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Operating conditions of FTP

Pump InIet- ﬂowrate - keg/s 37.34
Inlet pressure MPa 0.343
Discharge pressure MPa 28.075
Turbine Inlet pressure MPa 20.946
Inlet temperature k 711.9

Pressure ratio 1.54
Turbopump Speed rpm 42300
Horsepower KW 28800
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= {st mode

—— 2nd mode
=== 3rd mode
Fig. 5 Vibration mode of FTP rotor

Frequency(Hz] acrl Q frequensyfHr)

(a) LE-7 (b) LE-7TA
Fig. 6 Water Fall Diagram of FTP Rotor Vibration at Engine Firing Tests
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Table 2 Damping Ratio of 1st Forward mode
Seal Type Damping Ratio [-]
Iwatsubo® 0.0274 : = -
: © 3 |+= s
Childs (Type 1) i 0.0257 e el = B
Childs (Type 2)© 0.0269 S =N . !
(a)Internal Fricﬁorn in Turbine Side (h]lnt.ernal .Fric(i:)n in Pump Side
Fig.7 Damping Ratio of 1st Forward mode
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Fig.8 Thomas Force

Fig. 9 Computation domain
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(b) 1.0TC
Fig. 10 Streamlines and pressure distributions

(¢) 1.5TC

(a) Tip clearance=0.5TC

(¢) Tip clearance=1.5TC

(b) Tip clearance=1.0TC
Fig. 11 Effect of tip clearance on pressure distribution
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'O Without ThomasForce/Internal Damping

B with Thomas Force / Internal Damping |

Damipng Ratio of the Rotor System [ % ]
T ¥ & 2 2 8 R
S - - - SR - SN

Critical Speeds of the Rotor System

Fig. 12 System Damping as function of Thomas Force and Internal Damping
(F: Forward Precession, B: Backward Precession, 1,2,3: 1st, 2nd, 3rd Natural Frequencies)
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flow injection

(b) Conventional Type (c) Improvement Type
Fig.13 Injecting Direction of Fluids to the Seal

42

]4!}(0 e i e . T e e W L i e " —— -
12% |-~ j.ConveutionalType|' A T
10% | --------‘lmpmvmemTypcl -------- - ————— -

Damping Ratio of the Rotor System [ % ]

1B IF 2B 2F 3B 3F

Critical Speeds of the Rotor System

Fig.14 Damping Ratio of each Mode
(F: Forward Precession, B: Backward Precession, 1,2,3: 1st, 2nd, 3rd Natural Frequencies )
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mcrl Q Frequency[Hz] Q FrequencyiHz]

(a) Conventional Type Seal (b) Improvement Type Seal
Fig. 15 FTP Rotor Vibration (DRF) at Engine Firing Tests
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