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Reduction in Thomas Force of Rocket Turbopump Turbine by Using Robust
Design Process *

Junya TAKIDA *1, Masaharu UCHIUMI *1, Mitsuru SHIMAGAKI *1
and Kenichi FUNAZAKI *2

ABSTRACT

An application of robust design process for reduction in Thomas force of rocket turbopump turbines
is presented in this paper. Because of its special specification, rocket turbopump turbines are de-
signed as supersonic impulse turbines, and as a result, these blades have higher loading. In such a
high loading blade, there is a possibility of rotor vibration problem generated by turbine instability
force, that is, "Thomas Force'". Actually in the past engine development in Japan, there was the shaft
vibration problem due to "Thomas Force". In order to reduce shaft vibrations, it is important to keep
"Thomas Force" small. In this paper, the results of parametric design for the existing rocket

turbopump turbine by using the robust design process are discussed.
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Figure 1: Schematic of Rocket Turbopump Turbine

* PRk 23412 A 21 H3AF (Received 21 December 2011)

*1 %Iy a VAR FHRERIEERNTERE S Y — OV UIRERI I —T
(Engine System Research and Development Group, Space Transportation Propulsion Research and Development Center, Space
Transportation Mission Directorate)

* 2 ERLKFIEN BFRRELHE
(Faculty of Engineering, Iwate University)

This document is provided by JAXA.



2 FHIIZETE P R P R E R JAXA-RM-11-011

TREIENDAICBN -0 ORARNE /RS T EDFE
MTho,

ZOXOBEAnETIY, Y—ECEHHETRETSAR
‘ZE b1 (Thomas ForceD) (ZHEA 9 2 filifikEh A3 &
B35 8MH B, Z 2 TThomas Force &1, ¥—E >
BRI S ORRBEDE ALY —IcXk>THEL S b
WIOT NG DANTHO, WROSNEDOIRENITH
U TR &E LU TIERTT 5.

Thomas ForcelZ 2K $ 304 v Ml —HRR > TDHE
B2 & U Tid, LE7TAWKKESY —RR > TR
BB HERPHREINZT 5N 50, ZOHAITERERE
DOWEZHEMEI TS 2 &2k > THREGRSZMH T3
ZEDBHKTNB ULNLENS, 5EFi7Z/Y —RKR
TERERET D, Lok SR TIdREE 5
IZHHITEARWATRENME B 2 5115 %, Thomas Force H
hEEgEE3, ISy —E #HRTECE VI T
NG VATMNEL BB LI RY—EVBRERINTZ
ENEBEETH D AMETIE, ONA MRETTEZERAL
7285 A—% %31 %2471 Thomas Force Z{K# 3% ¥ —
ELBE-BRERETZE2HNET 5, AR TIIEEE
oOky MY —RR O THY—EVEHRELZINT A
— FBREHERICOVWTHRET 5.

2. BIAIREBIRFE

oy My —RR>THY—EOHWT, il
BREBIRT—%, RUOHBBEREZILICET D E VNI Hb
S5NASAM-1T > P U HBHRKREY —RR Ty —E
CEMHIRREUTGEE L. M1 2P V131960 4:4%
DK E A ST & = KD (F6700kN) T
DT, HAFARZH T 5 0pen Cycle Engine TH 0,
Z—EiT, BB 2BOBEREE Y —E 2 & U TG
INTWS, F—EVHEZREIHN00mmTH 5. Bi%y —
E > OFMZEITIZ DN TII XY 28 anizn,

NI A=FFEHIBL TR, ZEINTA—FOHEE
Y —E AR TIT 2 HEND D0, RE O
FiEE LT, BEOLRILEEET IV TH 5 “AMDC+KO
ETFINH” BRWELEEFMZTTo TW5, 2B, BF
DOLRITCHERETIC L B HRETRIORE ZBGEET 5 %,
NASA M-1% — E > Oftkk & W= B BRI 2170, 1
DBETHREZELTVNS I EEHAL TS,

