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Abstract

In this work series of field experiments was conducted, a mathematical model was developed and a number of studies were performed to
investigate the process of hydrate dissociation under the influence of ultrahigh-frequency radiation. The assumption is implicit that the
effect of volumetric sources of heat is the dominant influence on hydration dissociation under the influence of microwave radiation,
rather than the effect of boundary conditions. This provision formed the basis of the mathematical modeling of the hydrate massif
dissociation. It has been established that processes of heating water, ice melting and snow, and hydrate dissociation occur in a similar
way. It is characteristic that the inverse proportional dependence of internal specific heat sources on the volume of material has been
obtained, that is, the decrease of the radiator efficiency when the volume of the material is reduced. It is established that volumetric
thermal sources occur inside propane hydrate under the influence of microwave radiation.
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1. Introduction

During the collection, preparation, extraction, and industrial
processing of gas and oil gas hydrates form in different sections of
the pipelines. This leads to a decrease in the throughput capacity
of the operated pipelines. In some cases they break and stop [1-5].
Therefore, elimination of hydrate formation in the extraction and
transportation of oil and gas is one of the most important and
significant problems [6-8]. Depositing on the inner walls of the
pipes, hydrates dramatically decrease their throughput and can
lead to an emergency stop of operation of the gas pipeline.
Hydrates of hydrocarbon gases are unstable compounds of
hydrocarbons with water and are white crystals that look like snow
or ice. They consist of one or more molecules of gas (methane,
propane, carbon dioxide, etc.) and water. The main factors
determining the conditions for the formation of hydrates are
composition of the gas, its pressure, temperature, and full
saturation of gas in the water vapor.

Analytical solutions of two-dimensional nonlinear heat conduction
problems are known only for certain, relatively simple cases [9-
12]. The most versatile way to solve them is to apply numerical
methods [13, 14], which can be easily implemented with the help
of computer technology. However, numerical methods have their
limitations. For example, in the method of running with the use of
an implicit scheme, we have to solve a system of linear algebraic
equations. The number of equations is equal to the number of
nodes in the settlement grid and can be quite large. When applying
an implicit scheme in the method of running, the time step is
relatively small, which leads to an increase in the cost of computer
time to calculate. Using the method of dynamic adaptation of
networks requires a complex algorithm for implementation.

Application of the average value of the coefficient of thermal
conductivity on the boundary’ of materials with different
properties leads to changes in the thermophysical properties of
materials, as a result of accumulation of errors in calculations [12,
13]. Studies of literary sources indicate the need to improve the
mathematical model of non-stationary thermal regimes of two-
dimensional elements in order to expand the scope of its
application.

2. Main body

In order to calculate the dissociation of hydrant congestions under
the conditions of microwave radiation, it is necessary to develop a
digital mathematical model of non-stationary thermal modes of
two-dimensional elements with necessary boundary conditions.
The mathematical model should take into account the change in
the thermophysical characteristics of materials, the presence of
heat sources, boundary conditions, the possibility of applying
variable time and coordinate steps, the absence of direct
correlation between time and coordinate steps.

The basis of mathematical modeling is the Fourier’s Law thermal
conductivity equation with distributed volumetric heat sources,
variable thermophysical characteristics of the heat conducting
medium and boundary conditions of the third kind
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Fig. 1: Distribution of the two-dimensional structure on the
internal (1), boundary (2, 3, 4, 5) and angular (6-13) elementary

planes with step Ax and Ay
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For internal elements of the construction (type 1), we assume that
the volume of mass, limited by the step 2Ax 2Ay, is concentrated
in the central point of this element. Boundary elements (2, 3, 4, 5)
are located on surfaces of a two-dimensional structure, therefore
only half of the mass of the inner layers is concentrated in them.
The outer (6, 7, 8, 9) and inner (10, 11, 12, 13) angular elements
have respectively 1/4 and 3/4 of the mass of the inner element.
Within each section of the two-dimensional design, there are
evenly distributed heat sources (or heat losses) with qv. capacity.
For an internal j-th element (type 1), the differential equation of
heat fluxes in finite difference can be written as follows:
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where ¢j — is the heat capacity of material of the enclosing
structure, J/ kg°C;

paj) is the material density of the heat accumulation platform,
kg/mé;

tij is the platform temperature of a two-dimensional structure
with coordinates X=i, Y=j, °C;

At is the estimated time interval, sec;

Aij) is the thermal conductivity of the material, W / m°C;

Ax, Ay are coordinate steps correspondingly along the X axis and
Y axis, m;

qva, j) is the specific volume heat source, W / md.

