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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 it is based in the developing of a precise machine or 

system with the capability to achieve a gas concentration desired in ppm 

(parts per million) in order to test and demonstrate the precision of early 

leakage detection devices manufactured by the AKO Group, located inside 

the machine. 

 

The main goals have been working on the technical part which includes 

mechanical, electrical and electronic instrumentation/control engineering 

which all together allows the performing of the whole system. 

 

The structure of this report is based on three main parts. The first one, with 

the proposal of placing the reader, is referred to the current situation of the 

refrigeration market, especially centred in operational and economic 

problems related to refrigerant leaks. Moreover, the need of a smart early 

refrigerant detection devices for refrigeration stakeholders and as well the 

current situation of AKO Group as a company, emphasising in solutions 

promoted until the moment by R+D Department and their limitations and to 

face these issues. 

 

The second and third block is based on the scientific and technical issues 

required, separated in two parts. One first bloc of basic engineering referring 

to the solution proposed to face the current limitations, and the second part 

referred to the detailed engineering evolution that has been followed, 

addressing it with all the science that the system deals with, including 

formulas, equations and properties of the refrigerant. 

 

Furthermore, focusing on the electronic instrumentation and control part, the 

project has based on the design and building of a software implemented in 

LabVIEW platform which manages and controls all the electronic 

instruments of the system in order to generate a a desired concentration. All 

of this, injecting mass of refrigerant inside 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. 

 

Once the project had been finished, a testing process of the whole machine 

was made, in order to check out if the initial goals and proposals has been 

satisfactorily achieved.  

 

The conclusions extracted in this project have been satisfactorily 

accomplished by having achieved the initial goal with success and having the 

capability of facing some issues and problems occurred during the evolution 

of the project. 
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1. Report 

1.1 Goals of the project 
 

The main goal of this project is to create a precise automatic system capable of generating any value 

of concentration desired inside the urn to test the precision and good performing of gas transmitters 

developed by the company. Also, this system is designed under demonstrative and visual criterion to 

be used as a demonstration and representation machine to refrigeration stakeholders and customers. 

 

The purpose is based on being capable of injecting a very small amount of refrigerant mass (less than 

0.01 g) in order to generate a low concentration as well; this target will allow us to orient the goal of 

the project in two sub purposes: 

 

-On the 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 and having repeatability in the tests. 

 

-On the other hand, addressed to customers and refrigerant stakeholders, the purpose is, by generating 

any concentration desired, having the capability of simulating a huge variety of real leaks which could 

occur in a common installation. Moreover, due to this fact, raising awareness of the possible economic 

losses produced. 

  

In order to achieve these purposes, the project’s practical goal of this report has focused on the 

following aspects: 

 

-Electronic instrumentation required to run 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 the system involves 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. 

 

Finally, once all the previous parts have been dealt with, tests and assays were carried out to check and 

verify if the system definitely gives us the expected results or not. 
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1.2 Introduction 
 

To attempt a correct understanding of the goal of this TFG we must analyze and contextualize it under 

two issues. The first one would be the current situation of the refrigeration market focusing on 

operational and economic problems related to refrigerant leaks and the need of smart early detection 

systems for refrigeration stakeholders. 

The other one would be introducing the R+D department of AKO Group and the solutions put forward 

so far with the limitations they show. 

 

1.2.1 State of the art (SOA) – Refrigeration market  
 

Nowadays the importance of industrial installation grounds dedicated to the refrigeration market 

mainly referred to supermarkets and small retailers, has increased and with them the possible gas or 

refrigerant leaks that can occur in these installations. 

 

The refrigerants used in these installations known as HFC (Hydrofluorocarbons), despite they do not 

affect ozone layer, they could cause several problems in human health in huge concentrations and also 

can lead to large economical losses when they leak in frigorific installations.  Due to this fact there has 

been an increase of companies dedicated to make and provide solutions for these installations’ 

stakeholders.  

 

These solutions or tools are based on smart early refrigerant detection systems or devices that have 

been generated in order to face these possible problems minimizing or eradicating them. 

 

To see more visually how this issue has become so relevant, in figure 1 is shown the HFC emissions 

increase in Metric tons of carbon dioxide (Mt CO2) since 1995 until 2015. 

 

 
 

Figure 1. Evolution of HFC emissions since 1995 to 2015 

 

 

If we observe the green trend line, we can clearly see how Commercial Refrigeration HFC emissions 

have drastically increased in 10 years. As we can see, leaks produced in refrigerant installations have 

produced an important increase of HFC emissions which tend to keep growing year after year.   

 

On the other hand, it is important to mention that this project focuses on early gas detection devices 

which, as their name indicates, are conceived to detect early leaks. This means that concentrations 
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generated by those leaks will not be severe and therefore will be in ranges that do not represent a threat 

to human health. 

 

Due to this reason the following part of the introduction only addresses the issue of economic losses, 

leaving aside the human health’s issue related with gas leaks. 

 

Let us understand in more details how this issue can be translated in economic losses if gas leaks are 

not detected quickly. 

Addressing it under an economical loss, first we must understand which facts influence on it.  

 

First reason is the huge increment of frigorific installation’s energy consumption originated. 

The issue is quite simple; a refrigeration system uses “HFC” refrigerants to maintain its temperature 

between low positive temperatures down to negative temperatures depending on the application.  This 

fact generates specific electrical energy consumption. If a leak is produced in the system, this one will 

start losing refrigerant, causing an extra-work of some installation elements like the compressor which 

will attempt to compensate the absence of refrigerant and having problems to reach set point’s 

temperature of the installation. 

 

Second reason is the own loss of refrigerant outwards which directly produces the need of adding into 

the installation, more amount of refrigerant, whose price has gone up during the last years, due to the 

HFC inflation, which is illustrated in figures 2 and 3.  

 

 
Figure 2. Percent’s increase of some HFC gases during the period 2014-2017 
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Figure 3. Price Increase (€/ton CO2). 

 

As we can see, this inflation, directly related to the price of these kinds of refrigerants, has experienced 

several increases during the last years making this issue also a big problem.  

 

Therefore, these two issues will generate a dramatic increase of electric energy consumptions and also 

the need of more refrigerant into the installation which will be reflected in economic losses. 

 

In figure 4 we can see more graphically the phases of the system since the leak starts and the increase 

of the different kinds of losses involved as the leak goes progressing. 

 

 
Figure 4. Financial impact of a refrigerant leak over time 

         

1.2.2 State of the art (SOA) – Refrigerant Detection Department of AKO Group 
 

From the beginning to nowadays, one of the most important ambitions of the company in terms of 
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R+D department has been the fact of having the ability to test early refrigerant detection devices 

produced and manufactured by the own company in order to check out their correct performance. 

 

These devices detect refrigerant or gas leaks very precisely due to a sensor which uses NDIR 

technology (Non-Dispersive InfraRed), located in the motherboard of the device. In addition, the 

devices measure gas concentration in the environment, in a magnitude called particles per million or 

shortly abbreviated “ppm”. 

 

But the problem was the test and demonstrating early detection ability, precision and accuracy 

limitations that the tested procedure had. 

 

Gas transmitters were located in a sealed urn and the second step was, through a small syringe pump, 

manually picking some gas refrigerant from two kinds of gas cylinders. Some of them at pure gas 

concentration of 1 million ppm, and other, at calibrated gas with a specific concentration which is 

usually 1000 or 2000 ppm.  

 

Next step was to open the urn’s door and let the refrigerant go and to immediately close the door. As 

the gas occupies the urn’s volume, the display of the device showed us how the concentration in ppm 

went up. The way we had to check if the device performs well or not is basically by observing if its 

display stays at 0 ppm or increases to a steady-state concentration value.  

 

This system helped us to know if the device detects gas or not, but carries with it these two main issues: 

 

-Starting test conditions are unknown, because the amount of mass picked from the cylinder is 

unknown. We did not have an accurate way of knowing which mass of refrigerant was leaking into the 

urn and moreover, the physical difficulties of picking very small amounts of mass, which are 

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, it only existed the possibility 

of injecting standardized concentrations of 1000 or 2000 ppm but no other concentration of interest. 

 

 

 Summarizing, with this procedure we did not have accuracy, precision and repeatability, fundamental 

qualities to perform the testing of these sensitive devices. 

 

In order to solve and face these limitations a solution was found, which describes this Final Work 

Degree and whose characteristics will be layed down in the next chapter. 
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1.3 Basic Engineering 

1.3.1 Solution Proposed 
 

Due to the need of creating a precise system to face the problems explained before the idea came up 

of recreating the existing test method used but changing or altering some parts, mainly the first part of 

the process, which refers to the gas injection into the urn.  

 

The idea was to use a sealed urn as well and locating inside two Broadband devices in order to detect 

the gas introduced which in fact is more or less the same current system used. The big change appears 

on the need of using a precise method or tool capable of introducing into the urn a specific and small 

amount of gas. It is due to this fact why the manual syringe pump must be replaced by an electronic 

fluid syringe pump or injector which solves the issue of the precision.  

 

So, having the electronic injector we achieve the suction and discharge process of doing a gas injection 

not in a manual way, as we would have to, but in a controlled one. 

 

Due to this new big change the following issues came up 

 

i. How to get a known and desired concentration inside the urn from a specific volume injected. 

ii. How and where to contain the gas or refrigerant needed to perform the injections. 

iii. Which pressure this gas would be at, because depending on the pressure, the density of the 

refrigerant is going to be affected as a result 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 in the best possible way. 

 

To solve issue number 1, we must understand gas concentration as the number of particles of a specific 

gas for every million air particles. In general terms we can represent concentration as the rate in 1% 

between a specific volume of gas divided by 106 air volume, illustrated in equation 1. 

 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑝𝑚 (%1) =  
𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒

106  𝐴𝑖𝑟 𝑉𝑜𝑙𝑢𝑚𝑒
 

 
Equation 1. Concentration ppm (1%) 

 

But in this project, the goal is achieving a specific concentration inside the urn, so the equation will 

take this time the urn’s inside volume which will be also known. Moreover, to make working 

conditions more comfortable let us work in terms of absolute values instead of %1. Rewriting equation 

1, we would finally obtain the following one. 

    

          

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) =  
  𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 

𝑈𝑟𝑛′𝑠 𝑉𝑜𝑙𝑢𝑚𝑒
· 106   

 
Equation 2. Concentration ppm 

    

Taking gas volume as the volume that will be injected into the urn, the concentration in ppm will be 

the ratio between these volumes in %1 multiplied by 106 to finally obtain concentration in absolute 
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value.  

 

Finally, considering that the start point will always be a known concentration in ppm, the incognita in 

the system will be in fact, which volume must be injected inside, considering the urn’s volume as a 

constant also known; the following equation summarizes how this issue number 1 has been solved. 

 

𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑜 𝑖𝑛𝑗𝑒𝑐𝑡 =  𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) ·  
 𝑈𝑟𝑛′𝑠 𝑉𝑜𝑙𝑢𝑚𝑒 

106  
 

 
Equation 3. Volume of gas to generate a specific concentration inside a specific space 

 

 

To solve the other 3 issues mentioned before, the idea concluded in designing and implementing a 

system and also a software in LabVIEW to control it, with the characteristics explained below.  

 

To start the process, we have a small tank with gas inside it which is provided from a gas cylinder at 

100% concentration. The tank has three apertures, one in the top with the purpose of getting refrigerant 

into the tank when it would be empty of gas, and the another two in the basis of the tank in order to, 

on the one hand measure the pressure of the refrigerant’s tank through the software, and on the other 

hand, through a narrow pipe, connect the tank with the suction aperture of the injector in order to suck 

gas off the tank. 

 

Once we have read the pressure of the tank’s gas, the software will calculate a series of equations and 

thermo-dynamical correlations needed depending on the pressure’s value measured and the injector 

will inject the precise and required volume in milliliters into the urn through a second narrow pipe 

connected to the discharge injector’s aperture, also connected to the urn in order to inject the gas within 

it. 

