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Optimal Design of Internal Flow System in Rocket Pump
Considering Axial Dynamic Characteristics”

Satoshi KAWASAKI™', Takashi SHIMURA "', Masaharu UCHIUMI !
Mitsuaki HAYASHI? and Jun MATSUTI"

Abstract

In a rocket turbopump, an axial thrust balancing system with the balance piston is often applied to reduce the

axial thrust. The leakage flow through the balance piston is affected by the configuration of the balance piston and the

balancing point in the axial direction. In designing the internal flow system, the balancing point and flow rate have been

estimated by the static analysis code of the internal flow. On the other hand, the analysis code for dynamic response

of the internal flow through the balance piston was developed. In this study, optimal calculation considering the axial

dynamic characteristics of the internal flow system was carried out by using the dynamic analysis code. As the results,

the balancing point in the steady state significantly affects the leakage flow rate and the axial vibration
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Fig. 2 Static axial thrust characteristics of balance piston in mean case

Table 1 Design factors and characteristic values

symbol term Mean Lower Upper
Whp Width of BP chamber 0.0200 0.0067 0.0333
Ro2 Radius of orifice #2 03 0.2 04
Design | SI+S2 | Total orifice clearance 267x10° 133X10° | 4.00x10°
factors Area_bh | Equivalent area of balance hole 20x10* 0 40x10"

Area_d | Equivalent area of downstream path from BP 1.13x10° 283%10* 198%10°

APbp Pressure drop in BP chamber 025 0.10 0.40
Foth Axial thrust generated by other than BP 1.0 09 1.1
Qint Flow rate of leakage flow Smaller the better
Characteristic | Kbp Static Stiffness of BP Larger the better
values Aax Max amplitude of dynamic axial vibration Smaller the better
Sh Clearance of orifice #1 at the balancing Larger the better
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