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4.1 Derivation of equation of energy

1. Equation of mechanical energy 

2. Equation of thermal energy 

Equation of mechanical energy

For understanding the nature of mechanical energy, consider a simple case of a single particle 

moving in one direction as shown in Fig. 30.1. Assume the particle has mass m and is located at 

height h from a reference plane and moving upward with velocity . Gravity is the only force 

working on the particle. 

Starting with Newton’s second law of motion, we have 

Force = mass x acceleration 
where

or

 
By taking dot product of equation (30.2) with velocity , we find that 
 

 
or
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Using vector identity, we have 
 

 
or
 

 
where, ν is the magnitude of the velocity vector . 

By substituting 
 

 

 
For the example given above, we have , 

F1 = 0, F2 = 0, F3=-mg  
 
and 
 
ν1 = 0, ν2 = 0, ν3 = ν 
 

 

 
Substitute ν = (dz/dt). Thus we obtain, 
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Since, m and g are constants. We may rewrite above equation as, 
 

or 

 

 
As before, 
 

 
(Note: substantial derivatives behave like normal derivatives.). Thus, 
 

 
The following vector and tensor identities may be used for simplifying Equation (30.14) 
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and if is a second order symmetric tensor then we also have 
 

 
Thus, we obtain
 

 

Equation is called the equation of mechanical energy for fluids.

Significance of each term is given below. 
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4.2 FLOW THROUGH PACKED BED

For  the  theoretical  analysis  to  calculate  pressure–drop,  actual  flow  channels  are
replaced  with  parallel  cylindrical  conduits  of  constant  cross–section.  Particles  are

assumed to be of the same size and shape having constant sphericity, .
Pressure–drop occurs due to inertial and viscous effects. At high Reynolds number,

inertial  effects  prevail,  whereas  the viscous effects  are  important  at  low Reynolds

number. In general,
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Similarly, pressure–drop at high Reynolds number, . Therefore, Pressure-drop in 
packed beds is related to pressure–drop due to viscous and inertial effects via two empirical

constants, .

 (multiply both numerator and denominator by L)

, S0 = cross sectional area of packed–bed
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4.3 SUDDEN ENLARGEMENT
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4.4 LIQUID - LIQUID EJECTOR
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4.5 ISOTHERMAL FLOW OF AN LIQUID THROUGH AN ORIFICE
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