 

Once the gas is let into the urn with its door closed and completely sealed, the gas will be occupying 

the urn and the two early refrigerant detection devices will start detecting the gas and showing the 

concentration, detected in ppm, in their display.  

 

Finally, as the system becomes stable, so the concentration stops increasing, and the two devices will 

reach a steady-state concentration. The software will also acquire data from the two devices and show 

a graphic in real time of the two device’s concentration in order to show visually the evolution of the 

system in terms of concentration. 

 

Once explained, we can see the process more graphically in figure 5. 
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Figure 5. Basic scheme of the system 

 

As we can see in the scheme, the green arrows indicate the direction that the gas follows from the 

beginning until it is sent into the urn; the blue and red arrows indicate the suction and discharge 

processes that the injector performs. Finally, the PC manages all the electronic instruments, taking the 

control of the injector and the acquisition of the digital manometer and the two transmitters. 

 

Understanding how the injector works 

 

The injection process is based on two actions (suction and discharge) and some valves that manage the 

gas admission or escapement. When suction is exerted, the gas overcomes a known pressure, entering 

into the plunger as the piston descends; at the same time, the admission none-return valve prevents the 

gas from going back.  

 

When the injector discharges, the same process takes place in reverse order. As the piston moves back 

up, moving the gas, this one overcomes a known pressure, causing the aperture of the escaping none-

return valve and letting the gas enter the urn. In figure 6 we can see the injector and the apertures and 

valves involved. 

 

Finally, we had to consider that this system of valves that manage the injector’s action, due to pressure 

issues, was set up to be always performing between 2 and 1.0133 bars, as a valid, secure and correct 

range to guarantee a good performing of the injector. 
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Figure 6. Injector's mechanical circuit 

 

Analyzing the system under an “automatic” point of view 

 

 
 

Figure 7. System’s Block diagram 

 

 

-As we can see, figure 7 represents a closed loop system with the feedback after the gas injection’s 

process instead of the concentration acquisition. 

 

Normally if we want to control the state’s variable of a system, in this case the concentration, the 

feedback would be performed after the transmitter’s concentration measurement. 

 

With that system, in fact, it would be not necessary to use a digital manometer and to do any 

calculations, because the concentration would be not determined by any theoretical prediction, 

equation or calculation. The system would be injecting volume until reaching the concentration 

selected depending on how much concentration already exists inside the urn. 



Leak Simulation System for Testing of Early Refrigerant Detection Devices 

Javier Capel Ostáriz 

10 

 

 

But with this project, the proposal is quite different. The idea is to create and design a deterministic 

system and achieve a concentration which has been determined by theoretical equations in order to 

validate the quality and good performing of the devices, so the goal is not to create a standard control 

machine. 

 

These calculations allow us to predict which the specific concentration will be that we will obtain in a 

steady state from the beginning. 

 

1.4 Detailed engineering 
 

After having briefly explained the solution proposed and how this is going to be implemented, this 

chapter will detail all the different parts required to achieve the final goal and the process that has been 

followed step by step to make it possible. 

 

1.4.1 Hardware of the project 
 

     To correctly understand some issues that will be discussed and dealy with in the chapter about the 

software, we need to previously know in detail the physical structure of the components used, which 

is the communication protocol established between them in order to link and connect all the different 

parts with the software and also, between themselves and how this communication protocol briefly 

operates. 

 

1.4.1.1 Communication protocol used. RS-485 

 

RS-485 Standard information 

 

RS-485 also known as EIA-485, is a half-duplex transmission bus of data that fundamentally was 

implemented to allow connections between more than 2 devices, in fact, up to 31, in order to achieve 

more velocity of transmission and distance than other communication protocols. 

 

But what is half duplex transmission? 

 

Half duplex transmission is a system in which one or more transmitters (talkers) can communicate 

with one or more receivers (listeners) with only one transmitter being active at any one time. For 

example, a “conversation” is started by asking a question, the person who has asked the question will 

then listen until he gets an answer or until he decides that the individual who was asked the question 

is not going to reply. In a 485 network the “master” will start the “conversation” with a “Query” 

addressed to a specific “slave”, the “master” will then listen for the “slave’s” response. If the “slave” 

does not respond within a pre-defined period, (set by control software in the “master”), the “master” 

will abandon the “conversation”. 

 

Let us understand the hardware of this protocol. 

 

This protocol is based on a twisted line where there are two lines or wires called “A” and “B” which 

are used to transmit and receive one single signal of data. Between each line A and B there exists a 

differential voltage in which A is a negative voltage and  B a positive one. 
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This fact allows a logical binary state which is explained below. 

 

-When B has a positive voltage regarding to A the signal transmits the logical state of 0  

-When B has a negative voltage regarding to A the signal transmits the logical state of 1. 

 

 

 
 

Figure 8. Logical states of the signal 

 

In addition, it is important to know that twisted lines, despite not needing a ground signal to transmit 

data, must incorporate a ground terminal. 

 

These two connections or lines A and B are only there to transmit data between the different devices. 

Anyway, the wire needs also the Ground or “Gnd” terminal to finally close the electrical circuit with 

the device or devices connected into a node avoiding possible communication problems mostly called 

floating “Gnd” that can damage the signal producing interferences and causing frame errors data 

between the devices. 

 

Finally, in figure 9 we can visually observe how hardware RS-485 works. 

 
 

Figure 9. Sketch of the hardware RS-485 protocol performing 

 
 

 

-RS-485 in the project 

 

Once having explained the protocol under standard characteristics lets contextualize the RS-485 in this 

particular project, how it is used and why it has been chosen. 

 

Why is this protocol used in the project? 

 

Normally if you have to choose a protocol of communication you consider three main issues that that 
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protocol can offer you; the baud rate velocity of transmission data, the maximum number of devices 

that allows connecting, the maximum distance of the cables and the complexity of the hardware 

connections which could also be understood as the number of pins required by each protocol to 

perform. 

 

In this project the desired conditions that the protocol must allow were the following: 

 

- 9600 baud rate as a velocity of transmission required by all the components used. 

- The possibility of connecting more than 1 device in the network 

- The minimum contacts in use to achieve communication with the devices to simplify the 

connections. 

 

By observing the table below, we can clearly see how RS-485 protocol satisfies the imposed 

conditions, especially the centered in contacts in use which have much fewer contacts than the other 

one and in addition the centered in the maximum number of devices which allows 32 instead of 1 

device, like in the other two protocols. 

 

As we can see the issue of the velocity transfer is the same in all three protocols so this has not been 

important in choosing this particular protocol. 

 

 
  

Table 1. Technical characteristics of RS232, RS422 and RS485 communication protocols 

 

 

In this project like in other common industrial applications, a PC is used to take the control of the 

components and acquire data from them so the use of USB to RS485 converters has been essential, 

which on one side are connected through the PC’s USB ports and on the other side have the three 

needed wires of “A”,”B” and “Gnd”. 

 

In this particular case AKO Group produces its own USB to RS-485 transducer, illustrated in figure 

10 and also its technical characteristics shown in table 2. 

 

 
 

Figure 10. Ako USB to RS-485 transducer 

 

 



Leak Simulation System for Testing of Early Refrigerant Detection Devices 

Javier Capel Ostáriz 

13 

 

 
 

Table 2. Ako USB to RS-485 transducer technical details 

 

 

To summarize the communication between the master (PC) and the slaves connected in the network 

(components)via RS-485 in the following image we can see a basic sketch. 

 

 
Figure 11. Rs-485 standard Bus Network Device 

 

 

1.4.1.2 Hardware used 

 

Here we can see the list of the electronic components used in the project in order to take action in the 

system, actuating as well as achieving data for processing information afterwards. For more detailed 

information you are advised to look at the annex where the datasheets of each component can be found. 

 

 

-Vertical injection syringe Pump   
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Model: SY-04 10 ml chamber  

 

Company: Runze Fluid 

 

Number of units needed: 1 

 

Aim in the project: inject refrigerant into the urn. 

 

 

 

-Digital Precision Manometer 

 

 

 

Model: DR72 

 

Company: Gometrics 

 

Number of units: 1 

 

Aim in the project: acquire Pressure data from the tank’s 

refrigerant 

 

 

- Early Leakage detection devices 

 

Model: AKO Broadband 575-400 

 

Company: AKO S.A.L. 

 

Number of units: 2 

 

       Aim in the project: acquire data of the concentration produced in the urn 

 

1.4.2 Software of the project 
 

Once we have seen the hardware protocol of communication required and used, there are also some 

devices in the project that need a specific software protocol of communication required in order to 

send or receive data from them to control the device or acquiring data from it.  

In other words, this protocol of communication acts as an intermediary between the electronic device 

and the control software platform, which in this case is going to be LabVIEW. 

 

In this project the software protocol that has been established is Modbus protocol. 
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1.4.2.1 Modbus Protocol 

 

Modbus Protocol is a communication software Protocol based on a messaging structure, used to 

establish master-slave communication between intelligent devices referred to devices you can interface 

with. This kind of communication allows the device which acts as a master, controlling or acquiring 

data of a specific function or parameter of the device which acts as a slave, by accessing to one 

particular register from the slave.  

 

So, basically, from the master device you can write or read a particular register from the slave device 

in order to receive information from it or instead, send information to it, depending on the need of the 

application or process. 

 

More precisely the communication is based on the following structure: 

 

A Modbus message also called a frame, sent from a master to a slave contains the address of the slave, 

the 'command' (e.g. 'read register' or 'write register'), the data which can be read or written which has 

the value of interest and the checksum. 

In addition, the process of communication follows two steps, which are briefly explained below. 

- Request: the function code in the request tells the addressed slave device what kind of action 

to perform. The data bytes contain any additional information that the slave will need to 

perform the function.  

Finally, the CRC (Cyclic Redundancy checker) or also called checksum, which has 2 bytes, 

provides a method for the slave to validate the integrity of the message contents sent by the 

master. The slave or receiving device also calculates the CRC and if only a single bit does not 

match with the CRC coming from the master, an error will be notified. 

- Response: if the slave gives a normal response, the function code in the response is an echo of 

the function code in the request. The data bytes contain the data collected by the slave, such as 

register values or status. Finally, the CRC or checksum byte field allows the master to confirm 

that the message contents are valid. 

 

 
Figure 12. Modbus protocol communication process 
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Why has this communication software protocol been established in the project? 

 

The main reasons to justify why this protocol has been chosen for the project are the following: 

 

-It is suitable for small and medium volumes of data (<=255 bytes) which in fact perfectly addresses 

the conditions of this project, which do not need huge volumes of data. 

 

-Data transfer is designed for industrial applications and this also means that there is no restriction 

sending data byte. Moreover, transfer is very flexible so it allows a huge variety of data types.  

 

-It is openly published and free so anyone can have access to it and make use of it as well. 

 

-Availability of many devices: Modbus embraces a huge variety of devices so it allows the possibility 

of making more kinds of industrial applications.  

 

Finally, it is important to mention that there are two kinds of modes based on how the data is transferred 

and codified; RTU Mode and ASCII Mode.  

 

In this project the mode used to communicate with the manometer and the two broadbands has been 

Modbus RTU, whose relevant characteristics are: 

 

- In Modbus RTU each byte is compound by a length of 10 bits, 8 destined to data bits, a start 

bit and a stop bit. 

- Each data character is represented in hexadecimal string code. 

- Each byte can take a value in hexadecimal between “00” and “FF”, so it means that the 

maximum decimal value allowed in a byte will be 255. 

  

We had to consider these issues in order to implement the LabVIEW acquisition programs of the digital 

manometer and the two broadband devices.  

 

1.4.2.2 Modbus Poll interface 

A part of Modbus protocol there is a standard interface called Modbus Poll that uses a multiple 

windows user interface. That means you can open several windows showing different data areas or 

data from different slave ID's at the same time depending on the register of interest you can write or 

read data.  

