Heat Transfer I, Hw # 4

1. A composite wall separates combustion gases at 2600°C from a liquid coolant at 100°C, with gas- and liquid-side convection
coefficients of 50 and 1000 W/m2K. The wall is composed of a 10-mm-thick layer of beryllium oxide on the gas side and a 20-

mm-thick slab of stainless steel (AISI 304) on the liquid side. The contact resistance between the oxide and the steel is 0.05 m2
K/W. What is the heat loss per unit surface area of the composite? Sketch the temperature distribution from the gas to the liquid.

2. Two stainless steel plates 10 mm thick are subjected to a contact pressure of 1 bar under vacuum conditions for which there is
an overall temperature drop of 100°C across the plates. What is the heat flux through the plates? What is the temperature drop
cross the contact plane?

3. Consider a tube wall of inner and outer radii ri and ro, whose temperatures are maintained at Ti and To, respectively. The thermal
conductivity of the cylinder is temperature dependent and may be represented by an expression of the form k = ko(1+ aT), where ko and a
are constants. Obtain an expression for the heat transfer per unit length of the tube. What is the thermal resistance of the tube wall?

4. A composite cylindrical wall is composed of two materials of thermal conductivity ka and kB, which are separated by a very thin, electric
resistance heater for which interfacial contact resistances are negligible.
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Liquid pumped through the tube is at a temperature T=, 1 and provides a convection coefficient hi at the inner surface of the composite. The
outer surface is exposed to ambient air, which is at T=,, and provides a convection coefficient of #.. Under steady-state conditions, a uniform
heat flux of g is dissipated by the heater.

(a) Sketch the equivalent thermal circuit of the system and express all resistances in terms of relevant variables.

(b) Obtain an expression that may be used to determine the heater temperature, Th.

(c) Obtain an expression for the ratio of heat flows to the outer and inner fluids, go/gi. How might the variables of the problem be adjusted to
minimize this ratio?

5. A bakelite coating is to be used with a 10-mm-diameter conducting rod, whose surface is maintained at 200°C by passage of an electrical
current. The rod is in a fluid at 25°C, and the convection coefficient is 140 W/mz K. What is the critical radius associated with the coating?
What is the heat transfer rate per unit length for the bare rod and for the rod with a coating of bakelite that corresponds to the critical radius?
How much bakelite should be added to reduce the heat transfer associated with the bare rod by 25%?

6. A storage tank consists of a cylindrical section that has a length and inner diameter of L=2 m and Di =1m, respectively, and two
hemispherical end sections. The tank is constructed from 20-mm-thick glass (Pyrex) and is exposed to ambient air for which the temperature is
300 K and the convection coefficient is 10 W/m2 K. The tank is used to store heated oil, which maintains the inner surface at a temperature of
400 K. Determine the electrical power that must be supplied to a heater submerged in the oil if the prescribed conditions are to be maintained.
Radiation

7. The wall of a spherical tank of 1-m diameter contains an exothermic chemical reaction and is at 200_C when the ambient air temperature is
25_C. What thickness of urethane foam is required to reduce the exterior temperature to 40_C, assuming the convection coefficient is
20 W/m2 _ K for both situations? What is the percentage reduction in heat rate achieved by using the insulation?

8. A thin metallic wire of thermal conductivity &, diameter D, and length 2L is annealed by passing an electrical current through the wire to
induce a uniform volumetric heat generation . The ambient air around the wire is at a temperature T, while the ends of the wire at x=+*L are
also maintained at Tw. Heat transfer from the wire to the air is characterized by the convection coefficient 4. Obtain an expression for the
steady state temperature distribution 7(x) along the wire.

9. A metal rod of length 2L, diameter D, and thermal conductivity k is inserted into a perfectly insulating wall, exposing one-half of its length
to an air stream that is of temperature T= and provides a convection coefficient & at the surface of the rod. An electromagnetic field induces
volumetric energy generation at a uniform rate within the embedded portion of the rod.
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(a) Derive an expression for the steady-state temperature 7% at the base of the exposed half of the rod. The exposed region may be
approximated as a very long fin.

(b) Derive an expression for the steady-state temperature 7o at the end of the embedded half of the rod.

(c) Using numerical values provided in the schematic, plot the temperature distribution in the rod and describe key features of the distribution.
Does the rod behave as a very long fin?



