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Numerical Evaluation of Flow and Performance
of Turbo-Pump Inducers
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ABSTRACT

Steady state flow calculations are executed for turbo-pump inducers of modern design to
validate the performance of Tascflow code. Hydrodynamic performance is evaluated and structure
of the passage flow and leading edge recirculation are also investigated.

Calculated results show good coincidence with experimental data of static pressure performance
and velocity profiles over the leading edge. Upstream recirculation, tip leakage and vortex flow at
the blade tip and near leading edge are main source of pressure loss. Amount of pressure loss
from the upstream to the leading edge corresponds to that of pressure loss through the whole
blade. The total viscous loss is considerably large due to the strong secondary flow.

7|AMYy o = angular velocity of inducer

¢ = absolute velocity ¢ = flow coefficienf ¢,/ u;)

p = static pressure ¢ = pressure coefficient

b: = total pressure

b, = lotal pressure at inlet off Mt
r= radius t = tangential component

. . z = axtal component
vy = hub radius, v, = shroud radius bo

R se Fraction( / ) m = meridional component
= spanwise fraction(v— r,/r— . .

b ¢ s 1 = value at inducer inlet
u;= rotational speed at inudcer tip

2 = value at inducer exit
w = relative velocily

o = angular velocity

B = blade angle

o = density
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Fig. 1 Three dimensional view of the
inducer.
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Fig. 2 Inducer cross section and the locations of
fiow measurements.

Table 1 Spedification of Inducer

Number of blades 4 ea
Tip diameter 149.8 mm
Inlet tip blade angle 75 deg
Qutlet tip blade angle 90 deg
Hub/tip roatio at inlet 0.25
Hub/tip roatio at outlet 0.51
Tip clearance 0.5 mm
Blade thickness at tip 2 mm
Blade thickness at inlet hub | 6 mm
Leading edge radius 0.2 mm
Solidity at tip 297
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Fig. 3 Measured and calculated variations of static
pressure coefficients of the inducer.
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Fig. 4 Radial distribution of axial and tangential
velocities at z=15mm: ¢=0.07.

~245-



0.35 ¢

03 Vs

E L by TE
o2sp ——rmimi— " Wie .
02 Ve

3 LE i
oisf / ~
o1 -

v E Hub Start Point ,

E -
0.05 //,,

0 Ry

L .\.‘
205 1 e o »
FXE 3
PR ST PV FRRTT FPUTE TN 1Y FUTNN 1 BT TUOWY I

) 01 02 03 04 05 06 07 08 09

Fig. 5 Meridional variations of pressure and loss
coefficients; ¢ = (.078.
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Fig. 6 Meridional variations of pressure and loss
coefficients; ¢ =10.06.
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Fig. 9 Static pressure coefficient distribution at
the meridional plane; ¢=0.078.
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Fig. 10 Streamiines passing the blade tip.
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pressure side, () near suction sides ¢ = 0.078.
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(b) Streamiine and loss contour
Fig. 12 (a) A plane near the biade exit and

{b) secondary flow and pressure loss; ¢ =(.078.
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Fig. 13 Axial velocity at upstream
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