This interface is used in AKO Group as a comfortable, simple and fast way to operate with some 

devices in order to do test processes and testing devices manufactured by them. It is for that reason 

that, for this specific project, this interface has been used as well 

In figure 13 is shown a screenshot of Modbus Poll’s interface corresponding to one AKO-575400 

device with all the internal registers and parameters which can be read or written. 
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Figure 13. Modbus poll interface of a gas transmitter 

How does this application or interface work? 

Modbus Poll application is very simple to handle. To establish connection with a device there are two 

steps the user must follow. 

-Connection Set Up 

The first one would be to introduce the ID or identification Slave Device in order to establish 

connection with it. Moreover, some convenient parameters must be introduced as well, such as the 

address and the number of registers to access. 

In figure 14 we can see a screenshot that shows the Set Up’s window with the parameters to select, 

already mentioned above. 

 

Figure 14. Modbus Poll Device Read/Write Definition 
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-Establish connection/disconnection 

After setting up the previous parameters to finally connect with the device we only have to select the 

Serial Port communication created by the PC and select a few communication parameters, such as the 

baud rate. 

Finally, the figure below shows an image of the Connection/Disconnection’s window with the 

necessary input parameters to select. 

 

Figure 15. Modbus Poll Device Communication Set Up 

Once connection has been established there are some registers that immediately will start to print 

values which will switch or change. These registers will be only reading registers, not allowing writing 

on them.  On the other hand, there will be some registers that will stay fixed with the same default 

value and these ones will be writing registers which allow setting a desired value in order to change 

some parameter in the device.  

For example, in this case, being the AKO-575400 a device whose sensor NDIR measures gas 

concentration, the register addressed to it will start measuring the environment’s concentration, thus 

not being possible to write on it. An example of a writing register would be the Alarm or Pre-Alarm 

registers, which can be changed with other values. 

We can see the concentration, Pre-Alarm and Alarm parameters in registers 1020, 202 and 205 

regarding figures 13 and 15. 

 

 

 

 

 

 

 



Leak Simulation System for Testing of Early Refrigerant Detection Devices 

Javier Capel Ostáriz 

19 

 

1.4.2.3 Introduction to LabVIEW 

 

After having explained both hardware and software protocols this brief chapter purports to offer a 

better understanding of the main characteristics of the software platform used in this project in order 

to do the control, acquisition and automation which is LabVIEW. 

 

LabVIEW is an environment or platform that fundamentally is based on its graphical and visual way 

of programming. Its environment structure is based on two kinds of panels. One allows the user or 

programmer to do an interface with all types of control and reading/measuring parameters like graphics 

and buttons which is used mainly to control and monitor and the other one is used to create and design 

the code of the application. 

LabVIEW applications 

 

LabVIEW is used for control and data acquisition especially centered in electronic instrumentation 

field and provides a powerful platform for undertaking a wide variety of different applications. Mainly 

these applications are centered in machine and process automation that in its majority are related to 

industrial and laboratory applications.  

For these and more reasons and advantages that are listed below is why it was decided to choose 

LabVIEW as platform software to do the control and monitor part of this project, which in fact is one 

of the main parts of  it. 

• Graphical interface is flexible and simple to use, so it is a perfect way to use as a tool of 

demonstration in this project which will be working in front of customers and stakeholders and it is 

important to enhance the issue of visualisation.  

• LabVIEW provides a universal platform for numerous applications in diverse fields and 

multidisciplinary projects like this one. 

• Easy to interface to many hardware items like data acquisition and test equipment products, like this 

one, where different electronic devices have been used, which are suitable  both to control and 

acquire data. 

• It has excellent customer support and a large active community fòrum, another very important issue 

if you want to guarantee to solve problems and possible errors if they occur. 

In figure 16 is shown an example of a simple interface of a LabVIEW program. 

 

 

Figure 16. Labview example of an application Control/Code panel 
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1.4.3   Algorithmic and Implementation on LabVIEW 

1.4.3.1 Injector’s control 

 

Once it was decided how the project would perform, we need to segment the final goal in smaller and 

more reachable goals in order to make the process simpler and guarantee more success in the end.  

 

First, we decided to start with the injector’s control as the main and fundamental part of the project. 

Concretely we established this as our first aim, by doing simple demo software, which would allow 

the user to introduce by screen a particular volume between 1 and 100 ml and achieve the precise 

injection of this value of volume.  

 

1.4.3.3.1 Send/Response message frame  

 

The first task was understanding how the injector works and what is the structure of the frame messages 

is, to send data and in consequence, a particular volume of injection. 

 

In this chapter are explained the send and response message frame structure and the different needed 

commands addressing only the relevant parts of the manual required for this particular application. 

 

The message frame structure of the injector is based on 8 bytes, each one referring to one particular 

parameter of the communication and this one is based on a standard procedure of a message sending 

and a waiting response.  Furthermore the value of each byte of the frame is codified in hexadecimal 

code as happens in many electronic devices. 

 

The following image shows the message frame structure which is the same for sending and response. 

 

 
 

Figure 17. Send and response command message frame of 8 bytes indicating the number of bytes of each 

parameter 

Send/Response sharing commands 

 

Bytes “B0”, “B1” and “B5”, do not change their value depending on whether the message frame is 

about sending or receiving. 

 

Byte “B0” or Start code is referred to the start frame value and allows the injector to know that a frame 

data has arrived. 

 

Byte “B5” or End code is referred to the frame value that allows the injector to know that the frame 

has finished and a response to this sending message frame must be applied. 
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Figure 18. Hexadecimal value of the start and end code of the bytes “B0” and “B5” 

  

 

“B1” or Address bits are referred to the device’s ID or address identification of the device. This byte 

is used to identify which device it is communicating with and it is fundamental if you have connected 

more than one device in a single network. 

 

 
 

Figure 19. Code of “B1” 

 

 

As we can see in figure 19, the value or code of B1 is indicated with 0xXX. This value can oscillate 

from 0x00 hexadecimal (factory value), to 0xFF hexadecimal or 255 decimal which means that you 

connect a maximum of 255 devices into a single network. 

We must say that in this project we only control a single injector so we are going to use the factory 

value 0 as the B1 value. 

 

Bytes “B6” and “B7” or “Sumcheck” are the last two bytes of the message frame and are destined to 

check if the value of the other 6 bytes has the correct syntax to process successfully all the message 

frame.  

As its own name indicates the value of these two bytes is the result of adding the values of the other 6 

bytes putting the adding result into a low part in “B6” and the high part in “B7”. 

 

 

 
 

Figure 20. Code of “B6” and “B7” regarding to the Sum check. 

 . 

Send/Control commands 

 

Byte “B2” when performs as a control or send command takes many different values depending on the 

type of functionality desired. In this particular application the functionalities required, which B2 

controls are:  

 

-The inquiry motor status 
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This functionality checks before and after every action applied on the injector, the motor status of the 

piston, if this one is stopped or moving, fundamental to take a determinate action. 

 

-Reset 

This functionality is used to move up the piston until it reaches the plunger’s top. 

It is very useful for example after doing a test and if the injector has stopped in a position which is not 

the the one at rest and you want to bring it to the standby position in order to perform another test 

starting at the resting position.  

It is important to say that the piston will stop automatically when it touches the top thanks to an 

optocoupler located in the plunger’s top.  

 

-Piston’s speed setting 

This functionality is used in order to set up the speed of the piston in rpm. This value is from 5 rpm to 

350 rpm having a factory value of 200 rpm.  

 

-Fluid Suction 

This functionality indicates the injector’s motor that has to rotor in counterclockwise sense (CCW) in 

order to move down from top’s or rest position and doing a suction procedure. 

 

-Fluid Discharge 

This functionality indicates the injector’s motor that has to move in clockwise sense (CW) in order to 

move up from suction’s position to standby position doing a discharge procedure. 

 

 
Figure 21. Clockwise and counterclockwise senses 

 

Bytes “B3” and “B4” or command parameters will be set up with a data value regarding to what kind 

of functionality has been set up in “B2”. This means that every B2 functionality determines what the 

range of the possible values is that the user can set up to bytes B3 and B4 in order to do one task or 

another. 

 

In the following image is shown the hexadecimal values of “B2” depending on the functionality desired 

and the possible hexadecimal range values of  “B3” and “B4” regarding to the value of “B2”.  
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Figure 22. Values of “B2”, “B3” and “B4” with the description of every functionality when “B2” performs 

as a control command. 

 

 

Notice that values of “B3” and “B4” when the functionality of “B2” is suction or discharge will be the 

values of interest to perform a determinate volume of injection which will be the same value to do the 

suction as well as the discharge. 

 

 

Response commands 

 

After having seen all different control functionalities we can do with the injector, it is important to 

know what the send and response frames will look like in each case, which will be fundamental to 

ensure the injector’s right performing. 

 

But before seeing the send/response message frames on every functionality it is important to 

understand how response commands are structured. 

 

As we saw, the message’s frame structure is the same for sending as well as for response, but the value 
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of each byte in the response’s message frame changes depending on which message frame was sent. 

Moreover here “B2” performs as a response command and has functionalities of report information 

instead of control functions. 

 

In the figure 23 we can see all different notifications or information reported depending on which value 

“B2” has,  while performing in a response message frame.  

 

 
 

Figure 23. Values of “B2”, “B3” and “B4” with the description   of every possible notification when “B2” 

performs as a response command 

 

As we can see, when “B2” acts as a response command, in all cases, “B3” and “B4” have the value 

of 0. Furthermore, all functionalities we are going to use require that “B2” in a response message 

frame take the value of 0x00, 0x04 or 0xfe hexadecimal in order to ensure that the injector is working 

properly.  

Any other value of “B2” that we could receive and we can see in figure 23, would indicate that some 

error has been produced. 

 

 

Send/Response Message Frames 

 

Once having explained all commands in sending and response message frames, next, are illustrated 

some send and response message frames examples used in injector’s control byte to byte. All response 

message frames illustrated below are received under normal state conditions, so the injector would be 

successfully working. 

 

-Inquiry motor status: 

 
Figure 24. Send message frame of inquiry motor status 
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Figure 25. Response message frame expected of the inquiry motor status 

-Reset: 

 

 
 

Figure 26.  Send message frame of the reset command 

   

-Fluid Suction 

 
 

Figure 27. Example of suction sends command with a motor steps value of 0xAA hexadecimal or 170 decimal 

 

-Fluid Discharge 

 
 

Figure 28. Example of a discharge sends command with a motor steps value of 0xFF hexadecimal or 255 

decimal 

 

Response command of Reset, Suction and Discharge showed below, is the same one for all three 

functionalities. 
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Figure 29. Response message frame expected of reset, suction and discharge send commands. 

 

1.5.3.3.2 Volume to inject (ml) conversion 

 

Once having explained how the injector’s message frame is structured and their relevant characteristics 

for this particular application, it is important to explain and clarify the particular way to send the 

desired volume to inject into the injector as a way to achieve exactly this concrete volume in ml. 

 

As we saw before “B3” and “B4” will be the bytes that will contain the injection’s value which will 

be sent in the message frame, separated in the low part “B4” and the high part of the value in “B3”. 

This volume data will not be in the unit of ml, but instead, it must be in the unit or magnitude that the 

injector can afford mechanically. 

 

Therefore, as it was commented in the chapter of injector’s main characteristics, the motor is a stepper, 

so, the only way the piston is constrained to move is to move on or move back up a specific distance 

in motor’s strokes. Hence, the procedure we must do is to convert the volume to inject in ml to motor’s 

strokes. 

 

 

 
 

Figure 30. Conversion Volume-Motor Steps 

 

As we can see in figure 30 extracted from the injector’s manual every step that the motor moves on is 

equal to a volume of 1,0381micro litters (ul) taking a step angle of 0,9º. 