For the two-dimensional task, the boundary conditions have their
own peculiarities. First, their number is equal to the number of
lines that limit the calculation area. They limit both external and
internal surface design. Secondly, the boundary conditions can

where agj is the local heat transfer coefficient near the
corresponding element of the surface, W / (m2 °C);

togi,j) is the environment temperature, washing the local element of
the surface, °C.

Similarly, the boundary conditions (heat exchange of a gaseous
medium with outer layers) can be written for other three sides of
the rectangular area (elements 3, 4, 5)
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In addition to the linear boundaries on the calculated plane, there
are also angular elements, which are characterized by the
simultaneous action of boundary conditions on two coordinate
axes. Angular elements can be divided into “external” and
“internal”. External elements (type 6, 7, 8, 9) touch only the
boundary elements of the calculated plane (Fig. 1), therefore their
thermal regime can be described by the equations of the
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To specify any form of heat exchange area internal nodes must be
taken into account. Such nodes will also be species (10, 11,
12, 13). Equations for the description of heat exchangers processes
in such nodes have the form:
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Thus, we have obtained a system of equations (2-6) with the
corresponding number of unknown temperatures. To increase the
time step of the given system of equations is convenient to solve
using the Runge-Kutta digital method of the 4th order. All its
coefficients (o, A, o, A, ¢, p, qv) can be defined as functions
coordinates, temperature and temperature difference. In addition,
its feature is the possibility of breaking the design to the desired
number of layers, variable grid density and no rigidity link of
coordinate and time steps.

High-frequency electromagnetic waves that propagate along the
coaxial transmission line, lose their own capacity due to losses in
the metal wall of the pipe and in dielectric (hydrate) that fills the
inside space. The distribution density of heat sources is

determined by the expression

q =—1R63(Er . Htpj
2 oz ) )

As seen from expression (7), the density of heat sources created in
the environment that interacts with the electromagnetic field
(EMF) is also a function of the electric field tension. Distribution
EMF tension depends, first of all, on the geometry of the system
and the device in which the EMF is created (free space, coaxial
system, waveguide and resonator).

Components of the intensity of the electromagnetic field are
determined from solutions of the Maxwell equations by formulas
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Where, D isthe complex amplitude of an electromagnetic wave;
ZC is the dielectric resistance, which fills the space of pipeline,

Ohm. It can be defined by the formula

1
i(uo.s;’tg&)' {0
808

¢’ is the relative dielectric permittivity of the dielectric, which fills
the space of the pipeline;

€0, po — are dielectric and magnetic permeability of vacuum, F/ m
and GN / m. Dielectric vacuum permeability £0=8,8542-101% F/m

I is the constant propagation of electromagnetic waves, which is
determined by I = 8 — jor, m™;
B is the wave number, m;
j is the imaginary unit;
a is the damping coefficient of electromagnetic waves, m™,
[ 0

T E H . .
Substituting instead 9" and 9% their expressions from (8) to

(9), we will get
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To find the unknown value of D we have correlation
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Taking into account formula (12), we obtain an expression for
calculating the capacity of local sources
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Heat treatment of pipeline round section with heat sources in the
form of microwave radiation is calculated by the formula

oT o, o1\ 2aRy 247
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where, p is the material density, kg/m3;

c is the heat capacity of the material, J/(kg C);

Po is the input capacity, W

Distance from the point of entry of radiation to the calculated plot
is determined by the formula

z= «fxz + y2 , (15)

where x, y — are distance from the radiation source to the
calculation points, m.

