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Abstract. The research results of the hydrodynamic impact method on a stressed gas-saturated mountain massif 
are presented in the article. The object of study is the process parameters of hydrodynamic effects on a stressed gas-
saturated coal massif. Subject of study is the process of cracking in a coal seam with hydrodynamic effects on it.  

The physics of hydrodynamic impact is in the softening of the coal seam due to the generation of alternation stress 
in it. Stress is carried out due to injection and discharge of fluid into the coal seam in the filtration mode. To determine 
the process parameters that can vary filtering modes, the physical model of the process and an algorithm for its 
mathematical solution was developed. The model allows to determine the nature of the coal destruction in forward and 
inverse filtering of fluid in the mass.  

For the solution, the finite difference method is used. Calculations performed at parameter’s values close to 
experimental investigation that was previously realized. The purpose of these calculations is to establish the role of each 
foregoing hydrodynamic impact process parameters, namely, on the process of destruction of the coal massif. As 
practical experience shows the breaking strength of a coal substance has an essential role in initiation of a sudden blast 
process. Therefore, the role of this parameter in the hydrodynamic impact process is investigated. 

Determined that, cracking in the process of fluid filtration is achieved while simultaneously fulfilling two criteria: 
power and energy. During the hydrodynamic impact on a coal massif, it is possible to influence on the stress state by the 
changing the fluid flow mode in the pore space. With a decrease of the strength of the coal substance on the crack, the 
generation of the first crack is carried out earlier than in the above calculations; the size of the first piece of coal 

decreases with decreasing relative to the value b in relation to the value cr; the distances between the cracks are 
equidistant; the water pressure in the pores of the coal formed pieces quickly tends to the pressure value in the well. 

Keywords: hydrodynamic impact, gas-dynamic phenomena, coal seam, cracking, outburst coal seam. 
 

Introduction. The general formulation of the hydrodynamic impact (HDI) 

problem on a porous medium it is solving a filtration equation with boundary 

conditions varying at certain points in time. This occurs during decompression and 

cleft of the porous medium. Therefore, the use of analytical solutions, divide the task 

into several subtasks: forward filtering, inverse filtering for the full solution region 

under consideration and inverse filtering problems for subdomains arising from the 

destruction of a material. This approach is too cumbersome and, considering the 

nonlinearity of the filtering equation, is practically unrealistic to implement. The only 
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way out of this situation can be the use of numerical methods for solving partial 

differential equations. The most widely used difference methods based on the 

replacement of derivatives by finite differences. The theory of constructing difference 

schemes for equations of various types and equations systems is described in detail in 

the paper [1]. The general formulation of the mathematical problem is formulated. 

Filtering equation  
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boundary conditions 

 

        00,,,,0  fPtPPtftrP SS ,   (2) 

 

where f(t) – change pressure function at the boundary medium; РS – gas interstitial 

pressure in coal seam. 

The function f(t) describes both the injection mode and the pressure relief mode. 

Methods. To solve the problem, the system of equations (1), (2) must be 

supplemented with a material breaking condition - a fracture criterion. The physical 

design of the destruction process reduce to next. As a result of pressure relief fluid is 

inversely filtered in the well, from the porous medium into it. In this case, the fluid 

pressure gradient in the volume adjacent to the well changes opposite sign. The 

gradient value is determined by the filtration characteristics of the fluid (viscosity, 

permeability coefficient), the injection and the velocity of its relief. The pressure 

gradient causes fluid movement in the pores. The transfer of a pulse, the flux density 

of which is equal to additional stresses in a condensed medium, takes place. Stresses 

are caused by impulse movement. Depending on the sign of the gradient, the force 

can be directed either toward free space (plane symmetry, n=0), wells (cylindrical 

symmetry, n=1), (spherical symmetry, n=2) or in the direction of the loading 

material. The stresses that cause the destruction of the material during pressure 

release are considered. 

Let’s consider some variants of plane, cylindrical and spherical symmetry 

successively. For all the variants, let’s introduce the "force" criterion of destruction, 

the essence of which is going to next: destruction of the material occurs only if any 

surface tensile stresses exceed the material tensile strength  

 

bin  ,      (3) 

 

where σin– tension intensity; σb – tensile strength at break. 

In the plane case, the acting force on an elementary volume of length dr and a unit 

cross-sectional area S0 is equal to  

 

 drdrdPS 0 ,     (4) 
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where r – linear coordinate of selected volume. 

