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Abstract: The foam generator, as a key component of nitrogen foam fracturing, is mainly used domestically
in sand washing and foam flooding operations, and is significantly inadequate for fracturing stimulation in tight oil
and gas reservoirs. Therefore, there is an urgent need for a high—performance foam generator tailored to the spe-
cific operating conditions of nitrogen foam fracturing. Based on the operating principles and relevant parameters of
nitrogen foam fracturing, and with reference to existing generator types, a counter—jet foam generator was designed
for this application. A gas-liquid—solid multiphase flow model of the foam generator was established using a multi-
phase flow model, the discrete phase model (DPM), and an erosion model. Simulations were conducted to analyze

the effects of impeller structure, installation position, pitch, and central-channel diameter on gas—liquid mixing
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efficiency. The structural parameters were then optimized by also considering the erosion rate caused by solid par-
ticles on the foam generator. Furthermore, field tests were conducted to validate the performance of the optimized
foam generator. The results show that the installation of an impeller in the foam generator promotes gas—liquid
mixing. The mixing efficiency first increases and then decreases with increasing central-channel diameter, while it
gradually deteriorates with increasing impeller pitch. The erosion rates on the impeller and central-channel wall
caused by solid particles decrease with increasing impeller pitch and central-channel diameter. The impeller
installation position has little influence on either mixing efficiency or erosion rate. The optimal structural param-
eters are as follows: a dual-blade impeller with a single turn, an impeller pitch of 90 mm, an installation position 5
mm from the mixing chamber, and a central-channel diameter of 80 mm. In the field test, two—stage fracturing
operations were successfully conducted, demonstrating satisfactory application of the optimized foam generator.
This research is expected to provide theoretical and technical support for improving the effectiveness of foam fractur-
ing stimulation.

Keywords: nitrogen foam fracturing; counter—jet foam generator; structural optimization; multiphase flow;
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Fig. 1 Schematic diagram of the foam generator
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Fig. 2 Physical model of the foam generator
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Fig. 3 Simulated and actual impeller damage
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Fig. 7 Simulation results for different impeller pitches
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