Total coefficient of electromagnetic waves damping consists of
two parts

a=ap+arp, (16)

where a- are damping coefficient of electromagnetic waves of
hydrate;
atp s the damping coefficient of electromagnetic waves in the

pipeline.
Attenuation coefficient in the pipeline is

_ Rs3 . an
orp =
2ZR, IN(Ry / Ry)

The value of Rss is found by the formula

(ALTEY (18)
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where f — is the frequency, Hz;
g3 1s the absolute magnetic permeability of the pipeline, Gn/m;

og is specific electrical conductivity of a steel pipeline,

ohm1-me,
Therefore,
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where g is the magnetic permeability of vacuum;

, Hg is the wave impedance of the dielectric filling the
[ 50

pipeline, Ohm.

Frequency of electromagnetic oscillations of the emitter is
f=2.45-10°Hz. The magnetic permeability of the vacuum is
1o=1,2566-10"% Gn / m. Relative magnetic permeability of the steel
pipe is p = 2,72 Gn/m. Conductivity of the pipeline is
0 =0,34-107 Ohm™*-m™.

Substituting known values, we obtain, Ohm

—6
Hy 1.2566 -10 .
Z.= 0= /7_12 ~377
€0 8.8542-10
To hydrate, the attenuation coefficient is determined by the
formula

(20)
al— =
2
Characteristic values for hydrate are &' =3,75 and tg4=0,02.
1,841 1
(21)

A = .

The origin of internal heat sources in such a dielectric in the
interaction with microwave EMF and, consequently, temperature
change and pressure can create a method of decomposition of gas
hydrates using the energy of microwave EMF

The example of the above can be calculating of specific
volumetric heat consumption from microwave radiation for
pipeline diameter 100 mm.

Consumer power of the radiator is 1000W, efficiency is 50%.
Critical wave length is

, 7Dy 27Rrp  3,1415-10
o = = -

P =17,06

Smn Smn 1,841

where Smn=1,841 is mode TE11.
For the frequency at which the microwave emitter (magnetron)
fo=2,45-109 Hz, the wavelength is, cm

dy = ——gs'lolo ~12,24°
fo 245100

where ¢ is the speed of light ¢=300-10° m / s, or
€=3-10%" ¢cm / sec. So the condition is satisfied Ao<Akp. The square
of the ratio of wave lengths is

2

)
12,24 .
o | _(1224) _ 0,717)% = 0,515
A 17,06
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Substituting the values in formula (20), we determine radiation
damping coefficient for hydrate

o = 3,1415-3,75-0,02 0,207

r 1
0,1224 [1——~.0,515
\/ 3,75

Coefficient of attenuation in a steel pipeline radius 0,05 m

[3.1415.2,45.10° -2,72.1,2566.-10° 1

a- = X =
™y 0,34-10 377.0,05-1- 0,515
- 0,0067.

Thus, the damping coefficient of electromagnetic waves in the
pipeline is arp= 0,0067. The total damping factor is
=0,207+0,0067=0,2137.

The sources of heat in hydrate are determined by the formula

_ 2:0207-Fy 20,2137z

31415.0,05%
Taking into account the capacity Po= 1000 0,5 = 500 W, the
sources of heat in the pipeline are determined by the formula

Gp = 2-0,0067-500 ,~2021372 -0,42747
-
P 31415.0,05
Sources of heat in gas hydrate are calculated as follows
2-0,207-500 /20,2137 —0,42747 .
3,1415.0,05°
The proposed mathematical model is used to create a computer
program in the language of QBasic. The code size is 9.5 kilobytes.
The proposed digital mathematical model can be used for
calculating transitional heat transfer processes in two-dimensional
elements of constructions, taking into account changes in physical
properties of a material (dissociation of hydrate), heat sources in
the form of heat transfer from microwave radiation and heat losses
to dissociation of hydrate and boundary conditions of the third
kind. For its solution, the Runge-Kutta method of the 4th order is
used.

ar

=853/

o = = 26357¢

2.1. Experimental research on hydrate dissociation
under the action of ultrahigh-frequency radiation

An experimental installation was designed for experimental research.
Constructive scheme is constructed shown in Figure 2.

