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چرخه اتکینسون یا چرخه با انبساط اضافه یا 

چرخه با انبساط کامل



طرح جدید اصلاح شده از چرخه اتکینسون دارای نسبت : چرخه میلر

انبساط بزرگتر از نسبت تراکم



کار اندیکاتوری در چرخه میلر بزرگتر از چرخه اتو

در این چرخه کار پمپ کردن گازها وجود ندارد.
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Entropy: it is a property that indicates the disorder of a system or how 

much reversible is a process. This last definition relates entropy to 

energy “quality”. 

• In a reversible isothermal process involving a heat transfer Qrev at a 

temperature T0, the entropy is defined as
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Thermodynamics: Review from week 1

In all processes involving energy conversion or interactions ΔS is non-

negative. ΔS is zero only in reversible processes.

• For any process then

• The “=“ in the above relationship will give us the minimum amount of heat 

Qmin required in a process.
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Carnot Cycle

• Thermodynamic cycle for heat engines

• Describes the thermodynamic energy conversion process for the most 

efficient heat engine.

• The cycle has 4 states.

• Q1 is the heat (i.e., energy) provided to the Carnot engine

• Q2 is the heat that the engine returns to the environment (heat rejection)

• W is the work (i.e., energy) produced in one cycle

• Without losses

W = Q1 - Q2

•The power produced by the engine is

P = W.(cycles per second)



• From the definition of “work”:

• If the curve is closed (a cycle), then 
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• But in a lossless process:  W = Q1 - Q2

• Since 

then,
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• So

• The efficiency is

Hence,

• Observation #1: The efficiency increases as T1 increases (higher quality heat) 

and T2 (typically the ambient temperature) decreases.

• Observation #2: Since T2 can never be zero, the efficiency can never be 1.

• Observation #3: Stirling engines operation approximates a Carnot Cycle.
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• Gas turbines operation follow a Brayton cycle

Brayton Cycle
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• We already know that

• Thus, the efficiency is

Since heat injection and rejection occur at constant pressure then,

• Hence, the efficiency is
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Brayton Cycle

• Between 1 and 2, and between 3 and 4, the process is adiabatic (no heat 

exchange) and reversible (S is constant). Hence, the temperature changes due 

to work related with a pressure change acting on a varying volume.

• In a reversible adiabatic process:

and

where 

• Hence,

• Therefore
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Brayton Cycle

• From the previous slide:

•Also, from the previous slide

• Thus,
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•Since the efficiency is (see a couple of slides ago)

• Then the simplified expression for the efficiency is

• Usually, the efficiency is expressed in terms of the temperature ratio (TR) or 

the pressure ratio (PR)

where                   and
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Brayton Cycle
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Questions?


