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Abstract: As an emerging unconventional energy source, natural gas hydrate (NGH) 

has received extensive attention from the international community. Recently, the 

“Non-Rocking Gas Hydrate Solid State Fluidized Extraction Laboratory” built in our 

school is urgently needed in the simulation of marine NGH development experiments. 

Raise the temperature of the test medium in the NGH sampler and stabilize it. On the 

basis of extensive research, this paper proposes an NGH temperature control method 

and overall scheme based on microwave thermal effect, and constructs a microwave 

experimental device with controllable power and adjustable parameters. The 

magnetron and NGH sampler are used to realize the parameter control of the 

microwave field in the local area; the high-frequency electromagnetic simulation 

software HFSS is used to numerically simulate the distribution of the microwave field 

inside the sampler when the two magnetrons work at different position parameters. 

Analyze and explore the internal connection between the test medium (using NGH 

alternative medium: ice, water and ice water mixture) and the microwave field in the 

sampler; use the experimental device to complete the heating and temperature of the 

test medium in the sampler with variable parameter magnetron. Distribution and other 

experimental studies; numerical simulation analysis and experimental results show 

that the intensity of the microwave field in the central region of the sampler is higher 

than that of the round periphery and the liquefaction rate of the test medium begins 

to liquefy; the liquefaction speed is significantly faster; and the position of the 

microwave waveguide mouth relative sampler is changed. The parameters can change 

the microwave field distribution and heating rate inside the sampler. The numerical 

simulation of the paper and the results of a series of microwave heating experiments 

verify that the proposed research method is correct and feasible. The microwave test 

device has reached the design index requirements, providing an experimental research 

method for the further practical device development and exploration of the non-
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diagenetic NGH phase transformation law. The results of the paper need to be further 

improved, but the practical application prospects will be very broad. 

 

Keywords: Natural Gas Hydrate (NGH), Temperature Control, HFSS Simulation, 

Microwave Heating. 

 

1. Introduction 

Natural gas hydrate, also known as clathrate inclusion compound Dugong. Review of 

gas hydrate storage and transportation technology [J]. China Petroleum and Chemical 

Standards and Quality, 2013 : 272-272. In the 21st century, people regard natural gas 

hydrate as the most potential clean energy. Compared with coal, oil and natural gas, 

natural gas hydrate has its unique advantages. All countries in the world are striving 

to carry out investigation and Research on natural gas hydrate, and are doing various 

investigations and experiments in order to occupy a certain advantage in the 

exploration and development of natural gas hydrate in the future. 

China has a vast area of sea area and abundant resources, which also contains good 

prospects for gas hydrate resources development. At present, China has explored and 

exploited in areas such as the Shenhu Sea and the Pearl River Mouth Basin in the 

South China Sea, Japan, the Yuling Island Basin in the Japanese Sea, the Krishna-

Godawari Basin in the Indian Sea, the Mohanadi Basin, the Andaman Sea, the 

Kangkang Basin in Karaban, the Cascadia Basin in Canada, the Gulf of Mexico in the 

United States and the South China Sea Trough in Japan. Hydrate samples were 

obtained. Because the purpose of exploration and development is to successfully drill 

hydrates, because obtaining gas hydrates is the most effective and direct proof, and 

the basis of the evaluation of hydrate geological resources is also based on the 

availability of high-quality hydrates. Because the nature of natural gas hydrate is 

unstable, it can only exist stably under high pressure and low temperature. It is easy 

to decompose at other times. Therefore, high quality and high fidelity hydrate drilling 

must be carried out in order to evaluate the discovered hydrate resources directly and 

effectively. 

The main effective component of natural gas hydrate is methane, which contains a 

small amount of hydrocarbons, such as CO2 and H2S, interwoven together to form a 

special form of ice crystals bound to cage molecular structure. It consists of 

hydrocarbons surrounded by many water molecules. Water molecules are closely 

linked to the three-dimensional network through hydrogen bonds, and hydrocarbon 

gas molecules are merged into the network to construct methane hydrate. 
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2. Basic Principle of Microwave Heating 

2.1 Basic Characteristics of Microwave 

Because of the unique characteristics of microwave, microwave is often used as a 

heating method. Most of the materials used in daily work and production are dielectric 

materials. The absorption ability of dielectric materials to microwave varies with their 

loss coefficients. There are pairs of positive and negative ions in the material. Usually 

they are stable and do not work with each other. But if the material is placed in a 

strong electric field, the pairs of positive and negative ions will be rearranged. If the 

material is located in a high frequency and strong alternating electric field, the positive 

and negative ions will be rearranged continuously, resulting in internal friction between 

the molecules in the material, thereby generating heat by friction. 