Fig. 2: Scheme of experimental setup for decomposition of nitrate by
microwave radiation:1 — ammeter; 2 — voltmeter; 3 — hydrate; 4 —
atransparent bulb; 5 — microwave oven; 6 — time control button; 7 — mode
adjustment button

To study the hydrate decomposition in a closed volume in pilot
glass is filled with hydrate, the lid is hermetically sealed and
microwave emitter is switched on (Fig. 3).

The laboratory installation for decomposition of the gas hydrate
works as follows. The propane hydrate obtained for researches is
stored in a sealed steel container in a freezing chamber at a
temperature from minus 10 °C to minus 15 °C. You should get the
required amount of hydrate, pour it into a transparent bulb and seal
hermetically. The transparent bulb is placed in a laboratory plant
with a high-frequency emitter and switched on at a given time and

mode. In every 5 seconds, a transparent bulb is removed and
visually evaluated when the hydration portion is decomposed.
During each ejection, the temperature and the amount of water
formed is measured by means of electronic weights. If the process
of decomposition of hydrate does not take place, the transparent
bulb is placed back into the laboratory plant, and a new time of
irradiation of the EMF is given. This procedure is repeated until
all of the hydrate is decomposed. At the same time the result of the
decomposition of hydrate is recorded in the corresponding table of
the laboratory journal.

Fig. 3: General view of the test glass inside the laboratory installation of the

microwave emitter

To determine the capacity of heat sources and the UHF efficiency
heating with the help of EMF a series of experiments was carried
out, such us water heating, ice melting and snow, hydration
decomposition propane under atmospheric pressure.

Dependencies (22) — (23) were applied to process the received
experimental data.

The amount of energy absorbed by the microwave emitter from
alternating voltage network, J.
N=UTz, (22)
where U is the network voltage, V;

| is the current, A;

z is the time, sec.

The amount of heat used to heat water, J.
QB=M-c-(t2-t1), (23)
where M is the weight of water, kg;

c=4187 is the mass heat capacity of water, J/(kg °C);

tz is the final temperature, °C;

t1 is the initial temperature, °C.

The amount of heat used to make phase transformations, J.
Qy=mrr, (24)
where m is the weight of the substance that carried out the phase
transition, kg;

r is the heat of the phase transition, J/kg

The volume of substance, which is affected by microwave
radiation, m3, is
V=M/p, (25)
where p is the density of the substance, kg / m®,

Specific power of bulk sources of microwave energy, W / m3, is
calculated by the formula

qv=(QotQu)/z/V.

The coefficient of efficiency of the installation is determined by
the formula (27), %.
Energy efficiency equals

(26)

(Qe+Qs)/N-100. (27)
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Before the start of the main series of studies, it was necessary to
make sure that the volumetric sources of heat, but not the
boundary conditions on the surface, played the key role in the
heating processes of the substances being investigated.

The purpose of the next study was to determine the degree of
influence of the shape of ice (or hydrate) on the power of heat
sources. For this purpose, a cylindrical piece of ice with a surface
area of F = 0,0086 m? and an ice plate with a thickness of 4,3 mm
with a surface F = 0,048 m? were heated. The results of the
experiment to determine the mechanism of influence of
microwave radiation are presented in Table 1. Average values of
the obtained indicators and their ratios are shown in Tables 2 and
3, respectively.

