

















Chapter 18 Heat Transfer

25. Assuming the human body has an emissivity, e = 1, and an area of
approximately 2.23 m?, find the amount of thermal energy radiated by the body in 8
hr if the surface temperature is 35.0 °C.

26. If the surface temperature of the human body is 35.0 °C, find the
wavelength of the maximum intensity of radiation from the human body. Compare
this wavelength to the wavelengths of visible light.

27. How much energy is radiated per second by an aluminum sphere 5.00 cm
in radius, at a temperature of (a) 20.0 °C, and (b) 200 °C? Assume that the sphere
emits as a blackbody.

28. How much energy is radiated per second by an iron cylinder 5.00 cm in
radius and 10.0 cm long, at a temperature of (a) 20.0 °C and (b) 200 °C? Assume
blackbody radiation.

29. How much energy is radiated per second from a wall 2.50 m high and 3.00
m wide, at a temperature of 20.0 °C? What is the wavelength of the maximum
intensity of radiation?

30. A blackbody initially at 100 °C is heated to 300 °C. How much more power
is radiated at the higher temperature?

31. A blackbody is at a temperature of 200 °C. Find the wavelength of the
maximum intensity of radiation.

32. A blackbody is radiating at a temperature of 300 K. To what temperature
should the body be raised to double the amount of radiation?

33. A distant star appears red, with a wavelength 7.000 x 107 m. What is the
surface temperature of that star?

Additional Problems

34. An aluminum pot contains 10.0 kg of water at 100 °C. The bottom of the
pot is 15.0 cm in radius and is 3.00 mm thick. If the bottom of the pot is in contact
with a flame at a temperature of 170 °C, how much water will boil per minute?

35. Find how much energy is lost in one day through a concrete slab floor on
which the den of a house is built. The den is 5.00 m wide and 6.00 m long, and the
slab is 15.0 cm thick. The temperature of the ground is 3.00 °C and the temperature
of the room is 22.0 °C.

36. A lead bar 2.00 cm by 2.00 cm and 10.0 cm long is welded end to end to a
copper bar 2.00 cm by 2.00 cm by 25.0 cm long. Both bars are insulated from the
environment. The end of the copper bar is placed in a steam bath while the end of
the lead bar is placed in an ice bath. What is the temperature T at the interface of
the copper-lead bar? How much thermal energy flows through the bar per minute?

Diagram for problem 36.
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Chapter 18 Heat Transfer

37. Find the amount of thermal energy conducted through a wall, 5.00 m
high, 12.0 m long, and 5.00 cm thick, if the wall is made of (a) concrete, (b) brick,
(c) wood, and (d) glass. The temperature of the hot wall is 25.0 °C and the cold wall
-5.00 °C.

*38. Show that the distribution of solar energy over the surface of the earth is
a function of the latitude angle ¢. Find the energy per unit area per unit time
hitting the surface of the earth during the vernal equinox and during the summer
solstice at (a) the equator, (b) 30.0° north latitude, (c) 45.0° north latitude, (d) 60.0°
north latitude, and (e) 90.0° north latitude. At the vernal equinox the sun is directly
overhead at the equator, whereas at the summer solstice the sun is directly
overhead at 23.5° north latitude.

Sun's rays

Earth’s axis
of rotaion Earth’s axis  summer
of rotation solstice

Vernal equinox

Diagram for problem 38.

39. An asphalt driveway, 50.0 m? in area and 6.00 cm thick, receives energy
from the sun. Using the solar constant of 1.38 x 10° W/m?, find the maximum
change in temperature of the asphalt if (a) the radiation from the sun hits the
driveway normally for a 2.00-hr period and (b) the radiation from the sun hits the
driveway at an angle of 35° for the same 2.00-hr period. Take the density of asphalt
to be 1219 kg/m® and the specific heat of asphalt to be 4270 J/kg °C.

*40. Find the amount of radiation from the sun that falls on the planets
(a) Mercury, (b) Venus, (c) Mars, (d) Jupiter, and (e) Saturn in units of W/m?.

41. If the Kelvin temperature of a blackbody is quadrupled, what happens to
the rate of energy radiation?

*42. A house measures 12.0 m by 9.00 m by 2.44 m high. The walls contain
10.0 cm of glass wool. Assume all the heat loss is through the walls of the house.
The home thermostat is turned from 21.0 °C down to 15.0 °C for an 8-hr period at
night when the outside temperature is —7.00 °C. (a) How much thermal energy can
the home owner save by lowering the thermostat? (b) How much energy is used the
next morning to bring the temperature of the air in the house back to 21.0 °C?
(c) What is the savings in energy now?

