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MAtheMAtIcAl SIMulAtIoN of heAt AND MASS exchANGe ProceSSeS 

DurING DISSocIAtIoN of GAS hyDrAteS IN A PorouS MeDIuM

Purpose. The development of methodology of research and analysis of heat and mass exchange processes in a hydrate­contain­
ing porous rock layer in case of a pressure drop at its boundary.

Methodology. Mathematical simulation, computational experiment.
findings. The mathematical simulation of thermophysical processes during the dissociation of gas hydrate in a porous rock 

layer is presented. The case of gas hydrate dissociation in a porous rock layer, which exists in a stable state under the influence of 
relatively high initial temperature and pressure factors, is investigated. Numerical studies on the temperature and pressure patterns 
during the gas hydrate dissociation are performed. The nonstationary distribution of temperature and pressure along a porous rock 
layer during the dissociation of gas hydrate due to pressure drop at its boundary is presented. The advancement rate of the gas hy­
drate dissociation front and the change in the size of the dissociated gas hydrate area over the time are determined.

originality. The algorithm is proposed for calculating the pressure and temperature fields in a porous rock layer in the case 
when the temperature of the stable gas hydrate is higher than its dissociation temperature. The factor that ensures the dissociation 
of gas hydrate is the pressure drop at the rock layer boundary. The effect of the endothermal reaction of gas hydrate dissociation on 
the heat exchange processes in the porous rock layer is presented. It is shown that the temperature and pressure values determining 
the gas hydrate dissociation point are changed as the front of the phase transition advances.

Practical value. The proposed mathematical model and calculation algorithm can be used to predict the time characteristics 
and sizes of the gas hydrate dissociation zones around production wells.

Keywords: gas hydrates dissociation, heat exchange process, endothermal reaction, hydrate dissociation, pressure drop

Introduction. Gas hydrates are one of the most promising 
energy reserves of humanity. The rapid growth of R&D work 
in the field of gas hydrate technologies worldwide [1] is caused 
by this factor. The development of gas hydrate deposits is an 
important issue for the Ukrainian economy, which significant­
ly depends on the import of energy resources, particularly 
natural gas. At the same time, known gas hydrate deposits are 
a significant energy reserve. They are located both at the bot­
tom of the Black Sea and on the mainland – in deep coal 
mines. In particular, one of the features of coal deposits in 
Ukraine is the large occurrence depth (up to 1 km or more). 
This property creates the prerequisites for the formation of gas 
hydrates in coal seams. In this connection, the implementa­
tion of studies on the development of gas hydrate technologies 
is an urgent and important task. An integral part of such stud­
ies is theoretical investigations of physical and chemical pro­
cesses occurring during the dissociation of gas hydrates.

The fundamentals of the theory of gas hydrates are formu­
lated by Yu.F. Makogon. (Makogon, Yu.F., Hydrates of Hy­
drocarbons, 1997, Penn Well, Tulsa, USA). Today, there are a 
large number of experimental and theoretical studies in this 
direction. Extensive information on methods, technologies, 
and also approaches to the description of physical mecha­
nisms during the formation and dissociation of gas hydrates is 
presented in the paper [2]. Despite significant progress in the 
theory and practice of gas hydrate technologies, many issues 
related to the physical and chemical processes during hydrate 
formation, are still not fully understood. In the paper [3], the 
significant role of thermal and hydro­mechanical phenomena 
in the overall physical interpretation is noted. One of the effec­
tive tools for studying such phenomena is the mathematical 
simulation of heat and mass exchange processes. However, the 
variety of physical models in the formation and dissociation of 
gas hydrates results in different approaches to the mathemati­
cal description of processes.

It is a common fact that the dissociation process of gas hy­
drates into gas and water occurs due to changes in temperature 
and/or pressure. Natural accumulations of gas hydrates are 
often formed at deep depths in the porous rock environment 
[4], where they can exist at relatively high temperatures and 
pressures. In case when the integrity of the formation is vio­
lated at the free boundary, the thermodynamic equilibrium is 
violated and the phase transformation process begins.

