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Abstract— The present study aimed to investigate the 

leakage of refrigerants in automotive air conditioning. The 

leakage of refrigerants diminishes the performance by 

reducing cooling capacity and by power consumption of lost 

gas and also affects the environment. Different methods of 

refrigerant leakage testing are being studied and some 

models to analyze the failure source have been discussed. 

The leakage of refrigerants is studied in reference to 

condition based monitoring. 
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I. INTRODUCTION 

The refrigerant leakage can lead to loss of refrigerant flow 

amount. Due to this there is reduction in cooling capacity of 

the air-conditioning system. Environmental impact occurs 

when the refrigerant leaks from the refrigeration or air 

conditioning equipment. In many large systems it is 

estimated that over 20% of the refrigerant charge could be 

released to the atmosphere each year, contributing to the 

depletion of the ozone layer and to global warming. Apart 

from the environmental impact, refrigerant loss also 

contributes to the reduction of the operating efficiency of the 

system, leading to increased power consumption, higher 

maintenance costs and eventually, system failure.  

A. Coolant Fluids  

Coolant fluids are not naturally occurring compounds. 

Therefore, they are synthetically manufactured and have the 

special property of absorbing a large quantity of heat. In 

1974, a hypothesis was advanced for the first time, 

according to which the accumulation of chlorine from CFC 

emissions (chlorofluorocarbon) in the upper atmosphere 

could cause damage to the ozone layer and warming of the 

earth's surface (greenhouse effect). Among CFCs that can 

contribute to destruction of the ozone layer, Freon (R12), 

used as a refrigerant in automobile air conditioning systems, 

is estimated to be responsible for 20%. Therefore, 

automotive manufacturers have decided to use R134a 

coolant as a substitute for R12 coolant. It does not contain 

chlorine and therefore does not harm the ozone layer. In 

addition, its estimated contribution to the greenhouse effect 

is far lower than that of R12 (by roughly a factor of 12).  

 
Fig. 1: Refrigerant Leakage testing by bubble method [11] 

R134a fluid R134a fluid started replacing R12 fluid 

use in automobiles in January 1993. It belongs to the HFC 

(hydrofluorocarbon) family of compounds. It is odorless, 

colorless and non-flammable. 

B. Leak Detection 

Leak detection method is widely used nowadays in various 

areas such as the automotive air conditioning and 

refrigeration industries. The leak tightness of installations 

charged with refrigerants must be controlled periodically by 

using refrigerant gas detectors. 

The Leak detection of refrigerants is done by 

using:- 

 Bubble Method, 

 Halide Torch Method 

 Electronic Detector 

These are some special methods for detection of 

ammonia and sulphur dioxide. 

C. Halide Torch Method 

The halide leak detector works on the principle of change of 

color of a flame in the presence of the refrigerants. When a 

fluorocarbon based refrigerant such as R12 or R22 is sucked 

through a sampling tube and passed over a surface whose 

surface temperature is high (around 500oC), then the 

refrigerant vapor breaks down and forms a foul smelling gas 

known as phosgene (COCl2). When this gas is passed over a 

glowing copper (heated by the flame of the torch itself) it 

forms copper chloride, which changes the color of the flame 

from pale blue to bright green. The halide torch usually 

burns methyl alcohol, butane gas or acetylene and is similar 

in construction to that of a blow lamp with a provision to 

draw the air for combustion through a sampling tube. If the 

air consists of refrigerant (due to leakage) then it is detected 

by the change in the color of the flame. Using halide leak 

detectors, leaks (as small as 1.5 to 2 oz. per year), could be 

detected. However, use of halide leak detectors requires 

certain precautions to be taken while using. It cannot be 

used with hydrocarbon refrigerants. Halide Torch is an 

inexpensive leak detector that is fast and reliable, but can 

only is used to detect chlorinated refrigerants. It can be used 

to detect leaks as small as ½ ounce per year.  A halide torch 

works on the principle that air is drawn over a copper 

element heated by a hydrocarbon fuel. If halogenated 

refrigerant vapors are present, the flame changes from blue 

pictures of halide torch color to a bluish green color. It is not 

as sensitive as electronic leak detectors and is somewhat 

awkward and could be dangerous because of the open flame.  

