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Two-stages turbine optimization
IOSO-Axial
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Axial model settings

1. Cooled first stage

2. Redesign option – minimum loss mode for 
inlet blade angle; ensuring the defined value 
of outlet pressure for outlet blade angle

3. Radii of hub and tip at blade row inlet are the 
same as that at outlet of previous blade row

4. Simulation is based on inlet flow rate value
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Design parameters of Optimization
1. Hub and tip radii

2. Axial chord of blade row

3. Step to chord ratio

4. Airfoil chamber angel 
downstream of throat

5. Static pressure at row outlet

26 parameters total
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Objectives and constraints
1. Efficiency to maximize

2. Mass of blades to minimize

3. Flow residual whirl, less than 20°

4. Outlet Mach number, less than 0,45

5. Turbine Power, greater than 9,179 
megawatt

6. Tzfaifel coeff, less than 1 (for 
stator), less than 1,2 (for rotor)

7. Degree of reaction at mean radius
less than 0,65; at hub from 0 to 0,4

2 objectives, 15 constraints
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Synthetic optimization 
parameters

Synthetic constraints

1. Passage hub and tip angles, less than 11°

2. Passage equivalent divergence (conical diffuser) 
angle less than 20°

3. Monotony of passage hub and tip angles along the 
stage (except 1st Nozzle Vane)

18 additional constraints
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Optimization Results
Whole search history Mass-
Efficiency (points that do not 
satisfy constraints are marked 
green)

Whole search history Mass-
Efficiency (only points that satisfy 
constraints)



web: www.rescent.ru e-mail: contact@rescent.ru тел: 8 (901) 306 34 68 web: www.rescent.ru e-mail: contact@rescent.ru тел: 8 (901) 306 34 68 web: www.rescent.ru e-mail: contact@rescent.ru тел: 8 (901) 306 34 68 web: www.rescent.ru e-mail: contact@rescent.ru тел: 8 (901) 306 34 68 web: www.rescent.ru e-mail: contact@rescent.ru тел: 8 (901) 306 34 68 

Numerical Calculations Russia LimitedNumerical Calculations Russia Limited

web: www.rescent.ru e-mail: contact@rescent.ru Tel: +7 901 306 34 68 

Optimization Results

Mass objective improvement

Efficiency objective improvement
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Optimization results
Pareto Set dependency results Mass - Efficiency

Initial 
Geometry

Variant Mass, 
kg Eff*,%

Initial 16,3 81,8

Chosen Optimal 15,7 82,9

Difference -0,6 +1,1

Chosen 
Optimal
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