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For open systems, two types of work involved

Shaft work , Ws….. Work  done by a moving part of a 
system

Flow works , Wfl (PV) …..  Work done to put a mass of 
substance into/outside of system 
boundary

Consider pipe full of flowing fluid (flow due to ΔP where

ΔP = P1 – P2):
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Open System
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Consider volume defined by dashed lines 
“system”, where V = A·L

where P1V1 is work done on system while P2V2
is work done by system on surroundings

/s))(m.....(N/mVPVPW 32

ininoutoutfl
&&& −=

1

1

2

2

Sem 2 (2014/15) 7- 27

Total Energy of a flowing fluid (open system)
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The fluid possesses an additional 

form of energy –the flow energy 

(flow work)
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7.4b  Specific properties and Enthalpy
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7.4c   Energy balance on an open 
system at steady state
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This work represents everything but 

the flow work

The flow work 

is included in 

the enthalpy 

term

Input        - Output      =    Accumulation
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Energy Balance on Open 

Systems at Steady State

Sem 2 (2014/15)

For an open  system what 

is ∆∆∆∆E equal to?

7- 30

• Is it adiabatic? (if yes, Q = 0) 

• Are there moving parts, e.g. pump, compressor, 
turbine ? (if no, Ws = 0) 

• Does the average velocity of the fluid change 
between the input and the output ?  (if no, ∆KE = 0) 

• Is there a change in elevation of the system between 
the input and the output? ? (if no, ∆PE = 0 ) 

• Does temperature, phase, chemical composition or 
pressure change? (if NO to all, ∆H = 0)

ΔĖ = ΔḢ+ΔKE+ΔPE = Q - WS

. . . .
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Single Stream Steady Flow 

System

� Nozzles

� Diffusers

� Turbines

� Compressors

� Throttling Valve
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Often the change in kinetic energy 

of the fluid is small, and the 

change in potential energy of the 

fluid is small
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Example
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Turbines and Compressors

A turbine is a device that 

produces work at the 

expense of temperature 

and pressure

A compressor is a device 

that increases the pressure 

of a fluid by adding work

to the system

low p

sW&

high p

turbine compressor

high p

low p
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Is there work in this system? Yes!

Is there heat transfer? Usually it can be ignored

Does the fluid change elevation? Usually it can be ignored

Does the kinetic energy change? Usually it can be ignored

enthalpy is converted into 

work
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Mixing Chamber

Mixing two or more fluids 

is a common engineering 

process

Mixing 

Chamber
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Mixing Chamber

We no longer have only one inlet and one exit stream

Is there any work done? No

Is there any heat transferred? No

Is there a velocity change? No

Is there an elevation change? No

s
gz

V
Hmgz

V
Hm WQin

in
ininout

out
outout

••
••

−=
















++−
















++ ∑∑
2

ˆ
ˆ

2

ˆ
ˆ

22

∑∑
••

= inout
mm



Sem 2 (2014/15)

7- 37

7.5  Tables of 

Thermodynamic Data
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�State property – a property of a system component whose value 

depends only on the state of the system (i.e. temperature, 

pressure, phase and composition)… e.g. internal energy (U) and 

hence, enthalpy (H)

� It is impossible to measure the absolute value of state property … 

but  can estimate the change in  specific value of U (i.e ∆Û) or H (i.e

∆Ĥ) corresponding to a specified change of state (i.e. temperature, 

pressure, phase and composition)

�Reference state - specified state  (i.e. temperature, pressure or 

state of aggregation) assigned to measure relative changes in Û or 

Ĥ… thus, the value of Û or  Ĥ of a certain material at a specified 

state (T,P or phase) is relative to the value of Û or  Ĥ of the same 

material  at other specified state (T,P or phase) 
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Reference states and state 

properties
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• change in  specific value of U (i.e ∆Û) or H (i.e ∆Ĥ) for the 
transition from one tabulated state to other, i.e state 1 � state 2

As internal energy & enthalpy are state property, reference 
state is not required…. Just determine the specific value 
at state 1 and state 2, and calculate the difference, i.e.

∆Û = Û2 – Û1

∆Ĥ = Ĥ2 – Ĥ1

State 2

State 1
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7.5b  Steam Properties

Recall …. Thermodynamics
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Property of  Steam Tables

P – pressure 

T - temperature

v – specific volume

u – specific internal energy

h – specific enthalpy     h = u + Pv

s – specific entropy 
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Superheated Properties
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7.6 Energy Balance Calculation 

Procedures

1. Select a suitable control volume for analysis, and 

sketch the system, indicating appropriate boundaries

2. Determining what energy interaction are important, 

and recognize the sign conventions on such terms

3. State the basis of calculation

4. Start with the basic 1st law (energy balance) for the 

chosen system. State a reference point for each type 

of energy term involved.

5. Obtain physical date for the substance under study. 

Is an equation of state  applicable, or must graphical 

and/or tabular data be employed? What are other 

property relations for the substance?
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5. Determine the path of the process between the initial 

and final states and indicate it in a diagram. Is the 

process isothermal, isobaric, quasistatic, adiabatic, 

etc.?

6. What other idealizations or assumptions are 

necessary to complete the solution? Are kinetic and 

potential energies negligible, etc.?

7. Draw a suitable diagram for the process, as an aid in 

picturing the overall problem.

8. Complete the solution for the required item(s) on the 

basis of the information supplied

Note: * check the units in each equation used!!!
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