In this paper, heat and mass exchange processes in a po­
rous hydrate­containing rock layer during its destruction are 
considered. As a factor initiating the dissociation process, a 
pressure drop at the boundary is taken. One of the features of 
the problem statement is the assumption that gas hydrate exists 
at relatively high temperatures. In the paper, a mathematical 
model in the framework of the phenomenological approach is 
proposed, and the dynamics of the temperature and pressure 
fields during the change of thermodynamic conditions at the 
boundary is investigated.

literature review. An extensive analysis of various ap­
proaches to the mathematical simulation of processes occur­
ring during the exploration and exploitation of natural gas hy­
drates was performed in the paper [5]. It should be noted that 
in most cases, mathematical models are complex systems of 
differential equations, the solution of which in the general case 
is possible only by numerical methods.

In many cases, the simulation of physical processes during 
phase transitions “hydrate – gas+water” is based on the use of 
kinetic equations. The review of analytical, semi­empirical, 
and numerical kinetic models of hydrate formation is given in 
the paper [6]. The kinetic model of the formation of gas hy­
drate particles at low temperatures was considered in detail in 
the paper [7]. The non­deterministic stochastic approach for 
modeling the kinetics of gas hydrate formation was proposed 
in the paper [8].

During the simulation of the formation and dissociation 
processes of gas hydrates in pipelines, quite complex models of 
the dynamics of multiphase flows are often used [9]. In this 
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case, the knowledge of the flow regime is essential, which re­
quires the use of additional empirical data from the experi­
ment [10]. The possibility of using the hydraulic approxima­
tion for the simulation of such processes was considered in the 
paper [11].

The phenomenological approach for studying the dissoci­
ation processes of gas hydrates in porous media based on the 
equations of continuum mechanics and the heat and mass ex­
change was considered in the paper [12]. Such models are used 
to simulate the processes of gas hydrate dissociation during the 
development of natural deposits. The formation mechanisms 
and the quantitative description of the processes of formation 
and dissociation of gas hydrates in offshore fields are presented 
in the paper [13]. Mathematical models at an adequate quality 
level were developed to study the gas hydrate dissociation in 
porous media under conditions of both low temperatures [14] 
and heat supply from outside [15]. Heat exchange processes in 
wells during the development of natural gas hydrate deposits 
are modeled in the paper [16]. In the paper [17], the Stefan 
model was used to study the dynamics of phase transforma­
tions during the dissociation of natural gas hydrates. It should 
be noted that in most known models, the dissociation pro­
cesses of gas hydrates are caused by the thermal factor. The 
effect of pressure variation on the dynamics of phase transi­
tions in a hydrate­containing porous medium is much less 
studied. In the present paper, the attempt to simulate mathe­
matically the hydrate dissociation process due to the pressure 
drop at the boundary of the porous formation is made.

It should be noted that the number of works on experi­
mental studies on the dynamics of temperature, concentration 
and pressure fields in porous media saturated with gas hydrates 
is limited. This makes it difficult to verify mathematical mod­
els. However, the numerical study is quite effective and some­
times the most productive method for assessing physical phe­
nomena in deep natural gas hydrate deposits.

formulation of the problem. Gas hydrates are clathrate 
compounds in which gas molecules are enclosed in the cavity 
of the polyhedral frame constructed by the water molecules. 
The physical properties of such crystalline compounds are 
close to the properties of ice. The essential feature of methane 
gas hydrates is their stability under a positive temperature and 
external pressure of several megapascals.

It is known that at significant depths (1000 m and more), 
the pressure in the rocks can reach quite large values. Under 
such conditions, gas hydrates can exist at relatively high tem­
peratures. Among other factors, the abovementioned studies 
confirm that the thermobaric conditions of occurrence of coal 
seams cover the area of stable existence of gas hydrates. The 
methane content in coal seams increases with increasing depth 
of occurrence. The formation pressure of methane, on aver­
age, linearly depends on depth. For different layers, the pres­
sure is in the range of (0.4–1) ⋅ γh, where γh is the rock pres­
sure of the undisturbed layer, and where γ = 25 000 N/m3 is the 
average specific weight of rocks, and h is the depth of the layer 
from the land surface. The hydrate dissociation in the porous 
environment of coal can cause dangerous gas­dynamic phe­
nomena. At the moment, these phenomena cannot be fully 
explained within the framework of existing models of methane 
behavior in the porous structure of coal. Consequently, the 
simulation problem of heat and mass exchange processes in 
the hydrate­containing layers is important from the point of 
prediction of the explosive situations in mines.

