PROBLEM 8.95
KNOWN: Inner and outer tube surface conditions for an annulus.
FIND: (a) Velocity profile, (b) Temperature profile and expression for inner surface Nusselt number.

SCHEMATIC:

ASSUMPTIONS: (1) Steady-state conditions, (2) Laminar, fully developed flow, (3) Uniform heat
flux at inner surface, (4) Adiabatic outer surface, (5) Constant properties, (6) Applicability of Eq. 8.34.

ANALYSIS: (a) From Section 8.1.3, the general solution to Eq. 8.12, which also applies to annular
flow as represented in Figure 8.11, is
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Applying the boundary conditions,
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and the velocity distribution is
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(b) For fully developed conditions with uniform surface heat flux,

v=0 O TIJ x =dTy /dx = const.
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PROBLEM 8.95 (Cont.)
Hence, from Eq. 8.48, which also applies for annular flow,

L2 ((2T).8 ¢Tn

rorl or) a dx
Substituting the velocity distribution, with
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and the temperature distribution is
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From the requirement that qg =0, it follows that & T/J2 r)r =0. Hence,
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From the condition that T(rj) = Tg j, it follows that
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From Egs. 8.67 and 8.69, the inner surface Nusselt number is
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where Dy, = 2(rg - rj). To obtain a workable form of Nuj, the mean temperature T, must be evaluated.

This may be done by substituting Egs. (1) and (3) into Eq. 8.26 and evaluating upy, by substituting Eq.
(1) into Eq. 8.8. Since the integrations are long and tedious, they are not provided.

COMMENTS: From an energy balance performed for a differential control volume in the annular

region, dTp, /dx =2rq{/ p ¢p Um (rg — riz).



