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THE ADIABATIC PROCESS AND A GAS

❑When dealing with the general case of a polytropic 

expansion or compression, it was stated that the 

process followed the law:                      𝑷𝑽𝒏 = 𝑪

❑Now the Adiabatic process can be a particular case of 

the Polytropic process where no heat exchange during 

the progress of the process.

❑Consider an adiabatic process in which a change of 

state occurs from 𝑃1, 𝑉1, 𝑇1 𝑡𝑜 𝑃2, 𝑉2, 𝑇2
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THE ADIABATIC PROCESS AND A GAS
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From this then the Law for an Adiabatic Expansion or Compression of a Gas is:

𝑷𝑽𝜸 = 𝑪 𝑤ℎ𝑒𝑟𝑒 𝛾 =
𝑐𝑝

𝑐𝑣

p p



Example
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Example continued….
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THE ISOTHERMAL PROCESS AND A GAS
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(a) Slow, controlled isothermal expansion of a gas from an initial state 1 to a final state 2 with the same 
temperature but lower pressure. 
(b) Rapid, uncontrolled expansion of the same has starting at the same state 1 and ending at the same 
state 2



THE ISOTHERMAL PROCESS AND A GAS

❑It follows that during an isothermal gas expansion, all the heat

transferred is converted into external work.

❑Conversely, during an isothermal gas compression, all the work done on

the gas is rejected by the gas as heat transfer

❑Since the temperature remains constant throughout the process, then the

internal energy before is equal to the internal energy after

❑Any heat transferred to the gas is immediately dissipated in carrying out

work (expansion)

❑Energy input in the form of work done on the gas is immediately rejected

as heat transfer (compression)
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Example
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Example continued…..
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Example continued…..
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THE POLYTROPIC PROCESS OF A 
GAS

❑The polytropic process equation describes expansion and compression

processes which include heat transfer.

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

𝑷𝑽𝒏 = 𝑪……….(1)
❑where p is the pressure, V is volume, n is the polytropic index, and C is a

constant.

𝑷𝟏𝑽𝟏
𝒏 = 𝑷𝟐𝑽𝟐

𝒏…………… . (𝟐)

❑Furthermore,

𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆 =
𝑷𝟏𝑽𝟏−𝑷𝟐𝑽𝟐

𝒏−𝟏
……………(𝟑)
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THE POLYTROPIC PROCESS OF A GAS
By the Characteristic Equation:

𝑷𝑽 = 𝒎𝑹𝑻………… . 𝟒
Substituting (4) in (3):

𝑾𝒐𝒓𝒌 𝑫𝒐𝒏𝒆 =
𝒎𝑹(𝑻𝟏 − 𝑻𝟐)

𝒏 − 𝟏
…………… . . (𝟓)

❑Applying the Non-flow Energy Equation:

𝑸 = ∆𝑼 +𝑾 = 𝑼𝟐 −𝑼𝟏 +𝑾

= 𝒎𝒄𝒗 𝑻𝟐 − 𝑻𝟏 +
𝑷𝟏𝑽𝟏−𝑷𝟐𝑽𝟐

𝒏−𝟏
…………..(6)

= 𝒎𝒄𝒗 𝑻𝟐 − 𝑻𝟏 +
𝒎𝑹(𝑻𝟏−𝑻𝟐)

𝒏−𝟏
……………(7)
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❑Having developed these expressions, it might be useful to note that, initially, it

may be difficult to know which one to use for the solution of a particular problem:
𝑷𝟏𝑽𝟏
𝑻𝟏

=
𝑷𝟐𝑽𝟐
𝑻𝟐

………… . 𝟖

❑There is no hard and fast rule, but notice that requires five conditions of state to

be known before solving the sixth. If five conditions are not known, another

expression may become more appropriate such as:

𝑷𝟏

𝑷𝟐
=

𝑽𝟐
𝑽𝟏

𝒏

𝒐𝒓
𝑻𝟏
𝑻𝟐

=
𝑷𝟏

𝑷𝟐

Τ(𝒏−𝟏) 𝒏

…………… . . (𝟗)

