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Kaplan turbine Flow Analysis
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In comparison to the 
analysis of the Francis 
turbine an extra 
analysis station is

needed (station 3) 
between the guide 
vane exit and the 
runner inlet as the flow 
is 

turned through 90◦ 
before entering the 
turbine blades.
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KAPLAN TURBINES – THE ANALYSIS APPROACH



EXAMPLE
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Consider a Kaplan Turbine with the following characteristics:

Calculate the runner relative and absolute flow angles and velocities at 
inlet and exit. Also calculate the power output.



SOLUTION
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The strategy is to apply the analysis steps outlined earlier.

In a Kaplan turbine the flow through the guide vanes may be be radial or axial so the 
geometry must be carefully inspected.

Guide Vane Exit to Runner Inlet. At guide vane exit (station 2), the flow is 
radial. Apply continuity: 

Velocity triangle at exit of guide vanes
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From velocity triangle :
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Loss Estimation

One way losses may be calculated is to assume that across any component the total
head loss is proportional to the velocity head at exit:

This is a concept borrowed from minor losses in pipe flow calculations, this is still an 
empirical method as one has to specify an appropriate value of k for each component.
For runners the relative dynamic head is used the and the cause of most fluid friction is 
the the relative motion between the runner surfaces and the mainstream flow.
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DRAFT TUBE ANALYSIS
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To repeat:
The draft tube is a conical diffuser with around 
7◦ divergence which reduces the exit kinetic 
energy in the departing fluid and therefore
increases the efficiency of the machine as a
whole.
In hydraulic machines two efficiencies may be 
quoted: 
“Turbine efficiency” excludes draft tube and
inlet pipe losses from the definition of
available head and gives an
indication as to the “goodness” of the turbine 
runner.
“System efficiency” includes the losses in
inlet pipes and draft tube and is of crucial
interest to those designing or operating
particular hydro-electric power plants.



SOLUTION
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Example: Using the Kaplan turbine in the previous example. Estimate the system efficiency 
if the draft tube loss coefficient is given by k = 0.2.
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