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OBJECTIVE

Session 27-28: Isentropic efficiency for
turbines and compressors using ideal
gases.



Why do we want to study the isentropic efficiency of turbines, 
compressors and pumps?

𝑸̇𝑳

𝑸̇𝑯
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Both are used to produce power, which one is better?



https://www.youtube.com/watch?v=t7N1kKz5faM



https://www.youtube.com/watch?v=21XFZaxity8

THE SIMPLE IDEAL RANKINE CYCLE_ Heat Engine with LV substance

T
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8



ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES

-Maximum work of the turbine -Pure substance ( water, misture LV)
- Ideal gas

I wish as an engineer:

-Minimum pump work -Pure substance ( incompressible fluid)

-Minimum work of the compressor
-Pure substance (Vapor)
- Ideal gas



[ kJ/ s ]

• Neglecting the changes in potential and kinetic energy 
• Assuming steady  state.
• Assuming that a process in a turbine occurs adiabatically.

𝑑𝐸

𝑑𝑡
= 𝑄̇ − 𝑊̇ + ෍ 𝑚̇௜௡ℎ௜௡ − ෍ 𝑚̇௢௨௧ℎ௢௨௧

Steady state

Adiabatic

𝑊̇ = 𝑚̇ ℎଵ − ℎଶ  →    
𝑊̇

𝑚̇
= ℎଵ − ℎଶ

[ kJ/ kg ]

HOW IS THE ENERGY BALANCE IN A TURBINE??

It is the same for compressor 
assuming the same 
considerations!!



The h-s diagram for the actual and
isentropic processes of an adiabatic
turbine.

ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES_TURBINES

w = (h1-h2) …..   [ kJ/ kg ]
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Isentropic Efficiencies of Compressor

w = (h1-h2) …..   [ kJ/ kg ]



What happens to ideal gases?



• Entropy Change of an Incompressible Substance

• Entropy Change of an Ideal Gas



1 2

1
2





𝑃௥(ଶ
௦
)

Method 1: Pr Method 2: Cp constant



(1) 

(2) 

Method 1: Pr



(1) 

(2) 

Method 2: Cp constant

𝜂் =
𝑊̇௔

𝑊̇௦

=
𝑚̇𝑐௣ 𝑇ଵ − 𝑇ଶ

𝑚̇𝑐௣ 𝑇ଵ − 𝑻𝟐𝒔



Example 1: Air at 1160 K, 30 bar enters a turbine operating at steady state and expands adiabatically to the 
exit, where the temperature is 840 K. If the isentropic turbine efficiency is 90%, determine (a) the pressure at 
the exit, in bar, and (b) the work developed, in kJ per kg of air flowing. Assume ideal gas behavior for the air 
and ignore kinetic and potential energy effects. USE BOTH METHODS.

𝑃ଵ = 30𝑏𝑎𝑟
𝑇ଵ = 1160𝐾

Is
e

n
tr

o
p

ic

Note that: 𝑷𝟐 = 𝑷𝟐𝒔

𝟏

𝟐𝐬

𝟐

𝑇ଶ௦ =?

𝑷𝟐

𝑇ଶ = 840𝐾

𝑻

𝒔

We know that:

• Isentropic efficiency = 90%
• Steady state
• Potential and kinetic energy are negligible
• Air as ideal gas

𝑃ଵ = 30 𝑏𝑎𝑟
𝑇ଵ = 1160𝐾

𝑃ଶ =?