Traditional heating methods, such as electric heat pipe, water bath, oil bath and 

infrared radiation, generate heat from a high-temperature heat source and transmit 

heat to the target object through heat conduction, so that the object is heated. 

Microwave heating is different from other traditional heating methods. Microwave can 

cause "internal friction" in the object through high frequency electric field, so that the 

heated object can be heated uniformly from inside to outside without the process of 

heat conduction. Because the sampler observation tube involved in this paper is made 

of transparent non-metallic materials, microwave can pass through the transparent 

non-metallic observation tube and directly heat the non-diagenetic NGH, but the 

observation tube will not heat. Therefore, it lays the theoretical foundation for the 

design of this paper. 

Microwave heating system usually consists of five main parts: power supply, high 

voltage transformer, magnetron, waveguide and microwave protection device. 

Because of the requirement of transmitting microwave, the high-voltage system is the 

core of the whole microwave heating system, mainly composed of high-voltage 

transformer, high-voltage capacitor, high-voltage diode, high-voltage insurance and 

magnetron. When the voltage at both ends of the magnetron reaches 4000V, the 

whole microwave heating system can work normally. 

 

2.2 Fundamental Equations of Microwave Transmission 

In the study of electromagnetic wave transmission technology, it is found that the 

corresponding modes of transmission of different wavelengths of electromagnetic 

wave are also different. Because the microwave wavelength ranges from 1 mm to 1 

m, double conductors can be used in the meter band, coaxial lines in the decimeter 

band and waveguide in the centimeter band. In theory, the waveguide tube can match 

perfectly to transmit microwave to the microwave heating cavity, and sometimes the 

waveguide itself is a heater. In this summary, the basic equation of microwave 
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transmission is solved, and the waveguide parameters required in this paper are 

demonstrated by theoretical calculation, which lays a theoretical foundation for 

subsequent microwave simulation. 

It is shown that the effective dielectric constant of dipole steering loss can be 

expressed as: 휀
∗ =  휀′ − 𝑗ε𝑑

′′ =  휀∞ + 𝑙− ∞

1+𝑗𝜏 

The tangent of dielectric loss angle can be obtained： 

tan 𝛿 =  
ε𝑑

′′

휀′⁄  

휀′ =  휀∞ +
휀𝑙 − 휀∞

1 + 2𝜏2
 

휀𝑑
′′ =  

(휀𝑙 − 휀∞)𝜏

1 + 2𝜏2
 

When the frequency approaches DC, the dipole has enough time to follow the external 

alternating magnetic field. Therefore, when all external energy is stored in the material, 

the maximum dielectric constant should be adopted. When the frequency increases, 

when the existing form of the dipole changes, the applied electric field is polarized 

before the dipole because the dipole can not completely restore to its initial state. 

When the frequency increases further, the directional polarization cannot follow the 

change of the external electric field, and the total polarization decreases greatly. The 

decrease of effective polarizability is shown by the increase of loss factor and the 

decrease of dielectric constant. At this point, the energy will dissipate in the form of 

heat. 

The microwave power absorbed by the heated object per unit volume in the 

microwave field is calculated as follows: 

  P =  
5

9
𝑓𝐸2휀𝑟

′ tan 𝛿 × 10−10    (W/𝑚3) 

Skin depth is that microwave can penetrate the medium, while microwave penetrates 

the medium, it will gradually attenuate. When the energy of microwave drops to E-1 

in the initial state, the depth of penetration is defined as D of microwave.    

