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Abstract: Due to the unequal impact of conventional fossil energy reserves such as 

oil and natural gas and human needs, countries around the world have begun to. The 

scale of the search for new energy. As a new unconventional energy source, natural 

gas hydrates has attracted the attention of various countries and has invested a lot of 

manpower, financial resources, and material resources to study it and achieved certain 

results. At present, the research on natural gas hydrates mainly focuses on the 

geophysical properties of hydrate reservoirs. However, due to the special reservoir 

conditions of natural gas hydrates, it is difficult to obtain high-fidelity in-situ samples 

by drilling and other means. Experimental research work, so the method of using 

artificial hydrate samples is currently the most commonly used method to solve 

artificial synthesis of sample hydrates. The problem of extremely uneven distribution, 

and the acquisition of suspended hydrates, the method proposed in the article for the 

preparation of pore ice in porous media by microwave heating provides pre-sample 

processing for the preparation of suspended hydrates. 

 

Keywords: Porous media, gas hydrates in the pore fluid, samples with ice particles 

in pore space, microwave heating. 

 

1. Introduction 

1.1 Natural Gas hydrate introduction 

Natural Gas Hydrate ,commonly known as "flammable ice" is a form of ice-like 

clathrate compound formed by water and small molecular gases under certain 

temperature and pressure conditions [3]. Since the number of gas molecules 

contained in natural gas hydrates is not fixed, that is, there is no fixed stoichiometry, 

internationally, m M·n H2O is used, where M is the gas molecule, m is the number of 

gas molecules, and n is the number of water molecules [3]. In natural gas hydrates 

produced by nature, gas molecules may include methane, ethane, propane, isobutane, 
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n-butane, nitrogen, carbon dioxide, hydrogen sulfide, and the like. However, more 

than 90% of the enclosed gas molecules are methane, so it is also commonly referred 

to as "methane hydrate." [1] Different gas molecules involved in the formation of 

hydrates, the formation of hydrate structure is also different, mainly I (cubic crystal 

structure), II (diamond crystal structure) and H (hexagonal crystal structure), 

methane hydrate is a type I hydration Hydrates of species, type II and type H 

structures are less distributed in nature. [4] 

 

1.2 Microwave heating profile 

Microwave refers to an electromagnetic wave with a frequency range of 300MHz to 

300GHz. The wavelength λ and frequency f are the main parameters describing its 

characteristics. The propagation velocity of electromagnetic waves in a vacuum is 

approximately 2.998X108m/s. The following relationship exists between the three. : 

𝑓 × 𝜆 = 𝐶 (2-1) 
It can be seen from the above equation that the microwave wavelength range is 

between 1mm and 1m, which is smaller than the radio wave wavelength. [5] 

In order to prevent industrial and domestic microwave equipment from causing 

interference to radar waves, etc., the relevant international agencies stipulate that the 

microwave heating frequency be 915MHZ or 2.45GHz. General domestic microwave 

ovens use 2.45GHZ micro frequency. 

 

Figure 1.1 Electromagnetic wave frequency universal microwave frequency band 

 

2. Simulation process 

2.1 Simulation model establishment 

According to the characteristics of self-designed microwave heating device and the 

requirements of heating the sample, a numerical model was established using the 

HFSS' own 3D modeling preprocessor. In consideration of the requirement for rapid 

heating, it is proposed to ensure the power is sufficient. The tube is heated to simulate 

the distribution of the electric field formed in the interior of the sample at different 
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waveguide locations. The waveguide size adopts the national standard BJ26 type 

standard waveguide with the length and width of 86.36mm and 43.18mm, respectively. 

The simulation uses 2.45GHz and the power is 1500kw wave port excitation conditions. 

The sample diameter is 75mm, the nylon sample tube has an outer diameter of 100mm, 

an inner diameter of 75, and a sample height of 280mm. 

 

Figure 2.1 The establishment of a simulation model 

 

2.2 HFSS simulation analysis 

According to the characteristics of the microwave heating device, the number of 

magnetrons and the distance between the waveguide and the distance between the 

waveguide and the sample tube were used as variables to analyze the electric field 

distribution in the sample tube. The microwave power dissipation in the material is in 

square relationship with the electric field strength in the material. In the case where 

the field strength distribution in the sample is similar, the greater the field strength is, 

the worse the uniformity of the temperature distribution is. Because the air has a 

certain humidity, the distance from the waveguide to the sample tube too far will 

cause the air power to dissipate too much. Therefore, the distance from the outer 

diameter of the waveguide to the sample tube is set to 0 mm, 30 mm, 60 mm, 90 mm, 

and 120 mm, respectively, depending on the microwave wavelength. 
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Figure 2.2 shows six magnetrons working in two rows 

The distribution of the electric field inside the sample at different distances from the 

waveguide to the waveguide. As can be seen from the figure, the electric field strength 

at the center of the sample is higher than that of the surrounding electric field. When 

the distance between the waveguide mouth and the sample tube is 0cm, the strong 

electric field concentration points are distributed throughout the sample; when the 

distance is 3cm, the top and bottom electric fields are strong, with the strongest 

electric field appearing at the lower part and the middle-upper part of the electric field 

being weak; Among the five distance parameters, the concentration of strong electric 

field is less at 9cm and the electric field distribution is relatively uniform. 