In the quasistatic approximation, when it is possible to take the velocity 

propagation value of elastic perturbations equal to infinity, the force in the section 

with the coordinate R is equal to 
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where m – the porosity of the substance (only the fluid part of the material 

participates in the creation of the stress state). 

Substituting (5) into (3), the force criterion for destruction is obtained 

 

 
 

     bin mPRP
S

RF
R  0

0

,   (6) 

 

From (6), it follows the stress curve corresponds to the dependence of the fluid 

pressure on the coordinate R within the accuracy of scale factor m. In the case of 

cylindrical symmetry, the force acting on the elementary volume can be represented 

as: 
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where l0 – unit length of an elementary volume in a cylindrical coordinate system. 

The resulting force acting on a radius cylindrical surface R and a unit length l0 is 

equal: 
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The corresponding expression for the force criterion is: 
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In the case of spherical symmetry, the force acting on the elementary volume can 

be represented as: 
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The resulting force acting on a spherical surface of radius R is equal to 
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Therefore  
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Thus, if at some undetermined time tj the momentum flow density in a certain 

section of the material exceeds the tensile strength, then the material will crack. 

Material fissuring at HDI is possible only in the case when in a certain section 

both the force criterion [2] and the energy criterion are fulfilled. The main point of 

the energy criterion is as follows. During the inverse filtering, the forces of the HDI 

move the fluid in the pores 

 

dtuPmA .      (13) 

 

Taking into consideration the fact that )( rPku  , a mathematical expression 

for the energy criterion of destruction is obtained 
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where gs – the formation energy density of the ―fresh‖ surface. 

The sign "-" in the right part of (14) is taken cause of the reason that only those 

volumes of matter we are interested, where u<0 (dP/dr>0). In this zone, the substance 

undergoes a tensile intensity from the side of the moving fluid. Destruction under the 

influence of compressive effects are not considered, because of the material stress 

limit in compression significantly exceeds the tensile strength [3]. Now therefore, the 

fulfillment of conditions (3) and (14) in a certain section of the medium means its 

destruction (spalling). 

The formation of a free surface during the spallation drastically changes the 

conditions of the task, namely, at the breaking point (ri), the pressure should be 

equated to the pressure at the boundary of the fluid injection region. Therefore, 
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further calculation should taking into account the conditions 

 

   trPtrP i ,, 0 ,     (15) 

 

The physical reason for this condition is the following: the transfer rate of elastic 

disturbance in a solid porous medium is very high (on the order of a kilometer per 

second) [4, 5]. In view of this, the fluid pressure in the pores is ―instantly‖ set equal 

to the pressure at the boundary of the impact area at the material fissure point during 

the formation of the free surface. 

Thus, in the present formulation of the task real characteristics of the medium are 

taken into consideration: 

- porosity of the material m(P), depending on mining conditions;  

- filtration coefficient K(P); 

- fluid viscosity; 

- stressing area boundary size r0; 

- task symmetry (plane, cylindrical, spherical);  

Characteristics of the HDI process:  

- fluid injection mode is described by the function f(t);  

- impact time; 

- pressure relief mode. 

Results and discussion. Establishing the general patterns of HDI on a coal massif 

is pretty tricky task. The overcome both the mathematical difficulties caused by the 

backflip of the boundary conditions, the large volume of computational operations, 

and the multiparameters setting is necessary when it solving [6]. Accordingly, the 

establishment of particular patterns, knowledge of which is necessary for conducting 

experimental investigation and for improving the mathematical model.  

Poisson’s coefficient and Young's modulus E are the most stable exemplify 

parameters for all types of coal. The remaining parameters are not obvious, except Ps, 

b, gs, P2, which are currently considered the most significant in the process of a 

sudden blast. 

Taking into consideration the complexity of the problem, it is most rational to 

calculate of HDI at parameter’s values close to experimental investigation that was 

previously realized. 

Based on the foregoing next task parameter values are set: ν = 0.18; 

Е =2.510
4
 Pa; Н = 1000 m; ms =0.05; Рs = 210

6
 Pa; k0 = 4.410

–12
 m

2
/(Pas); 

R1 = 4.410
-19

 m
2
/(Pa

2
s); t2 = 240 s; Р2 = 10

7
 Pa; Рk = 10

5
 Pa; Тс = 0.1 s; b =1·10

6
 Pa; 

gs = 10Pam; Rw =0.075 m. 

