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Abstract: As a kind of clean energy with abundant reserves, natural gas hydrate has extremely high ex-
ploitation value and energy strategic significance. In order to the in-situ natural gas hydrate extraction en-
vironment in solid-state fluidized mining and the characteristics and the parameters such as extraction
particle size of multiphase flow and the particle size of the multiphase flow during the extraction process,
a set of inspection-while-drilling tools based on image technology was designed. In the simulated environ-
ment of natural gas hydrate, the strength, pressure resistance, tightness and visibility of the device were
verified; the performance of the processing methods between average background and acquisition back-
ground was compared; the size distribution of particles was extracted from the flow image through pro-
cessing techniques such as background subtraction, median filtering, threshold base clipping, Canny

processing, morphological processing, etc. The results show that: (D the tool meets the requirements of
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strength while drilling, pressure resistance, and tightness, and the particle imaging has a good visibili-

ty; @ the processing average background is better than the collection background, precenting a good per-

formance of the effect of background subtraction; 3 detected size distribution of particles is generally

consistent with the experimental sampling results, which proves the feasibility of the device and lays the

research foundation for the general law of multiphase flow detection and exploiting fragmentation in non-

diagenetic gas hydrate mining.

Key words: natural gas hydrate; detection while drilling; particle size detection; background subtrac-

tion; imaging visibility
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Fig. 1  Multiphase flow detection principle diagram
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Fig.2  Mining diagram
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Table 1 Detection while drilling tool specifications
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Fig.3 Schematic diagram of mining tool string
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Fig. 4 Design of test shorting structure
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Fig. 5 Schematic diagram of pressure test device
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Fig. 6 Tool stress distribution diagram
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Fig. 7 Schematic diagram of imaging component structure
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Fig. 8 Defocus plane particle imaging distribution '
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Fig. 9  Gray distribution map
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Fig. 10 Schematic of experimental detection device
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Fig. 12 Background processing results
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Fig. 13 Image processing flow
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Fig. 14 The projection of particles on an image during image processing
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Table 2 Processing example
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Fig. 15 Particle size distribution
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