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4. Energy transfer associated with forced convection inside tubes will be considered for laminar flow.
Please apply the energy conservation principle to the system as depicted in the following figure to
derive the differential equation governing the temperature profile T(x,r). The assumptions are as
follows: (1) The velocity profile is parabolic and fully developed before any energy exchange
between the tube wall and the fluid occurs. (2) All properties of the fluid are constant. (3) The
surface temperature of the tube is constant at a value of T during the energy transfer. (7%)
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'y . Different boiling regimes can be observed in the boiling curve, which is a plot of the boiling heat flux
versus the temperature difference between the heated surface and the saturated liquid. Please
describe each boiling regime briefly. (5%)
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(a) Please derive the differential equation for the steady-state heat-conduction analysis of extended
surfaces by considering the pin fin depicted in the following figure. The cross-sectional area is A
and the perimeter is P, which do not vary along the fin in the x direction. Since the cross section is
thin, the temperature is a function of x only. The ambient fluid temperature is To,.  (4%)

(b) For a sufficient long fin, please solve the differential equation to obtain the temperature profile

T(x). Both thermal conductivity k and convective heat transfer coefficient h are taken to be constant.
(6%)
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