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Reversible and Irreversible Processes

Reversible adiabatic non-flow processes:

➢ An adiabatic process is one in which no heat is transferred to or from the

system. Such a process can be reversible or irreversible.
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Reversible and Irreversible Processes
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Reversible and Irreversible Processes

Reversible adiabatic non-flow processes:

Given Data

P1 = 1.02 bar

T1 = 22°C
V1 = 0.015 m3

Q = 0

P2 = 6.8 bar

T2 = ?

V2 = ?

W = ?
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Reversible and Irreversible Processes

Reversible adiabatic non-flow processes:
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Reversible and Irreversible Processes

Reversible adiabatic non-flow processes:
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Reversible and Irreversible Processes

Polytropic Process:

➢ A polytropic process is a thermodynamic process that obeys the relation:

𝑝𝑣𝑛 = 𝑐𝑜𝑛𝑠 tan 𝑡 ⇒ 𝑝 = 𝑐𝑣−𝑛

➢ The exponent n may have any value from minus infinity to plus infinity

depending on the process. The above correlation can also be written as;

𝑝1𝑣1
𝑛 = 𝑝2𝑣2

𝑛 ⇒
𝑝1

𝑝2
= (

𝑣2

𝑣1
)𝑛

The above equation is true for any working substance undergoing a

reversible polytropic process.

https://en.wikipedia.org/wiki/Thermodynamic_process
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Reversible and Irreversible Processes

Polytropic Process for Vapors:

𝑊 = 𝑝𝑑𝑣− − = 𝑐𝑣−𝑛𝑑𝑣

➢ For any reversible non flow process the work done can be expressed as;

𝑊 = 𝑐
𝑣2
−𝑛+1 − 𝑣1

−𝑛+1

𝑛 − 1
=
𝑝2𝑣2𝑣2

−𝑛+1 − 𝑝1𝑣1𝑣1
−𝑛+1

𝑛 − 1

𝑊 =
𝑝2𝑣2

𝑛𝑣2
−𝑛+1 − 𝑝1𝑣1

𝑛𝑣1
−𝑛+1

𝑛 − 1
=
𝑝2𝑣2 − 𝑝1𝑣1

𝑛 − 1
→ (1)
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

➢ Consider now a polytropic process for a perfect gas;

𝑝𝑣𝑛 = 𝑐𝑜𝑛𝑠 tan 𝑡 ⇒ 𝑝 = 𝑐𝑣−𝑛

p𝑣 = 𝑅𝑇 ⇒ 𝑝 =
𝑅𝑇

𝑣
Since

⇒
𝑅𝑇

𝑣
𝑣𝑛 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ⇒

𝑇

𝑣
𝑣𝑛 =

𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑅
⇒ T𝑣𝑛−1 = 𝑐𝑜𝑛𝑡𝑠𝑛𝑎𝑡

⇒ 𝑇1𝑣1
𝑛−1 = 𝑇2𝑣2

𝑛−1 ⇒
𝑇1

𝑇2
= (

𝑣2

𝑣1
)𝑛
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

➢ Relation between Temperature (T) and Pressure (p);

𝑝𝑣𝑛 = 𝑐𝑜𝑛𝑠 tan 𝑡 ⇒ 𝑝 = 𝑐𝑣−𝑛

p𝑣 = 𝑅𝑇 ⇒ 𝑣 =
𝑅𝑇

𝑝
Since

⇒ 𝑝
𝑅𝑇

𝑝

𝑛

= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ⇒
𝑇

𝑝
𝑛−1
𝑛

=
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑅−𝑛
⇒

𝑇

𝑝
𝑛−1
𝑛

= 𝑐𝑜𝑛𝑡𝑠𝑛𝑎𝑡

⇒
𝑇1

𝑝1

𝑛−1
𝑛

=
𝑇2

𝑝2

𝑛−1
𝑛

⇒
𝑇1

𝑇2
=

𝑝1

𝑛−1
𝑛

𝑝2

𝑛−1
𝑛

⇒
𝑇1

𝑇2
=

𝑝1

𝑝2

𝑛−1

𝑛
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

➢ For a perfect gas expanding polytropically it is sometimes more convenient to

express the work input in terms of the temperatures at the end states.

