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1. A leading manufacturer of household appliances is proposing a self-cleaning oven
design that involves use of a composite window separating the oven cavity from the
room air. The composite is to consist of two high-temperature plastics (A and B) of
thicknesses L, = 2L, and thermal conductivities k, = 0.15 W/m.K and k; = 0.08 W/m.K.
During the self-cleaning process, the oven wall and air temperature, T, and T, are 400
°C, while the room air temperature To, is 25 °C. The inside convection and radiation heat
transfer coefficients h, and h,, as well as the outside convection coefficient h,, are each
approximately 25 W/m®.K. What is the minimum window thickness, L = L, + Lg, needed

to ensure a temperature that is 50 °C or less at the outer surface of the window? This

temperature must not be exceeded for safety reasons. (15 points)
Composite
window,
Oven Ly = 2Lg L,

T,, <50 °C

B %, = 25 WimPK

B, kg = 0.08 Wim-K
A, ky =0.15 W/m-K

Ta = 400 °C
h; = 25 W/mPK




2. A 0.4-m internal diameter spherical container made of 1-cm-thick stainless steel (k =

15 W/m.OC) is used to store liquid nitrogen at 50 K. The container is covered with 15-
mm-thick insulation (k = 0.0017 W/m.K) and its outer surface is exposed to ambient air
at 295 K. The convection heat transfer coefficient is known to be 25 W/m°.K. The lalent
heat of vaporization and the density of liquid nitrogen are 2x10° J/kg and 804 kg/mB,
respectively.

2.1 What is the rate of heat transfer to the liguid nitrogen?

2.2 What is the rate of liquid boil-off? (Answer in liters/day)

(10 points)
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3. A hot surface at 140°C is to be cooled by attaching 0.25-mm-diameter and 3-cm-long
copper fins to it, with a center-to-center distance of 0.6 cm. The temperature of the
surrounding air is 0°C, and the heat transfer coefficient on the surfaces is 20 W/m®.°C.
3.1 Determine the rate of heat transferred from the surface for a 1-m X 1-m section of
the plate.
3.2 Determine the overall effectiveness of the fins.
3.3 Determine the percent error in the rate of heat transfer from one fin when the infinitely
long fin assumption is used instead of the adiabatic fin tip assumption.

(25 points)
Note See Figure P17-118, p.716 in textbook “Fundamentals of Thermal-Fluid Sciencs”
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4. Water at 10°C is heated by passing it through 3-cm internal-diameter thin-walled
copper tubes. Heat is supplied to the water by steam that condenses outside the
copper tubes at 200°C. If water is to be heated to 90°C at a rate of 0.5 kg/s, determine
the length of the copper tube that needs to be used and the pumping power required to
overcome pressure losses. Assume the entire copper tube to be at the steam

temperature of 200°C (20 points)



5. A counter-flow double-pipe heat exchange is to heat water from 30 to 100°C at a rate
of 1 kg/s. The heating is to be accomplished by oil available at 120°C at a mass flow
rate of 1.5 kg/s. The copper inner tube is thin-walled and has a diameter of 4 cm. The
inner diameter of the shell is 5 cm.

5.1 Determine the length of the heat exchanger required to achieve the desired heating.
5.2 Determine the maximum heat transfer rate and the outlet temperature of the oil for
this case. (30 points)

Hint Allow to take temperature of oil at 120°C for its properties.
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