In the dissociation process of gas hydrate a three­phase sys­
tem occurs consisting of the gas phase, undissociated hydrate 
and liquid water. In practically important cases, the solubility 
of methane in water and the partial pressure of water vapor in 
the gas phase can be neglected. In this case, the phase equilib­
rium curve is described by the Clausius­Clapeyron equation

2 1

d
,

d ( )

T H

p T v v

Δ
=

-

where T, P are the temperature and pressure; ΔH is the en­
thalpy; v2, v1 are the volumes of the substance in various phase 
states.

The latent heat of gas hydrates dissociation L can be de­
fined as the decomposition enthalpy ΔH of the chemical com­
pound CH4 ⋅ nH2O into pure components CH4 and H2O under 
equilibrium temperature and pressure. When the composition 
CH4 ⋅ 6H2O of methane gas hydrate is decomposed into gas 
and water, ΔH ≈ 54 kJ/kg. The dissociation heat of the gas hy­
drate exceeds the fusion heat of ordinary ice, but much less 
than the combustion heat of the same amount of methane 
ΔH = 890 kJ/kg.

The core methods for developing gas hydrate deposits are 
based on their dissociation, i.e. decomposition under the for­
mation conditions. In such a way, the efficiency of the techno­
logical process is associated with heat and mass exchange pro­
cesses in the porous formation environment. The gas hydrates 
dissociation process directly in the formation conditions can 
be initiated by various methods: temperature increase, use of 
chemical inhibitors, pressure reduction, or integrated method. 
The thermal method and the injection of chemical inhibitors 
(salt solution CaCl2, alcohol (methanol), and others) into the 
formation are most commonly used in the development of on­
shore fields.

A promising method for gas production from gas hydrate 
formation can also be the pressure reduction method. When 
applying the depression method for developing gas hydrate de­
posits, it is necessary that the pressure in the formation be­
comes lower than the equilibrium pressure of hydrate dissocia­
tion. In this case, the gas hydrate decomposes into gas and 
water, while absorbing heat. However, with this method of 
reservoir development, the phenomenon of self­preservation 
of gas hydrate may occur. In particular, with isothermal pres­
sure relief, the dissociation process will slow down, and the 
hydrate will be in a metastable state for a sufficiently long time. 
Thus, the study of heat and mass exchange processes is an im­
portant task in the context of the search for effective modes of 
depression of the porous formation.

The objectives of studying the gas hydrates dissociation 
processes in a porous rock environment around wells are gen­
erated by practical interest. Insufficient thermal insulation of 
wells passing through a hydrate­containing formation can lead 
to gas hydrate dissociation, accompanied by an increase in 
pressure. Hydrate dissociation occurs in the near well­bore 
area of the production well. During the operation of the pro­
duction well, the pressure in its shaft is less than the formation 
pressure, and conditions for the hydrates dissociation may 
arise. Another problem related to the heat transfer processes is 
the formation of hydrates during the injection. When cold liq­
uid carbon dioxide is injected into a depleted natural gas field, 
carbon dioxide hydrate may be formed. All these problems can 
be investigated in the first approximation by one­dimensional 
mathematical models. Fig. 1 shows the general scheme for the 
problem of gas hydrates dissociation around the well in the 
axisymmetric case.

Based on the above concepts, the problem of gas hydrates 
dissociation with the pressure drop at the boundary is formu­
lated.