 

Then if we finally want to move from volume in ml to motor steps we would apply this simple formula: 

 

𝐼𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) ·
1000𝜇𝑙

1𝑚𝑙
·  

1 𝑚𝑜𝑡𝑜𝑟 𝑠𝑡𝑒𝑝

1,0381𝜇𝑙
= 𝑀𝑜𝑡𝑜𝑟 𝑠𝑡𝑒𝑝𝑠 

 
Equation 4. Volume of injection to motor steps conversion 
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To take an exemple, if we wanted to do an injection of 10 ml, applying the previous formula: 

         

10 𝑚𝑙 ·
1000𝜇𝑙

1𝑚𝑙
·  

1 𝑚𝑜𝑡𝑜𝑟 𝑠𝑡𝑒𝑝

1,0381𝜇𝑙
 

 

We would obtain 9832.98 motor steps which actually rounded up would be 9833 motor steps.  

 

 

1.4.3.3.3 Desired Volume to inject algorithm 

 

After I had understood how to build the injector’s message frames and the structure we must apply, 

we were capable of making the first demo program to achieve injecting a desired volume in ml as it i 

was mentioned in the intro of this chapter. 

 

The first step was the making of the flow diagram in order to implement it later in LabVIEW.  But first 

we had to know which states or stages we need in our injecting process. 

 

We deduced that at least we would need two different stages, a suction step and a discharge step and 

also, according to injector’s manual we need a stage where an inquiry motor status is required before 

and after every other step or stage to perform. 

 

Also another important issue was the injection’s size, always referring to volume in ml. 

Knowing that the maximum volume we can afford in one injection is the maximum chamber’s size of 

10 ml we had to find a way to filter between injections smaller than 10 ml, which would be done in 

one single injection and injections bigger than 10 ml, which would need more than one injection. 

 

Considering these issues I designed flow diagram 1. 
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Flow Diagram 1. Injector’s control algorithm 
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First of all, the application initialises the variables “n”, “Suction”, “Discharge” and “Exit” with their 

initial Boolean values. After that, having introduced the volume in ml we want to inject and the piston’s 

speed in rpm, the program will wait until button “Inject” is pressed and also Stop button is not pressed.  

 

Once Inject is pressed, the program will check the Boolean status of a variable called “Exit”. This 

variable indicates the program that the application must finish if its value is true. As we can initially 

see this variable is false so we guarantee that the first execution of the loop the program will not finish.  

 

Following the diagram, the program will set up piston’s speed introduced, which only must be done 

once. Then the next task will be to filter the kind of injections to perform in injections smaller and 

bigger than 10ml. 

 

The key is to consider not only the quotient but also the remainder, applying two operations. First one, 

dividing the volume to inject introduced by 10, which will give us the quotient. Then also the program 

will apply an operation called “module” which divides again the volume by 10, but this time the 

operation gives as a result, the remainder of the division instead of the quotient. 

 

The remainder will always give the program the amount of volume in ml, which will always be less 

than 10 ml, injecting the part of the initial volume introduced in a single injection.  

 

The quotient will always give as a result 0 or natural numbers multiples of 1. Its goal will be doing the 

“n” injections of the maximum size (10 ml) necessary, until “n” would take the value of the quotient. 

So in fact the process will do quotient injections of 10 ml and a single injection of the remainder’s 

value; with this system we will be able to inject any volume of injection, integer or decimal, for 

example from 1 to 100 ml. 

 

To take an example, let’s suppose we want to inject a volume in the urn of 66 ml. The program would 

apply the module operation with 10 as a divisor, giving as a result a quotient’s value of 6 and a 

remainder’s value of 6 too. The program in this particular case would inject a single injection of 6 ml 

(remainder) and 6 (quotient) injections of 10 ml. 

 

-Following the diagram, regardless of the value of the remainder, the program will inject this volume, 

injecting 0ml (no injecting) if the remainder’s value of the division is 0 which in fact will mean that 

the volume introduced initially is 0, 10 or multiple of 10. 

 

-Then the next step will be checking the quotient’s value. If this value is 0, it  means that the volume 

to inject introduced was lower than 10 ml. At this point, variable “Exit” becomes true; the application 

checks the status of this variable and finishes due to the true state of it. 

 

On the other hand, if the quotient is greater than 0, the next thing the program will do is to check if the 

quotient’s value is greater or equal to a variable called “n”. This variable used as a counter will compare 

if the number of injections of 10 ml has reached the quotient.  

 

As at the beginning “n” is equal to 0, the condition will always be true the first iteration.  

The process will be doing injections of 10 ml and incrementing “n” counter after each iteration until 

“n” takes the same value of the quotient. Arrived at this point, the condition will be false. The program 

will set “Exit” with a true state and checking its Boolean state. As the condition is false because “Exit” 

is true, the application ends. 

 

Notice that the application only finishes if the stop button is pressed, or the Boolean state of “Exit” 
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variable is true. 

 

In addition, in the flowchart we can distinguish two blocks referring to the processes of “inject 

remainder” and “inject 10 ml”. These two processes have its own sequence of stages but I decided to 

put them separated from the whole diagram to simplify the explanation and make the whole diagram 

smaller. 

 

Flow diagrams 2 and 3  illustrates remainder’s injection and 10 ml injection processes. 

 

 
 

Flow Diagram 2. Remainder’s injection process (Injections lower than 10ml) 
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Flow Diagram 3. Injections  equal to 10 ml 

 

 

As we can see in both flow charts, the process has the exact same structure with a single difference 

focused in the injection’s volume. 

 

The process in both cases will do the following: 

 

-First of all, the program will check the Boolean state of a variable called discharge. With this variable 

the application will know if the process of injection has been performed or not. If the variable’s state 

is false the process will exit. Otherwise if the variable is true the process will start. 

 

-As we can see in the diagram the variable initially is in a false state so the process will continue. The 

first task to do is to check the motor status of the injector in order to know if it is already moving or is 

stopped. Only if it the motor is stopped the program will continue. 

 

-Once we have guaranteed that the piston is not moving, the program will check out if a variable called 

“Suction” has a state of True. This variable was previously initialized with a True state as we can see 

in flow diagram 1; with this, we force the program to always perform a suction process the first time 

that it executes.  

 

Then, the program will give the injector the suction order, where the piston will go down letting the 

gas enter into the injector’s chamber, and also in this stage the variable “Suction” will switch to a false 

state. 

 

-Immediately after having done the suction process, the program must check again if the piston’s motor 

is stopped or not. Here the program will continuously be checking if the motor is stopped or still 
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moving. 

 

-Finally, when the condition “Motor stopped” would become true the program will check out again if 

the variable “Suction” has a state of True. This time the variable has a state of false and the condition 

makes the program perform a discharge’s stage where the piston will move up to let the gas flow 

outwards.  

 

After that, the variable “Suction” needs switch to “True” state in order to go through the same 

procedure in the following process, which will be the 10 ml injection. 

 

Also, discharge’s variable will switch to a true state in order to exit the process. After that, as we can 

see in flow diagram 1, if a 10ml injection process must be performed, before, the discharge variable 

switches to false. This is fundamental to guarantee that the process does not stop running without 

having executed it, at least at first iteration. 

 

1.4.3.3.4 Labview application 

 

 
 

Figure 31. Introduce volume to inject sub program Front Panel 
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Figure 32. Volume to motor steps convertion inside of the Injector’s control loop. 

 

 

 

 
 

Figure 33. Check Motor Status process after suctioning or discharging 
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Figure 34. Suctioning process message frame building. 

 

 

 
 

Figure 35. Working on injector’s control with first sub program demos 
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1.4.3.2 Modbus Reading/Writing through LabVIEW 

 

As we have seen in previous chapters, we are going to need to communicate with the digital manometer 

and the 2 broadbands using the Modbus protocol though LabVIEW. Concretely, we are going to use 

Modbus through LabVIEW for two issues. 

 

-The first one to take or acquire Pressure data of the digital Manometer needed to make the subsequent 

calculations depending on the Pressure’s value read which will determine the volume to inject into the 

urn. 

 

-Second, to acquire concentration data from the 2 broadband devices once the urn’s test is running. 

 

But first we had to design a common application which simply allows writing or reading a desired 

register from a device, using Modbus through LabVIEW, in order to, after, use it to for two tasks 

mentioned before. 

 

The procedure to achieve this goal followed the same steps of achieving injector’s control. First, after 

having understood how Modbus Protocol works, I designed an algorithm which later was implemented 

in LabVIEW. 

 

In flow diagram 4 we can see the algorithm of a Writing/Reading register from a device using Modbus 

Protocol which is also detail explained. 

1.4.3.2.1 Modbus R/W algorithm 
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Flow Diagram 4. Modbus Write/Read Register algorithm 

 

As we can see in flow diagram 4, we have to possibilities, reading data from a register or writing data 
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on a register. The two initial processes are for reading as well as writing. Initially we have 3 input 

parameters that the application needs to perform. Once introduced device’s ID, Serial Port used (COM) 

and the particular register we want to read or write, the application start. 

 

-First the program will do is convert decimal values of device’s ID and Register to Read/Write to 

hexadecimal string code, task required to, later build the sending 8-byte frame which needs to be in 

hexadecimal string. 

 

-Then we have to push a button which has to states, read or write depending on which task we want to 

do, reading or writing a register.  

 

If the mode chosen is to read a register the program will run the following process: 

 

-Following the flow chart, first step is to concatenate the first 5 bytes of the sending frame which are 

already defined. Data of bytes 0, 2 and 3 is variable depending on input parameters. In the other hand 

byte 1 referred to the function code, in this case reading a register, takes a constant value of 0x04 hex 

string. Finally, number of registers we want to read or write, divided in byte 4 (high part) and byte 

5(low part), in this particular case will be also a constant value of 0x01 hex string because always we 

will read or write a single register. 

 

-After having concatenated these 5 bytes, the application will do the CRC calculation process which 

is explained in flow diagram 5. Once the CRC has been calculated, it will return two additional bytes 

(6 and 7). With the 8 bytes the program will finally concatenate the whole message frame which will 

be sent to the device through the Serial Communication Port (COM) also introduced at the beginning. 

 

-Once having sent the message frame the device will return us, also through the Serial Port, the 

response message frame. This frame has the information of interest with the register’s value desired. 

Concretely the register’s value is contained in bytes 3(high part) and 4(low part) but in hexadecimal 

string code. In order to interpret correctly this value, the program must convert these data into a decimal 

number. 

 

-As we know bytes 3 and 4 are different bytes so we had to find a way to convert data contained in 

two different bytes into a single decimal number or value. The way chosen has been considering that 

the maximum possible value that these bytes can return is FF hexadecimal in both bytes B3 and B4. If 

we convert FFFF hex value into decimal we obtain 65535 which will be the maximum decimal value 

that we can read from the register. Knowing this fact, we must apply a rule to obtain all possible values 

between 0 and 65535. As we can see in the flow diagram, multiplying the high part (Byte 3) by 256 

and adding this result by the low part (Byte 4) we achieve this goal and the program finishes. 

 

If the mode chosen is to write on a register the program will do the following process: 

 

- First, we must introduce the decimal value that we want to write in the register and then the 

application will convert this value into hexadecimal string code. 

- Next the program will do exactly the same that in read register mode, concatenating the 5 initial 

bytes of the frame. This time byte 1 take the functionality of writing a single register so the 

value expected for this function is hex 0x06. Moreover, byte 4 needs a value of hex 0x00 which 

indicates that the number of registers to write is only one, and finally byte 5 which contains the 

data to write on the register. 

- Then the program will calculate the CRC, following the same process of read register mode 

and after that will concatenate the send 8-byte message frame, which will be also sent through 
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the Serial Port. 

- In this case the program does not require a response because we do not want read data from 

any register, the goal here is only to write in it. 