❑ Finally:

𝑻𝟏
𝑻𝟐

=
𝑷𝟏

𝑷𝟐

Τ(𝒏−𝟏) 𝒏

=
𝑽𝟐
𝑽𝟏

(𝒏−𝟏)

……………… . (𝟏𝟎)

THE COMBINATIPON OF  POLYTROPIC LAW PVn=C
AND THE CHARACTERISTIC EQUATION OF A 

PERFACT GAS
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THE COMBINATIPON OF  POLYTROPIC LAW PVn=C AND THE 
CHARACTERISTIC EQUATION OF A PERFACT GAS

Example 1
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THE COMBINATIPON OF  POLYTROPIC LAW PVn=C AND THE 
CHARACTERISTIC EQUATION OF A PERFACT GAS

Example 1 continued..
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Example 2

THE COMBINATIPON OF  POLYTROPIC LAW PVn=C AND THE 
CHARACTERISTIC EQUATION OF A PERFACT GAS
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Example 3
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Example 3 Continued….
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Example 4
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Example 4 continued…..



THE NON FLOW ENERGY EQUATION AND THE 
POLYTROPIC LAW 𝑷𝑽𝒏 = 𝑪
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𝑸 = 𝒎𝒄𝒗 𝑻𝟐 − 𝑻𝟏 +
𝒎𝑹(𝑻𝟏 − 𝑻𝟐)

𝒏 − 𝟏

= 𝒎 𝒄𝒗 +
𝑹

𝟏 − 𝒏
𝑻𝟐 − 𝑻𝟏

❑ 𝐔𝐬𝐢𝐧𝐠 𝐭𝐡𝐞 𝐫𝐞𝐥𝐚𝐭𝐢𝐨𝐧𝐬𝐡𝐢𝐩 𝒄𝒑 − 𝒄𝒗 = 𝑹 𝒂𝒏𝒅 𝜸 =
𝒄𝒑

𝒄𝒗
, 𝐢𝐭 𝐲𝐢𝐞𝐥𝐝𝐬 𝑸 = 𝒎 𝒄𝒗 +

𝒄𝒑−𝒄𝒗

𝟏−𝒏
𝑻𝟐 − 𝑻𝟏

𝑸 = 𝒎 𝟏+
𝜸 − 𝒏

𝟏 − 𝒏
𝒄𝒗 𝑻𝟐 − 𝑻𝟏 = 𝒎

𝟏 − 𝒏 + 𝜸 − 𝟏

𝟏 − 𝒏
𝒄𝒗 𝑻𝟐 − 𝑻𝟏

𝑸 = 𝒎
𝜸 − 𝒏

𝟏 − 𝒏
𝒄𝒗 𝑻𝟐 − 𝑻𝟏

❑ The last equation gives the heat transfer for polytropic process between states 1 and 2.
Furthermore, the Polytropic Specific Heat Capacity

𝒄𝒏= 𝒄𝒗
𝜸−𝒏

𝟏−𝒏
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THE NON FLOW ENERGY EQUATION AND 
THE POLYTROPIC LAW 𝑷𝑽𝒏 = 𝑪
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Example
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AIR - STEAM MIXTURES
• The problem of air – steam mixtures is solved by the Dalton’s Law of 

Partial Pressures.

❑The total pressure in a container  is the sum of the pressure each  gas 
would exert if it were alone in the container.

❑The total pressure is the sum of  the partial pressures.

PTotal = P1 + P2 + P3 + P4 + P5 ...

• (For each gas P = nRT/V)

• Hence for an Air – Steam Mixure: 

PMixture = PAir + PSteam
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Example
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Example
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Example
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Example 
continued….
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“When a body acts upon 
another body, it is either 
directly or through some 
intermediate body; this 
intermediate body in 
general is what we call a 
machine”

Lazare Carnot
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