𝑇ଶ = 840 K

𝜂௦ = 90%



Method 1: Pr



𝜂௦ =
ℎଵ − ℎଶ

ℎଵ − ℎଶ௦

Isentropic Efficiency:

0.9 =
1230.92 − 866.08

1230.92 − ℎଶ௦
ℎଶ௦ = 825.5422  𝑘𝐽/𝑘𝑔

Method 1: Pr

(b) The actual work is :

𝑊̇௔

𝑚̇
= ℎଵ − ℎଶ

ௐ̇ೌ

௠̇
= 1230.92 −866.08

𝑾̇𝒂

𝒎̇
= 𝟑𝟔𝟒. 𝟖𝟒 𝒌𝑱/𝒌𝒈



Finding the isentropic temperature from ℎଶ௦:

ℎଶ௦ = 825.5422 𝑘𝐽/𝑘𝑔

The pressure can be calculated from:

𝑃ଶ

𝑃ଵ
=

𝑃௥(ଶ௦)

𝑃௥(ଵ)

𝑃ଶ

30
=

48.5392

207.2

𝑷𝟐 = 𝟕. 𝟎𝟐𝟕𝟗 𝒃𝒂𝒓

After interpolating:        𝑻𝟐𝒔= 803.2612 𝐾

                                    Pr(2s) = 48.5392

𝒂)  



HOMEWORK: The rate of entropy generation [kJ/kg.K] is:

𝑑𝑠

𝑑𝑡
= 𝑚̇(𝑠ଵ−𝑠ଶ) +

𝑄̇

𝑇଴
+ 𝜎 ̇

ఙ ̇
௠̇

= 𝜎 = 𝑠ଶ − 𝑠ଵ =

= 𝑠ଶ
଴ − 𝑠ଵ

଴ − 𝑅 ln
𝑃ଶ

𝑃ଵ

= 𝑐௣ ln
𝑇ଶ

𝑇ଵ
− 𝑅 ln

𝑃ଶ

𝑃ଵ



Method 2: Cp constant



Isentropic Efficiency: 𝜂௦ =
𝑊̇௔

𝑊̇௦

=
𝑚̇𝑐௣ 𝑇ଵ − 𝑇ଶ

𝑚̇𝑐௣ 𝑇ଵ − 𝑻𝟐𝒔

Method 2: Considering Cp constant

The average temperature is (1160+840)/2 = 1000K, we can use 𝒄𝒑 an k at

1000K in table A-20.

Substituting isentropic efficiency:

1160 − 840

1160 − 𝑇ଶ௦
= 0.9 𝑻𝟐𝒔 = 𝟖𝟎𝟒. 𝟒𝟒𝟒𝟒 𝑲

𝑇ଶ௦

𝑇ଵ
=

𝑷𝟐

𝑃ଵ

௞ିଵ
௞



Finding the pressure:

𝑇ଶ௦

𝑇ଵ
=

𝑷𝟐

𝑃ଵ

௞ିଵ
௞ 804.44

1160
=

𝑃ଶ

30

ଵ.ଷଷ଺ିଵ
ଵ.ଷଷ଺

𝑷𝟐 = 𝟔. 𝟗𝟗𝟗𝟒 𝒃𝒂𝒓

Finding the work:

𝑊̇௔

𝑚̇ ௔
= ℎଵ − ℎଶ

𝑊̇௔

𝑚̇
= 𝑐௣ 𝑇ଵ − 𝑇ଶ

𝑊̇௔

𝑚̇
= 1.142

𝑘𝐽

𝑘𝑔𝐾
× 1160 − 840 𝐾

𝑾̇𝒂

𝒎̇
= 𝟑𝟔𝟓. 𝟒𝟒 

𝒌𝑱

𝒌𝒈



HOMEWORK: The rate of entropy generation [kJ/kg.K] is:

𝑑𝑠

𝑑𝑡
= 𝑚̇(𝑠ଵ−𝑠ଶ) +

𝑄̇

𝑇଴
+ 𝜎 ̇

ఙ ̇
௠̇

= 𝜎 = 𝑠ଶ − 𝑠ଵ =

= 𝑠ଶ
଴ − 𝑠ଵ

଴ − 𝑅 ln
𝑃ଶ

𝑃ଵ

= 𝑐௣ ln
𝑇ଶ

𝑇ଵ
− 𝑅 ln

𝑃ଶ

𝑃ଵ



Example (TURBINE) Air at 1175 K, 8 bar enters a turbine operating at steady state and expands 
adiabatically to 1 bar. The isentropic turbine efficiency is 92%. Employing the ideal gas model with k = 1.34 
for the air, determine (a) the work developed by the turbine, in kJ per kg of air flowing, and (b) the 
temperature at the exit, in K. Ignore kinetic and potential energy effects. USE THE TWO METHODS

𝑃ଵ = 8𝑏𝑎𝑟
𝑇ଵ = 1175𝐾

Is
en

tr
o

p
ic

Note that: 𝑷𝟐 = 𝑷𝟐𝒔

𝟏

𝟐𝐬

𝟐

𝑇ଶ௦ =?

