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Components of Flow Processes
Equipment used to extract/provide work and/or heat from a process

turbines - generate electricity
compressors and pumps - move fluid, change pressures
heat exchangers - change temperature of fluidheat exchangers change temperature of fluid
throttles - change pressure

OBJECTIVES
evaluate performance of components of flow processes 
through appropriate mass, energy, entropy balances

Table 7.1 Pg 256 of SvNA
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Turbines

Ws

convert gas kinetic energy into work, Ws

ΔH = Tσ ΔSfs −Sgen( )+ Ws

efficiency

( ) ( )SSs

s
turbine ΔH

ΔH
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1 MW turboexpander

Figure 7.3: Schematic of Turbine

At steady state an ideal 
(reversible) turbine 
converts all the enthalpy 
change between point 1 and 
2 entirely into shaft work.

( ) ( ) Note irritating nomenclature s( ) ( )SsS WΔH =
Note irritating nomenclature s 

shaft
S isentropic (∆S=0)
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Mollier Diagram – Seriously Complicated
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Mollier Diagram (a bit less confusing)

Key points
-Vertical lines are 
constant entropyconstant entropy 
(remember that 
when ∆S=0 we 
have reversible 
process most 
work possible)p )
-Turbines turn 
enthalpy into work 
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Figure 7.4: Efficiency from Mollier Diagram
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Mollier Diagram – Turbine Efficiency
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Turbine – Efficiency from Steam Tables
A turbine is fed with steam at 475ºC and 100 bar. The steam 

leaves the turbine saturated at 10 bar. The quality of the exiting 
steam is 1.0. Calculate the adiabatic efficiency of the turbine 
using steam tables.
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Pg 730-1 of SVA
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Pg 752-3 of SVA

Mollier Diagram – Turbine Efficiency
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The MollierThe Mollier 
diagram is much 
quicker if perhaps 
not as accurate.
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Compressors

used to transport gases

Ws

( ) ( )ΔHW
η SSs ==used to transport gases

ΔHW
η

s
comp ==
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Compressor on the Mollier Diagram

- On the Mollier diagram 
the change in enthalpy 
(∆H) ∆S=0 < (∆H)∆S>0

Mollier Diagram for Compression

-Vertical lines are 
constant entropy (∆S=0 
means we have a 

iblreversible compressor 
that requires the least 
work for compression) 
- In a real compressor 
∆S>0 and more work is 
required.
- On the Mollier diagram 
the change in enthalpy 
(∆H) ∆S=0 < (∆H)∆S>0
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Compressors

Ws

( ) ( )
ΔH
ΔH

W
W

η S

s

Ss
comp ==

From the Mollier diagram for compression of steam from 1bar
100ºC, quality 0.867 to 20 bar and superheated to 375ºC. Reading 
directly off Mollier Diagram

( ) ( ) ( ) ( ) 62.0
840
520

2360)-3200(
2360-2880

ΔH
ΔH

W
W

η SSS

s

Ss
comp =====

Pumps

used to transport liquids

( ) ( )ΔHW( ) ( )
ΔH
ΔH

W
W
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s

Ss
pump ==

( ) ( )ieS PPVΔH −=
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Heat Exchanger
Fluid flow through a system of pipes with transfer of heat energy 

from one fluid to another.

∑ ∑= eeii HmHm &&

Throttle
Fluid flowing in a pipe suddenly encounters a restriction.  Result is 

a pressure drop at constant enthalpy.
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Example
A compressor takes in gas at a lower pressure and discharges it at 

a higher temperature.  The process occurs quickly, therefore it 
can safely be assumed to be adiabatic.  Air (ideal gas, CP = 29.3 
J/(mol K) is the inlet gas at T = 290 K and P = 1 atm.  The outlet 

i 10 t E ti t th T f th d th t tpressure is 10 atm.  Estimate the T of the gas and the rate at 
which work is done on the gas for a flow rate of 2.5 mol/s.
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