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 PIPENET® Leading the Way in Fluid Flow Analysis 

Application Bulletin 8 – Power Industry 
PIPENET® Transient Module Case Study 

WATER HAMMER IN COOLING WATER 
SYSTEM   

BACKGROUND 

This study was performed for the designers of a nuclear power plant in China. The plant 
incorporates a seawater direct cooling system, using carbon steel and concrete pipes. Water 
is pumped from the sea, and after passing through a butterfly valve is routed to the 
condensers and finally back to the sea via a siphon well. Here is the PIPENET model: 
 
 
 
 

 
 

The customer wished to estimate the pressure surges caused by pump trip and start up, and 
evaluate measures to control water hammer including the use of vacuum breakers and 
optimization of the siphon well. 
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SCENARIO 1 - Main cooling pump trips without any protection. 

In this scenario, the main pump trips after 10 seconds. Meanwhile the outlet butterfly valve 
starts to close in two steps to reduce water hammer. The valve is quickly closed to 15% 
opening in the first 10 seconds, and then fully closed in the following 35 seconds. 
 
The calculated maximum pressure is 17.51 barg and the minimum pressure drops to vapour 
pressure (-0.977 barg), see the figure below: 

 
 
The maximum reverse rotation of the pump is 0.9 rev/sec, i.e. about 32% rated speed:

 
 
The vapour cavitation can grow up to 50 m3 in the downstream pipe of the condenser, which 
will produce dangerous water hammer when it collapses.  
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 The liquid level in the siphon well will drop to 3.8 m after pump trip. This is enough to stop 
air flow back into system after the pump trip. 
 

 

SCENARIO 2 - Main cooling pump trips with vacuum breakers. 

In this scenario, a set of vacuum breaker valves (DN150) are installed at the outlet of the 
condensers to protect the system from water hammer caused by the cavitation collapse. 
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The calculated maximum pressure now decreases to 3.21 barg: 
 
PRESSURE EXTREMA 
---------------- 
                                                                                 
Maximum pressure is 3.20978 bar G    
          on pipe 25 at the inlet 
          at time 32.51549 seconds 
                                                                                 
Minimum pressure is -0.977000 bar G    
          on pipe 13 at the outlet 
          at time 19.60845 seconds 

 
 
No vapour cavitation forms at the outlet of the condenser. The cavitation volume decreases 
to 2.6 m3 in the pipe upstream of the condenser.  
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SCENARIO 3 - Cooling pump trips and restart in 6 seconds. 

In this scenario, the power supply of the pump is cut off but then recovers in 6 seconds. 
PIPENET calculates that the maximum pressure is 3.26 barg and no vapour cavitation is 
formed:

 
 

 
There is no reverse rotation and flow in this scenario: 
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CONCLUSIONS 

Two DN150 vacuum breaker sets installed at the outlet of the condenser will eliminate 
cavitation and significantly reduce the maximum pressure surge. 
 
Vacuum breakers, if opened as soon as possible after pump trip, will reduce the maximum 
pressure and prevent cavitation. 
 
If the pump restarts within 6 seconds of the trip the pressure surge is within acceptable 
bounds. 
 
If you have any questions about this case study, or any other of PIPENET’s capabilities, 
please email us at Pipenet@sunrise-sys.com. 
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