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Blade staging

Basically, there are two ways of compounding steam 
turbines :

1. Pressure compounding or Rateau staging
2. Velocity compounding or Curtis staging



Blade staging
1. Rateau staging

The pressure compounding or 
rateau staging corresponds to 
putting a number of simple 
impulse stage in series. The 
total enthalpy drop is divided 
equally among the stages. The 
pressure drops only in the 
nozzle. There is no pressure 
drop (theoretically) while steam 
flows through the blades



Blade staging
2. Curtis stage

In velocity compounding or curtis
staging, all the pressure drop and 
hence, enthalpy drop of steam 
take place in a single row of 
nozzle and the resultant kinetic 
energy of steam is absorbed by 
the wheel in a number of rows of 
moving blades with guide blades 
in between two such rows



Blade staging
Graphic of efficiency of turbine wheel at first stage



Efficiency of blade
Tangential thrust
Pt = ωs . ∆Vω

Axial thrust
Pa = ωs . ∆Va

Where ωs = steam flow rate

Blading or diagram efficiency

ηD = 2 ∆Vω Vb/V12



Blade materials

The material properties that are generally of most 
interest when choosing the optimum material for a 
particular cutting application include:

• Wear Resistance 
• Toughness or Shock Resistance 
• Corrosion Resistance 
• Influence on Edge Characteristics 
• Shape Control during Heat Treatment 
• Cost 
• Availability 



Blade materials
Materials most commonly used in blade 
applications include:

• 1095 Carbon Steel
• Heat-Treated Stainless Steel
• 301 Stainless, 17-4 & 17-7 PH Stainless
• High Speed Steels
• Tool Steels
• Extreme-Wear Tool Steels
• Tungsten Carbide 
• High-Performance Zirconia Ceramic
• Coatings



Calculation examples
1. The velocity of steam entering a simple impulse turbine is 1000, and 

the nozzle angle is 20o. The mean peripheral velocity of blade is 400 
m/s and the blades are symmetrical. If the steam is to enter the 
blades without a shock, what will be the blade angles?

a. Neglecting the friction effects on the blades, calculate the tangential 
force on the blades and the diagram power for a mass flow of 0.75 
kg/s. Estimate also the axial thrust and diagram efficiency

b. If the relative velocity at exit is reduced by friction to 80 % of that  at 
inlet, estimate the axial thrust, diagram power and diagram 
efficiency.
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Calculation examples
2. An impulse steam turbine has a number of pressure stages, each 

having a row of noxxles and a single ring of blades. The nozzle angle 
in the first stage is 20o and the blade exit angle is 30o with references 
to the plane of rotation. The mean blade speed is 130 m/s and the 
velocity of steam leaving the nozzle is 330 m/s

a. Taking the blade friction factor as 0.8 and a nozzle efficiency of 0.85, 
determine the work done in the stage per kg of steam and the stage 
efficiency.

b. If the steam supply to the first stage is at 20 bar, 250oC and the 
condenser pressure is 0.07 bar, estimate the number of stage 
required, assuming that the stage efficiency and the work done are 
the same for all stages and that the reheat factor is 1.06.
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Calculation examples

3. In a stage of an impulse turbine provided with single row 
wheel, the mean diameter of the blade ring is 800 mm 
and the speed of rotation is 3000 rpm. The steam issues 
from the nozzle with a velocity of 300 m/s and the nozzle 
angle is 20o. The rotor blades are equiangular and the 
blade friction factor is 0.86. What is the power developed 
in the blading when the axial thrust on the blades is 140 
N.
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Calculation examples
4. The nozzles of the impulse stage of a turbine receive 

steam at 15 bar and 300oC and discharge it at 10 bar. The 
nozzle efficiency is 95% and the nozzle angle is 20o. The 
blade speed is that required for maximum work, and the 
inlet angle of the blades is that required for entry of the 
steam without a shock. The blade exit angle is 5o less than 
the inlet angle. The blade friction factor is 0.9. Calculate 
for a steam flow of 1350 kg/h, a. the axial thrust, b. the 
diagram power, c. the diagram efficiency
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Calculation examples
5. The following particulars refer to a two-row velocity-compounded 

impulse wheel :
• Steam velocity at nozzle exit = 600 m/s
• Nozzle angle = 16 o

• Mean blade velocity = 120 m/s
• Exit angles : first moving blades = 18o, fixed guide blades = 22o. 

second row moving blades = 36o

• Steam flow = 5 kg/s
• Blade friction coefficient = 0.85
Determine 
a. The tangential thrust
b. The axial thrust
c. The power developed
d. The diagram efficiency
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