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Chapter 8 B Viscous Flow in Pipes

@ FIGURE 8.32:
Loss coefficient for a s
expansion (Ref. 10). .
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The losses may be quite different if the contraction or expansion' is gradual._'l_“yp;(;
results for a conical diffiser with a given area ratio, A,/A,, are shown in Fig. 8.33. Clgaﬂy
the included angle of the diffuser, 8, is a very important parameter. For very small aqgleh
the diffuser is excessively long and most of the head loss is due to the wall shear stres_s_.
fully developed flow. For moderate or 1arge angles, the flow separates-from the walls and
losses are due mainly to a dissipation of the kinetic energy of the get leaving the s__maﬂ.
diameter pipe. In fact, for moderate or large values of & (ie., 6 = 3? for the case show in
Fig. 8.33), the conical diffuser is, perhaps unexpectedly, less e;fﬁment than 2 shatp-gdg_gd
expansion which has K, = I. There is an optimum angle(f ~ 8° for the case 111u§tr_gted) _fo_r
which the loss coefficient is a minimum, The relatively small value of B'for the minimum K,
results in a.long diffuser and is an indication of the fact that it is difficult to efficient]
decelerate a fluid. - .

It must be noted that the conditions indicated in Fig. 8.33 represent typical resu.lt_s:-._onl
Flow through a diffuser is very complicated and may be strongly dependent on the area ra
As/A,, specific details of the geometry, and the Reynolds number. T?e data are often prgsel_lt_(:d
in terms of a pressure recovery coefficient, C, = (p, — pl)_/ (pV'1/23, which is the rati
the static pressure rise across the diffuser to the inlet dynamic pressure. Considerable ef]
has gone into understanding this important topic (Refs. 11, 12).
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B FIGURE 8.33 Loss coefficient for a typical conical diffuser (Ref. 5).
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B FIGURE 8.34 Character of the flow in a 90° bend and the associated loss coefficient
(Ref. 5).

Flow in a conical contraction (a nozzle; reverse the flow direction shown in Fig. 8.33)
is less complex than that in a conical expansion. Typical loss coefficients based on the down-
stream (high-speed) velocity can be quite small, ranging from K; = 0.02 for § = 3(°, to
K, = 0.07 for § = 60°, for example. It is relatively easy to accelerate a flnid efficiently.

Bends in pipes produce a greater head loss than if the pipe were straight. The losses
are due to the separated region of flow near the inside of the bend (especially if the bend is
sharp) and the swirling secondary flow that occurs because of the imbalance of centripetal
forces as a result of the curvature of the pipe centerline. These effects and the associated
values of K for large Reynolds number flows through a 90° bend are shown in Fig. 8.34.
The friction loss due. to the axial length of the pipe bend must be calculated and added to that
given by the loss coefficient of Fig. 8.34.

For situations in which space is limited, a flow direction change is often accomplished
by use of miter bends, as is shown in Fig. 8.35, rather than smooth bends. The considerable
losses in such bends can be reduced by the use of carefully designed guide vanes that help
direct the flow with less unwanted swirl and disturbances,
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® FIGURE 8.35

Separated —— & Character of the flow
flow in a 90° miter bend
\H\L and the associated loss
K =1.1 K, ~0.2 coefficient: (a) without
guide vanes. (5} with
(a) {(b) guide vanes.




