Heiutl Engine Problem

Your group has been hired as consultants by Oklahoma Gas and Electric o help design their power
plant. Their turbines use a monatomic gas and follow the cycle below:

A—3B: This is an isotherm at a high temperature Ty, Exactly how high will be up to you to determine.

The system expands from a volume Vy to V. Design constraints force Vi = 4V,

B—C: This is an isochore on which the system is cooled to room temperature, T = 300 K,

(' —»D: This is an isotherm at the low lemperature T The sysiem is returned to its original volume V.

D—sA: This is an isochore on which the system is retumed to its original temperature, Ty

You are hired Lo answer some or all of the [ollowing questions:

2.

Draw this cycle.

What is the cfficiency of the system? First write your answer as a function of Ty, Vi, Vg, and T
Then pul in the correct values for Vy, Vi, and T so your answer 1s a function of Ty.

How does this compare with the efficiency of a Camot engine acting between Ty and Te7 Isit a
big difference or a little differcnce?

Plot (1) the efficiency of this engine, (2) the Carnot efficiency of an engine acting between the
temperature eatremes, and (3) the ratio of &' as a function of Ty, all on the same graph.

Estimate the high emperature needed for this cycle to reaches 80% of its maximum efficiency
{not the Camot elhoency)?!

Estimate the high temperature that this cyele reaches B0% of the Camot efficiency at that same
high temperaturc?

QG&E can hill for energy al o rate of 107" dollars/Toule. The cost of energy 1o run the engine
depends on its operating temperature. The hotter it runs, the more expensive 1118 T0 OpCrate. The
cost of energy is (Tu)'x 107" dollars/(Joule-K). Calculate the ratio of money eamed/money spent
as a funcuon of Ty At approximalely what Tyisita maximum? (Again, drawing u plol may be
helpful. Note that the encrgy OG&E needs to pay for is the energy to run the engine, but they
can only charge based on the work vutpul of the cogine. )

If they insulate the trbines, they can redesign them to act more like a Camot engine.  How
would the ratio of money eamned/money spent change? A little or a lot?
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