Thus, the purpose of these calculations is to establish the role of each foregoing 

HDI process parameters, namely, on the process of destruction of the coal massif. 

As practical experience shows [7, 8, 9], the breaking strength of a coal substance 

has an essential role in initiation of a sudden blast process. Therefore, the role of this 

parameter in the HDI process is investigated. 

In these calculations, the size of the computational domain was chosen RN = 2 m, 
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the number of denumerable points N=800. All other parameters are equal to the 

foregoing. The time step in the fluid flow calculation was 0.5 step, taken at pressure 

relief. Trial calculations have shown that reducing this step does not affect the 

obtained results. 

The variable parameter is the coal breaking strength, which, according to [10], is 

10
6
 Pa. 

According to the calculations, the value b get properties of the critical value. If 

this parameter is less than a certain value, then the process of pressure relief and the 

following fluid (water) outflow is accompanied by the coal massif cracking, the final 

aim of the HDI is achieved. At the same time, gas emission in coal increases, and 

mechanical stresses decrease. If the coal breaking strength exceeds the critical, the 

HDI process ends with nothing, in the context of its practical application: as a result 

of the filtration process, the fluid injected into the well penetrates into the adjacent 

coal layers and flows into the well without generating any destruction of the coal 

mass during the following pressure relief.  

With the foregoing parameters, the critical value of coal strength cr=3.1·10
6 
Pa. 

This means that if bcr, realized the cracking process, the dynamics of which is 

shown in Figures 1 – 5. 

 

 
Figure 1 – Main settings of HDI spreading at the moment of time before the formation  

of a new crack 
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Figure 2 – Main settings of HDI spreading at the moment of time before the formation  

of a second crack 

 

 
 

Figure 3 – Main settings of HDI spreading at the moment of time after the formation  

of a second crack 
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Figure 4 – Future spreading main settings of HDI 

 

 
 

Figure 5 – Main settings of HDI spreading when entering stationary mode of the cracking process 
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The top diagrams show the distribution of water pressure in the coal pores, 

depending on the distance to the well P(R) at different moments. The middle graphs 

represent the same dependences for the energy density transferred to the coal material 

as a inverse filtration result of the liquid E(R).  

Negative values of this energy indicate that the fluid flows in the direction 

opposite to the direction of the radius vector. The lower graphs are dependences of 

stresses in the coal coming out from water filtration S(R). Vertical lines intersecting 

the middle and lower graphs indicate the formation of cracks in coal. 

The distribution of the main HDI parameters at the time moment that precedes the 

formation of the first crack is shown in Figure 1. In spite of the fact that the coal 

material, accumulates internal energy, considerably exceeding the energy of 

formation of a ―fresh‖ surface, as a result of the inverse filtration gs=10 Pam, the 

rupture of a substance does not occur cause of the  destruction force criterion is 

failed. In other quarters, the process of the cracks formation requires the fulfillment 

of two criteria: the power and energy at the same time on any cylindrical surface of 

the substance. This is corresponding to a point in time. t=240.138 s. Figure 2 is 

corresponding to a point in time t=240.146 s, when the formation of the first crack 

began and the formation of the second is going. It can be seen that the maximum of 

dependencies E(R) и S(R) in space do not match and are separated by distance ~3 cm. 

Therefore, the conditions for the formation of cracks at this point in time have not  

been created yet, despite the fact that the maximum values of E and S exceed the 

critical values gcr =10 Pam, cr =3.1∙10
6
 Pa. Figure 3 shows the distribution Р(R), 

E(R), S(R) after the formation of the second crack. It is seen that the second piece of 

coal formed is smaller in size than the first piece. 

Further process dynamics is shown in Figure 4 and Figure 5. Moreover, Figure 4 

corresponds time to the stationary mode of the cracking process, which will continue 

until the water-gas boundary is reached. 

Conclusions. During the HDI on a coal massif, it is possible to influence on the 

stress state by the changing the fluid flow mode in the pore space. To determine the 

process parameters that can vary filtering modes, a physical model of the process and 

an algorithm for its mathematical solution was developed. 

1. In other quarters, the process of the cracks formation requires the fulfillment of 

two criteria: the power and energy at the same time on any cylindrical surface of the 

substance. 

