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ABSTRACT

The plug and abandonment (P&A) of oil and gas wells is a crucial process to prevent the migration of the reservoir fluids and
avoid the contamination of fresh water resources, soil, and atmosphere. In order to plug and abandon a well, the cement plug
placement is conducted via several methods, such as the dump-bailing method, i.e. dumping of the cement slurry into an in-situ
fluid in the wellbore, at specific intervals. In this process, an extensive range of Newtonian or non-Newtonian fluids is used to
displace and remove the in-situ fluid (drilling fluid or water) in the wellbore. Based on the large number of parameters of the flow,
such as the density and viscosity differences between the fluids, the geometry type (pipe, annulus, etc.), the operation conditions
(velocity, geometry inclination, dumping height), various kinds of placement and mixing flows can occur, and different flow
regimes (e.g. inertial, viscous) can develop. Motivated by the fluids mechanics of this process, we experimentally investigate the
placement of a fluid in an inclined closed-end pipe to replace a slightly lighter fluid. In our experiments, the heavy fluid can be
Newtonian or viscoplastic, and the light fluid is always Newtonian. The fluids of our interest are miscible. We investigate the
effects of the flow parameters, such as the density difference, the indication angle, the viscosity ratio between the fluids, and the
rheological parameters on the placement flow patterns, and quantify the different flow regimes versus the appropriate dimensionless
groups that describe the flow.
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