 

     -Following the flow chart after sending the message frame, the application finishes 

 

1.4.3.2.2 Labview Application 

 

 

 
Figure 36. Modbus Write/Read Subprogram front panel. 
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Figure 37. Modbus message frame building for reading 

 

 

 

 
 

Figure 38. Modbus message frame response and data bytes manipulation. 

 

 

 

1.4.3.2.3 CRC algorithm 
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Flow Diagram 5. Modbus RTU CRC Calculation Algorithm 
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Flow diagram 5 shows the structure of a standard CRC calculation algorithm used in the Modbus-

LabVIEW application. 

Basically, the flow chart is based in two iterative processes, one inside the other. One process compares 

each bit of an entire byte (8 bits) doing an exclusive adding or XOR. The process uses a counter called 

“N” with an initial value of 0 that goes increasing until reach the value of 7.  

This process repeats a number of times that correspond to the number of bytes that the whole frame 

has. In this case as we can see in the diagram, we have a whole number of 6 bytes so the CRC 

calculation process stops when the counter called “bytes” reach the value of 5 starting with a value of 

0, making a total of 6 needed iterations. 

 

 
 

Figure 39. Labview CRC calculation 
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1.4.3.3 Transmitters communication/Acquisition through LabVIEW 

 

After having implemented an application in LabVIEW that allow reading or writing a register from a 

device through Modbus protocol, next goal was use this program to achieve an acquisition of different 

magnitudes or parameters from the two Broadbands used in the project and plot all the magnitudes in 

a graph which would show time vs ppm 

 

The goal was creating a demo program that could read the particular registers or parameters of interest 

that the two Broadbands have in their parameters map and which are mentioned below: 

 

-Concentration measured by each one in ppm. 

-Pre-Alarm value of one of the Broadbands. 

-Alarm value of one of the Broadbands. 

-Early detection Warning (EDW) of one of the Broadbands. 

 

1.4.3.3.1 Transmitters acquisition Algorithm 

 

Before implementing the LabVIEW application, we had to consider that this one only needed to read 

the five registers. In any case the program had to write in any register and that is because the 

concentration is a magnitude that is measured and the other four parameters are manually set up from 

the own Broadband device.  

For this particular application the values of Pre-Alarm, Alarm and EDW pre-set were 30, 60 and 15 

ppm respectively. 

 

In flow diagram 6 is shown the flow chart of the Broadbands acquisition parameters which later was 

implemented on LabVIEW. 
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Flow Diagram 6. Transmitters Acquisition data algorithm 

 

As we can see in the diagram, as input parameters we have the two ID’s regarding to the two 

transmitters and the Serial Port (COM) used to send and receive data. Once the application runs only 

stops if Stop button is pressed, if not it will be continuously executing and doing the following 

processes. 

 

If we follow the diagram when the application begins it will perform the same process of acquisition, 

only changing the variable to acquire. This means that each process of acquisition in fact is the same 

subprogram of Modbus Read/Write Register previously seen and explained but changing some input 

parameters in each case.  

Furthermore, when each process is done the register’s value read is automatically plotted in a graph 

and the program performs the following process, doing the five processes continuously.  
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In table 3 are illustrated which inputs are set up depending on which acquisition process performs the 

program. 

 

Parameter/Magnitude Serial Port Transmitter ID Mode 

(Read/Write) 

Register 

Pre-Alarm COM 12 45 Read 202 

Alarm COM 12 45 Read 205 

EDW COM 12 45 Read 209 

Transmitter1 

concentration 

COM 12 45 Read 1020 

Transmitter2 

concentration 

COM 12 36 Read 1020 

 
Table 3. Transmitters Parameters 

 

As we can see in table 3 in all processes the mode used is Read register and the Serial Port obviously 

is the same one. We can notice that the ID of the transmitter 1 is used not only to measure its 

concentration but also to acquire Pre-Alarm, Alarm and EDW values. This is because these three 

parameters are constant and equal to both transmitters so is not necessary to acquire them with each 

one. 

 

1.4.3.3.2 Labview application 

 

 
 

Figure 40. Transmitters acquisition application code 
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Figure 41. Acquiring data from 1 transmitter (first demos) 

 

 

 

1.5.3.4 Manometer’s data acquisition 

 

Once having explained Modbus communication through LabVIEW and having built a simple 

application that allows us writing or reading a register from a device, this also allowed us to make a 

program that could read Pressure data from the digital manometer. First task I did, was understand the 

message frame structure the manometer has to send a request and how it returns data of interest in the 

message response frame. 

 

In figures 42 and 43 we can see the structure of the sending and response message frame that the 

manometer uses. 

 

 
Figure 42. Manometer’s Sending Message frame structure 

    

As we can see in figure 43, the sending message frame has 8 bytes and follows the same structure of 
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the Modbus sending message frame  

 

 
 

Figure 43. Manometer’s Response Message frame structure 

     

In figure 43 we can see that the response message frame consists in 9 bytes, and 4 are destined to data 

where the value of pressure will be located.  

 

Also, in figure 44 we can see the registers map that can be read and their corresponding addresses 

depending on which functionality is desired. 

 

 
 

Figure 44. Manometer’s Map of Registers/Addresses.. 

 

In the project, the pressure’s unit has been bars so we used address 4 which reads pressure in the 

display’s unit configuration which have been bars. 

 

After having understood how set up the correct message frame in order to obtain a correct response, 

the next task was designing the algorithm of an application that could acquire data pressure. After 

having design and implement an application that acquired the tank’s pressure, sometimes this value 

was not the expected one shown in the display. Instead, we read a negative value or a large number 

that obviously did not correspond to the real expected value.  

 

To solve this problem, we finally decided to design an application that allow the user choose a number 

of samples to read, and after that, filter them, discarding the maximum value and the minimum value, 

to finally calculate an average of the effective samples. 

 

With this new application we guaranteed that the program always will take a correct pressure data 

despite of acquiring some wrong value. Flow diagram 7 shows the algorithm’s flow chart of the 

application which is also explained. 
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1.4.3.4.1 Manometer acquisition algorithm 

 

 
 

Flow Diagram 7. Digital Manometer’s Acquisition algorithm 

 

 

 

If we care to take a look, the algorithm’s process is quite similar to the Modbus application; first the 

program needs three inputs; Manometer’s ID already manually set up, “N” which refers to the number 

of samples to take, and the Serial Port that LabVIEW uses to communicate with the device. 
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First task that the program does is compare if a counter called “i” initially reset, has the value of a 

variable called “N” which is equal to the number of samples to take. 

In first iteration the condition always will be false so the program will continue. 

 

The next processes is converting the ID value into a hexadecimal string and then concatenating the 

sending message frame of 8 bytes. This time the number of registers to read must be 2 instead of 1 as 

we can see in figure 42. With five bytes required, the application will later calculate the CRC, to 

concatenate the 8 bytes and sending them through the serial port. 

 

Then, the device will give us the response with the pressure data measured, which will be in two 

registers or 4 bytes, which as we can see in figure 43, are bytes 3 to 7. After that the program will 

consider only these 4 bytes of interest and string them together in the right order as we can see in the 

flow chart.  

 

Finally, the application will convert the data ordered from hex string to floating point to see it in the 

same format of the display; then the “i” counter will increment and the program will compare again if 

the number of samples taken has reached the introduced one. 

 

When “i” becomes equal to “N”, the condition will finally be true and the samples taken will be saved 

in an array of “N” samples. After that the filtering process of the program starts, as illustrated an 

explained in flow diagram 8. 

 

 

1.5.3.4.2 Labview application 

 

 
Figure 45. Pressure Acquisition process. 

 

1.4.3.4.3 Filtering process algorithm 
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Flow Diagram 8. Digital Manometer’s Acquisition Filtering Samples Process 

 

Basically, the filtering samples process divides in three stages or sub-processes: 

 

In the first one, the program calculates the maximum and minimum value of all the samples array 

saved. When it has both values, the following task is to search if there are more values with the same 

value as the maximum or the minimum; if the program finds more values equal to the maximum or the 

minimum, replace that value with a 0; this process executes a number of iterations equal to “N”. 

 

When “i” is equal to “N” the program saves the new array with correct values and 0’s and the loop 

exits. Then the application starts the final process; there, the program searches 0’s in each index of the 

new array and if it finds a 0, deletes it. The process also runs a number of iterations until “i” becomes 

“N”. When it occurs, the program calculates the average pressure value with the final array samples 

and the application ends. 
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1.4.3.4.4 LabVIEW Code 

 

 
 

Figure 46. Data bytes manipulation and samples filtering process. 

 

1.4.3.5 “Coolprop” libraries. 

 

As it has previously mentioned in the previous chapter, the importance of fluid’s Pressure is 

fundamental in this project to achieve a system that could fulfill the initial established goals. But in 

fact, fluid’s pressure is the first work step. The real magnitude of interest in this project is the fluid’s 

density or “ρ”.  

 

Fluid’s density will always be the key of the system’s performing. Due to the relation between volume 

and mass of injection required to generate a specific concentration, fluid’s density or “ρ” in units of 

kg/m3 will always be determined by 2 variable inputs: fluid’s pressure and fluid’s temperature in the 

tank. 

 

Attainment of fluid’s density of both inputs (pressure and temperature) requires series of 

thermodynamic correlations which take into account several variables and fluid’s properties. Due to 

this fact, for this project came up the need of using a library called “Cool Prop”, which incorporates 

all of these calculations available to a large list of fluids. In addition, these libraries are available for 

many platforms and programming environments which also include LabVIEW. 

 

Basically, these libraries provide two or more inputs from which different physical magnitudes are 

posterior calculated. In this project our inputs will be Pressure in units of bar, and Temperature in units 

of ºC. In flow diagram 9 we can see a basic flow chart of LabVIEW Cool Prop application used in the 

project. 

 

1.4.3.5.1 CoolProp Libraries algorithm 
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Flow Diagram 9. LabVIEW “CoolProp” libraries 

 

As we can see in the flow chart our magnitude inputs will be pressure (bar) and temperature (ºC) of 

the tank where the fluid will be located. Pressure will be decreasing with every injection; for 

temperature we will consider an ambient temperature of 25ºC by default. 

In addition, we must introduce another important input in the program which is the path extension 

which uses the program to call the library where all the correlations are calculated. 

Then, the application will apply these inputs and calculate a different magnitudes and properties, 

considering only fluid’s ρ (kg/m3) as an interest output. 

 

1.4.3.5.2 LabVIEW application 

 

 
 

Figure 47. Labview Coolprop library 

 

1.4.4 Typical scenario  
 

Once having explained in detail all different sub-processes or sub-applications that have been 
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fundamental to achieve the final control software of the system, in this chapter we are going to explain 

how all these parts have been integrated to finally build a main program or application able to achieve 

the initial goals already explained in Basic Engineering chapter. 

 

First part of this chapter is focused to carefully explain the concrete and precise steps that the system 

follows in order to generate a desired concentration into the urn, based in physical principles 

established and the equations and conversion factors that obey these principles.  

 

Next part of the chapter will illustrate the entire flow chart of all the system’s algorithm, referred to 

the final control software and finally the implementation of the algorithm in LabVIEW, showing both 

parts of the application, the interface and the code. 

   

 

1.4.4.1 Software calculations 

 

Recalling to equation 3, in basic engineering’s chapter, the method to achieve a known concentration 

in the urn is to inject a controlled volume inside it which will generate that concentration at 1 bar of 

pressure. That volume translates to a defined mass of refrigerant inside the urn which becomes the 

target of the system. But the fact is that the refrigerant inside the tank not always will be at 1 bar, as it 

is explained below. 

 

At the starting point, we are going to fill up the tank with refrigerant from a cylinder, and this gas will 

be at pure concentration of 100%. As we let the refrigerant enter into the tank, the digital manometer 

connected to the tank shows us how the pressure will start to increase. Establishing 2 absolute bar as 

a target pressure we would fill up the tank resetting pressure. 