  D =
𝜆0

𝜋√ 𝑟
′ tan 𝛿

 

The free wavelength of space in the formula. It can be seen that the microwave energy 

will gradually decay in the object during the microwave heating process. Therefore, 

the larger the object, the worse the uniformity of microwave heating. So we can see 

from the skin depth that microwave can even heat the size of the object. 
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3. Simulation of Microwave Temperature Control 

3.1 HFSS simulation 

Cellular automation is a modeling method which assumes that time; space and state 

are all discrete. The basic idea of cellular automation is that defining the law of 

adjacent cells for each time step, than let the time going step by step. As the entire 

car in the road has been defined, we could change the every cell states, when a fast 

car will overtake a slow one, the lane change happened.  

HFSS is a three-dimensional electromagnetic simulation software Du Jun, which can 

quickly and accurately calculate the electromagnetic characteristics of various 

microwave components under different working conditions. The simulation study of 

microwave sintering cavity field distribution based on HFSS [D]. Kunming University 

of Technology, 2014. In this paper, we mainly discuss how to simulate different 

boundary conditions in a sampler with known microwave source (i.e. excitation) and 

solve the distribution of microwave field in the sampler with the help of Maxwell 

equations. That is to say, the solution of Maxwell equations with given boundary 

conditions and other partial differential equations evolved from them is the solution to 

the boundary value problem of electromagnetic field. According to the way of solving 

problems, it can be divided into two categories: analytical solutions and numerical 

solutions. This paper focuses on the numerical solution of finite element method. 

 

3.2 Establishment of simulation model 

According to the requirement of "Laboratory for Solid Fluidized Exploitation of Marine 

Non-diagenetic Natural Gas Hydrate", combined with the research characteristics of 

self-designed microwave heating device and the requirement of heating experimental 

medium, the numerical model of microwave heating device is established by using 

three-dimensional modeling preprocessor of HFSS, and then the mathematical model 

of microwave heating device is established to meet the requirements of heating speed 

and sufficient power. The microwave field distribution in the sample at different 

waveguide ports is simulated. 

 

4. Conclusion 

In this paper, based on the application of microwave heating method to temperature 

control of non-diagenetic NGH sampler, according to the preparation requirements of 

"Marine Non-diagenetic Gas Hydrate Solid Fluidization Exploitation Laboratory", a set 

of heating device using microwave heating non-diagenetic NGH has been designed. 

However, due to limited experimental conditions and uncertain danger of using natural 

gas hydrate, this paper uses ice instead. For the experiment. In this paper, through 

numerical simulation of electromagnetic field distribution in NGH sampler and a series 
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of microwave heating experiments, the feasibility of temperature control method of 

microwave-based non-diagenetic NGH sampler under the background of "Marine Non-

diagenetic Gas Hydrate Solid Fluidized Mining Laboratory" is demonstrated, and the 

rapid, stable and controllable heating of ice in the sampler is verified. Cheng achieves 

the design target of the experimental device. The main conclusions are as follows: 

(1) A set of microwave heating device with adjustable position was designed and 

manufactured, and the temperature control method of non-diagenetic NGH sampler 

based on microwave was studied and analyzed by means of numerical simulation and 

experiment, and a fast, uniform and controllable temperature control effect was 

obtained. 

(2) The distribution of electric field in the sampler under different parameters 

combination is studied by numerical simulation. By changing the position parameters 

of magnetron, the distribution of microwave field in the sampler can be changed. 

(3) Through numerical simulation and experimental research, the experimental results 

confirm the results of simulation analysis: when the vertical distance between A1 and 

A2 is 10 cm, the microwave field distribution in the sampler is more uniform than 

others, and the heating efficiency of the experimental medium is the highest; through 

experimental research and analysis, the heating efficiency of the experimental medium 

L with different waveguide aperture is different when microwave heating, and the 

experimental results are obtained. The optimum heating distance between the 

waveguide port and the experimental medium L was obtained. In microwave heating 

experiment, the heating rate was the fastest when A1 and A2 were equal to L=9cm, 

and the heating efficiency was the highest when L=12cm. 

(4) This paper is a basic research, and the feasibility of the microwave heating scheme 

is demonstrated through the corresponding simulation analysis results and 

experimental results. It can be used to finalize the final design of the gas hydrate solid 

fluidized mining laboratory and the final design of the heating device faster after the 

improvement of the measuring instruments and instruments in the laboratory. 
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