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ABSTRACT 
 
Through the mode and state mathematical model of pipeline leak and dynamics model of
hazardous pipeline are established by the leakage mechanism and form of hazardous
pipeline, in the same time the computational fluid dynamics Simulation of fluid in
pipeline and the flow and pressure states theoretical assess of leak location of pipeline are
finished, we can obtain the relation between the leakage average total pressure and the
change of hole size of leakage, and the situation of average pressure radical change of
aperture leak, these put forward specific performance indicators to the design of the
plugging device. Then a mechanical interior plugging based on pipeline leak of poison gas
is designed, the research including the degree of difficulty of the operation of the
apparatus, plugging pressure, response time, the performance of interior plugging gasbag
etc, and the verification of plugging effect of interior plugging device are completed.
Finally the nuclear framework of method library of hazardous emergency plugging is
accomplished, this provide important technical support for safety of enterprise production
and normal running of fluid delivery system 
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Leakage and plugging; Pipeline interior plugging; Method library of plugging; CFD;
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INTRODUCTION 
 
 In the process of industrial production, pipeline and pressure-vessel usually storing Large amounts of toxic, 
hazardous, flammable and explosive hazardous chemicals are broken ordinarily by the aging of equipment and man-made 
destruction, this can lead to malfunction. So the hazardous leakage mechanism and technology of emergency plugging need 
urgent research, effective plugging equipment could be used to emergency processing to reduce or eliminate the significant 
harm caused by the accident, when hazardous leak[1-3]. 
 The causes and influencing factors of the leakage of hazardous pipeline are analyzed to determine the principal 
leaking part and the mathematical model of leaking modes and states, and to establish the dynamics model of hazardous 
pipeline. Through the fluid and pressure state of leak location of pipeline are theoretically assessed by CFD dynamic 
simulation of fluid pipeline, the specific performance indicators of the design of plugging device are presented[4-6]. 
 In this passage, a quick interior plugging device and plugging method that is used to solve the leakage of hazardous 
pipeline is presented. This is a new quick and effective plugging device that is produced to solve the problem that the low 
efficiency of plugging device is difficult to adapt to the complex operation mode and specific leak states. When hazardous 
pipeline breaks, cracks or holes leak, the method of interior plugging adding a new means for emergency processing of leakage 
of hazardous is the main plugging method. Secondly the experiment system used for plugging by device is researched, and 
experiment platform of composite plugging of straight nozzle and elbow holes leakage is developed. The experiment of 
interior plugging device and it’s improved device is accomplished on experiment platform, and there are some useful 
experiment conclusions. The plugging performances of plugging device are verified by conducting finite element analysis for 
the plugging device and the coplanar contact problem of pipeline. Finally core architecture of emergency plugging method 
library of hazardous is proposed by inducing the multiple emergency plugging technologies of leakage of hazardous and the 
application of method library, this provides important basis for emergency processing of hazardous leakage[7]. 
 

THE LEAKAGE MECHANISM OF HAZARDOUS PIPELINE 
 
The causes and influencing factors of hazardous pipeline leakage. 
The causes of pipeline leakage 

 Causes of design: congenital defects in the design can be created by having the problem of seal structure and sealing 
material of pipeline. 

 Causes of machining: the influences are caused by machining accuracy, surface famishments and the technology of 
welding and expend tubes machining. 

 Causes of installation: leakage is directly influenced by the installation of pipeline. 
 Causes of the sealing material: sealing performance of sealing installation would be worse caused to improper 

selection of sealing material. 
 Causes of pipeline corrosion created by medium: the metallic pipeline will leak caused to the corrosively of hazardous 

medium. 
 Causes of harsh operation mode: the pressure and temperature of hazardous medium are harsh. 
 Causes of large loss of medium leakage: the production of hazardous are generally continuous, when it leak, the 

minor consequence that product loss and the serious consequence that production stop are caused. Major accident will 
be caused by the leakage of combustible, explosive and toxic medium[5,8]. 

 
The main influencing factors of leakage rate of pipeline 
 The main factors of leakage rate of leakage surface are researched. The flow of fluid in the gap of the interface can be 
regarded as the flow that occur between the parallel plane, this can be knew from the hydrodynamics that the causes of the 
small gap and low speed can make flow be considered by laminar flow characteristics. The leakage rate can be calculated by 
formula (1). 
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 Annotation: Q is the leakage rate of medium (cm3/s), h is the size of gap (cm), △p is the pressure difference between 
inside an outside of the equipment (MPa), η is the viscosity of medium (Pa), r1 is the flange ID (cm),r2 is the flange OD (cm). 
 From this, the size of gap, the pressure difference of inside and outside, and the viscosity of medium are influencing 
factors of the leakage surface in the static joint surface. 
 The specific influencing factors: the gap of joint surface, the viscosity of leakage medium, the pressure difference of 
the inside and outside of equipment, the temperature of external environment condition, the seal length of stuffing, the property 
of seal material, the eccentricity of hole axis, jerk factor etc. 
 
The mathematical model of leakage of hazardous pipeline 
 The flow of gas along the pipeline can be divided into isothermal flow and adiabatic flow. Isothermal flow apply to 
the no adiabatic pipeline having constant temperature, and adiabatic flow apply to the adiabatic pipeline. The actual flow is 
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