 

 At this point, due to the increasing of richness in mass inside the tank, fluid becomes denser than at 1 

bar or atmospheric pressure and therefore its density goes up. If we would start making injections of 

gas, pressure in the tank will slowly decrease because each time there is less gas in the tank, until it 

become empty, and pressure would tend to 0 bar. 

 

That fact causes a direct impact on the size of the volume to inject to achieve a specific concentration 

and determines the fundamental condition of the system: the volume to inject to achieve the same 

concentration will change if the work pressure is different in each case. This issue can be represented 

by the following equation which relates mass, volume and density. 

 

𝜌 =  
𝑀𝑎𝑠𝑠

𝑉𝑜𝑙𝑢𝑚𝑒
 

 
Equation 5. Density equation 

  

 

Observing equation 5 and defining mass as a specific mass of gas to inject, density as the fluid’s density 

at a particular moment and volume as a specific volume of gas to inject, we could observe the 

following: sustaining mass as a constant and building up or lowering the fluid’s density, which in fact 

will be the magnitude that will change in the system depending on tank’s pressure, we can see how the 

volume to inject will also increase or decrease in an inverse proportion to fluid’s density.   

 

This means that when tank’s pressure decreases as density does too, the volume to inject to achieve a 
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particular mass of gas into the urn and therefore to generate the same concentration, will be necessarily 

greater each time. 

 

The first step was always considering these items: 

 

1. Mass of gas to inject will be constant; the unique variables of the system will be fluid’s density 

(function of Pressure and Temperature), and volume to achieve the mass target.  

 

2. Inside the urn, where the mass of gas is injected and the concentration is generated always will 

be at atmospheric pressure or 1 bar, the unique place where pressure will be greater or equal to 

atmospheric pressure is inside the tank. 

 

Imposing these two conditions, we decide to use the following variables of tables 4 and 5 and 

two logical conditions that manage the system. 

 

Variable Formula Definition 

1. Mass Target  Mass Target (g) =  𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) ·
𝑉𝑜𝑙𝑢𝑚𝑒 𝑢𝑟𝑛(𝑙)

106 
·

103𝑙

1𝑚3 
𝜌 𝑓𝑙𝑢𝑖𝑑 (1 𝑏𝑎𝑟, 25º𝐶) 𝑘𝑔

𝑚3
·

103𝑔

1𝑘𝑔
  

Mass of refrigerant that will be 

injected inside the urn in order to 

generate a concentration desired. 

2. Volume target Volume target (ml) =   𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) ·
𝑉𝑜𝑙𝑢𝑚𝑒 𝑢𝑟𝑛(𝑙)

106 
·

103𝑙

1𝑚3
  

Volume of refrigerant that will be 

injected inside the urn in order to 

generate a concentration desired. 

3. Correction Volume Correction Volume (ml) =  −3.6 · P + 8,6 ml  Volumes required in each 

injection to effectively drag 

refrigerant from the tank and 

therefore achieve a particle of gas 

into the urn. 

4. Available Volume per 

injection 

Available Volume per injection (ml) =  10 −
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒  

Maximum Stroke Volume that 

can be efficiently injected 

depending on the correction 

Volume, assuming that the 

maximum stroke allowed is of 10 

ml.  

5. Available Mass per 

injection 

Available Mass per injection (g) =

 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑚𝑙) ·
1  𝑚3 

106 𝑚𝑙
·

𝜌 𝑓𝑙𝑢𝑖𝑑 𝑓(𝑃, 𝑇) 𝑘𝑔

𝑚3
·

103𝑔

1 𝑘𝑔
  

Maximum Mass that can be 

efficiently injected, calculated 

from the available volume per 

injection and using fluid’s density 

f(P,T) 

6. Remaining Mass to inject Remaining Mass to inject (g) = 𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 −
𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑  

This variable notifies which 

amount of mass rests to inject 

until reach target’s value which 

will be constant. When its value 

would be 0 the program will finish 

having injected all mass. 
7. Remaining Volume to 

inject 

Remaining Volume to inject (ml) = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 −
𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑  

This variable notifies which 

amount of volume rests to inject 

until reach target’s value.  

8. Mass injected Mass injected (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 + 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛  Being 0 the mass injected at first 

iteration, this counter notifies the 

mass accumulated after 1 or more 

strokes. 

9. Volume injected Volume  injected (ml) = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 +
𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛  

Being 0 the volume injected at 

first iteration, this counter notifies 

the volume accumulated after 1 or 

more strokes. 

10. Volume per injection  Volume per injection (ml) = 𝐹𝑟𝑎𝑚𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 Current Injection’s volume. Takes 

the value of Frame volume of 

injection’s value which will be 

equal or smaller than 10 ml.  

 
Table 4. List of variables that do not depend on logic condition 2 
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Logical condition 1 

Mass target (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 (𝑔)? 

 

This condition is fundamental to manage the injection process; it will execute at the beginning of the 

application and after every injection performed, with the purpose of determine if the system must keep 

injecting (being true) or stop injecting (being false). 

 

Logical condition 2 

 

Depending on the concentration desired, therefore the test to perform will require 1 single injection or 

more than 1; if the system only must perform 1 injection, this one can be of any possible value between 

0 and 10 ml. But if the system needs to perform more than 1 injection, all of them will be of the 

maximum value (10 ml) and the last one always will be the remainder (scenario of 1 single injection’s 

test).   

Due to this reason, the software needs to filter these two kinds of injection’s situation depending on 

the test concentration’s size. The solution is based in the condition 1, briefly explained below: 

 

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

 

By comparing these two variables, two situations can result. Whenever that the condition is true means 

that the software will need to perform a 10 ml stroke. Only when the condition is false will mean that 

the mass remainder can be injected in one stroke which will be between 0 and 10 ml and this one will 

be the last one.  

Summarizing, the software will perform injections of 10 ml until the condition will be false, where a 

volume not necessary of 10 ml will be injected. 

 

Finally, there are two variables also used which are directly influenced by condition 1 and take 2 

different formulas depending on the true/false state of the condition. 
 

 

Variable Formula if logic condition 2 is TRUE Formula if logic condition 2 is FALSE Definition 

11. Mass per 

injection 

 Mass per injection (g)
=  𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) 

Mass per injection (g)
=  Remaining mass to inject 

Current 

injection 

mass. The 

value of this 

variable is 

added in every 

injection to 

have under 

control which 

mass is being 

injected until 

the moment. 

12. Frame 

Volume 

of 

injection 

Frame Volume of injection (ml) = 10 Frame Volume of injection (ml) =

(𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) ·
1 𝑘𝑔

103𝑔
·

1

𝜌 𝑓𝑙𝑢𝑖𝑑 𝑓(𝑃,𝑇)
·

𝑘𝑔

𝑚3 ·
1 𝑚3

106𝑙
)  +

 Correction Volume  

Volume that is 

used to send 

the injector’s 

message 

frame. In case 

true will 

always be of 

10 ml. In case 

false will take 

a variable 

volume 

between 0 and 
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10ml. 
 

Table 5. List of variables that depend on logical condition 2 

Mass target 

 

Considering these two issues, first thing the software must do is to calculate the equivalent mass (g) 

of refrigerant to inject inside the urn that would generate the desired concentration (ppm) introduced. 

In eq 3 are shown the conversion factors required to convert concentration (ppm) to mass (g) at 

atmospheric pressure. 

 

 

 

𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔)  =  𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑠𝑖𝑟𝑒𝑑(𝑝𝑝𝑚) ·
𝑉𝑜𝑙 𝑢𝑟𝑛 (𝑙)

106 ·
1 𝑚3

103 𝑙
·

ρ 𝑓𝑙𝑢𝑖𝑑 𝑎𝑡 1,0133 𝑏𝑎𝑟 [
𝑘𝑔

𝑚3 
] ·

103𝑔

1 𝑘𝑔
  

       

         
Equation 6. Mass target (g) 

 

“Vol urn (l)” equal to 103,45 l is the constant value of the interior’s urn volume in liters manually 

measured. 

 

“ρ fluid (kg/m3) at 1,0133 bar” refers to fluid’s density at atmospheric pressure which corresponds to 

that pressure value obtained thanks to Cool Prop libraries. 

 

Arriving at this point, the software after doing this simple calculation will exactly know which mass 

must be injected to achieve its corresponding concentration input value; this mass, in fact, will be 

software’s target and all following steps will be related with this parameter. 

 

Therefore, the goal will be doing “n” injections of “x” mass per injection until reach the mass target 

theoretically predicted, moment which concentration inside the urn should correspond to the initially 

desired. 

 

Once we know which is the target to reach in terms of mass to inject, another important aspect has to 

be considered; this issue is that mass target inside the urn will be at atmospheric pressure, but in each 

injection, mass acquired from the tank by the injector, will be at a variable pressure from 1,0133 bar 

to the maximum established of 2 bar.  

 

Volume target 

 

This variable indicates the amount of volume to reach inside the urn to achieve the desired 

concentration. 

 

Volume target (ml) =   𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚) ·
𝑉𝑜𝑙𝑢𝑚𝑒 𝑢𝑟𝑛(𝑙)

106 
·

103𝑙

1𝑚3
 

 
Equation 7. Volume target 
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Correction Volume  

 

Due to some issues like physical limitations of the injector and pressure dropping, not all the volume 

injected in each injection is actually effective. For this reason, appeared the parameter of correction 

volume, which is the minimum volume capable to dragging refrigerant from the tank and therefore to 

effectively introduce a single particle of gas into the urn. 

 

To solve this problem, we did a study considering two parameters; the volume of injection and the 

tank’s pressure. We took a value of pressure and we start injecting at this work pressure different 

injection volumes. Starting with tiny volumes, the goal was observing at which volume, at least one of 

the transmitters detected 1 single ppm. 

 

Applying this procedure, when at a particular pressure, and an injection volume one of the transmitters 

detected 1 ppm, we annotated both values. If the transmitter did not detect, we slightly increased the 

injection volume until detection of gas is achieved. 

 

Doing this procedure at some pressure values we got a graph with different points and a pattern 

emerged, which clearly resembled that of a line with inverse slope. From that, we developed an 

equation that gaves us the minimum volume to inject at any work pressure. In the figure 48 is shown 

both excels table and graph that show the study report done. 

 

 
 

Figure 48. Correction Volume  analysis 

 

As we can see the tests were done doing intervals of 0.1 bar between each one and injecting from 0.5 

ml up to a volume of detection, at intervals of 0.25 ml of injection for each pressure value. As a result, 

the graph presented a linear pattern with negative slope, defined as equation 8. 

 

 
Correction volume (ml) = −3,6 · 𝑃 (𝑏𝑎𝑟) + 8,6 (𝑚𝑙) 

          
Equation 8. Correction Volume 

  

 

Let us see two examples by taking the optimal case, where work pressure is maximum established of 
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2 bar, and less optimal where pressure is minimum (atmospheric) at 1,0133 bar of what is the range of 

volume minimum to inject. 

 

Case 1- Max pressure 

 
(−3,6 · 2 𝑏𝑎𝑟) + 8,6 𝑚𝑙 = 1,4 𝑚𝑙 

 

Case 2- Min pressure (Atmospheric) 

 

 

          (−3,6 · 1,0133 𝑏𝑎𝑟) + 8,6 𝑚𝑙 = 5 𝑚𝑙 

 

As we can observe when pressure is at its lowest value, the effective volume to move gas from the 

tank to the urn is mainly higher than at its maximum pressure. Moreover, the minimum volume to 

inject will be in the range between these two values. 

 

Available volume per injection  

 

Once having treated the minimum volume to inject issue there are two last physical concepts related 

with it, used in the project to finally put an end to this chapter. 

