Code Number.:..............

HEAT TRANSFER QUALIFYING EXAM

January 2011

OPEN BOOK (only one book allowed)
Answer all questions

All questions have equal weight

TIME: 3.0 hrs

Prepared by : Profs. A. Bénard and N. Wright



Question #1)

The top and bottom surfaces of a truncated cone (the frustrum of a cone) shown below
are kept at 500K and 1000K respectively. The side surface is perfectly insulated (surface
2). If all surfaces are gray and diffuse, find the system of equations that will allow you
to compute the radiosity for each surface, do not solve the system of equations for

brevity.

Surface 3
T3=600K
83=0.9

Surface 2
Insulated
82=0 g

Ar=63m*

Surface 1
T1=600K
8120. 8




Question #2)

A submerged steel pipe (k=20 W/m/°C) carries oil at 0.25 m>/s across a river. The
interior diameter of the pipe is 20 cm and the exterior diameter is 21 cm. At one bank
of the river, the mean temperature of the oil is 90 °C and at the other bank it is 80 °C.
The river flows at 3 m/s and the temperature of the water is 10 °C. Estimate the
submerged length of the pipe.



Question #3)

A long steel bar with a cross-section of 10 cm by 30 cm is initially at a uniform
temperature of 600 °C. The bar is plunged into a water bath that is at 100 °C.
Calculate the temperature at the center of the bar after 20 min. Assume that the
properties of the steel are k =20 W/m/°C, p= 8550 kg/m>, and ¢, =550 J/kg/°C.
Further assume that the heat transfer coefficient is 5000 W/m?/°C. (Note: the solution
of a two-dimensional homogeneous problem can be written as the product of the
appropriate one-dimensional solutions.)



Question #4)

A radiant oven (set on broiler) is at 900K. It is used to cook a thin round pizza of 0.75
cm — thick. The pizza is assumed to have the same properties as water and its surface
area is much smaller than the heating element (view factor to the heating element is 1).
If the pizza is taken from the refrigerator at 15°C, develop a mathematical model to find
the time it takes for the pizza to reach 130°C. The pizza has a radius of 10 cm and an
emissivity of 0.95. The surrounding air is at 20°C and the heat transfer coefficient is 10
W/m’K. In developing your simple model, state under what conditions you could solve
analytically the resulting equation e.g. is convection neglibible?
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