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7.4aWork7.4aWork

� Work is energy that is transferred 
between the system and the surroundings, 
but work cannot be stored.

� Work is a force that causes displacement:

� Work is a path dependent variable.
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Different Types of WorkDifferent Types of Work

� Shaft work occurs by turning a shaft 
against mechanical resistance, e.g., a pump 
used to circulate a fluid.

Flow work occurs when a fluid system � Flow work occurs when a fluid system 
moves as the result of forces placed on it 
by the surroundings, e.g., flow through a 
pipe because the pressure at the entrance 
to the pipe is greater than the pressure at 
the exit.
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Example of Shaft WorkExample of Shaft Work

C.W.

System
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Example of Flow WorkExample of Flow Work

System
Boundary
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Work ExampleWork Example
� Consider an ideal gas at 300K and 200 kPa in a

frictionless piston. The pressure in the piston
causes the volume to slowly increase from 0.1 to
0.2 m3. Calculate the work done by the gas on
the piston if (a) the expansion occurs at constant
pressure and (b) the expansion occurs at
constant temperature.constant temperature.

7Dr. Naim M. Faqir 2014 (JU)



SolnSoln: Work Example: Work Example
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SolnSoln: Mechanical Work Example: Mechanical Work Example
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7.4b Enthalpy7.4b Enthalpy

� The term U+pV appears in energy balance 
applied to open systems.  The term pV
represents the contribution of flow work.

� Enthalpy is defined as:
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� Enthalpy is defined as:

Specific internal energy (J/kg)

internal energy (J) = m(kg)x

internal energy (J/s) = (kg/s)x

(J/kg)

(J/kg)

Similarly
&



EnthalpyEnthalpy
� Enthalpy is a state variable.

� Enthalpy has no absolute value, but is always a
difference from a reference value (that may be 0).

� Because enthalpy includes the flow work, it is
used for open systems.

� If a system undergoes a phase change, the� If a system undergoes a phase change, the
enthalpy term in the energy balance must include
the enthalpy of the phase change (e.g., heat of
vaporization).

11Dr. Naim M. Faqir 2014 (JU)



Example 7.4.1Example 7.4.1
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Solution of Example 7.4.1Solution of Example 7.4.1
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For only one streamFor only one stream
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Solution of Example 7.4.2Solution of Example 7.4.2
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Solution of Example 7.4.2Solution of Example 7.4.2
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InIn--Class ExerciseClass Exercise

� Calculate the electric 
power in hp. required 
by a pump if it is 100% 
efficient and you can efficient and you can 
neglect friction in the 
pipe and pump and 
assume that no heat 
transfer takes place.
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Solution to InSolution to In--Class ExerciseClass Exercise

3 2

Energy Balance Eqn: ( )

0; 0; 0

After the simplifications:     

H KE PE W Q

Q H KE

W PE mg h

∆ + + = +
= ∆ = ∆ =

= ∆ = ∆
3 2

m f
3 2

m

f

0.5 ft 62.4 lb 25 ft 32.2 ft (s )(lb )

s ft s 32.2 (ft)(lb )

(hp)(s)
1.42 hp

550 (ft)(lb )

W =

=
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7.5 Table of thermodynamic data: Reference state
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Example 7.5.1 Tabulated EnthalpyExample 7.5.1 Tabulated Enthalpy
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SolutionSolution
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Verify this?



7.5 Tables of thermodynamic data7.5 Tables of thermodynamic data

Sub cooled liquid
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Sub cooled liquid

Superheated
steam



Steam TablesSteam Tables
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Steam TablesSteam Tables
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Steam TablesSteam Tables-- interpolationinterpolation
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In class exampleIn class example

One pound of liquid water is at its boiling
point of 575oF. It is then heated at
constant pressure to 650oF, and then
compressed at constant temperature to
one-half of its volume (at 650oF), andone-half of its volume (at 650oF), and
finally returns to its original state of the
boiling point at 575oF. Calculate H and U
for the overall process.
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Solution Solution 
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Example 7.5.2 The Steam TableExample 7.5.2 The Steam Table
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Solution Solution 
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Example 7.5.3 EB on TurbineExample 7.5.3 EB on Turbine
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Solution Solution 
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7.6 Energy Balance Procedure7.6 Energy Balance Procedure
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Example 7.6.1 EB on a oneExample 7.6.1 EB on a one--
component processcomponent process
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solutionsolution
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