 

As it was already mentioned, the injector needs commands in terms of volume, to inject gas into the 

urn. Minimum volume to inject makes reference to the minimum’s effective stroke that the injector 

must perform to start sucking gas off the tank. 

 

Due to this reason, we needed the following two concepts the software had to distinguish: 

 

-Available volume per injection: represents the maximum efficient volume that can be injected in every 

current injection.  

 

Available volume per injection(ml) =  10 𝑚𝑙 − 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) 

 
Equation 9. Available volume per injection 

 

Available Mass per injection  

 

In order to keep under control which, amount of mass is being introduced into the urn in each injection, 

the program uses this variable. This one is based on the following formula: 

 

Available Mass per injection (g) =   𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑚𝑙) · 𝜌 𝑓𝑙𝑢𝑖𝑑 𝑓(𝑃, 𝑇) 
𝑘𝑔

𝑚3 ·

1𝑚3

106 𝑚𝑙
·

103𝑔

1 𝑘𝑔
  

 
Equation 10. Available Mass per injection  

 

As we can see in this variable the program converts the available volume per injection into mass, 

through the density of the fluid, depending of which pressure and temperature has the fluid in the tank 

in that moment 
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Remaining Mass to inject  

 

This variable as well as available mass per injection controls how much mass remains to be injected 

into the urn until reach mass target; it uses the following formula: 

 

Remaining Mass to inject (g) =  𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔) −  𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 (𝑔) 

 
Equation 11. Remaining Mass to inject 

 

At first iteration the mass injected always will be 0, so the remaining one always will take the same 

value of target mass. As the system keeps doing injections, mass injected will increase while the 

remaining mass will decrease, being 0 at the end. 

 

Remaining Volume to inject 

 

This variable indicates how much volume is left to be injected until reach volume target 
 

Remaining Volume to inject (ml) =  𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔) −  𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 (𝑔) 

 
Equation 12. Remaining Volume to inject 

Mass injected 

 

Is used to keep under control which mass is already injected into the urn 

  

Mass injected (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 +  𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 

 
Equation 13. Mass injected 

 

Volume injected 

 

Is used to keep under control which volume is already injected into the urn 

 

Volume injected (g) = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 + 𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 

 
Equation 14. Volume injected 

 

Volume per injection:  

 

This variable is used to notify the volume that is being injected at a current injection and directly 

depends on which is the injector’s message frame volume.  

 

Volume per injection (ml) = 𝐹𝑟𝑎𝑚𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 

 
Equation 15. Volume per injection 

 

Frame Volume of injection 
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This variable is referred to the injector’s message frame command in order to perform a stroke of that 

corresponding volume. As it is shown in table 5 will take two possible formulas depending on logical 

condition 2. 

 

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

 

𝐹𝑟𝑎𝑚𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (ml) = 10 

 
Equation 16. Frame Volume of injection if Logical Condition 2 is true 

 

 

Remaining Mass to inject (g) < 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) 

 

Frame Volume of injection (ml) = (𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) ·
1 𝑘𝑔

103𝑔
·

1

𝜌 𝑓𝑙𝑢𝑖𝑑 𝑓(𝑃,𝑇)
·

𝑘𝑔

𝑚3 ·
1 𝑚3

106𝑙
)  +  Correction Volume  

 

Equation 17. Frame Volume of injection if Logical Condition 2 is false 

 

Mass per injection 

 

This variable contains the current injection’s mass, whose formula also depends on logical condition 

2. 

 

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

 

Mass per injection (g)  =  𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) 

 
Equation 18. Mass per injection if Logical Condition 2 is true 

 

In this case mass per injection takes the value of maximum mass that can be efficiently injected, 

equivalent to a 10 ml stroke. 

 

Remaining Mass to inject (g) < 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑀𝑎𝑠𝑠 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑔) 

 

Mass per injection (g) =  Remaining mass to inject (g) 

 
Equation 19. Mass per injection if Logical Condition 2 is false 

In this case mass per injection takes the value of the remaining mass because in a single injection all 

the required mass can be injected with no need of doing more strokes. 

 

The following part tries to better explain the calculations sequence that follows the software with an 

example. Considering a concentration desired of 100 ppm, a temperature of 25ºC and a pressure of 1.5 

bars: 

 

1. Mass Target 

 

𝑀𝑎𝑠𝑠 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑔) =  100 ·
103,45 𝑙

106
·

1 𝑚3

103 𝑙
· 4,26

𝑘𝑔

 𝑚3
·

103𝑔

1 𝑘𝑔
= 0,044𝑔 
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2. Volume target 

 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 (𝑚𝑙) =   100 ·
103.45

106 
·

103𝑙

1𝑚3
= 10,345 𝑚𝑙 

 

3. Correction volume  

 

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

4. Available volume per injection  

 

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

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) = 0,044 − 0 = 0,044 

 

 

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

 

 

0,044 ≥ 0,0433? = 𝑇𝑟𝑢𝑒 

8. Mass per injection 

 

Mass per injection (g) =  0,0433 

 

9. Frame Volume of injection 

 

Frame volume of injection =  10 

 

10. Volume per injection 

 

Volume per injection =  10 

 

11. Mass injected 

 

           Mass injected (g) = 0 + 0,0433 = 0,0433 

 

12. Volume injected 

 

Volume injected (ml) = 0 + 10 = 10 

 

Arriving at this point, the software will apply again logical condition 1; 
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Mass target (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑(𝑔)? 

  

0,044 = 0,0433? = 𝐹𝑎𝑙𝑠𝑒 

  

Being false the condition, the system must still introduce mass into the urn. Moreover, tank’s 

pressure has decreased and therefore the application must calculate the new ρ from the new 

pressure and calculate again all formulas which are function of (P, T). 

 

Supposing this time a pressure of 1.4 bar and maintaining temperature at 25 ºC, the new ρ 

would be 5.93 kg/m3. 

 

3. Correction volume  

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 = −3,6 · 1,4 + 8,6 𝑚𝑙 = 3,56 𝑚𝑙 
 

4. Available volume per injection  

 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛(𝑚𝑙) =  10 𝑚𝑙 − 3,56 𝑚𝑙 = 6.44 𝑚𝑙 
 

5. Available mass per injection  

 

Available Mass per injection (g) = 6,44 ·
1  𝑚3 

106 𝑚𝑙
· 5.93

𝑘𝑔

𝑚3
·

103𝑔

1 𝑘𝑔
= 0.038 

 

6. Remaining mass to inject 

 

Remaining Mass to inject (g) = 0,044 − 0.0433 = 0.0007 

 

 

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

 

 

0,0007 ≥ 0,038? = 𝐹𝑎𝑙𝑠𝑒 

8. Mass per injection 

 

Mass per injection (g) =  0.0007 

 

9. Frame Volume of injection 

 

 Frame Volume of injection (ml) = (0.0007 ·
1 𝑘𝑔

103𝑔
·

1

5.93

𝑚3

𝑘𝑔
·

106𝑙

1 𝑚3
) +  3.56 =  3.68 

 

10. Volume per injection 

 

Volume per injection(ml) =  3.68 

 

11. Mass injected 

 

           Mass injected (g) = 0.0433 + 0.0007 = 0,044 
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12. Volume injected 

 

Volume injected (ml) = 10 + 3.69 = 13.69 

 

Finally, applying condition 1 we can see how target mass exactly matches with mass injected, so the 

application would stop injecting. 

 

Mass target (g) = 𝑀𝑎𝑠𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑(𝑔)? 

  

0,044 = 0,044? = 𝑇𝑟𝑢𝑒 

 

Notice that the same fact does not happen with the volume. Volume target (10.345 ml) does not match 

with the injected one; this one is greater; this issue is caused by 2 facts: 

 

1. The program adds volume performed by the injector but this volume is not the real or 

theoretical one; we must remember that in each injection we are adding a correction volume. 

 

2. If volume counter would use the real or theoretical volume without adding the correction 

volume, also would not exactly match with the volume target. This happens because we must 

remember that density and volume are the variable magnitudes of the system. The unique way 

to guarantee an accurate and exact method is use the magnitude that stays always constant, 

taking mass as the control magnitude of the system. 

 

 

 

 

1.4.4.2 Calculations Algorithm 
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Flow Diagram 10. Calculations Algorithm 

 

 

1.4.5 Software Urn  
 

After having explained the previous chapter related with scientific or physical issues which are 

fundamental to design the software’s calculation sub-process, in this chapter is shown and explained 

step by step the algorithms and flow charts of the two control loops that conform the whole urn’s 

software. Moreover, the explanations show how all the different sub-processes and concepts already 

seen are all related to finally accomplish the goal. 

 

The final software is integrated by two loops that run in parallel when the application starts; first one 
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takes the inputs required, does the manometer pressure acquisition and calculations and controls the 

process of injection until finishes. The other one is the acquisition loop, which starts executing also 

when the application starts. This one does the acquisition of the two transmitters and some extra issue 

also commented in this chapter. 

 

Control Loop Algorithm 

 

Starting with this loop, flow diagram 11 shows the algorithm illustrating the different processes in 

blocs that are explained step by step and supported by screenshots of the LabVIEW’s parts which 

corresponds to each bloc. 
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Flow Diagram 11. Urn Software’ Control Loop algorithm 
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Software Interface 

 

 
 

Figure 49. Software’s input data screen 

  

 
 

Figure 50. Software’s information data screen 
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Code 

 

 
 

Figure 51. Control Loop states 

 

Bloc 1 – Variables initialization 

 

In this first bloc, the program initializes all the variables that the control loop uses; these variables are 

divided in numerical and Boolean variables.  

 

 
 

Figure 52. Variables initialization 
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Bloc 2 - Wait 

 

After having specified the inputs of concentration, temperature and the fluid that will be used in the 

test, the program enters into the control loop and waits in a state called Wait, where the program stays 

until Inject button is pressed. 

 

 
Figure 53. Wait default state 

 

Bloc 3 – Initial Calculations 

 

After pressing inject, the program will do two calculations that do not depend on pressure’s value, that 

means that will be constant and therefore the program only needs to do them once. One is the 

calculation error in ppm using a sub-program which is explained in the following chapter. The other 

one is the mass target/volume target calculations equations 6 and 7. 

 

 
 

Figure 54. Initial Calculations process. 

 

As we can see the value of ρ at atmospheric pressure needed in the formula is previously calculated 

with the Cool Prop sub VI. 

 

Following the diagram, the application verifies with two variables if the mass injected corresponds to 

the mass target or not yet. If the condition is true means that all the mass is injected, and therefore the 

injection process will stop. The application will be running waiting for a new test. 
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If the condition is false means that all the process must be done again. The first time that the application 

runs the condition always will be false because the mass injected variable is initialized with 0. 

 

 
Figure 55. Mass injected check out process. 

 

Bloc 4 – Manometer Acquisition + Calculations f(P) 

 

Being false the previous condition, the program enters into this process. Here the first task is with the 

help of the Manometer Acquisition sub-program, measure which value of pressure has the tank. Then 

the software will do all the calculations which depend on pressure’s value. 

 

 
 

Figure 56. Pressure acquisition, ρ calculation f(P,T) and some variables calculation. 

 

Following the diagram, the application performs logical condition 2. Being true, the software will 

apply formulas of mass per injection and frame volume of injection of true state and then the injection 

process of 10 ml.  

 

Otherwise, being false the condition, the application will apply formulas of mass per injection and 
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frame volume of injection of false state and then the injection process of the equivalent volume to mass 

per injection added to the correction volume. 

 

 
 

Figure 57. Size of injection filtering depending on logical condition 2. 

 

Bloc 5 - Inject 

 

In this state the sub-program used is the injector’s control, with all the inputs needed and the frame 

volume of injection variable as an input volume to be injected. 

 

 
 

Figure 58. Inject process through the sub-program 

 

 

Bloc 6 - Increment counters 

After having done the process of injection, the program will finally go to the increment counters state 
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where mass and volume counters will be incremented. 

