
 

WATERHAMMER LAB 

 
 
PURPOSE: The main purpose is to measure the wave speed for 

a water pipe and to compare the measured speed with 

theoretical speeds. Another purpose is to measure the 

pressure rise generated by a sudden valve closure and to 

compare this rise with a theoretical pressure rise. 

 
SETUP: The setup consists of a pump which draws water 

through one long pipe from a tank and sends it back to the 

same tank through another long pipe. A high speed manual 

valve is installed just upstream of the pump inlet. A high 

speed pressure sensor is installed just upstream of the 

valve. It is used to measure the pressure transients that 

are generated by a sudden valve closure. The sensor is 

connected to an oscilloscope.  

 
PROCEDURE: Use a sudden valve closure to determine the pipe 

period. Use the period to calculate the wave speed of the 

pipe. Compare the measured wave speed with the speed for a 

rigid pipe and the speed for a flexible pipe. Calculate the 

pressure rise for a number of flow rates and in each case 

compare with the theoretical pressure rise.   

 



 

 

 

 

 

 
 
 
 



 
 
 
 
 

 
 



 
WAVE PROPAGATION IN PIPES 

 

The pressure change caused by a flow speed change is 

 

ΔP =  - ρ a ΔS  

 

For a wave travelling up a rigid pipe wave speed is 

 

a =  [K/ρ] 

 

where K is the bulk modulus of the fluid and ρ is its 

density. For a flexible pipe wave speed is 

 

a =  [K/ρ] 

 

where K is the effective bulk modulus of the pipe  

 

K = K / [1 + DK/Ee] 

 

where D is its diameter, e is its wall thickness and E is 

the Elastic Modulus of the pipe wall material. It takes 4 

wave transits of a pipe to complete a cycle. This implies 

 

T = 4 L / a       a = 4 L / T 
 
 
 
 



 
 
 

 
 
 
 
 
 

 
 
 
 



 
WATERHAMMER DATA SHEET 

 
 

PIPE PERIOD 
  
 
 

 
 
 

 
 

RUN 
 

 
Q 
 

LPM 
 

 
U 
 

M/S 

 
ΔP 
 

VOLTS 
 

 
ΔPT 
 

BAR 
 

 
ΔPE 
 

BAR 
 

 
 
 

 
 

     

 
 

 
 
 

     

 
 

 
 
 

     

 
 

 
 
 

     

 
 

 
 
 

     

 
 
 
 

 

     

  
 
 
 
 

    



 
 
 
 

 
 
SAMPLE CALCULATIONS  
 
 
 
 
EXPERIMENTAL WAVE SPEED 
 
 
aE = 4L/T 
 
 
 
 
THEORETICAL WAVE SPEEDS 
 
 
aR = √K/ρ 
 
 
K = K / [1 + DK/Ee] 
 
aF = √K/ρ 
 

 

 
 
PRESSURE RISE 
 
 
S = M Q 
 
ΔPT =  ρ aE S  
 
ΔPE =  N ΔP 
 



 
 
 

 

ABS PIPE DATA 

 

L = 13.41 m 
 
D = 40 mm 
 
e = 4 mm 
 
E = 2.2 GPa 
 

 

 

WATER DATA  

 

K = 2.2 GPa  
 
ρ = 1000 kg/m3 
 

 

 

CALIBRATION FACTORS 

 
 
M = 0.013 [m/s] / [lpm]  
 
N = 1.7 [bar] / [volt] 
 
 
 
 
 
 
 
 
 



 
 

 