*43. An insulated aluminum rod, 1.00 m long and 25.0 cm? in cross-sectional
area, has one end in a steam bath at 100 °C and the other end in a cooling
container. Water enters the cooling container at an input temperature of 10.0 °C
and exits the cooling container at a temperature of 30.0 °C, leaving a mean
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temperature of 20.0 °C at the end of the aluminum rod. Find the mass of water that
must flow through the cooling container per minute to maintain this equilibrium
condition.

*44. An aluminum engine, operating at 300 °C is cooled by circulating water
over the end of the engine where the water absorbs enough energy to boil. The
cooling interface has a surface area of 0.525 m? and a thickness of 1.50 cm. If the
water enters the cooling interface of the engine at 100 °C, how much water must
boil per minute to cool the engine?

45. Steam at 100 °C flows in a cylindrical copper pipe 15.0 m long, with an
inside radius of 10.0 cm and an outside radius of 12.5 cm. Find the energy lost
through the sides of the pipe per hour if the outside temperature of the pipe is
25.0 °C.

*46. Consider an igloo as half of a spherical shell. The inside radius is 3.00 m
and the outside radius is 3.20 m. If the temperature inside the igloo is 15.0 °C and
the outside temperature is —40.0 °C, find the flow of thermal energy through the ice
per hour. The thermal conductivity of ice is 1.67 J/(s m °C).

Diagram for problem 46.

*47. Show that for large values of r; and r, the solution for thermal energy
flow through a spherical shell equation 18.32 reduces to the solution for the thermal
energy flow through a flat slab.

*48. In problems 46 and 47 assume that you can use the formula for the
thermal energy flow through a flat slab. Find AQ/At and find the percentage error
involved by making this approximation.

49. A spherical body of 25.0-cm radius, has an emissivity of 0.45, and is at a
temperature of 500.0 °C. How much power is radiated from the sphere?

50. An insulated cup of coffee cools from 98.0 °C to 90.0 °C in 3.5 min. The cup
is in a room that has a temperature of 18.0 °C. Find (a) the value of K and (b) how
long it will take for the coffee to cool from 90.0 °C to 60.0 °C.

*51. A much more complicated example of heat transfer is one that combines
conduction and convection. That is, we want to determine the thermal energy
transferred from a hot level plate at 100 °C to air at a temperature of 20.0 °C. The
thermal energy transferred is given by the equation

Q = hAAT t
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where h is a constant, called the convection coefficient and is a function of the
shape, size, and orientation of the surface, the type of fluid in contact with the
surface and the type of motion of the fluid itself. Values of h for various
configurations can be found in handbooks. If h is equal to 7.45 J/(s m? °C) and A is
2.00 m?, find the amount of thermal energy transferred per minute.

*52. Using the same principle of combined conduction and convection used in
problem 51, find the amount of thermal energy that will flow through an
uninsulated wall 10.0 cm thick of a wood frame house in 1 hr. Assume that both the
inside and outside wall have a thickness of 2.00 cm of pine wood and an area of 25.0
m?. (Hint: First consider the thermal energy loss through the inside wall, then the
thermal energy loss through the 10.0-cm air gap, then the thermal energy loss
through the outside wall.) The temperatures at the first wall are 18.0 °C and
13.0 °C, and the temperatures at the second wall are 10.0 °C and -6.70 °C. The
convection coefficient for a vertical wall is h = 0.177 (AT)** J/(s cm? °C).

Interactive Tutorials

53. Conduction. How much thermal energy flows through a glass window per
second (Q/s) if the thickness of the window d = 0.020 m and its cross-sectional area
A = 2.00 m®. The temperature difference between the window’s faces is AT = 65.0 °C,
and the thermal conductivity of glass is k = 0.791 J/(m s °C).

54. Convection. A hot air heating system heats air to a temperature of 125 °C
and the return air is at a temperature of 17.5 °C. The fan is capable of moving a
volume of 7.50 m® of air in 1 min, AV/At. The specific heat of air at constant
pressure, ¢, is 1.05 x 10° J/kg °C and take the density of air, p to be 1.29 kg/m®. Find
the amount of thermal energy transfer per hour from the furnace to the room.

55. Conduction through a compound wall. Find the amount of heat conducted
through a compound wall that has a length L = 8.5 m and a height h = 4.33 m. The
wall consists of a thickness of d. = 10.0 cm of brick, d> = 1.90 cm of plywood, d; =
10.2 cm of glass wool, ds = 1.25 cm of plaster, and ds = 0.635 cm of oak wood
paneling. The inside temperature of the wall is T, = 20.0 °C and the outside
temperature of the wall is T, = -9.00 °C. How much thermal energy flows through
this wall per day?

56. Radiation. How much energy is radiated in 1 s by an iron sphere 18.5 cm
in radius at a temperature of 125 °C? Assume that the sphere radiates as a
blackbody of emissivity e = 1. What is the wavelength of the maximum intensity of
radiation?

To go to these Interactive Tutorials click on this sentence.
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