 

 
 

Figure 59. Mass/Volume increment counters 

 

Acquisition Loop 

 

This loop is mainly used to acquire data from the transmitters and issues related with the graphic 

generated in real time of the system’s evolution.  

 

Once having explained this part, in the figure below is shown the acquisition loop’s flow chart and 

explained step by step with the corresponding LabVIEW screenshots. 

 



Leak Simulation System for Testing of Early Refrigerant Detection Devices 

Javier Capel Ostáriz 

72 

 

 
      

Flow Diagram 12. Urn Software’s Acquisition Loop algorithm 
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Figure 60. Demos during the project evolution 
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Interface 

 

 
 

Figure 61. Software’s transmitters data acquisition screen 

 

Code 

 

As we can see, the diagram starts with same bloc of variables initialization of control’s first loop. Then, 

the diagram starts with the following processes: 

 

Bloc-1 General Input Parameters 

 

In this first bloc, are set all the transmitter registers to read data from that were commented in table  

3. Moreover there is the Steady-State Time input in seconds that allows the user to choose which will 

be the transmitter’s stabilization time since they begin to detect concentration. Elapsed this time, the 

program will take the concentration measured in that moment from the transmitters, and will calculate 

the deviation error regarding to the target concentration. 

 

At this point the program will enter into the acquisition loop and all the process that will execute will 

be performed if a double condition is false; this condition is the following: 

In one hand if is not pressed the stop application button, and in the other hand if an elapsed time has 

not reached the value of 1 hour. Last condition is implemented for security issues; if the program is 

not manually stopped with the stop button, the application will end if has been running along 1 hour. 

Notice that is an OR condition, so the application will stop if one of these conditions is made, not 

necessary both of them. 

 

Being false both conditions, as we can see in the diagram, the program will execute 4 different 

processes in parallel which are separated in 4 nodes that are explained below: 
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Node1- Transmitter Data Acquisition 

 

This node will be constantly acquiring data from the transmitters and putting the data into a graphic. 

Furthermore, inside this process we can see two conditions; the first one will be checking if the 

concentration of both transmitters is 0 or has increased due to the concentration growing up. Only if 

both transmitters present a concentration different than 0, a second condition will be executed.  

 

This second condition will check if the steady state time introduced at the beginning has elapsed and 

at the same time if the two transmitters have not changed their value. Being true this double condition 

where in that specific time both transmitters do not change their value of concentration, will mean that 

the system has stabilize and the application can do the last process of this node.  

 

Once the system has stabilized, the program will calculate the deviation error of both transmitters 

regarding to target concentration. Also, the counter will reset to start the process of counting steady-

state time again. 

 

 
 

Figure 62. Transmitters acquisition data/graph inside the acquisition loop. 

 

Node 2- Stop Application Elapsed Time 

 

In this node the process done will basically be counting the loop execution time by counting it in 

iterations. Each iteration will be equal to the execution loop which is 1 second per loop iteration. 

Counting iterations or time in seconds and dividing it by 3600 each iteration, when the indicator has a 

value of 1, will mean that 1 hour has elapsed since the acquisition loop is executing, so the application 

will stop. 
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Figure 63. Acquisition Loop extract/Stop application Elapsed time. 

 

Node 3-Yearly refrigeration leak / Refrigeration unit volume  

 

Inside this node, the program will execute different actions depending on which option has the user 

choose in each input. 

 

Concretely, a 2D static table was implemented in the software, so as we can see in the flow chart, 

column values belong to Yearly refrigeration leak input and rows to Refrigeration unit volume. The 

software will put in an array of 2D the number of column and raw and these values will determine the 

concentration of the particular cell, combination of both values.  

 

But the process only will continue if a button called “Compute” is pressed. Being true the condition, 

the application arrive to a last condition. In this one the program checks if the value of the raw and 

column are both different of 8 and 12. If both are different means that the value of concentration is 

located in the table, so the user is choosing two options from the scrollbar menu. In this case the 

indicator will show the concentration of that cell. Otherwise, if both values of raw and column are 8 

and 12, combination which has no value in the table, means that in both inputs the user has select the 

customize option. In this last case the software will take both inputs and apply eqyation 20 to obtain 

the computed leak concentration. 

 

For more information of the 2D table used in this node, see table 7 in the Annex. 

 

 

Node 4- Delete Graph History 

 

Last node’s task is continuously checking if a button called “Clean Graph” is pressed. 

If the condition is true, the application deletes all the graph history in order to clean the graph of data, 

after a test or demonstration has been performed and start other test. 

 

When the processes of all 4 nodes finish, the loop checks again the initial Stop Application condition.  
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1.5 Machine results.  
 

1.5.1 Error Calculations 
 

To make more solid the system and consequently obtain more realistic results, an error calculation 

analysis was done; this studio is based on the error in ppm that every instrument or magnitude involved 

in the system can cause, finally doing a standard quadratic error calculation with all of them together. 

In addition, this error in ppm will depend not only on the error of each element, but also, on the 

concentration desired in the test to perform. 

 

So, finally the idea was obtaining a valid result zone with the target concentration in the middle, in 

between the positive error in ppm (upper limit) and the negative error in ppm (lower limit). With this 

last improvement, the test is considered as a valid, not if it reaches target concentration, instead, if it 

is inside of the range.  

 

In the following table is shown each element and magnitude with its corresponding error and 

characteristics. 

 

 
 

Table 6. Component/Magnitude error 

 

As we can observe, the transmitters error and the correction volume error are established as variable 

errors (allowed to be changed by the software’s user), considering that there is no prove or way to 

know which error are actually causing. The other error elements are extracted from the corresponding 

manuals or estimated and established as constant values. 

 

After the studio was done in an excel file, it was implemented in a LabVIEW sub-program in order to 

be executed in every test. The following images show main parts of the code. 

 

Element/Magnitude Error + (%) Error - (%) Constant/Variable Error Description

Injector 1 -1 Constant Resolution error caused when injects

Digital Manometer 0,1 -0,05 Constant measurement error which affects pressure

ρ fluid 2 -2 Constant possible calculation error due to CoolProp libraries 

Volume urn 1 -1 Constant measurement human error 

Transmitters 4 -4 Variable Measurement error detecting concentration

Temperature 0,5 -0,5 Constant possible error caused by temperature sensor

Correction Volume 10 -10 Variable error caused by experimental analysis 
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Figure 64. Calculation error (ppm) caused by the Manometer. 

 

 

 
 

Figure 65. Quadratic calculation error result of all the components/elements of the system. 

 

1.5.2 Last Tests Results  
 

In this last chapter are shown software screenshots of two test done, the first one to show accuracy and 

the second one to show the system performing by doing a concentration significantly bigger than the 

first one. 

 

1. Accuracy Test Results 

 

This first test was made desiring a concentration of 18 ppm. The following images show both 

3 panels of the software 
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Figure 66. Input data front panel. 

 

 

 
 

Figure 67. Leak simulation progress panel 

 

       

  

Here, as a mainly fact, we can observe the small amount of mass injected into the urn (< 0.01 
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g) to generate the concentration of 18 ppm. 

  

 

 

 
 

Figure 68. Accuracy and transmitter response front panel 

 

 

Finally, we can see how, after a achieving a steady state, the concentration of the two transmitters 

reach target’s value, therefore being inside the valid range between positive and negative error in 

ppm. 
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2. System performing demonstration 

 

This second test has based in generating a concentration desired of 333 ppm, result of choosing 

the panel options shown in the following image. Moreover, this test shows how the pressure 

and the ρ have decreased at the end, regarding the first injection. 

 

 
Figure 69. Input data front panel 
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Figure 70. Leak simulation progress panel at first injection performed 

 

 
 

Figure 71. Leak simulation progress panel at first last injection performed 

 

We can see by observing figures 70 and 71 how the pressure decreases as fluid’s density does too but 

mass and volume target remain constant. 
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Figure 72. Accuracy and transmitter response front panel 

Finally, like in test 1, we can see how, after a achieving a steady state, the concentration of the two 

transmitters reach target’s value, therefore being inside the valid range between positive and negative 

error in ppm. 

 

 

 
Figure 73. Project finished performing a test 
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Figure 74. Project finished 

 

 

By obtaining these positive results, observing that the system is capable of generating two different 

concentrations desired and being inside the range that renders the two-test valid, we can definitely 

conclude that the project has succeed and accomplish the initial purposes. 
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2. Budget 

 

Item Number of Units Price (€)   

Electronic Gas Injector 1 750   

Digital Manometer 1 850   

System-Urn 1 2500   

Dedication Hours Number of Hours Price (€/h) Price (€) 

Design (Algorithms) 120 6 720 

Implementation (LabVIEW) 500 6 3000 

Scientific analysis 100 6 600 

Total Hours 720     

Total price Hours (€) 4320 

Total price project (€) 8420 
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3. Conclusions and benefits of the project 
 

After having done a significant variety of tests and demonstrations proving how the system performs 

in different conditions, we can affirm that the initial goals and purposes established has been 

satisfactorily accomplished, considering these items: 

 

- 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. 

 

- Designed and implemented in a platform which finally allows a visual impact and interactive 

demonstrations which are essential to the refrigerant stakeholders understanding. 

 

- 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. 

 

The previous achieved items also give the opportunity to gain a major comprehension of how accurate 

and precise are the gas transmitters, detecting very low levels of concentration and also to develop a 

more complete and robust testing methods which helps the company to predict and know in more detail 

how improve its devices. 

 

Focusing in the practical part, 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, a very 

interesting aspect. 

 

In personal aspects: 

It has given me the opportunity of participating and collaborating in a multidisciplinary project with 

strong and powerful goals, improving an essential issue for the company, and letting me improving 

my own knowledge and learning in much aspects. By obtaining these positive results after resolving 

errors occurred in the process and achieving finally the initial goals, the final sensations are truly 

exceptional. 
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6. Annex  

6.1 Computed concentration  
 

 

Considering that the main goal of this project is to show the big impact that small leaks can produce 

in huge time periods, we wanted to implement a small part in the software that could recreate the 

concentration that would be result of two parameters that are directly related with a leak size and 

refrigeration stakeholders could realize. 

 

These two parameters performing as software inputs are in fact two scrollbars that allow the user 

choose which option of each one be the most similar to their installation conditions. These two scroll 

bars are: yearly refrigeration leak in kg/annum, referred to the intensity of the leak, and the refrigeration 

unit volume, referred to the refrigeration chamber’s dimension where the leak would be produced. 

 

By combining these two options under a criterion established in both cases, in the 2D table below is 

shown all possible combinations of concentration that would be result of each one. 

 

 
 

Table 7. Computed Concentration 

Also, the user could have the option of customizing both input parameters by introducing any value 

desired of each option, not using the default established in the scrollbar. 

 

The software in that case would use the following formula to obtain the concentration in ppm result of 

both input parameters: 

 

Computed Leak Concentration (ppm) =
𝑌𝑒𝑎𝑟𝑙𝑦𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑙𝑒𝑎𝑘 (

𝑘𝑔
𝑎𝑛𝑛𝑢𝑚) ∗ 79,9

𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑈𝑛𝑖𝑡 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚3)
 

 

Equation 20. Computed leak concentration 

 

 

Refrigeration Unit Volume (m^2 / m^3) 1 6 20 50 120 300 500

0,375 18 110 368 919 2207 5516 9194

0,75 9 55 184 460 1103 2758 4597

1,5 5 28 92 230 552 1379 2299

5 6 38 127 318 763 1908 3180

30 1 6 21 53 127 318 530

100 0 2 6 16 38 95 159

250 0 1 3 6 15 38 64

15 5 32 107 266 639 1598 2663

120 1 4 13 33 80 200 333

300 0 2 5 13 32 80 133

1000 0 0 2 4 10 24 40

Yearly refrigeration leak (Kg/annum)
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6.2 Manual extracts/Datasheets 
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