𝑊 =
𝑝2𝑣2−𝑝1𝑣1

𝑛−1
=
𝑅𝑇2−𝑅𝑇1

𝑛−1
=

𝑅(𝑇2−𝑇1)

𝑛−1

𝑊 =
𝑃2𝑉2−𝑃1𝑉1

𝑛−1
=
𝑚𝑅𝑇2−𝑚𝑅𝑇1

𝑛−1
=

𝑚𝑅(𝑇2−𝑇1)

𝑛−1

➢ Using the non-flow energy equation, the heat flow during the process can be found:

𝑄 +
𝑅(𝑇2−𝑇1)

𝑛 − 1
= 𝑐𝑣(𝑇2 − 𝑇1)

𝑄 +𝑊 = 𝑢2 − 𝑢1 = 𝑐𝑣(𝑇2 − 𝑇1)

𝑄 +
𝑅(𝑇2−𝑇1)

𝑛 − 1
=

𝑅

(𝛾 − 1)
(𝑇2 − 𝑇1)
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

𝑄 =
𝑅

𝛾 − 1
𝑇2 − 𝑇1 −

𝑅(𝑇2−𝑇1)

𝑛 − 1

𝑄 +
𝑅(𝑇2−𝑇1)

𝑛 − 1
=

𝑅

(𝛾 − 1)
(𝑇2 − 𝑇1)

𝑄 = 𝑅 𝑇2 − 𝑇1
1

𝛾 − 1
−

1

𝑛 − 1

𝑄 = 𝑅 𝑇2 − 𝑇1
𝑛 − 1 − 𝛾 + 1

𝛾 − 1 (𝑛 − 1)

𝑄 =
𝑛−𝛾

𝛾−1

𝑅 𝑇2−𝑇1

(𝑛−1)
=

𝑛−𝛾

𝛾−1
𝑊

➢ The above equation is a convenient and concise

expression relating the heat supplied and the work

input in a polytropic process.

➢ In a compression process work is done on the gas,

and hence the term W is positive. Therefore it can

be seen from the equation that when the polytropic

index n is greater than γ, in a compression

process, then the right-hand side of the equation is

positive (i.e. heat is supplied during the process).

Conversely, when n is less than γ in a compression

process, then heat is rejected by the gas.

➢ Similarly, the work input in an expansion process

is negative, therefore when n is greater than γ, in

an expansion process, heat is rejected; and when n

is less than γ, in an expansion process, heat must

be supplied to the gas during the process. for all

perfect gases has a value greater than unity.

𝑄 = 𝑅 𝑇2 − 𝑇1
𝑛 − 𝛾

𝛾 − 1 (𝑛 − 1)



26

Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

Example 3.6:

At the commencement of compression in the reciprocating compressor of a refrigeration plant the

refrigerant is dry saturated at 1 bar. The compression process follows the law pv1.1 = constant until

the pressure is 10 bar. Using the properties of refrigerant given in Table interpolating where

necessary, calculate:

(i) the work done on the refrigerant during the process;

(ii) the heat transferred to or from the cylinder walls during the process.



27

Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

Given Data:

P1=1 bar X1=1 P𝑣1.1 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 P2=10 bar W=? Q=?

⇒
𝑝1
𝑝2

= (
𝑣2
𝑣1
)𝑛⇒
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:

Example 3.7:

Given Data:

m=1 kg P1 = 1.1 bar T1 = 27°C P𝑣1.3 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

P2 = 6.6 bar Q?

i) Gas = Ethane 𝑚=30 kg/kmol 𝑐𝑝 = 2.10
𝑘𝐽

𝑘𝑔𝐾

ii) Gas = Argon 𝑚=40 kg/kmol 𝑐𝑝 = 0.520 𝑘𝐽/𝑘𝑔𝐾
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:
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Reversible and Irreversible Processes

Polytropic Process for a Perfect Gas:
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Reversible and Irreversible Processes

Reversible Flow Processes:
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Reversible and Irreversible Processes

Reversible Flow Processes:
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Reversible and Irreversible Processes

Reversible Flow Processes :

Example 3.8:

Given Data:

P1 = 7.0 bar T1 = 650°C C1 = 9 m/s P2 = 1.0 bar C2 = 45 m/s

W=? γ = 1.333 𝑐𝑝= 1.11
𝑘𝐽

𝑘𝑔𝐾
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Reversible and Irreversible Processes

Reversible Flow Processes :
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Reversible and Irreversible Processes

Reversible Flow Processes :
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Reversible and Irreversible Processes

Exercise Problems: 3.8, 3.9, 3.10, 3.11, 3.12, 3.13, 3.14, 3.15
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