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A Study on Blade Profile Optimization for Turbine Stages in a Rocket Engine Turbopump

Kai NAMBA, Kenichi FUNAZAKI, Satoshi KAWASAKI and Kazuyuki YADA

This study deals with an attempt to optimize blade profiles of 2-stage axial turbine section for a rocket engine turbopump,
where the turbine section was originally designed by JAXA (Japan Aerospace Exploration Agency) in the project called
DDT (Dynamic Design Team). An optimization based genetic algoriothm in cooperation with the surrogate-model con-
structed from RANS (Reynolds-Averaged Navier-Stokes' Eqs) simulations is applied to the blade profile exploration
under two-dimensional flow condition to achieve the stage efficiency maximization, along with blade shape morphing. Out
of the all calculated combinations of blades profiles for 1R (First Stage Rotor), 2S (Second Stage Stator) and 2R
(Second Stage Rotor), top-30 highly efficient combinations are then picked up and three-dimensionalized so that each
three-dimensional (3D) stage efficiency is calculated in order to check whether the highly efficient combinations via 2D

optimization still perform good in 3D situation.
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Fig. 1 Reference turbine stage designed by JAXA
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Table 1 Design values of the reference turbine
1st Stator 15t Rotor 2nd Stator 2"d Rotor
Blade Counts 28 36 46 70
Chord Length [mm] 14.86 15.4 11.93 11.76
Mean Diameter [mm] 54.85 54.85 54.85 54.85
Blade Height [mm] 7.50 9.38 10,33 11.38
Throat Width [mm)] 2.00 2.04 2.73 2.28
Inlet Flow Angle [ded] 90.0 16.0 18.2 43.1
Outlet Flow Angle [deg] 15.0 18.2 26.0 35.0
Leading Edge Radius [mm] 2.00 0.20 0.50 0.50
Trailing Edge Radius [mm] 0.20 0.20 0.20 0.20
Tip Clearance [mm] - 0.3 - 03

Table 2 Calculation information including boundary conditions for 2D flow case

Solver - ANSYS CFX v15.0
Governing equation - RANS
Working gas - Hj ideal gas
Rotational speed [rpm] 60600

Tot. pressure [MPa] 7.55
Inlet Tot. temperature [K] 500

Flow angle - Normal to boundary
Outlet Sta. pressure [MPa] 1.71
S Hub, Casing - Slip

Blade - No slip
Turbulence model - SST
Interface type - Stage

1st Stator

Fig. 3  Grid systems for 3D flow calculations
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Fig. 8 Mach number contours for the reference
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