An unspecified deep horizontal rock layer is presented as a 
porous medium with a constant porosity m. The rock contains 

Fig. 1. The scheme of the gas hydrate layer in the rock mass
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gas and hydrate at the initial positive temperature T0 and high 
pressure P0. At the initial moment of time, the integrity of the 
rock is violated, for example, by drilling. At the free boundary, 
the pressure drops to a value of Pw below the dissociation point 
of the gas hydrate Pf. Due to the pressure drop, the decompo­
sition process of the gas hydrate into gas and water is started.

In the general case, when the gas hydrate is dissociated in 
the porous medium, three areas can be formed: the area con­
taining gas and hydrate in a stable state; the transition area, 
where dissociation takes place, and at the same time gas, hy­
drate and water are present; and the area saturated with water 
and gas. However, as it is noted in the paper [18], in many 
cases, the dissociation process occurs almost instantly. There­
fore, the intermediate area degenerates into the frontal surface. 
This surface is characterized by the values of Pf and Tf corre­
sponding to the dissociation point.

If the adjacent upper and lower layers of rocks are imper­
meable to gas, then the dissociation process will occur only in 
the direction perpendicular to the free surface. Assume that 
the x coordinate axis is directed along the layer, and the begin­
ning of the axis is located on the free boundary (Fig. 2).

The phase transition line x separates area 1 – gas + water, 
and area 2 – hydrate + gas. It is assumed that the temperature 
of the atmosphere contacting the free boundary does not differ 
significantly from the layer temperature Tw ≈ T0, which is quite 
possible at great depths. Since the phase state is determined 
not only by temperature, but by the pair of thermodynamic 
parameters (T, P), gas hydrate dissociation can occur at the 
phase transition temperature below the initial temperature of 
the gas hydrate Tf < T0 [19]. At the same time, the hydrate dis­
sociation process is endothermic, as a result of which thermal 
energy will be absorbed on the phase transition line, which in 
turn affects pressure. Thus, the thermodynamic parameters 
determining the dissociation process will be also changed with 
time.

fundamental equations. When constructing the mathemat­
ical model, the single­temperature model of the multiphase 
medium is used, i. e. water, hydrate, gas and rock have the 
same temperature at the selected point.

The laws of conservation of mass and energy, as well as 
Darcy’s filtration law and gas state equation will be used to de­
scribe the gas hydrates dissociation in the porous medium. 
The system of equations describing the processes of heat and 
mass exchange is written as follows:
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 P = ρgRT, (9)

where T is the temperature; P is the pressure; τ is the time; ρ is 
the density; c is the heat capacity; ν is the flow rate; λ is the 
thermal conductivity; k is the medium permeability; μ is the 
dynamic viscosity coefficient; S  is the pore saturation with the 
corresponding phase; R is the universal gas constant, the indi­
ces h, g, w are referred to hydrate, gas, and water, respectively. 
Balance conditions are also added to system (1–9)
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The first equations of system (10) represent the mass bal­
ance in the zone of dissociated gas hydrate (area 1 in Fig. 1), 
and the second equation – in the zone of stable gas hydrate 
(area 2 in Fig. 2).

The thermophysical properties of the porous medium are 
determined from the relations

λ1 = m(1 - Sw)λg + mSwλw + (1 - m)λs;

(cρ)1 = mSwρwcw + m(1 - Sw)ρgcg + (1 - m)ρscs;

λ2 = m(1 - Sh)λg + mShlh + (1 - m)λs;

(cρ)2 = m(1 - Sh)ρgcg + mShρhch + (1 - m)ρscs,

where the index s is referred to the rock.
Let us consider the processes on the surface of the phase 

transition x. On this surface, the hydrate saturation jumps 
from the value Sh = Sh0 to Sh = 0, and the thermodynamic pa­
rameters take values corresponding to the phase transition 
point

 T = Tf; P = Pf. (11)

A large number of works are devoted to the determination 
of the relationship between the values Pf  and Tf  characterizing 
the equilibrium state. Basically, the relationship between these 
parameters is described by empirical expressions. The review 
of such expressions is presented in the monograph [20]. The 
Antoine equation will be used for the connection of these pa­
rameters
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The mass and heat flows will undergo a discontinuity on 
the front surface due to the absorption of heat and the gas hy­
drate decomposition into gas and water. The equations of mass 
and energy balance on the surface have the form
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mass concentration of gas in the hydrate; L is the latent heat of 
the phase transition.

