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(ABSTRACT) 

Rocket pump inducers are studied with a Navier-Stokes solver, the Moore 

Elliptic Flow Program, MEFP. Two redesigns of the Rocketdyne ADP inducer are 

performed. The first redesign changes the hub-tip ratio from 0.3 to 0.4. The 

second redesign influences the leading edge tip region. This part of the blade is 

rounded off in a meridional view, resulting in an increased sweep angle over the 

outer 30 percent of the blade height. 

Inlet recirculation and cavitation performance are the main concern of this 

thesis. The literature review focuses on these two areas and on previously 

performed inducer calculations. 

The calculation grid of the original design was altered for the two 

redesigns using a C-program. Then the new designs were investigated at three 

different flow rates: 110%, 100%, and 89%. Computational results were available 

at the same flow rates for the original design. 

The comparison of the results showed that the performed design changes 

did not significantly influence the recirculation performance. In fact for the 

redesign with the rounded-off leading edge the backflow increased. The 

cavitation performance showed some interesting changes. For both redesigns 

the minimum pressure was raised significantly. The case of the rounded-off



leading edge showed an increase in minimum pressure at the leading edge and 

a decrease of minimum pressure over the rest of the leading edge height, thus 

resulting in probably better cavitation performance. 

A theory was presented that gives a possible explanation for the 

occurrence of inlet recirculation. The calculation results for the design changes of 

the Rocketdyne inducer are consistent with the theory, but the theory does not 

correctly predict the different recirculation performance of an SEP inducer.
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1.0 INTRODUCTION 

Rocket pump inducers are a part of the pumping system that provides the 

rocket engine with fuel and oxidizer. To reduce the weight of the tanks these 

fluids are stored at pressures that would cause cavitation in centrifugal pumps. It 

is the responsibility of the inducer to raise the pressure of the fluid high enough 

to ensure that cavitation will not occur in the following stages of the pumping 

system. The inducer itself experiences cavitation while performing this task. 

Rocket pump inducers are axial machines with very small inlet blade 

angles. Their blades wrap almost completely around the axis of rotation and thus 

form passages that slowly contract to insure the collapse of all vapor bubbles 

before the exit of the machine. Inducer designs differ by such parameters as the 

hub-tip ratio at the inlet or the form of the leading edge. 

CFD, Computational Fluid Dynamics, is able to provide reliable predictions 

of the flow field in turbomachinery with reasonable computing times in a 

workstation environment. It can be utilized as a tool in the design process of 

turbomachinery or give information about the areas in the flow that require 

further experimental investigation. In that way testing time can be saved or 

concentrated on critical areas. The availability of measured data is important to 

validate CFD codes. 

The subject of this thesis is the computational investigation of suction 

recirculation in two modified designs based on the Rocketdyne ADP inducer. 

These design changes were motivated by previous work that revealed large inlet 

recirculation especially at off-design flow rates. This inlet recirculation is believed 

to be responsible for unsteady flow at the tip of the inlet which can result in 

strong vibrations of the rotor. 

The literature is presented in several parts. First inducers in general are 

introduced followed by sections on cavitation and on recirculation. Next the
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Moore Elliptic Flow Program, MEFP is presented, followed by the presentation of 

previously performed inducer calculation results using MEFP. 

The plan of investigation is next followed by a chapter on 3-D visualization 

with the help of Rapid Prototyping. This chapter is not a part of the primary 

investigation of this thesis but rather provides a tool that helps to visualize the 

flow field three-dimensionally. 

The two design changes are presented next. At first the design change 

with the new hub-tip ratio is discussed. The discussion includes the motivation 

for this particular design change, the generation of the new calculation grid, and 

the presentation of the results. These results are presented in three subsections: 

pressure, recirculation, and performance. The second design change is the 

rounding off of the leading edge. This case will be presented in the same way as 

the previous one. 

A theory for the cause of recirculation is presented in the next chapter: 

Comparison of the Redesigns to the Literature. This theory is applied to the 

different design changes and compared to the results obtained in the previous 

chapters. Finally the Conclusions are given. 

