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Consider a hydro reaction turbine as shown in 
Fig. 2.2(a). This turbine is of the Francis-type 
reaction turbine where the entire circumference 
of a runner has water entry under pressure. The 
runner of this turbine essentially consists of a set 
of curved blades mounted symmetrically in the 
runner wheel. The flow is uniform along the 
circumference and is steady. Figure 2.2 (b) 
represents the details of velocity triangles at the 
inlet and outlet of the runner. Let the suffixes 1 
and 2 refer to the inlet and outlet respectively.  
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Observe that Figs. 2.2(a and D) represent an 
inward-flow turbine, in which the flow enters at 
a larger radius and exits at a lesser radius. Most 
present-day turbines are of this 
kind. The basic assumption in the derivation is 
that there are no friction and other losses in the 
system. The fluid is assumed to have perfect 
guidance through the flow system. This implies 
infinite number of thin vanes. The following 
symbols and notations are used in the derivation 
of the Euler's equation" 

5 



6 



7 

absolute velocity vector V with the positive 
direction of the peripheral velocity u 

the relative velocity vector 𝑉𝑟 with the negative 
direction of the peripheral velocity, u 
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The torque exerted by the fluid on the runner, 
which is transmitted to the shaft without any loss 
due to friction and other losses, is 
T = [Rate of mass flow through the rotor] x 
[Decrease of moment of momentum of the fluid 
in each blade 
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Substituting for �̇�, the torque exerted by the fluid 
on the runner is given by 
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Tangential component (also known 
as whirl/swirl component) of 
absolute velocity𝑉2,α2́=180-α2 

Tangential component (also 
known as whirl/swirl component) 
of absolute velocity 𝑉1, 

Flow component of absolute velocity 𝑉1, 

Flow component of absolute velocity 𝑉2 

From the velocity triangle at inlet 
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the power transferred, which is equal to the 
energy removed from the fluid, is 
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Euler equation for head extracted in a Hydro-
turbine.𝐻𝑒, is often called the Euler head and 
represents the ideal head extracted by the turbine 
and can be transmitted to the shaft under ideal 
conditions. However, the actual head extracted 
will be smaller than 𝐻𝑒 due to friction and other 
losses in the system 
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EXAMPLE 3.1 
A Francis turbine has a guide-vane angle of 15° 
and its inlet flow is radial. The ratio of inlet 
diameter to outlet diameter is 2.0. The flow 
velocity is 5.0 m/s and is constant. Considering 
the exit discharge as radial, determine the (a) the 
peripheral velocity at inlet, and (b) blade angle 
at outlet. 
Solution: Given: α1= l5°,𝑉𝑓1=𝑉𝑓2= 5.0 m/s, β1 
90°, α2=90°, 𝐷1/𝐷2=2), Consider the velocity 
triangles at inlet and outlet ( see attached 
Figure). 
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Example (3-2): The following data are available 
for a Francis turbine:  
Flow velocity = 4.0 m/s and is constant  
Peripheral velocity at inlet = 30 m/s 
 Whirl velocity at inlet= 25 m/s. 
 Assuming a hydraulic efficiency of 90% and zero 
whirl at the exit, determine (a) the net head 
available to the turbine, (b) the inlet blade angle, 
and (c) inlet guide vane angle. Solution:- 

acute-angled triangle. Refer to the inlet velocity 
triangle shown in Fig bellow. 
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EXAMPLE:3.3 
A Francis turbine has a speed of 300 rpm. The 
inlet diameter of the turbine is 1.20 m und its 
width is 280 mm at the inlet. The vane 
thickness coefficient can be taken as 0.95. If at 
the inlet, the guide vane angle is 30° and the 
blade angle is 90°, estimate the power 
produced by assuming an overall efficiency of 
0.90. Assume radial discharge at the outlet. 
Solution 
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EXAMPLE: 3.4 
A Francis turbine has the speed ratio of 0.80 
and its flow ratio is 0.25. The outer width of the 
runner periphery is l/4 times the outer diameter. 
Consider the overall efficiency as 0.85. 
Estimate the specific speed of the turbine 
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