D. Electronic Leak Detector 

Electronic leak detector is based on the principle that when 

halogen vapor is heated, positive ion concentration is 

increased and this increase is suitably magnified to an 

audible or visual signal. Thus the leak detector consists of a 
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sampling tube through which air around the refrigeration 

system is drawn by means of a small fan. The air sample is 

passed over a heated platinum element. Under normal (clean 

air) conditions positive ion current flows under a voltage of 

240 V between the ion emitter and collector (anode and 

cathode), However, when a sample containing halogens is 

drawn into the probe, an immediate increase in positive ions 

results and this is magnified by the electrical circuit so that 

an audible or visual signal is produced. Exact location of the 

leak can be determined as the strength of the signal 

increases as the probe is moved towards the leak and 

decreases when it is moved away from the leak. In some 

leak detectors a reference leak is built for comparison and 

adjustment of sensitivity of the detector. It is also possible to 

make compensation for background contamination. 

Electronic leak detector is highly sensitive and it can detect 

leaks as small as 0.25 to 0.50 oz. per year. The operation is 

clean, quick and free from any fire hazard. However, it is 

important to maintain the input voltage for good sensitivity 

of the detector. They are designed to detect refrigerant leaks 

but should not be immersed are kept in refrigerant streams, 

for example from the refrigerant cylinder. 

E. Bubble Test (Soap Solution)  

A soap solution can be used when you know the 

approximate area where a leak may exist because of sealed 

service repair recently done or an electronic leak detector 

has indicated a leak exists in a particular area of the sealed 

system. For example, if you repaired a leak, or replaced a 

component, or know that a system has a leak somewhere 

and/or you observe an area of the system that is oil coated, 

you would probably use a soap solution, in that area, to test 

for and pinpoint a leak. It is the simplest and least expensive 

(material wise) method known today. It may however be 

more expensive to use, because of labor costs, if the 

technician does not have any idea where the leak could be. 

Soap solutions are available in many different types. Some 

have a brush applicator and others have a dabber (an 

absorbent ball attached to a stiff wire inside of the cap.) 

Some brands may even have a spray applicator to quickly 

cover large areas of tubing in a short amount of time. This is 

an advantage but is also messy and time consuming to clean 

up. Some soap solutions even have an antifreeze base to 

prevent them from freezing in the winter time. Others may 

have a lower density to make them even more sensitive to 

very tiny leaks. Some pointers when using soap solution: If 

the system does not contain sufficient pressure for leak 

detection, the refrigerant can be recovered from the system 

factory test pressures. If it is not stated on the nameplate, a 

safe pressure is usually less than 150psi. There may be times 

in which an oil spot is noticed in an area of the sealed 

system. This is usually a suspect that a refrigerant leak is 

present in that area of the sealed system. A soap solution can 

help to pin-point the leak. 

F. Condition Based Monitoring 

Condition based maintenance (CBM) is a management 

philosophy that posits repair or replacement decisions on the 

current or future condition of assets. The objective of CBM 

is to minimize the total cost of inspection and repairs by 

collecting and interpreting intermittent or a continuous data 

related to the operating condition of critical components of 

an asset. The application of CBM requires the use of certain 

analytical tools, such as failure mode, effect, and criticality 

analysis (FMECA) and RCM to determine the likelihood of 

failure and how failure would occur; as well as a reliable 

information tool (i.e., CMMS) to capture and track repairs 

and associated costs of the assets under consideration. 

FMECA is a systematic process for identifying all possible 

ways in which failures of an element can occur and RCM is 

an approach for identifying the most applicable and cost 

effective maintenance task for asset elements. 

II. LITERATURE REVIEW  

The research work done in the area of air conditioning is 

discussed as follows: 

The objective of the paper [2] was to describe the 

European state of the art on refrigerant leakage in 

refrigerating systems and evaluate the possibilities of 

reducing these leakages. A first step towards the leakage 

reduction is prevention, by providing proper training to the 

relevant professionals. The educational and training 

materials developed during the Real Skills Europe project 

attempts to provide the building professionals, engineers and 

technicians with all the necessary skills to minimise leakage 

potential. The project has also attempted to determine the 

amount of refrigerant leakages and their management 

methods indicated by the national and European laws, across 

the partner countries. This paper presents an overview of the 

refrigerant emissions across European countries and 

analyses some case studies on refrigerant management. . In  

I.Koronaki et al. investigated the implementation of F-Gas 

Regulations and F-Gas certification scheme in various 

European countries.  