Since the thermophysical characteristics of the porous 
medium are determined mainly by the properties of the rock, 
it is assumed that λ1 = λ2 = const, (cp1) = (cp2) = const. It will 
be considered that the transfer processes are carried out main­
ly due to the movement of gas, while water is poorly movable. 
Taking into account the assumptions, the mathematical model 

Fig. 2. Scheme for calculating the gas hydrate dissociation in 
the porous layer
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of heat and mass exchange processes for the one­dimensional 
semi­infinite layer based on system (1–9) is written as follows

 1 1
1 , 0 ( );

g

g g

kP P
P x

m S x x

 ∂ ∂∂
= < < x τ ∂τ μ ∂ ∂ 

 (16)

1 1 1 1 1
1 1

1

( ) , 0 ( );
g g

g g

c kT P P T T
c x

m R T x x x x

 ∂ ∂ ∂ ∂∂
ρ - = λ < < x τ ∂τ μ ∂ ∂ ∂ ∂ 

 (17)

 2 2
2 , ( ) ;

g

g g

kP P
P x

m S x x

 ∂ ∂∂
= x τ < <∞ ∂τ μ ∂ ∂ 

 (18)

 

`2 2 2 2 2
2 2

2

( ) ,

( ) .

g g

g g

c kT P P T T
c

m R T x x x x

x

 ∂ ∂ ∂ ∂∂
ρ - = λ ∂τ μ ∂ ∂ ∂ ∂ 

x τ < <∞

 (19)

The initial conditions for the system (16–19) have the fol­
lowing form

T1(x, 0) = T0; P1(x, 0) = P0;

 T2(x, 0) = T0; P2(x, 0) = P0.
 (20)

On the phase transition surface, the following conditions 
are formulated based on balance equations (14, 15)
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The boundary conditions for (16–19) are written like
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where a is the heat exchange between the porous layer and the 
external atmosphere, which can be determined by the tech­
nique proposed in the paper [21].

The kg value can be determined from the Cozeny­Karman 
relation (Carman, P. C. Permeability of saturated sands, soils 
and clays. The Journal of Agricultural Science, 1939), which is 
widely used in the study of filtration processes in porous media

3
0 ,g gk k S=

where k0 is the absolute permeability of the layer.
System (16–23) is the system of nonlinear differential 

equations. In the general case, to solve problem (16–23), it is 
necessary to apply numerical methods [22]. In this case, both 
marching methods and methods with the selection of the 
phase transition front can be used. In the present work, the 
method of the phase transition front “capturing” in the node 
is used. The feature of the algorithm used in this work has lied 
in the fact that to determine the advance rate of the phase tran­
sition front the equation (23) is used. In most known works, 
the thermal condition (22) is used to determine this value. The 
general scheme of the calculation algorithm is presented in 
Fig. 3.

In accordance with the algorithm in Fig. 3, at each time 
step, the following sequence of operations is carried out. Since 
the physical factor that leads to the beginning of the gas hy­
drate dissociation is pressure, the advance rate of the phase 
transition front is determined from equation (21). Then the 
temperature drop in consequence of the endothermic dissoci­
ation reaction is determined. After that, the pressure and tem­
perature fields are determined based on the numerical solution 
of the differential equations system.

results. Let us consider the heat and mass exchange pro­
cesses in the porous rock layer with m = 0.022 during the gas 

hydrate dissociation. It is assumed that under conditions of the 
abnormally high formation pressure of P0

 = 10 MPa, the stable 
methane hydrate is presented in the formation at the positive 
temperature of T0 = 283 K. The initial concentration of gas in 
the hydrate is G = 0.2. At some initial moment of time, the 
formation is destructed, and the pressure drops to a value of 
Pw ≈ 0.1 MPa at the free boundary of the massif. Due to the 
violation of thermodynamic equilibrium, decomposition of 
the gas hydrate into gas and water is initiated. The pressure of 
the phase transition at the given initial temperature is 
Pf = 9.56 MPa. Since hydrate dissociation is the endothermic 
reaction with the absorption of heat, as a result, the drop in 
temperature will arise.