Table 1: Results of laboratory tests for determining the mechanism of
microwave radiation influence

t, | t, | time | mass F Q V Qv
°C | °C | sec g m? kJ m? W/m?®
0 |50 ]| 60 50 0,0086 [ 26,97 5,28148E-05 8510
0 [23] 50 50 0,0086 | 21,32 5,28148E-05 8072
0 |45]| 55 50 0,0086 [ 25,92 5,28148E-05 8923
0 [32] 53 50 0,0086 | 23,20 5,28148E-05 8288
0 29| 51 50 0,0086 [ 22,57 5,28148E-05 8380
0 [26| 50 50 0,0086 | 21,94 | 5,28148E-05 8309
0 |42| 59 50 0,0086 [ 25,29 5,28148E-05 8117
0 [30f 103 | 100 0,048 | 45,56 0,0001032 4286
0 [28| 101 | 100 0,048 | 44,72 0,0001032 4291
0 | 34] 107 | 100 0,048 | 47,24 0,0001032 4278
0[50 115 | 100 0,048 | 53,94 0,0001032 4545
0 |45] 109 | 100 0,048 | 51,84 0,0001032 4609
0 [36[ 108 | 100 0,048 | 48,07 0,0001032 4313
0 |31] 105 | 100 0,048 | 45,98 0,0001032 4243
Table 2: Average values of the obtained indicators
ty t time | mass F Q V Qv
°C | °C sec g m? kJ m? W/m?
0 353 | 540 | 005 | 0,0086 | 239 | 0,0000528 | 8371,3
0 36,3 | 1069 | 0,1 | 0,0480 | 48,2 | 0,0001032 | 4366,3
Table 3: Correlation of average values of the obtained indicators
t t, | time | mass F Q \ Qv
°C °C | sec g m? kJ m? W/m?3
1 |1,028(1,979| 2,000 | 5576 | 2,018 | 1,954 0,522

The results of experimental studies have shown that when constant
heat transfer conditions increase sample volume twice it leads to
twofold a reduction of specific volumetric sources. Increase in the
surface area in 5.6 times does not affect the power of heat sources.
The experiment confirms that the effect of microwave radiation is
first of all volumetric rather than superficial. Therefore, all further
research is primarily aimed at the establishing the dependence of
volumetric heat sources on the influence of various factors.

2.2. Series of experimental studies: water heating

Based on the results of experimental studies we designed the
graph of the dependence of heat sources on the volume of water
(Fig. 4) and effect of the emitter (Fig. 5). Analysis of graphs
allows concluding that the specific power of heat sources is
inversely proportional to the amount of water. At the volume of
material more than 0.5 liters, the specific power is on the constant
level and makes 0,83 kW/I with less quantity material than 0.5
liters, there is an increase in intensity sources, which can reach 3.5
kW /1. Research in the efficiency of emitter indicates the value of
60 + 70% within the volume 0,3-11. For small volumes, the
decrease in efficiency up to 13-14% is characteristic.

Water

q,, KW/
[¥5]
o
*

30 T y = 0.9202%5
*
55 08 . 2=0,7685

2.0 N

0,5

0,0

0 0,2 0,4 0,6 0,8 1 1,2

Volume, 1
Fig. 4: Dependence of the specific power of internal heat sources
on the water volume

Water CFA

£100
< 80 —
B . . e L

60 .

40 . ® y=7937x05%2

20 ‘—" RZ=0,8206

0
0 0,2 0,4 0,6 0,8 1 12
Volume, 1

Fig. 5: Dependence of the emitter efficiency on the water volume
2.3. Series of experimental studies: ice melting

According to its thermophysical properties, ice is similar to
hydrate. Therefore, a series of studies was conducted to determine
the efficiency of the emitter and the intensity of internal heat
sources for ice samples of different volumes.

The results of data processing for different initial masses of ice are
presented in the form of charts in Figures 6 and 7. The average
value of specific volumetric sources for the whole series is shown
in Figure 10. The average value of the efficiency of the emitter for
the whole series is shown in Figure 11.

