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1.(10%) The heat flux that is applied to one face of a plane wall is q”’=25 W/m?. The opposite face is
exposed to air at temperature 30°C, with a convection heat transfer coefficient of 25 W/m?-K. The
surface temperature of the wall exposed to air is measured and found to be 50°C. Do steady-state
conditions exist (5%)? If not, is the temperature of the wall increasing or decreasing with time (5%)?

2. (20%) A computer consists of an array of five printed circuit boards (PBCs), each dissipating Py = 20
W of power, Cooling of the electronic components on a board is provided by the forced flow of air,
equally distributed in passages formed by adjoining boards, and the convection coefficient associated
with heat transfer from the components to the air is approximately h = 200 W/m?*-K. Air enters the
computer console at a temperature of T;= 20°C, and flow is driven by a fan whose power consumption is
Pe=25W.

(a) (10%) If the temperature rise of the airflow, (To - T), is not to exceed 15°C, what is the
minimum allowable volumetric flow rate V of the air? The density and specific heat of the air
may be approximated as p = 1.161 kg/m? and ¢, = 1007 J/kg K, respectively.

(b) (10%) The component that is most susceptible to thermal failure dissipates 1 W/cm? of surface
area. To minimize the potential for thermal failure, where should the component be installed on
a PCB? What is its surface temperature at this location?
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3. (10%) At a given instant of time, the temperature distribution within an infinite homogeneous body is
given by the function

T(X, ¥, 2) = X* -2y* + 22 — xy + 2yz
Assuming constant properties and no internal heat generation, determine the regions where the
temperature changes with time.

4. (15%) The temperature distribution across a wall 0.3 m thick at a certain instant of time is
T(x) =a+bx +cx?
where T is in degrees Celsius and x is in meters, a = 200°C, b = -200°C/m, and ¢ = 30°C /m?. The wall has
a thermal conductivity of 1 W/m- K.
(a) (10%) On a unit surface area basis, determine the rate of heat transfer into and out of the wall
and the rate of change of energy stored by the wall.
(b) (5%) If the cold surface is exposed to a fluid at 100°C, what is the convection coefficient?

5. (10%) Passage of an electric current through a long conducting rod of radius rj and thermal
conductivity k; results in uniform volumetric heating at a rate of ¢ . The conducting rod is wrapped in an

electrically nonconducting cladding material of outer radius r, and thermal conductivity k¢, and
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convection cooling is provided by an adjoining fluid. For steady-state conditions, write appropriate forms
of the heat equations for the rod and cladding (5%). Express appropriate boundary conditions for the

solution of these equations (5%).

Conducting
rod, g, k

r

Cladding, £,
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6. (15%) The composite wall of an oven consists of three materials, two of which are of known
conductivity, ka =20 W/m-K and kc = 50 W/m-K, and known thickness, L.a =0.30 m and Lc =0.15 m.
The third material, B, which is sandwiched between materials A and C, is of known thickness, Lg = 0.15
m, but unknown thermal conductivity ks. Under steady-state operating conditions, measurements reveal
an outer surface temperature of Tos = 20°C, an inner surface temperature of Ts; = 600°C, and an oven air
temperature of Te. = 800°C . The inside convection coefficient h is known to be 25 W/m? K. What is the

value of kg?

7. (20%) Steam flowing through a long, thin-walled pipe maintains the pipe wall at a uniform
temperature of 600 K. The pipe is covered with an insulation blanket comprised of two different
materials, A and B. The interface between the two materials may be assumed to have an infinite contact
resistance, and the entire outer surface is exposed to air for which Te =320 K and h =25 W/m?>-K.
(a) (5%) Sketch the thermal circuit of the system. Label all pertinent nodes and resistance
(b) (10%) For the prescribed conditions, what is the total heat loss from the pipe? (5%) What are
the outer surface temperature Ts24) and Tsa)?

e = 2 Wim - K

kg = 0.25 Wim-K
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