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Abstract: SCBA bottles apparatus (Self Contained Breathing Apparatus - for self-breathing apparatus with own air reservoirs with no external power supply; eg. air supply through the pipe system) are made of steel, and composite and half composite materials. During their medical charging air pressure increases as well as the amount of compressed air. As a consequence of the temperature increasing, which may cause thermic expansion, which might have influence on the occurrence of accidents, in the case of the defective bottles in which medical air is compressed. Heat distribution is in a function of time and charging and materials of walls of the bottle. Charging time is a function of volume and nominal pressure of cylinders, which directly affect the amount of compressed air. Heat distribution is monitored by thermal imaging cameras during the compression and expansion of medical air.
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1. INTRODUCTION
Thermal imaging is the detection of a generated heat of some body in the area of ​​the infrared radiation, since each body emits the electromagnetic waves of different wavelengths depending on its temperature. Using thermal imaging cameras, one can see part of the infrared spectrum, which the human eye cannot register. These are used in the conditions of poor visibility, since the quality of light is not affected by weathering in the image quality, and they may be used in total darkness [3].

Depending on the intended use of thermal imaging cameras colorizing of images is done. Considering that in the   fire brigades thermal imaging cameras are used at higher temperatures, thus colorize thermal images appear at intervals of 150 ° C to 650 ° C, depending on the chosen field of work. Lower temperature in these types of cameras, colour mainly in the black-and-white shades, or gray scale, so that the black areas represent the low temperature, the white portions temperature up to 150 ° C, [3]. In this way, the display of infrared FLIR cameras K 65 is coloured, which is used during the examination/compression of the air from the ambient environment and the bottle SCBA and SCUBA apparatus using the high pressure compressor, as well as the expansion of the medical air out of these containers.
2. BOTTLES FOR SCBA AND SCUBA APPARATUS
Bottles (cylinders) of the compressed air with the medical valve EN 144 for SCBA apparatus may be of: steel (4 l / 200 bar; 6 l / 300 bar; 6 l / 300 bar-super light), half composite (6.8 l / 300 bar ; 9 l / 300 MPa) and the composite EN 12245: 2002 (3.4 l / 300 bar, 6.7 liter / 300 bar). The half composite bottles are approximately 50% lighter than steel ones and are made from carbon and glass fibers, which are interconnected with epoxy resin, and the basis of these types of bottles is the aluminum cylinder, while the composite are of the same structure with thermoplastic basis. On the bottle there is a valve for opening or closing with integrated mechanism against accidental closing during the intervention, rubber linings for mechanical protection of the bottles, and the similar. [1,2]

Bottles for compressed air with a medical valve for a SCUBA apparatus can be: aluminum, steel and half composite, and are produced in different volumes, [4].

Researches were carried out on the half compisite bottle volume of 6.8 l, the steel bottle for SCBA apparatus volume of 6 l from two different manufacturers and steel cylinder for a SCUBA apparatus volume of 12 l.
2.3 COMRESSION OF THE MEDICAL AIR IN BOTTLES  
During the experiment, the air temperature at the compressor station was taken into account, at which the filling of bottles with compressed medical air was done. 
Because of the low ambient temperature (T = 5 ° C), and the temperature in the compressor station (T = 8 ° C), the display is a thermal image camera coloured black and white,  and both composite bottles at the begining of charging were also coloured black. During the time interval for a period of 3 min coloring of these bottles, was implemented uniformly throughout the length of grayscale. The grayscale became of lighter shades during the charging time, which indicated that half composite bottles heated evenly.

On the bottle which had a rubber lining (protection against mechanical damage at the top and bottom of the bottle), it was not possible to carry out precise measurement of the amount of heat in these areas, but the amount of heat measurements were carried out directly with a rubber lining (Fig. 1 and 3b). Also, the accuracy of the measured temperature when measuring depended on a flow of air for cooling the compressor, which is directed through the bottle, so that the measured temperature of the bottles varied by 1-2 ° C.

Temperature of the cylinder and the degree of the compressor high pressure during the test, has reached the value of 117 ° C and the maximum temperature of the pipe in the high pressure compressor, amounted to 78 ° C.

During the filling, for certain values ​​of air pressure in bottles, the temperature was masured on the valve, the top and bottom of the bottle.    
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Fig. 1. Half composite bottle with rubber lining at the top(a)and bottom (b).
Obtained measures are shown in a table 1; and on the figure 1, photography of a shot by thermal imaging camera.
Table 1. Half composite bottle with rubber lining 6.8 l; 300 bar (int. no. XV).
	Time
(min.(
	Pressure
(MPa(
	Temperature ((C(