The Appendices contain the equations that were used to compute the 

new calculation grids for the two design changes, and the derivation of the 

theory on recirculation.
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2.0 LITERATURE REVIEW 

The literature review will be subdivided into several sections. At first 

inducers in general will be presented. This section will concentrate on the design 

features an inducer normally shows and on its requirements as a part of a 

pumping system. 

The next two parts of the literature review will focus on two phenomena 

that are of particular interest in rocket pump inducers and for this thesis: the 

appearance of cavitation and of recirculation in the inlet of an inducer and their 

changes due to different flow coefficients or design changes on the inducer itself. 

The final two parts of the literature review focus on computational inducer 

research. The program used in this research will be discussed and then two 

examples of previous inducer calculations will be given. 

2.1 INDUCERS IN GENERAL 

The function of an inducer in a rocket engine turbopump and in other 

pumps Is to provide the next stage with a fluid of high enough pressure so that 

no cavitation will occur in that stage. This ability of an inducer is of particular 

importance if the fluid can only be provided with a very low inlet head. In the 

application of an inducer in a rocket engine turbopump this means that the tanks 

can be much lighter because the propellant or oxidizer can be stored at a much 

lower pressure [Kueny et al., 1989]. 

To minimize the weight of the inducer itself it has to run at a high shaft 

speed. This will lead to inlet cavitation [Jacobsen, 1971]. On the other hand a 

high shaft speed of the inducer allows it to be mounted on one shaft with the 

turbine that drives it [Fig. 2.1.1]. This will make a gearbox unnecessary and thus 

result in further weight reduction.
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From the above it can be seen that the main purpose of an inducer is not 

to produce head but to help to fulfill the requirements of the whole pumping 

system: inlet conditions, discharge pressure, flow rate, and operating range 

[Stangeland, 1992, Grohmann, 1979]. 

As mentioned earlier cavitation will occur at the inlet of an inducer. The 

vapor bubbles created in the inlet have to be compressed and then momentum 

has to be added to the fluid [Ross, 1956]. To accomplish this task inducers 

typically have 2-5 blades with a solidity of 2.0-2.5, resulting in a very large wrap 

around angle [Jacobsen, 1971] with inlet blade angles of about 8-15 degrees 

[Fig. 2.1.2]. This design gives the vapor bubbles time and space to collapse. The 

actual cavity stays unchanged until the channel section in the inducer inlet is 

reached [Jacobsen, 1971]. The long passages also have disadvantages. 

Frictional losses occur which result in a reduction of efficiency in the inducer. 

When looking at the whole pumping system the efficiency is still high, because 

the second stage benefits from the inducer in front of it [Grohmann, 1979]. The 

ability of an inducer to operate at a low inlet head is expressed in the suction 

specific speed N.. 

NJQ 
s ~ NpSH?* (2.1.1) 

Where N is the shaft speed, Q is the flow rate, and NPSH is the net 

positive suction head. Inducers run at considerably higher suction specific 

speeds than other pumps. According to Lakshminarayana [1982] and Ross 

[1951], values in excess of 70,000 (with units of RPM, GPM, and feet) can be 

reached as opposed to 8,000 for conventional pumps.
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Looking at an actual inducer, one design feature stands out: the very 

sharp leading edge [Jacobsen, 1971]. It is believed that the degree of sharpness 

influences cavitation and thus the suction performance. It should also be 

mentioned that other designs such as the SEP inducer do not show such a sharp 

leading edge. This will be discussed more in the section on cavitation. Two 

actual inducers are shown in Figure 2.1.3 and in Figure 2.1.4. 

  
Fig. 2.1.1 F-1 Turbopump rotor assembly, [Stangeland, 1992]
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Fig. 2.1.2 Inducer inlet velocity triangle 

  
Fig. 2.1.3 SSME low pressure fuel turbopump, [Stangeland, 1992]
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Fig. 2.1.4 SSME low pressure oxygen pump, [Stangeland, 1992]


