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Experimental investigation of interfacial mixing characteristics during sequential

transportation of white oil-water immiscible system

LIU Jinwei', LV Pin?, AN Zhenwu', MAO Gangtao’, WANG Kai*
(1. CNOOC Enerlech Equipment Technology Co., Ltd., Tianjin 300452, China; 2. PetroChina Pipeline Company Limited Northwest
Branch, Yinchuan 750001, Ningxia, China; 3. Beijing Key Laboratory of Pipeline Critical Technology and Equipment for Deepwater
Oil & Gas Development, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: With the rapid development of green energy systems, subsea pipelines are facing increasingly complex operating conditions
such as the sequential transportation of immiscible systems, and the inter-batch mixing risk is significantly increased. To clarify the
interface evolution and mixing characteristics of such systems during transportation, a fully visualized wheel loop and a 565 m long-
distance scaled multiphase flow loop were innovatively employed. A white oil-water immiscible system was selected to carry out
experiments. The mixed-oil behavior during sequential transportation of immiscible systems was systematically investigated, and the
mixing mechanism and dominant controlling factors were revealed, and feasible optimization transportation strategies were proposed.
The results show that the mixing behavior of immiscible systems is jointly controlled by fluid shear, turbulence and gravitational
instability. At low flow rates, the flow pattern is dominated by stable stratified flow, with a long mixing section but low oil content. At
high flow rates, the stratified flow transitions to dispersed flow, where turbulence accelerates droplet breakup and wall-film detachment,
and the mixing is concentrated at the two ends of the water slug. Under the experimental conditions, the minimum length of the oil-containing
section in dispersed flow can be reduced to 28.56% of that in stratified flow, while the average oil content at the outlet is 2.68 times that

of stratified flow. Based on the above results, it is recommended, under the premise of controllable energy consumption, to adopt shorter
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initial oil slugs, maintain dispersed flow transportation at relatively high flow rates, and apply a transportation strategy in which the low-

viscosity phase precedes and the high-viscosity oil phase follows, so as to shorten the mixing section and suppress wall-film trailing,

thereby improving transportation stability. This results can provide a reference for mixing risk control and operation parameter

optimization in the sequential transportation of immiscible systems, and support the safe and efficient transportation of multi-energy systems.
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Table 1 Comparison of physical properties of hydrogen storage carriers and experimental media
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Fig. 1 Structure and photograph of fully visualized wheel

loop experimental apparatus
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Fig.2 Structure and photograph of long-distance scaled

multiphase flow loop experimental apparatus
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Fig. 3 Comparison of interfacial mixing and phase-separation characteristics of immiscible systems
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Fig. 4 Comparison of interfacial evolution characteristics of immiscible systems
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