2. With a decrease of the strength of the coal substance on the crack, the 

generation of the first crack is carried out earlier than in the above calculations; the 

size of the first piece of coal decreases with decreasing b relative to the value cr in 

relation to the value; the distances between the cracks are equidistant; the water 

pressure in the pores of the coal formed pieces quickly tends to the pressure value in 

the well. 
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––––––––––––––––––––––––––––––– 
Аннотація. У статті викладено результати дослідження способу гідродинамічної дії на напружений 

газонасичений гірський масив. Об'єкт дослідження – параметри процесу гідродинамічної дії на напружений 
газонасичений гірський масив. Предмет дослідження – процес утворення тріщин у вугільному пласті при 
гідродинамічній дії на нього. Фізична сутність гідродинамічної дії (ГДД) полягає у розміцненні вугільного пласта за 
рахунок створення в ньому знакозмінних навантажень. Навантаження здійснюється за рахунок нагнітання в пласт 
і скидання рідини в фільтраційному режимі. Для визначення параметрів процесу, здатних варіювати режими 
фільтрації розроблено фізична модель процесу і алгоритм її математичного рішення. Модель дозволяє 
визначити характер руйнування вугілля при прямій і зворотній фільтрації рідини в масиві. Для вирішення 
застосовували метод кінцевих різниць. Розрахунки виконано при значеннях параметрів, близьких до 
реалізованим раніше в експериментальних дослідженнях. Метою цих розрахунків є встановлення ролі кожного з 
наведених вище параметрів на процес ГДД, а саме, на процес руйнування вугільного масиву. Як показує 
практичний досвід, міцність вугільної речовини на розрив грає істотну роль у зародженні процесу раптового 
викиду. Тому виникає інтерес досліджувати роль цього параметра в процесі ГДД. Встановлено, що утворення 
тріщин в процесі фільтрації рідини досягається при одночасному виконанні двох критеріїв: силового й 
енергетичного. В процесі ГДД на вугільний масив можна впливати на напружений стан, змінюючи режими руху 
флюїду в поровому просторі. При зниженні міцності вугілля на розрив генерація першої тріщини здійснюється 

раніше, ніж в наведених вище розрахунках; розмір першого шматка вугілля зменшується при зменшенні р по 

відношенню до величини кр; відстані між тріщинами є еквідистантною; тиск води в порах шматків вугілля, що 
утворилися, швидко сягає значення тиску в свердловині.  

Ключові слова: гідродинамічна дія, газодинамічне явище, вугільний пласт, тріщиноутворення, 
викидонебезпечний вугільний пласт. 

 
Аннотация. В статье изложены результаты исследования способа гидродинамического воздействия на 

напряженный газонасыщеный горный массив. Объект исследования – параметры процесса гидродинамического 
воздействия на напряженный газонасыщеный горный массив. Предмет исследования – процесс образования 
трещин в угольном пласте при гидродинамическом воздействии на него.  

Физическая сущность гидродинамического воздействия (ГДВ) заключается в разупрочнении угольного 
пласта за счет создания в нем знакопеременых нагрузок. Нагружение осуществляется за счет нагнетания в 
пласт и сброса жидкости в фильтрационном режиме. Для определения параметров процесса, способных 
варьировать режимы фильтрации разработана физическая модель процесса и разработан алгоритм ее 
математического решения. Модель позволяет определить характер разрушения угля при прямой и обратной 
фильтрации жидкости в массиве. Для решения применяли метод конечных разностей. Расчеты выполнены при 
значениях параметров, близких к реализуемым ранее в экспериментальных исследованиях. Целью настоящих 
расчетов есть установление роли каждого из приведенных выше параметров на процесс ГДВ, а именно, на 
процесс разрушения угольного массива. Как показывает практический опыт, прочность угольного вещества на 
разрыв играет существенную роль в зарождении процесса внезапного выброса. Поэтому возникает интерес 
исследовать роль этого параметра в процессе ГДВ. 

Установлено, что трещинообразование в процессе фильтрации жидкости достигается при одновременном 
выполнении двух критериев: силового и энергетического. В процессе ГДВ на угольный массив можно влиять на 
напряженное состояние, изменяя режимы движения флюида в поровом пространстве. При снижении прочности 
угольного вещества на разрыв генерация первой трещины осуществляется раньше, чем в приведенных выше 

расчетах; размер первого куска угля уменьшается при уменьшении р по отношению к величине кр; расстояния 
между трещинами являются эквидистантными; давление воды в порах образующихся кусков угля быстро 
стремится к значению давления в скважине. 

Ключевые слова: гидродинамическое воздействие, газодинамическое воздействие,угольный пласт, 
трещинообразование, выбросоопасный угольный пласт. 
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