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Conduction

1.6 A glass window of width W = | m and height H =2 m
is 5 mm thick and has a thermal conductivity of k, =
14 W/m -+ K. If the inner and outer surface tempera-
tures of the glass are 15°C and —20°C, respectively, on
a cold winter day, what is the rate of heat loss through
the glass? To reduce heat loss through windows, it is
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customary to use a double pane construction in which
adjoining panes are separated by an air space. If the
spacing is 10 mm and the glass surfaces in contact with
the air have temperatures of 10°C and —15°C, what is
the rate of heat loss from a | m X 2 m window? The
thermal conductivity of air is k, = 0.024 W/m - K.
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1.16 A cartridge electrical heater is shaped as a cylinder of
length L = 200 mm and outer diameter D = 20 mm.
Under normal operating conditions the heater dissipates
2 kW while submerged in a water flow that is at 20°C
and provides a convection heat transfer coefficient of
h = 5000 W/m? - K. Neglecting heat transfer from the
ends of the heater, determine its surface temperature 7.
If the water flow is inadvertently terminated while the
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heater continues to operate, the heater surface is ex-
posed to air that is also at 20°C but for which h = 50
W/m? - K. What is the corresponding surface tempera-
ture? What are the consequences of such an event?

If the transmission efficiency is 7 = 0.93 and air flow over
the case corresponds to T, = 30°C and h = 200 W/m? -
K, what is the surface temperature of the transmission?
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Radiation

1.28 An overhead 25-m-long, uninsulated industrial steam
pipe of 100 mm diameter is routed through a building
whose walls and air are at 25°C. Pressurized steam
maintains a pipe surface temperature of 150°C, and the
coefficient associated with natural convection is h = 10
W/m?® + K. The surface emissivity is & = 0.8.
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(a) What is the rate of heat loss from the steam line?

(b) If the steam is generated in a gas-fired boiler oper-
ating at an efficiency of 9, = 0.90 and natural gas is
priced at C, = $0.01 per MJ, what is the annual
cost of heat loss from the line?
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Energy Balance and Multimode Effeets

1.34 An electrical resistor is connected to a battery, as
shown schematically. After a brief transient, the resistor
assumes a nearly uniform, steady-state temperature of
95°C, while the battery and lead wires remain at the
ambient temperature of 25°C. Neglect the electrical re-
sistance of the lead wires.

(a) Consider the resistor as a system about which a
control surface is placed and Lquation 1.1lc is
applied. Determine the corresponding values of
Eo(W), E(W), E,,(W), and E(W). If a control
surface is placed about the entire system, what are
the values of £, E,, E, and E?

Battery
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I=6A
B ——
Resistor
24V T.=25C
Lead wire

(b) If electrical energy is dissipated uniformly within the
resistor, which is a cylinder of diameter D = 60 mm
and length L = 250 mm, what is the volumetric heat
generation rate, § (W/m®)?

(c) Neglecting radiation from the resistor, what is the
convection coefficient?
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2.10 A cylinder of radius r,, length L, and thermal conductiv-

ity k is immersed in a fluid of convection coefficient s and

unknown temperature T,,. At a certain instant the tempera-

turc distribution in the cylinder is T(r) =a | br?, where

a and b are constants. Obtain expressions for the heat

transfer rate at r, and the fluid temperature.
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The Heat Equation

2.24 The temperature distribution across a wall 0.3 m thick at
a certain instant of time is 7(x) = a + bx + cx?, where T
is in degrees Celsius and x is in meters, a = 200°C,

= —200°C/m, and ¢ = 30°C/m? The wall has a ther-
mal conductivity of | W/m + K.
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(a) 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) If the cold surface is exposed to a fluid at 100°C,
what is the convection coefficient?
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2.29 The steady-state temperature distribution in a one-

dimensional wall of thermal conductivity k and thickness

L is of the form T = ax® + bx* + cx + d. Derive expres-

sions for the heat generation rate per unit volume in the

wall and the heat fluxes at the two wall faces (x = 0, L).
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242 A spherical shell of inner and outer radii r; and r,, re- Are conditions steady-state or transient? How do the
spectively, contains heat-dissipating components, and at heat flux and heat rate vary with radius?

a particular instant the temperature distribution in the C
shell is known to be of the form ) =-,-.1+C2




