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surface method to improve the hydraulic performances of a 2 vane pump for
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transport turbulence model as a turbulence closure model. The impeller and vol-
ute variables were defined in the shape of the 2 vane pump. The objective func-
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was verified by numerical analysis results.
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Table 1. Design specification

Q Total head Rotational speed
(m’*/min) (m) (rev/min)
1.2 17 1,760

Fig. 1. Three-dimensional 2 vane pump impeller and volute
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Fig. 2. Design variables of impeller. (a) Three-dimensional
geometry, (b) design variables of meridional plane.
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l Inlet
: Atmospheric pressure

 Inlet : atmospheric pressure

* Outlet : mass flow rate

* Turbulence model : k- based SST model
* Rotational speed : 1760 rpm

* Working fluid : water at 25°C

Outlet

: Mass flow rate

5

Fig. 3. Boundary conditions and grid system for the 2 vane
pump calculation®
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Design variables selection

Initial design variables are defined

¥

Design space selection
Lower and upper bounds of initial design variables are decided
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Selection of experiment sets

Generation of experiment setsfor RSM

Numerical analysis
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Fig. 4. Flow chart of design optimization
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Fig. 6. Overlaid contour plot
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Fig. 7. Response optimization
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Fig. 8. Comparison of three-dimensional geometry 2 vane
pump. (a) Reference model, (b) optimum model.
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Table 2. Comparison of CFD results
Reference model | Optimum model
Total head (m) 15.7 18.0
Total efficiency (%) 82.3 80.3
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Fig. 9. Comparative analysis of the pump performance curve.
(a) Total head, (b) total efficiency.
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Fig. 10. Comparison of the total pressure contour on the meri-
dional plane. (a) Reference model, (b) optimum model.
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Fig. 11. Comparison of the streamline at mid-span. (a) Reference
model, (b) optimum model.

Fig. 13. Schematic diagram

of experimental apparatus for
12)
pump performance
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Table 3. Specifications of a measurement device

Measurement Uncertainty
Power meter +0.04%
Flow meter +0.2%
Absolute pressure transducer +0.25%
Differential pressure transducer +0.2%
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Fig. 14. Comparative analysis of the performance evaluation

(experiment vs. numerical analysis). (a) Total head, (b) total
efficiency.

H32H K4z 2021 8



2718 FA 9 AH A Ao weA WRgEE
5 vlagt oot Fig. 10(a)= 28, 7|& 94>
WA PEE TS Fee Ao
W2 RS YERAL QT T1#jY: Fig. 10(b)2]
24 gape] hEBEL A AF QY 7ZoR
FEEO] gl A AT 5

Fig. 112 B, 712 94 2 28 342 g7m
T opeh EFRelME W fEsEe] REHA
s2E g geld 4 Ao
6. 2 Vane BZ dsdS

123 2 AJSAF A HERs, Fig. 132

wojzh 24
4 ot sl A28 i) Plo Y
WA ARG Bk,

HI AFEzAd Y %7@1—1@% HI =gyt 43
TfZ|(standard) 9] Korean industrial standards (KS), B:

machine (B) 6301 : 2015 +%(code)o]| w2} 43y}
T HIEO| o B ;H}_L__,] Ao =xs)
7] 93, dEye mEHZ HEela, el 3
AZ AW E(inverter)E 53 Alofstgictk. T &
ol W Ass S5 el fErd WEEs
olgato] §EkE 2N AAFFAE Bl A
2t S SsIGIch 1A g2 o] SR ¢
A (pressure gauge)s F2rote] oEE A slo]
o] OFHS AASIALE Table 3.2 =4 AlA £

=S HolEr

2|2 FAY] eAsiA H A Aib= Fig. 140
e QITh Fig. 145 W, ¢4 2 AJE At
“&‘01 ﬁ‘ﬂx—q‘i"i FrAkekeE e

e A9 Aot

Vol. 32, No. 4, August 2021

B AFelAE HAjs} /9 A4 fAlolere
13tel 2 vane B HH AAE s B
A7E o) wEE AES et 2tk

1) 2 vane HIZ= AWt o} 1HEE o]E
otz 2ty {2 AA7} vl Fasich ot
2P 2 vane B Qo] B4 Ao}t 7R3t Ao
A Akl 3 AR Sk

2) Qe MY AAE 9a A due

(]

3) 8 AANS GoR HH AAS Sa
Ark AN U A BES HE YAS 5

- 1 o =Y IE=1 o]
B ST AIE BT M4 Wake] 4
Ao w4 AT lmshe, Avael AT
o AR fARITE
= 7]

B AT BEEHRFARY HUo
AT EATUY 71 G5RI AIEA
BhALINo. JB210001)9] AFHO T a9l S
8im) olof AR,

9% oo HU

References

1. X. Wang, Y. Lu, R. Zhu, Q. Fu, and W. Zong, “Study of hy-
draulic performance and pressure pulsation characteristics
of the grinder pump in case of clogging”, Bulg. Chem.
Commun., Vol. 48, 2016, pp. 87-95. Retrieved from
http://www.bcc.bas.bg/BCC_Volumes/Volume_48_Speci
al_F_2016/48-SE-F-Wang-87-95.pdf.