 

3. Experiment procedure 

The sample tube used for the layered detection method is made of a nylon tube with 

a weak absorbing ability. The height of the sample tube is 300mm, the diameter is 

70mm, the sample tube is divided into 12 layers, the height of each sample tube is 

20mm, and the height of the top layer and bottom layer is 50mm. . Two small steel 

wires are connected between each sample tube to make the sample tube into a whole. 
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During the test, the sample tube is assembled into a whole sample and heated. After 

the heating is completed, the steel wire in the sample tube is taken out, and the 

sample tube can be layered. temperature check. 

     

Figure 3.1 Experimental setup             Figure 3.2 nylon sample box 

According to the microwave heating method used in the numerical simulation, the six-

tube heating mode was adopted for the microwave heating uniformity test. The 

distance from the waveguide to the sample tube was set to 0 cm, 3 cm, 6 cm, 9 cm, 

and 12 cm, respectively. 

Table 3.1 6 Temperature data of each layer at different distances from the sample 

tube of the first type of magnetron waveguide (temperature unit °C) 

0cm 

Horizon 

(mm) 
0 20 40 60 80 100 120 140 160 180 200 η 

Maximum 39 45.4 51.5 51.9 43.7 35.8 31.1 33.7 39.4 48.8 49.3  

Min 27.0 30.9 33.1 33.7 34.0 28.4 25.7 29.6 26.5 32 34.9  

average 

value 
31.9 37 41.7 45.7 38.8 33.0 28.3 25.8 32.9 39.8 44.3 0.69 

3cm 

Horizon 

(mm) 
0 20 40 60 80 100 120 140 160 180 200 η 

Maximum 39.7 29.0 30.2 31.3 36.4 27.3 28.0 30.0 29.5 37.3 35.6  

Min 21.5 24.1 25.3 26.3 26.2 24.6 23.8 23.6 23.3 26.5 25.8  

average 

value 
24.9 27.3 27.2 29.2 28.6 26.2 25.8 26.1 26.2 30.4 31.4 0.66 

6cm 

Horizon 

(mm) 
0 20 40 60 80 100 120 140 160 180 200 η 

Maximum 33.1 33.7 30.5 32.3 33.1 32.1 29.1 29.7 34.1 38.4 36.6  

Min 25.4 26.8 26.3 25.9 27.4 27.4 25.4 26.0 25.8 27.7 28.6  

average 

value 
28.6 30.7 27.8 28.6 30.2 29.4 27.2 27.6 29.4 32.7 32.7 0.44 
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9cm 

Horizon 

(mm) 
0 20 40 60 80 100 120 140 160 180 200 η 

Maximum 31.2 28.3 29.3 28.1 27.4 26.4 27.7 28.3 29.4 29.8 28  

Min 25 24.9 24.7 24.9 24 23.6 23.4 23.9 24.7 25.1 24.8  

average 

value 
26.4 26.8 27.0 26.6 26.1 25.0 24.9 26.0 26.8 27.6 26.6 0.30 

12cm 

Horizon 

(mm) 
0 20 40 60 80 100 120 140 160 180 200 η 

Maximum 37.8 67.1 65.5 61.6 51.2 57.5 58.0 52.1 48.6 49.2 50.2  

Min 23.8 28.8 39.7 43.9 36.7 40.6 38.7 38.8 35.0 34.5 34.8  

average 

value 
26.1 43.5 52.9 53.0 46.3 47.1 49.9 47.5 42.5 43.2 42.9 0.96 

 

Fig. 3.3 6 Temperature distribution diagrams of each layer when the distance 

between the waveguide and the waveguide is 9cm from the sample tube 

 

Fig. 3.4 6 Temperature difference curves of cross-sections of different layers of a 

magnetron at a different distance from the sample tube 
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From Fig. 3.4, it can be seen that when the 6 magnetrons are operated at the same 

time in a class of arrangement, the cross-sectional temperature difference curve 

measured by the waveguide mouth at a distance of 9cm from the sample tube is stable 

with minimal fluctuations and the overall cross-sectional temperature difference is 

small; at a distance of 12cm At this time, the cross-sectional temperature difference 

fluctuates greatly and the temperature difference is also large. From Table 3.1 we can 

see that the non-uniformity coefficient of the sample is the smallest when the distance 

is 9cm, and the temperature distribution within the sample is the most uniform under 

the five distance conditions, and the results are analyzed with HFSS. the same. 

 

4. In conclusion 

In this paper, the microwave heating method is applied to the artificial preparation of 

natural gas hydrate samples. The use of different materials for different microwave 

absorption characteristics, selection of materials with strong wave-absorption capacity 

as the skeleton material, heating the skeleton material by microwave heating will be 

the skeleton material particles The contact interface with ice melts so that the ice 

particles are only present in the pores of the framework material, providing a sample 

of porous media with pore ice for the preparation of the suspended hydrates in the 

porous medium. The main findings are as follows: 

1. A set of multi-burst traveling wave heaters with adjustable feed ports was designed, 

and a combination of experimental methods and numerical simulation was used to 

find the relevant parameter combination of microwave heating when the microwave 

heating uniformity was the best, obtaining a more uniform Microwave heating effect; 

2. Using the method of numerical simulation and experiment, the electric field 

distribution inside the sample under different parameters was studied. In the 6-tube 

heating mode, the heating uniformity of the waveguide from the sample tube was 

best when the distance was 9cm. 
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