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Abstract: To apply infrared imaging detection technology for gas leakage in petrochemical enterprises,
experimental research has been conducted on common gases such as methane and ethylene. The influencing
factors, such as gas infrared absorption characteristics, gas concentration, background temperature, and
detector sensitivity, were systematically studied, and the characteristics of gas infrared thermal imaging
technology and infrared spectral imaging technology were analyzed. Based on the experimental research and

analysis, some suggestions have been put forward for the application of infrared imaging detection technology

for gas leakage in petrochemical enterprises.
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Fig. 1 Three-layer radiation transmission model
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Fig. 2 Schematic diagram of passive infrared thermal imaging system
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Table 1 Experimental instruments and materials

Number Category

Specification

Methane, ethane, propane, n-butane, ethylene,

Volume concentration 99.99%

propylene, difluoroethane, sulfur hexafluoride

2 Ethylene, propylene, methane Volume concentration 5%
3 Ammonia solution Volume concentration 26%
4 ) Inlet pressure 16 MPa, outlet pressure
Pressure reducing valve
10 MPa
5 Flowmeter 0-5L/min
6 25°C hot water 1L
7 75°C hot water 1L
8

Aluminium plate

Aluminium alloy, 30 cm*20 cm

Background

Flowmeter

Pressure
reducing
valve

— Tripod

Infrared imaging

system

Gas cylinder

K3 Sk BN A

Fig. 3 Schematic diagram of experimental set-up
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Table 2 Experimental conditions and results of influencing factors
Experiment Volume
Gas type ) Background Equipment Result
number concentration
1 Ethylene 5% 25°C hot water  Unrefrigerated thermal imaging system-1 N
2 Ethylene 5% 75°C hot water  Unrefrigerated thermal imaging system-1 Y
3 Propylene 5% 75°C hot water  Unrefrigerated thermal imaging system-1 N
4 Ethylene 5% 25°C hotwater  Refrigerated thermal imaging system -1 Y
5 Ethylene 5% 75°C hot water  Refrigerated thermal imaging system -1 Y
6 Propylene 5% 75°C hot water  Refrigerated thermal imaging system -1 \Y
7 Propylene 5% 75°C hot water  Infrared spectral imaging system-1 I
8 Ethylene 5% 75°C hot water  Infrared spectral imaging system-1 I
Aluminium .
9 Methane 5% Infrared spectral imaging system-1 I
plate
Aluminium ) .
10 Methane 5% | Refrigerated thermal imaging system -2 w
plate
Aluminium ) o
11 Methane 99.99% | Refrigerated thermal imaging system -2 Y
plate
12 Methane 5% 75°C hot water  Refrigerated thermal imaging system -2 W
13 Methane 99.99% 75°C hot water  Refrigerated thermal imaging system -2 Y
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Fig.4 Experimental results of influencing factors
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Table 3  Experimental conditions and infrared imaging results of mixed gas leakage

Experiment .
Gas type Equipment Result
number
. . . Simultaneously detect 4 types of
Refrigerated thermal imaging O
14 Methane, ethane, propane, n-butane gases, propane showed significant
system -2
results
. . . . Simultaneously detect 3 types of
Ethylene, ammonia, Refrigerated thermal imaging .
15 . gases, sulfur hexafluoride showed
sulfur hexafluoride system -1 o
significant results
Methane, n-butane, ethylene, propylene, . . . . .
) . Infrared spectral imaging Simultaneously detect and identify 6
16 difluoroethane, sulfur  hexafluoride,
system-1 types of gases and alarm

ammonia
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Fig. 5 Infrared imaging results of mixed gas leakage
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Table 4 Experimental conditions and results of monitoring ability

Experiment Volume Distance Target .
Gas type . . Equipment Result
number concentration /m size/m

17 Methane 99.99% 10 0.48%0.48 Unrefrigerated thermal imaging system-2 w
Refrigerated thermal imaging

18 Methane 99.99% 10 0.48%0.48 Y
system-2

19 Ethylene 99.99% 10 0.48%0.48 Unrefrigerated thermal imaging system-1 Y

20 Ethylene 99.99% 1050 1.5x1.5 Infrared spectral imaging system-1 I

Sulfur .
21 . 99.99% 1500 0.8x1 Infrared spectral imaging system-2 I
hexafluoride

CLLLLTL

#.o

“

(a) SLIGHEE

(a) Experimental setup

(b) L 17 45
(b) Result of experiment 17

(c) K5 18 451

() Result of experiment 18

(d) =£56 19 451
(d) Result of experiment 19

Ko ARG B T 45 R
Fig. 6 Monitoring results of gas leakage by thermal imaging technology
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Fig. 7 Remote monitoring results of infrared spectral imaging
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