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Engineering Thermodynamics II

Lecture Note #06: Mass and Energy Balances for a Steady-Flow Process

University of AnbarUniversity of Anbar
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Mass and Energy balances for

a steady-flow process

A water 

heater in 

steady 

operation.

Mass 

Balance
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Fig. 5.22: Under steady operation,

shaft work and electrical work are

the only forms of work a simple

compressible system may involve.

Energy balance relations with sign conventions (i.e., heat input

and work output are positive)

when kinetic and potential energy 

changes are negligible

Fig 5.23: The ��/�� and �/�� are

equivalents

Where,
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Significant Remarks about Energy Balance Equation for Steady Flow
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At very high

velocities, even

small changes in

velocities can

cause significant

changes

Significant Remarks about Energy Balance Equation for Steady Flow
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Significant Remarks about Energy Balance Equation for Steady Flow
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Turbines
Turbine drives the electric

generator in steam, gas, or

hydroelectric power plants.

As the fluid passes through the

turbine, work is done against the

blades, which are attached to the

shaft. As a result, the shaft

rotates, and the turbine

produces work.

Energy balance for the turbine in this figure:

Turbine blades attached to the turbine shaft�� 	
 � ��

�� � �� �	��
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Compressors
Compressors, as well as pumps and fans, are

devices used to increase the pressure of a fluid.

Work is supplied to these devices from an

external source through a rotating shaft.

• A fan increases the pressure of a gas slightly

and is mainly used to mobilize a gas.

• A compressor is capable of compressing the

gas (vapor) to very high pressures.

• Pumps work very much like compressors

except that they handle liquids instead of

gases.

Energy balance for

the compressor in

this figure:

Compressor
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General Notes on Turbines and Compressors 

• Turbines produce power output (��

��� whereas compressors, pumps,

and fans require power input (��
���.

• Heat transfer from turbines is usually negligible ��� ≈ �� since they are

typically well insulated. Heat transfer is also negligible for compressors

unless there is intentional cooling.

• Potential energy changes are negligible for all of these devices

(Turbines, Compressors, Fans and Pumps) �∆�� ≅ ��.

• The velocities involved in these devices, with the exception of turbines

and fans, are usually too low to cause any significant change in the

kinetic energy �∆�� ≅ ��.

• The fluid velocities encountered in most turbines are very high, and the

fluid experiences a significant change in its kinetic energy. However,

this change is usually very small relative to the change in enthalpy, and

thus it is often disregarded.
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Air flows steadily through an adiabatic turbine, entering at 
�� ����,  ��°",

and #�� $�/� and leaving at �� ����, #��°", and %�� $�/�. The inlet area of

the turbine is �. 
 $��. Determine (a) the mass flow rate of the air and (b) the

power output of the turbine.

Example 3

16

Example 3            Cont..
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Example 4
Refrigerant-134a enters an adiabatic compressor as saturated vapor at '�(°) and leaves

at �. * +�� and ,�°). The mass flow rate of the refrigerant is 
. � -�/�. Determine (a)

the power input to the compressor and (b) the volume flow rate of the refrigerant at the

compressor inlet.

18

Refrigerant-134a enters a compressor at 180 kPa as a saturated vapor with a flow rate of

�. #� �#/min and leaves at 700 kPa. The power supplied to the refrigerant during compression

process is 2.35 kW. What is the temperature of R-134a at the exit of the compressor?

Example 5
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Example 5            Cont..
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Example 6

Steam flows steadily through an adiabatic turbine. The inlet conditions of the steam are

( +��, ���°), and *� �/�, and the exit conditions are 30 kPa, 92 percent quality, and

�� �/�. The mass flow rate of the steam is 12 kg/s. Determine (a) the change in kinetic

energy, (b) the power output, and (c) the turbine inlet area.
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Example 6            Cont..
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Example 7

Steam enters an adiabatic turbine at 10 MPa and ���°) and leaves at 10 kPa with a

quality of 90 percent. Neglecting the changes in kinetic and potential energies, determine

the mass flow rate required for a power output of 5 MW.
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Example 8

Steam flows steadily through a turbine at a rate of 45,000 lbm/h, entering at 1000 psia

and 9008F and leaving at 5 psia as saturated vapor. If the power generated by the

turbine is 4 MW, determine the rate of heat loss from the steam.

24

Example 9

Helium is to be compressed from 105 kPa and 295 K to 700 kPa and 460 K. A heat loss of

15 kJ/kg occurs during the compression process. Neglecting kinetic energy changes,

determine the power input required for a mass flow rate of 60 kg/min.
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