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Optimizing Design Factars of Centrifugal Pump Impdler through CFD Analysis
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ARTICLE INFO ABSTRACT
rticle history: n recent years, as environmental regulations related to energy have been
Article hi | y i a regulations related gy have b
Received 18  Jauary 2018 strengthened, the demand for higher efficiency has increased worldwide.
Revised 2 April 2018 Therefore, for optimizing or improving pump systems, it is important to find
Accepted 6 April 2018 various design parameters of impellers to predict performance according to the
changein parameters and to improve performance by optimizing the parameters.
Keywords: CFD has been used in this study. The optimum values of design parameters, such
Centrifugal pump as diameter, leading edge angle, inlet angle, outlet angle, and wrap angle of an
Impefler _ impeller, were obtained for the centrifugal pump. Various cases were analyzed
CFD Andysis using response surface methodology, and optimized design parameters were
RSM obtained as aresult. The final values of the parameters show that the predicted
Performance curve performance curve isin good agreement with the experimental curve.
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Table 1 Desired specifications of the pump

Flow rate 300 m¥h
Head 32 m
RPM 1750
The Number of Vane 4
Shaft Power 37 KW
Specific Speed 314 RPM
Efficiency > 70
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Inlet : Total Pressure 1 atm

Rotation speed
1750 rpm

Xk’ Qutlet : Volumetric Flux

Fig. 1 Boundary conditions of volute with impeller
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Diameter

Fig. 2 Impeller diameter

Table 2 Diameters on each case (mm)

Cese 1 330
Cese 2 300
Cese 3 270
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0 ! L L Il 0
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Fig. 3 Performance curves of each diameter
Fig. 4 Leading edge angle of meridional contour

14-1452 12 Y& Jane] &

2 Y770] 14-64%, Case 3&

70 7tc=E

=
T BT =

64-14%, Case 4+ 64-6455

ou|dt}. 7} Casedll WE A 4 EA3E Fg. 72 AR,

L

R72re] Holef mret 3

SRk B3| vivjshehe e % %

127

Table 3 Leading edge angle (°) on each case

Cae 1 45
Case 2 67.5
Case 3 0

- 80

4 60

1 20
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———H(m)_Case 3 - - —E(%)_Case 1
- = —E (%) _Case 2 E (%) _Case 3
0 : : A 0
0 100 200 300 400
Q (m*3/hr)

Fig. 5 Performance curves of each leading edge angle

(b) 14°
Fig. 6 Shape of inlet angle

Table 4 Inlet angle on each case (°)

Cae 1 14-14
Case 2 14-64
Case 3 64-14
Case 4 64-64
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Fig. 7 Performance curves of each inlet angle

Table 5 Cases of outlet angle (Spanl-11, °)

Cese 1 8-8
Case 2 8-45
Case 3 45-8
Case 4 45-45
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(b) 8-8°
Fig. 8 Shape of outlet angle
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Fig. 10 Comparisons of wrap angle

Table 6 Cases of wrap angle (°)

Case 1 150
Case 2 170
Case 3 190
60 80
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Fig. 11 Performance curves of wrap angle
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Table 7 Design factors

Dedign Varigble Contents
Diameter 270~330 (mm)
Leading edge angle 45~90 (°)
Outlet angle 8~45 (°)
Wrep angle 150~190 (°)
New Diameter Leading Outlet ang Wrap ang
" High 330.0 90.0 450 190.0
B 0'6_721 Cur [293.0405] [90.0] [8.0] [169.7980]
Predict  Low 2700 450 80 1500
Composite - N (| — vl [S——
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D: 0.6721
e R Hesommmm ot = N
Maximum
y = 0.7344
d = 0.87520
Head
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y=32726 | |/ | | o) ]
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Power //
Targ: 36.0
y = 36.1665 ) L -
d = 098613 .

Fig. 12 Optimization result
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Fig. 14 Performance curves of pump test
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Table 8 Specifications of centrifugal pump and motor

Contents Specification
Operating range 270 ~ 330 mhr
Head 34 ~30m
Pump Suction diameter 166 mm
Discharge diameter 150 mm
Impeller diameter 284 mm
Power 37 KW
Voltage 380 V
Motor Pole 4P
Frequency 60 Hz
Revolution per min. 1,750 rpm
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Fig. 15 Comparison of performance curves of test and analysis
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