system that is managed by physical and 

chemical laws and equations, which even increases the value 

of the project. 

 

The following software and system images illustrate the 

results of one test performed after the project was finished 

and corroborate the conclusions extracted. 

 

 
Figure 4. Input data front panel. 

 

 

 
 

Figure 5. Leak simulation progress info panel 

 

 
 
Figure 6. Accuracy and transmitter response info panel 

 

 

 
 
Figure 7. Project finished 
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