The initial data for the calculation are taken as follows: 
k0 = 10-16 m2, L = 5 ⋅ 105 J/kg, Sw0 = 0.9, Rg = 520 J/(kg ⋅ K), ρg = 
= 1.2 kg/m3, ρh = 900 kg/m3, ρw = 980 kg/m3, ρs = 2000 kg/m3, 
λg = 0.6 W/(m ⋅ K), λh = 2.11 W/(m ⋅ K), λw = 0.58 W/(m ⋅ K), 
μg = 10-5 Pa ⋅ sec, cg = 1560 J/(kg ⋅ K), ch = 2500 J/(kg ⋅ K), 
cw = 4200 J/(kg ⋅ K), cs = 1000 J/(kg ⋅ K).

The results of calculating the temperature field along the 
porous formation according to the above algorithm are pre­
sented in Fig. 4. The results of the pressure field calculation are 
shown in Fig. 5.

As can be seen from the data in Fig. 4, the temperature 
drop occurs due to the heat absorption during the endother­
mic dissociation of gas hydrate. As the simulation results 
show, 10 hours after the start of the process, the temperature 
at the phase transition front reaches 277.2 K, and the corre­

Fig. 3. Calculation algorithm scheme

Fig. 4. Distribution of the temperature T in the porous layer 
during the gas hydrate dissociation:

1 – 10 min; 2 – 30 min; 3 – 1 hour; 4 – 4 hours; 5 – 10 hours
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sponding pressure becomes 4.4 MPa. Consequently, the local 
area of reduced temperature with the minimum at the phase 
transition point is formed in the porous layer. As a result, the 
pressure value, at which the hydrate dissociates, also decreas­
es (Fig. 5).

Fig. 5 shows that the value of the phase transition pressure 
is much lower than the initial one, but exceeds the pressure on 
the free surface. It should be noted that the pressure drop 
across the thickness of the dissociated layer will contribute to 
the appearance of the gas stream. The released gas volume will 
be filtered in the direction of the free surface in proportion to 
the pressure gradient value.

Fig. 6 shows the change in the advancement rate of the 
phase transition front over time.

As can be seen from the data in Fig. 6, the advancement 
rate of the phase transition front decreases over time. Conse­
quently, a growth rate reduction of the area, in which the gas 
hydrate decomposes into gas and water, will occur. It should 
be expected that over time the advancement rate of the phase 
transition front will be asymptotically tended to a certain con­
stant value. Fig. 7 shows the dynamics of the position of the 
phase transition front over time, which allows us to estimate 
the size of the area of dissociated gas hydrate.

As can be seen from the data in Fig. 7, the increase in the 
dissociation area over time is nonlinear. During 10 hours, the 
phase transition line has advanced approximately on 0.45 m 
into the depth of the layer. The increase in the dissociated gas 
hydrate area decreases over time. It should be noted that the 
above results correspond to the given porosity of the layer 
m = 0.022. Obviously, the porosity is the parameter that can 
significantly affect the rate of the dissociation front.

The advancement rate of the dissociation front of the gas 
hydrate and the parameters of the dissociation area are impor­

tant technological characteristics of the process. These param­
eters make it possible to ensure the stable production rate of 
wells during the development of gas hydrate deposits and to 
predict their location.

conclusions.The presented mathematical model and cal­
culation algorithm enable to study the heat exchange processes 
in the porous rock layer during the gas hydrates dissociation. 
The case of gas hydrate dissociation in the porous rock layer 
under the initial high temperatures and pressures is investi­
gated.

It is shown that due to the endothermic reaction of dis­
sociation and heat absorption, the phase transition point, 
which is determined by pressure and temperature, changes its 
value over time. In this case, the temperature and pressure 
drop significantly. The local area of low temperature is 
formed.

It is shown that for the accepted initial data, the advance­
ment rate of the phase transition front line is decreased from 
the value of 0.048 mm/s in the initial period of the dissociation 
process up to 0.006 mm/s. Therewith, the dissociation area of 
the gas hydrate is 0.45 m over 10 hours after the beginning of 
the dissociation process.

