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1. In areas where the air temperature remains below 0°C for prolonged periods oftime, the
freezing of water in underground pipes is a major concern. Fortunately, the soil remains
relatively warm dudng those periods, and it takes weeks for the subfreezing temperatures to
reach the water mains in the ground. Thus, the soil effectwely serves as an msulator to protect
the water from subfreezing temperatures in-'winter. - B e

The g,round ata partxcula.r location is covered with snow pacL at -10°C fora continuous pﬂnod
: _ -of three months (90 days), and the average soil properties at that location are k=0.4W/m°C and

' «=0.15x10°m%/s. Assuming an initial uniform temperature of 15°C for the ground, determine
"L " the minimum burizl depth to prevent the water pipes from freezing.

e

2..Consider a large uranium plate: of thickness L=4cm, thermal conductmtyL 20W/m°C, 2ad

. thermal dl&'usu.rlty 'o=1.0x10"m’/s that is initially at a uniform temperature of 200°C. Heat is -

. aeneraled untformly in the plate at a rate o\f;q =5X105W/mm’® > Attime t=0s, one side of the plate
if brought into-contact with iced water and is rnamtamed at 0°C at all times, while the other side
is subjected to convection environment at T.=30°C with a. heat transfer coefficient
h=50W/m™C. Considering a total of three equally spaced 'nodes in the medium, two at the

“boundaries 2nd one at the middle, estimate the exposed surface temperature of the plate 1
minute after the start of cooling using the explicit method.

773, The forming saction of a plastics plant puts out a continuous sheet of-plastic thatis 1-m wide
and 1-cm thick at a rate of 10m/min. The temperature of the plastic sheet is95°C when it is

. exposed in the cooling zone-to an zir flow at a temperature of 25°C and a-velocity-of3m/s on
both sides zlong its surfaces normal to the direction of motion of the sheet (figP3). Determine
(2) the rate of heat transfer from the plastic sheet to the air and (b) the temperature of the plastic_
sheet at its exit from the cooling zone. Take the density and spec:ﬁc heat of the plastic sheet to-
bé 5 kg/m® and 1675 J/kg°C. The cross section of the cooling duct is assumed to be very large
in ordec for a boundary layer to develop unaffected on both sides of the sheet.

Air Flow

i Fig.P3

Points: 1 (20%), 2 (40%) and 3 (40%).
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