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Fig. 7.17 Aerodynamics of
automobiles: (a) the historical
trend for drag coefficients (from
Ref. 21); (b) effect of bottom rear

upsweep angle on drag and down-

ward lift force (from Ref. 25).
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Turbulent core-annular flow with water-lubricated
high viscosity oil in pipes

Kiyoung Kim and Haecheon Choi

Seoul National University

Vertical pipe Horizontal pipe
Poin =963 kg/m3; u,;,=17.6 Pas Poir = 889 kg/m?; 1, = 0.919 Pa s
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® In core-annular flows, high viscosity oil is encapsulated

Increasing q,,,..,/q i

in the pipe core region by water, and thus low viscous water
can transport oil efficiently. However, irregular wavy shapes
of the phase interface appear due to the large viscosity

difference and turbulence in the annulus.

® With increasing volume flow rate ratio of water to oil
(4rate’q,i)> the wavelength and amplitude of the phase
interface increase. For small and large gaps between the
phase interface and the wall, laminar and turbulent flows are

Increasing q,,,.../4,i manifested, respectively, which are shown with 4, criterion.
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Fig. 7.19 Wave-making drag on a
ship model. (After Inui [27].)
Note: The drag coefficient is
defined as Cpy = 2F/(/J“:L2)‘
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Fig. 7.20 Effect of the Mach num-
ber on the drag of various body

shapes. (Data from Refs. 23 and
29)
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