Ice M=143 g
= 35
Z 30 h
i '
2 25
o 20 . R y= 162,02){'0’6?5
- . R2=0,9644
15 =%
e
10 = —*
e
5 Lanadl ST =-s
0 T T :
0 50 100 Volume, 1 150

Fig. 6: The intensity of internal sources in the process of the ice
melting with the initial weight of 143 g

Ice M=350g
= 20
= 15 * v =95 55%0637
B R*=10,9616
. )
10 -
5 M SO
*e o,
DRSS DUSSTEN
0 T T T ]
0 100 200 300 400

Volume, 1
Fig. 7: The intensity of internal sources in the process of the ice
melting with the initial weight of 350 g
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Ice M=600 g
= 5
245
: 4 =
s . y =235 61x 0818
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3 .
2,5 e
2 ’Q“‘e S
1,5 tean,
:1 v"*Q-’“
0,5
0 ; ; ; . . .
0 100 200 300 400 500 600
Volume, 1

Fig. 8: The intensity of internal sources in the process of the ice
melting with the initial weight of 600 g

10 Ice M=850¢g
=9 :
] g A
e »
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4 e
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Fig. 9: The intensity of internal sources in the process of the ice
melting with the initial weight of 850 g

Ice M=143+850 g
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Fig. 10: The average intensity of internal sources during the ice
melting with the initial weight of 143+850 g
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Fig. 11: The efficiency of the emitter in conditions of ice melting
with an initial weight of 143-850 g

The results of experimental studies have shown that in the case of
melting of ice under the influence of microwave radiation, the
intensity of heat sources is an inverse function to the mass of ice.
The efficiency of the emitter increases as the mass of ice increases
as well.

2.4. Series of experimental studies: snow melting

The volumetric density of hydrate is often similar to the density of
snow. Therefore, this series of experimental studies was carried
out to determine the influence of gas layers in the mass of the
material on the intensity of internal heat sources. For experimental
research, snow of natural origin with a density of
480 + 640 kg / m® was used. The results of the performed research
are presented in the graphs in Figures 12-15.
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Fig. 12: The intensity of internal sources during the melting of the
initial snow weight of 300 g
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Fig. 13: The intensity of internal sources during the melting of the
initial snow weight of 500 g
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Fig. 14: The intensity of internal sources during the melting of the
initial snow weight of 750 g
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Fig. 15: The intensity of internal sources during the melting of the
initial snow weight of 1000 g

The average intensity of internal heat sources for snow weight
from 300 to 1000 g is graphically shown in Figure 16.



14

International Journal of Engineering & Technology

Snow M=300-1000 g

= 7
26—
> \ v = 53837x%9¢
= N R2=0,9996
4 )
»
3 -,
2 *%
1 k‘_“"-\Le_
! v9++-¢+———0——-¢---¢-_¢--¢
0 500 1000 1500
Volume, 1

Fig. 16: The average intensity of internal sources during melting of
snow with an initial weight of 300-1000 g
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Fig. 17: Emitter efficiency in terms of melting snow
weighing 300-1000 g

The results of experimental studies have shown that in the case of
melting of snow under the influence of microwave radiation, the
intensity of heat sources is a reversed function to the mass of
snow. The efficiency of the radiator varies little with the change in
the mass of snow. Its average value is 62%.

2.5. Series of experimental studies: propane hydrate
dissociation

To study the dissociation of hydrate in the conditions of
microwave radiation, propane hydrate was used. Studies were
conducted for different volumes of hydrate. The results of
determining the power of internal sources for four experiments
with a small amount of hydrate (15.55 - 27.67 g) are shown
graphically in Figure 18.
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Fig. 18: The intensity of internal sources during propane hydrate
dissociation with initial weight from 15.55 to 27.67 g

The obtained results show that the reduction of the initial volume
of hydrate leads to a decrease in the intensity of specific
volumetric sources of thermal energy (qv). At the same time, qv is
an inverse function to the amount of remaining hydrate. On the
basis of experimental data, the average value of qv is determined
and the approximation function is obtained, KW /|

56118

v —W. (28)

Dissociation of a specimen weighing 90 g was performed to verify
the obtained dependence on larger volumes of hydrate. The results
of the measurements are shown graphically in Figures 19 and 20.
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Fig. 19: The intensity of internal sources for propane
hydrate of 90 g
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Fig. 20: Efficiency of the hydrate decomposition with an initial
weight of 90 g

The obtained results indicate a greater intensity of volumetric heat
sources for hydrate, snow, ice and water. The efficiency of the
energy of the electromagnetic field of the magnetron also
increased to 80%.