	
	
	on valve,
M1
	below rubber lining, M2
	above rubber lining, M3

	3
	5 
	16
	12
	12

	5
	10 
	18
	22
	20

	7,5
	15 
	22
	28
	25

	9
	20
	26
	32
	30

	10,5
	25
	28
	33
	33

	13
	30
	32
	37
	36

	13,7
	32.5 
	34
	39
	38
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      Diagram 1. Graphical display of temp. 
Fig. 2. Half composite bottle without
                      changes in  function of                      rubber linig at begining (a) and
                 change of pressure in bottle.                  end of filling (b) 6.8 l; 300 bar.
Table 2. Half composite bottle without rubber lining 6,8 l; 300 bar (int. br. 16).
	Time
(min.(
	Pressure
(MPa(
	Temperature ((C(

	
	
	On valve,

M1
	Upper part of bottle M2
	Lower part of bottle M3

	2,5
	5 
	15
	18
	16

	3
	10 
	20
	23
	22

	5
	15 
	23
	28
	28

	7
	20
	28
	33
	32

	8
	25
	30
	36
	35

	10
	30
	30
	40
	39

	10 i 25"
	32.5 
	35
	42
	41


Pursuant to the above discussed that the heat evenly distributed during charging the compressed medical air at half composite bottles, whereas on steel containers heat unevenly distributed to the very end of filling of the bottle, after it came to equalization of the heat. Steel bottles, were heated most at the place where the air exits from the tube at the valve in the interior of the bottle (Fig. 3).

Figure  3. Steel bottles on the begining of SCBA 6 l; 300 bar (a) i 

SCUBA 12 l; 200 bar (b) apparatus.
Table 3. Steel bottle for SCBA apparatus 6 l; 300 bar (int.no. 16).
	Time 
(min.(
	Pressure
(MPa(
	Temperature ((C(

	
	
	On valve,

M1
	Upper part of bottle M2
	Lower part of bottle, M3

	2,5
	5 
	13
	20
	15

	3
	10 
	18
	26
	22

	4
	15 
	23
	30
	27

	6
	20
	30
	35
	33

	7,5
	25
	29
	39
	37

	8,5
	30
	31
	42
	40

	9,5
	32.5 
	32
	43
	41


Table 3. Steel bottle for SCUBA apparatus 12 l; 200 bar.
	Time
(min.(
	Pressure
(MPa(
	Temperature ((C(

	
	
	On valve
M1
	Upper part of bottle M2
	Lower part of bottleM3

	5
	5 
	10
	12
	18

	7,5
	10 
	12
	26
	25

	12
	15 
	14
	32
	30

	15
	20
	23
	37
	36

	17
	22
	24
	38
	37


It is known that during the usage of the breathing apparatus, depending on the flow of air through the cylinder valve, condensation occurs, and after some time can lead to the freezing of the valve, or the body of the bottle.

Thirty minutes after charging of the half composite bottles without rubber lining,  the releasing of medical compressed air from the same bottle was done with an approximate flow of compressed medical air through the valve. Using thermal cameras it was fast noted that the temperature of the cylinder valve was -10 C, and the temperature of the body of the bottle began to decline proportionately. Decreasing of the pressure values over a certain time interval, it could be concluded that there was a variation of the temperature value at the valve, body and bottom of the bottle, and in particular when a slight increase in flow rate after the seventh minute, Table 4. 
Table  4. Draining of compressed medical air from half composite bottle without rubber lining 6.8 l; 300 bar (int. no. 16).
	Draining time
(min.( 
	T on bottle valve (0 C)
	T bottle (0 C)
	T lower part of bottle (0 C)

	1
	-1
	21
	22

	2
	0
	20
	20

	3
	-1
	18
	17,6

	4
	0
	16
	16

	5
	-1
	12
	12

	6
	0
	11
	11

	7
	-3
	9
	9

	7,5
	-14
	-4
	0

	8
	-18
	1
	-3

	9
	>-20
	-4
	-9

	14
	>-20
	-18
	>-20


3. CONCLUSION
Thermal imaging cameras, in addition to their multiple applications, can also be used for testing of bottle warming for the SCBA and SCUBA apparatus at normal and high-speed compression and expansion.

Through the research it was concluded that coloring on the display of thermal imaging cameras, and heat on compressed bottles during the filling was evenly spread, whereas the heat on the steel bottles is unevenly distributed at the beginning of filling, and until the very end of filling temperature was equalized on the body of the bottle. During the air compression from the environment into the bottle SCBA and SCUBA apparatus, higher temperature tolerances were not recorded, except when the expansion of compressed medical air into environment, Table 4. 
By pressing, or by compressing the air by means of the high pressure compressor it comes to heating of its components, which slightly causes the heat transfer through air, and on the compressed air in the bottles. These temperature changes do not lead to thermal expansion on the bottles of SCBA and SCUBA apparatus.

Maximum temperature at the compressor manifests itself in the first degree, the high pressure compressor and is about 117 °C. On the basis of the identified values of the amount of temperature, it can be concluded that its increase is insignificant and does not affect the thermal dilatations of material in the classical compression of the air in the bottle. At the expansion of air from the bottles a gradient of pressure drop in the bottles is very important, because it can cause mechanical demages of cylinder valve and unauthorized stress states in the wall of the bottle.
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