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Abstract: Compressor unit is the key equipment in gas injection into underground gas storage (UGS). Reciprocating compressors are
generally used, and they require a certain amount of lubricating oil to cool, lubricate and seal during operations. In order to remove the
lubricating oil from the exhaust gas during gas injection, the rear end of the compressor is equipped with an oil separator. However,
the existing oil separators are unsatisfactorily performed, leaving a higher-than-expected oil content in the exhaust gas, which directly
affects the purity of the gas in the injectors, thereby resulting in oil blockage of the wellbore to seriously impede the normal operation of
the gas production equipment. Based on the operation data of compressor at the Shaanxi 224 gas storage and the performance of the oil
separator, this paper analyzes the two-phase flow behaviors of the primary separation chamber at the bottom of the oil separator and the
filter element at the upper part of the oil separator, and presents three methods for structural optimization of primary separation chamber
and a novel filter element and installation form. Finally, this paper demonstrates the good effects of optimization by adding a concave
arc baffle at the entrance of the chamber and installing the novel filter element. The following results are obtained. First, the diameter of
the primary separation chamber at the bottom of the oil separator is too small, and the distribution of the gas flow field is unreasonable,
leading to low primary separation efficiency. Second, the filter element is vertically placed and too long, leading to non-uniform load
along the filter height, so that the filter element cannot fully play its role in the height direction. Moreover, a large amount of separated
lubricating oil is gathered in the lower part of the filter element and cannot be discharged, which may induce the liquid droplet enrolling
and sputtering to seriously affect the efficiency of the filter element. Third, as to three structural optimization methods of the primary
separation chamber and the novel filter element, the comprehensive analysis suggests that the addition of a concave arc baffle at the
entrance of the chamber yields superior flow field, and the novel filter element achieves a good optimization effect. It is concluded that
the existing oil separators used for UGSs should be equipped with primary separation chambers having larger diameters and be added
with baffle structure to improve the primary separation efficiency. Moreover, the filter element installation form should be modified, and
the filter element height be reduced to enhance the drainage properties, both hopefully to significantly increase the performance of oil
separators. These optimizations are referential for recovery of lubricating oil from compressors and for efficient operations of UGSs.

Keywords: Underground gas storage; Shaanxi 224 gas storage; Compressor; Oil separator; Primary separation chamber; Filter element; Optimization
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