𝑃ଶ = 1𝑏𝑎𝑟

𝑇ଶ =?

𝑻

𝒔

𝑃ଵ = 8𝑏𝑎𝑟
𝑇ଵ = 1175𝐾

𝑃ଶ = 1𝑏𝑎𝑟

𝑇ଶ =?

𝜂௦ = 92%

We know that:

• Isentropic efficiency = 92%
• Steady state
• Potential and kinetic energy are negligible
• Air as ideal gas



Method 1: Considering Cp constant

The problem suggests to use 𝑘 = 1.34, so we can find isentropic temperature 𝑇ଶ௦ and 𝑐௣

𝑇ଶ௦

𝑇ଵ
=

𝑃ଶ

𝑃ଵ

௞ିଵ
௞ 𝑇ଶ௦

1175
=

1

8

ଵ.ଷସିଵ
ଵ.ଷସ

𝑻𝟐𝒔 = 𝟔𝟗𝟑. 𝟐𝟓𝟗𝟐 𝑲

𝑐௣ = 1.1315
𝑘𝐽

𝑘𝑔𝐾

And the turbine work is:

Now we can estimate the actual temperature from entropy efficiency:

𝜂௦ =
𝑻𝟏 − 𝑻𝟐

𝑻𝟏 − 𝑻𝟐𝒔
= 0.92

1175 − 𝑇ଶ

1175 − 693.26
= 0.92 𝑻𝟐 = 𝟕𝟑𝟏. 𝟕𝟗𝟖𝟓 𝑲

𝑊̇௔

𝑚̇
= ℎଵ − ℎଶ = 𝒄𝒑 𝑻𝟏 − 𝑻𝟐

𝑾̇𝒂

𝒎̇
= 𝟓𝟎𝟏. 𝟒𝟖𝟐𝟓

𝒌𝑱

𝒌𝒈

𝑊̇௔

𝑚̇
= 1.131 

𝑘𝐽

𝑘𝑔𝐾
1175 − 731.7985

Interpolating with k=1.34:



𝑘 =
𝑐௣

𝑐௩
=

𝑐௣

𝑐௣ − 𝑅
𝑐௣ = 𝑅

𝑘

𝑘 − 1 𝑐௣ = 0.287
𝑘𝐽

𝑘𝑔𝐾

1.34

1.34 − 1

𝑐௣ = 1.1311
𝑘𝐽

𝑘𝑔𝐾

Alternative way to find cp (ideal gases):



Method 2: Ideal gas tables

𝑷𝟐

𝑷𝟏
=

𝑷𝒓(𝟐𝒔)

𝑷𝒓(𝟏)

We can calculate 𝑃௥(ଶ௦) with pressures and T1 :

1

8
=

𝑃௥(ଶ௦)

218.45

𝑷𝒓(𝟐𝒔) = 27.3062



Finding the air conditions that results in 𝑃௥(ଶ௦) = 27.3062 :

Interpolating we have:

𝑷𝒓(𝟐𝒔) = 27.3062 𝑻𝟐𝒔 = 690.1073 𝐾 

𝒉𝟐𝒔 = 702.6353 𝑘𝐽/𝑘𝑔 

Therefore, the isentropic work is:

𝑾̇𝒔 = 𝑚̇ ℎଵ − ℎଶ௦

𝑾̇𝒔

𝒎̇
= 1248.485 − 702.6353

𝑾̇𝒔

𝒎̇
= 𝒘𝒔 = 545.8497 𝑘𝐽/𝑘𝑔The actual work is:

𝜼𝒔 =
𝒘𝑎

𝒘𝒔

→ 𝒘𝑎 = 0.92 × 545.8497 𝑘𝐽/𝑘𝑔

𝒘𝑎 = 𝟓𝟎𝟐. 𝟏𝟖𝟏𝟕 𝒌𝑱/𝒌𝒈



The actual enthalpy at state 2: 𝑊̇௔ = 𝑚̇ ℎଵ − ℎଶ ℎଶ = ℎଵ −
𝑊̇௔

𝑚̇

ℎଶ = 1248.485 − 502.1817

ℎଶ = 746.3033 𝑘𝐽/𝑘𝑔

Finding the air conditions that results in ℎଶ = 746.302𝑘𝐽/𝑘𝑔

Interpolating we have:

𝑻𝟐 = 𝟕𝟑𝟎. 𝟔𝟑𝟏𝟓 𝑲



HOMEWORK: The rate of entropy generation [kJ/kg.K] is:

𝑑𝑠

𝑑𝑡
= 𝑚̇(𝑠ଵ−𝑠ଶ) +

𝑄̇

𝑇଴
+ 𝜎 ̇

ఙ ̇
௠̇

= 𝜎 = 𝑠ଶ − 𝑠ଵ =

= 𝑠ଶ
଴ − 𝑠ଵ

଴ − 𝑅 ln
𝑃ଶ

𝑃ଵ

= 𝑐௣ ln
𝑇ଶ

𝑇ଵ
− 𝑅 ln

𝑃ଶ

𝑃ଵ



Example (COMPRESSOR) Air at 290 K, 100 kPa enters a compressor operating at steady state and is 
compressed adiabatically to an exit state of 420 K, 330 kPa. The air is modeled as an ideal gas, and kinetic 
and potential energy effects are negligible. For the compressor, (a) determine the rate of entropy production, 
in kJ/K per kg of air flowing, and (b) the isentropic compressor efficiency. USE THE TWO METHODS.

𝑃ଵ = 100𝑘𝑃𝑎
𝑇ଵ = 290𝐾

Is
e

n
tr

o
p

ic

Note that: 𝑷𝟐 = 𝑷𝟐𝒔

𝟏

𝟐𝐬

𝟐

𝑃ଶ௦ = 330𝑘𝑃𝑎
𝑇ଶ௦ =?

𝑃ଶ = 330𝑘𝑃𝑎
𝑇ଶ = 420𝐾

𝑻

𝒔

We know that:

• Steady state
• Potential and kinetic energy are negligible
• Air as ideal gas

𝑃ଵ = 100𝑘𝑃𝑎
𝑇ଵ = 290𝐾

𝑃ଶ = 330𝑘𝑃𝑎
𝑇ଶ = 420𝐾

𝜂௦ =?



Method 1: Considering Cp constant

We can use 𝑐௣ and 𝑘 at T average = 355 K. 
Interpolating : 𝑐௣ = 1.0085𝑘𝐽/𝑘𝑔𝐾, 𝑘 = 1.3977 

𝑻𝟐𝒔

𝑇ଵ
=

𝑃ଶ

𝑃ଵ

௞ିଵ
௞ 𝑇ଶ௦

290
=

330

100

ଵ.ଷଽ଻଻ିଵ
ଵ.ଷଽ଻଻

𝑻𝟐𝒔 = 𝟒𝟎𝟕. 𝟑𝟏𝟗𝟕𝑲

Finding the Isentropic Efficiency :

𝜼𝒔 =
𝑇ଵ − 𝑇ଶ௦

𝑇ଵ − 𝑇ଶ
=

290 − 407.32

290 − 420
= 𝟎. 𝟗𝟎𝟐𝟓

𝜼𝒔 = 𝟗𝟎. 𝟐𝟓%



The rate of entropy generation (per unit mass) is:

𝝈 = 𝟎. 𝟎𝟑𝟎𝟖𝟖
𝒌𝑱

𝒌𝒈𝑲

𝜎 = 1.0085 ln
420

290
−

8.314

28.97
ln

330

100
𝑑𝑠

𝑑𝑡
= 𝑚̇(𝑠ଵ−𝑠ଶ) +

𝑄̇

𝑇଴
+ 𝜎 ̇

𝜎 ̇

𝑚̇
= 𝜎 = 𝑠ଶ − 𝑠ଵ = 𝑐௣ ln

𝑇ଶ

𝑇ଵ
− 𝑅 ln

𝑃ଶ

𝑃ଵ



Method 2: Ideal gas tables

𝑃ଶ

𝑃ଵ
=

𝑷𝒓(𝟐𝒔)

𝑃௥(ଵ)

We can calculate 𝑃௥(ଶ௦) with pressures and T1 :

330

100
=

𝑃௥(ଶ௦)

1.2311

𝑃௥(ଶ௦) = 4.0626

Finding the air conditions that results in 𝑃௥(ଶ௦) = 4.0626 :

Interpolating we have:

𝑇ଶ௦ = 407.3948𝐾 ℎଶ௦ = 408.4783 𝑘𝐽/𝑘𝑔 



The rate of entropy generation is:

Isentropic Efficiency:

𝜼𝒔 =
ℎଵ − ℎଶ௦

ℎଵ − ℎଶ
𝜂௦ =

290.16 − 408.48

290.16 − 421.26
𝜂௦ = 𝟗𝟎. 𝟐𝟓%

𝜎 = 𝑠ଶ − 𝑠ଵ = 𝑠ଶ
଴ − 𝑠ଵ

଴ − 𝑅 ln
𝑃ଶ

𝑃ଵ

𝜎 = 2.04142 − 1.66802 −
8.314

28.97
ln

330

100

𝝈 = 𝟎. 𝟎𝟑𝟎𝟕𝟔 𝐤𝐉/𝐤𝐠𝐊

420K       290K

𝑑𝑠

𝑑𝑡
= 𝑚̇(𝑠ଵ−𝑠ଶ) +

𝑄̇

𝑇଴
+ 𝜎 ̇ 𝜎 ̇

𝑚̇
= 𝜎 = 𝑠ଶ − 𝑠ଵ



vr  Method

𝑃ଶ

𝑃ଵ
=

𝑃௥(ଶ௦)

𝑃௥(ଵ)

T2s

T2s

In the end we need only one method, because it is the same, pr or vr = f (T), we will only 
use pr here.



Other ideal gases

• IN THIS CASE WE DO NOT HAVE
Pr TABLE, BUT WE CAN USE DE
Cp METHOD.

The constant cp method
remains unchanged.



(1) 

(2) 

Method 2: Cp constant

𝜂் =
𝑊̇௔

𝑊̇௦

=
𝑚̇𝑐௣ 𝑇ଵ − 𝑇ଶ

𝑚̇𝑐௣ 𝑇ଵ − 𝑻𝟐𝒔



• AT LEAST YOU GENERATE YOUR
OWN “Pr METHOD” !! Especially
for gases of table A-23



For an ideal gas( other gas  reported in kJ/mol.K) :

Because s° depends only on temperature, it can be tabulated versus temperature, like h and u.

kJ/ kmol.K (universal)

• AT LEAST YOU GENERATE YOUR OWN “Pr METHOD”



EXAMPLE 1.2 (OTHER GASES) 

1.5 kg/s of methane is compressed in a pump station from 3500 kPa and 308 K to 5500 kPa. 
If the compressor efficiency is 0.78, how much power does the compressor need and what 
the methane temperature exit is? Methane can be considered as an ideal gas with Cp = 1.98 
kJ/kg. K

𝑃ଵ = 3500 𝑘𝑃𝑎
𝑇ଵ = 308 𝐾

𝑃ଶ = 5500𝑘𝑃𝑎
𝑇ଶ =?

𝜂௦ = 0.78



Thanks!


