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Study on the performance improvement of turbopump
inducer by numerical flow analysis

Kyoung-Hoon Lee’, Kyung-Ho Kim, Young-Soo Kim’, Yoo-Cheol Woo
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ABSTRACT

Hydraulic performance of LCH4 fuel inducer in turbopump system was predicted by 3-D Navier-stokes
calculation. The inducer was designed initially using 1-D method. Different parameters with blade angle and
flow coefficient were set from the initial design one, and computation was fulfilled to assess the redesigned
models. Especially, influence of inlet back flow on inducer performance and its effective control were
explored. The numerical results showed that through reducing inlet back flow strength., the hydraulic
efficiency of inducer could be improved up to about 20% compared to that of the initial design one.
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Table 1. performance specification of fuel pump
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% (kgfs) ]
A7 A (MPa) 03
&3 3% (MPa) 169
NPSHe{m) 189
A EE 0.62
A+ =KD 110
& A5 (rpm) 50,000

Fig. 1 The configuration of fuel pump
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Fig. 2 Simpilified boundary condition

Fig. 3 Surface mesh for fuel inducer flow study (grid number:
184,726) '
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Table 2 Design spedcification of fuel inducer

Inducer type A B C

flow coefficient(design) 0.061 0078 0.078

Inlet tip indicence angle(deg) [ 682 6.61 329
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Inler blade tip diameter(mm) 3B A 54
Inlet/Qutlet hub diameter(mm)| 24 24 24
Outlet shroud diameter(mm) 45 45 45
Outlet blade tip diameter(mm)| 42 42 42
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Inlet tip blade angle(deg) 103 108 775
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Qutlet tip blade angle(deg) 2.7 2.7 2.7

Solicity” 275 2.81 2.81
blade number 2 2 2
Leading edge type Bevelled | Bevelled | --sharp
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blade angle profile linear | linear | trangition
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Fig. 5 Surtace mesh for the LE-7 inducer flow study (grid:
number : 234,104)

Fig. 6 Azimuthal averaged streamline at 0.75 ¢, ( ¢4
= 0078 )
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Fig. 7 Compatison of static pressure coefficient between
experiment and calculation
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Fig. 8 Streamiines of azimuthal averaged velocity at the
meridianal plane
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Fig. 9 The axial distribution of azimuthal averaged relative
flow angle at midspan
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Fig. 11 Streamlines of azimuthal averaged velocity at the
meridianal plane
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Table 3 Comparision of performance at design flow rate

Inducer ) v, 7 hyd
A 0.061 034 436
B 0078 07 53.1
C 0.078 064 61.8

Fig. 12 Tangential velocity contour at the front of inducer
( vol U
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Fig. 13 Pressure coefficient distribution a!ong the axial

direction.
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(2) Suction side - Inducer C

Fig. 14 Pressure coefficient distriibution at blade surtace
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