PHYSICS 100    ENGINES, REFRIGERATORS, and HEAT PUMPS

An engine is a device that inputs heat at a high temperature, converts a fraction of this heat energy into work, and outputs the remaining heat to the colder outside environment.  By the first law of thermodynamics, the heat flowing in at high temperature must be equal to the work plus the heat flowing out at low temperature. 
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The efficiency of an engine is the ratio of work produced to heat input.

(4)
e = W/Q
[image: image7.wmf]h


Carnot calculated the efficiency of an ideal engine.  An engine that was reversible and frictionless.  No real engine would have this efficiency,  but the calculation serves as an upper limit of performance.  The efficiency of an ideal or Carnot engine is:
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  are in Kelvin.
Equation (4) is consistent with Kelvin’s statement on the second law of thermodynamics. It is impossible to construct an engine that is 100% efficient.  
A heat pump or refrigerator is a device that inputs work (usually electrical energy) to push heat from a cold source to a hotter environment and in this process the work is transformed into heat.  This process obeys the first law of thermodynamics.  Equation (1) describes this process.  Clausius statement of the second law of thermodynamics says that work is required for a refrigerator or heat pump to remove heat from a cold source and pump it to a hot source.  The coefficient of performance, COP, is the ratio of heat removed from the cold source to the work required for this process.
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for a Carnot cycle,
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