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ABSTRACT: The aim of this study was to enhance the flow rate and noise performance of a centrifugal pump
in dishwashers by designing an optimized impeller shape through numerical and experimental investigations. To
evaluate the performance of the target centrifugal pump, experiment was conducted using a pump performance
tester and noise experiment was carried out in a semi-anechoic chamber with microphones and a reflecting wall
behind the dishwasher. Through the use of advanced computational fluid dynamics techniques, numerical
simulations were performed to analyze the flow and aeroacoustics performance of our target centrifugal pump
impeller. To achieve this, numerical simulations were carried out using the Reynolds-Average Navier-Stokes
equations and Ffowcs-Willliams and Hawkings equations as governing equations. In order to ensure the validity
of numerical methods, a thorough comparison of numerical results with experimental results. After having
confirmed the reliability of the current numerical method of this study, the optimization of the target centrifugal
pump impeller was conducted. An improvement in flow rate was confirmed numerically, and a manufactured
proto-type of the optimized model was used for experimental investigation. Furthermore, it was observed that by
applying the fan law, we could effectively reduce noise levels without reducing the flow rate.
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Fig. 1. (Color available online) Target centrifugal system,



Fig. 2. (Color available online) Centrifugal impeller,
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Fig. 3. (Color available online) Pump performance
tester.

Measured curve

Head [m]

10 Volume flow rate [L/min]

Fig. 4. H-Q curve of target centrifugal pump.

Fig. 5. (Color available online) Semi—anechoic chamber,

Table 1. Information of signal processing and equipment.

Measured time [s] 30
Frequency resolution [Hz] 1
Sampling rate [Hz] 102,400
Overlap [%] 80
Average count [EA] 100
Window function Hanning
Microphone B&K type4189
FFT Analyzer LMS scadas
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Fig. 6. (Color available online) Spectrum of sound
pressure level of dishwasher and background.
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S

Fig. 7. (Color available online) 1/3 Octave band of
measured sound pressure level,

Monitoring frequency range

Sound pressure level [dBA]

125 Hz (under cut-off freqency) Frequency [Hz]

Fig. 8. (Color available online) 1/3 Octave band for
the difference between measured and background
noises,
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Fig. 9. (Color available online) Flow path of dish—
washer during the cleaning mode,
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Fig. 10. (Color available online) Virtual pump per—
formance tester,
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Fig. 11. (Color available online) Grids of rotor and

stator region.

Fig. 12. (Color available online) Y plus distribution of
centrifugal pump.
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Fig. 13. (Color available online) Comparison of mea—
sured flow performance and predicted one,
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Fig. 14. (Color available online) Contour of vorticity
magnitude.
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Fig. 15. (Color available online) Iso—contour of
turbulent kinetic energy (0.5).
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Fig. 16. (Color available online) Design parameter,

Table 2, Range of design parameters for optimization,

Level -2 -1 1 2

inlet
[deg]
outlet
[deg ]

6,21 | 6,-105 0,+105| 6,421

SPAN
0

0,-25.4| 6,-12.7 0,+12.7(6,+25.4

inlet
[deg.]
outlet
[deg]

0,-16.9 | 6,-11.9 0,+11.9(6,+16.9

SPAN
100

6,-14.8| 6,-10.5 6,+10.5(6,+14.8
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Fig. 19. (Color available online) Response surface,

Table 3. Optimal model blade angle.

SPAN 0 SPAN 100 | Volume .
Efficienc

inlet | outlet | inlet | outlet ﬂowr.ate v [%]
[deg.] | [deg] | [deg] | [deg] | [L/min]

-2 -1 0 1 2
Outlet angle level at SPAN 100

Fig. 17. (Color available online) Calculated volume
flow rate according to blade angles change.

Influence on
volume flow rate [%]
s L L .

Inlet Outlet Inlet Outlet
at SPAN O atSPANO atSPAN 100 at SPAN 100

Design parameters

Fig. 18. (Color available online) Influence on flow
rate by design parameters.
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Table 4. Information of signal processing.

Sampling frequency [Hz] 100,000
Number of data [N] 7,500 (4 rev.)
Frequency resolution [Hz] 133
Window function Hanning
.................... origialpump

Sound pressure level [dBA/Hz]

500 Frequency [Hz]

Fig. 21. (Color available online) Comparison of
original and optimal pump system at front : spectrum
of sound pressure level,

Table 5. Comparison of original and optimal pump
system : Overall sound pressure level,

1

Receiver point (Front) 2 3 4 5 6
Ori. OASPL
[dBA] A B C D E F

OptOASPL| A | B | ¢ | D | E | F
[dBA] 13 |+ | 409 | +13 | +1 | +13
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Fig. 22. (Color available online) Comparison of
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