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Optimization of a Low Specific Speed Turbopump Impeller
Chong-Hyun Cho*, Bong-Soo Cho* and Soo-Yong Cho**

ABSTRACT

An optimization study on a small turbopump impeller operating at the low specific
speed is conducted to obtain high output head at the impeller exit. Its specific speed
in SI unit (RPM, m3/sec, m) is 4.0, and the outer diameter is 56 mm. On the
optimization, the outer diameter of the impeller is maintained constant to restrict the
pump size, and an objective function of pressure head is maximized with eight design
variables, which are related with designing an impeller shape. The response surface
method is used to the optimization scheme, and the commercial code CFX-10 is
applied for numerical analysis. The pressure head of the objective function obtained
with an optimized impeller is increased by 9.7% compared with that obtained on an
impeller designed with typically recommended design parameters. This increment is
caused by reducing the recirculation region within the impeller passage.
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Fig. 1. Schematic structure of a turbopump
rotated by the turbine
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Fig. 2. Design parameters and vane shape
designed using two—arcs method
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Table 1. Design variables for maximizing the
turbopump impeller performance

Design variables

Height at inlet (/)

Height at outlet (/)

Angle of impeller at inlet (G
Angle of impeller at outlet (52)
Thickness of impeller at outlet (%)
Radius of inner blade profile (p)
Inlet diameter (D))

Number of blade (J

Table 2. Design variables values selected
based on the centrifugal pump
design method

Design variables Values
hi 2.6 mm
he 0.8 mm
B 10.0°
B 40.0°
b 3.0 mm
V2 16.0 mm
Dy 12.0 mm
Z 5
‘Vane
Inlet Axis

Fig. 3. Impeller shapes designed with the
initially selected design variables
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Fig. 4. Vane shapes controlled with various
design variables
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Table 3. Constraints of design variables

Design Lower Upper
variables bounds bounds
hy 2.6 mm 55 mm
he 0.7 mm 2.2 mm
B 5.0° 40.0°
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b 2.0 mm 8.0 mm
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Fig. 5. Comparison of static pressure distrib
—ution along the meridional plane at
the shroud and hub
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Table 4. Operating and flow condition at

design point

Conditions Specifications
Inlet Pressure 0.28 MPa (40 psi)
Inlet Temperature 293.15K (20 °C)
Working Fluid MIL-PRF-83282

Fluid Density 850 kg/m”

Flowrate 45.46 Iom (10.0 gpm)
Mass Flowrate 0.54 kg/sec
Kinematic Viscosity 25 ¢St
Rotational speed 65,000 RPM

HAsE FHst= AN wlY EAFE
AdFr AgHolof Ate] ThsstER o]F
stod w9l st 5~87010 Zhzhe] gl o)
ste] HAH3E FHSAT. 2Tl w9 A
F7F 7R A7 e AAESe] wstd dist
of 7 & 54 #ges HoFiien F
HotE e e HAMFES] F®2 Table 5914

HoFa gt

Hz ol AAWsr Ao Jdde FAe
Fig. 6014 RT3 glom wde e 27
of A% AAMTAA dofxl FAdel wiste
ETES HENTFoE Worte FHoR o
Wes & F Atk ol HH3} o o= A=
JAHNY FEeEA TEF ST LI



B34 & % 9 Uk 2006. 9

=

Se HSEE e Hugne Jdegy s Bd A7 7

Table 5. Optimized values of design variables

Design variables Optimized values

hy 424 mm

he 0.8 mm

Bw 9.88°

B 69.6°

b 25 mm

Di 52.26 mm

Dy 12.0 mm

Z 7
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Fig. 7. Comparison of static pressure at the
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Fig. 11. Streamline based on the relative
velocities within the blade—to—blade
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