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Identification of Important Design Parameters for Rocket Turbopump Turbine
by Using QFD’

Junya TAKIDA™, Masaru FUKUOKA™, Maro KUNIEDA™,
Kenichi FUNAZAKI ™ and Masaharu UCHIUMI™

Abstract

An application of QFD (Quality Function Deployment) method for the design of rocket turbopump turbines is presented in this
paper. Generally rocket turbopump turbines are designed as supersonic impulse turbines, and because of its special specifications,

improvements on turbine efficiency and robustness is difficult.

Further improvement on turbine design techniques is needed,

because turbine performance directly affects engine performance and reliability in a liquid rocket propulsion system. The purpose

of present work is to improve turbine design techniques by applying QFD method to the rocket turbopump turbines. In this

presentation, the QFD results for the identification of important design parameters and for the visualization of the market needs

which was obtained from rocket engine stakeholders are discussed.
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Figure 1: Schematic of rocket turbopump turbine
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Table 1: Typical specifications of rocket turbopump turbine

Turbine Type

Impulse Turbine

Stage Number

1% Stage or 2" Stage

Working Fluid

GH2 (Temperature ~500K)

Rotational Speed

~50,000 rpm

Pressure Ratio

~10

Mach Number at Nozzle Exit

>1 (Supersonic)
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Table 2: Breakdown of the AHP subjects

Group Number of
respondents
1 Turbopump designer of JAXA 15
2 Rocket engine designer of JAXA 15
3 Turbopump manufacturer design section
4 Turbopump manufacturer manufacturing section
5 Rocket engine manufacturer design section
6 Rocket engine manufacturer manufacturing section
Total 47
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Figure 7: Critical components from important mechanisms

Table 3: Design parameter deployment
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Figure 8: Comparison of the degrees of importance of design parameters for each group

Table 4: Important design parameter for rocket turbopump turbine

Component

Important design parameters

1% Stage nozzle

Pitch chord ratio

Trailing edge radius

Blade angle at nozzle exit

Rotor blade

Pitch chord ratio

Blade aspect ratio

Axial gap between rotor and stator

Turbine disk

Width of damper groove

Depth of damper groove

Interface of blade root
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