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1- A blackened ceramic sphere of D diameter is
initially uniform in temperature T0 and suddenly
placed in outer space where it loses by radiation (no
convection) according to qrad=δAT4.calculate the
temperature distribution of this sphere.

2- The D diameter stainless-steel wire shown is initially at Ti and is exposed to
convection environment at T and the heat transfer coefficient is h. an electric
current is applied to the wire such that there is a uniform internal heat generation of
Q. The left side of the wire is insulated as shown. Find the temperature distribution
as a function of time.

3- A fluid at velocity U flows steadily through a narrow rectangular channel of
cross section (2l*δ) and length L. the inlet temperature of the fluid is T0 and the
ambient temperature T∞. The upward and downward heat coefficients are h1 and h2,
respectively. The sides of the channel are insulated. The conduction in the
direction of flow is negligible. The internal energy u´´´ is generated in the
fractional volume (2b* δ*L) of the fluid. Find temperature at the exit of the
channel.
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4- A square, 2–D rod is exposed to identical convection conditions on the left and
right faces. The bottom surface is insulated, and the top surface receives a non-
uniform heat flux given by:

In which q′′0 and a are constants. Formulate the problem for the temperature
distribution in appropriate dimensionless form, and derive a solution using the
SOV method. Note: the boundary conditions can be simplified by exploiting the
symmetry of the problem.

5- A solid circular rod, of length L and radius R, has the ends at z = 0 and L
maintained at T1 and T2. Electrical current flows through the rod which results in a
uniform heat generation rate of q′′′ within the rod. The surface at r = R is cooled by
convection to T∞.
(a) Using the superposition and SOV methods, determine the solution for the
temperaturedistribution in the rod. Be sure to cast the problem in dimensionless
variables.
(b) Re–derive the solution for the case of L → ∞. Recognize that in this limit there
willno longer be an explicit BC stated at L, rather, the solution must asymptote to
thecorrect behavior for z → ∞. Derive a formula for the total rate of heat transfer
to/fromthe z = 0 surface of the wire, and plot the result (in appropriate
dimensionless form), as a function of dimensionless generation rate q′′′using BiR =
hR/k = 1. Discuss thephysical significance of your results.

6- A thermal spreader is a device used to transfer heat from a (typically small)
integrated circuitto a cooling environment. Often they are designed to provide a
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larger heat transfer area tothe convection environment than that occupied by the
circuit, thereby ‘spreading’ out theheat much like a fin. A circular disk spreader is
illustrated in Fig. 4.19, which has a radius ofR and a thickness of t. The circular IC,
of radius Rc, is centered on the top of the spreader,and a uniform flux of q′′c enters
the spreader from the IC. The bottom surface of the spreaderis cooled by
convection, and all other surfaces are adiabatic.Formulate the problem in
appropriate dimensionless variables, and derive the analyticalsolution for the
temperature distribution in the spreader. You will want to use R asthe characteristic
length and q′′cR/k as the characteristic temperature difference. Pleasenote that this
problem will admit a zero eigenvalue (λ0 = 0) with a non–zero zerotheigenfunction
(φ0≠ 0). It is critically important that you include the contribution ofthese terms.

7- A solid cylinder has a length L and a radius R. The surface of the cylinder at r =
R has aprescribed temperature distribution given by f(z, φ), whereas the surfaces at
z = 0 and L areadiabatic. Derive the series expansion for the steady–state
temperature distribution in thecylinder, and give formulas for the expansion
coefficients.
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