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Fundamentals of Transient Analysis: Intuitive 
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Calculated in PIPENET 
 
PIPENET Transient Module is widely used around the globe for pressure surge analysis. 
Engineers have mastered its functions and can successfully perform rigorous transient analysis 
without difficulties. However, it is always important to keep in mind the basic principles which 
explain why pressure surge appears, in the first place. Such fundamentals help to understand 
intuitively the pressure surge phenomenon. 

 
INTUITIVE EXPLANATION OF PRESSURE SURGE 

 
  
 
 
 

Initial momentum of liquid  = m x V  Valve closes in t sec 
Momentum after t secs  = 0 
Change in momentum  = m x V – 0 
Rate of change of momentum = m x V /t 

 Force     = m x V / t  
 Increase in pressure  = m x V / (t x a) 
 

 
WHY CAN WE NOT USE THIS IN ENGINEERING? 
 
1. It does not consider the influence of elasticity, compressibility and wall thickness. 

2. It assumes that the flowrate changes uniformly with time. 

3. It cannot model several events taking place. 

4. It cannot be used for items other than pipes. 

 
JOUKOWSKY EQUATION 
 
The fundamental equation in water-hammer theory relates pressure changes, ∆p, to 
velocity changes, ∆v, according to  
 
ΔP=-ρcΔv 
 
where ρ is the fluid mass density and c is the wave speed.  
 

 
  

Mass of liquid m kg, velocity V m/sec, area = a 



 
WHY CAN WE NOT USE THIS IN PRACTICAL ENGINEERING?  
 
1. It does not consider valve closure time.  It assumes valve closes instantaneously. 

2. It does not consider line packing. 

3. Several events cannot be considered. 

4. It cannot be used for items other than pipes. 

 
 
 

 

 
 
As can be seen from the graphs above, the flow continues to enter the pipe inlet even 
though the flowrate at the pipe outlet has reached zero. This clearly demonstrates line 
packing, which arises due to pipe elasticity and fluid compressibility.  
 
 

 



 
 
WHAT EQUATIONS ARE USED IN PIPENET TRANSIENT MODULE FOR PIPES 
 

 
 
PIPENET Transient Module uses the Method of Characteristics to solve the above equations. 
For complete networks it solves large sets of partial differential equations, ordinary differential 
equations and algebraic equations. 


