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 Module 7: Energy conservation
 Lecture 19: Mechanical energy balance

 

 

Energy Conservation Equation

 
 
 
 
 
 
 
 
 
 

file:///D|/Web%20Course/Dr.%20Nishith%20Verma/local%20server/fluid_mechanics/lecture18/18_5.htm


Objectives_template

file:///D|/Web%20Course/Dr.%20Nishith%20Verma/local%20server/fluid_mechanics/lecture19/19_2.htm[5/9/2012 3:32:52 PM]

 Module 7: Energy conservation
 Lecture 19: Mechanical energy balance

  
Energy Conservation Equation
Similar to the derivation of continuity and momentum conservation equations, one can also apply
Reynolds Transport equation to obtain the energy-conservation equation. In this course, we
will, however, not derive the expression and restrict our discussion to the salient features of the
equation and its application to the fluid-flow. 
For a flow-system,  (specific property) for energy consists of three terms :

where, N = total property  
Re-call,   for N= mass                                  

  for N = momentum 

  for N= energy (J)

  KE      PE   IE

The three terms may be recognized as kinetic energy, potential energy, and internal energy,
respectively.
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 Module 7: Energy conservation
 Lecture 19: Mechanical energy balance

  

Reynolds transport equation: 

  

 has two components; (1) surface-work because of flow  and (2) shaft-work.

, surface-work also consists of two terms, or is contributed by two forces 

(shear and normal )

  

 
 

 

 (Fig. 19a)
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If  (stagnant fluid) there is no surface work,  

 is the shaft- work, for example, due to a turbine or a pump or blower, which delivers

energy to the fluid or vice-versa.  if the machine is turbine

  if the machine is pump or blower

 can also be written as 

  

 

Note that  is zero if

 (inviscid fluid)

 (tangential velocity) = 0

   (choice of CS)

The general energy-balance equation can be re-arranged to obtain the following expression for a
CV:

The terms of the equation are accumulation, conduction, shaft-work, viscous work, and energy efflux
across CS,  including pressure- energy                                                           .  
For most engineering applications of steady-state, two–port system (one inlet and one outlet),
uniform flow over the ports (1-D flow), and  being perpendicular to CS (by a suitable choice), one

can obtain the following expression for energy- conservation: 
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Moreover, if the flow is under isothermal condition without exchange of heat with surrounding
(insulated system)  and   

  

Note: unit of each term is or 

If  (no pump or turbine)

     over two ports system, for example, in a tube or pipe or a tank:

(Fig. 19b)

 
The above conservation equation is also known as mechanical energy balance, consisting of
KE, PE, and pressure- energy. Each term is also known as ‘head’.  We re-note the assumptions
made in obtaining the above ME balance equation.

(1) SS (2)  isothermal (3) No shaft work  (4) negligible viscous work, .

It is important to note that viscous work can be neglected if the fluid is inviscid or  a suitable choice
of CS so that  is perpendicular to CS.

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

file:///D|/Web%20Course/Dr.%20Nishith%20Verma/local%20server/fluid_mechanics/lecture20/20_1.htm

	19_1
	Local Disk
	Objectives_template


	19_2
	Local Disk
	Objectives_template


	19_3
	Local Disk
	Objectives_template


	19_4
	Local Disk
	Objectives_template


	19_5
	Local Disk
	Objectives_template



