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Abstract - Fluid flows in annular regions are 

highly relevant in the oil industry. As a result of the 
ever more frequent need to increase production ca-
pacity, increasingly greater flows are applied in oil 
wells. However, this has led to load losses along the 
annular borehole/shaft, which represent a significant 
portion of the total energy to be supplied. Hence, the 
determination of these losses plays an important role 
in the design of these units. Using Computational 
Fluid Dynamics (CFD), this work investigates the 
field of viscoplastic fluid flows in annular spaces 
based on analysis of the profiles of pressure drop, 
entrance length, axial and tangential velocities, and 
on the flow path prediction. These variables are usu-
ally considered relevant for an understanding of well 
drilling mudflow and the particles transported by it. 
The predictive ability of the technique utilized here 
was confirmed by its congruence with the experi-
mental pressure drop data and with the literature. 
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I. INTRODUCTION 
Since the early 1980s, the oil industry has focused in-
creasing attention on the flow of fluids in annular 
spaces, both in drilling, with the cuttings transport by 
drilling mud, and in the artificial lifting of oil by pro-
gressing cavity pumping (PCP). Operating cost con-
cerns and the need to increase production capacity have 
led to the use of ever-increasing flows, and hydrody-
namic losses along the borehole/shaft annuli have come 
to represent a significant portion of the overall energy to 
be supplied, so their determination has taken on a rele-
vant role in the design of these units (Dake, 2001). 

Technological advances have placed horizontal drill-
ing in the forefront of this field since the 90s. Despite its 
high implementation costs, this system allows for the 
exploitation of thin reservoirs and also vertical fractures, 
expanding the horizons of oil prospecting. The exploita-
tion rate is another extremely favorable aspect, since it 
is usually 3 to 5-fold higher than that of vertical wells. 
The operational safety and physical integrity of the well 
are also features of the horizontal drilling arrangement 
(Franchi, 2001). 

One of the proposals that stand out in the literature is 
that of Nouri et al. (1993), who experimentally evalu-
ated the annular flow of Newtonian and non-Newtonian 

fluids in situations above the laminar flow, using the 
laser anemometry technique to  quantify the axial, radial 
and tangential velocity profiles. Their experimental de-
terminations, however, did not predict the effect of in-
ternal axis rotation. 

Similarly, Escudier and Gouldson (1995) also ex-
perimentally studied Newtonian and pseudoplastic 
flows under the influence of the shaft rotation. Using the 
LDA (laser Doppler anemometer) as the measuring 
technique, these authors presented velocity profiles for a 
variety of flow situations (fluid flow and rotation of the 
internal cylinder) and highlighted the friction factor 
under the influence of the flow. 

Based on the results of an experimental unit of Mo-
bil E&P, McCann et al. (1995) determined the influence 
of the flow on the pressure drop along an annuli with 
rotation of the internal cylinder, and found the drop in 
pressure behaved differently depending on the flow re-
gime. Under an eccentric turbulent regime, the drop in 
pressure in the annular region increased as the rotation 
of the internal cylinder raised, while, under laminar 
flow, the drop in pressure decreased as the rotation in-
creased. The authors presented similar results for the 
concentric design. 

Escudier et al. (2002) evaluated the effect of internal 
cylinder rotation on the laminar flow of non-Newtonian 
fluids in an eccentric annular region, checking their nu-
merical simulations of two-dimensional flow against 
experimental data. Their comparison of simulated ve-
locity profiles and those obtained experimentally 
showed a good agreement. These authors also analyzed 
the effect of the attrition factor under the influence of 
the flow condition and the eccentricity of the arrange-
ment. 

In terms of viscoplastic fluid flow, Hemphill and 
Ravi (2005) studied concentric laminar flow under the 
influence of internal axis rotation. These authors pointed 
out the absence of congruence among some results re-
ported in the literature and proposed a real scale ex-
perimental study, together with numerical techniques, to 
predict the velocity profiles in the annular space. Their 
results pointed to an increment in the pressure drop un-
der influence of shaft rotation at speed exceeding 100 
rpm, although in some cases, their numerical simula-
tions indicated a reduction of the pressure gradient. 

The main objective of this study is the use of CFD 
tool in order to provide a better comprehension about 
the annular non-Newtonian flow under influence of 