2. W.G.Song, S.B.Ma, Y. S. Choi, K. Y. Lee, Y. S. Kim,

Transactions of the Korean Hydrogen and New Energy Society <<


http://www.bcc.bas.bg/BCC_Volumes/Volume_48_Special_F_2016/48-SE-F-Wang-87-95.pdf

284

REUYS A% W28 2 Vane HE A 2Kz}

v

K. Y. Kim, and J. H. Kim, “Multi-objective optimization
for designing a high-efficiency and low-fluid-induced-
vibration single-channel pump”, The KSFM Journal of
Fluid Machinery, Vol. 21, No. 4, 2018, pp. 30-38, doi:
https://doi.org/10.5293/kfma.2018.21.4.030.

. J. H. Kim, S. B. Ma, S. Kim, Y. S. Choi, and K. Y. Kim,

“Design and verification of a single-channel pump model
based on a hybrid optimization technique”, Processes, Vol. 7,
No. 10,2019, pp. 747, doi: https://doi.org/10.3390/pr7100747.

. M.W.Heo, K. Y.Kim, J. H. Kim, and Y. S. Choi, “High-efficiency

design of a mixed-flow pump using a surrogate model”, Journal
of Mechanical Science and Technology, Vol. 30, No. 2,2016
541-547, doi: https://doi.org/10.1007/512206-016-0107-8.

. J.H.Kim, H. C. Lee, J. H. Kim, S. Kim, J. Y. Yoon, and Y. S.

Choi, “Design techniques to improve the performance of a
centrifugal pump using CFD”, Journal of Mechanical
Science and Technology, Vol. 29, No. 1, 2015, pp. 215-225,
doi: https://doi.org/10.1007/s12206-014-1228-6.

. S.Kim, K. Y. Lee, J. H. Kim, and Y. S. Choi, “A numerical

study on the improvement of suction performance and
hydraulic efficiency for a mixed-flow pump impeller”,
Mathematical Problems in Engineering, Vol. 2014, 2014,
pp. 1-17. doi: https://doi.org/10.1155/2014/269483.

. X. Sun, S. Kim, S. D. Yang, H. S. Kim, and J. Y. Yoon,

“Multi-objective optimization of a stairmand cyclone sepa-
rator using response surface methodology and computa-

B
ag
!

-~

rot
+

= VENE

loi
rr
Mo
j10a]

11.

tional fluid dynamics”, Powder Technology, Vol. 320, 2017,
pp. 51-65, doi: https://doi.org/10.1016/j.powtec.2017.06.065.

. K. B. Pyun, J. H. Kim, Y. S. Choi, and J. Y. Yoon, “Design

optimization of a centrifugal pump impeller using RSM
and design of volute”, Korean Fluid Machinery Association,
Vol. 15, No. 3, 2012, pp. 39-45, doi: https://doi.org/10.5293/
kfma.2012.15.3.039.

. $.Kim, S.B.Ma, Y. S. Choi, and J. H. Kim, “A numerical study

on the improvement of performance for the 2 vane pump
impeller”, Trans Korean Hydrogen New Energy Soc, Vol. 31,
No. 3, 2020, pp. 293-301, doi: https://doi.org/10.7316/
KHNES.2020.31.3.293.

. Minitab Inc, “MINITAB statistical software release 14 for

windows”, 2003. Retrieved from http://www.minitab.co.kr/
minitab/new/main/main.php.

S.Kim, U. B. Jeong, K. Y. Lee, J. H. Kim, J. Y. Yoon and Y. S.
Choi, “Design optimization of mixed-flow pump impellers
with various shaft diameters at the same specific speed”, Journal
of Mechanical Science and Technology, Vol. 32, 2018, pp.
1171-1180, doi: https://doi.org/10.1007/s12206-018-0220-y.

. S.Kim, Y. S. Choi, and J. H. Kim, “Advanced design technique

for a single-channel pump based on the main performance
parameters”, Trans Korean Hydrogen New Energy Soc, Vol.
30, No. 5, 2019, pp. 448-454, doi: https://doi.org/10.7316/
KHNES.2019.30.5.448.

H32H K4z 2021 8


https://doi.org/10.5293/kfma.2012.15.3.039
https://doi.org/10.7316/KHNES.2020.31.3.293
http://www.minitab.co.kr/minitab/new/main/main.php
https://doi.org/10.7316/KHNES.2019.30.5.448