In the paper, [5] the fault detection technique has 

been applied for on-line refrigerant leakage detection. In 

order to validate the sensitivity, robustness and reaction 

speed of the fault detection technique, a set of experimental 

test with faulty and no faulty operation (with a system 

response similar to that obtained with leakage condition) 

have been carried out. After a brief analysis of how the 

vapour compression system variables are affected by the 

fault, the suction pressure has been selected as output 

variable for the methodology. 

In the paper [1], the method of Fault Tree Analysis 

(FTA) is used to analyze the causes and modes of failure of 

air conditioners. It has established a logical relation between 

the peak and the basic initiating events in the fault tree. The 

main objective of the formation of the fault tree of 

automotive air conditioner is a detailed analysis of potential 

failures, and modes of failure, of recording elements of these 

systems. The objective of the paper [3] is to analyze 

condition based maintenance by reviewing various research 

work done in this area. The various tools of condition based 

monitoring techniques were analyzed. The cost analysis for 

the applicability of the technique is discussed. The paper [6] 

has presented experience of testing refrigerators according 

to the Standard concerned with their safety. A domestic 

refrigerator with flammable refrigerant was tested according 

to the methods specified in the safety Standard; IEC/EN 

60335-2-24.The refrigerator used for the tests was a 218 l, 

2-door fridge-freezer operating with R600a. 3.5. Leak test 

for protected circuits Refrigerant, for unprotected circuits, 

from external joints etc. were performed on the system. The 

objective of the paper [4] work was to describe and evaluate 
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the possibilities of charge reduction in refrigerating systems 

and heat pump. Indeed, because of the great contribution of 

HCFC and HFC refrigerants to the direct greenhouse effect, 

it is urgent to reduce their atmospheric emissions. Thus a 

reduction of the charge in the systems is a significant goal to 

achieve. This reduction is also important for natural 

refrigerants such as hydrocarbons and ammonia for safety 

reasons. In the paper [7], Grimmelius et al. developed a 

prototype condition monitoring and diagnostic system for 

compression refrigeration plant. The author developed a 

regression analysis model as a reference system for healthy 

signature. Failure mode and effects analysis (FMEA) based 

symptom pattern is compared with regression analysis 

model for diagnosis. In the paper [8], Afgan et al. developed 

an expert system for off-line performance analysis of small 

refrigerating machines. This system is suitable for small 

plants, for education and training. Fault tree structure for 

fault modeling is considered. 

III. CONCLUSION 

The scope, procedure and principle of various methods of 

leak testing are discussed in this paper. The leakage of 

refrigerants is most common problem occurring in case of 

refrigeration systems. It decreases the cooling capacity and 

poses a problem for the environment by ozone depletion and 

global warming. The chances of leakage are more at joints 

in lines, compressors, evaporators, valves etc. For correcting 

and removing the failures due to leakages, breakdown 

maintenance strategy may be implemented. Therefore, in 

case of breakdown of functional failure of air conditioning 

systems, these methods of testing can be used to detect the 

point of failure or source of leakage. The failure can be 

determined by using several failure analysis tool such as 

FMECA, or Failure mode effects and criticality analysis, 

FTA, or Fault Tree Analysis tool. To prevent the leakage to 

occur, several preventive measures may be taken, such as 

periodic inspection, safe handling of system. As stated by I. 

Koronaki et al., the implementation of F-Gas Regulations 

and F-Gas certification scheme in various refrigeration 

system need to be done. So proper implementation of the 

standardized working procedures has to be done to avoid 

leak failures Several Condition based monitoring techniques 

can be used to predetermine the leakage of refrigerants by 

assessing the health of the various components of the 

system. The monitoring parameters which can be chosen are 

pressure at various points of the lines, temperature of the 

space to be cooled etc. And accordingly preventive 

measures and their frequency of may be determined.  
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