Spring 2009 Qualifying tests
Heat transfer

Closed book exam.
The three problems must be worked out.
Box all answers.

Alloted time: 2 hours

Problem 1:

Two-dimensional, steady-state conduction occurs in a hollow cylindrical solid of thermal
conductivity &= 16 W/(mK), outer radius of », = 1 m, and overall length 2z, = 5 m,
where the origin of the coordinate system is located at the midpoint of the centerline.

The inner surface of the cylinder is insulated, and the temperature distribution within the
cylinder has the form

T(r,z)=a+br’ +cln(r)+d=*
where a= 20°C, »=150°C/m>, ¢ =—12°C, d =~ 300°C/m’ and r and zare in meters.

Determine the inner radius of the cylinder, 1.

Obtain an expression for the volumetric rate of heat generation, g (W/nr).
Determine the axial distribution of the heat flux at the outer surface, ¢.(r,,z).
What is the heat rate at the outer surface? Is the heat rate in or owt of the
cylinder?

4. Determine the radial distribution of the heat flux at the end faces of the cylinder,
qg.(r,+z,) and g7(r,—z,), and the corresponding heat rates; are the heat rates in
or out of the cylinder?

5. Verity that your results are consistent with an overall energy balance on the
cylinder.
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Heat diffusion equation in Carteslan coordinates:
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Heat diffusion equation in eylindrieal coordinates:
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Heant diffusion equation in spherical coordinates:
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Problem 2:

A cross flow exchanger is used to heat water at a rate of rir, =0.4 kg/s from 7, =15°C to
T, =85°C using hot gases at 7,, =240°C. The water flows through » =60 tubes each
having an outside diameter D =3 cm. The temperature of the gases leaving the
exchangeris T, =120°C.

The overall heat transfer coefficientis I/ =110 W/(mz-K). The water specific heat is
c,. =4182 J/(kg-K). For a cross flow exchanger the log mean temperature difference
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is given by:
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where F is a correction factor equal to 0.92 and A7), is the LMTD for an equivalent
single pass counterflow exchanger.

1. Determine the length L of each tube using the LMTD method. List all the
assumptions you have made to determine the length L.

2. What would be the length of a single tube cross flow heat exchanger?

Problem 3:

A small, solid metallic sphere has an opaque, diffuse coating for which the absorptivity is
o, =08 for A< Sumand a; = 0.1 for 4> 5 um. The sphere, which is initially at a
uniform temperature of 300 K, is inserted into a large furnace whose walls are at 1200 K.

Determine the total, hemispherical absorptivity and emissivity of the coating for the
initial condition and for the final, steady-state condition,
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