3. ANRMERETICK BN A—4 55T
3.1 ¥—EHEEDBEIEL
=R AR TRY—EOMREER, ¥ —Y VBN
AMEFOFMB TRV F—2HHE A L R c®E N
R TRHMEITEZETHY, They—ELDRE

1.0E+08

8.0E+07
6.0E+07 —

4.0E+07 /

7

Shaft Power [W]

2.0E+07

0.0E+00

1.0 20 3.0 40 50 6.0 7.0
PR [
Figure 2: Turbine Output Characteristics against Pressure
Ratio
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Figure 3: Level of the Degree of Reaction
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Table 1: Control Factors and Their Levels

Level
No. Control Factors
Level 1 Level 2 Level 3
1 A Blade Tip Shroud With Without
2 B Degree of Reaction Case 1 Case 2 Case 3
3 C Turbine Meridional Shape Constant Tip Constant Mean Constant Hub
4 D Number of Blades at 1%t Nozzle Low Mid High
5 E Number of Blades at 1t Rotor Low Mid High
6 F Number of Blades at 2" Stator Low Mid High
7 G Number of Blades at 2 Rotor Low Mid High
8 H Throat Area Ratio of 1% Nozzle Low Mid High
9 I Trailing Edge Thickness of 1% Nozzle Low Mid High
10 J Blade Exit Angle at 1% Nozzle (Tip) Low Mid High
11 K Blade Exit Angle at 1%t Nozzle (Mean) Low Mid High
12 L Blade Exit Angle at 1%t Nozzle (Hub) Low Mid High
13 M Blade Exit Angle at 1% Rotor (Tip) Low Mid High
14 N Blade Exit Angle at 1% Rotor (Mean) Low Mid High
15 (0} Blade Exit Angle at 1%t Rotor (Hub) Low Mid High
16 P Blade Exit Angle at 2" Stator (Tip) Low Mid High
17 Q Blade Exit Angle at 2™ Stator (Mean) Low Mid High
18 R Blade Exit Angle at 2" Stator (Hub) Low Mid High
19 S Blade Exit Angle at 2" Rotor (Tip) Low Mid High
20 T Blade Exit Angle at 2" Rotor (Mean) Low Mid High
21 U Blade Exit Angle at 2" Rotor (Hub) Low Mid High
22 v Axial Gap Low Mid High
23 w Axial Chord Length of 1t Rotor Low Mid High
24 X Axial Chord Length of 2" Rotor Low Mid High
25 Y Rotor Incidence Angle Low Mid High
26 Z - -
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Figure 4: Level of Turbine Meridional Shape

Table 2: Noise Factors and Their Levels

No. Noise Factors Unit Level 1 Level 2
A Axial Chord Length of 1% Nozzle mm -0.50 0.50
B Axial Chord Length of 1% Rotor mm -0.50 0.50
C Axial Chord Length of 2" Stator mm -0.50 0.50
D Axial Chord Length of 2 Rotor mm -0.50 0.50
E Blade Thickness to Chord ratio of 1% Nozzle -5% 5%
F Blade Thickness to Chord ratio of 1* Rotor -5% 5%
G Blade Thickness to Chord ratio of 2" Stator -5% 5%
H Blade Thickness to Chord ratio of 2" Rotor -5% 5%
I Blade Height of 1% Rotor mm -0.50 0.50
J Blade Height of 2 Rotor mm -0.50 0.50
K Axial Gap mm -0.50 0.50
L Tip Clearance mm 2.0 3.0
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Figure 5: Graphs of Factorial Effects for Noise Factors
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Figure 6: History of Turbine Characteristics of L54
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Figure 7: Graphs of Factorial Effects for Signal to Noise Ratio

Table3: Optimum conditions for Signal to Noise ratio

Control factors A B C K N Y
Optimum 1 1 3 1 3 1
Original 112222

Table4: Confirmation of Reproductivity

Estimation Analysis
Optimum 53.84 53.75
Original 48.49 48.94
Gain 5.35 4.82
Reproductivity 0.53
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Figure 9: Comparison of Turbine Output Characteristics
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(a) Original (b) Opitimized
Figure10: Comparison of the Turbine Geometry
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