The following series of experimental studies was conducted with
an increased amount of hydrate. The results of determining
specific volumetric heat sources are shown graphically in Figures
21 and 22.
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Fig. 21: The intensity of internal sources for propane hydrate of
248 g
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Fig. 22: The intensity of internal sources for propane hydrate of
331g

The graph in Figure 23 shows that, for both ice and snow, the use
of microwave radiation efficiency depends on the amount of

80
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hydrate. However, higher energy absorption efficiency than ice
and snow is 80-92% for large amounts of hydrate.

To compare the main characteristics of the microwave radiation
processes of various substances (water, snow, ice and hydrate), all
approximating curves are shown on the plotted graph (Figure 24).
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Fig. 23: The efficiency of the hydrate decomposition with an initial
weight of 15t0331 g
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Fig. 24: Comparison of the average intensity of volumetric sources
for snow, ice, water and hydrate

The combined graph in Figure 24 shows that the worst microwave
radiation absorbs water. For a small amount of ice and snow (up to
0.5 liters), radiation absorption is better than that of water.
Moreover, ice and snow in this respect behave in approximately
the same, way apparently due to almost identical crystalline
structure. When the volume of the substance begins to occupy a
significant part of the chamber space (1-1.5 liters), there is a
decrease in the intensity and alignment of heat sources for the
liquid and solid phases of the water. The greatest absorption is
characteristic of propane hydrate in the whole range of volumes.
After approximating the average value of bulk sources in propane
hydrate, we obtain a function

B 751,76 ) (29)
v VO,92
g

Calculations show that for volumes more than 0.5 liters,
electromagnetic radiation in the propane hydrate is 1.5 times better
than in water and it is 1.74 times better than in ice and snow.
Analysis of the data indicates the commonality of microwave
irradiation of various substances: water, ice, snow and hydrate. All
of them are functions that are inversed in the volume of substance.
However, the different structure of these substances leads to the
emergence of bulk sources of heat of varying intensity. The
intensity of sources in a small amount of water (up to 200 ml) is 2-
3 times lower than their intensity for snow and ice of the same
amount.

At larger volumes of water and ice, the intensity of volumetric
heat sources becomes approximately the same. The curves of
volumetric heat consumption for ice and snow, which have a
similar structure, are also very similar.

The volumetric heat sources that occur inside the propane hydrate
by the action of microwave radiation are 1.5 times greater than in
water and 1.74 times larger than in ice and snow. For large

quantities of material, the efficiency of the absorption of EM
fields is 90% on average. The obtained results of field studies are
the basis for comparison with the results of mathematical
modeling.

3. Conclusions

In order to study the process of dissociation of hydrate under the
influence of microwave electromagnetic radiation, series of field
experiments were conducted, a mathematical model was
developed and a series of studies were performed. The results of
experimental studies of dissociation of gas hydrate allowed
drawing the following conclusions.

1. It has been confirmed that the influence of the volumetric
sources of heat, and not the influence of the boundary conditions,
is the dominant influence on hydration dissociation under the
action of microwave radiation. This provision formed the basis of
the mathematical modeling of the dissociation of the hydrate
massif.

2. It has been established that processes of heating water, melting
ice and snow, and hydrate dissociation occur in a similar way. It is
characteristic that the inverse proportional dependence of internal
specific heat sources is obtained on the volume of material, that is
the decrease in the efficiency of the radiator when the volume of
the material is reduced.

3. It was established that the volume heat sources that occur inside
the propane hydrate under the influence of microwave radiation
are 1.5 times higher than in water and 1.74 times higher than in
ice and snow. The absorption hydrate of the electromagnetic field
at a frequency of 2.4 GHz is 90% for large quantities.
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