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Large Eddy Simulation of Unsteady Flow in an Inducer
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ABSTRACT

Large eddy simulation of a rocket turbopump inducer at design and off-design conditions is presented. The computation takes full

account of the interaction between the rotating inducer and the stationary casing by using a multi-frame-of-reference dynamic overset

grid approach. A streamline-upwind finite element formulation with second-order accuracy both in time and space is used to

discretize the goveming equation. It is implemented in parallel by a domain- decomposition-programming model. The basic design

of the inducer is similar to the one used in the LE-7 rocket engine liquid oxygen turbopump. It has three helical blades with 95.5

degrees sweep back leading edge and a tip diameter of 149.8mm. The inlet blade angle is 7.5 degrees and thie discharge blade angle is

9.0 degrees at the tip. Internal flow of an inducer is simulated and compared with water tunnel experiments at design (¢=0.078) and
off-design conditions (¢=0.05 and 0.09). Although some difference can be seen at low flow coefficients, the overall head-flow

characteristics of computed results show good agreement with experiments. Such results show that the applied LES code can be used

as a design tool for rocket turbopump inducers.
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Figure 2. Test inducer geometry
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Table 1. Configuration of the test inducer

Number of blades 3
Tip diameter (D)) 149.8 mm
Inlet blade angle at tip 7.5 deg.
Outlet blade angle at tip 9.0 deg.
Hub/tip ratio at inlet 0.25
Hub/tip ratio at outlet 0.51
Solidity at tip 1.91
Radial tip clearance 0.5 mm
Design flow coefficient 0.078
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Figure 3. Computational mesh for the test inducer
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Figure 4. Circumferentially averaged pressure distribution at
r/D=0.48 of computations using SSM.
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Figure 5. Comparison of measured and predicted head-flow

characteristics
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Figure 6. Comparisons of Euler’s head
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Figure 7. Time averaged circumferential distribution of
meridional velocity at the inducer exit
(top: SSM, bottom: DSM)
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Figure 8. Time averaged circumferential distribution of
tangential velocity at the inducer exit
(top: SSM, bottom: DSM)
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Figure 9. Instantaneous axial velocity at the center plane by
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