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3.1 Some Properties of Engineering Cycles; Work and Efficiency : 9/16/16, 11:51 AM
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3.1 Some Properties of Engineering Cycles';
Work and Efficiency

As preparation for our discussion of cycles (and as a foreshadowing of the second law), we examine
two types of processes that concern interactions between heat and work. The first of these represents
the conversion of work into heat. The second, which is much more useful, concerns the conversion of
heat into work. The question we will pose is how efficient can this conversion be in the two cases.

r

Block on rough surface ’l'
e
Viscous liquid Resistive heating

i

Figure 3.1: Examples of the conversion of work into heat

Three examples of the first process are given in Figure 3.1. The first is the pulling of a block on a
rough horizontal surface by a force which moves through some distance. Friction resists the pulling.
After the force has moved through the distance, it is removed. The block then has no kinetic energy
and the same potential energy it had when the force started to act. If we measured the temperature of
the block and the surface we would find that it was higher than when we started. (High temperatures
can be reached if the velocities of pulling are high; this is the basis of inertia welding.) The work done
to move the block has been converted totally to heat.

The second example concerns the stirring of a viscous liquid. There is work associated with the torque
exerted on the shaft turning through an angle. When the stirring stops, the fluid comes to rest and
there is (again) no change in kinetic or potential energy from the initial state. The fluid and the paddle
wheels will be found to be hotter than when we started, however. )

The final example is the passage of a current through a resistance. This is a case of electrical work
being converted to heat, indeed it models operation of an electrical heater.

http://web.mit.edu/16.unified fwww/FALL/thermodynamics/notes/node22.htm| Page 1 of 4
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P"
Work during an isothermal expansion = NRT In ({_J ) ; (3..2)

The lowest pressure to which we can expand and still receive work from the system is atmospheric
pressure. Below this, we would have to do work on the system to pull the piston out further. There is
thus a bound on the amount of work that can be obtained in the isothermal expansion; we cannot
continue indefinitely. For a power or propulsion system, however, we would like a source of continuous
power, in other words a device that would give power or propulsion as long as fuel was added to it. To
do this, we need a series of processes where the system does not progress through a one-way
transition from an initial state to a different final state, but rather cycles back to the initial state. What is
looked for is in fact a thermodynamic cycle for the system.

We define several quantities for a cycle:

e (). isthe heat absorbed by the system.
e (Jp is the heat rejected by the system.

e 1 is the net work done by the system.

The cycle returns to its initial state, so the overall energy change, 407 | is zero. The net work done by
the system is related to the magnitudes of the heat absorbed and the heat rejected by
W = Net work = )

Ee %
g |

' ﬂ‘:}ff‘

The thermal efficiency of the cycle is the ratio of the work done to the heat absorbed. (Efficiencies are
often usefully portrayed as *"What you get" versus " What you pay for." Here what we get is work and
what we pay for is heat, or rather the fuel that generates the heat.) In terms of the heat absorbed and
rejected, the thermal efficiency is

. Work done (24 —Qp On
7 =="thermal efficiency = e o ] (3..3)
Heat absorbed - €J 4 ()4 &

The thermal efficiency can only be 100% (complete conversion of heat into work) if ¢Jx == U ; a basic

question is what is the maximum thermal efficiency for any arbitrary cycle? We examine this for
several cases, including the Carnot cycle and the Brayton (or Joule) cycle, which is a model for the
power cycle in a jet engine.
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