The results of this work may be of interest for estimating 
the rate of gas hydrate dissociation in porous rocks and evalu­
ating the geometric characteristics of the dissociation area in 
the technologies of gas hydrate deposits development.
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Мета. Розробка методики дослідження та аналіз про­
цесів тепломасообміну в гідратовміщуючому пористому 
шарі при падінні тиску на його границі.

Методика. Математичне моделювання, обчислю­
вальний експеримент.

Результати. Представлена математична модель те­
плофізичних процесів при розкладенні газового гідрату в 
пористому шарі гірської породи. Досліджено випадок 
розкладення газового гідрату в пористому шарі гірської 
породи, що знаходиться у стабільному стані при віднос­
но високих початкових показниках температурі й тиску. 
Виконані чисельні дослідження полів температури й тис­
ку при розкладенні газового гідрату. Представлено не­
стаціонарний розподіл температури й тиску вздовж по­
ристого пласта при розкладенні газового гідрату внаслі­
док падіння тиску на його границі. Визначена швидкість 
просування фронту розкладення газового гідрату та змі­
на розмірів області розкладеного газового гідрату пере­
ходу у часі.

Наукова новизна. Запропоновано алгоритм розрахун­
ку полів тиску й температури в пористому шарі у випад­
ку, коли температура стабільного газового гідрату вище 
значення температури його дисоціації. Фактором, що за­
безпечує процес розкладення газового гідрату, є падіння 
тиску на границі породного шару. Показано вплив ендо­
термічної реакції дисоціації газового гідрату на процеси 
теплообміну в пористому шарі. Показано, що значення 
температури й тиску, які визначають точку розкладення 
газового гідрату, змінюються в міру просування фронту 
фазового переходу.

Практична значимість. Запропоновані математична 
модель та алгоритм розрахунку можуть бути використані 
для прогнозування часових характеристик і розмірів зон 
розкладення газових гідратів навколо експлуатаційних 
свердловин.

Ключові слова: розкладення газових гідратів, процеси 
теплообміну, ендотермічна реакція, дисоціація гідрату, па-
діння тиску
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Цель. Разработка методики исследования и анализ 
процессов тепломассобмена в гидратосодержащем пори­
стом слое при падении давления на его границе.

Методика. Математическое моделирование, вычис­
лительный эксперимент.

Результаты. Представлена математическая модель те­
плофизических процессов при разложении газового ги­
драта в пористом слое горной породы. Исследован случай 
разложения газового гидрата в пористом слое горной по­
роды, который находится в стабильном состоянии при от­
носительно высоких начальных показателях температуры 
и давления. Выполнены численные исследования полей 
температуры и давления при разложении газового гидра­
та. Представлено нестационарное распределение темпе­
ратуры и давления вдоль пористого пласта при разложе­
нии газового гидрата вследствие падения давления на его 
границе. Определены скорость продвижения фронта раз­
ложения газового гидрата и изменение размеров области 
разложенного газового гидрата перехода во времени.

Научная новизна. Предложен алгоритм расчета полей 
давления и температуры в пористом слое в случае, когда 

температура стабильного газового гидрата выше значе­
ния температуры его диссоциации. Фактором, обеспе­
чивающим процесс разложения газового гидрата, явля­
ется падение давления на границе породного слоя. По­
казано влияние эндотермической реакции диссоциации 
газового гидрата на процессы теплообмена в пористом 
слое. Показано, что значения температуры и давления, 
определяющие точку разложения газового гидрата, из­
меняются по мере продвижения фронта фазового пере­
хода.

Практическая значимость. Предложенные математи­
ческая модель и алгоритм расчета могут быть использо­
ваны для прогнозирования временных характеристик и 
размеров зон разложения газовых гидратов вокруг экс­
плуатационных скважин.

Ключевые слова: разложение газовых гидратов, про-
цессы теплообмена, эндотермическая реакция, диссоциа-
ция гидрата, падение давления
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