CHAPTER 13 THE TRANSFER OF HEAT

There are three ways heat energy can move from one place to another. They are conduction, convection and radiation.

Convection occurs when a gas or liquid has different temperatures within its boundaries. The fluid with the higher temperature is less dense than that with the lower temperature. The cooler fluid will sink and the warmer fluid will rise. This creates a mixing effect that moves heat energy from the bottom to all other areas of the fluid.
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In a pot heated on a stove, hot water at the bottom rises to the top and cool water at the top sinks to the bottom.
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Convection currents in the atmosphere can create a low pressure area. This often happens in cities where the asphalt and concrete get hotter than the surrounding rural areas.

Sometimes the air above a region may be warmer than the air below. This is called an inversion layer because the temperatures are reversed from the normal situation. When this happens, convection does not occur and air pollution increases near the ground under the inversion. Los Angeles is notorius for this effect. Los Angeles lies in a depression between the mountains to the east and a slight ridge near the Pacific Ocean. Air pollution components can be trapped in this bowl shaped area for days.
Conduction is the process of heat transfer through a substance without any flow or movement of the substance from place to place. Conduction can happen in solids, liquids and gasses, but is most noticeable in solids and to a lesser extent in liquids.

The process of conduction occurs as molecules that have been heated gain kinetic energy(speed up their random molecular motion) and collide with adjacent molecules giving them more kinetic energy. These newly energized molecules collide with their cooler neighbors giving them energy and the process is repeated until the entire object has been heated.

Metals are particularly good conductors because they have some electrons that are not bound tightly and are able to transmit this energy of motion more easily than much larger molecules and atoms. 
Thermal conductors allow heat to flow through them freely while thermal insulators do not.

The amount of heat energy that flows through a substance depends on several factors. They are time, temperature difference, cross-sectional area, and length(distance).

The equation used to calculate the amount of heat energy that flows during a time t through a bar of cross-sectional area A with a temperature difference between the two ends of ΔT and length L is:

Q =( kAΔT)t/L
k is a constant called the thermal conductivity of the substance and is large for conductors and very small for insulators.
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Example

The amount of heat energy conducted from the capillaries beneath the skin to the outside air is 240 j/s. The energy is transferred through a body a distance of 0.002 m with a surface area of 1.6 m2.

Assuming the conductivity is that of body fat(0.20 j/smC°), find the temperature difference at the surface of the skin.

Since the thermal conductivity of air is very small, most thermal insulators involve some method of trapping air so that conduction and convection are minimized.

[image: image4.jpg]Trapped air spaces j\

O

Very small
convection
currents




Styrofoam is a very good insulator for this reason.

Radiation is the transfer of heat energy by electromagnetic waves. No medium is required. An example of this is the travel of heat energy from the sun to the earth. 

All bodies emit some radiation. At lower temperatures, infrared is emitted and can be detected by special optical devices that convert infrared into visible light.

At about 1000 K the red glow associated with hot coals can be seen and at about 1700 K the mixture of frequencies called white light is seen.

The absorption and emission of radiation depends on the nature of the surface. Black, rough surfaces absorb and emit up to 97% of the incident radiation while smooth, silvery surfaces absorb and emit only about 10%.
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Lampblack is a substance that is a strong absorber and emitter. In the diagram, most of the energy is absorbed by the lampblack coated block and then reemitted both outward and inward causing the internal temperature to rise. The silver coated block reflects most of the energy that strikes it and does not heat up as rapidly.

That is why we wear dark colors in winter and light colors in the summer.

When the insulation for a building is being chosen, the rate of heat flow through the insulator can be calculated using the equation:

Q/t  =  (AΔT)/(L/k)
L/k is called the R value of the insulation. It depends on the thickness L and the conductivity k of the insulating material.

High R values mean better resistance to heat flow and may be added to find the total R value of a multilayered wall or other surface.
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P 412 Questions 2, 3, 4, 6, 11, 13, 14, 19, 20
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